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COOpHHUK COEPKHUT Te3NCH! okIanoB kKoHpepeHnnHu “100 et TyHrycckoMy (eHOMEHy:
npouutoe, Hacrosee, oyaymee”, Mocksa 26-28 utons 2008 r. Jlokmanasl, mpeacTaBieHHBIE B
COOpHHUKE, OXBATBHIBAIOT LIMPOKUIl KPyr BOIPOCOB, CBS3aHHBIX C TYHI'YCCKHM  SIBJICHHEM,
HM3yYEHHEM MAJIbIX TNl COJIHEYHON CUCTEMbI M POOIIEMOI acTepOUIHO-KOMETHOM OMACHOCTH.

Te3ucel paszmeneHbl Ha TpH pasgena: TyHrycckoe coOwitie, Manbie Tena, KomerHo-
acTepOMJIHAs OTIACHOCTb.

B cOopHuke myOnukyroTcs Te3MChl [OKJIAJ0B Ha AaHIVIMICKOM S3BIKE, TEKCThHI
PYCCKOSA3BIYHBIX aBTOPOB — Ha PYCCKOM M aHIVIMMCKOM (B TOM BHJE, B KOTOPOM IpEICTaBHIN
aBTOpbI). HeOombiras yacTh pyCCKOS3bIYHBIX YUYACTHUKOB KOH(QEPEHIUH HE CMOTJIA NIPEACTaBUTh
AQHTIIAHCKUN BapHaHT, ¥ B 3TUX CIIy4asx ITyOIMKYyeTCs JINIIb PyCCKUH TEKCT.

The book includes abstracts submitted to the conference “100 years since Tunguska
phenomenon: Past, present and future”, Moscow, June 26-28, 2008. The abstracts presented in
the book embrace a wide field of problems related to the Tunguska phenomenon, studies of small
bodies of the solar system, and the problem of hazards due to comets and asteroids.

The abstracts are divided into three sections: Tunguska Event, Small Bodies, Comet-
Asteroid Hazard.

The abstracts are published in English, and the texts of Russian-speaking authors — in
Russian and in English (in the versions submitted by authors). A small part of Russian-speaking
participants could not provide an English version and we publish only Russian variants in these
cases.
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CoBpeMeHHOE COCTOSIHHE MOUCKA BeleCTBa TYHI'YCCKOIr0 KOCMUYECKOro Teja
(Modern state of search of material of Tunguska cosmic object, V.A. Alekseev)

B.A. Anekcees
T'HI] P® Tpouyxuii uncmumym uHHO8AYUOHHBIX U MEePMOSIOEPHbIX UCCIeO08AHUL

[Ipomo cronerue ¢ tex mop, kak TyHrycckoe xkocMmudeckoe Teno (TKT) B3opsanocs B
LeHTpe B IeHTpe cubupckoil Taiiru. Ero majmeHne mpu3HaHO BO BCEM MHpE KakK CBO€OOpPa3HBIIM
STaJIOH yZapa KOCMHUYECKOTo Tela (Ha IMaMsTH YeOBeYecTBa IaTHPOBAHO MPOM3BEN BHIBAT Jeca
Ha rmomaau 2150 kB. KM).

Paccmotpum Tpu sTana nmoncka gactun TKT.

1) JI.A. Kynuxk ¢ 1927 r. 6e3ycnentno nbitancs Haiitu ¢pparmentsl TKT. B 1938-1939 r.
OH TIOZIBEJT UTOT CBOMM PabOTaM M HaMETWII AATbHEHIINEe HCCIeN0BAHUS 3eMITHUYHOMN MOJISHEI
(ua FOxxHOM 60J10TE). DTO HampaBlieHHE MbI BOCIIPUHSUIN KaK €ro MocMepTHOe 3aBelnanue. J{ist
3TOr0 HEOOXOAMMO IMPOBECTH IKCIEAULINOHHBIE HCCIENOBAHHUSA C NPUMEHEHHEM IIIyOMHHOrO
reopagapa HoBoro Tuma, paspaborannoro B M3MUPAHe. Teopamap mno3BonsieT H3ydaTth
rTyOWHBI 36MJIM M HAaXOJUTh TaM HE MarHUTHbBIE IpeaMeThl Ha rayouHax go 100 m. B 2007 roxy
HaMH TPOBEJEHBI HCIBITAHUS TAaKOro reopajapa Ha JefAHHKe OnpOpyca 1o rinyOunsl 112 M u
YCTaHOBJIEHAa BHYTPEHHAS CTPYKTYypa JiefHUKa ['opabaluy, HaiilleHbl MyCTOThI, KOTOPHIE MOTYT
OBITH B Mep3iIoM TpyHTe Tairu. s 3Toif paGoThl MBI BHIOpany LEMOYKY IpeArojaraeMbIX
nagennii ¢gparmentoB TKT Ha muanmm okpyriasix Oomor  (Bybmmk, CynmoBckass BOpOHKa M
OKpYTJIasi IOBEPXHOCTh 3eMIITHUYHOM MousiHbl). OCOOBIi MHTEPEC MPEICTABIIAIOT O0JIee I0JKHbIE
okpyriblie octpoBa IOxHoro 6osnora. Beusiiennsiii JI.A. Kynukom nedopmupoBaHHBIH 1eHb B
CycnoBckoil BOpOHKE MOKeT ObITh 00paboraH kpynHeiMu ¢parmeHtamu TKT, kak 3Tto
TPOU30NLIO TpU HaneHnu CHXOTI-AJMHBCKOTO METEOPHUTA.

2) B nmocneBoeHHBIE TOABI  NPOBOIMIUCH  IKCIEAULHUUM TOJ  PYKOBOACTBOM

K.II. ®nopenckoro, a Takxke KommnekcHoit CamopesarensHoit Oxcneaunun  (KCD),
opranm3oBanHoii [.®. [InexanoBeiv u H.B. BacunbeBsiMm. B mouBax ObUIM  HaliJeHBI
OIUIABJICHHBIE LIAPUKH, B JATHPOBAHHBIX CIOSX MXOB B BEUHOW Mep3inore ObUIM HaiieHbI
TEOXUMHYECKHE AaHOMAIINH, TIPEON0KUTENBHO CBsi3aHHbIe ¢ 1908 romom.
WuTepnperanyss 3TUX pe3ynbTaToB BCTPEYAET OMNPEAENEHHbIE TPYAHOCTH. MBI OTMETHIIN
CJIO’)KHOCTH TEKTOHHYECKOH MOCTPOHKN KOTIIOBUHBI KyiiKa CeThI0 MepeKPEeCTHBIX Pa3IoMOB, Ha
KOTOPBIX TMpOM30mIII0  3emieTpsicenue, Bbi3BanHoe TKT. Kak mokasanm Hamm [naHHBIE,
3eMIJIETPSCEHNST MPOBOAAT K JUIMTENIBHOM Jerazaluy ¢ 00OTalleHHeM PEIKHX 3eMellb ypaHa U
TopHsL. MOKeT BIUATH Ha 00OTaleHne MX0OB a3p030iIMH n3BepxkeHue Bynkana Keymgad 1908 r. u
ap.

3) IlocnenHee BpeMsi MOSBUIINCH JAaTUPOBAHHBIE aHAIM3bI MO YACTHLIAM, BHEJPEHHBIM B
cMoIlly JepeBbeB, koTopble J[x. JIOHro ompenenun kak  OCTaTKU Pa3pyIIEHHOTO acTepoHja.
AnekceeB MpOaHATM3UPOBAl B CMOJE JEPEBbEB MOTOKH HAMPABIEHHBIX CKOPOCTEH 4YacTHI[ U
ompenenil ux reoxumuueckuid ananmms: Na, Mg, Al, Si, P, Cl, K, Ca, Cu, Ti, Fe. Otot cocras
OmM30Kk K cocTaBy 4acTHl, monydeHHbIXx Ha ammaparax BE[IA u JKOTTO Bo Bpems
SKCIEpHMEHTa UX BCTpeuH ¢ komeTol ['ayutess B 1986 r. OnHako 1o CpaBHEHUIO C PSIIOM KOMETHI
Tannest y mac ects Ti. B mporecce nccnenoBanus o0pa3noB koMeTsl Buipaa-2 mokasanm coctaB
MeAW W TUTaHa, MOXOXHMH Ha COCTaB HAIIMX 4YacTHI[ B cMoie. OOCyXmaroTcs pe3ylbTaTHl,
nosyueHHbie B mpoekte Stardust u Hammx wactui, OtHomenne “He/'He=1.2-10" Ha wacTmuno
saepHbI cuHTe3. OmpenesieHa KOMETHas! MbUTh B SHTAPSIX M BBICKA3aHO IPEANOI0KEHHE, UTO
SIHTapH 00pa3yroTCcs OT yIapOB KOMET O JICCHBIE MACCHBEL.

B nacrosimee Bpems B CILIA u EBpone npoBenena cepus SKCIEPUMEHTOB MO U3YUEHUIO
kxoMmeT. Poccust uMeeT, BO3MOXKHO, €IMHCTBEHHBIN IIAHC OBITh HA YPOBHE 3TUX 3KCIEPUMEHTOB,
€CII MPOJIOIKUT TOKCK BellecTBa TyHIyCCKOro KOCMHUYECKOTO TEJla ¢ MOMOLIBIO COBPEMEHHBIX
METOZI0B UCCIIEIOBAHUSL.
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Kak naiitu Tynrycckuii mereopur? 3apemanue Kyianka — Hayynas nporpamma XXI Beka
(How to search for Tunguska meteorite? Kulik’s will is a scientific program of 21st century,
V.A. Alekseev, N.G. Alekseeva, P.A. Morozov, L.N. Logunova)

B.A. Anekcees'?, HI'. Anexceesa’, IL.A. Moposos', JL.H. JIoryHOBa'3
! UBMHPAH, > TPHHHTH, ° I'TI3 Tyneycckuii

C MoMmeHTa KatacTpo(bl yKe MPOILIO CTO JET, HO 0 HACTOSIIEr0o MOMEHTa He OOHapy)XeHO
BemecTBo TyHrycckoro Mmereopura. I103ToMy cO3maroTcss MOJEIM, YTO BCE BEIIECTBO HCIAPHIOCH,
paccesuioch u yTeKJIo.

B3psiB TyHrycckoro Mereopura BO BCEM MUPE NPUHAT KaK 3TAJIOH METCOPUTHON M acTEpOUTHON
OIMACHOCTH, HO HPH 3TOM, CYIIECTBYIOT JIMIIb MHOTOYMCICHHBIC TMIOTE3bl O NpUpOJE sBieHHsI. B
HACTOsIIee BPEMs TOJIBKO B CMOJIE JIEPEBHEB HAIJICHBI YacCTHUIIbl, KOTOPHIE MOXHO MHTEPIPETHPOBATH,
KaK 9aCTHIIBI OT B3pbIBa TYHI'YCCKOTO METEOpHTA.

Jlo Hacrosilero BpeMEHH MNOMCKH BEILIECTBA BEINCh HCKIIOUMTENBHO B Ipeienax obsacTd BbIBaja
JIepeBbEB, ANUICHTPa B3pbIBa. Ho mpu B3psiBe MomHOcTH 5-40 MeraToHH M HAa BBICOTE OT 5 10 20 KM
kpynuble Kycku TKT Moriu ynacTs U 3a npezenaMy SIHULIEHTpa.

B MockBe nMeroTCsS yHUKaJIbHBIE IPHOOPHI, Teopajgapsl, CIIOCOOHBIE IPOCBEYUBATH 3EMIIIO /10
ry6unsl 100 M. Ot ipubopsl paspadoransl corpyanukamu U3MUPAHa u Oblin HaMu UCIIBITaHBI B
2007 rongy Ha negHukax OnpOpyca. YcTaHOBIIEHA BHYTPEHHsS CTpyKTypa Jeauuka 'opa bamm. Otyer
mpejcTaBicH B AkajeMuio Hayk, suie-nipe3uaenty PAH akagemuky H.I1. JlaBepoBy. IlomoGHas pabora
ObUIa ceaHa BIEPBBIC B MUPE.

C noMoupio reopazapoB MOXKHO OOHApYXKUTh KYCKH TYHI'yCCKOrO KOCMHYECKOTO Tela, eCIH
TOJIKO OHM COXPaHWIMCh Ha riryounax 1o 100 m.

Ha tepputopun I'T3 MBI BbIIENsIeM IUIOIMAAKH, TJ€ MOTIN OBl COXPAaHUThCS KYCKH TyHIyCCKOro
KOCMHYECKOr0 Tela. OTH IUIOMIAJAKM YCTaHOBJEGHB HAa OCHOBE IIPEKHMX MHOTOYHCIICHHBIX
9KCIEUIHOHHBIX HcciaenoBanuii. K uucimy stux miom@anok oTHocstes 6omoro Byonuk, CycioBckas u
KitoxkBeHHasi BOPOHKH, PACIOJIOKCHHBIE Ha OJHOM JIMHUM, aHOMalMHM Ha ocTpoBax HOxHoro 6oora,
o3epo Yeko (rae mpoBoaui pabotsr B 1963 romy orpsin B.A.Komienesa). Uccnenosanue KirokseHHoM
BOpPOHKH, KoTopyto BbIOpan JI.LA.Kynuk Ha OCHOBaHMM BBIBaNa Jjeca, Mbl BOCIIPHHMMAacM KakK €ro
3aBemanue. llenp, Halinennsi Kymukom B CycClIOBCKOW BOPOHKE MMEN TakKUe K€ IMOBPEXKACHUS, Kak
nepeBbst B paiioHe mageHust CHUXOTI-ANMHBCKOTO METEOPHUTA, PSAJOM C KOTOPBIMH HAXOIMIM
METAJUTMYECKUE OCKOJIKH.

MBI mpeanaraeM IPOBECTH MCCIEAOBAHMS BBIODAHHBIX IUIOMIAJOK B paifoHe OSNHULEHTpa
KaTacTpodbl ¢ MOMOILIBIO reopaaapoB HoBelmero tuna. [lopa Halitn TYHIyCCKUil METEOPHUT, U PELIUTH
KpymnHeinryio 3araaky XX BeKka CHJIaMH POCCHHCKUX CHEIMATHUCTOB.

Ilonyuennsle panee E.M.KonecHHKOBBIM U [Ip. JaHHBIE MO OOOTAIICHHIO PAa3IMYHBIMU
JJIeMEHTaMHd U u30TOomaMu cios topdpa 1908 roxga BmOSHE MOXKHO OOBSCHUTH YHUCTO 3EMHBIMH
npuunHamu. 1. Ilpu 3emineTpsiceHMM OT B3pbIBa HMMella MECTO Jierasauusi INIyOMHHBIX CTPYKTYp
naneoBynkaHa. [Ipu mo0oM 3eMIEeTPSCEHMH MPOUCXOAUT IEpPepaclpesiefieHHe JICTyYHX SJIEMEHTOB B
ra3oBOW W a’pO30JIbHOM (aze. DTH 3JIEMEHTHl OTIMYAIOTCA OT TYTOIUIABKOTO BEIIECTBA TPAIIOB. 2.
Abspo3zonu m3Bepxenns ByiakaHa Keynad na KamuaTke B 1907 rogy MOTiM H3MEHHUTD DJIEMEHTHBINA COCTAaB
BhIMasicHuii B paiioHe TyHrycku. 3. CoBpeMeHHbIC JaHHBIE MOKA3bIBAIOT, YTO OOJIBIIMHCTBO KOMET
oborarmieHsl aeitepreM, B To Bpems kak E.M.KonecuukoB u ap. nomyuwnn obeanenue. [Ipu nerasaimm
TEKTOHMYECKHX CTPYKTYp — pa3JIOMOB, TIPA3€BbIX BYJIKAHOB HaOioaercs LIHMPOKUH JAWana3oH
WM30TONHBIX AHOMAIWII KaK MOJOXHUTENBHBIX, TaK M OTpuIareiabHbIX. 4. OOorameHne HpHIUEM H
9JIEMEHTaMH IUIATMHOBOH TpyIIbl ObIBA€T CBS3aHHBIM C BYJIKQHMYECKOM AEATENBHOCTBIO. [lpu
u3Bep)KeHHH ByinkaHa Kuimayea B adpo3oisix  ObUIM  3aUKCHPOBAHBI  YPE3BBIYAHO BBICOKHE
KOHUeHTpauuu upuaus. Ha Bynkanax Kypuiibckux oCTpoBOB MPOUCXOAUT (OPMUPOBAHHE COBPEMEHHBIX
MECTOPOX/ICHUI PEHHS U JIEMEHTOB IUIATHHOBOW TPYIIIIHL.

Takum 00pa3oM, NpHPOa IEMEHTHBIX U U30TOIHBIX AHOMAJIMH, BEPOSATHO, HE UMEET OTHOIICHUS
k TyHrycckomy mereoputy. OcTaercsi MCKaTh KPYIHBIE KYCKH, 4TOOBI YCT@HOBHUTBH, YTO XK€ OBLIO Ha
CaMoM Jere.
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PaccenBanue MarTepuajia TyHFyCCKOFO MeTeopuTa

H.A. Aprembesa, B.B. lllyBanos
Hnemumym ounamuxu ceocpep PAH. Mockea, Poccus.
E-mail: nata_artemeva@rambler.ru, shuvalov@idg.chph.ras.ru

Hanbonee 3arafo9HBIM SBICHHEM, CBA3aHHBIM C TYHTYCKHIM METEOPUTOM, SBIISETCS
OTCYTCTBHE MaTepuasia yJapHHKa BONM3M «0abouku». B 31O paborae Mbl Mojaeaupyem
pasButue mmoMa TyHTyckd, Hcnoib3ys 2-3-xMmepHylo nporpammy SOVA, NONONHEHHYIO
YpaBHEHUSIMH COCTOSHHS JUI XOHJAPHUTHOTO MaTepHaja W BO3AyXa. MBI HaduMHaeM cC
MOJICJIMPOBaHMs BX0Ja B aTMocdepy 50-MeTpoBOro Teia co CKopocThio 18 km/c moj yriaom
45° (uto cootBercByeT monHoi 3Hepruu B 10 Mt THT). Ha BricoTe 6-8 KM, rae ynapHUK
IPEBPAILAETCS B CTPYIO, COCTOSIIYIO U3 CMECH HCIAapEeHHOTO-PACIIaBICHHOTO XOHAPUTA U
ropsA4ero BO3AyXa, Mbl HHTEPIIOJIUPYEM JIByMEPHBIE PACIIPENICIIHUS Ha TPEXMEPHYIO CETKY (C
OCbI0 7, HaAmNpaBJICHHOW BIOJb TPACKTOpHH). B 3TO ke Bpems Mbl TpaHCHOpPMHPYEM
HETIPEephIBHOE paclpeeieHue XOHAPUTHOTO MaTepuaja B YacTUIBI PA3IMYHOTO Pa3Mepa,
OOBIYHO B [uana3oHe oT 1 MkM 10 1MM. HaganbHast CKOpOCTh YacTHI] paBHA CKOPOCTH Ta3a.

B T0O Bpems kak ynmapHbIe BOJHBI, BOHHUKINHE IPH MPOJETE METEOPHUTA, JOCTUTAIOT
MIOBEPXHOCTH U, B3aHUMOJCHCTBYs ¢ Hel, 00pa3yeT M3BECTHBIN BbIBAJ Jieca, TOPSUM cief
HauMHAeT BCIUIBIBATh B aTMocdepe, yBiekas 3a coOOH YCTHIBL. YCKOpEHHE ra3a M YacTHIl
BJIOJIb ClIefla TMPUBOJUT K 00pa3oBaHUIO My3bIps mpumepHo yepe3 30-40 c. 3arem muitom
MIPOJOJDKAET paclupATbca Oaucrtudeckd. Hukusas ero wacth (Hmwke 100 kM) ocraercs
JOCTaTOYHO Y3KOH, B TO BpeMs KaK BEpXHssS YacTh NMpUHHMAaeT chepuueckyio dopmy u
pacuupsieTcst 0 HECKOJIBKUX COTeH KuioMeTpoB. Yepe3 3-4-MUHYTHI 4YacTULBI M a3
HAYMHAIOT JIBUTATHCS BHU3 IOJ IEHCTBHEM CHIBI TsDKECTH. IIpH 3TOM Y4acTHIBI TOPMO3SATCS
Ha pasHBIX BBICOTAX B 3aBHCHUMOCTU OT HX pasMmepa. HIDKHSS 4yacTh IUTIOMAa CTAHOBHUTCS
MIPaKTUYECKH TOPU30HTAIBHOM M COOTBETCBYET TIpaHHMLE MEXIYy CHIBHO U caabo
cTpatuduuupoBaHHoii atMocdepoit (Ha Bbeicore 100 km). Komnamnc mmoma BbI3bIBacT
KojnebaHusl aTrMoc(epbl U JIONOJHUTEIBHOE pajualbHOE pACIIMpPEHUE IUIIoMa U
COJIePIKAIIUXCS B HEM YaCTHII.

Hamra Mofenb sICHO OKA3bIBAeT, YTO HU OJUH ()parMeHT pa3pyIlIUBIIETOCS METEOPUTA
HE MOT JIOCTUTHYTb IOBEPXHOCTH BOJIM3M MecTa yjaapa (TO4YHee, MecTa, I[e yJapHas BOJIHA
JIOCTHTIIa IOBEPXHOCTH). BMecTo 3TOr0, BeCh MaTepuall pacceMBaeTcs Ha TBHICSYH KM BIOJb
ciesia, T.e. B HalpaBIEHUM, NPOTHBOIOJIOXKHOM HAIpaBICHUIO yaapa. BeimaneHue 3Toro
MaTepHaa Ha TIOBEpXHOCTh OTIPENEIIeTC s, B KOHIE KOHIIOB, pa3MePOM YaCTHIl 1 MECTHBIMHU
aTMOC(EPHBIMH yCIOBHAMHU.

Haunas paboma dvina noooepyxcana PODH (npoexm Ne 07-06-00026).
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Dispersion of Tunguska projectile

N.A. Artemieva, V.V. Shuvalov
Institute for Dynamics of Geospheres RAS, Moscow, Russia.
E-mail: nata_artemeva@rambler.ru, shuvalov@idg.chph.ras.ru

The most enigmatic effect of Tunguska is an absence of meteoritical material near the
impact site. We study Tunguska plume evolution and dispersion of the projectile material,
using 2D-3D SOVA code complemented by equations of state for air and chondritic material.
We start with 50-m-diameter asteroid entering the Earth’s atmosphere with velocity of 20
km/s at 45° (total energy of 10 Mtons). At an altitude of ~6-8 km above the surface, where the
projectile is transformed into a vapor-air jet and is totally decelerated, we interpolate all 2D
distributions into 3D mesh (with the Z-axis along the trajectory). At the same time moment,
continuous distribution of the projectile material is substituted by particles of various sizes
(usually in the range from 1um to 1mm). Initial velocity of any particle is equal to local gas
velocity.

While shock waves generated during the entry reach the surface and create the forest
fallout, hot wake itself is buoyant and begins to accelerate upward, carrying away the
particles. Strong material motion along the wake results in formation of a well defined bubble
at the moment of about 3040 s. Further the plume expands ballistically. The lower part of the
plume (below 100 km) is quite narrow with diameter of about 20 km, while the upper part is
practically spherical and extends to hundreds of km. The downward motion of ejected gas
(and particles) begins approximately 3-4 min after the impact. The falling mass is decelerated
at different altitudes because of different sizes of re-entering particles. However, the bottom
boundary of the falling plume is almost horizontal and is located at an altitude of ~100 km,
near the boundary between strongly stratified (below 100 km) and weakly stratified (above
100 km) layers of the Earth’s atmosphere. The collapsing plume also compresses atmosphere,
initiates its strong oscillations, which lead to additional lateral dispersion of the projectile
material.

Our model clearly shows that no one piece of Tunguska “meteorite” strike the surface
within the area of “butterfly” fallout, Instead, it was dispersed in uprange direction up to a few
thousand km away from the impact site. Its final deposition (and concentration) depends on
particle size distribution and on local atmospheric conditions.

Acknowledgement. This work was supported by RFBR (project no. 07-05-00026).
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Fig.1 Distribution of the
projectile mass (left) and
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at various time moments:
black line — 30 s; gray line
120 s; dotted line — 600 s.
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OueHka BeJJMYMHBI MeTeOpHOii ¢ppakuuu B Teje TyHrycckoro 6onuaa

A.B. BanOBl, I.T. Boarosa', A.II. KapTamOBa], B.A. HeOHOBl, A K. MypTa3OB2
Unemumym acmponomuu PAH! , Mockea, Poccus,

e- mail: abagrov@inasan.ru, e-mail: gholgova@inasan.ru,

e-mail: akartashova@inasan.ru, e-mail: leonov@inasan.ru,

Pszancxkuu I'TTY um. C.A.EC@HMHGZ, Psazans, Poccus, E-mail: akm@ttc.ryazan.ru

HUcxonst u3 Toro, yto Tesno TyHryccKoro 0onmaa sSBISIIOCh OCKOJIKOM KOMETHOTO S/1pa,
MOXKHO OLIEHHUTh Maccy COJepiKaBlleics B HeM MereopHod ¢pakuuu. [locnme mosHOTrO
pacmaza KOMET Ha ee OpOHMTe OCTaeTCs MHOXKECTBO YACTHIl M3 TYTOIUIABKOI'O MaTepHala,
KOTOpBIE 00pa3yloT MoTok MeTeopouaoB. Ha 3emie HaGmomaeTcs HECKOJIBKO METEOPHBIX
MOTOKOB, 4Ybsl CBA3b C POJMUTEIBCKMMU KOMETAMH YCTaHOBJIEHAa M HE IIOJBEpPraroTcs
COMHEHHIO. /{71 TSATH KOMET YCTaHOBJIEHBI MacChl WX SIAEp, COCTABISIONIUE OT 5.10" 1o
610" kI". MHOTrONCTHHE HCCIEOBAHMS IPUTOKA METEOPHOTO BEIIECTBA M3 TAKUX MOTOKOB
TI03BOJIMIIO TTOJIyYUTh OLIEHKY TIOJIHOM Macchl MeTeOpHOTo BemecTsa. s nmoroka Ilepcensst
ona onenmBaercs B 10" kI'. Ecim MPEIOJIOKHUTD, YTO POJAUTEIHCKOE KOMETHOE AJIPO UMEJIO
Maccy, paBHYIO cpeiHeil Macce KoMeTHsIX sep, T.e. 10'® + 10" I, o oTHOmEHHE Macc
JeTydell KOMIOHEHTHI K TYTOIUIaBKOM B KOMETHBIX snpax coctaBiseT or 200 mo 2000.
IIpunumas maccy TyHrycckoro Tena 3a 2:10° kT, IPUXOJUM K OLIEHKE BO3MOXHOH Macchbl
TYTOIUIABKOTO BEIIESCTBA B HEM B 107108 kT , WIHA OT 10* o 10° TonH. D10 Ha 2-3 TopsiiKa
6osbie Macchl CHXOTI-AJIMHBCKOTO METeOpUTa. Bee 3TO BEIIECTBO TOKHO OBLIO BBINACTH
Ha 3eMJII0, TaK KaK KHHETHYecKas SHEeprus KOMETHOrO s/pa Ipu JIBHKEHUU B aTMocdepe
JOJDKHA pPAcXoJOBaTbCsl HAa HCHAapeHHe JeTydeld (pakuny, a TYTOIUIaBKHE BKPaIUICHHS
JIOJDKHBI TIPOCTO TOPMO3HTHCS MOYTH Oe3 MOTepu Macchl. Jlaxke eciu MpennojoXHTh, YTO
pacrpenielieHue 4acTull [0 MaccaM He CHJIbHO OTIIMYAeTCA OT KBaJPaTUYHOTO, TO B 00JacTu
najgeHuss TyHI'yCCKOTO MEeTEeOpHTa JOJLKHBI ObIIM OBl BHIIAJaTh MHOTOTOHHBIC MOHOJIUTHBIC
TeJNa, YTO NMPOTUBOPEUUT pPEe3yjIbTaTaM AKCIECIUIMOHHBIX HcciaenoBaHuil. CienoBaTenbHO,
KOMEeTHO€ IporcxoxaeHne TyHrycckoro 0oamuaa BETISANT HETIPaBIONOT00HO.

[IpuBeneHHbIH MOMXOA K OLEHKE MacChl METEOPHOH (pakuuu B Tene TyHIycCKOro
0oMa OCHOBAH Ha MPEIIOI0KEHNH O KOMETaX KaK poJOHa4YaIbHUKaX METEOPHBIX TOTOKOB.
Bwmecte ¢ Tem B ConHeuHO# cuctemMe HapsIy ¢ KOMETHBIMHU siIpaMH BTOPOTo MokojieHus [1],
COJIEpXKAIUMH BKpAIUICHUsT METEOPUTHON MaTepuH, MOJDKHBI COXPAaHATHCS IIepBUYHBIC
IJIAHETe3UMalld, COCTOSIIME WCKIIOUUTENbHO W3 CMECH 3aMep3IIMX Tra30oB M IbUIK
ME)X3BE3JHOTO THIA. Takoe Telo IOocie IOJIHOTO WCMApeHUsl JIeTyuell COCTaBIsONIeH
OJDKHO ocTaBuTh He MeHee 0,1% cBoell mMacchl B BHJIE IBUICBBIX YaCTHIl CyOMHKPOHHBIX
pa3MepoB, KOTOpbIE HE TMOJJAITCS OOHApYKEHHIO HAa MecTe majaeHus. A pacnbuienue 100
THICAY TOHH TBUIM MO BCeH TeppuTopuu 3emin ObUIO OBl COMOCTAaBUMO C TOJUYHBIM
TIPUTOKOM METEOPHOM MBUIH B 3eMHY0 atMoc(depy, U He MOTJIO Obl OBITH OOHAPYIKEHO J1aXkKe B
naTupoBaHHBIX 1908 rogoM ciosix jbpaa B AHTapKTUAE WIM JIPYTUX JIeAHUKOB. [loaTomy
TI0JIHOE OTCYTCTBHE TYI'OIUIABKMX ()ParMEHTOB Ha MECTE MajJieHHus TYHI'YCCKOTO METeopHTa
cleyeT OTHECTHM K apryMeHTaM B IIOJb3y €ro IpUPOAbl KaK IUIaHETe3MMald IEpBOro
MOKOJICHUS, TO €CTh IEPBUYHOTO IIPOTOIJIAHETHOT'O BEIIECTBA.

Jlumepamypa

[1] Bazpos A.B. ]IBa 1nOKOJICHUs] KOMETHBIX siiep W HaOJIIOaTeNbHbIC Pa3iu4Msl B MOCJIEICTBUIX UX pacraza //
Oxonozemuast Actponomust. Tpynst konpepenruu. T. 1. Tepckon, 8-13 cent. 2003. Mucturyt actpoHomun PAH.
CII6.: BBM, 2003. C. 125-133
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Estimation of mass of meteoroid matter in the body of Tuguska fireball

AV. Bagrovl, G.T. Bolgova', A.P. Kartashova', V.A. Leonov!, A.K. Murtazov’
Institute of Astronomy RASI, Moscow, Russia,

e-mail: abagrov@inasan.ru, e-mail: gbolgova@inasan.ru,

e-mail: akartashova@inasan.ru, e-mail: leonov@inasan.ru

Ryazan State Pedagogic University’, Ryazan, Russia, E-mail: akm@ttc.ryazan.ru

Supposing that the body of Tunguska fireball was a fragment of comet nuclei, it is
possible to estimate total mass of its refractory meteoroid matter. After total decay of comet
there are a number of particles on its orbit, that are refractory hard moldings, producing
meteoroid stream. In the Earth's atmosphere some meteor showers are observed and
connected to parent comets no doubts. For five comets masses of comet nuclei were obtained
to be from 5-10" to 6:10" kG. Long-time study of the input meteor matter flux allows
estimating of total mass in observed meteoroid streams. Particularly, for young and strong
Perseids it is believed to be about 10" kG. Supposing that its parent comet had nucleus with
common to other comet's mass, it would be about 10'® = 107 kG, and the ratio of volatility
matter mass to refractory one inside comet nuclei may be from 200 to 2000. As mass of the
Tunguska fireball was 2:10° kG, we may estimate its possible refractory matter fraction as
107+10® kG or from 10* to 10° tons. This is hundred or thousand times more than the Sikhote-
Align meteorite was. All this material has to be fallen on the earth, because the kinetic energy
of comet nucleus collision would mostly be spent for evaporating of volatility components
when refractory particles would be decelerated without any mass lost. Even if we suppose that
mass distribution of refractory fraction did not seriously differ from square low, there would
be fallen some tons boulders to the center of the Tunguska explosion. But they were not
detected by any of numerous expeditions, so this hypothesis contradicts to reality. So the
ordinary comet nucleus does not seem to be an origin of Tunguska Phenomena.

Described above approach to the mass estimation of meteor fraction in the body of
Tunguska fireball was based on suggestion that all comets are parent bodies of meteoroid
streams. Besides that numerous primary planetesimales that contain exclusively mixture of
frozen gases and dust particles similar to interstellar ones have to remain in the Solar system,
as well as comet nuclei of the second generation that contain intrusions of meteorite matter
[1]. Any primary planetesimales after evaporation of its volatiles has to produce at least 0,1%
primary mass remnants in the form of sub-micron dust particles that cannot be detected in the
epicenter. Moreover, dispersion of nearly 100 thousand tons of the dust over Earth's surface
would be comparative to one-year meteor dust influx to the Earth, so it could not de detected
even in Antarctic glaciers or other ones. So the total absence of any refractory fragments of
the Tunguska fireball in its explosion epicenter has to be an argument for the Tunguska
phenomena nature as hitting of planetesimal of the first generation, i.e. of the primary
protoplanetary matter.

References

[1] Bagrov A.V. The two generations of comet nuclei and observable differences in results of their decay. // Near-
Earth Astronomy - 2003. Proceedings of conference held on September 8-13, 2003, peak Terskol. // Institute of
astronomy RAS - SPb.: 2003. - pp.125-133. (in Russian).
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50 aer KommiexcHoii camoaesiteabnoi sxcneanmnn (KC9)

A.Il. Bospkuna, I'.®. Ilnexanos

Tomckuii cocynusepcumem, Poccus. Email: a-boyarkina@yandex.ru, G_Plekhanov@mail.ru

[ocne sxkcneaunuu Komurera no mereoputam (KMET) AH CCCP 1958 r. nokasaBmieit
orcyTcTBue B paiione TyHrycckoii xaractpodsl (TK) kpaTtepa, MeTeopura, He OOHapyKUBILEH
TaM 3HaYUTEIBHOTO KOJMYECTBA MArHETUTOBBIX IIAPHKOB B MI0OYBAX U OQUIMAIBHO BBICKA3aBILEH
TIPaBOMEPHOCTh MPEANOJ0XKEHUH O BO3IYLUIHOM B3pbIBE BO3HMKIO TPU TPYIIBl JIHI]
MPOJOJKUBILUX €€ UCCIEA0BaHNUS:

1. Komurer no mereopuram AH CCCP (KMET) B 1961 — 62 rr. nmpomomKkuia HCKaTh
CJIebl TTaIeHNs] THTAHTCKOTO METEOpHTA, He 00HAPYKWII MX U MPEKPaTHiI JaJbHEHIINe MMoJIeBhIe
nuccnenoBanus. Torma ke Ha4dadWCh pacdeTHBIE pabOTHI Ta30MHAMHKOB IO OOOCHOBAHHUIO
BO3MOYKHOCTH BO3AYIITHOTO B3pHIBA B aTMOC(epe METEOpPHOTO Tema.

2. CTOpOHHHKH aJbTEPHATHBHBIX THITOTE3, KOTOPHIE MBITAIHCH 000CHOBaTH Npupoay TK
HOBBIMH, TTOKa HEM3BECTHBIMU B HAyKe 3aKOHOMEPHOCTSIMU,

3. KC3, mocraBuBLIas CBOEH LENbI0 cOOp AOCTOBEPHBIX (AKTOB O COOBITHUH, YTOOBI
omucath KAK npousoma TK u Ha 3TOl 0cHOBE OTBETUTH Ha BONPOC: «UTO 3TO TaKOE».

Jlnst BBISABICHHS aHOMAJWH 10 BPEMEHU COOBITHA OBUIM PA30CiaHbl 3alPOCHI B OOJBIIMHCTBO
oOcepBaTopur MHpa, YTO MO3BONWIO OOHAapyxHTh reomMarHWTHbBIA 3¢dext TK, cobparp u
NpOAHAIN3NPOBATh MaTepUalbl, XapaKTEPU3YIOIIHE METEOPOIOTHYECKYI0 OOCTaHOBKY TOTrO
BPEMEHH, IPOBECTH M3y4YeHHE apXUBOB W raseTHblx myOnukauumii B Tomcke, Hpkytcke,
Kpacnosipcke, Jlennnrpane, Mockse. [IpoBecTr onpochl 04eBUIIEB COOBITHS.

3a 50 mer oprammsoBaHo Oonee 60 skcmemummit B paiioH TK m KOHTponbHBIE paifoHEL
IIpoBenens! cienyromue BUIBI OCHOBHBIX paboT, 3aBepIIMBINHECS O(GOpMIIEHHEM HTOTOBBIX
JOKYyMeHTOB. (YKka3aHbl paMUINH TOJIBKO BEAYLIMX UCIIOIHHUTEIEH. )

1. Karaunor BeiBana neca (B.I'.®acrt, 1960 — 80 rr.);

2. Karanor noxxapHbIX NopakeHHil BeTBei fepeBbeB, nepexxuBiunx TK B nentpe, unm
«iayuucteiii oxor». (I.M.3enkun, A.I'.Unbun, B.A.Bopo6ses, 1960 — 90 rr.);

. Karanor mopdomerpuyecknx anomanuii cocer. (JI.I'.Ilnexanosa, 1963-78 rr.);

. Karanor cunukatusix cdepyn B topde (H.B.Bacunses, FO.A.JIbBoB, 1964 — 80 rr.);
. Kapra nocnexncrauii moxxapa 1908 r. (M.K.dopomumn, H.I'.A6pamos, 1959 —2006);
. Kapra yckopennoro npupocra seca (F0.M.Emenbsnos, 1960 — 66 1T.);

. JononuurensHsie onpocs! oyeBuaes (JI.A.Onukrerosa, 1959 — 80 rr.);

. Uzoromnsre uccnenosanus topda (E.M.Konecnukos, 1974 — 98 rr.);

. Tepmomomunecnennus muaepanoB (b.®.bumokos, 1974 — 98 1r.);

10. Merauometpust u diopomerpust (B.K.XKypasnes, 1959 — 2006 rr.);

11. Marautopaszseaka (A.D.Kosanesckwuii, 1960 r.);

12. Dnexrpopassenka (FO0.A.I'pumnn 1988 1.);

13. [ana ouenka cocrosiaust 6oot entpa TK. (F0.A.JIeBoB, 1960 — 88 rr.);

14. ITouck kyckos meteoputa, (J.®.Andpunorenos, U.K. JJopommun, 1965 — 2007 rr.)

15. PagnoaktusHocts paitona TK (E.B.Kupuuenko, 1959 — 60 rr.)

U eme 6onee 30 yacTHBIX HaNpaBIeHUH padoT.

B pasueie mepuomel Bpemenn KCO jui opuumanuzanuy CBOEro CyLIeCTBOBaHMS
BeIcTynasa kak Tomckue otneneHus BI'O, BAI'O, Cubupckass KOMHCCHS 10 METEOpPHTaM H
KOCMHYECKOH IbUTH, ipobireMHast tabopatopust Tomckoro rocynusepcutera. C TaKUMH rprudaMu
O0buto mM3maHo 14 cOOpPHMKOB Hay4HBIX paboT, 16 HoMepoB xypHana «TyHTYCCKHH BECTHHK»,
Gornee 25 MoHOTpaduil, HAYIHO-TIOMYIIAPHBIX M XYyJ0)KECTBEHHBIX KHUT.

Yepes KCD mpomuio 6omee 1000 denoBek, 4acTh U3 KOTOPBIX CBS3alia CBOIO JESTEIBLHOCTh
¢ Haykoil. B HacTosmee BpeMs u3 ux uncia 6osee 40 genoBek SBIAIOTCS JOKTOPAMHU HayK, Ooiee
70 — xaHAUIATaMH [0 PA3TUYHBIM CIEIHATBHOCTSIM.

B 2008 r. craptyer KCD — 50 ¢ Temu xe niensimu.
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Complex Initiative Expedition - 50 (CIE-50)

A.P. Boyarkina, G.F. Plekhanov
Tomsk State University, Russia, Email: a-boyarkina@yandex.ru, G_Plekhanov@mail.ru

After the expedition organized by the Committee for meteorites (CMet) under the
Academy of Sciences of the USSR in 1958, which proved the absence of the meteorite crater in
the region of the Tungus Catastrophe (TC), which did not find a considerable amount of
magnetite balls in the soils there, and which officially corroborated the legitimacy of suppositions
concerning the air explosion, there emerged 3 groups of people who continued the TC
investigations:

1. The Committee for meteorites (CMet) under the Academy of Sciences of the USSR
continued during 1961-62 the search of the traces of the gigantic meteorite, but did not find them
and stopped further field explorations. At the same time the specialists in gas dynamics began the
calculation works in order to substantiate the feasibility of the air explosion of the meteorite body
in the atmosphere.

2. The proponents of the alternative hypotheses who tried to substantiate the nature of the
TC by the new mechanisms so far unknown to science.

3. The CIE seeking to collect reliable facts about the event in order to describe HOW the

TC took place and on this basis to answer the question: “What is it?”
To ascertain the anomalies occurring during the event inquiries were sent to many world
observatories, which enabled them to discover a geomagnetic effect of the TC, to collect and
analyze the materials which characterized meteorologic conditions at the time, to study the
archives and newspaper publications in Tomsk, Irkutsk, Krasnoyarsk, Leningrad, Moscow, to
question the witnesses of the event.

During the 50 years more than 60 expeditions went to the TC region and the areas being
monitored. Much research work has been accomplished, which has been completed by
presentation of the concluding documents. (Only the names of the leading workers are given):

1. Catalogue of the forest fall (V.G. Fast, 1960-80);

2. Catalogue listing the fire damages of trees which had survived the TC in the centre. (G.M.

Zenkin, A.G. Ilyin, V.A. Vorobyov, 1960-90);

. Catalogue of morphometric anomalies on pines (L.G. Plekhanova, 1963-78);
. Catalogue of silicate spherules in peat (N.V. Vasiliev, Yu.A. Lvov, 1964-80);
. Map of the fire after-effects (I.K. Doroschin, N.G. Abramov, 1959-2006);

. Map of rapid forest growth (Yu.M. Emelyanov, 1960-66);

. Repeated questioning of witnesses (L.A. Epictetova, 1959-80);

. Isotope studies of peat ( E.M. Kolesnikov, 1974-98);

. Thermoluminescence of minerals (B.F. Bidiukov, 1974-98);

10. Metallometry and florometry (V.K. Zhuravlyov, 1959-2006);

11. Magnetoprospecting (A.F. Kovalevsky,1960);

12. Electric prospecting (Yu.A. Grishin, 1988);

13. Estimation of the state of marshes in the centre of TC (Yu.A. Lvov, 1960-88);

14. Prospecting of meteorite parts (D.F. Anfinogenov, I.K. Doroshin, 1965-2007);

15. Radioactivity of the TC region (E.V. Kirichenko, 1959-60);

There are still more than 30 of other lines in these investigations. At different periods of time in
order to impart the CIE an official status it often appeared on behalf of the Tomsk department of
AUGS, AUAGQO, the Siberian commission for meteorites and cosmic dust, or as a problem
laboratory of Tomsk State University. Under their aegis the CIE published 14 collections of
scientific papers, issued 16 numbers of the journal “Tungusski vestnik”, more than 25
monographs, popular-science and fiction books.

More than 1000 people had been members of the CIE at different time. In 2008 the CIE-50
is starting with the same targets.

Nelio BEN le U, I SN
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Pa3BuTHe NbLILHO-BUXPEBOI MO/Ie/IN 3aKII0UYUTEIbHON CTaIUU NAleHUs
TyHrycckoro Mereopura

E.N. Bacuibes, A.C. lemun
Bonzoepaockuii cocynusepcumem, Boneozpao, Poccus.
E-mail: vasil-ei@vlink.ru, e-mail: compmech@volsu.ru

Crynos B.II. (2006) Ha ocHOBe aHaiu3a yHOCa MacChl HanOoJee H3BECTHBIX
METEOpHBIX SBJIEHHI IOKa3al, 4To u3BecTHOoe TyHrycckoe magenue 30 utons 1908 roxa B
CYUIHOCTH OBbUIO THTaHTCKMM MHKPOMETEOpOM, T.€. TEJI0 Ppa3pyIIMIOCh U Cropesio B
atMoc(epe, HE HUCIBITaB CKOJIb JHOO CYLIECTBEHHOIO TOPMOXeEHUs. OTINYUTENbHON
0COOEHHOCTBIO ATOTO SIBIICHHSI OBLT JIUIIL MaciiTab Tena, Oaroaapss KOTOPOMY TEJIO0 Cropesio
HE B BEPXHUX CJIOSIX aTMoc(epsl (Kak 0ObIYHBIE MUKPOMETEOpPHI) a Ha BeicoTe 10-11 kM, T.e.
JOCTUIIIO IpaHulbl Tponocdepbl. TopMoxeHUE CIYTHOH CTpyd U3 NPOAYKTOB FOPEHUS U
paspyueHus Texa o0pa3oBago OrpoMHOE 00J1aK0, ra30ANHAMUYECKOE BO3CHCTBHE KOTOPOTO
Ha [IOBEPXHOCTh 3€MJIM U IIPUBEJIO K BbIBAILY Jeca Ha 00JIbLION IuIomagy.

VY3KHM MECTOM 3TOTO CIICHApHs ABJIACTCS 3aKIIOYUTENbHAS CTaaua. MOXeT J1 ropsdee
00JIaKO JOCTUTHYTh MOBEPXHOCTHU 36MJIM M BBI3BATh pa3pyLICHUS HA TOW IJIOMAAN 1 UMEHHO
TOM KOH(HUTYpaIMK, KOTOpasi KMEIO MECTO B PeaIbHOCTH?

ABTOpBI aHHOH PabOThHI MOKA3BbIBAIOT, YTO YKA3aHHBIC COMHEHUS YCTPAHSIOTCS, CCIIH
y4ecTb, 4To aTMocepa B MecTe NajeHus Oblia B IeperperoM (T.e. B HEYCTOHUMBOM)
COCTOSIHHMH, a 00JIaKO NMPOAYKTOB TOPEHUS M PaspyLICHUS Tela UMeTo OIM3KUH K eANHHIE
nokasaTenb aauabaTel. 110 cBefeHHAM OYEBHUJIIEB MOXHO 3aKIIOYMTh, YTO B KOHIIE HIOHS
1908 rona Hag BocrouHoit Cubupsio pacronarancs OOMMPHEI aHTUIUKIOH, TO3TOMY TE3UC
0 CMEIICHUM paclpeseNeHus TeMIepaTypsl aTMOoc(hephl B CTOPOHY HEYCTOMYMBOCTH (T.€. O
neperpeBe HWXXKHUX CI0EB aTMOC(epbl) BIONHE onpasaH. IIpyu BEICOKUX CKOPOCTSX HONETa B
cliefie 32 MHTEHCHBHO HCIApSIONIMMCS TEJIOM HIET OOpaTHBIH Ipoliecc KOHACHCALUH U
o0pazoBaHuss MuKpodacTull. Ilo 3Toif mpuumHe 00JaKo HPOJYKTOB TFOPEHUsl IPaBOMEPHO
paccMaTpuBaTh KaK PaBHOBECHYIO IO CKOPOCTSAM M TEMIIEPAType CMECh 3aIlbLIEHHOIO rasa.
INoxazarens aguabaThl TAKOM CMECH 3aBHCUT OT KOHIIEHTPALMHU IBUIA U CYIIECTBEHHO HUXKE
ToKaszaTens aauadaThl YUCTOrO rasa.

PaccmatpuBaeTcs 3aa4a 0 IBIKEHUH TOPOHIAIBHOTO BUXPEBOTO 00JaKa (BUXpPEBOrO
KOJblla) B aTMoc(epe U IMOCIENYyIOUIeM €ro B3aUMOJECHCTBUU C 3€MHOH IOBEPXHOCTHIO.
AtMocdepa 3emiIn HEOAHOPOAHA M 3aJaeTCsl paclpelelleHUEM TeMIIEpaTyphbl 110 BBICOTE.
Ilonaranoce, yTo B HayaJlbHBIH MOMEHT BUXPEBOE KOJIBIO 3aIIBIJICHHOIO ra3a pacroloKeHO
Ha BeicoTe 11 KM W ABIDKETCS C HEKOTOPOW Ha4ajdbHOH CKOpPOCThIO MOJ yriioMm 15° K
ropu3oHTy. B Takoit mocTaHOBKe 3a7a4a SIBISETCS CYIIECTBEHHO TPEXMEPHOH.

UucneHHoe MOAENUpOBaHUE ocyliecTBisiock 3D-papuantom W-cxeMmbl Ha
KPHUBOJIMHEWHON MOJBIKHON ceTKe. PacueTsl mokasainu, 4ro:

1. ¥3-3a CHJIBI TSDKECTH M CTpaTH(UKAIUU aTMOC(Ephl Yrojl TPaeKTOPHU BHXPEBOTO

KOJIbIIa OBICTPO yBEIMYMBAETCS, U OHO IIOYTH OTBECHO IAJIa€T HA IIOBEPXHOCTb 3€MIIY;

2. TpH pacTEeKaHUM KOJIbI[Aa HA MOBEPXHOCTH 00pa3yeTcsi MHTCHCHUBHBIN pa30eraroruiics

UWINHAPUYECKUI BUXpPb (BUXPEBOH Ball), KOTOPBIN SBIAETCS HAa4adbHON NMPUYHUHON

BbIBAJIA Jieca, a TaKXKe IOPOXKJIAeT HHTEHCHBHYIO BEPTHKAJIbHYIO KOHBEKLHIO B

aTMmocdepe;

3. KOHBEKIUS B aTMocdepe NPUBOAUT K 0Opa30BaHUIO BTOPUYHOrO, OO0Jiee CUIIBHOTO

BO3IYIITHOTO BHXPEBOTO Basla, KOTOPHI MI'PacT OCHOBHYIO POJb MO (HhOPMHUPOBAHHUIO

BbIBaJIa Jieca HaOro1aeMoii KoHurypauuu, 1.e. B popme "06abouxu".
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Development of dusty-vortical model of final stage of Tunguska phenomenon

E.L. Vasilev, A.S. Demin
Volgograd State University, Volgograd, Russia.
E-mail: vasil-ei@vlink.ru, e-mail: compmech@volsu.ru

Stulov V.P. (2006) has executed the analysis of an ablation of the most known meteoric
phenomena and has shown, that known Tunguska phenomenon of June 30, 1908 in effect was
a huge micrometeorite, i.e. the body was shattered and has burned down in atmosphere
without the essential deceleration. A distinctive feature of this phenomenon was only scale of
a body, due to which one the body has burned down not in high layers of atmosphere (as most
micrometeorites) and at the altitude 10-11 km, i.e. has achieved boundary of a troposphere.
The braking of the combustion products has generated a huge cloud. The impact of this cloud
with a surface of the Earth has caused a fall of a forest on the large area.

The weak place of this script is final stage. Whether the hot cloud can achieve a surface
of the Earth and cause destruction on that area and specific configuration, which one took
place in a reality?

The authors of the given paper show as all doubt are removed, if to take into account,
that the atmosphere in an impact area was in overheated (i.e. in unstable) condition, and cloud
of combustion products of a body has a specific ration close to unit. The information of the
eyewitnesses allows conclude, that at the end of June, 1908 above Eastern Siberia the vast
anticyclone placed, therefore thesis about transformation of the vertical temperature
distribution of atmosphere to the instability (i.e. about an overheating of the sub-troposphere)
has confirmation. At high speeds of flight in a track behind an intensively evaporating body
there is an opposite process of condensation and formation of micro-particles. For this reason
the cloud of the combustion products may be considered as the equilibrium mixture of dusty
gas. The heat ratio of such mixture depends on the dusty concentration and much below heat
ratio of a pure gas.

The problem about motion of a toroidal vortical cloud (vortex ring) in atmosphere and
its impact with a surface is considered. The atmosphere is non-uniform and was set by
distribution of temperature on an altitude. It was supposed that in the initial moment the
vortex ring of dusty gas is arranged at the altitude 11 km and goes with some initial velocity
bevel way 15° to horizon. In such statement the problem is essentially three-dimensional.

The numerical modeling implemented 3D-version of the W-scheme on a curvilinear adaptive
grid. The calculations have shown, that:

1. Because of gravity and stratification of atmosphere the trajectory angle of a vortex ring
is fast augmenting, and the dusty cloud is falling on a surface of the Earth almost
vertical,;

2. At a spreading of a ring on a surface the intensive cylindrical vortex (vortical roller) is
forming. This vortical roller is an initial reason of a fall of a forest, and it also spawns
an intensive vertical convection in atmosphere;

3. The convection in atmosphere results in formation secondary, of more strong air
vortical roller, which one plays main role in formation of the observed configuration of
a forest fall, i.e. in the "butterfly" shape.

23



00 orpaHuYeHHMAX HA IUVIOTHOCTH U CKOPOCTH TYHIyCCKOro Tesa ¢ y4eToM
3¢ ¢eKToB 2-ro nopsigka

A.B.T'enx
ClIoI'M3Y (MH’KEKOH), C.-Ilemepbype, Poccus. E-mail: genk_av@mail.ru

B pabore paccMaTpHBAIOTCSI TEOPETHYECKHE OTPaHWYEHHs Ha IUIOTHOCTH (TIpH
3alaHHOM CKOpPOCTH) WJIM Ha CKOpPOCTb (IPM 3aJaHHOM IIOTHOCTH) TyHrycckoro
kocmmueckoro Ttenma (TKT), momyueHHsle ¢ ydeToM B3aMMOJCHCTBUS B3PBIBHOH U
0aJUTMCTHUYECKON yIapHBIX BOJH (3P QEKT 2-ro mopsaka) Ha OCHOBE (PaKTHUECKUX JAHHBIX 10
BeIBay Jieca. Ilpm stoM mox 3ddexkrom 1-ro mopsaka MOHMMaeTcss oOmas CTporas
pazuanbHOCTh M OTCYTCTBHUE MOJIOCOBOTO BHIBAJIA JIeCa.

OpuruHajbHas METOIMKa OLIEHKH PEe3yJIbTATOB STOr0 B3aUMOACHCTBHS (KOTOPBIN MBI H
cienyeM u 31ech, U B [1]) Obuia BriepBbie mpeioskeHa B [2]. Jlaxke eclii MHTEHCHBHOCTH
OaJUTMCTHYCCKON yAapHON BOJHBI ObUIa MHOT'O MEHbBILE B3PBIBHOW M HEJAOCTATOYHOW ISt
BbIBaJIa Jieca, OaJUTUCTUYECKas BOJHA HEU30EKHO OCTAaBISIET OOBCKTUBHBINA CIiell B KapTHHE
BBIBaJIa, MPOU3BEACHHOIO B3PHIBHOW BOJHON. DTOT CJel COCTOUT B MOBOPOTE BEKTOPOB
YHaBIIUX JIEPEBbEB, - TeM 0oJiee CUIBHOM, YeM CHIIbHee OamicTuueckas BosiHa. [loBopor
OyZer MMeTh MECTO OTHIOJb HE BE3Jle, a TOJBKO B JIBYX CEKTOpax, CHMMETPUYHBIX
OTHOCHUTEJIBHO TIPOEKIMH TPACKTOPHUH IM03a7 SMUICHTpa. AHAIU3, MPOBEACHHBIN B [2] Ha
OCHOBE CTaTUCTUYECKOH OOpabOTKH JaHHBIX a3uMyToB Oojiee 30 ThIC. yHaBIIMX JEPEBHEB
MOKa3aj, 4TO CPEIHUI Yrojl CHCTEeMAaTHYeCKOrO OTKIOHEHHS BEKTOPOB OT JIHILEHTpa B
YKa3aHHBIX CEKTOPAX JEHCTBUTENLHO €CTh M PABEH BCETO JIMIL 8°.

Ecmm npennonoxuts, uto B3peiB TKT 1 Bce paspymieHus B Taiire mpou30mIUIH 32 CYET
KUHETHYECKOI SHEPruu 3TOTO Teja, TO TOTAA U3 M3BECTHBIX (GOPMYJI JUIS LMIMHIPUIECKOTO
B3pbIBA MOJKHO BBIPAa3UTh 3HAUYEHHE MHUHUMAIbHO BO3MOXHOH IUIOTHOCTH Teia (Ipu
33/IaHHOM €r0 CKOPOCTH): Pr min =6,86~10'2(Cx )3/2(EK/r3a3)(AP/P)'4v'8, e Mbl BBEJIH
3¢ dexTUBHBIN KO3(GULUEHT €, YUYUTHIBAIOIUM BIMAHNE HEOAHOPOAHOCTH aTMocdepsl. o
IaHHbIM [3] ¥ mocienyromux paboT BelMYKMHA € MOXKeT Kojebnercs B npenenax 0,05-0,2.
IIpunnunuanpbHoe OTAMYME HAIIUX OLEHOK OT [2] u [3] B TOM, 4TO MBI HpPU PACUETE Pr min
yuuTbiBaeM 3(QQeKT 2-ro MopsaKa — YroJl MOBOPOTA HANpaBICHUH YHaBIIMX JECPEBHCB B
BBINICYKA3aHHBIX CEKTOpPAaxX 30HBI BbIBaja JoJvkeH ObITh Man! Kak mokazano B [2],
HaOJII0IaEMOMY YITy MIOBOPOTa B 8° COOTBETCTBYET JABJICHUE OAIUTMCTUYECKOM BOJIHBI OUTH
Ha TOPSIIOK MEHbIee, YeM orpaHumdeHue l-ro mopsiaka, t.e. 4P < 0,006-0,007 Kr/cM>.
HIMeHHO 3TO 3HaYCHME U CIIEAYET MOACTABIATH B (OPMYITy Ul ONpeaeseHNs] MUHUMAIbHON
IJIOTHOCTH, YTO YBEJIIMYMUBACT OLICHKY Pgmin B IECATKH U COTHH pa3 110 CpaBHEHHIO ¢ [2,3].

Ucnonp3oBanne orpanmdenus 1-ro mopsaka (4P < 0,05 KF/CMZ) [2,3] B nanHOM Citydae
HE/IONYCTUMO — OHO COOTBETCTBYET JIABJICHHUIO OAJUIMCTHYECKOW BOJHBI XOTSI U MEHbBILIEMY,
HO OJM3KOMY K IOPOTY IMOJOCOBOTO BEIBala. A 5TO B CBOIO OUepeAb HEW30EKHO BeleT K
Gonbmiomy (20°-40°!) yriy HmoBOpOTa HANpaBiIEHWH YIABUIMX JIEPEBLEB OT PaJMAILHOTO B
YKa3aHHBIX CEKTOPax, KOTOPOE He Habaodaemcsi B IEHCTBUTEILHOCTH. J[pyruMu cioBamH,
codeTaHne OOBIYHOI TIOTHOCTH Tera 1-8 r/eM® ¢ GoIbLIOlH ckopocThio (mopsiaka 30 km/c) -
MIPU YCJIOBUU B3pPbIBA 33 CUET €ro KWHETHYECKOH SHEPTHHU - NPOMUBOpedum akmuyeckomy
Mmamepuany no BeiBaidy. [IpoJer Takoro Tena Ha BbICOTe mopsiaka 10 KM HEU30€KHO TIPHBET
Obl K yIiIy HOBOPOTa HANpaBICHUH YMABIIUX JEePEBbEB (B HEKOTOPHIX OOJACTAX 30HBI

BBIBAJIA), MHO2OKPAMHO npesvluiaiouemy HabllronaeMblii!
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About limitations for density and velocity of Tunguska meteor with calculations of
the 2-d order effects

A.V. Genk
SPbSEEU (ENGECON) St.-Petersburg, Russia. E-mail: genk_av@mail.ru

Theoretical limitations for density (with fixed velocity) or for velocity (with fixed
density) of Tunguska space meteor (TSM) are considerate in this paper. It was received with
calculations of explosion and ballistic shock waves interaction (2-d order effect) based on
actual dates of forest overturned. In this consideration the 1-t order effect is exact radial
direction of the overturned and the lack of ballistic cylindrical forest overturned.

The original estimation method of this interaction results (which we are following here
and in [1]) was suggested first in [2]. Even if the intensity of ballistic shock waves was much
less then explosion one and it was insufficient for forest overturned, the ballistic shock waves
inevitable retaining objective trace in explosion shock waves forest overturned. This trace is
turning of overturned trees directions. And this turning will more if the ballistic shock waves
will powerful. This turning will take place not in all area, but only in two sectors behind
epicenter that is symmetrical to trajectories projection. The analysis (performed in [2] and
based on statistical dates processing of more than 30 thousands overturned trees) show, that
the average angle of systematic direction divergence from epicenter in marked sectors is
actually and it equal only 8°.

We assume now, that explosion of TSM and all destructions in taiga is the result of the
kinetic energy transformation. Then it may be expressed the value of minimal meteor density
(with fixed velocity) from the well know correlations for cylindrical explosion: p; min =
=6,86-10%(Cx )Y*(E/r’a®)(AP/P)*v-e, where we introduce effective coefficient & for
calculation influence of atmosphere inhomogeneous. The value of € may change in the range
0,05-0,2 from the dates [3] and another papers. Principle difference of our calculation p; i,
from [2, 3] is that we calculate 2-d order effect — direction divergence angle of overturned
trees in marked sectors must be small! As it shown in [2], observed divergence angle (8°)
correspond to the pressure of ballistic shock waves almost for the one order less, then 1-t
order limitation, i.e. AP < 0,006-0,007 kg/smz. Just this value it is necessary to substitute in
formula for minimal meteor density, that increases the quantity p; y;, in tens and hundreds to
compare with [2, 3].

To use 1-t order limitation (AP < 0,05 kg/sm2 ) [2, 3] in this case inadmissible. It
corresponds to pressure of ballistic shock waves also less, but near to the border of cylindrical
forest overturned. And this inevitable leads to the large (20°-40°) angle of turning overturned
trees directions in marked sectors, that’s no observed in reality. Another words, the
combination of real density of meteor (1-8 g/sm’) with a large velocity (approximately 30
km/s) - and condition of the only kinetic energy transformation — is contradict to actual dates
of forest overturned. The flight of such body on approximately 10 km height inevitable lead
to the angle of turning overturned trees (in some marked sectors of overturned trees region)
mach more real observed!
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006 naenTudukanun kometbl Bonbsda-1908a n orcyrerBun Bamsinusi TyHrycckoro
B3pbIBA HA I100aJIbHOE NOTeILICHHe

B.P. I'epman
Omoen HU3KUXx memnepamyp u 8blCokux oagienuti Pusuxo-mexnuuecko2o uncmumyma Axaoemuu Hayx,
Joneyx, Yxpauna. E-mail: borisgerman @ hotmail.com

Komera Bonbda-1908a Obina morepsHa actpoHoMamu B stHBape 1908 r. IlomblTky
cBsizath €€ ¢ TyHrycckuM (GEeHOMEHOM IMpennpuHsul HenaBHO B.Pomeiiko [1]. Onnako
cleyeT yKasath, 4To 00bekT Bonbga emé B 1919 r. 6bU1 0JHO3HAYHO WACHTUPHUIUPOBAH C
actepounoM 516 Amxepctma [2] ¥ TOITOMYy HHUKAaK HE MOXKET WMETh OTHOIICHHS K
TyHrycckomy heHOMEHY.

Henasno unen-kopp. PAH B.Ilalinypos [3] BBLIBUHYII IHIIOTE3Y U3MEHEHUs OanaHca
BoOBl B Me3zocdepe B pesynabraTe TyHIYCCKOTO B3pBIBa, BbliaBas €€ 3a aJbTEPHATHBY
r00aabHOMY IOTEIUIEHUIO U3-3a IIAPHUKOBBIX Ia30B M CBA3bIBAsS C POCTOM HAOIOACHHH
cepebpuctbix 001akoB. Ho mocne TyHrycckoro B3peiBa BILIOTH 10 1930-X r0om0B 0COOOM
AKTUBHOCTH CEpEOPHUCTBIX OOJIAKOB HE OTMEYanoch, a 70 1908 r. oHM HaOMIOIANKCH Jaxe
vyame [4, fig. 15]. Tlpu 3TOM moOTEeps CHHXPOHHOCTH TpPEHIA TEMIEpaTyp B 000OUX
noiymapusx 3emnn Obula OTMEYeHA TOJBKO B IIEPBOE JECATHIICTHE, NMPHUMBIKAIOIIEEe K
Tynrycckomy B3pbIBY [5]. B ocrambhble 10-metHue nepuonsl, ¢ 1884 r. mo 1978 r.
BKJIFOUHTENIFHO, MOJOOHOTO HApyIICHHs HET. 3HAUUT, ¥ HET albTePHATHBHOTO BapHaHTa
1J100aIbHOTO IOTEIICHHUS.

About identification of a comet of Wolf -1908a and about absence of influence on
global warming of explosion on Tunguska

B.R. German
Department of Low Temperature and High Pressure, Phys.-Tech. Institute Academy of Sciences, Donetsk,
Ukraine. E-mail: borisgerman @ hotmail.com

Some researchers already considered the comet of Wolf-1908a, lost by astronomers in
January, 1908, how source of the Tunguska meteorite. Recently V.Romejko [1] had
undertaken such attempt again. However else in 1919 year Wolf's object has been
unequivocally identified with an asteroid 516 Amherstia [2].

V.Shajdurov [3] has put forward a hypothesis of change of balance of water in mesosphere as
a result of Tunguska-1908 explosion, proposing it as alternative to global warming as a result
of increase in greenhouse gases. He wrote that it has correlated with growth of observation of
silvery clouds. But after Tunguska-1908 explosion up to 1930th years so much increase of
silvery clouds were not marked, and before 1908 year they were observed even more often
than in 1908 year [4, fig.15]. Researchers registered a loss of synchronism of change of
temperatures in both hemispheres of the Earth only in the first 10-year period after Tunguska-
1908 explosion [5]. During other 10-years periods, from 1884 to 1978, similar changes is not

present. Therefore no exists alternative variant of global warming "Tungus-1908'.
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HWuTepnperamus myiabcanuii B Knje n upkyrckoii MaraurorpaMmmsl 1908 r. 1 HoBoe
HanpasJeHHe B HcciiefoBaHusx TyHrycckoro ¢geHoMeHa

B.P. I'epman
Omoen Huzkux memnepamyp u eblcokux oasnenuti Pusuxo-mexuuueckozo uncmumyma Axademuu Hayk,
Jloneyx, Yxpauna. E-mail: borisgerman @ hotmail.com

PacuéTpl moka3anu, 4TO CTPaHHBIE MATHWUTHBIC MYJIbCAIMH, PETHCTPUPOBABIIMECS B
r.Kune 29-30 urons 1908 r. mpod. JI. Bebepom [1], xopowio o0bsicHsIOTCS HHPPA3BYKOBBIMU
BOJIHAMM, HCXOASIIMMH M3 OIHUIEHTpa Oyayliero B3peiBa Ha TyHrycke. AHaJIOTHYHO,
XapaKTEpHbIC M3MEHCHHS Ha HPKYTCKOH MarHUTOrpaMME COOTBETCTBYET NMPHXOIYy IaKeTa
PAJICEBCKUX TOBEPXHOCTHBIX BOJH U3 KyJIMKOBCKOro SIUICHTPa, KOTOPHIE HMEJIH
BEPTHKAJIBHYIO COCTABILIFONIYIO M TAK)KE MOTJIM HHUIUUPOBATHCS HHPPa3ByKoM [2, s.38] .

B 3aBepuieHun noknana s xoren Obl 0OpaTHTh BHHUMAHUE MCCIIEIOBATENICH, 4TO
mapameTphl (Macca, BBICOTAa) M BpeMs MpojaBWkeHHs K TyHTrycke atMocdepHoro ¢poHTa
(MackoHa), BO3MOXHO, BO3HHUKIIIETO B 00JIACTH JIYHHOW TCHH BO BPEMsI COJTHEUHOT'O 3aTMCHUS
28 uronst 1908 1. [2, 5.29], COOTBETCTBYIOT BBICOTE (8,5 KM) M BpEMEHHU B3pPbIBA, TIOJTYUYECHHBIM
JI0 CHX TIOp JUIsl MOTCHIHAILHOTO KOCMHYECKOro Oosnuaa. BeposTHo, cieayer mpoaoiiKuTh
HayYHbIC M3BICKAHUS U MOJICITUPOBAHKE B 3TOM HAIPaBJICHUH.

Interpretation of pulsations in Kiel both magnetogram from Irkutsk and a new
direction in researches of the Tunguska phenomenon

B.R. German
Department of Low Temperature and High Pressure, Phys.-Tech. Institute Academy of Sciences,
Donetsk, Ukraine. E-mail: borisgerman @ hotmail.com

Calculations have shown, that the strange magnetic pulsations, which registered in Kiel
29-30 June, 1908 by prof. L. Weber [1], correlated with the infrasonic waves which are
starting in an epicentre of the future explosion on Tunguska. In a similar way, characteristic
variations on magnetogram from Irkutsk conforms to arrival of a surface Rayleigh waves
from an epicentre which also are correlating with an infrasound. The vertical component of
these waves was the reason of registration of a magnetic substorm in Irkutsk [2, s.38].

In end of the report I would like to pay attention, that parameters (weight, height) and
time of move to Siberia of atmospheric front (i.e. mascon - concentration of masses), which
probably arisen in the area of a lunar shadow during a solar eclipse on June, 28th, 1908 [2,
s.29], correspond to height (8,5 km) and to time of explosion of potential cosmic Tunguska
bolid. Possibly, it is necessary to continue scientific researches and a modelling in this
direction.
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Joka3aTenbcTBO KOMeTHOM cTpPYKTYphl TyHrycekoro Teaa

O.I'. I'magpimena
Qusuxo-mexnuyeckuti uncmumym um. A.D. Hopghe PAH
Olga.Gladysheva@pop.ioffe.ru

M3oTonHblil aHaU3 TOPQSAHBIX OTIOKEHHUH, MpoBefcHHbIH JIbBOBEIM M KOJECHUKOBBIM C
COaBTOpaMH, IOKa3aJl, 4TO B CJIOSX Topda KaTacTpoHOrO BPEMEHHU COJCPIKHUTCS OpraHuKa
KOCMHUYECKOTO TpoucxoxkaeHus. OOpaTHB BHHMaHHE Ha OTOT (AKT MOXHO CHenaTh
cienytomye BbIBOABL. 1. Ha mOBEpXHOCTh 3eMIIM OMYCTHUINCH (ParMeHTHl OPraHUYECKOro
BEIIIECTBA MaccCou >10° xr. 2. Oprannyeckoe BemectBo TM o0nagano ciuenyromuMu
cBoiictBamu: a) Ilpu Temmeparypax 3eMHOH MOBEPXHOCTH OHO OBLIO TBEPIABIM HWIU
JIOCTATO4YHO Bs3KMM; 0) B ero cocraB Bxomwnu yrieBogopoisl; B) Ecnu paccmarpuBath
COCTaB dJIEMEHTOB, TO B OPTaHUKE yTiiepoaa conepkutcs < 44 %; r) Opranuka pasiaraiach u
yCBaMBallaCh pPacTeHHAMHU JoctatodHo posro >10 ner. Kpome storo oOHapykeHO, 4TO
COJICp)KaHHE OPTraHUYECKOH KOMIOHEHTHI KOCMHYECKOTO Tella B TOP(SHBIX OTIOMKEHHIX
3HAUNTEIBHO MPEBBIIACT KOJIMYECTBO CHJIMKAaTHOW COCTaBIIIOIICH, CIEeJOBATEIbHO,
OpraHuKa He COIpHUKacalach C NBUICBBIMU YacTUIaMu. llpeanaraercs Monenb CTPYKTYpb
TyHrycckoro Tena B BHJIE IMTOKPHITBIX OPraHUKOM CIMIIINXCA JIEASHBIX IpaHysl (pa3MepoM ~
100 MKM), MMEIOLIMX MBIJICBBIC YAaCTHUIBI B KauecTBe sjaep. [10omoOHOro pona CTPyKTYph
JOJDKHBI OBbUIM 00pa30BaThCsS MPU HMOCTENIEHHOM OXJIaXIEHUH IPOTOIUIAHETHOTO obJjaka,
KOTJa Ha TBUICBBIX YAaCTHLAX KOHICHCHPYETCS Bona, 00pas3ys acTpou3WUecKuil jen, Ha
KOTOPBII B pe3ysibTaTe AajJbHEUIIEr0 OXJIaKACHUS KOHICHCUPYIOTCA JIETY4YHe OpraHn4YecKue
BemectBa, CHy, NH;, H,S, CO wu T1.n. [nurenpHoe BpeMs Ha TOBEPXHOCTH
acTpodu3U4YecKoro JbJa 3Ta CMeCh IOABEpraercss OOJIy4eHHIO, B TOM YHCIE U
yibTpaduoneToM, O0MOapAUPOBKE MOTOKAMH YaCTHIl, KPATKOBPEMEHHOMY pPa3orpeBy IMpH
MPOXOKJCHUH, HAIIPUMED, YAAPHBIX BOJH U T.X., YTO IPUBOAUT K HOTUMEPH3ALUHN UCXOIHBIX
coCTaBIAOIIMX. B pe3ysbTaTe 3TOro 1 00pa3oBagoch OpraHu4ecKoe BELIECTBO, SIBIISIOLICECS
TBEpJbIM WIH JOCTATOYHO BS3KUM IIpH TEMIIEpaTypax 3E€MHOW IOBEPXHOCTH, KOTOpOE
JocTaBuiIo Ha 3eMi0 TyHrycckoe Teno. CyliecTBOBaHME OpPraHHMYECKOTO BELIECTBa Ha
TIOBEPXHOCTU TPaHyJ, KOTOPOE CTAHOBUTCS BS3KMM IIPU pa3orpeBe, OOBSICHAET HE TOJIBKO
BO3MOKHOCTH 00pa30BaHMs JOCTATOYHO MPOYHBIX TUTAHTCKOTO pa3Mepa PHIXJIBIX CTPYKTYD C
TIOTHOCTIO MeHee | r/cM’, HO M 0cOGeHHOCTH paspyuenust TM B 3eMHO#1 aTMocdepe.
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Evidence of comet structure of the Tunfuska body

Dr. O.G. Gladysheva
loffe Physical-Technical Institute,
Olga.Gladysheva@pop.ioffe.ru

Isotopic analyses of peat sediments made by Yu.A. L’vov and E.M. Kolesnikov with
colleagues showed that peat levels located at a shot distance to the catastrophe time contain
interplanetary organic material. From this fact we draw fallowing conclusions. 1) The organic
fragments, which had a mass of >107 kg, reached the earth’s surface. 2) The organic
composition of the Tunguska body has the following properties: a) Solid or sufficiently
viscous for the earth’s surface temperatures; b) Carbohydrates were a part of its composition;
¢) In paying attention to the elemental composition of the organic substance, we can note that
it contains less than < 44% carbon; d) The organics of the space body were decomposed and
assimilated by plants for a long period of > 10 years. An interesting peculiarity of the
allocation of the Tunguska body remnants on earth’s surface is the fact that in peat samples
the amount of organic compounds exceeds the amount of dust (silicate) particles many times
over. This contradicts the well-known ratio between organic and silicate components in
comets and meteorites. It is obvious that dust particles had no direct contact with the organic
fragments, otherwise, they would have been retained by viscous organics. The TM structure
model as adglutinated ice grains (~ 100 pm in size), covered with organic, having dust
particles as their cores, is offered. Such structures could be formed in the initial
protoplanetary nebula. Under the reducing temperature, the water vapour started condensing
onto the dust particles. During the subsequent temperature decrease, the surface of these that
were covered by ice grains became the place for precipitating organic molecules, which
existed in the initial nebula and froze such gases as NH3, CO,, H,S, and so on. The influence
of radiation and thermal processes as well as irradiation by fast neutrons on the transformation
of organics on astrophysical ices led to the polymerisation of a simple species. As a result
organic substance, which was transported to earth by the Tunguska body, was formed. Using
this model we can explain the grouping of separate granules in gigantic bodies (comets),
along with the explosive injection of particles and gases as a result of the heating of a space
body, as well as the considerable strength of a sufficiently brittle object.
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I'eonoruyeckne Bonpocsl pasraaku TyHrycckoro ¢penomena

B.H. Tl 'onry6oB

Huemumym ounamuxu eeocpep PAH, 2. Mockea. E-mail: bgolubov@mail.ru

Tyurycckoe cobbitie, 3adukcupoBannoe 30.06.1908 r., mMMeno XapakTep MOIIHOTO
B3pbIBA W OBUIO HM3HAYaIbHO CBs3aHO C MajaeHWeM Mereopurta BOmm3u r. CroitkoBuua. Ho
MHOTOJIETHUI TIOMCK 00JIOMKOB KOCMHYECKOTO BelecTBa oKa3zaics Oe3ycnemHbM. CyxIeHus o
MecTe TMafeHHs U IPUPOJe MHOIUIAHETHOTO TeNa OCTAITCA I'MIOTETHYHBIMH. B mpoTuBoBec
BBIZIBUHYTHI TUIIOTE3bI O 3eMHOI1 Ipupoze TyHrycckoro B3pbiBa B BUZE 3eMIICTPSICEHUsI, BbIOpoCca
U3 HeJp TOpIOYMX Ia3oB, pa3pblBa IIAPOBOH MOJHMM U T.1. Pa3Bsi3ka KkiyOka 3THX 3aramok
yCMaTpUBaeTCsl B pEIIEHWH JBYX TpPYNIl TEOJOTHYECKHX BOIpocoB. llepBas w3 HUX,
"KocMuYecKast', CBOIUTCS K AWJIEMMe: OO ocTaTku TyHrycckoro mereopura OynyT HaWaeHBI
BOm3m 1. CToiiKoBMYa, THOO METEOPHT 37eCh He Majal U €ro MOUCK CIeIyeT BeCTH B APYIoM
Mecte. Bropas rpymma BompocoB, "3emHas", BeIeT K aHAIN3y OCOOEHHOCTEH COBpEMEHHOM
TeONMHAMUYECKOH aKTUBHOCTH, a TaKKe pPasrpy3Kd MOJA3eMHbIX (uonaoB TyHrycckoi
CHHEKJIM3bl W, HAKOHEI, K NMAJEOMarHUTHOMY aHAIN3y CHOMPCKHUX TPANIOB, KOTOPHIE MOTYT
XPaHUTh NaMATh 00 yJape IapoBOil MOJHUH.

VBiekaTenbHOCTh 3arafjok TYHT'YCCKOTO COOBITHSI TpUBENia K yrpo3e HapyIIeHHs TUKON
HPHUPOABI ATOTO Kpas 10 NPUYMHE XJIBIHYBIIUX CIO/Ia TYPUCTOB, a TAKKEe I'€0J0r0-pa3BeouHbIX
paboT B CBA3M C IOMCKAMH MECTOPOXKICHUH YIJIEBOJOPOJOB, CONPOBOXKIABIIMXCS Cepuer
MOJ3EMHBIX SIICPHBIX B3pBIBOB B OBEHKMH W T.4. B 1985 r. aror paifoH Obul 0OBsBICH
AxkaneMHuecKHM 3akasHHKOM U B 1996 r. peopranusoBaH B TyHIYCCKHH TOCYHapCTBEHHBIN
3allOBEIHUK, WIPAIOMINil BaXHYIO pOJb B CONHAIGHO-DKOHOMHYECKOM JKM3HH OBCHKHU.
XapakTepHbI NPHU3BIBEI K OOECHEYCHUIO paJlaliOHHON Oe30MacHOCTH MECTHOTO HAaCeNIeHHS,
MOTHBUPOBaHHBIE TeM, 4YTO TYHTYCCKHMH B3pBIB SKOOBI CONPOBOXKAAICS aHHHUTMISLUCH
KOCMHYECKOTO BEI[ECTBA C BBAEIEHHEM OIPOMHOTO KOJINYECTBA SIIEPHON SHEPIUN.

Llenp moknaga — HAMETUTBH IyTH ONHO3HAYHOW pasragku TyHrycckoro ¢eHomeHa, 4To
CBSI3aHO C pelIeHueM Tpex 3amad. [lepBas u3 HUX - OIlEHKa METOJUYECKHUX IIPOCUETOB B pasrajke
npupoabl TyHrycckoro coObITus, KOTOpas Oa3upyercsi Ha JaHHbBIX IIOJIEBBIX HAOMIOAEHMH,
neTporpaduyeckoro ananmuza ropHeix mopon "Kamus [IxoHa", CIEKTpalbHOrO aHaiu3a
MHKPOCKOIIMYECKHX YacTHI[ CAMOPOJHOTO JKele3a, aHalli3a OpPraHW4ecKOro BEIEecTBa,
cojepkamierocs B oOpasuax storo "Kamus'. Ilokazano, 9To 3a "OIUIaBIICHHBIE MIapUKA"
MHOIUIaHETHOTO TeJa ObUTH NPUHATHI MEJIKHE c(EepONIUThI KBAPLIEBOIO COCTABA, XapaKTePHbIE JUIS
BYJIKAHOT€HHBIX IIOpox pernoHa. [loBeimennoe conepxanue Br, Zn, Pb, Hg, Na, Au, Mo, Rb, Co
¥ APYTHX 3JEMEHTOB B CJI0€ TOP(]a MOTHOCTHIO COOTBETCTBYET HAOOPY 3JIEMEHTOB 3€MHOU KOPHI.
OTO OmIpoBepraeT MHEHHE O JOCTaBKE TaKMX 3JEMEHTOB M3 KocMmoca B 1908 r. BruBnennyro
3/1eCh MOBBIMICHHYIO AKTHBHOCTD m30TomoB *C 1 *’Ar HEIPaBOMEPHO CBA3BIBATS C HEHTPOHHBIM
TMOTOKOM TyHTYCCKOTO B3pBIBAa, MOCKOJBKY Takash TOYKAa 3pEHHS HE Y4YUTHIBaeT sdderra
I00ANBHBIX BBIMAZCHUM PAJAMOHYKIHJIOB B DPE3yJIbTaTe MHOXKECTBA HCIBITAHUH SIIEPHOTO
opyxwust. 'opusoHT, Mapkupytowuii coositre 1908 r., B citydae ero peaabHOCTH, JOJKEH ObLT ObI
OTYETIMBO HaOJIONAThCs B paspe3e MOYBEHHOTO IOKPOBA, T.€. IIOMCK 3TOr0 TOPU30HTA
HE00XO0MMO BECTH IyTeM KapTHUPOBAaHUSA, a He MOACYETa "TOAUYHBIX CI0eB" MOXOBOTO MOKPOBA.
Bropas 3amaua cBOAMTCSA K aHAIN3y I'e0JOTHYECKUX OocoOeHHocTel snuueHTpa "TyHyrycckoro
B3pblBa" Ha OCHOBE JaHBl IIOJIEBBIX HAOMIOAEHMH M JemM(ppPUPOBaHUS KOCMOCHHUMKOB.
VYcraHoBieHO, YTO KpaTepomozoOHas (opma "SHHIEHTpa" COOTBETCTBYET ApEBHEH mepMo-
TPHACOBOW BYJIKAHO-TUTyTOHMYECKON CTpykType. TpeTesi 3amada CBOAWTCA K OIPENEICHUIO
CXEMBI IUTAHOMEpPHBIX TeO0JIOTO-TeOPM3HIECKNX, TEOXUMHUYECKHX, a TaKkKe MOYBEHHBIX U
OMOXMMHYECKUX HCCIEAOBAHUI B SHHUIEHTPAIBHOM 30HE MPEAINOIaraéMoro MeCTa IaaeHUs
TyHrycckoro Mmereopura.
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Geological questions for solution of the Tungus phenomenon

B.N. Golubov
Institute of Dynamics of Geospheres of the Russian Academy of Science, Moscow.
E-mail: bgolubov@mail.ru

The Tungus event fixed 30.06.1908, had character of powerful explosion and has been
initially connected with falling a meteorite near the Stoykovich Mnt. But long-term search of
fragments of space substance has appeared unsuccessful. Judgements about a place of falling and
the nature of body from another planet remain as hypothesis only. In a counterbalance hypotheses
about the terrestrial nature of Tungus explosion in the form of earthquake, emission from depth of
natural gases, break of a fireball etc. are put forward. The outcome of a tangle of these riddles is
seen in the decision of two groups of geological questions. First of them, "space", is reduced to a
dilemma: or the rests of the Tungus meteorite will be found near the Stoykovich Mnt., or the
meteorite here did not fall also its search it is necessary to conduct in other place. The second
group of questions, "terrestrial”, conducts to the analysis of features of modern geodynamic
activity, and also unloading of underground fluids of Tungus depression and, at last, to
paleomagnetic analysis of Siberian traps which can keep memory of fireball impact.

Fascination of riddles of Tungus event has led to threat of infringement of the wild nature
of this territory because of the tourists who have rushed here, and also prospecting of
hydrocarbon deposits, underground nuclear explosions accompanied by a series in the Evenkyia,
etc. In 1985 this area has been declared as Academic Reserve and in 1996 is reorganized in the
Tungus National Park playing the important role in social and economic life of the Evenkyia.
Appeals to maintenance of radiating safety of local population, founded a motive that Tungus
explosion was ostensibly accompanied by annigilation of space substance with allocation of huge
quantity of a nuclear energy are characteristic.

The purpose of the report — to plan ways of a unequivocal solution of the Tungus
phenomenon that is connected with the decision of three problems. First of them - an estimation
of methodical miscalculations in a solution of the nature of Tungus event which is based on the
data of field investigations, the petrographic analysis of rocks " John's Stone ", the spectral
analysis of microscopic particles of native iron, the analysis of the organic substance containing
in samples of this "Stone". It is shown, that for " the melted off small balls of body from another
planet" have been accepted fine quartz spherolytes, characteristic for volcanic rocks of region.
Raised contents of Br, Zn, Pb, Hg, Na, Au, Mo, Rb, Co and other elements in a layer of peat
completely corresponds to a set of earth's crust elements. It denies opinion on delivery of such
elements from space in 1908. The revealed here high activity of isotopes C and PAr is wrongful
for connecting with a neutron stream of Tungus explosion as such point of view does not consider
effect of global fall of radionuclides as a result of tests of the nuclear weapon. The horizon
marking event 1908, in case of its reality, should be observed clearly in a section of a soil, i.e.
search of this horizon is necessary for conducting by mapping, instead of calculation of " year
layers " moss cover. The second problem is reduced to the analysis of geological features of an
epicentre " Tungus explosion " on the basis of geological field investigations and decoding of
space photos. It is established, that crater like form of "epicentre" corresponds to the ancient
Permian-Triassic volcanic-plutonic structure. The third problem is reduced to definition of the
scheme of systematic geology-geophysical, geochemical, and also soil and biochemical
researches in epicentral zone of a prospective place of falling of the Tungus meteorite.

31
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IMonoxxenue nen ¢ HaAyYHBIMH HMCCIICAOBAHUSIMU MPOOJIEM, CBA3aHHBIX ¢ (HEHOMEHOM
najsieHus: TYHI'yCCKOro METeOpHTa, B HACTOSIIEE BpeMsl HHKAaKUMU CYIIECTBEHHBIMH HOBBIMU
Hay4YHBIMHU COOBITHSMHU HE MOXKET ObITh OXapaKTepru30BaHo — mocie mposeaeHus B 2003 roay
100MIICiiHON HayyHOH KOH(EepeHIH, MOCBsIIeHHONH 95-netuto cobbitust (Mocksa, TANIII,
24-25 wrons 2003r.), Ha KOTOpOH MHOI OBUIO 3aUKCHPOBAHO, YTO TMPOOIEMY
KOJIMYECTBCHHOT'O OIMCAHUS NPOIECCOB, CONMPOBOXKAAIOIINX BTOP)KEHHE HEOECHBIX TEl B
atmocdeps! manet 1 CojHIa, B IPUHIUITHAIEHOM OTHOIICHHUH CJIEAYET CUUTATh PELICHHOM.
OT10 3aKmoveHre ObUI0 TPHHATO COOpaBIIMMECS Ha 3aBepIUAIOIeM 3acelaHuu
KOH(EpeHINH, - IOCJIe ITOTO0, ICHCTBUTEIHFHO, HUUETO NPUHLIUINAILHO HOBOTO CHIEJIAaHO HE
0610 (00 ATOM CBUJETENILCTBYET U COJEPKaHHE IMOCTYNUBIINX HA HBIHEUIHIOK I00MICHHYIO
KOH(]EepeHIHIO JOKIaI0B). B CBA3M ¢ 5THM 51 HOATBEPKJAI0 B HACTOSIIIEM MOEM JIOKJIAJe 3TO
MIOJIO’KEHHUE JIEN U B Ka4eCTBE OCHOBHOT'O COJIEPKaHUs TE3UCOB 3TOT0 AOKJIA/1a BOCIIPOU3BOXKY
TE3MChl MOETO JIOKJIana Ha roOwneliHoW koH(pepenuuu 2003 roma, omyOJIMKOBaHHBIC B
U3JJAHHOM B TOM JK€ TOJAY TMOJ MOCH peaakuued CcOOpHHKE TE3UCOB JAOKJIAIOB TOU
KOH(EPCHIINL.

1. Bonpoc npuoOpesn akTyallbHOCTh B CBS3H C «IIPUXOAOM» B 00JIaCTh HUCCIICAOBAHHS
npo6aembl TyHIyCCKOro METeopHTa CHEelMaIuCTOB-MeXaHUKOB. [lociie nmepBbIX, HE BIOJIHE
aJICKBATHBIX MOTMBITOK Pa3HBIX aBTOPOB, MHOW ObLIH BBINOJIHEHBI ABe paboTel [C.C.I puropsiH,
1976, 1979], B KOTOpBIX CleNaHbl KOJMYECTBEHHBIC OIICHKH BceX A(PQEKTOB,
COMPOBOXKIAIONINX IBIKECHUE Tella B aTMoc(epe ¢ KOCMUUECKHMU CKOPOCTSIMH, U IIOCTPOCHA
CPaBHHTENIBHO TIPOCTasi, IOCTYIHAas IIOHHMMAHHIO HE TOJNBKO Y3KHX CIEHHaJiCTOB,
KOJINYECTBEHHAS TEOPHs sIBJIICHHs. 3HAYMTEIbHO No3aHee (cmycts 17 u 14 jer) sra Teopus
ObLTa MOBTOPHO «IocTpoeHa» amepukaniamu [J.N.Hills, M.P.Goda, 1993]. B.A.Bposmirexn
n00aBUII K MOEH TEOpHH ydeT aOusauuu (McrmapeHus) marepuana mereopouna [bpoHuireH,
1985, 1994], naromuii Maxyro MONpaBKy K OCHOBHOH nuHamuke. [IpoGiema, Takum obpasom,
ObLTa B IPUHIIMIIE PEIICHA.

2. Opnako mnosBWiack omubouHas Tteopust npyrux amepukanuneB [C.F.Chyba,
P.J.Thomas, K.J.Zahnle, 1993] mist konuyecTBEHHOTO onucaHus TYHTYCCKOTO COOBITHS, U3
KOTOpOi aBTOpaMu ObLI ClieNaH BBIBOJ 00 acTepouaHOM mnpupoae 3toro (enomena. B
Tpolecce JAUCKYCCHU 10 JaHHOM mpobjeMe Ha OYepeHOM CHMIIO3MYME, COCTOSIBILIEMCS B
Mockse B 1995 rony, npodeccopom [Ixysenmne Jlonro n3 bomoHckoro yHuBepcurera ObLIO
MPEUIOKEHO TPOBECTH CIECHHUAIBHBIA CHUMIIO3MYM — OYHYIO HAyUHYIO «Iy3JIb» - MEKAY
PYCCKMMHU U aMEPUKAHCKUMH YYEHBIMH 10 MOBONY «TYHTYCKH», KOTOpas U COCTOSUIaCh B
BbonoHckoM yHuBepcutete B 1996 rony, Ha KOTOPY0, OJJHAKO, aMEPUKaHIIbl HE IBUJINCh, U UM
ObUIO «3aCUUTAHO MOPAXKEHUE». S ke MpeACTaBUI Ha 3TOM CHUMIIO3UYME OOCTOSTENbHBIN
JIOKJIaJ] C KOJIMYECTBEHHBIMHU Pe3yIbTaTaMH, PEIaonIMMH BOIPOC O JUHAMHKe TyHTycckoro
(heHOMEHa W TONOOHBIX €My COOBITHH, MOATBEPXKIAIOIIMMH TUIOTE3y O KOMETHOW ero

U3 YBAXCHHUA K JOKJIAIYMKY U €ro 3BaHUI0 OPrKOMHUTET KOHq)CpeHLlI/IH CJieJ1aJl UCKIIFOYCHUE U3 NIpaBuJl, pa3peiuuB
TMPEACTABUTH TCKCT TE3MCOB B PACIIMPEHHOM BapHaHTC.
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MPUPOJE, a TAKXKE NEMOHCTPUPYIOIIMMH B JETAIAX CYIIECTBO M KOJMYECTBEHHYIO MEpY
omMOOK aMepHKaHIIeB. DTOT Jokiaja Obul no3nHee onyonukosan [C.C.I'puropsH, 1998].
Heine, xakeTcs, HUKTO U3 CEPbE3HBIX YUYEHBIX YK€ HE COMHEBAETCS B IPUTOJHOCTH MOEH
TEOPHUH K OIHCAHHUIO MPOIECCOB, MPOTEKAIOUINX NMPU BTOP)KEHHH OTHOCHTENHHO KPYITHBIX
HeOEeCHBIX Tell B aTMocdepy IIaHeT, a Takxke U CosHIa.

3. B mporiecce moAroTOBKH JIOKIIaa Ha CUMIIO3uyMe B BolloHbe MHO# ObL1a TOCTpOCHA
U TEOpHs, YUMTHIBAIOIIAs BO3MOXKHBIC BpallaTeNbHbIE [BIKCHUS BTOPTaloIerocs B
aTMocdepy IJIaHeThl HeOECHOro Tela, U3 KOTOPOH, 10 IPOJIEIaHHBIM OLIEHKaM, CJIel0Ballo,
YTO TaKWe IBIDKCHHS MOTYT OBITh BeCbMa WMHTCHCHUBHBIMH M NPHBOAUTH K HHOMY THUILY
pa3pyLIeHus Teaa — 3a CUeT LEeHTPOOeXKHbIX cul. TakuMm 00pa3oM, paspylIeHUE MOXKET OBITH
JIBYCTaJUIHBIM — CHayalla 3a CYET pa3pbiBa HA YacTH METEOPOWJa W3-3a BpaIaTeNbHBIX
JBIDKCHUH, TOPOXKIAIOIINX B HEM KPUTHUECKHE PACTATHBAIOIINE HANPSDKEHUS, 3aTeM (HIXKe
B aTMOc(epe) — 3a CUeT Pa3IaBIMBAHUS C MOCIEAYIOINM PACTEKAHUEM B CTOPOHBI U PE3KUM
TOPMOYXKCHHEM O0JIOMKOB, TIOPOXKIAFOIINM «B3PBIBHOW» 3P EKT B aTMOchepe.

4. Mos Tteopust ObUIa MCIOJB30BaHA IS pacdera MOCIEACTBUNA BTOP)KEHHS KOMETHI
lymeiikepoB-JleBu-9 B armocdepy IOmurepa B 1994 romy, mpoBeIEHHOro 10 CaMOro
coopitusi  [C.C.I'puropsir, 1994], u ee mnpeAcka3aHus BIOCICIACTBUU TOJHOCTBIO
MTOJTBEP IMIIHCH HAOIIOACHUSIMU COOBITHSI.

5. Dra Teopuss ObUla NMpUMEHEHAa Takke W A OOBSCHEHHS IOBEIACHHUS KOMET
cemeiictBa Kpeilina npu ux npubnmxennn K CoJHILy U Jjajia POCThIE U SACHBIC PE3yJbTaThl
[C.C.I'puropsH u np., 1997]. M3 Hux cnenoBano, B YaCTHOCTH, YTO HPU BTOPKEHUH
HeOECHOro Tela ¢ pasMepamMM, K IpHUMepy, IOpsIka pa3MepoB KOMeThl [ammest Ha
«roBepxHocTH» CoOJIHIIA BO3HMKAeT BO3MYIIEHHE C DHEprueil mopsaika 3HEPrUu
MaKCHMAaJIbHbIX 110 HHTEHCHBHOCTH BembllIek Ha ComHIe.

6. Psgom aBTOpOB moO31HEE OBUIM TPEANPHHATHI TONBITKH YYECTh B TEOPHH
IIOCIIeIOBAaTENIFHOE APOOJICHHEe HeOECHOro Tesla B atMoc(epe ¢ HCIOIb30BAHHEM TEX HITH
MHBIX MPEAINOI0KEHUH 0 PUPOAE U AETANIX TaKOro mporecca. Bee 9T MOMBITKY SIBISIOTCS
CYHIECTBEHHO CXEMaTHYHBIMH, H0O B HHUX TIOCTYJNUPYETCS, YTO Ha KaXIOM JTare
MOCIIEZIOBATENBEHOTO IpOOIeHHs KKIBIH (hparMeHT UCXOAHOTO Tejla AEIUTCS Ha OTHO M TO
K€ UHUCJIO OJUHAKOBBIX IOCHEAYIOIIMX (ParMeHTOB, YTO, KOHEYHO, HE MOXET
COOTBETCTBOBATh JIEHCTBUTENGHOCTH. S ToNaraio, 4YTo TPOIEcC IOCIeI0BATEIEHOTO
IpoOGiieHnss BOOOIe HEe HyKHO IBITATHCSI OMUCHIBATh AETEPMUHUCTHUECKUMH «KPACHBBIMU»
TEOPUSIMHM, TaK KaK B JIEHCTBUTEILHOCTH IOCJeNOBaTelbHOEe ApoOsieHne 00yCIIOBIEHO
HEOIHOPOJHOCTBIO pacIpeleleHus] MPOYHOCTH Marephaja B HCXOJHOM Teje, KOTOpoe,
KOHEYHO JK€, HOCHUT CIIydalHBI XapakTep, M IO3TOMY CaM 3TOT IIPOLIECC CO BCEMU €ro
KOJIMYECTBEHHBIMH  XapaKTePUCTHKaMH  TOXe  OymeT  obnajaTh  CYNIECTBEHHO
BEPOSITHOCTHBIMU CBOWCTBaMH. DTOT BBIBOJ OYEHb XOPOLIO AEMOHCTPHUPYIOT HMEIOLIHECs
MaTepHaibl BU3yaJbHBIX HAONIOJCHUI pa3pylICHHS COBETCKOW KOCMHUYECKOH CTaHIMH
«Mup» u amepukaHckoro denmHoka «KomymOus» mpu HenaBHe#l ero aBapuum B atMocdepe
3emuu.

7. Ocobo Hamo OTMETHUTH MOSIBICHHE CEepUH paboT pa3HBIX aBTOPOB, B KOTOPBIX
«B3pBIB» MeTeopouaa B aTMocepe Monenupyercs OyKBaJbHO, T.e. NMPUHUMAETCS, 4YTO B
MOMEHT OBbICTPOrO ApPOOJIEHHUS] METEOPOUAa MOXKHO €ro 3aMEHUTh CXKaThIM ra3oM U Jajee ¢
MOMOLIPI0O HBIHE XOPOIIO pPa3pabOTAHHBIX BBYHCIUTEIBHBIX IPOTPAMM  PACCUHUTHIBATH
IIOCTABJICHHYIO TaKUM 00pa3oM ra3oJMHaMHUYECKylo 3ajaudy. Takoe MopeiaupoBaHue Irpy6o
HEBEPHO, TIOCKOJIBKY Tporecc neGpopMUPOBaHHS U TOPMOKEHHUSI COBOKYITHOCTH OOJIOMKOB, B
KOTOPYIO TIPEBPATHIICS METEOPOHUI B pe3yjbTaTe OBICTPOro ApPOOJICHUs, HE MOXET OBbITh
3aMEHEH e¢ MIHOBEHHBIM MPEBpAlllEeHHEM B r'a3 — Ha 3TOT MPOIECC BIUSIOT WHEPIHOHHBIE U
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«TBEPAOTENbHBIe» d(Q(EKTH MpH IeGOopMUPOBAHNH, PACTEKAHHH M TOPMOXKECHHH OOJIOMKOB
COBOKYIHOCTH.

B cBs13u ¢ 9THM ele pa3 HaJo 3asiBUTh, YTO JETaJbHBIC PACUEThI «CYIHOBI» KaXKIOr0 00I0MKa
TpH IpOOJICHUH, TI0 TOH HIIM HHOM CXeMe, MaJl0 MHTEPECHBI — PeajIbHBIH Mpolece IpoOIcHUs
COBCEM HE JIETCpPMUHUPOBAHHBIMH.

B 3akmodueHue MOXXHO 3asBHTh, UYTO MpPOOJIEMYy KOJIMYECTBEHHOTO OIMCAHUS
JBIDKCHUS, pa3pylIeHUs] U TOPMOXKEHHs BTOprarommxcs B arMocdepsl miaHeT u CosHna
HeOEeCHBIX TeN (acTepouaoB, KOMET W T.II.) B IPHHIWIHAIGHOM OTHOIICHHH U B JETalsIX
MaTeMaTHYECKOr0 MOJEIMPOBAHMS CIIeyeT CUNTATh PEIICHHOM.

K otomy TekcTy cneayeTr numb A00aBUTh, YTO HA HACTOSIIYIO OOHMIECHHYIO
KOH(EPEHINIO, KaK M Ha INPENBIAYIIYI0, TaKXKe IPEACTABICHBl KaK H3BECTHHIE HAyYHBIC
COOOIIEHHUSI, TOMONHSIIONNE NeTAIIMI KapTHHY H3YYEHHOCTH OOCTOATENbCTB TyHIYCCKOTO
(eHOMEHa, TaK U B 3aMETHOH Mepe HayKoOOpasHBIC COYMHEHMS, - YBBI, IIPEAMET HaIIeH
KOH(EpeHIINN TaKOB, YTO ¢ «OOBICHEHUSIMH» K HEMY CTPEMHUTCS MHOXKECTBO JWIICTAHTOB U
IUI0X0 00pa30BaHHBIX TIOJEH. 11 ¢ 3TUM HUYEro nojenaT HEBO3MOXKHO. ..

OnHO 00CTOSATENHCTBO TPEOYETCS OTMETHTH 0C000: B «KOPITyCe» MPEACTABICHHBIX Ha
9Ty KOH(EPEHLUIO [OKIAIO0B 3HAYUTENBHO BO3POCIO YHCIO TAKOBBIX, COJCpPIKAIINX
pe3ynbTaThl YHUCIEHHOTO KOMIBIOTEPHOIO MOJEIUPOBAHMS «B3pbIBA» METEOpUTA IIyTEM
MMOCTAHOBKH Ta30JMHAMHYECKOW 3aJaydl C HayaJbHBIMH JaHHBIMH, B KOTOPBIX TeEJO
METeopUTa MTHOBEHHO IpeBpaliaercs B cxkaTblii rasz. Ho o0 sTom mojaxone MHOH ObLIO
CKa3aHO BCE, YTO HYXXHO, YK€ Ha MPOLUIONH KOH(pEPEHINH, U MOsSI HETaTHBHAsI €ro OICHKA,
KOHEYHO, COXPAHIETCS U TeHepb.

Hakoren, s He MOry HE OTMCTHTh, YTO HBIHCIUHsA IOOWMICiiHas KoH(EepeHIHs
HEONpPAaBJAaHHO TIOMIIE3HAa IIPU OrPAaHUYCHHOW  JIEHCTBUTENIHHO HOBOM  HAy4YHOU
COCTaBJISIIOLIECH B IIPEACTAaBICHHBIX JOKJIanax. Bce BakHOE OBLIO CKA3aHO MATh JET TOMY
Ha3a] Ha HOPMAaNbHOH, 6e3 "moMIBI", Hay4HOH KOH(EpEeHLIHH, W PSIJOBOC KOCMHYECKOE
COOBITHE, KAKOBBIM SIBIIsIETCS] « TYHTyCcCKOE IUBO», HE 3aCiTy>KHBAET TAKOTO «I1apaaa» HayKH,
— OpPTKOMHUTETOM, BO3IJIABIIIEMBIM OJHHM Te€HEpalbHBIM IpefcenareaeM H BoceMbio (!)
compezaceaaTesIMU, KaKOBBIM MPEACTABIIIETCS] HAacTOoAIIast KOH(pepeHs!
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ITpoBeneHHBIMHM HCCIEOBAaHUSAMH TBEPAO YCTaHOBICH ()akT INPUCYTCTBHUs B IOYBAX
SMUIICHTPa KaTacTPO(dbl OOJBIIOr0 KOJHYECTBA KOMETHBIX MapKepoB — CTpUMepriacoB [1].
Hx mnosiBieHHE MOIJIO IMPOM30HTU TOJBKO B PE3YJbTaTé MACCHUPOBAHHOIO BBINAJCHUS
KOMETHOIl MbUIM, 4YTO IO3BOJSIET CUMTaTh TYHIYCCKMH MeTeopoun OOJIOMKOM szpa
3pynTHBHOI KoMeThI [2]. OfHAKO cpa3y BO3HHKAET BOIPOC, KAKUM 00pa30M KOMETHAsS IbLIb
ocela B JIHLEHTpe, a He ObUla BCS BbIHECEHA B CTparocepy BOCXOMAIIUMM IOTOKAMU
TOpsSIYEro BO31yXa, HArpETOro B3pbiBoM MeTeopouaa? s peuieHus 3Toi mpoodiemsl, ObLIO
IPEATI0KEHO, YTO KOCMHMYECKOE TelNO0 He ObLIO JEISIHBIM, a IPEACTaBIsLUI0 COOOH KoM
cMep3ierocs a3po3ois [2]. OcHoBa koMa ObLT MEJIKO3EPHUCTBIM ECYaHUK — aleBpOIUT [3],
OH K€ U SBMJICSI HCTOYHUKOM KOMETHOW NbUIM. MeXxaHn4eckue CBOICTBa TaKoro necuyaHuka
TaKOBBL, YTO IIPU JOCTHKEHUM Pa3pyIlIarONIUX Harpy30K, OH, MUHYS CTaJuI0 00JIOMKOB, Cpa3y
pacceimaercss Ha Menkue uactunbl [4]. TlpemiokeHHas MojelIb XOPOIIO OOBACHSIET
KBa3WMI'HOBEHHOE pa3pylieHne TyHrycckoro Tema Ha BbicoTe 5-10 kM, B pe3yibTaTe 4ero
o0pazyeTcsi CHIIBHO HarpeToe 0oMmaHoe 00JIaKo a’po30iist, KOTOPOe, HECMOTPS Ha BBICOKYIO
TeMIepaTypy, 0-BUIUMOMY, U3-3a BBICOKON HACHIIIEHHOCTH BO3YXa TAXKEIbIMHU MbUIEBBIMU
yacTHLAMM, o0nanano ompuyamenvuoit naagyuecmyio. IlogoOHO NUPOKIACTHUECKOMY
MIOTOKY, OHO, B KaKOW-TO ME€pe JBUIasCh €I N0 MHEPLUH, YCTPEMUIOCh BHU3 U BBI3BAJIO
HEOOBIUHBIH 0XKOI' PaCTUTEJILHOCTH, KOTOPBIH, Kak yTBepxal JI.A. Kynuk, He cBoiicTBeHEH
noxapaM. M HeBaxHO, Kak 00pa30Balloch 3TO HAarpeToe 00JaKo - OT B3pbIBa BYyJIKAHA MU
B3pbIBa METEOpoHJa - OHO OyzeT o0namaTh BHICOKMM IIOPAKAIOIIMM BO3JACHCTBHEM Ha
MECTHOCTb. 3[€Cb YMECTHO BCIOMHUTb, KaK CMEPTOHOCHBIE MUPOKIACUYECKUE IOTOKU
BynkaHa bonmeme B 1902 r. mrHoBeHHO moryOmmm 29500 denoBek (yueneno Wb 2
xkureins!). JlelfictBue ropsdero MoToka a’po3oist B pailoHe TyHrycku He ObUIO CTOJIb
KaTaCTPO(pUIECKUM. DTO CBA3aHO, MO-BUAUMOMY, ¢ OOIbIIeil BEICOTONH 00pa3oBaHUS oOIaKa
Y CKBO3HBIM IPOXOKJCHUEM HIDKHHUX CJIOEB aTMOC(EphI CIIyCKAIOMIEro K 3eMiie IOTOKa, YTO
CIIOCOOCTBOBAJIO HOAMEIIUBAHUIO B HETO XOJIOAHOTO Bo3xyxa. Cyls 1O HalU4uio CIEN0B
TTOBCEMECTHOTO 0KOTa, TeMIiepaTypa MoToka Obuia Bbime 300 °C. Tomnoe OTCYTCTBHE B
npobax IrpyHTa OIUIABICHHBIX MJIM UCKPUBIEHHBIX CTPUMEPITIACOB, UMEIOIIUX TEMIIEPATypy
pasmsruenns 1400 °C o3Hauaer, u4To 06/1aKO B3pbIBA HE MOIIO OBITH HATPETO BHIIIE 3TOI
TeMIepaTypbl. BHemHe KapTHHA MPOUCXOISIIMX B aTMocdepe MpOLEccOB OKHA ObITh
CX0Xa C MOIIHBIM Ky4eBbIM OOJIAKOM TEMHO-CEpPOro LB€Ta C LIMPOKOH BOPOHKOH Kak y
TOpHA/I0, B KOTOPOW IPOUCXOAMIO OINyCKaHHE K 3eMJIeé pacKajJeHHOTo a’po3osi. B
JalbHENIIEM OH pacTeKalCsl IIMPOKUM IOTOKOM II0 MECTHOCTH, OOXMIas KPOHY U CTBOJIBI
MOBAJIEHHBIX U CTOSIIMX Ha KOPHIO J€PEBbEB, HA3EMHYIO PACTUTENBHOCTb U JIECHYIO
noactuaky. Ilostomy, B nampHeilineM, OONHMAHYIO CTPYIO a’po30isd IO AaHAJIOTHU C
IMPOKJIACHYCCKUMH ITTOTOKAaMH OyZeM Has3bIBaTh O0auoHbiM nomoxom aszposons (BIIA).
Takum o00pa3oM, HaWJIeHHBI MexaHu3M oOpaszoBanus BITA mnoaTBepkaaeT BEPIUKT
JI.A. Kynuka, BHIHECEHHBI BCEMy yBHJCHHOMY B SIHUIEHTpe KaTacTpods! eme B 1927r. -
«Cmpyeio 0eHenHOl U3 pACKAIEeHHBIX 2A308 U XOIOOHbIX Mel Memeopum Yoapui 6 KOmao8uny

C ee XOIMamu, MmyHOpotl u boromamu».

Jlumepamypa
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Reanimation of a hypothesis of L. A. Kulik about fiery jet the Tungus meteorite

E.V. Dmitriev
Astronomical Society, Moscow, Russia, E-mail: evdmitriev@ gmail.com

The lead researches firmly established fact of presence in grounds an epicenter of accident of
a plenty comet markers — “streamerglasses” [1]. Their occurrence could occur only as a result
of the massed loss comet dust that allows considering Tungus meteoroid as a fragment of a
kernel erupt comet [2]. However at once there is a question how comet dust has settled in an
epicenter, instead of all has been born in a stratosphere by ascending streams of hot air, heated
by explosion of meteoroid? For the decision of this problem, it was offered, that the space
body was not ice, and represented whom frozen together an aerosols [2]. The basis body was
fine-grained sandstone - aleurolite [3], it and was a source of comet dust. Mechanical
properties of such sandstone are those that at achievement of ultimate loads, it, passing a stage
of fragments, at once were broken on fine particles [4]. The offered model well explains
almost instantly destruction of the Tungus body at height of 5-10 km therefore it is formed
strongly heated look like meteorite cloud of an aerosol which, despite of a heat, apparently,
because of a high saturation of air heavy dust particles, possessed negative buoyancy.
Similarly to fiery classical to a stream, it, in any measure moving by inertia, has directed
downwards and has caused a unusual burn of vegetation which as approved L. A. Kulik, is
not peculiar to fires. And it is unimportant; as it was formed narperoe a cloud - from
explosion of a volcano or explosion meteoroid - it will possess high amazing influence on
district. Here pertinently to recollect, how killing nupoknactuyeckue streams of volcano
Bonpele in 1902 have instantly ruined 29500 person (2 inhabitants have escaped only!).
Action of a hot stream of an aerosol in area Tunguska was not so catastrophic. It is connected,
apparently, with greater height of formation of a cloud and through passage of the bottom
layers of an atmosphere of a stream lowering to the ground that promoted mixing with it of
cold air. By presence of traces of a universal burn, the temperature of a stream was above 300
OC. Full absence in tests of a ground melted off or bent “streamerglasses”, having 1400 °C
means temperature of a softening, that the cloud of explosion could not be heated above this
temperature. Externally the picture of processes occurring in an atmosphere should be similar
to a powerful cumulus cloud of dark grey color with wide crater as at a tornado in which there
was a lowering to the ground heated an aerosol. In the further it spread a wide stream on
district, burning a crone and trunks of the trees tumbled down and costing on a root, ground
vegetation and a wood lying. Therefore, in the further, bolides’ jet of an aerosol by analogy
with piroclastical streams we shall name bolides’ stream of an aerosol (BSA). Thus, the found
mechanism of formation BSA confirms L. A. Kulik's verdict, born to all seen in an epicenter
of accident still in 1927r. -«By jet fiery of the heated gases and cold bodies the meteorite has
struck in a hollow with its hills, tundra and bogs».

References:

[1] Dmitriev E.V. “Tunguska collection, (2end edition), Moscow, 2000;

[2] Dmitriev E.V. “Near-Earth astronomy -2005” Kazan, 2006;
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The note: E.V.Dmitriev's clauses are placed on K.A. Khajdarova's site <http: // bourabai.kz/dmitriev/index.htm>.
Translation in V.A. Prudnikov's edition
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O HeoObIYHOI IKCII03UBHOI cTPYKTYpe BOIM3N TyHrycckoro BpiBaJa jeca

B.A. opodees
QI'VTTI « Vpaneeo», Mockea, Poccus.

C 1976 no 1979 rr. B Mmexxaypeube Uynn 1 YamObl cuilaMu HECKOJIBKMX OTPSIJIOB BEJIUCH MOUCKU
HCNIAHJCKOTO INMaTa, B TOM 4YHCIE€ Ha JBYX ydacTKaXx B CpeAHEM TeueHHM pyubs HiokHsas
Hymomma u B 30—40 kM ceBepHee, Ha y3koM Bonopaszaene pp. Kumuy u Huwxknelt u Bepxueit
JymommM. OIMH U3 MOMX PEKOTHOCHMPOBOYHBIX MAaplpyTOB HpOJeran BAOJb JIEBOro OopTa
JOJVMHBI Py4Ybsl IIUPOTHOTO MPOCTHpaHUs — JeBoro npuroka [OkHoit UYyHH (B HECKOIBKHX
JECATKAaX KM CEBEpPO-BOCTOYHEE JSIHUIIEHTpa TyHTycCKOro B3pbiBa) B IIOJIE Pa3BHTHUS CEPO-
[BETHBIX aJIEBPHUTO-TICAMMHTOBEIX CIIA00CHEMEHTHPOBAaHHEIX Ty(p(UTOB paHHETPHACOBOTO
BO3pacTa, BECbMa XapaKTepHBIX JUII BEpXHEH YacTH cTpaTHrpaduyeckoro paspesa
KOpPBYHYaHCKOM cBHTH. Ha ogHOM W3 OTpe3koB MapmipyTa HW30IMHHS penbeda Ha
TIPOTHBOIIOJIOKHOM OOPTY IOJHMHBI 00pa3oBaja XapaKTEpHYIO M3BIIMHY. Takoi cuTyanum Ha
MECTHOCTH JIOJDKEH OBUT COOTBETCTBOBaTh ycTyn. Ho peuHble Teppachl Uil BEpXOBHi
HEeOOJIBIINX PY4YbEB B ATOH MECTHOCTH KpaiiHe HeTHNUuHbl. CKOpee MOXHO ObLIO OBl OXKHAATH
3/leCh BBIXOJ] INIACTOBOTO TeJla MarMaTHYECKOH MOpO/bl — AOJIEPUTA UM METACOMATUTOB KBapll-
KapOOHAaTHOTO cocTaBa. Sl OOHapyKWJI 3aepHOBAHHBIA YCTYIN, KOTOPBI ciarana Opexdus —
pe3yabTaT MOLIHOW 3KCIUIO3MM (B3pbIBa). bpekuns cocrosna n3 o010MKOB 0a3aabTOBOW JIaBbI
pasmepom ot 1 mo 10-15 cm. Ilopaxano pazHooOpa3ue OKpacoK — OT CEepOBaTO-3€IEHOU 10
¢uoneroBo-Oypoll, ¢ mpeoOiagaHUEM pPa3IMYHBIX OTTEHKOB KpacHoro 1sera. OO610MKH
[IEMEHTHPOBAIHNCH T'MAPOXUMUYECKAM LEMEHTOM — LIEOJUTOM (TeilJIaHANTOM), 4TO TaKkKe ObLIO
HEOOBIYHO (U IIeMeHTa Ty(poB B TeX Kpasx XapaKTepeH aHaubluM). bpexuus mpexcrasisuia
IUIOTHYIO M KpPENKyI IOpOAy, CyAs IO YCTyIly, 3aJerarollylo cyOropusoHranbHo. [lanbire
MapIIpyT MpoJieraj B MOJie Pa3sBUTHS ATUX OpeKuunii, OpOHUPYIOIINX MOJIOTHH Bogopasaen. Yepes
2-3 kM s OOHapYXWJI BOPOHKY, IOXOXKYIO Ha KpaTep, y KOTOpOrOo OJHA CTEHKAa pa3pylleHa
60KO0BOI1 ’po3ueil, Tak YTO B IJIaHE CTPYKTypa uMena Bup cekropa oxsaroM 300-330 rpamycos.
Juamerp ee no Bepxy cocraBisn 100-150 M, mo mHy — okono 50 M, riryOuHa — HECKOJIBKO
JIeCcATKOB MeTpoB. Ha [THe BOPOHKH s BUZIEIN Ty ke OpeKdHio, HO 00JOMKH 31ech gocturanu 1-1,5
M. Ha nHe Oun poIHMK, M 4epe3 y3KyI TOpJIOBUHY Pa3pyLIEHHOW CTEHKH BBITEKAJl pydeeK W
BIaJa] B OCHOBHYIO JonuHy. Ilo mepudepuut cTpykTypbl s OOHapyKWJl HECKOJIBKO BBIXOJIOB
KBapl-KapOOHATHBIX METACOMATHTOB, B IUIAHE HMMEIOIUX AyroodpasHyio (Gopmy, ¢ LEHTPOM
KPHBH3HBI COBNAJAIONIMM C JHOM mpoBaina. Ilo3nHee, B KaMepalbHBI MEPUO, AHAIU3UPYS
reou3nUecKne MaTepHaibl, 1 OOHApYXXWJ, YTO IONIO PACIPOCTpaHEHHsS OpEeKdYMid, OTBEYaeT
aQHOMAJIMSI MarHUTHOTO TIOJIST BEICOKOH MHTEHCHBHOCTH. MH(opManus o Haxoxke COAEpIKUTCS B
Otuere maptum no paboram 1978-79 rr., xpamsmerocs B apxuBax skcrnemunun “Ilmat™ u
Oenepanpabix  ¢oHmax. (1) S He ompemenun naxe NPUOTU3UTENHFHO, KAaKOBa IUIOMIAAb
pacmpocTpaHeHus OpeKUHii, HO AyMaro B TMHEWHOM m3MepeHnn — Oonee 3 kM. HuxHss rpanuna
—paHHMH TpHWac, HO BEpXHsII HE OMNpeAeNeHa, IOCKOJIBKY JAaTHPOBAHHBIX OTJIOXKEHHH,
TIEPEKPHIBAIOLIMX TOJILY OpeK4YHii HEeT, a MOUIHOCTh COBPEMEHHBIX (TOJIOLIEHOBBIX) OTIOKEHUMN
He3HauuTenbHa. (2) B3pbiB HOCHUI, CyZsl 1O BceMy, OJM3MOBEPXHOCTHBIM XapakTep, TaKk Kak B
cocraBe OpeKYMi OTCYTCTBYIOT MHOPOIBI IOBYJIKAHHYECKOro cyOcTpaTa, Kak, BIPOYEM, WU
BMemarone ux typdutsl. (3) Bpocamace B ra3a 4erkas HpOSBICHHOCTh OTPHIATEIHHOM
(dopmsl penbeda. B reomopdosioruu cymecTByeT 3aKOHOMEPHOCTb: YeM ApPEBHEE CTPYKTYpa, TeM
Xy’Ke€ OHa BBIp@K€Ha B peibede U HA0OOPOT, U MOITOMY IPEAINONOKEHHE 00 OTHOCUTEIBHO
MOJIOZIOM BO3pacTe CTPYKTYpbl He NMPOTHBOpEUHT (akTnieckoid curyaruu. (4) CBs3b Mexmy
TyHTycckuM “METEOPUTOM M SKCIUIO3MBHOW CTPYKTYpOW HESCHA, HO W3-3a YPE3BBIYANHON
PEIKOCTH HaXOJIKHU BBITJIAUT BOSMOXKHOM.
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About an unusual explosive structure near the Tunguska tree fall

V.A. Dorofeev
FSUGE “Urangeo”, Moscow, Russia

From 1976 to 1979, several geologic parties searched for Iceland spar in the country between
two rivers the Chunya and the Chamba, including two sites: in the middle coarse of the
Nizhnyaa Dulushma stream and, 30-40 km to the north, at a narrow watershed of the Kimchu,
Nizhnyaa and Verhnyaa Dulushma rivers. One of my reconnaissance routes passed along a
left side of a brook valley with latitudinal stretch, a left confluent of the Yuzhnaya Chunya
river (several tens of kilometers to the northeast form the epicenter of the Tunguska
explosion). The route run through the field of development of grey-colorful loosely
consolidated silt-psammitic tuffites of early Triassic age, very typical for the upper part of a
stratigraphic section of the Korvunchana suite. An isoline of relief on the other side of the
valley made a distinctive bend at one of the sections of my route. Such situation in locality
must be connected with a terrace. But river terraces for upper reaches of small streams are
extremely atypical. One could most likely expect to meet there an outcrop of a bedded body
of magmatic rocks — dolerite or metasomatic rocks with quartz-carbonate composition.
However I found a turfy terrace made from a breccia — a result of a powerful explosion. The
breccia consisted of debris of basaltic lava from 1 to 10-15 cm in size. I was astonished by a
variety of colors from grey-green to violet-brown, with predominance of various hues of red.
The debris were consolidated by a chemical cement — zeolite (heulandite), and this was also
unusual (because analcime is typical for cements of tuffs at that location). The breccia
represented a dense and strong rock, which, judging by the terrace, lied subhorizontally.
Father, the route run in the field of development of these breccias consolidating a gently
sloping watershed. At a distance of 2-3 km I found a hole similar to a crater which had one
wall destroyed by erosion, so that in view from above the structure had a shape of a sector
covering 300-330 degrees. Its upper diameter was 100-150 m, the diameter at the bottom was
about 50 m, and the depth was about some tens of meters. I saw the same breccia at the slopes
and bottom of the crater but the debris reached 1-1.5 m in size there. A spring welled out at
the bottom, and a streamlet flowed out through a narrow mouth of the destroyed wall and fell
into the main valley. Along the periphery of the structure, I found several outcrops of quartz-
carbonate metasomatites, which were bow-shaped in view from above, with a curvature
center coinciding with the bottom of the hole. Later, during office studies, analyzing
geophysical data, I found that the field of the breccia spreading is associated with a magnetic
anomaly of high intensity. The information about this finding is in the Report of the
geological party on the works of 1978-1979, which is kept in the archives of expedition
“Spar” and in Federal funds. (1) I could not determine, even roughly, the area of breccia
spreading, however, I think that it is longer than 3 km in linear dimension. A lower boundary
is early Triassic, but the upper one is not determined because there are no dated sediments
which would intersect the breccia, and the thickness of modern (Holocene) sediments is
minor. (2) The explosion, to all appearances, was of near-surface character, because rocks of
pre-volcanic substrate are absent in breccias structure, as well as tuffites embracing them. (3)
A clear negative shape of relief was evident. There is a rule in geomorphology: if a structure
is older, it is worse expressed in relief, and vise versa. Therefore, the suggestion about a
relatively young age of the structure does not contradict the actual situation. (4) Connection
between the Tunguska “meteorite” and the explosive structure is unclear, however, it seems
quite possible because the finding is extremely uncommon.
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®usuyeckue napameTpsl uLleiiga Bpinagenuii Bemecrsa TyHrycckoro
MeTeopuTa B Me:xkaypeube TaTaps n FO:xnoii Uynn

UK. Topoun', C.B. Kpussxos', JI.B. Sukos”
Tomckuii 2ocydapemeennbiii yrusepcumem', 2. Tomek, Poccus, E-mail dik59@mail.ru
Hosocubupckuii 2ocyoapcmeennviil ynu@epcumemz, 2.Hosocubupck, Poccus

HeonpenenenHocTs (akTudecKux napaMmeTpoB huledida BpimageHuil Bemecrsa TM —
HanpasJeHUe, INIOTHOCTh BBINAICHUH, pa3Mep YacTHL, W T.II. IpHBENa K HEOOXOIUMOCTH
IIPOBEJICHUS PabOThI, 10 BO3MOXKHOCTU HE3aBUCUMOMH OT 3TUX HEONPENEICHHOCTEN, U, TEM HE
MEHee, rapaHTUPYIOUICH MOJOXHUTEIBHBIA Pe3yJIbTaT TIOUCKOB. B 4acTHOCTH, pelieHO ObLIO
npoBecTd OTOOp mpoO Topda ¢ MmAaroM OKOJIO 5 KM IO KpPYry BOKPYI JIHLEHTpa Ha
paccrosiuun He mMeHee 80 kM. Kpome Toro, Oblta mprMeHeHa HOBash METOJMKa 00paboTKu
npo0, MCKIYANas MPOAYLUUPOBaHHE CPEPHUUECKUX 4YacTHIl B mpoiecce oOpabotku. K
HACTOSIIEMY BPEMEHH OTPabOTaH CEKTOP, COCTABIIAIOIIUIL %4 OT HAMEYEHHOr 0, HO, HECMOTpS
Ha HE3aBEPIICHHOCTh pabOThl, €CTh HEOOXOAWMOCTh TPEABAPUTEIBHOTO O0CYKICHUS
pe3yIbTaTOB.

Ananu3 conep)kaHus chepuIeckuX JacTUIl B CIIOAX TOp(da IM03BOISAET BEIIECTUTD PaiioH
B Mexaypeube p.Tamps u p.fOxnas UyHs, moaxoisdimuii mo mapamerpaM K e}y
BBINa/ICHUH.

1. IIupunHa 061aCTH MOBBIIICHHBIX KOHIICHTPALUH MApUKOB 0K0JI0 30 KM.

2. TNoarBepxaaeTcs: ABYyMs NepeceKaommMy nek npoduisiMu npoob.

3. MakcuManbHbIe KOHIICHTPAIMH apHKOB B [IEHTpE uIeii(a, MUHUMAIIBHBIE TI0 KPasM.

4. MopanbHblii pazMep dYacTull Ha mpoduie, JeKalUM OJNMXKE K SIUICHTPY,
CYIIECTBEHHO OOIbIIe 3HAYCHHS MOJAIBHOTO pa3Mepa 4YacTHIl W3 TIpod OGoree
nanpHero npoduist (11,7 MUKpoH 1 9,1 MEKPOH COOTBETCTBEHHO).

5. Hampasnenue cHoca oT 3nuneHTpa B-FO-B, uTo cooTBeTCTBYET HalpaBICHUIO BETPOB,

OIIpeIeJIEHHOMY I10 ITO>KapHBIM JaHHBIM.
IMapuky 0THOTHIIHEI IO MOP(OIOTHH, YTO YKa3bIBAET HA UX €ANHOE MIPOHCXOKICHHUE.

7. Ilpu npouenypax, aHAIOTHYHBIX MUTMXOBAHUIO, OTUYETIIMBO IPOCMATPHUBACTCS OOJIbIIAs
IUTOTHOCTD MIAPUKOB MO CPABHEHHIO C MIECYMHKAaMH KBapLa.

8. Ilneiid mnonrBepxkmaercs mpodamMu Topda, OTOOPAaHHBIMH B PaMKax IMPOTPaMMbI
«Hapukx» B 1969-1984 romax, B KOTOPBIX MOXHO BBIIEIUTh pPailoH B BEPXOBBAX
p.BanaBapku, rae MMeroTcs MOBBINICHHBIE KOHLEHTPALMM MAarHETUTOBBIX ILIAPHUKOB
pazmepom okoiio 30 MUKpOH.

HeoOxoauMo mpoBepuTh HaWIEHHBIE MIAPHKH HA NPHHAISKHOCTH K KOCMHUYECKOMY
BelllecTBY. TpyAHOCTb COCTOMT B HE3HAUUTEIBHOM pa3Mepe LIapUKOB M HEOOXOIUMOCTH
MIPOBOJIUTH MHOTOYHUCIICHHbBIE U3MEPEHHUS, B HJIealIe — KXl IapUK HYKHO aHaJU3HUpPOBAThH
OTAEIBHO, TMOCKOJIBKY CPeAN HalAEHHBIX, BEPOATHO NMpHHamIexamux K TM, o0s3aTensHo
OKaXyTCs (DOHOBBIC IIAPHKH, MOPOXKIAEMBIMH CIOPAJMYSCKUMH MeTeopamu. Bce Haimm
TIOMBITKH  CAENaTh XMMHYECKHH aHalnu3 INapUKOB, B TOM YHCIE€ M C IPHBICYCHUEM
UHOCTPAHHBIX (GUPM, ITOKa yCIIEXOM HE YBEHUAJIUCh.

a
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Physical parameters of the fall train of the Tunguska meteorite matter in the
territory between the rivers Tetere and South Chunja

LK. Doroshin', S.V. Krivjakovl, D.V. Yashkov®
Tomsk State University, Tomsk, Russiaz, E-mail dik59@mail.ru
Novosibirsk state Universityz, Novosibirsk, Russia

Uncertainty of actual parameters of the fall train of TM matter - the direction, density
of fall, the size of particles and so on — has lead to necessity of carrying out of such work
which would be independent of this uncertainty, if it is possible, but nevertheless
guaranteeing positive result of searches. In particular, it was decided to accomplish the
sampling of peatmoss with step about 5 km around of the epicentre on distance of not less
than 80 km. Moreover the new technique of processing of the samples was applied. It
excludes the producing of the spherical particles in the course of processing. By present time
we have completed the sector making up % from planned. Despite of the incompleteness of
the work there is necessity of the preliminary discussion of the obtained results.

The analysis of the spherical particles maintenance in the layers of peatmoss allows to
outline the area in the territory between the rivers Tetere and Southern Chunja which is
suitable on its parameters to the fall train.

1. The width of the area with the increased concentration of globules is about 30 km.

2. It is confirmed by two profiles of samples crossing the train.

3. The maximal concentration of globules is in the center of the train, the minimal ones
are along the edges.

4. The modal size of particles in that profile, which passes more closely to the epicentre,
is essentially larger than the modal size of particles from the samples of more remote
profile (11,7 micron and 9,1 micron accordingly).

5. The direction of drift from the epicentre is E-S-E. This fact corresponds to the direction

of the winds determined from the fire data.
Globules have got similar morphology, this suggests their uniform origin.

7. Procedures similar the schliching show the greater density of globules in comparison
with grains of quartz.

8. The train is confirmed by the samples of peat collected in the course of the program
“Globule” in 1969-1984. Using these samples we can outline the area around the upper
Vanavarka-river where there is an increased concentration of magnetite globules
having size of about 30 micron.

It is necessary to test the found globules for belonging to the space matter. Difficulty
consists in the small size of these globules and the necessity to carry out numerous
measurements. It would be quite reasonable to analyze each globule separately, as among
found, possibly belonging to TM, globules there are obviously the background ones which
were generated by sporadic meteors. All our attempts to make the chemical analysis of
globules including appeal to foreign firms have been unsuccessful up till now.

a
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OO0 uHTepnpeTauuy M30TONMHBIX cABUIOB 1O Cy3 u Cyy B TOpdax paiioHa nageHust
TyHrycckoro Mmereopura

N.K. Jopomux

Tomckuil ocydapcmeennulii ynusepcumem, 2.Tomck, Poccus, E-mail dik59 @mail.ru

O6unme kapOOHATOB B MOYBAX paiioHa 00yCIaBIMBAECT BHICOKYIO KOHUEHTPAIMIO HX B
cocrage 30iibl TOpoB. Ilpu ananuzax ropga Ha cogepxanue Ci3 mu Ci4 HE0OX0AMMO JTHO0
MPEIBAPUTEIILHO OCBOOOKAATHCS OT YIiIepo/ia MOYBEHHBIX KapOOHATORB, JINOO yUUTHIBATH UX
BJIMSHAE Ha  pe3yJbTaThl HM3MEPEHHMH W  BBOJAUTH  HEOOXOIHMMBIE  MONPABKH.
DkcnepuMeHTabHOE n3MepeHue cojepxanus CO, B kapOoHaTax 30561 TOpGa a0 3HaAYCHHUE
25-30% ot ncxomHOro Beca 301bl, T.¢. coaepxkanue C B 301e 12/(2*¥16+12) = 6,8 - 8,2 %, uto
HECKOJIbKO Hibke IpuHiITod B pabore [[opommun, 2002] Teopernueckoir unubpel 11%,
OYEBUJIHO M3-3a HAJIMYMS B 30JI¢ MIPOYMX, KpOME KapOOoHaTa Kajblins, MUHEPAJIOB.

B paGore [JIbBoB, 1984] 00cyknaroTcss NPUYKMHBI 3aBBIIICHUS BO3PAcTa TOPU30HTOB
topda, ompeneacHHOro Mo KoHueHTpaiuun Ciy, W TMpeanoyiaracTcs MacCHPOBaHHOE
BBINAJICHHE Ha TOP(SHUKU yriepoja KOCMHYECKOro mpoucxoxiaeHus. OJHAKO Takoe ke
«CTapeHUE» MOXHO TOJIYYHUTh U 3a CYET BHEAPEHUS B TOP(Q 3€MHBIX OYBEHHBIX KapOOHATOB.
Pemienue 3a1aun «ctapeHus» MPU MPUBHOCE B TOP(] JOMOTHUTEIBLHOTO «IPEBHET0» YIIIEpO/Ia
JIaeT ypaBHEHHE:

e PP AU _ 1 = AN/N = 0,075 M3ox / 0,47 Mropd = 0,16 M3zor/Mropd

rae: At - mHuMoe crapenue; T - mepuon monypacmaga =5600; AN BecoBas no0OaBka
«JIpEeBHErO» (IIOYBEHHOI'0) YIIepoaa B cocTaBe KapOoHaToB; N - UCXOIHBIH BeC yriepoaa B
OpraHm4eckoM BosiokHe Topa; M3oi - Macca 305161, MTopd - Macca TOp(SHOTO BOJIOKHA.

Jlis monyueHuss MHUMOTO BPEMEHHOIO «crapeHusi» topda Ha 900 neT m1octaToyHO
BHeApUTh 73% Beca 30JBbHOTO BELIECTBA OT Beca 4UCTOro topda, yro naer Bcero 42%
30JIHOCTH TIpupoAHoro Topda. Takas u maxe OospIuas 30JIBHOCTH  BCTPEUAETCS
IIOBCEMECTHO Ha Kpasx Top(sHUKOB Ha Ti1ybuHax 6omnee 40 cM.

AHANOTMYHO MOXKHO PELIMTH 3aJady U30TOIMHOro cMemeHus mo Ci3 Ipu MPHBHOCE B
TOP( MOYBEHHOTO yIIIEPOa U MOIYYHTh!

Ad = (82 - 61) / (ml/mz + 1) = (62 - 61) / ((leMz) * 6,27 + 1)

rae: Ad - M30TOIHBIN caBUT; O, O, - KoHIeHTpauus u3oroma C;; B 8"Cppp B Top(sTHOM
BOJIOKHE M 30JI€, M M, - Macca yriaepoaa B TOpHSHOM BOJIOKHE U 30J1€ COOTBETCTBEHHO; M,
M, - Macca TOp(SIHOTO BOJIOKHA U 30JIbI COOTBETCTBEHHO.
JIyis mosydeHust M30TOMHOTO c/Bura B +4 enunuibl [Konecuukos, 1996] npu 6, =0 u
41 = -28 HE0OX0AMMO UMETh OTHOIIeHHE M /M, = 1,32, uTo AaeT 301bHOCTH Bcero 51%.
TakuM 00pa3oM, Bce pe3ysIbTaThl IO H30TOIHH YIIIEpOo/a, MOJTyYCHHbIC [0 HACTOSIICEe
BpeMsl, OOBSICHSAIOTCSI €CTECTBEHHOM 3a30JICHHOCTBIO TOP(POB B HIDKHUX TOPU30HTAX.
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Abundance of carbonates in the soil of the Tunguska Meteorite impact area causes their
high concentration in the peatmoss ashes. While analyzing the amounts of C;3 or Cy4, one
needs to either eliminate the carbon of the soil carbonates, or take its influence into account
and make necessary adjustments. Actual measurements of the CO, content in the carbonates
of peatmoss ashes yield 25-30% of the initial weight of ashes, that corresponds to the C
content of 12/(2*¥16+12) = 6,8 - 8,2% by weight. This is slightly lower than the theoretical
figure of 11% assumed in [Doroshin, 2002], probably due to the presence of other minerals
besides calcium carbonate.

[Lvov, 1984] discusses the reasons of overstating the age of peatmoss horizons as
determined by the concentration of Cy4, and conjectures massive fallout of the space-born
carbon on the peatlands. However, the same "aging" may be achieved by injecting terrestrial
soil carbonates into the peatmoss. The decision of the problem of "aging" by injection of
additional "ancient" carbon into the peatmoss yields the following equation:

e "0 AU D _ 1 = AN/ N = 0,075Mash/0,47Mpeat = 0,16 Mash/Mpeat,

where At is the false aging; T is the half-life period =5600; AN is the weight of the added
"ancient" (soil) carbon within the carbonates; N is the initial weight of the carbon in the
organic matter of the peatmoss; Mash — the weight of the ashes; Mpeat — the weight of the
peatmoss material.

In order to obtain a false “aging” of 900 years, it is enough to inject into the pure
peatmoss 73% of a cindery substance by weight, that yields just 42% of the ash content in
natural peatmoss. Similar and even greater ash content can be found everywhere at edges of
the peatlands at depths of 40cm and more. Similarly, it is possible to solve the problem of
isotope shift of C;3 when introducing soil carbon into the peatmoss, and receive:

Ad = (8, -0y / (my/my + 1) = (82— 1) / (My/Mp) * 6,27 + 1),

where AJ is the isotope shift; d;, 8, — the concentration of isotope Ci3 in 8"Cppg in the
peatmoss material and ashes, m;, m, — the weight of carbon in the peatmoss material and
ashes accordingly; M;, M, — the weight of a peatmoss material and ashes accordingly.

In order to obtain an isotope shift of +4 units [Kolesnikov, 1996] at &, = 0 u &; = -28 it
is necessary to have the ratio M1/M2 = 1,32, that yields the ash content of only 51%.

Thus, all the results of the carbon isotopism received so far can be explained by the
pollution of the bottom peatmoss horizons by natural cinders.
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Tpaexkropust u opéura TyHrycckoro mereopura
(Trajectory and orbit of Tunguska meteorite, I.T. Zotkin)

N.T. 30TkNH
Tocyoapcmeennwiii acmponomuyeckuti uncmumym um. I1.K. lmenbepea MT'Y
um. M.B. Jlomonocoea, Mockea, Poccus.

OmnpeneneHue paguanTta, T.€. a3UMyTa W YIJOBOH BBICOTHI TyHrycckoro Oonuaa
peanbHO MOXET OBbITh OCYHIECTBICHO MO0 MO MOKAa3aHUSAM OYEBUILEB, MO0 M3 aHAIU3a
BEKTOPHOTO TIOJSI IIOBAJICHHBIX YJApHOW BOJNHOW xaepeBbeB. I[lo Hamemy MHEHHIO, B
HACTOsIIeE BpeMS IBIDKCHHE II0 3€MHOH MOBEPXHOCTH pa3pYIIUTEILHONH BOJHBI €IIe
JIETaJIbHO U yOEIUTENIbHO HE paccCuMTaHO. MoJebHbIE ONBITH JAIOT JIMIIb KauyeCTBEHHYIO,
XOTsl M TPaBIONOJOOHYIO KapTHHY. 3/eCh B OCHOBHOM DPAaCcCMAaTPUBAIOTCS MOKA3aHHS
ceuzereneit coobrtus 30 urons 1908 r.

B knure B.A.Bponmrna (2000 r.) «TyHrycckuii mereopuT» U B OJHOUMEHHOMH
E.JI.Kpunoga (1949 r.) npuBoasTcs OpUTHHAIbHBIE TOKA3aHUS OYEBUALICB, HAXOASIIUXCS Ha
paccrosiHud B ocHOBHOM 10 500 kM oT Mecta karactpodsl (¢ = 60,9° A = 101,9°).
BonpIIMHCTBO M3 HHUX HMEIOT Teo(QU3MUECKHid XapakTep (3BYKH, COTPSCEHHs, TEIUIOBHIC
3¢ ¢dexTsl U ap.). XapaKTEepPUCTHKH, UMEIOIIUE IMO3UIHMOHHOE (Te0Je3MUecKoe) 3Ha4YeHUeE,
BCTpeyaroTcsi peako. OHM NpelnenbHO TPYObl, NOMYCKAIOT Pa3lMYHOEe TOJNKOBaHHE. JTO U
SIBISIETCSI OCHOBHOM NPUYMHON TOSIBICHUS CYIECTBEHHO PA3IMYHBIX TPAEKTOPHUH Yy pa3HBIX
aBTOPOB.

W3BecTHBI TpH paJuKaIbHBIX BapHaHTa a3UMyTa TPACKTOPHH: I0XKHBIH A = 192°, 1oro-
BOoCcTOUHBIH A = 137° u Boctounbliit A = 100°. Ectb u npyrue Bapuantsl. OnHako, o0mumM
HEJIOCTATKOM SIBJISUIACh IPUBSA3KA PaCYETOB K HEMHOTMM KOHKPETHBIM YKa3aHUSM.

Hamu Obin mpuMeHEH MeETOJZ, XOpOUIO OmpapaaBiiuMii ceds B ciayuyae Cuxore-
Anunckoro nazneHust (1947 r.). OH 3axioyaercss B IOCTPOCHUH IUIOCKOCTEH, MPOXOISIINX
Yyepe3 J1Ba BEKTOpa-HANPABICHUS M3 JaHHOTO ITYHKTa Ha SMHLEHTP U KaKyIo-JIMOO TOYKY
BUIMMOI TpaeKTopuu. bbuia BO3MOXKHOCTH MPOBECTH OKOJIO CTa TakuX nocrpoeHuid. Ilocie
storo Ha OBM nyTém mombopa ObUIO OINpeesicHO Hanbosiee BepOsSTHOE HANpPABICHHUE OCU
3TOrO My4YKa IocKocTeil. B pesyibrate momyuarorcs Takue 3Hadenus: A = 120°, h=20°, 6 =
+ 12°. ImeeTcs xopoiee coriacue ¢ popMoii BbIBasa jieca.

Jns BbrumciieHuss opOutThl TyHTycCKOro Tena, KpoMmMe pajuaHTa (HampaBJICHHs)
HEO0XO/MMO 3HATh BEIWYHHY CKOPOCTH, K COXKQJICHHIO HEU3BECTHYIO. 3aliaBasi KaKHe-TO
pa3yMHBIE 3HAYEHUS CKOpPOCTH BCTpeun ¢ 3emiéii, Hampumep, okono 30 Km/c, MOXKHO
MOJYYUTb OpOUTHI, XapakTepHbIE i KOPOTKOIEPHOANYECKUX KOMET, U COJIMKAIOLIUXCS C
3emnéii acTepouioB.

BecbMma BakHBIM siBIsieTcs TOT (pakt, uto paauanT TKT ¢ Xxoporiieil TOYHOCTBIO MO
MOJIOXKEHUIO U JIaT€ COBMNAJNaeT C PaJHMaHTOM WHTCHCHUBHOI'O JTHEBHOTO METEOPHOIO MOTOKA
Bera-AxBapun, a Takke ¢ pac4ETHBIM paTuaHTOM KOMETHI DHKE.
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Amnanutnueckast Teopusi TyHrycckoro B3peiBa 1908 roma, yuuThIBaromias
a’pOAMHAMUYECKOe JAPOOJICHHE U MONEPEeYyHOEe paclIMpeHue JpoOJIEHOM Macchl Mof
JefiCTBHEM TpaJiMeHTa JaBJICHUS Ha JIOOOBOW ITOBEPXHOCTH KOCMHYECKOTO Teja, Oblia
pasButa B 1976-1979 ronax. Ota Teopus ObUIa UCIOJIH30BAHA TAKXKE M JIJISl KOJUYECTBEHHOM
OLICHKH COOBITHI, MPOUCXOIUBIIMX TPH BXoJe (pparMeHTOB siapa komethl LllymelikepoB-
Jleu 9 B atmocdepy FOnurepa 16-22 urons 1994 rona.

B pasButHe 3TOil TeOpUM HaMU HaiilIeHbI B SBHOM aHAJIUTHYCCKOM BUJC BBIPAKCHHUS
JUISL CKOPOCTH IIBIDKEHHS M TOPMOKEHHUS IPOOIEHONH Macchl BONM3M «B3PBIBHOW» 30HBI M
3aKOH TIOTEpPH €10 KHHETUYeCKOM »sHepruu B 3TOH 30He. C MOMOIIBIO TMOITYYEHHBIX
COOTHOIICHHH pellieHa 3a]a4a Ha SKCTPEMYM U TTOJTyYSHBI (POPMYJIBI IS OTIPECIICHUS MeCcTa
Y BEJIMYMHBI MAKCUMAJILHOTO SHEPIOBBIICICHHUS Ha TPACKTOPHH ABM)KEHHUS, a TAKXKE U APYTHe
mapamMeTpbl KOCMHUYECKOTO Telia MPU €ro0 «B3PhIBE» B aTMOC(epax MiIaHeT.

PesynbpTaThl NCTIONB30BAHBI U IS HCCIIEOBAHUS «B3PbIBa» AP CONHIENApaNalonInX
KOMET B COJHEYHOH aTtMocdepe M CBSI3H 3TOTO SBIEHHS C COJHEYHBIMH BCIBIIIKAMH. DTH
pe3ynbTaThl TPEACTABIAIOT HMHTEPEC TakkKe INPH HW3YYCHWH MPUPOIBI  BCIBIIICYHON
AKTHBHOCTH MOJIOABIX 3BE3/, CBS3aHHOW C NPOXOXKAEHHEM KOMETONONOOHBIX Tel uepe3
MOIIHBIE ra30MbLIEBbIE 000JI0YKH TaKUX 3BE3I.
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An analytical theory of the 1908 Tynguska explosion, which takes into account the
aerodynamic fragmentation and the transverse expansion of the fragmented mass under the
action of the pressure gradient on the frontal surface of the cosmic body, was developed in
1976-1979. This theory was also used for quantitative estimation of events occured at the
entry of the fragments of Comet Shoemaker-Levy 9 into the atmosphere of Jupiter on July 16-
22, 1994.

To the development of this theory we found expressions for the velocity of motion and
deceleration of the fragmented mass near "explosive" zone as well as the law of loss of the
kinetic energy of the mass in this zone in the explicit analytical form. Extreme problem is
solved using obtained relations and the formulae are obtained for determining the position and
the value of the maximum energy release along the trajectory of motion and also other
parameters of the "explosion" of cosmic bodies in the atmospheres of planets.

The results are used for investigation of "explosion" of nuclei of sungrazing comets in
the solar atmosphere and, besides, the relation of this phenomenon to the solar flares. Also
these results are of interest for studying the nature of flare activity of young stars connected
with passage of comet-like bodies through dense gas-dust envelopes of such stars.
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K.I'. IBanos

Huecmumym 3emHno2o maznemusma, UOHOC@epuvl U pacnpocmpaneHus paouo6oiH
um. H. B. IIywrkosa, Tpouyx, Mockogckas oon. Poccus.

E-mail: kivanov@izmiran.troitsk.ru

Kpatkuit 0630p UTOTrOB, TEKyIIUX pabOT, MPOOJIEM U TMEPCIEKTUB MCCICIOBAHNUS MarHUTHO-
noHochepHoro 3hexTa CTONKHOBEHHS 3eMiH ¢ TYHTyCCKUM KOCMHYECKUM TesioM 30 HIOHS
1908 r., momy4eHHBIX C MOMEHTa OTKPHITUS d¢dekra B ampene 1959 r., mo pasmemam: 1)
(eHOMEHONIOTHA; 2) MHTEpIpeTalus; 3) MOJACIMPOBAaHUE; 4) COMOCTABICHUE C SBICHUAMU
TIPU JIOKaJbHBIX M PETHOHATBHBIX BO3/IEHCTBISIX Ha HOHOC(EPY UCTOYHUKOB €CTECTBEHHOH 1
AQHTPOMOTEHHOU MPHUPOIBI.

Magnetoionospherical effects of the Earth-Tungus cosmic body impact

K.G. Ivanov

Pushkov Institute of Terrestrial Magnetism,

Ionosphere, and R. W. Propagation RAN, Troitsk, Moscow Region, Russia.
E-mail:kivanov@izmiran.troitsk.ru

Some few results and present-day problems in exploring of magnetoionospheric effects of the
June 30, 1908 Earth-Tungus Cosmic Body impact are reviewed. Once more we pay attention
to their phenomenology, interpretation, simulation, and comparison with others local
magnetoionospheric effects, man-made and natural.
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BemectBo TyHrycckoii komeTsl B Topge ¢ MecTa KaTacTpodbl

E.M. KonecHukoB
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I'maBHO# 3araakoii yHukansHOoro B3pbiBa 30 mioHs 1908r. B TyHrycckoii Taiire sBisieTcst
MPOTHBOPEUHE MEXIYy O4YeHb OOJBLION SHeprueil B3pbiBa, 3kBHBaneHTHOW 1500 6oMO,
paspyummBIIMX XUpOcUMY, M OTcyTcTBHeM (parmentoB Tynrycckoro Kocmuueckoro Tena
(TKT). Oto npotuBopeurne cHuMmaercs, ecnu TKT 6buto ssapom komerts! [1]. OHO, Kak H3BECTHO,
npeJcTaBiIsieT co0oi cMep3lmiicss KOHIIIOMepaT JbJ0B, COCTOAIINM U3 JIeTy4nX coequHeHui H,
C, N u O. Ho 1e )xe »rmeMeHTHI comepkarcsi B OONBIINX KOJMYECTBAX B MOYBE M PACTEHHSX,
HO3TOMY OOHApY>KHTh CIIEJbl BBINAJAECHUS KOMETHOTO BELIeCTBAa Ha 3eMIII0 BechbMa TpPYyIHO. B
KOMETHOM sIIpe HMEIOTCS TakXKe IBUICBBIC YACTHIEI, ONM3KHE IO COCTaBy K YIJIHCTBHIM
xouzapurtam CI [2] pasmepom, o HammM pacderam [3], Bcero okosno 0,5 MKM, KOTOpEIE TPYIHO
BBIJICINTh M3 NOYBBI U TOpda. Mbl aHAIU3MpOBaIM KOJOHKUM Topda Sphagnum fuscum, B
KOTOPBIX OOTAHHYECKUM METO/IOM MOKHO AaTHPOBATh KaTacTpodHbIit cioii, Beipociuuii B 1908 r.
IIpucyTcTBHe KOMETHOro BeliecTBa B Topde Mbl NPEeUIONKWIN (HUKCUPOBATH MO HU3MEHEHHIO
HM30TOIMHOTO COCTaBa JIETKMX dieMeHToB. OOHapykeHbl u3otomuele ciapurut y C mu H B
OKOJIOKATaCTPO(HBIX CJIOAX B IATH KOJOHKaxX Topda M3 SMUIEHTpa B3pbIBA. JTO TOYKH HA
MeCTHOCTH, oboramieHnbie BemectBoM TKT, BeimamaBmum kpaiine HeomHopoano [3-6]. Cnsuru
B M30TOITHOM cocTaBe y yriepoxa cocrasmum AC 1o +4,3 %o, a'y Bogopoma AD 10 —22 %o .
OHH OKa3aJNCh MPOTHUBOMOIOXKHBI ITO0 3HAKY M HE MOTJIH OBITh BBI3BAHBI 3eMHBIMH IIPHIHMHAMH:
BBITAZICHUEM 3E€MHOH MHHEepaJbHON M OpraHW4YecKOoi ITbIIH, rymudukanueir Topoda,
BBIJICJICHUEM M3 3MJIN YTIIEBOAOPOIHBIX Ta30B 1 ap. M3oromusle capurn y C u H o6HapykeHsI B
KaTacTpO(HBIX ¥ OKOJIOKATACTPO(MHBIX CIOSIX M OTCYTCTBYIOT B BEPXHUX M CaMbIX HIDKHHX CJIOSIX
KOJIOHOK Top(ha, HIKe TPaHUIlbl BeuHOH Mep3moTel B 1908T., a Takke B KOHTPOJBHBIX KOJTOHKAX
U3 JIpyrux paioHoB [4-6]. KocMOreHHBIi MCTOYHHUK H30TOIMHBIX CIBUTOB MOJITBEPKAAETCS
TIOBBILICHHON KOHLIEHTpalMe B TeX K€ CIOSX MPUAMA U Jp. MJIATHUHOUIOB [7, 8], KOTOpBIE
SIBIISIFOTCS IPEKPACHBIMHU WHINKATOPaMH IPUCYTCTBHUSI KOCMUYECKOTO BELIECTBA HAa 3eMIIE.

3aKOHCEepBUPOBaHHBII B TOP(hE KOCMUUYECKUH yIiIepol UMeeT OYeHb TSDKEIbIH H30TOIHBIH
cocrtaB: oT +51%o 110 +64 %o [3, 6]. Takoii yriaepoa OTCyTCTBYET Kak Ha 3emiie, Tak U B OOBIYHBIX
Mmereoputax. OH BCTPEYaeTCs TONBKO B OTIEIbHBIX MUHEPAIbHBIX (pa3aX YITIUCTBIX XOHIPHTOB
CI. Ypessrrqaiino Beicokoe otHomieHue C/Ir yka3plBaeT Ha OYSHb HH3KOE, IO CPABHEHHIO C
koMeToi 'ames, conepkanue MUHepanbHON mblK B TyHrycckoit komere [9]. O1u pesyibrarsl
XOPOIIO HOATBEPKIAIOTCS OTCYTCTBHEM JIBIMHOTO CJI€fa B MOKA3aHHUAX O4YEBHUALEB. Pe3ynpTaTsl
uccnenoBanuit  xumudeckoro cocraBa TKT B Topde [10] Takke yka3plBaroT Ha KOMETApPHYIO
npupony TKT. BemectBo TKT okazanoce o6enneHo Fe u np. cuaepoduinbHBIMU 2IEeMEHTaMU U,
HarpoTuB, oboramieHo Si (B 100 pa3) u B 0cOOEHHOCTH JIETKOJICTYYUMH JIEMEHTaMH, HapuMep,
wenounsiMu Metaiiamu —Na (B 800 pas!), Li, Rb, Cs u npyrumu netyunmu snementamu — Cu,
Zn, Ga, Br, Ag, Sn, Sb, Pb, Bi. O1tu ocobennoctu xumudeckoro cocraBa TKT He mpoTuBopedat
COBPEMEHHBIM JIaHHBIM O COCTaBe KOMET [1].

Takum 00pa3oM, pe3koe yBEIUUCHUE COJCPIKaHUs PsAla XUMHYECKHX, TJIaBHBIM 00pa3oM
JEeTY4YnX 3JEMEHTOB, KaK W OOHapyXeHHble cIBUIM B n3oronHoM cocrase C m H, scHo

YKa3bpIBarOT Ha KOMeTapHLIﬁ HCTOYHUK 3aKOHCEPBUPOBAHHOTO B TOpq)C emecrBa TKT.

[1]1 Bponwmon B.A., 3omkun U.T. Actpon. Bectn. 1995. T.29. Ne3. C.278-283. [2] Jessberger E.K. et al. In: Comet Nucl. Sample Return
Mission // Eur. Space Agency. Proc. Workshop, Canterbury, 1986. P.27-30. [3] Kolesnikov E.M. et al. Isotopes Environ.Health Stud. 1996.
V.32. Ned. P.347-361. [4] Konecnukos E.M., bémmeep T., Konecnuxosa H.B. JIAH. 1995. T.343. NeS. C.669-672. [5] Korecnuxos E.M.,
Eémmeep T. u op. JAH. 1996. T.347. Ne3. C.378-382. [6] Kolesnikov E.M. et al. Planet Space Sci. 1999.V.47. P.905-916. [7] Hou Q., Ma
P.X., Kolesnikov E.M. Planet Space Sci. 1998. V.46. Ne 2-3. P.179-188. [8] Hou Q., Kolesnikov E.M. et al. Planet Space Sci. 2004. V. 52.
P.331-340. [9] Rasmussen K.L. et al. Meteoritics Planet. Sci. 1999. V.34. P.891-895. [10] Konecnukos E.M. u op. Tpyast I'TI3 Tynrycckmii.
2003. C.250-266.
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Main problem of the giant explosion took place on 30" June, 1908, in Tunguska tayga,
central Siberia, is discrepancy between high explosion energy equivalent to 1500 Hiroshima
bombs and absence of any fragments of the Tunguska cosmic body (TCB). The problem may be
resolved if the TCB was a comet core [1]. It is known to be icy conglomerate consisting of
volatile compounds of H, C, N, and O frozen together. But the same elements can be found in soil
and plants everywhere that is why it is rather difficult to reveal traces of comet material fallen
down on Earth. Besides, there are dust particles in the comet core close in its chemical
composition to carbonaceous chondrites CI [2]. According to our calculations [3] they are only
about 0.5 pk in size that is why it is difficult to extract them from soil and peat. We analyzed
Sphagnum fuscum peat columns in which the peat layer grown up in 1908 can be dated by
botanical method. The presence of the comet material is proposed to show up by change, or shift,
of isotopic composition of the light elements. In the nearcatastrophic layers of the five peat
columns from the explosion epicenter the shifts in the carbon and hydrogen isotopic composition
have been revealed. They represent sites at the explosion area enriched in the TCB material fallen
down on Earth highly inhomogeneously [3-6]. The shift of isotopic composition for carbon AC
was up to +4.3%o and for hydrogen AD up to —22%o. They are opposite in sign and couldn’t be
caused by the terrestrial processes: fall out of terrestrial mineral and organic dust, humification of
peat, emission of hydrocarbon gases from the earth and so on. These isotopic shifts have been
revealed in the catastrophic and nearcatastrophic layers, at the same time they are absent at the
uppermost and lowest peat layers, below the permafrost boundary in 1908, and in the control peat
columns in other places as well [4-6]. Iridium and other platinoids, being detectors of the cosmic
material presence on Earth, have peaks of their concentration at the same peat layers as the
isotopic shifts did [7, 8] that corroborate cosmic origin of the last. Cosmic carbon in peat is very
heavy in its isotopic composition: from +51%o¢ up to +64%o [3, 6]. It is absent both on Earth and
in typical meteorites and may be met with individual mineral phases of carbonaceous chondrites
CIL. Very high C/Ir ratio in peat points to the low concentration of mineral dust in Tunguska
comet as compared to Halley’s comet [9]. The absence of smoky track among eyewitness’s
evidences corroborates the conclusion. Chemical composition of the TCB in peat points to its
cometary origin as well [10]. The TCB material is depleted of Fe and other siderophile elements.
At the same time, it is specially enriched with hundred times of Si and eight hundred times of Na,
with another alkaline metals Li, Rb, Cs and other volatiles Cu, Zn, Ga, Br, Ag, Sn, Sb, Pb, and
Bi. These characteristics of the TCB chemical composition don’t contradict up-to-date data of the
comet composition [1].

Thus, the shifts in isotopic composition of carbon and hydrogen and as well sharp increase
in concentration of number of elements, mainly volatile, clearly point to cometary origin of the
TCB.
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Kucioraslie no:xam Ha mecte TyHrycckoii katactpogst 1908r.
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B npornecce nBuKEeHUST METEOPUTOB B aTMOc(epe BOSHUKAIOT BHICOKHE TEMIEPaTyphl,
TIPU 3TOM KHUCIIOPOA aTMOcephbl pearupyer ¢ a30ToM ¢ 0oOpa3oBaHHEM OKHCIOB a3oTa. NO
3areM npeBpamiaercs B NO,, KoTopslii pearupyet ¢ Bojoi ¢ obpasoanuem HNO, 1 HNOj,
BBINAJAIOIIMX Ha 3eMJII0 B BUJIE KHCIIOTHBIX JOX/ei. BriepBble ux cienbl Obu1H 00HApY KEHBI
B OTJIOKCHUSX Ha TpaHUIlC Mejla M IajeoreHa 66 MJIH JIeT Ha3ald, KOrjJa B pe3ysbTare
CTOJIKHOBEHHSI 3eMJIH C KPYIHBIM KOCMHYECKAM TEJIOM BBIMEpJa OOJbIIAs YacTh >KUBIIHX
TOTJIa OPTaHW3MOB, BKItouasi 1uHO03aBpoB (1). Ilpm sTtom B morpanmunsix K-T otmoskenusx
conepkanue azora B §8-10 pa3 mpeBhIIANO €ro CofepXKaHHe B JIPYTHUX CIIOSX. Y BEJIWYCHHE
COJICpKaHMsI a30Ta U CIBHT €r0 M30TOMHOrO coctaBa 10 +10%o COMpPOBOXIAIUCH PE3KUM
YBEIHUYCHUEM COAEPXKAHUS B TEX JKE€ CIIOAX HPHUIUS, YTO YyKa3blBaeT HAa KOCMHYECKHH
UCTOYHUK JaHHBIX aHOManui. J[7s BBIABICHUS CIIEJOB KHCJOTHBIX [OXAEW Ha MecTe
TyHrycckoil katacTpodbl MBI aHAIM3UPOBAIH T€ K€ KOJOHKM TOpda, B KOTOPBIX paHee
u3ydanu u3otonHeii cocraB C m H: Tpu xonoHku TOpda W3 3MUICHTpa B3phIBA U JIBE
KOJIOHKH U3 OTIAJICHHbIX pailOHOB, CIY>KMBIINE KOHTPOJIbHBIMH Ipu u3yuennu C u H (2, 3,
4). Camoe HM3KOE COZEp)KaHHE a30Ta M HE3HAYMTEIbHBIM CIBUT B €r0 M30TOIHOM COCTaBe
oOHapy>XeHbl B KOJIOHKEe u3-1moja BanaBapswl, rme mposereno TKT, B 65 kM Kk tory or
SMUIEHTpa, chyXuBmed koHTponbHOW mpu aHamm3e C m H. BemectBo TKT 3mecr He
BBINAJIaJI0, MTOCKOJIBKY CIBUTH B M30TONMHOM coctaBe C u H B 3TOI KOJIOHKE OTCYTCTBOBAJIH.
B xononkax Topda U3 3MMLEHTpa COAEpKaHUE a30Ta M CIBUTHU €ro M30TOIHOTO COCTaBa
BBIIIIE, YeM B KOJOHKE M3-NIoA BanaBaprl. Bomee Toro, KommyecTBO TSDKENOrO a3zora B
KaTacTpO(QHOM CIIO€ 3aBHCHUT HE TOJBKO OT PACCTOSIHUS TOPQSIHUKA OT SMHUICHTPA B3pHIBa, HO
" OT ero paccrostaust oT npeamnonaraemoit Tpaekropun TKT (3). Bee aTo roBopur o Tom, 9ro
B TOp(e OCHOBHBIM MCTOYHUKOM BBINABILETO TSKEJIOTO a30Ta SBISIOTCS KUCIOTHBIC TOXKIH.
JIpyruM HCTOYHHKOM oO0oramieHus Topda a30ToM MOXET CIYXKHTh aHTPOIIOTCHHOE
3arpsizHeHue atMocepsl. B konmoHke u3-mox Tomcka, KpyNHOTO MPOMBIIUIEHHOTO LEHTPa
Cubupu (1000 xm ot mecta TyHrycckoil karacTpodbl), cpeiHee cofepikaHue a3ora B 2 pasza
BBILIIE, YeM, HalIpUMep, B KOJIOHKE H3-110]] BaHaBapebl.

[To Hammm pacueram (3) Ha IuIOIIAAM BhIBaja jieca Boinano npumepHo 200 000 ToHH
a30Ta, 4YTO COCTABJIAET BCErO TPeTh OT paccuuTaHHOro Pacmyccenom c coaBT.— 600 000 ToHH
(5), ocranpHas 4acTh a30Ta paccesyach B aTMocdepe.
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Acid rains at the 1908 Tunguska explosion site
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While meteors were moving through the atmosphere, high temperatures arose resulted
in reactions of oxygen with nitrogen from the atmosphere. These reactions produce NO and
NO,, nitrogen oxides, which after reaction with water vapors form acids HNO, and HNOs.
Then they fall down as acid rains. Traces of acid rains have for the first time been found in the
sediments at the Cretaceous-Tertiary (K-T) boundary 66 MY ago when, due to the Earth’s
collision with a giant cosmic body, most of living organisms including dinosaurs have
become extinct (1). In the K-T deposits nitrogen concentration was eight—ten times as many
as its concentration in other layers. In the K-T layer an enrichment with nitrogen and a
positive shift up to +10%o in nitrogen isotopic composition have been accompanied with sharp
increase in iridium concentration that points to cosmic origin of the above effects. To reveal
traces of acid rains at the Tunguska explosion area we analyzed the same peat columns we
had used before for the carbon and hydrogen analyses. They are: three peat columns from the
explosion epicenter area and two columns from remote sites served as control for the carbon
and hydrogen analyses (2, 3, and 4). The least nitrogen concentration and the slight shift in its
isotopic composition we found in the catastrophic layer of the peat column sampled near
Vanavara settlement 65km southerner of the explosion epicenter. It was control one due to the
absence in it the isotopic shifts in carbon and hydrogen that meant that the Tunguska material
didn’t fall down near Vanavara. In the peat columns from the explosion epicenter the nitrogen
concentration and the shift in its isotopic composition were much more than the same ones in
the Vanavara peat column. Moreover, quantity of heavy nitrogen in the catastrophic layer of
three columns from the epicenter depends on not only of the peat bog distance of the epicenter
but also on its distance of the supposed TCB trajectory (3). It was concluded that in peat the
main source of heavy nitrogen fallen down is acid rains. Another source of the nitrogen
enrichment in peat is anthropogenic pollution. For example, in the peat column sampled near
Tomsk, large industrial center in Siberia situated 1000km of the explosion epicenter, the mean
nitrogen concentration is twice as many as its concentration in the Vanavara column.

According to our calculation (3) about 200 000 tons of nitrogen fell down over the
forest devastation area. It is just one third of the amount estimated by Rasmussen et al. —
600 000 tons (5); the rest nitrogen scattered in the atmosphere.
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B3pbiB TyHrycckoro Mmereopura u oopazoBanue BbIBaJia jieca
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ITocne TyHrycckoro B3pbiBa He OBUIO OOHApYyE€HO KOCMHYECKOTO BEIIECTBA, HO
octajach OrpoMHas oOlacTb BBIBAJNA Jieca, AETaaM 00pa30BaHUs KOTOPOH MOTYT HMETh
3HA4YEHHE JUI MCCIICNOBAHUS IPOUCXOXKICHUS 3TOTO0 TPaHAUO3HOrO sBieHUs. C MOMOIIBIO
pa3paboTaHHOW OJJHAM M3 aBTOPOB METOJIA JIyYEeBOH aKyCTHUKH ISl YAAPHBIX BOJH PacCUUTaH
BBIBAJI Jieca OT BBICOTHOTO B3pbIBA TYHI'YCCKOTO METEOpUTa IpU HAJIMYUU TIPajUueHTa
ckopocTu Berpa. [lonydeHHas BBITSHYTas B HAIPaBICHUW BETpa M pacIIUpsromascs Gpopma
obJylacTu corjacyercsi ¢ OCTaBLIEHCs Mocie B3phIBa 00macTbio paspyuieHus. [Ipu pacderax
OBUIO NPUHATO, YTO PAallOH SHEPrOBBIJICIICHUS - UCTOUYHMKA yNAPHBIX BOJIH - UMEET MaIyIo
MIPOTSHKEHHOCTb U TO3TOMY MOXKET MOJEIHPOBATHCS TOJNBKO COCPEAOTOUSHHBIM B3PHIBOM,
0e3 ydera OaNTUCTHYECKOH yIapHOW BOJHBI. Takas MOJEIb COOTBETCTBYET OBICTPOMY
TOPMOKEHHIO METEOPHUTA TI0CTIe €0 pa3pyIleHUs H3-3a YBEIHMYCHHUS J0O0BOH IUIOMIAIN IO
JeCTBHEM CKOPOCTHOT'O Haropa Bo3Iyxa.

Ilpu pemenun oOpaTHOW 3agaud 00 HCTOYHHMKE YIApHOM BOJHBEL, T.€. O
XapaKTEePUCTHUKE B3PHIBA, 2 HMEHHO — OBLT JIM OH MPOTSDKEHHBIM WIIM COCPEIOTOYCHHBIM —
HYXHO YYMTBIBaTb U METEOpOJIorHdeckue ycyoBus. OHH MOTYT CYLIECTBEHHO BIUATH Ha
(hopMy rpaHHIIBI pa3pyLICHUs, IPUYEM HACTOJIBKO CUIIBHO, YTO B HEKOTOPBIX CIIydasX MOXKHO
COMHEBAaThCS B TOM, YTO OQJIMCTHYECKasi BOJTHA KaK—I10O0 IMOBIMsIIA Ha BBIBAJ jeca: Ui Hee
HE OCTaeTCs CBOEr0 OTAENBHOIO NPH3HAKAa, BO BCSKOM CIydae — 3TO He (GopMa IpaHMIbL
pa3pyuieHust, Kotopas Ipu TyHI'YCCKOM B3pbIBE MOXET MOJXYYUTHCS U 0€3 TaKOH BOJHBI MPH
HAJIMYUU COOTBETCTBYIOLIETO BeTpa B Tpornocdepe. [lo cBoeMy neiicTBUIO NPUOIU3UTEIHHO
COCPEIOTOUEHHBII B3PBIB MOKET MPOU30MTH HE TOJIBKO B 9K30TUYECKHX CIIydasx (TaKuX Kak
BCTpEYa C TEJOM M3 aHTHBEIECTBA WJIM CTOJKHOBCHHE C HEOOJIBIION YepHOW ABIPOH WIH
B3pBIB ‘‘JeTAlONIel Tapenkw’), HO M NPU HE OUYEHb INPOTSHKEHHOM IIyTH TOPMOXKEHHUS
METEOpHTA, OITyYaroIeMcs TPpH OBICTPOM BO3paCTaHHH ILIOMIA M €T0 TIOTIEPETHOTO CEUCHHS.
®opma obOnacTH BbIBala Jieca HE SBISETCS JOCTATOYHBIM HPU3HAKOM [UIL TOTO, YTOOBI
OTBEPIrHYTh TUIIOTE3Y O COCPEJOTOUEHHOM B3PbIBE.
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The Tunguska meteorite explosion and flattened forest origin with
consideration for the wind velocity gradient
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No material of cosmic origin was found after the Tunguska explosion, but a vast region
of flattened forest arouse whose formation details can play an important role in the study of
the origin of this colossal phenomenon. Using the method of ray acoustics developed for
shock waves by the author of this paper, the forest devastation caused by the high-altitude
explosion of the Tunguska meteorite was calculated with allowance for the wind velocity
gradient. The resulting shape of the region extended in the wind direction is in agreement with
the observed havoc region. The energy release region, a shock of shock waves, is assumed to
be small in size, and, therefore, it can be simulated by a concentrated explosion without
regard for a ballistic shock wave. Such a model is consistent with a fast meteorite breaking its
disruption due to the increase of the frontal area caused by the velocity head of the airflow.

The inverse problem on the shock source, i.e., on the explosion parameters specifying
the shape and the size of the source (extended or concentration), should take meteorological
conditions into account. They can affect the shape of the flattened forest boundary so strongly
that sometimes the influence of the ballistic wave on the flattened forest is doubtful. There is
no evidence of the existence of such a wave. At any rate, this is not a boundary shape (which
for the Tunguska explosion could arise without such a wave in the presence of the proper
wind in the troposphere). By its effect, an approximately concentrated explosion can take
place not only under exotic conditions (such an encounter with an antimatter body or a
collision with a small black hole or an explosion of a UFO) but also for a short path of the
meteorite braking due to the fast increase in its cross section. The shape of the flattened forest
region is not an adequate indication that the concentrated explosion hypothesis should be
rejected.
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TyHrycckoe KocMU4YecKoe Tesl0 B CBeTe HOBeHIIMX BOJTIOLMOHHBIX NPeacTABIeHUI
0 siApax KoMeT (Tunguska cosmic object in the light of newest evolutionary ideas
about comet nuclei, V.A. Krivitskiy)

B.A. Kpupunkwuii
VYuusepcumem Ipupoowt, Obwecmea u Yenosexa «/Jyona», vkrivichi@rambler.ru

B nocnennune roxel B npobieme usyueHus TKT HacTymmn MOMEHT, KOraa BCe BO3MOXKHBIE

KOCMOTOHHYECKHE M M3BECTHbIC OOIICTIPUHATHIC MPEACTABICHUS O COCTABE M CTPOCHUH BELIECTBA sApa
KOMeTbl ucyepnansl. OCOOEHHO 3TO KacaeTcst TOro, YTO SApa KOMET — CMep3LIMecs KOHITIOMEepaThl
KOCMHYECKOTO JIb/1a. Takoe yTBepkJICHNE JaBHO yCTapero.
Hacrano Bpems pemuTensHO U3MEHHTh CBOM B3IUISLJ HA IPHUPOJY M COCTAB sIEP KOMET M TOTZAa MOXKET
OTKPBITHCSI HEOOBIKHOBEHHBIN IPOCTOP HA ABOJIIOIOHHOM ITyTH ITO3HAHHUS KOCMOXHMHH, METCOPUTUKH U
TeOXHUMUYECKOH 3Bomonuy miaHeT ComHeyHON cucTeMbl U 3eMid, B yacTHOCTU. ClienyeT BepHyThCs K
TEeM KOCMOTOHHYECKUM HJIesIM, KOTOpble pa3BuBaiick B.A. Ambapiymsaom u C.K. BecexcBaTckum.

MHOro4YHCIIEHHbIE HCCIEI0BAHUS XUMHYECKHX U M30TOIHBIX aHOMAJIMH M3 paioHa KaTacTpodsl
TKT, nanHble 110 KOCMOXMMHH M U3y4YEHHsT KOMETHI ['ajuiest MO3BOJISIOT BBICKA3aTh THIIOTE3Y, YTO spa
komeT, B ToM uucie U TKT, crokeHbl akTHBHBIMU IMHAMHYECKUMU CUCTEMAMH — IIPOTOSAPAMH.

I'maBHBIM MOATBEPXKICHWEM BBIIBHIA€MOI TMIOTE3bl SIBISIOTCS TpsIMble  HAOJIOJICHUS
XUMHYECKHX M H30TOMHBIX aHoManuii B omuneHtpe B3peiBa TKT. Heonenunmblii BKIag B H3y4eHHE
YKa3aHHBIX aHOMAJIMH BHecCHH Takue ucciepoBarenu kak E.M. Konecnukos, C.II. T'oneneuxwii, H.B.
Bacunbes, 10.A. lomros, K.II. ®nopenckuii, Longo G., u MHOTHE Apyrue. TmaTenbHBIA aHATN3 ITHX
MHOTOYHCJICHHBIX HCCIIEIOBAHUH M MHOTOJIETHHE JKCIIEPUMEHTAJbHBIC pabOThl B 00JACTH XOJOJHOTO
CHHTE3a aTOMHBIX S/Iep B paclulaBaXx ¥ PacTBOpaxX pa3IMYHBIX CHCTEM TSDKENBIX 3JIEMEHTOB [JafoT
BO3MOKHOCTH MPEJICTaBUTh Mpouecc aecTpykuuu nporosemiectsa TKT, mo cienyromeit cxeme.

OTCyTCTBHE OCHOBHOW MAacCCHI sipa KOMETHI B THIEHTPE BBI3BAHO TEM, UYTO Ha paccTossHuU 350-
400 kM OT 3MHMIEHTpa Hpou3oLIen cOpoc MmIa3Monaa ¢ LEHTPAIBLHOTo siipa kKoMeTsl. OHa pasjenuiach B

TOPU30HTAIBHOW IUIOCKOCTM W K IIOBEPXHOCTH 3eMIIU

npubmmwkanuch yxe asa tena. CrenoBarensHO, padoH

KaracTpo(bl BO3HHK B pE3ylIbTaTe BO3JICHCTBHA, Kak

MHHHMYM, TPEX  «CTYCTKOB»  IUIa3MOMJa,  4TO

MIOJTBEPKIACTCS XapaKTEPOM BBIBOJIA JIeCa M OTCYTCTBHEM
¢ OoJpIIMX Macc BelmaBmero Bemectsa. OHO  ObLIO
IIPEACTABICHO B OCHOBHOM JICTKMMHU SIIEPHBIMH KJIaCTepaMu
C M XUMHYECKMMH DIIEMEHTaAMH C, N, O, Si, S u
JIETKOJICTYYHMH  JJIEMEHTaMH, a  TaKkXke  JpyruMHu
OMOT€HHBIMHU JJIEMEHTaMH.

LenrpanbHas  4YacTb  siqpa  KOMETHI  IIOCTE
pa3pyleHus, CJIOXKEHHAs MPOTOSAPAMU U TSDKEIBIMU
aTOMHBIMU SJJpaMH, Bpe3anach B 3emiro. IMeHHO 3TOT yaap
ObuT 3adukcupoBaH MpKyTCKO#l celicMOCTaHIMEH Kak KIacCHYecKas 3aTyxarolias ceficMorpamma.
Ilna3menHast 060I0YKa MO Macce COCTABIsUIA MPUMEPHO A0 OJHOM TPETH OT MEPBUYHON Macchl Tena
KoMeThl. LleHTpasibHas 4acTh siipa KOMETHI JOJDKHA OCTaBHTh Kparep 0e3 KaTacTpo(puueckoro BbIBaja
neca, T.K. ()pOHTA BOJIHBI YK€ He OBbIJIO U OH OCTaJIcsl B CTOPOHE ¢ I1a3MouaoM. Kpatep cinenyer uckarh B
CB HanpaBiieHuH OT 3IHULEHTPA B3pbIBa IJIa3MOMA 0 OCH IIPABOTro «Kpblia» 0abouku B 150-155 kM ot
SMHUIEHTPA, TIOYTH NEPISHANKYISIPHO K OCUIIO/UIETa OCHOBHOM TpaekTopuu. IIpu 3TOM cienyeT yuects,
YTO IUIOTHOCTH M Macca BEIecTBAa BEChbMa 3HAUUTENBHBI, CIEJOBAaTENbHO, LEHTPATBHOE TENO snIpa
KOMETBHI yIUI0 Ha riayOumHy mnoBepxHocTH 3emun kak mMuHuMyM Ha 80-100 M. Temo cpaBHHUTEIBHO
HeOoJbIIOro pa3Mepa, oOnajaroliee TaKOW HECOM3MEPHMOM Maccod M IUIOTHOCTBIO,  HOIPOCTY
«IPOIINIIO» 0a3aJbTOBBIH IMOKPOB M YIIIO Ha IIyOuHY. [109TOMY BIOJIHE MOXHO JOMYCTHTB, YTO
ITaTomckuit kKpaTep — 3TO yIapHbBI KpaTep OJHOTrO U3 HEOOJIBLIMX OCKOJKOB IPOTOBEIIECTBA, KOTOPHIM
obuto cnoxeHo sapo TKT. HamexHoli mpoBepkodl — mpu H3ydeHHMH TMOMOOHBIX KpaTtepoB OymyT
xumuueckue anomasnmu U, Th, Pb, Hg, Au, miatuHOnmoB, peakux 3emenb, Sb, Sn, Ag, Kak MepBbIX
TSDKEJIBIX MPOYKTOB SIIEPHON TUCCOLMALIMI IPOTOSIAEP, CIAaraloliuX MPOTOBELIECTBO.
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O npupoae «cBeTJIOro NSITHa» B paiioHe najenus TyHrycckoro mereopura

C.B. Kpusskos, E.B. Xammarosa, UK. lopomun

Tomckuii cocyoapcmeennyiil ynusepcumem, 2. Tomck, Poccus. E-mail dik59@mail.ru

Ha cnexTpo3oHaJbHBIX KOCMHUYECKMX CHHMMKax paioHa TmaaeHusi TYHIYCCKOro
METEOpHTA ITPOCIEKUBAETCS IATHO CBETIIOTO OKpaca, IMelolee HeoObdHy 0 (hopMy, SIBHO HE
CBsI3aHHYI0 ¢ Tonorpadueil paiiona. Kontyp nsatHa 61u30k K oBaily ¢ ocsiMu 12x9 kM, yroa
HakJIOHa 00JIbIIOI moyocu okoto 95 rpagycoB oT ceBepa. CBETIBIN OKpac MPOCIeKUBACTCS
Ha JMOOBIX THUHax peibeda, NUIIb B HEKOTOPHIX CIy4asx BHYTPH IISITHA UMEIOTCS TEMHBIC
Y4acTKH, OOBIYHO MPUYPOUEHHBIE K JIOMMHAM py4ybeB U pacnaakoB. O mpuymHe
BO3HUKHOBEHHSI «CBETJIOTO ISTHA» BBICKA3BIBAIMCH Pa3HBIC THUIIOTE3bl, OMHAKO HHU OJHA W3
TUIIOTE3 HE YJOBIETBOpSJa BCEH COBOKYIHOCTH H3BeCTHBIX (akToB. Hacrosimas paborta
MOCBSIICHA BBIICHEHUIO MTPUPOJIBI 3TOTO 3araJOYHOT0 00pa30BaHMUS.

CMeHa IBETOBOW TraMMbl B MECTax IPOXOXJICHUS TEOJIOTHUECKUX MpouIieH,
OTIMYAIOIINXCA OT OKPYXAarolleil MECTHOCTH TOJIBKO OTCYTCTBHEM JPEBOCTOSI, ITO3BOJIMIIA
MIPEATONIOKNTh, UYTO «CBETJIOE ISTHO» (OPMHpPYETCS 3a CUeT HEKHX OCOOeHHOCTEH
pacTUTenbHOCTH. [l BBIABIEGHHS 3THX OCOOCHHOCTEH OBLINM BBHINOJHEHB! CIEAYIOIIUC
moJsieBbie paboTel. B koHue mast 2004 ronma, 10 pacryCKaHHs JIMCTBBI Ha JIEPEBbSX, ObUIN
IpPOBEJCHB HAONIOAEHUs Jieca C BEPIIMH CONOK M IO MEIIEXOJHBIM MapIIpyTaM,
MEPECEKABIIUM «CBETJIOE IATHO». BBUIO 3aMEUEHO, YTO CBETJIO-3€JECHBIE YYAaCTKH MSATHA
TOYHO COOTBETCTBYIOT paiioHaM ¢ Mpeo0IIafaHieM JTMCTBEHHHIIBI, 3 KOPUYHEBAThIE YIACTKH —
palionam ¢ rmpeoOnajzaHueM COCHBL. JIii YTOYHEHHsS W TOATBEPXKACHUS  3TOTO
MIPEIBAPUTEIILHOTO BBIBOAA OBLIO BBIIOJHEHO CTaHIApTHOE JIaHAMA(PTHOE OMHMCAaHUE psija
npoOHbIX Tuiomaaei. COOTHONICHHWE BUAOB PACTECHHHA XapaKTEePU30BAJIOCH MPOCKTHBHBIM
MOKPBITHEM, BBIPRKSHHBIM B MPOILIEHTaX. Bcero ObUIO 3a5105KeHO 4 Taphl IIOMAA0K, IIPHYEM
OJTHA TUTONIAJIKA U3 Taphl IPUXOAMIACH Ha CBETIIO-3€JIEHBIH, BTOPas — Ha )KEJITO-KOPHIHEBBIH
y4acTOK, pacCTOSHUE >K€ MeXIy Mapoidl Imomanok He mnpesblmano 400 MeTpos.
IIpoBeneHHbIE HCCIIEOBAaHUS MOJHOCTHIO MOATBEPAWIN CHENIAHHOE MPEIIONIOKEHHEe — Ha
KOCMHYECKHX  CHEKTPO30OHAJIBHBIX  CHHUMKAaX  KOPHYHEBAaTBII  IIBET  0OYyCIOBIEH
rpeobiialaHueM COCHOBBIX, @ 3€JIEHBIH IIBET — JINCTBEHHUYHBIX HACAXKIACHUIL.

Cnaboe BiusiHHE peibeda MECTHOCTH Ha MpeodsiaflaHue B pailoHe «CBETIIOrO MSTHA»
JUCTBEHHUYHBIX HACAXICHUI CTAHOBHUTCS IOHSTHBIM, €CJIM IPHBIEYHh K PACCMOTPEHUIO
MOCNIENOXKAPHYI0 KapTUHY Jieca, JaHHYH KyJmMKOM: «...NOJHOE YHHYTOXXEHHE OJIbXH,
Oepesbl, OCHHBI, a B IIGHTPE 30HBI OTHEBBIX IOBPEXKAEHHH M COCHBI». JIMCTBEeHHHWIIA, B
OTJIMYUE OT COCHBI, YACTHYHO YIIelesia — COXPaHWINCH KaK OT/AEIbHbBIE KPYITHBIC AEPEBbs, TaK
MHOTOYHMCIICHHBIE POIIM TOHKOMEPHBIX JHCTBeHHHI. OIleHKa cocTaBa Jjieca BO BpeMs
MHOT'OYMCJICHHBIX MEIINX MapHIPyTOB W HAOJIOJCHUS C BEPIIMH COIMOK MOJTBEPXKIAIOT
MPaKTHYECKH TIOJIHOE OTCYTCTBHE JOKATACTPO(HBIX JKHBBIX COCEH B OOJIACTH «CBETJIOTO
IATHa». B mocnenoxapHoM BO300HOBIEHHH Jieca JUCTBEHHHLA, TAKUM 00pa3oM, MOITydnIia
HavyajJbHOE NpeuMyllecTBO. BriocneacTBum ke, 1Mo Mepe 3acelieHus C mepudepuilHbIX
YYacTKOB, JIICTBEHHBIE TIOPOJBI U CBETOJIOOMBASI COCHA YK€ C TPYJIOM KOHKYPHPOBAIU CO
c(OPMHUPOBABIIMMHUCS JTHUCTBEHHUYHBIMH HACAXKACHUSMH, YTO W TIPHBEJIO B PE3yJbTaTe K
COBPEMEHHOMY IPe00IIalaHHIO JINCTBEHHHUIIBI HA BCEH IUIOMIAIN «CBETIIOTO MISATHA.
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About nature of the “Light spot” in the Tunguska meteorite fall area

S.V. Krivjakov, E.V. Khammatova, [.K. Doroshin
Tomsk State University, Tomsk, Russia. E-mail dik59@mail.ru

In the spectrozonal cosmic pictures of the Tunguska meteorite fall area, we can see a
spot of light colour having an unusual form, which is obviously non-connected with the area
topography. The spot outlines are similar to an oval with the axes of 12x9 km, the big semi-
axis angle of inclination is near 95 degrees from the North. Light colour is traced on any relief
types. Only in some cases there are dark parts within this spot, usually they are connected to
the valleys of streams and ravines. Different hypotheses had been suggested, but none of them
had answered the whole of known facts. Our work is devoted to the clarification of this
enigmatic formation nature.

The colour spectrum change in that places of geological profiles passing, which differ
from the other parts of the area only by the absence of stand, allowed to suppose that the
“light spot” has been formed by some peculiarities of the vegetation. We carried out such
field study for finding these peculiarities. At the end of May 2004, before the trees became
foliated there were carried out forest observations from high hills and along foot routes which
crossed “light spot”. It was noted that chlorine parts of the spot corresponded to localities with
larch predominance and brownish parts — to localities with the common pine predominance.
Standard landscape descriptions of several plots was accomplished to specify and confirm this
preliminary conclusion. Ratio of the plant species was characterized by the projective
coverage, expressed in percentage. Four pairs of plots were choose in such a way that one plot
from the pair was located in the chlorine part and the second — in the brownish part. The
distance between two plots of the pair did not exceed 400 m. Accomplished study had
completely confirmed initial assumption — in the spectrozonal cosmic pictures brownish
colour is caused by the predominance of pine, and chlorine — by the predominance of larch
stands.

The weak influence of the relief forms on predominance of the larch in the “light spot”
becomes understandable if we consider the after-conflagration forest state described by L.A.
Kulik: “...complete destruction of the alder, birch, aspen, and, in the centre of the zone of
destruction by fire, the pine, too”. In contrast to the pine, the larch had partly survived — both
single big trees and the numerous groves of small-dimension larches. Estimation of the forest
composition during the numerous foot routes and observation from the hills confirms that
before-catastrophe live pines are virtually absent in the localities of the “light spot”. Thus, in
the course of the after-fire forest renewal the larch had the initial advantage. And then, in the
course of the spreading from the remote localities the leaved trees and the light-requiring pine
hardly rival with the mature larch stands. This had resulted in the present-day larch
predominance in all “light spot” territory.
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O B03MOkHOM MexaHu3Me 00pa3oBaHusi TyHrycckoro BoiBajia

B.M. KyBumnaamnkos
Tomck, Poccus. E-mail: tov@iao.ru

BrIBaxn sieca BecbMa MH(OPMAaTHBEH M A0 CHX IIOp HE HCYEpIal BCEX BO3MOXKHOCTEH I
aHa/Nu3a U MOJy4eHHs HOBBIX pe3ysbTaToB. CuMMeTpus GopMbl 0a00UKK Jalla a3UMYT TPACKTOPUH
BBIBAJIa, HO B TOXE BpeMs, MEXaHH3M 00pa30BaHMs HEKOTOPHIX OCOOCHHOCTEH BhbIBana HesiceH. B
HEKOTOPOM TIPOTHBOPEYMH HAXOAATCS IOBOJIBHO CTpPOTas pagHalbHOCTh IOBalda JEPEBHEB U
HekpyroBas Qopma 30HB BbBama. He mOHATHa mnpnunMHA O0Opa30BaHMS OCECHMMETPHYHBIX
OTKJIOHEHUH OT PaJiuaIbHOCTU HE TOJIBKO B BOCTOUHBIX, HO U B 3aIlaJHBIX KBaJPaHTaX TEPPUTOPUH
BpIBasia. He sicHa mpu4uHa HeCOBNAaAEHUS OCEH CUMMETpUU «0abOUKU» BbIBAaJa U OCH CUMMETPUU
9THUX OTKIOHeHHH. He 00bACHEHa MO3aMYHOCTh, OJIMMOAIHOCT HAlIPaBICHUH TT0Baja IEPEBbEB B
HEHTPAILHON 30HE BOKDYT SMHIEHTpa BhIBana. IIpeicTaBiseTcss BOZMOXKHBIM HEKOTODPBIE M3 3THX
0coOeHHOCTeH BbIBaJIa OOBSICHUTH MCKaXKEHHEM HAIPABIICHUS ACHCTBUS yAApHOH BOJIHEI, BEI3BAHHOI
BIMSIHUEM (OpPMBI Tella METEOpHTa, U CYIIECTBOBAaHHEM (PParMEHTOB M OOJIOMKOB, BO3MOXKHO
MMEBIIUXCS B 30HE B3PbIBA.

OpHa e GayThcTHUecKas BONHA, TTO-BHAMMOMY, HE MOIJIA BBI3BaTh PaJHANIbHBII BBIBAT,
JUIS 3TOTO HY>KHO y4acTHe yJapHOIl BONHBI, HAYIIEH 13 OJHOH HEHTPAIHONH TOYKN WITH MAIOH 30HBI.
CorynacHO KOMETHOU TUIOTe3e, Takas yJapHas BOJIHA BO3HUKJIA B pPe3yNbTaTe B3PBIBOIOAOOHOTO
pa3pyLIeHHs Tela, MPOUCLIEAIIEr0 BCISJCTBHE OBICTPOTO YBEIHYEHUS ero 3((EKTUBHOIO CeUCHHS
U3-3a JIJABUHOOOPA3HO Mporpeccupyromero apobnenus. IIpm 3ToM Telno mpeBpaTHIoOCh B JIHCK,
COCTOSIIIMI M3 MENKMX YaCTHUIl, U TOTOM OBICTPO 3aTOPMO3HBIIMHCS B TAaK Ha3bIBAEMOIl TOUKE
OCTAQHOBKH, BBI3BaB NP STOM MOIIHYIO yAapHYIO BOJHY. ODTa BOJHA MOIJTA BCTPETHTh HA ITyTH
CBOETO PACIpPOCTPAHEHUs IPYTHe KPYIHbIE YacTH U (ParMeHTHl Tella, KOTOpble ObUIM B COCTOSHUH
HOBNUATH Ha CHIy BOJIHBI M HAIIPaBICHHUE €€ PACIPOCTPAHECHUs, T.€. MOT HMETh MecTo ekt
HaNpaBJIEHHOTO B3pHIBA. B 1OKIame MpencTaBlIeHB! HECKONBKO BAPUAHTOB TaKWX IPOSBICHUH U
BO3MOJKHBIE CIIEJICTBHS U3 HUX.

Possible mechanism of formation Tungus tree fell

V.M. Kuvshinnikov

Tomsk, Russia. E-mail: tov@iao.ru

The tree fell is a very informative phenomenon which has not exhausted all potentialities for
analysis and obtaining of new results up to now. The symmetry of butterfly form gives an azimuth of
the fell trajectory but mechanism of formation of some fell peculiarities is not clear. A fact of the
rather strict radial fell of trees is in a certain conflict with a non-circular form of the fell zone. A
reason of creation of the axisymmetric deviations from the radial direction both in the east and west
quadrants of the fell territory still stays obscure. It is not clear why a symmetry axis of these
deviations does not coincide with the symmetry axes of the fell “butterfly”. The patchiness,
polymodality of directions of three falls in the central zone around the fell epicenter is not explained.
It seems possible to us to justify several of these peculiarities by distortion in direction of blast wave
caused by an effect of the meteorite form and existence of fragments and clasts in the explosion zone.

Evidently, the ballistic wave only could not evoke the radial fell; the blast wave propagated
from the central point or small zone should participate in this phenomenon. In accordance with the
comet hypothesis, such blast wave was created as a result of an explosion-like breaking of the
celestial body after fast increase of the body’s effective cross-section due to avalanche-like
progressive fragmentation. At that the body was transformed into the disk composed of small pieces
and then quickly broken in the co-called breakpoint with creation of the power blast wave. This wave
can bump into the other large fragments which could effect on the wave force and its propagation
direction; i.e. a pin-point blasting effect could take place. Several variants of similar processes and
possible corollaries are presented in the paper.
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Bapunanun reoMarHuTHOTo moJisl, Bbi3BaHHbIe Tynrycckum coobiruem 1908 roga

T.B. Jlocea, M.1O. Ky3pmuuena
Hnemumym ounamuxu eeocghep, Mockea, Poccus. E-mail: losseva@idg.chph.ras.ru;
kuzm@idg.chph.ras.ru

Amnanu3 marautorpamMm Hpkytckoit obcepBatopun 3a 30 mrons 1908 mokasan, 4to
B3peIB TyHrycckoro Ooiuza CONPOBOXKIAJICS BO3MYLICHHSMHU T'€OMAarHUTHOTO IIOJI,
MPOJIOJDKABIIMMHUCS B TEYCHHE HECKoNbkux uYacoB [1]. Hpkyrckas reodusudeckas
oOcepBartopusl pacrojaraiack MpuMepHo B 950 KM K FOT0-BOCTOKY OT MeCTa B3pbIBa M Oblia
Omwkaiimeld k TpaexkTopuu Oonuzma oOcepBaTopueill, rie Bejlach HeENpepbIBHAS 3aluch
COCTABISIIOLIMX TCOMAarHUTHOTO TMOJS. OTOT TEOMArHUTHBIA d(deKT CBA3BIBAIOT C
MCKa)KEHUEM HOPMAJIbHOW TOKOBOMW crcTeMbl B E-ciioe noHocdepsi [2].

CoBpeMeHHbIE B3Il HAa pa3BUTHE ra30JMHAMHYECKOTO TEUEHUs, BO3HUKAIOIIETO
[P TPOJIETe METEOPOUa B aTMOcdepe 1 ero MOCIEAYIOIEM B3PhIBE, O3BOJSIOT 00BICHUTh
Kak oO0pa3oBaHue 00JIaCTH NOBBIIICHHON HOHMU3aLUH B E-cJ0e, TaK ¥ CPAaBHUTEJILHO OBICTPBIN
- 32 HECKOJIbKO MUHYT - MIEPEHOC BO3MYIICHHOM 00nacTH Ha pacctosiHue ~ 900 kM.

BcenencrtBue  oOpazoBaHMs — rOpsiuero  paspekeHHOro KaHaja [pU  [aJACHUU
KOCMHYECKOT0 Tesia B aTMocepe Hapymaercst THAPOCTaTHISCKOE pacIpeaeieHUe TaBICHHS
[3, 4]. YacTumpl ra3a CTpyH W BOBICYCHHOTO B JBIKCHHE aTMOC(HEPHOTO BO3yXa
YCTPEMIISIIOTCS TI0 3TOMY KaHAly BBEpX M, JOCTHTHYB DPa3pekKECHHBIX CIOEB aTMOC(hepsl,
HAYMHAIOT JBUTAThCA O OANIMCTHYSCKUM TPAEKTOPHUSAM B TIIOJIe CHIIBI TsDKecTH. I[lpm
00paTHOM MaJCHUH KUHETHYECKas SHEPrHsi TOPMO3SIIETOCs B IUIOTHBIX CIOSX arMocdepsl
ra3a nepexoMT B TEIUIOBYIO, GopMHpyeTcst OTpaskeHHas yAapHas BOJHA, HATPETHIN B Hel Ta3
NOJHUMAETCS B BBILIETEXKALINE CIOU aTMoc(epsl, U MPOLECC MOBTOPSETCS, HHULHUPYS
HAYalbHYI0, CYIISCTBEHHO HEIWHEWHYIO CTaIui0 OOpa3oBaHWS W pPACIPOCTPAHCHHS
AKyCTHKO-TPAaBUTALIMOHHBIX BOJTH. DQQEKTH HarpeBa M HOHU3ALMH I'a3a Ha BBICOTAX MOPSIKa
100 kM, BbI3BaHHbIE TaKUMH OCHWULILHUAMU aTMOC(Ephl, HPUBOIAT K HCKAKEHHUIO
CYILIECTBYIOIIEH TOKOBOM cucTeMSI [5].

IMTonyueHHsle B npeACTaBIeHHON paboTe N3MEHEHHUs] TEOMAarHUTHOTO HOJS MO HOPSAKY
BEJIMYMHBI COBHAJIU C €ro BapualysIMH, 3a()UKCUPOBAHHBIMU B UPKYTCKOW 0OCEpBaTOPHH.
UucaeHHO pelauch YpaBHEHUS! XUMHUECKOW KMHETHKH COBMECTHO C ra30JMHAMUYECKHMU
ypaBHEHUSMH. B KayecTBe HauyalbHBIX JaHHBIX HCIOJb30BAIUCH TMIOJII CKOPOCTEd,
TeMIepaTyp W IJIOTHOCTEH, MOJydeHHbIe B pabore [6] mMpH YHCICHHOM MOJCIUPOBAHHUU
iroma TyHrycckoro 6onupa.

Jlumepamypa

[1] Hsanos K.I'. I'eomaruutHele sBiaeHus, HaOmonaBirecss Ha VMpkyTckoit MarHUTHON oOcepBaTOpHHM, BCIe] 3a
B3pbiBOoM TyHrycckoro mereopura //Meteopuruka. 1961. Bem. XXI. C.46-49. [2] HUeanos K.I. Bnunsnue
JIOKJIbHOTO MOBbILIEHUs NpoBoguMocTd E-crost monocdepsl Ha Sq-Bapualuio MarHMTHOro mojs 3emiuu //
Teomarnetsm u asponommus. 1962. T.2. NeS5. C.943-948. [3] Nemtchinov I.V., Loseva T.V. Atmospheric
oscillations initiated by the penetration of a comet or an asteroid into gaseous envelope of a planet / LPSC XXY.
1994. Houston, TX. P. 987-988. [4] Shuvalov V.V. Atmospheric plumes created by meteoroids impacting the Earth
/I JGR. 1999. V.104. Issue E3. P.5877-5890. [5] Losseva T., Merkin V., Nemtchinov I. Estimations of the
Aeronomical and Electromagnetic Disturbances in the E-layer of the Ionosphere, caused by Tunguska Event //
AGU Fall Meeting. 1999. SA32A-09, F778. [6] Shuvalov V.V., Artemieva N.A. Numerical modelling of Tunguska-
like impacts. P&SS. 2002. V.50. Iss.2. P.181-192.

57



Variations of geomagnetic field caused by 1908 Tunguska event

T.V. Losseva, M.Yu. Kuzmicheva
Institute of Geospheres Dynamics, Russia. E-mail: losseva@idg.chph.ras.ru; kuzm@idg.chph.ras.ru

The analysis of the magnetograms of Irkutsk observatory on the 30" June, 1908
showed that the explosion of Tunguska bolide was accompanied by the Earth’s magnetic field
, which were being continued for several hours [1]. Irkutsk geophysical observatory was
located approximately in 950 km to the southeast from the point of impact and it was nearest
to the trajectory of the bolide by the observatory, where the continuous photo record of the
components of the geomagnetic field was conducted. This geomagnetic effect they relate with
the distortion of the regular current system in the E- layer of the ionosphere [2].

Contemporary views on the development of the gas-dynamic flow, which appears with
the flight of meteoroid in the atmosphere and its subsequent explosion, make it possible to
explain both the formation of the region of the increased ionization in E layer and
comparatively rapid - for several minutes - the transfer of the excited region to 900 km.

As a result of the formation of the hot rarefied channel with the fall of cosmic body in
the atmosphere, the hydrostatic distribution of pressure is disrupted [3, 4]. The particles of the
gas jet and atmospheric air, implicated in the motion, move along this channel upward. In the
rarefied layers of the atmosphere they begin to move along the ballistic trajectories in the
gravitational field. With falling back kinetic energy of gas braking in the dense layers of the
atmosphere is converted into thermal energy. The reflected shock wave is formed. The gas
heated in it rises into the overlying layers of the atmosphere and this process is repeated
initiating the initial, substantially nonlinear stage of formation and propagation of acoustics-
gravitational waves. The effects of heating and ionization of gas at heights on the order of 100
km, caused by such oscillations atmosphere, lead to the distortion of the existing current
system [5].

The changes in the geomagnetic field obtained in the represented work coincided in
order of magnitude with its variations, fixed in the Irkutsk observatory. The equations of
chemical kinetics together with the gas-dynamic equations were solved numerically. As the
initial data were used the fields of velocity, temperatures and densities, obtained in the work
[6] with the numerical simulation of Tunguska bolide plume.
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O B03MOKHOII MpUpoae noao0usi reoMarHuTHOro 3gdexra TyHrycckoro
MeTeopuTa U reoMarHuTHOro 3¢ dexra (SFE) momHoli peHTreHoBCcKoi
Benbimku (X = 18) 04.11.2003 roxaa.

B.A. [TapxomoB
baiikanvckuii 2ocydapcmeennulil ynugepcumem skoHomuku u npasa. Upkymck, Poccusi.
E mail — parhomov@irk.ru

BbIMOMHEHO CpaBHEHHWE TE€OMArHUTHBIX 3(G(PEKTOB, BBI3BAHHBIX HOHHU3AIUEH
noHoc(epsl B pe3yabTaTe B3phIBa NMPH MaAeHNH TYyHTYyCCKOTO METEOpUTa M F€OMarHUTHOTO
3¢ ¢dekTa, BBI3BAHHOTO MOHHU3AIMEH MOHOC(EPHI MPUXOIOM JKECTKOTO 3ICKTPOMATHUTHOTO
HU3NMy4eHHs (PEHTTEHOBCKOrO U raMma) OT MOIHOH (6ayut X > 18) peHTreHOBCKOM BCIIBIILIKHY 4
HOos10ps 2003 roga. B pesysbrare cpaBHEHUS, MIOKa3aHO, YTO UMEETCS MMO100Ue B CTPYKTYpE U
JMHAMHKE TE€OMArHUTHBIX Bapuanuii, HaONIOJAaBIIMXCA HAa MArHUTHOH oOcepBaTopuu
Wpkytck mnpu peructpanuu  dpdexra TyHrycckoro MeTeopuTa W HAa MArHUTHOU
o0cepBaToOpuy, 3aperuCTPUPOBABIICH T'COMArHUTHBIH AS(PQGEKT COJTHEYHOW BCIBIIIKH U
HaxoJIeicss oT (hOKyca TOKOBOHW CHCTEMBI Ha PACCTOSHHH PAaBHOM paccTOsiHUIO VpKyTcka
JI0 SMHUIEHTPA B3pbiBa. B 000uX ciyuasx HaOmogaeTcs oAnHAKOBas Tpex(dasHas BpeMeHHas
JMHAMHKAa TEOMArHUTHBIX BapHalUil PETHCTPUpYIOMAscs B O0OMX Ciydasx B TEUCHHE
YEThIPEX YacOB ¢ OJIM3KUMU 3HaUCHHUsIMH aMITUTy [ (~ 50 HT).

PaccmaTpuBaercss Mozenb, NpeAroyiararolas CXOTHYI0 INPHUPOAY HaOII0JaeMBIX
TCOMAarHUTHBIX BapUaluii, B pe3yJbTaTe BOSHUKHOBEHUS MOAHOHOC(HepHOTO (Ha BBIcoTax 20
— 40 kM) wmcrouHmKa. B ciydae wmeTeopuTa HWOHW3ANWs MPOWCXOIUT B pe3yibTare
MIOTJIONICHHS YHEPTHHU B3PhIBa Ha aTMOC(HEPHBIX BBICOTaX (MOTOK YHEPIHU HAIIPABIICH BBEPX).
B ciydae BembIkM (IIOTOK PHEPTHU HAIIPaBIeH BHM3) IOTJIONIEHHE TaMMa — W3ITyYeHHS
TaKOKe MPOUCXOINT Ha YKAa3aHHBIX BBICOTAX, IJIE B PE3yJbTaTe MOTJIOLICHHUS raMMa — KBAaHTOB
MIPOMCXOAUT IIETIOYKAa MOHHO-MOJICKYJISIPHBIX B3aUMOJCHCTBHMA, MPUBOSIMAS K CO3IAHHIO
MIOJIO’KUTENBEHO U OTPULATEIBHO 3apsDKCHHBIX KIACTEPHBIX HOHOB. DTH SBIEHHS NPUBOIAT K
BO3HUKHOBEHHIO TMPOBOMASIIETO TOKOBOTO CJIOs. BO3HHUKIIAS CHCTEMa TOKOB BCIEICTBUE
middy3un OyneT pacpocTpaHsIThCs BAOJIb THPOTPOITHOTO CIIOSt HOHOC(HEPBI CO CKOPOCTSIMU
OJIM3KHUMHU K CKOPOCTH BHYTPEHHHUX TPABUTAIIHOHHBIX BOJTH.
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About a possible nature of similarity of geomagnetic effect of Tunguska
meteorite and geomagnetic effect (SFE) of a powerful x-ray
flare (X = 18) of 04.11.2003

V.A. Parkhomov

The Baikal state university of economics and law.
Irkutsk, Russia. E mail - parhomov@irk.ru

The comparison of geomagnetic effects caused by ionization of the ionosphere as a
result of explosion at fall Tunguska of a meteorite and geomagnetic effect, caused by
ionization of the ionosphere by arrival of rigid electromagnetic radiation (x-ray and y-ray)
from powerful (ball X> 18) x-ray flare of November 4, 2003 is executed. As a result of
comparison, is shown, that there is a similarity in structure and dynamics changes of
geomagnetic variations observing on magnetic observatory of Irkutsk at registration of effect
Tunguska of a meteorite and on magnetic observatory, solar flare, which has registered
geomagnetic effect, and taking place from focus of current system on distance equal to
distance of Irkutsk up to epicenter of explosion. In both cases identical three-phase temporary
dynamics (changes) of geomagnetic variations recorded in both cases within four hours with
close importance of amplitudes (~ 50nT) is observed.

The model supposing a similar nature of observable geomagnetic variations is
examined as a result of occurrence subionospheric layer (at heights 20 - 40 kms) source. In
case of a meteorite the ionization occurs as a result of absorption of energy of explosion at
atmospheric heights (flow of energy is directed upwards). In case of flare (the flow of energy
is directed downwards) absorption scale - radiation also occurs at the specified heights, where
as a result of absorption the y — quantum occurs a chain of the ion - molecular interactions
resulting in creation positive and negatively charged clasters of ions. These phenomena result
in occurrence conducting current of a layer. The arisen system of currents owing to diffusion
will be distributed lengthways along of a layer gyrotropic with speeds close to speed of
internal gravitational waves.
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Mapanokcbl TyHIyccKoro mereopura

I".®. [1nexaHoB.
Tomckuii cocynusepcumem, Poccus. E-mail: G_Plekhanov@mail.ru

I'naBHbIit mapanokc TyHrycckoro meteopura (TM), 3akiogaeTcss B TOM, YTO OH caM, Kak
METEeopHuT, BoobOuie He HaiimeH. Muoronetnue moucku JI.A.Kynuka oOHapyXWTh TMTaHTCKUN
JKene3Hblii MeTeopuT B paidioHe TyHnrycckoit katactpodsl (TK) 3akoHumsmcs 0e3pe3ynbTaTHO.
Tomneitku K.IT.dnopeHckoro o0bICHUTh 0OHAPYKEHHBIE UM MarHeTUTOBBIC LIAPHKH B MOYBE 32
COTHHM KHMJIOMETpoB OT paifoHa TK ciencTBrem B3pblBa HE MOTYT CUHTAaThCS OKOHYATEIBbHBIMHU,
TaK Kak He JI0Ka3aHa MX MPUHAUIeKHOCTh K TM. OT0 MOXXHO 000CHOBAaTbh, BO-IIEPBBIX, ITOJIHON
HEOIIpeAeIeHHOCThI0 (pOHa Ha KOTOPOM BBISIBJICHA aHOMAJIHS [0 MarHETUTOBBIM IIapHKaM, a BO-
BTOPBIX, HEM3BECTHOCTHIO CPOKA COXPAHHOCTH TaKHX IIApUKOB B MOYBax. MHOTONIETHHE PabOTHI,
nposoauBliMecs Mnox pykosoactsoM H.B.BacunseBa B palione TK 1o BeIsBIEHHIO
3aKOHOMEPHOCTEH pacrpeleNeHns] CHINKATHBIX IIapHKOB B COOTBETCTBYIOIIEM ciioe Topda,
TaKKe He MO3BOJISIIOT PaCCMaTPHBATHCS MX KakK BemecTBO TM, MOCKOIBKY MacCOBBIH BBIBAN Jeca
U TIOXAp JOJDKHBI ObUIM HEM30€KHO MOAHATH B BO3AYyX MECTHBIH TIPYHT M 3aCOPUTH HM
COOTBETCTBYIOIME CJIoU Top(ha. AHAIOIMYHBIE BO3PaKEHUS MOXKHO BBICKAa3aTh M IO MOBOIY
Jlx.JIoHro, 00OHapy »KMBILIETo 3arpsA3HeHus B 3acMoiax cy4ukoB 1908 r. u nanubeix B.A.Anekceesa,
HalleAIero YacTUIbl BEIIECTBA BHEJPUBIIMECS B CTOSKH CyXOCTOWHBIX aepeBbeB. HambGoiee
TIaresdbHple W MHoroobOemaronme paborsl E.B.KomecHukoBa mo wusortomuu cios Topda
natupyemoro 1908 Ttaxke He JMIIEHBl MOTPEIIHOCTEH, IJaBHOW M3 KOTOPBIX SBISETCS
HeJocTaToyHass npopaboTrka MectHoro ¢(ona. PabGoramm H.JI.CampoHOBa yCTaHOBIEHO, 4YTO
nentp TK coBmagmaer ¢ kparepoM mnaneoByikaHa. COOTBETCTBEHHO 3TOMY BCE BEUIECTBEHHBIE
AQHOMAJIMH JTaHHOTO paiioHa HEOOXOIMMO COTIOCTABIISTH C ITOCTEACTBUSIMHU €T0 AESTEIHLHOCTH.

Ho naxe ecinu Bce BBIABICHHBIC aHOMAINU JEHCTBUTEIILHO OTHOCATCA K BemecTBy TM, To
HX 00mast Macca He MPEBBIMIACT HECKOJIBKUX TOHH, 4YTO SIBHO HE COOTBETCTBYyeT MacmTabam TK,
KOTOpasi OLIEHMBACTCS TPOTWJIOBHIM SKBHUBAJICHTOM B JECATKH METaTOHH. OTO BBIHYXXIAeT
JIOIyCKaTh HAJIMYUE B KOCMOCE TEJ, COCTOSIIUX M3 YUCTOW BOJBI WJIM 3aCTHIBIIMX Ta30B 0e3
3aMETHOT0 KOJIMYECTBAa TYTOIUIABKMX COCTABISIOIIMX, YTO HEM30€XKHO JOJKHO  BHECTH
CYILECTBEHHbIE KOPPEKTHBBI B HALIX MPEACTABICHNS 00 3BOIIOLHH BCEJICHHOI.

Bropas rpynma napagokcoB cBsi3aHa C CEpHEi pacdeTHBIX padoT, KOTOPbIE MPOBOIMINCH
Ha MOJZIENIBHBIX 00bEKTax, 0e3 yuera noctoBepHbIX cienctBuil TK. UToObl IpUOIH3UTD pacyeTsl
K peasbHOCTH, HEOOXOJMMO OTBETHTH Ha s/l BOIPOCOB.

1. Yem 0OBsCHAETCS HAIM4YME JIBYX OCEH CHMMETPHUH BHYTPEHHEH CTPYKTYpHI BBIBaja
TIPOXOIAIINX Yepe3 ero IeHTtp: mo momanu (asumyrt 111 — 115 0) U TI0 OCECUMMETPHUYHBIM
OTKJIOHEHHUSIM OT paaranbHOCTH (a3umyT 90 — 950);

2. UeMm BBI3BaHBI OCECHMMETPHYHBIC OTKIOHEHHUS OT pPaAHAIGHOCTH BBIBaJla B €rO
BOCTOYHOM MOJIOBUHE U B 3anagHod. Eciu B BOCTOYHOM MOJIOBUHE BbIBAJla HUX MOXKHO
paccMaTpuBaTh Kak CIIEACTBHE OaUIMCTUYECKON BOJHBI, TO KaKOBAa MX NPHYMHA B 3amagHON
TIOJIOBHHE BbIBaJia. (A MOXKET ObITh PUKOLIET MM €ro aHaor?);

3. Iloyemy ro’kHas MOJOBHHA BBIBAJNA JIeCAa OTHOCUTEIBHO JIMHUU OCECUMMETPUYHBIX
OTKJIIOHEHMH 1O IUIOIIAJM CYLIECTBEHHO OOJNIbIlle CEBEPHOM M MOYeMy BEIMYMHA
0CECHMMETPHYHBIX OTKIOHEHHII TaM TaK)Ke CYIIeCTBEHHO Gonbiue i poxomut 10 20°, Toraa kak
B CEBEPHOM MOTOBHHE He MpeBocxoauT 8;

4. TloyeMy B3pHIB, BBI3BABIIMI BHIBAN Ji€ca, OBUI JOCTATOYHO «MSATKHM», BBIBAJIHBAsS
JIepeBhsl Ha PacCTOSHUAX 10 40 KM. IIpHU COXPaHHOCTH YacTH JKUBBIX JIEPEBHEB B IICHTPATHLHOMN
30HE;

5. Ilogemy moxap, BO3HHKIIMH B pe3yiabTare TK, OB «ISATHHCTBIM» K BOOOIIE He
3aTPOHYJI OTAENbHBIE YYaCTKH IIeHTpa. B To ke Bpems oTaenbHbIe odaru moxkapa 1908 rona
0o0HapyXeHBI Ha BOCTOKE 3a TPaHUIIEH BHIBAJIA.
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Paradoxes of Tungus meteorite
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The principal paradox of the Tungus Meteorite (TM) lies in the fact that the meteorite
itself has not been found yet. For many years L.A. Kulik had been trying in vain to find a gigantic
iron meteorite in the region of the Tungus Catastrophe (TC). The attempts made by K.P.
Florentsky to explain the discovery of the magnetite balls in the soils at the distance of hundreds
kilometers from the TC region as a consequence of an explosion cannot be considered to be final
as it was not proved that they belong to the TM. This can be explained firstly by complete
uncertainly of the background on which the anomaly was revealed by means of magnetite balls;
secondly, by the fact that the period of preservation of such balls in the soils was not known. The
investigations carried out under the leadership N.V. Vasiliev in the region of the TC with the aim
of revealing the regularities of silicate balls distribution within a corresponding peat layer also
does not allow one to consider them as the substance belonging to the TM, because the total fall
of the forest and the fire should have inevitably risen up the local ground into the air and polluted
the corresponding layers of peat with its particles. A similar criticism may be referred to J. Longo
who found traces of pollution in the tarred twigs of 1908 as well as to the data presented by
V.A. Alexeyev who found particles of the substance incorporated in the trunks of dead trees. The
most careful and promising work made by E.V. Kolesnikov on isotopy of the peat layer dated by
1908 is also not free from errors, the principal one is insufficient study of the local background.
N.L. Sapronov proves in his papers that the TC centre coincides with the crater of the
paleovolcano. And therefore all the substance anomalies of this region should be compared with
the aftereffects of its activity.

But even if all the revealed anomalies belong to the TM, their total mass does not exceed
several tons, which obviously does not correspond to the scales of the TC which is estimated by
the trotyl equivalent by tens of megatons. All this makes one assume the presence in the space of
bodies which consist of pure water or frozen gases not including considerable amounts of
refractory components. These facts should inevitably introduce important corrections to our
concepts of the evolution of the Universe.

The second group of paradoxes is associated with the series of calculations carried out
using model objects without taking account of reliable consequences of the TC. To bring the
calculations closer to reality one should answer these questions:

1. By what factors can one explain the existence of the two symmetry axes in the internal
structure of the fall, which pass through its centre: along the area (the azimuth 111-115° ) and
along the axially symmetric deviations from the radial disposition (the azimuth 90-95°).

2. What factors gave rise to the axially symmetric deviations from the radial disposition of
the fall in its Eastern and Western halves? If in the Eastern half of the fall they may be considered
as a consequence of the ballistic wave, then, what caused them in the Western half of the fall?
(Might it be a ricochet or its analog?)

3. Why is the Southern half of the forest fall displaced with respect to the line of the
axially symmetric deviations essentially longer in area than the Northern one and why is the
amount of axially symmetric deviations there much greater and reaches about 20° when in the
Northern half it does not exceed §°?

4. Why was the explosion resulting in the forest fall rather “soft”, i.e. it gave rise to falling
trees at the distances up to 40 km away and preserving a part of living trees in the central zone?

5. Why was the fire occurring as a result of the TC “spotty” and, in fact, did not touch
separate sections of the centre? At the same time some isolated spots of the 1908 fire were found
in the East behind the zone of the fall.
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CTpykTypa BbIBaja Jieca, BoI3BaHHOTO TyHrycckoii katacrpogoii 1908 r.
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HauGonee sBHBIM JIOKQJIBHBIM CIIEACTBUEM TyHrycckoil karactpodsr 1908 T (TK)
SBIIIETCSL BBIBaJ Jieca CO CBOEH BHYTpPEHHEH CTPYKTYpoH, KOTOpas XapaKTepH3yeTcs
CIIEAYIOIUM:

1. PaguanbHocTh. VMeeTcs pacueTHBIN LEHTP ¢ KOOpAMHATAMM: A=101%51,5' (p=60053,5'
0 HAITPaBJIEHHUIO K KOTOPOMY HalpaBJIeHbl KOPHIMU BbIBalleHHBIE B 1908 T. nepeBbs.

2. I[Inomane crutomHoro BeiBana pasmepom 2150 KM GIIH3Ka 1O (dopmMe K TYIOyroJbHOMY
TPEyToIbHIKY HAPABICHHOMY TYIIIM yIIOM IO asumyTy 291°.

3. lleHTp BBHIBAJIA 1O OTHOUIEHHMIO K €ro IUIONIAJM PpAcIOJOXEH aCHMMETPHUHO.
PaccrostHue OT IeHTpa 10 TpaHHIl BEIBala COCTABISET: Ha 3amax — 16 , Ha ceBep — 18, Ha BOCTOK
— 28, Ha ror — 32 kM. IIpu 5TOM paccTosiHUE 0 OCTPOYTOIBHEIX BEpPIIUH cocTaBisier: Ha CB — no
35 kM, Ha FO-KOB — 1o 40 kM.

4. B neHTpaabHOW 4aCTH BhIBAJIA HAOIIOMAETCS «30Ha Xa0ca» JUaMEeTPoM 10 7 — 8 KM, rie
OJIHOHAIPABJICHHBII MOBAJ JIeca HE OJAHOM YYaCTKE HE COOTHOCUTCS C paJuaabHOCTBIO ITOBajIa Ha
JIPYrOM Y4acTKe, a OTAENbHbIE 1ePeBbs BHIBATIECHBI BOOOIIE Pa3HOHATIPABICHO.

5. B a10ii e 30He HaOonaeTcst GONBIIOE KOJMYECTBA «CTOSKOB» WIIM CYXHX JIEPEBLEB C
0OJIOMaHHBIMU CYUbsIMH, KOTOpbIX BO Bpems skcnenuuui JI.A.Kynuka Obulo cyliecTBEHHO
6ounbiie. C TedeHHEM BPEMEHH 3HAYUTEIbHOE YHCIIO UX BBIBAJIMIIOCH, YTO CO3/1JIO elie OOIbIIyIo
KapTHUHY Xaoca BHYTPEHHEN YacTH BhIBAJIA.

6. Ilpn nBIKEHWH OT IIEHTpa BBIBaja JO0 €ro TPAaHUI] BHAYale IUCIEPCHS CPEIHHX
3HAYeHNH HarpaBiIeHUs MOBala JEPEeBhEB YMEHBINAETCS, 3aTeM Bo3pacTaeT. MUHUMaIbHAS
JUCTIEPCHSI OTMEYAeTCs Ha pacCTOsSHUAX 6 — 11 kM 0T 1eHTpa.

7. OrtHocutensHO JsmHMKM BocTtok—3amax, mNpoBeneHHOW depe3 IIEHTP BbIBajla
HAOIIOAI0TCS 3aKOHOMEPHbIE OTKIOHEHHs HAIlPaBJICHHS IIOBaja OT paguaibHOCTH. IIpu 3ToM B
CB u 103 kBazmpaHTax 3T OTKIOHEHHS UMEIOT 3HAK «MHHYC», a B FOB u C3 kBagpaHTax - 3HaK
«ILTI0C» (CBOEOOpa3HbIil «pa3Ball» BhIBAA).

8. BbIpaXeHHOCTh 3THX OTKJIOHEHHH B BOCTOYHON IIOJOBMHE BbIBANa CYIIECTBEHHO
Gompme 1 cocrasiser 10 8 — 10° B CB KBajipaHTe u 10 18 — 20° 8 IOB KBaJIpaHTe.

9. B 3ana/Hoit [OJIOBHHE BBIBAA ITOT «Pa3Bajl» BRIPAKEH clabee i He MpeBocxoaut 8.

10. Pasmep muomaau BbIBaja, OTHOCHTENBHO JIHMHMM B-3 WM ocecMMMETpUYHBIX
OTKJIOHEHHI1, B FO’)KHOH ITOJIOBMHE B ITOJITOpapasa OoJIbIe, YeM B CEBEPHOM.

11. B nenrpanbsnoii 30He TK nmMeercs 3HaUUTENbHOE KOJIMYECTBO PACTYIIMX JEPEBHEB U
[eNBIX POII TMEepeXUBIINX KaracTpody. OCoOEHHO MHOTO MX B MeCTax C 0Oojiee MOIIHBIM
TIOYBEHHBIM CJIOEM: B IOJIMHAX PEK U JOJIMHAMHM B CKJIaJKaX MECTHOCTH.

Hapsiny ¢ aTum B onncanun BHYTpEeHHEH CTPYKTYPHI BBIBAJIa HMEETCS PSIT OIIHOOK:

— «Porop» nmo B.I''®acTty uiu mOBOPOT IO YacOBOM CTPEIKE BCEX CPEIHUX 3HAYCHUMN
a3MMyTa [0BAA 1ePeBbeB Ha 2,5” ABIAETCS CIEICTBHEM HECOBMAICHHS KOOPIMHATHON CETKH Ha
KapTe ¢ MarHUTHBIM a3UMYTOM, [I0 KOTOPOMY HAHOCUJIUCH HAa KapTy JaHHBIE 110 BbIBANY.

— To xe camMoe MOXKHO CKa3aThb OTHOCUTEIBHO MCKPUBIEHUI «H30KIuH» 1o B.I.dacty,
KOTOpBIE Ha KAPTy HAHOCHITHCH C TOYHOCTHIO 10 1%, TOr/1a Kak caMu 3aMepbl HMEJTH TIOrPEIHOCTh
no2-3°

— «DHeproakTHBHBIE 30HBI» 10 pacderam J[.B.JlemnHa, SBISIOTCS —CleICTBHEM
YIOPSIOYEHHOTO PACHOI0KEHUS NMPOOHBIX IUTONIafed MO KOOPAMHATHOW CEeTKe W HEe MOTYT
HWHTEPIIPETUPOBATHCS KaK JINHAHU NTPEUMYIIIECTBEHHOTO HAIIPaBICHNS YAAPHOU BOJHBL.

CoOTBETCTBEHHO 3TOMYy mro0asi Maremaruueckas Monens 1M, kak mpumep B3pbIBa
KOCMHYECKOIO TeNa JBIDKYILETOCs B 3€MHOW arMocdepe MODKHA YYUTHIBaTh OOBEKTHBHBIC
XapaKTePUCTHKH BHYTPEHHEH CTPYKTYpHI BHIBAJIA.
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The most obvious local consequence of the Tungus Catastrophe (TC) in 1908 is the trees
fall having its own internal structure which is characterized by the following:

1. Radial disposition of fallen trees. There is a calculated centre (with the coordinates:
A=101°51,5', o= 60° 53,5") to which the trees fallen in 1908 are turned with their roots.

2. In its shape the area of continuous fall with the size of 2150 km? is close to an obtuse
triangle directed with its obtuse angle along the azimuth 291°.

3. The centre of the fall is disposed asymmetrically with respect to its area. The distance
from the centre to the boundaries of the fall makes up: to the West — 16 km, to the North — 18 km,
to the East — 28 km, to the South — 32 km, while the distance to the acute-angled vertices is about
35 km NE and about 40 km S-SE.

4. In the central part of the fall there is a “chaos zone” with the diameter about 7-8 km,
where a unidirectional fall in one section does not correspond to the radial disposition of the fall
in the other, and the rest of the trees were fallen in different directions.

5. In the same zone there is a great number of dead trees with broken-off branches whose
number was essentially greater at the time when L.A. Kulik organized his expeditions there. With
time a great number of trees fell down, which aggravated the picture of chaos in the internal part
of the fall.

6. While moving from the centre of the fall to its boundaries at first the dispersion of the
average values of the fall direction decreases and then increases. The minimum dispersion is
marked at the distances of 6-11 km from the centre.

7. There are regular deviations of the direction from the radial disposition with respect to
the East-West line drawn through the centre of the fall: in the NE and SW quadrants these
deviations have a “minus” sign, and in SE and NW quadrants — a “plus” sign.

8. The manifestation of these deviations in the Eastern part of the fall is much greater and
amounts to 8-10° in the NE quadrant and to 18-20° in the SE quadrant.

9. In the Western part of the fall these deviations are manifested weaker and do not exceed
8°.

10. The size of the fall area with respect to the EW line or the axially symmetric deviations
is one and a half as large in the Southern part as compared with the Northern.

11. In the central zone of the TC there are many growing trees and entire groves which had
survived the catastrophe. Especially there are plenty of them in places with a thicker soil layer: in
river valleys.

At the same time there are a number of errors in description of the structure of the fall:

— A “curl” according to V.G. Fast or a clockwise rotation of all the mean values of the
azimuth of the fall through 2.5° is the result of non-coincidence of the coordinate grid on the map
with the magnetic azimuth with respect to which the data of the fall were entered on the map.

— The same can be said about the distortion of the “isoclines” (according V.G. Fast) which
were mapped at an accuracy to 1°, while the measurements themselves had the accuracy to 2-3°.

— “Energy-active” zones according to D.V. Demin are the consequence of the ordered
disposition of trial areas on the coordinate grid and cannot be interpreted as lines of the
predominant direction of a shock wave.

In accordance with the above any mathematical model of the TM as an example of an
explosion of a cosmic body moving through the earth atmosphere should take into account the
objective characteristics of the internal structure of the fall.
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I'nobanbHbie aTMOchepHBIe 3¢ dekThI JeTa 1908 roga
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tungrom@mail.ru catim: www.tunguska.ru

OnHUM U3 KIIFOYEBBIX MOMEHTOM B TIOHUMaHUH NMPUPOIB TYHIyCCKOW KaTacTpoQBl SBISCTCS
00BsICHEHHE CBETOBBIX aTMOCHEPHBIX aHOMANHUi, HabmoaaBmxcs jgetoM 1908 rona v MoTydHBIIAX
KyJIbMUHALMOHHOE pa3BuTHe B HOub ¢ 30 uroHa Ha 1 urond. TpaguIUMOHHO K HHUM OTHOCAT:
HEOOBIYHBIC IO SIPKOCTH M OKpAacke CyMEpKH, COIpoBoxkaaBIIMe 3axoj] COJHIa; HOYHOE CBEUCHUE
aTMocdepsl; IpKHe cepeOpucThie 001aka; THEBHBIE onTHYecKne 3G¢QeKThl. 13ydenuro 3Toro Bonpoca
MOCBSIILCH DSl OPUTMHAJBHBIX IMyONHKAIMiA, TPEKAE BCEro HaleJICHHBIX Ha reorpaduyeckoe
OTOXJICCTBIICHUE 00JIACTH paclpocTpaHeHHs aTMocdepHsIX sBiaeHuil nera 1908r [1, 2, 3]. Pabora,
BoinonHenHass W.T. 3orkunbivM, H.B. BacunbeBbiM, H.II. @act u ap., mo3Bojuiia JOCTOBEPHO
ONpeNeNUTh O0JaCTh PACHPOCTPAHCHUS W TPaHHIy ONTHYECKHX aHoMmaiui. [lo mmpoTHOMY
uHTepBany oHu oxsarmiu Tepputopuio ot 41° 1o 60° ceseproro monymrapus. Ilpu 5ToM ¢ ceBepa
o0J1acTh MX BUAUMOCTH OrpaHMYHBaNach OeibiMu HouaMu. KOkHas rpaHuIia, BeCbMa HEOJHOPOIHAS,
npounuta no auHuM boppo - Tamkent. Ilo monrore rpaHuna mpoxoamia OT 3amajJHbIX Oeperos
ATHaHTUKN (6,50 3.1.) 10 KpacHosipcka (92,90 B.J.) MakcUMasIbHOE MPOSIBIICHHE CBETOBBIX aHOMAJIHI
3aperuCTPUPOBaHO B ['epMaHMU, TIeé OTMEUYECHO IIPEBBIIICHHE ECTECTBEHHOTO ()OHA B HECKOJBKO
Teicsid pa3 [4]. Ilo ouenkam aBropa, oOmias IJIOIIAb, OXBAYEHHAs CBETOBBIMU aHOMAJIUSMHU,
cocrawia He Menee 10-13 mmmkm’. TIpH H3ydeHHH NEPBHUHBIX MATEPHAIIOB HAGIIOICHHI,
otHocsmuxcs K 1908 romy, obpamaer Ha ce6st BHUMaHHUEe (aKT Pa3BUTUS OTACIBHBIX OINTUYECKHUX
SBJICHUI Ha Pa3iIMYHBIX BHICOTaX B aTMOcdepe 3eMiM B OIHO M TO e BpeMs. DTO TOBOPHT O TOM,
yro mmbo TyHrycckoe KOCMHYECKOE TeJl0 O007agano KaKHMH-TO HEOOBIYHBIMH CBOICTBaMH
JIOKAJILHOTO TIPOHHKHOBEHHsT B aTMocdepy 3eMid 3a TpeneiaMd pailoHa BTOpKCHHS, JHOO
TYHI'yCCKOE COOBITHE COBIIAJIO BO BPEMEHHU C 3allblIeHHEM aTMOoc(epbl cyry0o 3eMHBIMU NPUYMHAMU
(U3BepXKEHHUs BYJKAHOB, IbUICBBIE OypH, MaccoBoe 00pa3oBaHHE CepeOpHCTBHIX OOJIAKOB M JIp.)
Hannuue Bo3MymieHuit B Tpornocdepe u HikHe# crparocdepe (20-25 kM) MOBIHMSIO Ha OKPACKy
cyMepek U (GOpMy 3apeBOro cerMeHra, uaMeHeHuss B Meszoctepe (75-100 kM) cCylIeCTBEHHO
YBEIUYMWIN IPOAOJDKUTENBHOCTD CyMEpeK, Kak B CPeHUX IIMPOTAX, TaK U B I0XKHBIX paifonax [3]. O
HapylleHusx B ciogx atMmocgepst Bbime 100-120 kM He mpescTaBiseTcs BOSMOXKHBIM JOCTOBEPHO
CYAUTH, BBHUIY OTCYTCTBHS KaKMX-THOO TNPSMBIX HAONIONCHHH, JOKA3BIBAIOIINX HAIWYUE TaM
paccenBaroLIero Clos, KaK, BIPOYEM, U O HAJIMYUM B 3TOT Nepro Haj 3ana Hoi EBpornoit monspHbIx
cusHuil. Kak mokazaHo B pabore [3], mposiBieHWe BO3MYIICHHI B Tpomocdepe H HIDKHEH
ctpatocdepe Han 3amaguoit EBpomoit He MoxkeT OBITH CBS3aHO C MONAJaHUEM BelecTBa
TyHrycckoro Tena Ha BBICOTY ()OPMHPOBaHMSA CyMEpeUHbIX sABIeHHH (25 kM). Bonee Toro, mbITasch
00BSCHUTH MPUPOIY CBETOBBIX 3 dexToB B 3anmagHoil EBpomne, B yacTHOCTH, 3a cyeT 00pa3oBaHU
cepeOpUCThIX 00J1akoB [5], OONBIIMHCTBO HCCIEIOBAaTENCH MOIYCKAaeT OXHY M Ty € OLIMOKY,
yIBepKJas, YTO PACCESIHHOE BEIIECTBO TYHI'YCCKOIO Tella IIOCIe BTOpPXKEHHs B aTMochepy 3emiu
OBbLIO IEPEHECEHO K MECTy aHOManuil. 3Toro He MOIIIO ObITH IO OAHOU IPOCTON MPUUUHE; CKOPOCTD
BOCTOYHOTO BETpPa B ATO BpPEMsl, Ha BBICOTE BO3HHUKHOBEHHs cepeOpuCThIX oOsakoB (80-85 kM), B
cpennux mupoTtax cocraBiser 20-25 m/cek. B 3Tom cnmywae s mepeHoca BemiecTBa B paiioH
3amanHoit EBpomnbl mortpeOyercss 32 waca, a, Kak HM3BECTHO CBe4YeHHE atMmocdepsl B AHINIHH,
I'epmanuu Havano HaOmogatbes yxe depe3 12-14 gacos. K Hacrosmemy BpeMeHH OOJIBIIMHCTBO
THIIOTE3 HE B COCTOSIHUM OOBSICHUTh MEXaHH3M BO3HHKHOBEHHUS ONTHYECKHE aHOMAJIMH B 00JIacTH
3HAYUTENILHO YAAJICHHOH OT MecTa KatacTpodsl (3500 km).
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Yaap TyHrycckoro KOcMM4ecKoro tejaa: GpakTbl, MOAEJIH, MHTEPIpeTaALus
HA0II0eHU
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Ou3MKO-MaTeMaTHYECKUE MOEIH, ONMHICHIBAIOIINE NaJICHUE KOCMUYECKOTO Tella, MO3BOJISIOT
OOBSCHUTH OCHOBHBIE OOIIENPH3HAHHBIC (aKThI, CBsI3aHHBIE ¢ TyHTycckuM coObrtuem: (1)
OTCYTCTBHE YJIApPHOTO KpaTrepa U METEOPUTOB B OKPECTHOCTSIX JIMHIICHTPA, (2) BBIBAT Jieca ¢
€ro XapakTepHbBIMU OCOOCHHOCTSIMH, (3) IOBEPXHOCTHYIO CEHCMHYECKYI0 BONHY, (4)
BO3IYIIHYIO aKyCTHKO-TPaBUTAIIHOHHYIO BOJHY, PACHPOCTPAHUBIIYIOCS IO BCEMY 3€MHOMY
mapy, (5) TeroBoe BO3EICTBIE, KOTOPOE OILYIIaJ0Ch OUEBUIIIAMH, BEI3BAJIO MOXKAP, 05KOTH
pacTUTENIFHOCTH U JKMBOTHBIX. KOMIBIOTEpHOE MOJETMpPOBAHME IIOKA3bIBAET, YTO Kak
acTepous, Tak u komera pazmepom ot S0 1o 100 M MOKET MPOU3BECTH B3pBIB B aTMOcdepe Ha
BbIcOTax 5—10 kM, MexaHHUECKUI1 3P PEKT KOTOPOTo COOTBETCTBYET TyHryccKoil karactpode.
Vsl BXoaa B atMocdepy JexaT B npenenax ot 30° no 45° k ropuzontanu. Kak neasHoe, Tak
M KaMEHHOE TEeJIO MOJHOCTHIO MCIAPSIeTCsl, © BEPOATHOCTh COXpPAHEHHUs LEJIoro (parMeHra,
KOTOpPBII MOT' OBl BBIJIEPKAaTh B3PhIB U BBINACTh HAa IMOBEPXHOCTH B BHUJE METEOPHUTA, OYEHb
Masia. MeHee U3yueHHbBIE 0COOCHOCTH COOBITHS — (6) TEOMarHUTHOE BO3MYIIICHHE, BO3HUKIIICES
yepe3 HECKOJBKO MHHYT Tocie B3peiBa uU (7) aHOMalbHbIE aTMOC(EpHBIC SBIICHUS,
HaOJI0IaBIINECS B TCUCHHUE HECKONBKHMX JHEH Ha MPOTSHKEHHOW Tepputopuu Poccum u
EBpombl — cBsI3aHBI C Pa3BUTHEM IUTIOMAa. A HMMEHHO, IIOCJIE TOPMOXKEHHS HCIapeHHOTO
KOCMHYECKOTO TeJla PACUIMPSIOIIAsAcs Macca ra3a  Iapa ¢ YaCTUIaMH KOHJIEHCATa BbUICTAeT
BIOJIb PAa3pPEeKEHHOTO cliela BBEPX HA COTHH KHJIOMETPOB CO CKOPOCTSAMH IOpPSIKa
HECKOJIbKUX KWJIIOMETPOB B CEKYH/Ay, a 3aTeM JBIKETCS B pa3pekeHHOl atmocdepe
OannHCTHYECKH U TTafaeT Ha HoHocdepy. Uncnennoe MoaenupoBanre TyHIYCCKOTO SIBICHUS
MIOKa3bIBaeT, YTO OOJbIIas YacTh AECCATUMHKPOHHBIX YAaCTHIl KOHIECHCATa 4epe3 HECKOJbKO
4acoB CKOHILEHTpHpoBaHa Ha BbicoTax 30-50 kM, a OrpoMHOE KOJHYECTBO OoJiee MEJKUX
4yacTul| pacceuBaeTcs B atMocdepe Ha BbicoTax Oonee 100 kM. [TogxBadeHHbIC 30HATBHBIMU
BOCTOYHBIMH BETpaMH, AYIOIIMMH B HW)XKHEH TepMmocdepe co ckopoctsimu Oonee 100 m/c,
MHUKPOYACTHUIIEI MOTJIM JOCTaTOYHO OBICTPO PACHPOCTPAHUTHCS HAJ OOMIMPHON TeppUTOpHEH
Ha 3amame u J0CTHrHYTh AHMIMU. CONOCTaBlieHHE pe3yJbTaTOB MOJICIMPOBAHUS C
pacckazaMH OYCBH/LEB, HAOJIONABIINX CBETAIIMIiCS OOBEKT, IOKa3bIBAET, YTO Ha
PacCTOSHUAX OT JIHUIECHTPA B COTHH KHIJIOMETPOB CBUAETENH TYHTYCCKOTO COOBITHS MOTJIH
BUJICTh JIMIIb OCBEIIEHHBIE COJHIIEM MHKpPOUYACTHIIbI, BEIOpAChIBAEMbIC TUIFOMOM B BEpXHHE
cion armocgepsl, a He Oomun. B okpecTHOCTsAX smuieHTpa B cmoine kosenr 1908 roma
HECKOJIbKUX MCCIICIOBAaHHBIX JI€PEBbEB OBLUIM HaWAEHBI MHKPOYACTHLBI Pa3HOOOPA3HOTO
cocraBa. VX KOCMHUYECKOE IPOMCXOXJEHHE OCTAaeTCsl II0J BOIPOCOM, HO YHCIEHHOE
MOJICTIMPOBAHUE SIBIEHMS IIOKa3bIBAET, YTO 3€MHOE MPOHUCXOXKAEHHE Oojee BEpOsTHO —
yacTulbl TYHIyCCKOTr0 KOCMHYECKOro Tena pazmepoM 1—10 MkM ObUTH ObI TOJHATHI ITIOMOM
U paccesiHbl B atMochepe. MccnenoBanus ciioeB Topda, OIM3KHX 10 BpeMEHH 00pa30BaHus K
1908 romy, BBISBMIM NMHUKH KOHIIEHTpAIMM psAla 3JI€MEHTOB M H30TONOB. COOTHOIIEHHE
MEX]ly KOHLIEHTPALMSIMU 3JIEMEHTOB ITOJXOANUT K aHAJOIMYHBIM COOTHOIIEHHUSM B YIJIUCTHIX
XOHJIPUTAaX, a TAK)XKe K MBIJIEBOH KOMIIOHEHTE KOMET, HO COCTaB BBIIABILIEI0 Ha MOBEPXHOCTH
KOHJIEHCaTa HE MOXET IIPSMO COOTBETCTBOBaTh COCTaBY KOCMHUYECKOro Tesa. Bricokas
KOHI[GHTPAIHs H30TOMA yriaepoga ~C TO3BOJISET MPEION0KHTh, uT0 TYHIyCCKHil 06BEKT
ObUl acTepousoM C OONBIIUM COJEP)KAaHUEM YIJEepoJa — MCHAPEHHBIC OpraHUYEeCKUue
COEMHEHUS M OKHCIBI YIJIepoja KOMEThl He MOINIM Obl CKOHJIEHCHPOBATHCS WU BBINACTH B
OKpECTHOCTH SIHULEHTPA.
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Impact of Tunguska cosmic object: Facts, models, understanding of observations
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Physico-mathematical models of the fall of cosmic objects in the atmosphere allow us to
understand the main generally recognized facts connected with the Tunguska event: (1)
absence of impact craters and meteorites around the epicenter, (2) tree fall with its specific
features, (3) surface seismic waves, (4) aerial acoustic-gravity waves traveled over the whole
Earth, (5) thermal effect which was felt by eyewitnesses, caused a fire, burn of vegetation and
animals. Computer numerical modeling shows that both an asteroid and a comet from 50 to
100 m in size can produce the explosion in the atmosphere at altitudes 5—10 with mechanical
effect conforming to the Tunguska catastrophe. The entry angles to the horizontal are from
30° to 45°. Both an icy and a stony object fully vaporize, and the chances of survival of a
meteorite fragment, which could withstand the explosion and fall on the ground, are very
small. Less well understood specific properties of the event — (6) geomagnetic disturbance
originated in several minutes after the explosion and (7) anomalous atmospheric phenomena
observed during several days over a spacious territory of Russia and Europe — are associated
with the development of a plume. That is, after the deceleration of a vaporized cosmic object,
an expanding mass of gas and vapor with condensed particles flies along the rarefied wake
upward to altitudes of hundreds of kilometers with velocities of the order of several
kilometers per second and then this mass moves ballistically in the rarified upper atmosphere
and falls on the ionosphere. Numerical modeling of the Tunguska event shows that the bulk of
ten-micron-diameter particles of condensate is concentrated at altitudes 30—50 km in several
hours, and a huge amount of smaller grains spread in the atmosphere at altitudes above 100
km. Being caught by latitudinal easterly winds blowing in the lower thermosphere at speeds
above 100 m/s, the microparticles could propagate over the vast territory in the west and reach
England. Comparison of computational results with the reports of eyewitnesses (8), who
observed a luminous object, shows that at distances about hundreds of kilometers from the
epicenter the eyewitnesses of the Tunguska event could see only sunlit microparticles lofted
by the plume to the upper layers of the atmosphere rather than a bolide. Microparticles of
various compositions have been found in several investigated trees around the epicenter, in
resin of rings dated to 1908 (9). Their cosmic origin remains under question, however the
numerical modeling of the event shows that the terrestrial origin is more likely — the grains of
the Tunguska cosmic object 1-10 microns in size would be raised by the plume and dispersed
in the atmosphere. Analyses of peat layers formed around 1908 have revealed peaks in
concentrations of a variety of elements and isotopes (10). Relationships between
concentrations of sequences of elements correspond to the similar relationships in
carbonaceous chondrites and also in dust component of comets; but the composition of
condensate fallen on the ground cannot directly correlate with the composition of the
vaporized cosmic object. High concentration of carbon isotope *C suggests that the Tunguska
object was an asteroid with high content of carbon — vaporized organic compounds and
carbon oxides of a comet could not condense and fall on the ground around the epicenter.
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TyHrycckoe KOCMHMYECKOE TENO 3aTOPMO3MIOCH B aTMocdepe, ero KUHETHYecKas
9Heprusi mpeodpa3oBaiach B TEIUIOBYIO, a YAapHas BOJHA JOILIA O MOBEPXHOCTH 3€MIIU U
BBI3BaJa BBHIBAJ Jieca M 3EMIIETPSCEHHE AaHAJIOTHYHO BO3XYLIHBIM B3phiBaM. [lmomans
MOBPEXJCHHOTO0 Jieca B pailoHe TyHrycckoro coObiTHs coctapiser npudnmxeno 2000 KM,
9TO COOTBETCTBYET PaauycCy 25 KM, a IUIOMAJh CIUIONIHOTO BEIBaNa NEepeBheB — O0koo 600
kMm% B 10 %e BpeMs B SIULEHTPE B3pbIBAa B 30HE PagUycoM 3—5 KM OCTaJICS CTOSYMU Jiec.
Marnutya 3eMIeTpsICeHus, ONpeiesIeHHAs 110 TOPU30HTAILHON COCTABISIONICH CMEIICHUS B
BosiHe Penesi, 3apeructpupoBaHHoil nociie TyHTycckol KatacTpo(bl, JSKUT B Mpeaenax OT
4.7 no 5. IlpoBeneHOE MOAEITHPOBAHUE BBICOTHBIX COCPEIOTOUYEHHBIX B3PHIBOB MO3BOJIMIIO
OIIPEIeTINTh AWAIA30H SHEPTUil M BBHICOT B3PHIBOB, KOTPBIE AAIOT MEXaHUUeCKHH d(dekT
cootBeTcTBytomuil TyHrycckoil karactpode C ydeToM OCOOEHHOCTEH BbIBama Jieca.
MonenupoBaHue MPOBOJMIOCH IyTEM pEIICHUs] YPaBHEHUH ra30BOi JUHAMUKU U MEpeHOoca
U3IIyYCHUs. BBIUNCISUINCH PAcCTOSHMSA, Ha KOTOPBIX JOCTUTAIOTCS  ONpEJelICHHBIC
TOPU30HTAIILHBIE CKOPOCTH BO3/yXa 3a QPOHTOM yJapHOW BosHBL [lo CHeKTpy naBieHUs Ha
TTOBEPXHOCTH OTPENEISUTUCh MarHUTYIbI 3eMIIETPSICEHUS

DHEpruu B3phIBOB, KOTOPBIC AAIOT MEXaHMUYECKUI A((PEKT, aHAIOTHYHbIH TYHTYCKOM
karactpode, u3meHsaorcs or 7 go 18 M, mpudeM HMHTEpBall BBICOT I KaKIOH SHEpruu
OKa3bIBAaCTCS JOBOJBHO y3KUM: 6.5<h<7.5 kM mpu E=8 Mrt, 6.5<h<8 kM npu E=10 Mr,
7.5<h<9.5 xm npu E=12.5 M1, 8.5<h<9.5 xm npu E=15 Mt u 9.5<h<10 kM npu E=18 Mr.
Ilpu stom wmarnuTyner 3emuterpsicenuss m3mensiorcss ot 4.8 mo 5.0. OxkaspiBaercs, 4TO
COOCHHOCTH BbIBaJia Jieca HAKIAAbIBAIOT Ha MapaMeTphl UCTOYHHKA TYHIYCCKOTO COOBITUS
Oosiee JKECTKME OTpaHWYEHHUS, YEeM H3MEPEHHBIE MAarHUTYIbl 3eMJIETPSICEHUs. OHEepruu
cocpeloToueHHOro B3pbiBa Oonee 20 Mt He moaxonasT — nauOO IUIOLIaIh BhIBajia Jieca
OKa3bIBACTCS CIHUIIKOM OOJBINOH, MO0, TIPU B3pbIBaX HAa HHU3KUX BBICOTAX, PalyC 30HBI
CTOSUETO JIeca B JITUIIEHTPE OKA3bIBAETCS CIUIIKOM MaJbIM.

TopmoxkeHue MeTeoponia B aTMocdepe He SBISETCS TOUCYHBIM HCTOUHHKOM, ITOTEPH
CKOPOCTH M BBIJICJIEHHE SHEPIHH KOCMHUYECKOTO Teja IIPOUCXOJAT B HEKOTOPOM HHTEpBale
BBICOT, KOTOPBIA MOET OBITH IOpsAKa BEICOTHI OJHOPOAHON aTMoctepsl. [Ipu mageHuu B
atMoc(epe Tesno aedopMupyercs, paszpyllaeTcs, HclapseTcs M pacceuBaercs. Pacuersl
MaJIeHA KOCMHYECKHX Tell IMOKa3bIBAIOT, YTO KapTUHA ABIKEHHS CTPYH HCIAPEHHOTO Teia
CYLIECTBEHHO OTJIMYACTCS OT COCPEAOTOUSHHOTO B3PhIBA — 32 METEOPOUAOM OCTACTCS CIell C
TIOHWKEHHOM IUIOTHOCTBIO, BJIOJIb KOTOPOTO IIOCJIE€ TOPMOXKEHHS MPOUCXOJIUT MOJbEM
HarpeToro BemecTBa. Ho mpu paBeHCTBE SHEPTUM  BLICOTHOTO B3phIBA M HAYAIbHOH
KUHETHYECKOW SHEpPrUu Tella mapaMeTpbl YAApHOH BOJHBI y TOBEPXHOCTH M PACCTOSHHSA,
COOTBETCTBYIOIIME OINpPEAETICHHON CTENeHW BhIBaja Jieca, OKAa3bIBAIOTCS JIOCTATOYHO
ONMM3KMMH, €CIM BHICOTA OCTAHOBKM OCHOBHOW Macchl CTPYH IAapOB COOTBETCTBYET BHICOTE
COCpel0OTOUEHHOT0 B3phiBa. [loTepu sHEpruu Ha U3IIydyeHHe NPU TOPMOKEHUH KOCMUYECKHUX
ten ¢ sHepruamu 10-20 MT oka3pIBaloTCSi MPUMEPHO TAaKMMH K€, KaK U MpPH SIEPHBIX
B3pbIBax. MarHuty1a 3eMJIeTpsCEHHs, BbI3bIBacMast MaJIECHUEM METEOPOHa, HEMHOTO HUXKE,
HO JISKUT B IIpeesiaX HHTepPBaJla MarHUTY /1, YCTAaHOBJIEHHBIX JUI1 TYHI'YCCKOTO COOBITHS.

Jannas paboma 6vina noodepacana PODOHU (npoexm Ne 07-06-00026).
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The Tunguska cosmic object has been decelerated in the atmosphere, its kinetic energy
transformed to thermal energy, the shock wave reached the Earth surface and caused a tree
fall and an earthquake similar to aerial explosions. The area of damaged forest is
approximately 2000 km?, which corresponds to a radius of 25 km, and the area of entirely
felled trees is about 600 km”. Besides, standing trees remained around the epicenter in the
area 3-5 km in radius. The magnitude of the earthquake determined by the horizontal
component of displacement in a Rayleigh wave registered after the Tunguska catastrophe is in
a range from 4.7 to 5. Numerical modeling carried out for aerial point explosions made
possible determination of the range of explosion energies and altitudes which produce
mechanical effect conforming to the Tunguska catastrophe, having regard to specific features
of the tree fall pattern. Computer modeling was based on the equations of gas dynamics and
radiation transfer. Distances, which correspond to certain horizontal velocities behind the
surface shock wave, have been computed. Earthquake magnitudes were calculated from
pressure spectrum on the ground obtained in the computations.

Airburst energies, which yield mechanical effect similar to the Tunguska catastrophe,
vary from 7 to 18 megatons TNT, the altitude range being rather narrow for each energy:
6.5<h<7.5 km if E=8 Mt, 6.5<h<8 km if E=10 Mt, 7.5<h<9.5 km if E=12.5 Mt, 8.5<h<9.5 km
if E=15 Mt and 9.5<h<10 km if E=18 Mt. For all this range, the magnitudes of earthquakes
vary from 4.8 to 5.0. It turns out that the peculiarities of the tree fall pattern impose more
rigorous limitations on the parameters of the source of the Tunguska event than the registered
magnitudes of the earthquake. Energies of point explosions above 20 Mt TNT do not fit the
tree fall pattern — either the area of tree fall proves to be too large or, for airbursts at low
altitudes, the radius of an area with standing forest at the epicenter proves to be too small.

Deceleration of a meteoroid in the atmosphere does not represent a point source of
energy; velocity losses and release of cosmic object energy occur in some interval of altitudes,
which can be of the order of the atmospheric scale height. When the body falls in the
atmosphere it deforms, breaks up, vaporizes and disperses. The computations of the falls of
cosmic bodies show that the pattern of the motion of a jet of vaporized material is
substantially different from a point explosion — there is a wake with low density behind the
meteoroid, and the heated material, after aerodynamic braking, rises along this wake.
However, if the airburst energy is equal to the entry kinetic energy of a cosmic body, the
parameters of shock waves at the ground and distances, which correspond to a certain degree
of tree fall, turn out to be close in both cases if the altitude of deceleration of the bulk of a
vapor jet approaches the altitude of a point explosion. Energy losses by radiation during the
fall of cosmic objects with energies 10-20 Mt TNT turn out to be almost the same as for the
aerial nuclear explosions. The magnitudes of earthquakes generated by the falls of cosmic
bodies are slightly lower than for the point explosions with the same energy but are still
within the range of magnitudes determined for the Tunguska event.

Acknowledgement. This work was supported by RFBR (project no. 07-05-00026).
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JlanHass paboTa TOCBSIIEHA WM3YYCHHUIO IMPOIECCOB SBOJIIOLUUN HHTEHCHUBHBIX
BO3MYILIEHAN THIIA «B3pbIB B monere» [1, 2] mpu nBmwkennu B atMocdepe. OcHOBHOE
BHUMaHHE YIEJICHO KOHEYHON CTauH B3aUMO/IEHCTBHUSI BO3MYILEHHUS C TOBEPXHOCTHIO 3€MIIH
U TIpOLECCy pa3pyllIeHUs JIECHBIX MaccuBOB. ONMMCHIBAIOTCS pPe3yJIbTaThl MAaTeMaTHYECKOTO
MOJIETUPOBAHMSL PACIPOCTPAHEHUS] BO3MYIICHUS B MAacCHBE PACTUTEIBHOCTH Ha OCHOBE
MOJIHOM CHCTEMBI ypaBHEHHMH Oiiepa A IBYMEPHOTO M OCECHMMETPHUYHOIO CIIydaeB.
BrusHue pacTUTENBHOCTH BOCHPOU3BOMUTCS NpPU TIOMOLIM BBEJCHHUS MAcCOBBIX CHII
CONIPOTUBIICHUSL B 00BbeMe, 3aHUMaeMoM JjecoM. ITomoOHBIH MOAX0J yKe HCIOIb30BAJICS
aBTOPOM IIPH MOJICIIMPOBAHUM PACTIPOCTPAHEHHS BOJHOBBIX ()POHTOB Yepe3 JIECHBIC MACCHBBI
0e3 yuera paspyuieHus JiecocTos [3]. Ha ocHOBe MpOCTHIX MOPOTOBBIX MOJEIICH HCCICTyeTCs
BIMSHUE CKOPOCTHOIO Hamlopa Ha IIpolecc pas3pyllieHus pactuTenabHocTH. Ha ocHoOBe
YTOYHEHHOH MOJEIH UCCIEeNyeTCs M3MEHEeHHEe KOH(PUTYpAIlHU JIECHBIX MAacCHBOB C YYETOM
OOpyILICHUS] DJIEMEHTOB PpACTUTEIbHOCTH M BIHMSHHE J3TOro IIpolecca Ha CKOPOCTh
JTUCCHIIAIIH BO3MYIIICHHS.

HauvanpHoe BO3MyIeHHs TuIa "B3pbIB B TMojere”" 3aj]aBajioch B BHAC OO0JIACTH
MOBBIIICHHOTO JAaBJICHHUS Ha Pa3IMYHOM BBICOTE HaJ BEpXHEH KPOMKOIl JIECHOTO MacCHBa.
CkopocTh ra3a B o0beMe, 3aHHMaeMOM BO3MYIICHHEM B HadalbHBII MOMEHT BPEMEHH,
BBIOMpaach TakKUM 00pa3oM, YTOOBI OOECIEYHTh HYKHOE COOTHOIICHHE KHHETHYECKOW U
BHYTPEHHEH SHEPrHH BO3MYIICHUSI.

YucneHHOE peIIeHHe CHCTEMBl ypaBHEHHH OCYNIECTBIISIETCS TPH MOMOLIM MeEToJa
T'onynosa. IlporpamMmHuas peanuzanus METOJa HalKMCaHa C HCIOIb30BAaHHEM TEXHOJOTHI
MapajuleIbHOrO IporpaMMupoBaHus. Ha ocHOBaHMM JaHHOM METOIMKH IPOU3BOIMIHCH
YHCJIEHHBIE HKCIIEPUMEHTHI Ul CIy4YaeB Pa3IMYHBIX BUJIOB PACTUTEIBHOCTH, PA3IUYHON
MPOTSDKEHHOCTH  JIECOCTOEB, PACCTOSIHMA OT HA4yajJbHOIO BO3MYIIEHHUS JI0 MaccuBa
PaCTHTEIFHOCTH, Pa3IMYHBIX HaYaJbHBIX HHTEHCHUBHOCTEH BO3MYIICHHUS.

BersiBiieHb! 3¢)(hekThl BOSHUKAIOUIME NPH B3aUMOJICHCTBUH yIAPHOH BOJHBI U JIECHOTO
maccuBa. Jlnsg psna 3HaYeHWH HayaJbHOW SHEPrWM BO3MYLICHHS W €r0 Ha4yallbHOT'O
PacCTOSHHUS A0 MOBEPXHOCTH 3eMITH ITOCTPOEHBI TpaduKH 3aBHCUMOCTH 30HBI Pa3pyIIEHHOTO
necocrost. ITokazaHo, 4TO B cilydae yTOUYHEHHOH MOAENHU ¢ IepepaclpeeeHueM IeMEHTOB
PaCTHTEIFHOCTH IO BBICOTE, TUCCUIIALN BOSMYIICHHUS IPOUCXOIUT OBICTpee, YeM B Cliydae
MPOCTHIX MOJIETeH.
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Our goal was to study the process of evolution of highly intensive perturbations of the
type «explosion in flight» [1, 2] during its movement in atmosphere. Main interest is paid to
the final stage of the process of interaction of perturbation with earth surface and to the
process of forest destruction. Results of computational simulations of perturbations
propagation through forest canopy based on the complete Euler’s equations set are shown in
this paper. The influence of vegetation is represented with the mass-force of resistance taken
into the account in the volume occupied with a forest. The approach had been already used by
author in his simulations of the propagation of the wave fronts through vegetation without
forest destruction taken into account [3]. Simple threshold-based models of destructible forest
were used to study the influence of the dynamic pressure on the process of destruction of
vegetation. More sophisticated models were created to study the process of tree-stand
reconfiguration allowing the fall of the vegetation to be taken into account. Influence of this
process on the dissipation of disturbance was also studied.

The initial disturbance of the type «explosion in flight» was given as a high-pressure
area at the different heights above the forest top. The gas velocity within the area was chosen
in a way to provide the required ratio between kinetic and internal energy of perturbation.

The numerical resolving of the equations set was performed using Godunov’s method.
The implementation uses technologies of the parallel programming. The described approach
was used to perform simulations for various types of vegetation, distance between a source
and a forest belt, its width, different amplitudes of a disturbance.

The influence of the near surface wind on the noise propagation through a stand of
trees was also studied. Obtained results were analyzed and compared with the known
experimental results.

As a result of our modeling some effects of shake wave propagation through vegetation
were found. The ranges of destructed areas on surface were evaluated for various values of
the initial energy of the perturbation and its initial height above the surface. It was shown that
the speed of dissipation of the disturbance is higher in the case of more precise model, which
took into account the redistribution of vegetation with height, than in the case of simple
models.
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JBuzkenue TyHI'ycCKOro KOCMHYeCKOro Tesia B armocdepe 3emun:
OKOHYATeJIbHOE pellleHHe
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Ilpn [BMXKEHHMM METEOpHBIX Tel B arMocepe OTHOCHTENbHAs pOJIb HCIAPEHUs
XapakTepu3yeTcss BENWYMHON MapameTpa yHoca Macchl. CBoicTBa peleHHH OCHOBHOI
CUCTEMbl ypaBHEHHH MeTeOopHOW (u3uku [1] B coyeTaHuM ¢ pe3ysibTaTaMH HE3aBHCUMOIO
YUCIICHHOTO JKCIeprMeHTa [2] moka3pIBaloT, 4To m3BecTHOE TyHrycckoe maneHue 30 uroHs
1908 roma B CyHmIHOCTH OBUIO THTaHTCKHMM MHKPOMETEOPOM, T.C. PSAJOBBIM SBICHHEM,
OTIMYAIOIIUMCS. OT TPAKTHYECKH €XKEJHEBHbIX MHKPOMETEOPOB JIHMIIb MacimTaboM,
BBIPa)KEHHBIM OTPOMHOM Maccoi METEOpHOTO Tela.
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Tunguska cosmic body motion in the Earth’s atmosphere: final decision

V.P. Stulov
Institute for Mechanics Moscow Lomonosov State University, Moscow, Russia.
E-mail: stulov@imec.msu.ru

When meteorites move in the atmosphere, the relative role of evaporation is characterized by
a mass loss parameter. In this work, it is shown that the properties of solutions for the main
system of equations of meteor physics, along with the results of the independent numerical
experiment, provide the conclusion that the well-known Tunguska impact event that happened
on June 30, 1908 was a giant micrometeorite, i.e., an ordinary phenomenon that differed from
daily micrometeorites only in the scale expressed by the huge mass of the meteorite.
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IIpodsema TyHrycckoro mereoputa B KaHyH 100-1eTHeli roqoBIIHHBI
ero najgenus (A3porepModaLINCTHKA 60IHI0B)

I".A. Tupckuit
Mockosckuil (huzuxko-mexHudecKuil UHCMumym (20cy0apcmeeHHblll YHUgepCument),
Mockea, Poccus. E-mail: tirskiy @imec.msu.ru

KonmyecTBeHHble HayuHbIe HCCIe0BaHUs TyHIyCCKOrO METeopuTa Hadanoch ¢ 1960-
X Ton0B. du3nyeckas TEOpHs METEOpOB (TMApaBIMYECcKas, HyJbMEpHas TEOpus), pa3BUTHE
KOTOpOoH Hayanoch ¢ 1930-x roJoB OTHOCHJIACh K MaJlbiM KOCMHUYECKHM TellaM, B KOTOPOH
YUUTBIBAJICSA YHOC MacChl OT a’pOJMHAMHYECKOTO HAarpeBa W HE YUHUTHIBAJIOCH NpoOieHue
MeTeopousa B aTMmocgepe.

PaGora, B KOTOpOW BIEpBBIE CTAI0 paccMaTpUBaTbCA JAPOOJICHHE METeopousa Mo
JICHCTBUEM CHJI MHEPLUHU TPU TOPMOXKEeHHH B atMmocdepe Obuia pabora H0.U. daneenko
(1967 r.). Tenepp yxe OecclioOpHO (IO TEOpUM U HAOMIOJEHUSM), AOCTATOUHO KPYIHBIE
KOCMHYECKHE TeJla IPOU3BOJIBHOTO COCTaBa (yKeNe3HOe, KAMEHHOE, YTIIUCTHIA XOHAPHT, Je] 1
Ip.) TpH JOCTHKEHHM IUIOTHBIX CJOEB aTtMocdepsl BCeraa MPOrpEecCUBHO APOOSTCS Ha
OTPOMHOE KOJHYECTBO OCKOJKOB. Eciu B KOHIE npoOsieHHs, KOTla BO3PACTAIOMINHN TIpeaes
IPOYHOCTH OCKOJKOB C YMEHBIIEHHMEM HX pa3Mepa HauMHAeT INPEBOCXOIHUTHh
a’pOJIMHAMUYECKHE HArpy3KH U pa3Mep OCKOJKOB OCTaeTCsl JOCTaTOYHO OOJbIIUM —
BBIMAaeT METCOPUTHBINA N0k Ib (CuxoTe-AnuHcKkuil MmeTeopuT, 1947 r.) Tlpu apoGrieHuu xe
JI0 MEJKUX OCKOJIKOB (MeHee HpuMepHO 1-5 cM [jIsl JibJla) OCKOJIKUA IOJ JCHCTBHEM
KOHBEKTHBHO-JIyYUCTBIX IIOTOKOB BBICOKOTEMIIEPATYpPHOTO YAAPHOTO CJIOS (IECSTKH THICSY
TpazycoB) 3a JOJIU CEKYH]I IUIAaBUTHLCS U UCTIapsieTcsl, 00pa3ys 001aKko ropsuero rasa, KoTopoe
ObICTpO pacmupsieTcss Moxo0HO CHIBHOMY B3pBIBY, C 0OOpa3oBaHHEM Hapsay C
0aJUTMCTHYCCKOW  BOJIHOM B3pBIBHOW ymapHoW BomHB (BYB), koTtopas mocrturas
MOBEPXHOCTH IUIAHETHI BAJIMT JIEPEBbsI, @ B SMHUIICHTPE UX MOJPKUTACT.

OtcraBmiee or BYB o6mako ropsdero raza ¢ TBEpOBIMH YacTHUIAMH OBICTPO
TOPMO3HUTBLCS U BCILIBIBAET (CBOOOAHAS KOHBEKIHUS) B BHUJE IUIFOMA (CTPYH) CO CKOPOCTBIO
HECKOJIbKO KHJIOMETPOB B CEKYH]y, paccerBasi OCTAaBIIHECS TBEpJAble YAaCTHIIBI Ha JECATKU
KIJIOMETPOB BHAIM OT dIUIeHTpa naaeHus BYB.

B noxnaze 3TOT cueHapuii onucaH KOJIMYECTBEHHO. Jl0 Hauyaia TEIJIOBOTO «B3pbIBa»
pelIeHrue TepMOYNPYrod 3ajayd O HaNpsHKEHHO-Ie()OPMHPOBAHHOM —COCTOSIHUM Iapa U
pa3Mepe OCKOJKOB IIOJNY4YEHO B aHAIMTHYEeCKOM BHAe. Hawano B3peiBa M moOciexyromias
SBOJIIOIMS YK€ ra3000pa3HOro M JIETAIEro B atMocepe obsiaka ¢ YacTHIIaMU, JBHKCHHE
BVYB, konBekmms mioma, moBaj JEPEBbEB M UX TMOHKOT PAaCCUUTHIBAINCH YHCIEHHO B
paMKax TpeXMEpHOH MOJENM HICalbHOro raza ¢ NpUMEHEHWEM JAMHAMHYECKH a/IallTHBHBIX
ceTok. [IpoBoauTcs cpaBHEHKE C JaHHBIMM MOCIIEICTBHS MafaHus TyHIyCCKOTO METEOpHTa.

Paboma evinonnena npu noooepoicke epanma POPDOU 06-01-00695 u npozcpammbl
«Bedywue nayunvie wxonvi» HII-397.2008.1.

73



The problem of Tunguska meteorite on the eve of its fall centenary
(Aerothermoballistics of bolides)

G.A. Tirskiy
Moscow Institute of Physics and —Technology (State University),
Moscow, Russia, tirskiy@imec.msu.ru

The quantitative scientific researches of Tunguska meteorite has been developed since
the sixties of the last century. Physical theory of meteorites (hydraulic, zero-dimensional
theory), which has been developed since the thirties, relates to small meteoroids; this theory
takes into account ablation due to aerodynamic heating and does not take into account
fragmentation of a meteoroid in the atmosphere.

For the first time fragmentation of a meteoroid under the influence of inertia force at
braking in the atmosphere was considered in the paper of Yu.l. Fadeenko in 1967. At present
there is no doubt (by theory and by observations) that sufficiently large meteoroids of various
materials (iron, stone, coaly chondrite, ice and others) on reaching dense atmosphere always
progressively crush to enormous number of fragments. If at the end of fragmentation the
increasing strength of fragments with decreasing of their size exceeds aerodynamic loads and
the size of fragments remains sufficiently large, then meteorite “rain” would fall (Sihote-
Alinskiy meteorite, 1947). At fragmentation up to small fragments (for ice it is about 1-5 cm),
the fragments under the effect of convective radiant fluxes in high-temperature shock layer
(tens of thousands of degrees) melt and evaporate during a fraction of a second. At that a
cloud of hot gas is forming and this cloud expands very rapidly like a strong explosion with
forming together with ballistic wave explosive shock wave (ESW), which on reaching the
surface of a planet brings down trees and set them on fire in the epicenter.

Remained behind the ESW a cloud of hot gas with solid particles rapidly brakes and
emerges (free convection) in the form of plum jet at a speed of a few kilometers per second.
At that residuary solid particles are scattered (dispersed) about tens of kilometers far from the
epicenter of ESW fall.

In the presentation this scenario is described quantitatively. The analytical solution of
thermoelastic problem of mode of deformation of spherical body and size of fragments before
the beginning of thermal “explosion” is obtained. The beginning of explosion and following
evolution of flying in atmosphere gas cloud with solid particles, moving of ESW, convection
of a plum jet, bringing down of trees and there setting fire has been calculated in the
framework of 3D ideal gas model with using of dynamically adaptive grids. The comparison
with data of consequences of Tunguska meteorite fall.

This work has been supported by grants: “Scientific Schools” 397.2008.1 and RFBR
06-01-00695.
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MerteopHble B3pbIBbI B aTMochepe 3eMin

B.B. Llysanos

Hucmumym ounamuxu eeocgpep PAH, Mocksa, Poccus. E-mail: shuvalov@idg.chph.ras.ru

CymiecTByeT NPOMEXKYTOUHBIA M Malo W3YYEHHBIM KiacC YIApHBIX SBICHHM,
METEOPHBIC B3PBIBBI, KOTOPBIH CBSI3aH CO CropaHueM (TOYHEE IOJIHBIM HCIIapeHHEM) B
atMocepe OTHOCHTEIbHO OOJNbIIMX (OT MAECATKOB JO HECKOJIBKHX COTEH METpOB)
KOCMHYECKHUX Tel. MeTeopHBIe B3pHIBBI OTIMYAIOTCS OT KPaTepooOpasyoLUIUX YIAapoB TEM,
YTO BCSl DHEPrHsS METEOpOUAa BbLIeNseTCs B arMocdepe (HE B IpyHTE), U KpaTep He
obpazyercst. OT OOBIYHBIX METEOPHBIX SBICHHH METEOPHBIE B3PBIBBI OTIMYAIOTCS TEM, YTO
OHU TPOU3BOJAT pa3pylIeHHs U IOXKapbl Ha MOBEpXHOCTH 3emun. TyHrycckas kaTacTpoda
1908 roxa siBisieTcsl MPUMEPOM TaKOIO METEOPHOIO B3phIBA.

ITpu MeTeopHBIX B3pHIBaX Majaromiee TEI0 MOJIBEPracTcsi CUILHOMY BO3JICHCTBHIO CO
CTOpOHBI aTMoc(epsl. MOXHO BBIICIHTh HECKONBKO CTAJWi B SBONIONUH YyJapHHKA!
nedopmanus Mox IeHCTBHEM a’pOAMHAMHUYECKHX HArpy3o0K, pa3pylLIeHHe H3-3a Pa3BUTHS
THJIPOAMHAMHUYCCKUX HECYCTOWYMBOCTEH, MUCHAapeHHe (parMeHTOB M 00pa3oBaHHE Ta30BOU
(cocTostiel U3 ropsYero Bo3ayxa M MapoB yAapHHUKA) CTpyH. BaxkHo, uTo (hparMeHTalus U
MOJTHOE MCIApEHHE YIAPHUKA MMPOUCXOIAT MPpH O0JIbIIOH (01M3KOW K HAa4albHOM) CKOPOCTH.
Takoli cueHapuii TUIMYEH M JJIsl KAMEHHBIX M JJIsl KOMETHbBIX Tell. [lo3mHee razoBast cTpys
TOPMO3HUTCS B aTMochepe WIM yZAapseT MO0 MNOBEPXHOCTH 3eMiM. JTa albTepHAaTHBA
orpenensieT JABa BO3MOXHBIX THIIA METEOPHBIX B3PHIBOB: BBHICOTHBIC M ITOBEPXHOCTHBIC. B
IepBOM ciy4ae (TyHrycKooOpas3Hble SIBJICHHS) ra30Bas CTPys TOPMO3UTCS Ha HEKOTOpOU
BBICOTE, a BO3HHUKAIOLIUI "OTHEHHBIH MIap", HE KOCHYBIINCH IMOBEPXHOCTH, BCIUIBIBACT,
Oyoyud TOpsYMM M JIeTKMM. Bo BTOpoM ciyuae (IIOBEpXHOCTHBIE METEOPHBIE B3PBIBBI)
ra3oBasi CTpys yIapseT 1o TBepAOH MOBEPXHOCTH, HO KpaTep M YAapHOMOIU(PHUINPOBAHHBIN
Marepual He o0pa3yloTcsl M3-32 HU3KOH IUIOTHOCTH CTpyu. Ecnm cTpys ypapser 1o
TIOBEPXHOCTH JI0 IIOJHOTO HCIApeHus (parMeHTOB YIapHHKa, TO MOXET 00pa3oBaTbcs
kpatep. Takoil ymap OyzeT KpaTepooOpasylomlMM, a HE MOBEPXHOCTHBIM METEOPHBIM
B3PBIBOM.

Bbumi poBeieHb! YHCIIeHHbBIE SKCIIEPUMEHTHI JJIsI ONIpeAeIeH sl TOT0, KaKoi THIT yaapa
(KpaTepooOpa3yrouii, TOBEPXHOCTHBIN WIIM BBICOTHBIH METEOPHBIH B3PHIB WJIM OOBIYHOE
METEOpHOE SBJICHHE) peallu3yeTcs IpU pa3HbIX pa3Mepax yJapHHKa M yrjax HakJIOHa
TpaeKkTopuu. J{Js1 YNCIEHHOTO MOJIETUPOBaHUS HCTIONb30Basack mporpaMma COBA.
PesynbraThl MOKa3bIBalOT, YTO YroJI HAKIIOHA TPACKTOPUHU SABISETCS OYEHb Ba)KHBIM
mapamMeTpoM. B wacTHOCTH, MIPH BEPTHKAIBHOM yAape KOMETHOTO Tella TuaMeTpoM BeImre 70
M HeucnapuBlIdecs: pparMeHThl yAapHHUKa J0JETAIOT 10 HOBEPXHOCTH, B TO BpeMsl Kak Npu
yrie HakJIOHa TPAaeKTOPHHM 5 TPasyCoB IMOJHOCTHIO HCHAPSETCs AaKe KOMEeTa JUaMeTpoM
1000M. PesynpTaThl Takke IMOKa3bIBAIOT, YTO MpPH yriax HakjioHa Tpaekropun 30-45
rpafycoB MaJeHus acrepounoB auamerpoM 50-60M u xomer aumamerpoMm 80-100M
pou3BOAAT (P QeKTrl, aHaJOrnuHble HabOMogaBmMMcs Npu TyHrycckoil karactpode 1908
roza.

OcCHOBHBIE BBIBOJBI: - MeTEOpHbIE B3pPbIBHl BbI3BIBAIOTCS KOMETaMH M acTepOUAaMU
pa3MepoM OT JIECATKOB METPOB A0 kuiomerpa (¢ areprusimu ot 10 Mt go 100 I't THT).

- MeTteopHble B3pbIBbI IPOMCXOAAT Yallle, YeM KpaTepooOpasylolue yaapsl (B cpelHeM pa3 B
100-1000000 meT B 3aBUCHMOCTH OT SHEPTHH).

- Tynrycckas katactpoda - mpuMep MaJOMOIIHOI'O METEOPHOIO B3pbIBA, BBI3BAHHOIO
rajiecHueM KOMeThI Wi acteponsia pazmepom 50-100m.

Jannas paboma 6wina noodepacana PODHU (npoexm Ne 07-06-00026).
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Aerial bursts in the Earth’s atmosphere

V.V. Shuvalov
Institute of Geospheres Dynamics RAS, Moscow, Russia. E-mail: shuvalov@idg.chph.ras.ru

There is an intermediate and rather poorly studied class of impact events, aerial bursts,
associated with “burning out” of comparatively large (from tens of meters to a few hundred
meters) cosmic bodies in the atmosphere. The aerial bursts differ from the crater-forming
impacts in that the entire energy of a meteoroid is released in the atmosphere (not in the
ground) and no observable crater is formed. The aerial bursts differ from meteor events in that
they strongly affect the Earth surface. The radiation emitted by a fireball can result in fires
and even can cause melting of a ground surface; the shock wave from “the air explosion” can
lead to strong devastation. The Tunguska catastrophe of 1908 is an example of such an aerial
burst.

In the aerial bursts a projectile is strongly affected by atmospheric drag. Several typical
stages can be distinguished in the evolution of a projectile: deformation under aerodynamic
loading, progressive disruption due to development of hydrodynamic instabilities, evaporation
of fragments and formation of gaseous air-vapor jet. It is important that both fragmentation
and total evaporation occur at high velocity (closed to the initial pre-entry projectile velocity).
This scenario is typical for both stony and cometary projectiles. Later the gaseous jet
decelerates in the atmosphere or strikes the Earth’s surface. This alternative determines the
two possible types of aerial bursts: Tunguska-like phenomena (high altitude aerial bursts) and
surface aerial bursts. In the first, Tunguska-like phenomena, the gaseous jet decelerates at
some altitude and a resulting fireball (not touching the ground surface) rises due to buoyancy.
In the surface aerial bursts the gaseous jet strikes the ground surface, however, no craters and
shock induced modification of target material are produced because of low bulk density of the
jet. If the debris jet strikes the surface before total evaporation of solid fragments it can
produce a crater. Such impacts are not included into the class of aerial bursts.

Numerical simulations were performed to define what type of impact (crater-forming
impact, surface aerial burst, high-altitude aerial burst or meteor phenomenon) is realized at
different projectile sizes and impact angles. The simulations were based on the SOVA multi-
dimensional multi-material hydrocode. The results have shown that the impact angle is a very
important parameter. In particular, solid fragments of cometary meteoroids with initial
diameter exceeding 70 m reach the ground in a vertical impact whereas a 1000-m-diameter
comet is totally burnt away in the atmosphere in a very oblique 5 degree impact. The
simulations also show that 30 to 45 degree oblique impacts of both a 50 to 60-m-diameter
stony meteoroid and an 80 to 100-m-diameter cometary meteoroid could produce effects
similar to those observed in the 1908 Tunguska event.

Main conclusions:

-Aerial bursts are produced by comets and asteroids with sizes ranging from tens of meters to
about one kilometer (energies from 10 Mt to 100 Gt of TNT equivalents).

-Aerial bursts are more frequent in the Earth’s history than crater forming impacts (they occur
on average once in 100 to 1,000,000 years depending on the energy).

-The Tunguska impact is an example of a low energy aerial burst, produced by a 50- to 100-
m-diameter comet or asteroid.

Acknowledgement. This work was supported by RFBR (project no. 07-05-00026).
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Tpaekropust TyHrycckoro KocCMH4ecKoro TeJjia no NoKa3aHUsIM OUeBH/IIEB

JLE. DnmkTeToBa
Tomcxuit 2ocyoapcmeennuiii ynugepcumem, Tomck, Poccus. E-mail: epiktet@yandex.ru

Jo cux mop Bompoc o Tpaektopuu TyHrycckoro kocmuueckoro tena (TKT) mo
TIOKa3aHUsIM OYEBULEB SBISETCS CIOPHBIM. He MOCTUTHYTO COrjlacoBaHHs TPAeKTOPUH IO
MOKa3aHMUsAM OUYEBH/ILIEB U BbIBAITY Jieca.

B nanHoit pabore TpaeKkTOpus Ompenensiack Ha  CIEAYIOUIMX OCHOBaHHSIX:
nepeceuenuss npoekuued tpaexropuun TKT pexku Jlenel BOmu3u cenma MupoHOBO Hu
BO3MOXKHOTO OTKJIOHCHHsI O0JIaCTH BbIBajia Jieca OT MepBOHauyanbHOW Tpaektopun TKT
[OnukreToBa, 1976]; BO3MOXHOCTH pacueTa BBICOTHl TOYEK BEPTHUKAJIBHOW MPOCKIMH
TPAaeKTOpUH 110 HampasieHuto Ha CoJHIIe U3 HEKOTOPBIX NMyHKTOB, I/1€ OYEBHUIIBI 3aMETHIIN
rnoreMHeHue Ha mMectHoctH nocie nageHus TKT [Onukrerosa, 2003].

PaccmaTpuBanace monHasi 6a3a MOKa3aHHN OYCBHIIEB M3 IEPBHYHBIX JTOKYMEHTOB
onpocoB nocie 1958 r. u Gosee paHHUX. BONBIIMHCTBO M3 HHUX OMYOJIMKOBAaHO B KaTajuore
[Bacunbes u np., 1981]. 13 310l paboTh! HCIOIb30BalACh IPOrpaMMa pacueTa yrioB U JUIUH
IyT Ha chepruuecKoit moBepxHocTH, BhinoHeHHas C.A. PasunbsiM. BricoTa Touek TpacKTopun
paccUuTHIBANIKCE IO GopmyIie u3 paboTsl [30TKUH U ap., 1991].

B pesynbprarte pacueToB MOATBEPANIOCH MPEAIIOIOKEHHE 00 OTKIIOHSHHHU JITUIIEHTPa
BBIBasa jieca oT nepBoHauaibHou Tpaektopun TKT. Hacrosmas 3emnas Touka TKT cmemnena
k C3 ot snunentpa Ha paccrosaun 200 — 250 xmnomerpoB. OHa HaxoAuTcs B o0iacTu
0oraThlx MarHeTUTOBBIMH IIapUKaMH npoO nouBbl [DiaopeHckuit, 1963]. A3umyT TpackTopun
TKT, nepecexkatommii Jleny BOnu3u cena MupoHOBO, mpumepHO 126°, yron HakiioHa B
TOPU30HTAIIbHOM IIOCKOCTH IPEAoaaraeMoi 3eMHOM Touky 28°-29°.

BriBan neca obpaszoBana uwacte maccel TKT, koTopas nama BETKY TPaceKTOPUH C
azuMyToM 115° Ha KoHeuHOM yuacTke. [IpU4YMHOI OTKIIOHEHUS, MO-BUIMMOMY, HOCITYKHUJIIO
CHJIBHOE TOPMOXKEHHE 3TOH (pakiuy u3-3a ee (GOopMBl «CHOMAa» C KOMIAKTHOW TIpYIION
KycKOB B rosioBe. CTpyKTypy BbIBaJIa Jieca, CKOpee BCEro, Onpeesuia oomas yaapHas BoJiHa
ot stoii Tpynmsl kyckoB TKT u ux B3anMmopeiicTsre.

Paspymenune TKT Havanocs Ha paccTossHUU 0oJiee ThICAYM KMJIOMETPOB OT SIHIICHTPA,
B BEpXOBbsX peku BurtuMm, Ha BbicoTe mo MecTHOM BepTukanu 1000-1300 xm u, mo-
BUIMMOMY, HOCHJIO XapakTep B3pbiBa. Beimagenune kyckoB TKT mpousonuio Ha Gonbiion
IJIOUIA/IH, 110 NEPBOHAYAILHON U OTKIOHEHHOW BETBSIM TPACKTOPHUH, a TAKXKe MEXIy HUMU B
pe3yJsibTare OTHAENEeHUS KyCKOB OT KOMIIAKTHOM TpYyNIbl IPU JIBM)KEHUH «CHOMa». JTO U
OTPENENNIIO XapaKTep paclpelesieHnss MarHeTUTOBBIX HIAPUKOB B mouBe [DiopeHckuid,
1963].

Paccesnnoe B atmocdepe BemectBo TKT nmano TeHb Ha MOBEPXHOCTh 3eMJIH H, TIO-
BUJMMOMY, IIOTOM SIBUWJIOCH IPUYNHONW BOZHUKHOBEHUS CBETIIBIX HOUEH.
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2 - MyHKTHI HAOTIOACHUH,
3 - TpaexTopuu: | — AcrtamoBnya, !! - Kpunosa, !!! - yrounenHast.

78



Trajectory of Tunguska Cosmic Body on the basis of witness testimonies

L.E. Epiktetova
Tomsk State University, Tomsk, Russia. E-mail: epiktet@yandex.ru

The problem of the Tunguska Cosmic Body (TCB) trajectory is disputable till now.
The trajectory coordination on the bases of witness testimonies and of the forest-fall has not
been achieved.

In this paper the trajectory was defined on the follow grounds: crossing of trajectory
projection with Lena river near by Mironovo village and possible deviation of forest-fall
region from original trajectory [OnuxreroBa, 1976]; possibility to calculate the point altitude
of trajectory vertical projection in the direction to the Sun from some sites, where darkness on
the terrain was observed after TCB fall [OmmkreroBa, 2003].

The full base of the witness testimonies from the primary documents of interrogation
later on 1958 year and more early ones was considered. Most of them are published in the
catalogue [Bacunbes et al., 1981]. The Razin’s program, from this catalogue, for calculation
of arc lengths and angles on the spherical surface was used. Altitude of trajectory points was
calculated by the formula in the paper [3otkuH et al., 1991].

In the result of calculation, supposition about the deviation of the forest-fall epicenter
from the original trajectory was confirmed. The true terrestrial point of TCB is displaced 200-
250 km NW from the epicenter. It is located in the region of ground samples rich in magnetite
small balls [@aopenckuii, 1963]. Azimuth of trajectory TCB, crossing Lena river near by
Mironovo village, is approximately 126°, its angle of inclination relating the horizontal flat of
proposed terrestrial point TCB is 28°-29°.

The forest-fall was made by some fraction of TCB, which formed branch of trajectory
with azimuth 115° on terminal part. The reason for deviation this fraction was, obviously, its
strong braking in the atmosphere owing to “sheaf” shape with compact group of pieces in the
head. Most probably, the forest-fall structure was determined by the general shock wave from
this group of pieces and their interaction.

Destruction of TCB started more than thousand kilometers from epicenter, in the Upper
Vitim, on the altitude of local vertical 1000-1300 km, and, obviously, was similar explosion.
The fall of TCB pieces on the ground took place on large area, along the primary trajectory
and the deviated branch, and also between them as a result of some pieces separation from
compact group during the “sheaf” motion. This determined the character of the magnetite
small ball distribution [®nopenckwuii, 1963].

The TCB matter dissipated in the atmosphere formed shadow on the earth surface and,
evidently, was the reason for the light night appearance.
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Chemical signature of the Tunguska Event in Greenland Ice

M. Baillie
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In analyzing the chemistry of the various Greenland ice cores, study was restricted to a
limited suite of ions; one of these was ammonium. Interpretation of the ammonium record
concentrated on the issue of biomass burning, consistent with the idea that the main source of
ammonium was likely to be forest fires (1, 2).

However, the presence of a significant spike of ammonium at AD 539+/-1 in the GRIP
ice core (3) essentially coincident with the global tree-ring downturn around AD 540 (4)
hinted at an extraterrestrial cause. This led to the recognition that a large concentration of
ammonium at AD 1908.48 in the detailed GISP2 ice record (5) appeared to be closely
coincident with the 30" June 1908 Tunguska impact.

It is clear from the published record on biomass burning that no consideration was
given to the possibility that some ammonium, and related nitrate, spikes in the ice cores
might, in fact, be signatures for extraterrestrial impacts; despite the close coincidence in 1908
noted above. This issue raises the question whether the ammonium, and associated chemistry,
at 1908.48 was a primary or a secondary effect of the Tunguska event, i.e. was it brought in or
produced by the Tunguska impactor or was it due to the partial burning of the forest? This is
something that obviously requires further study.

For anyone interested in this ‘ammonium as a signature for impacts’ scenario it can be
pointed out that ammonium occurs at potentially significant dates such as AD 1740.05
coincident with the coldest known year in England, and 1491.15, not very far from the closest
known approach by a comet on 20" February 1491. There is also an occurrence around 1348
and another around 1014 when, again, a close comet is recorded (6, 7).

This paper will demonstrate that a more detailed study of ammonium/nitrate
occurrences might be rewarding, especially when comparison is made with the historical
record. As the earlier sections of the ice-core chronologies are further refined towards
historical precision, an eventual shocking scenario cannot be ruled out.

References

(1) Taylor, K.C., Mayewski P.A., Twickler M.S. and Whitlow S.1. Biomass burning recorded in the GISP2 ice core:
arecord from eastern Canada? // The Holocene. 1996. V.6. P. 1-6.

(2) Legrand M.R., De Angelis M., Staffelbach T., Neftel A. and Stauffer B. Large perturbations of ammonium and
organic acids content in the Summit-Greenland ice core. Fingerprint from forest fires? // Geophys. Res. Lett.
1992. V. 19. P. 473-475.

(3) Fuhrer K., Neftel A., Anklin M. and Maggi V. Continuous measurements of hydrogen peroxide, formaldehyde,
calcium and ammonium concentrations along the new GRIP ice core from Summit, Central Greenland // Atm.
Environ. 1993. V. 12. P. 1873-1880.

(4) Baillie, M.G.L. Dendrochronology raises questions about the nature of the AD 536 dust-veil event // The
Holocene. 1994. V. 4. Ne 2. P. 212-217.

(5) Mayewski, P.A., W.B. Lyons, M.J. Spencer, M.S. Twickler, C.F. Buck, and S.I. Whitlow. An ice core record of
atmospheric response to anthropogenic sulphate and nitrate / Nature. 1990. V. 346. P. 554-556.

(6) Baillie, M.G.L. New Light on the Black Death: the cosmic connection. 2006. Tempus, Stroud.

(7) Sekanina Z, Yeomans D.K. Close encounters and collisions of comets with the Earth // The Astronomical

Journal. 1984. V. 89. Ne 1. P.154-161.

80



New Simulations Suggest that Tunguska Yield has been Overestimated

M.B.E. Boslough
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D.A. Crawford
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New simulations of airbursts in the Earth's lower atmosphere from hypervelocity
asteroid impacts suggest that a re-evaluation of the impact hazard is necessary to properly
account for the enhanced damage potential relative to point-source approximations. The intent
of these simulations was to explore the phenomenology associated with low-altitude airbursts
and to determine whether the altitude of maximum energy deposition can be used as a
reasonable estimate of the equivalent height of a point explosion. The simulations suggest that
this not a good approximation, because the center of mass of an exploding projectile is
transported downward in the form of a high-temperature jet of expanding gas. The jet
descends by a significant fraction of the burst altitude before its velocity becomes subsonic.
The time scale of this descent is similar to the time scale of the explosion itself, so the jet
simultaneously couples both its translational and its radial kinetic energy to the atmosphere.
Because of this downward flow, larger blast waves and stronger thermal radiation pulses are
felt at the surface than would be predicted for a nuclear explosion of the same yield at the
same height. For impacts with a kinetic energy above some threshold, the hot jet of vaporized
projectile (the descending "fireball") makes contact with the Earth's surface, where it expands
radially. The results of these simulations, combined with a reexamination of the surface
conditions at Tunguska in 1908, reveal that several assumptions from the earlier analyses
have led to erroneous conclusions, resulting in an overestimate of the size of the Tunguska
event. Because there is no evidence that the Tunguska fireball descended to the surface, we
argue that the yield must have been about 5 megatons or lower.

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed

Martin Company, for the United States Department of Energy under Contract DE-AC04-
94AL85000. This work was funded by the LDRD and CSRF programs.
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Numerical simulations of low-velocity impacts into weak soils:
implications for the formation of Lake Cheko

G.S. Collins
Impacts and Astromaterials Research Centre, Dept. Earth Science and Engineering, Imperial College
London, SW7 2AZ, UK. Email: g.collins@imperial.ac.uk

Gasperini et al. (2007) suggested that Lake Cheko, a ~300-m wide lake situated a few
kilometres downrange from the assumed epicentre of the 1908 Tunguska event, is an impact
crater. Their hypothesis is based on the lake’s unusual morphology for the area, its location
downrange of the blast epicentre, and evidence that the lake may be ~100 years old. In
response, Collins et al. (2008) also showed that a tensile strength of 10-40 MPa is required for
an asteroid fragment to traverse the Earth’s atmosphere and reach the surface intact and with
sufficient velocity to excavate a crater the size of Lake Cheko. Inferred tensile strengths of
large stony meteorites during atmospheric disruption are 10-100 times lower. The impact
hypothesis for the formation of Lake Cheko does not fit with our current understanding of
atmospheric entry of small asteroids.

Putting the issue of impactor survival to one side, several lines of observational
evidence are also inconsistent with the impact hypothesis for the lake’s origin: the ellipticity
of the lake; the absence of an uplifted rim and proximal ejecta deposits; the lack of impactor
material in and around the lake; and the presence of apparently unaffected mature trees close
to the lake (Collins et al., 2008). Gasperini et al. (2007; 2008) propose that the survival of
proximal vegetation, and the absence of an uplifted rim and ejecta deposits, might be
explained by a low-velocity, impact into a weak, wet target. I have explored this possibilty by
numerically simulating the formation of a crater the width and depth (and volume) of Lake
Cheko, for different assumed impact velocities and low target strengths (Figure 1). At an
impact velocity of 1 km/s, an asteroid ~40-m in diameter is required to form a crater that has
the same volume as Lake Cheko. This is half
the estimated diameter of the Tunguska
bolide. A larger impactor diameter is 50|
required if the impact velocity is lower. All
impact simulations that produce a final
crater profile consistent with Lake Cheko
also predict that a large volume of material
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the observed tree survival. Figure 1 Crater versus impactor diameter for a
stony asteroid impacting wet soil, based on scaling
laws (lines) and numerical impact simulations
(symbols; friction coeff. k), for different low
impact velocities v;.
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Lake Cheko: a crater left by a fragment of the Tunguska Cosmic Body ?
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Several expeditions explored the site on the 1908 Tunguska Event (TE), starting with
those led by Leonid Kulik in the late twenties and thirties. Kulik identified the epicenter of the
explosion in a heavily forested area from the radial distribution of flattened trees. He also
found many trees that were left standing directly below the explosion, although deprived of
their branches and partially burned (the so called telegraph poles). Kulik reached the
conclusion that he had discovered the remains of a large impact crater now hidden by a
swamp and a number of secondary bowl-shaped holes of different sizes (from few meters to
tens of meters in size, less than few meters deep) covered by peat bogs. This pattern could
have been caused by a meteorite that fell in a swarm of separate fragments. Other authors
questioned this interpretation, suggesting that the circular features observed in the area of the
epicenter were not necessarily related to extraterrestrial impacts, but probably to seasonal
thawing and freezing of the ground. Two observations favored this second interpretation: 1)
circular features of similar size are common at these latitude; 2) these depressions were found
in low-lying areas, but not on the slopes of hills or on any of the relief occupying a
considerable part of the epicenter region. All attempts at finding macro-remnants of the
cosmic body by digging these circular depressions were unsuccessfull; therefore, the
hypothesis of an impact with the ground was abandoned. Subsequent expeditions have been
devoted mainly to the study of the tree patterns in the devastated taiga and to the search of
microparticles of the cosmic body, under the assumption that it exploded in the atmosphere.
The TE is far from being completely understood, although it occurred less than a century ago
and has been the object of several studies. The most probable hypothesis is the impact with
the Earth of a cosmic body that exploded about 5-10 km above the ground, releasing in the
atmosphere 10-15 Mton of energy. However, fragments of the impacting body have never
been found, and its nature (comet or asteroid) is still a matter of debate.

We report here new data on the TE derived from the study of a small (~350m diameter)
lake (lake Cheko), located about 8 km NNW of the inferred explosion epicenter. Its funnel-
like bottom morphology, revealed by high-resolution bathymetry, and the structure and the
composition of its sedimentary deposits, studied through acoustic imagery and direct
sampling, suggest that the lake fills a crater created by the impact of a secondary fragment of
the cosmic body onto alluvial, swampy ground. The size and shape of the crater may have
been strongly affected by the swampy nature of the ground, and by impact-related melting and
degassing of a permafrost layer.

83



Discovery of PGEs and other elements anomalies near
the 1908 Tunguska explosion site
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We have measured excesses of Ir, Rh, Pd, Sc, Co, Ni, Sr and REE at the event layers in a peat
column (KEM-21) from the center of the 1908 Tunguska explosion site. In order to find the
cause of excesses of these elements, the background peat column (2F), which was sampled
from Vanavara which is 65 KM away from the center of explosion area and situated the south
of Tunguska area, was analyzed and distinct change of the concentration of these elements in
the background samples can not be found. In the event layer (30~63 cm) of KEM-21 peat
column, the average concentrations of PGEs, indicators of cosmic material, show a factor 4~8
higher than the background value (0~30 cm). In addition, there are not correlation between Ni
vs Co, Ni vs Pd and Ir vs Pd in peat 2F samples and those above 30cm in peat KEM-21
(background layer). However, there are good correlations between these siderophile elements
in the event layer samples of peat column KEM-21 (lower 30 cm). These results indicate they
might have the same source, i.e. the Tunguska explosive body. Further more, the siderophile
elements ratios gives evidence that the Tunguska explosive body was likely a carbonaceous
asteroid.
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Geochemical studies of spherules from the Tunguska site
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Soil samples collected from the devastated area at Tunguska yielded magnetic and silicate
spherules. Nine samples of these spherules were obtained by B. Glass in the 1960s from the
collection of E. Krinov for examination. All nine of the spherules are about 80 to 100 um in
diameter. They are all spheroidal in shape, but a few are irregular with conical protrusions.
The spherules are transparent and colorless. In transmitted light most of them contain dark
areas due to numerous small bubble cavities; two of the spherules contain no bubble cavities.
Four of the silicate spherules were analyzed by B. Glass for microprobe analysis (Glass, B.P.,
1969, Science 164, 547-549). The 1969 results showed that the silicate spherules are
somewhat heterogeneous. Of the elements, K, Fe, and Na seem to be the most heterogeneous,
and Mn, Mg, and Ca seem to be the most homogeneous. Silicon is fairly homogeneous in all
four samples and Al is somewhat heterogeneous. No definite conclusions could be obtained
by Glass (1969) regarding the origin of the spherules. To study the possible relation with the
Tunguska event, or to try and find data that would indicate that these spherules are some form
of contamination. The samples (all 9 spherules) were newly analyzed by electron microscope,
electron microprobe, and ion probe (secondary ion mass spectrometry) for heterogeneity,
major element composition, and trace element composition, respectively. The new
microprobe data gave a range in SiO, content of 35-69 wt%, Al,Os content of 7.9-18.7 wt%,
FeO 0.2-6.9 wt%, MgO 0.1-12.8 wt%, CaO 0.4-35.8 wt%, Na20 0.4-5.9 wt%, K20 0.9-6.1
wt%, Ti02 0.01-1.3 wt%, and MnO 0.01-3.3 wt%. These values are a wide spread, although
the main compositions are more restricted — the outliers are indicating heterogeneities in the
spherules. The trace element determinations (by ion microprobe) are currently in progress and
will hopefully help to decide if these are natural products or some type of industrial
contamination. The spherules are not of volcanic origin, but the silicate spherules are also not
similar to any major group of stony meteorites, including carbonaceous chondrites. An impact
origin is also unlikely, as no large impact crater has been formed at Tunguska (the
identification of Lake Cheko as an impact-related feature is disputed and probably the impact
velocity would have been too small to cause wide-spread melting anyway). Several natural
processes (including forest fires) may form spherules, but also a large variety of artificial
spherules, produced by various melting and manufacturing processes (e.g., fly-ash,
metallurgy, road materials), have recently been recognized as contaminants in geological
samples and laboratories. To find such products in a remote area in the early 20" Century
would be an interesting result as well.

85



The new map of the Tunguska tree fall
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We have plotted a new map of the Tunguska tree fall on the basis of three datasets: 1) revised
Fast data collected on-site during 12 different expeditions from 1958 up to 1979, 2) data from
the 1938 aerophotosurvey, directed by L.A. Kulik, 3) data collected in 1967 by Anfinogenov
group. To analyse Kulik’s data and to link the 1938 photographs to the ground, the
“Tunguska99 expedition”, in collaboration with the Russian “State Research Institute of
Aviation Systems” (GosNIIAS), carried out a new aero-photographic survey. The 1999 survey
covered a surface of ~300 km?” between the latitudes 60° 50' 00" N and 60° 58' 30" N and
between the longitudes 101°45' 00" E and 102° 05' 00" E, corresponding to an area a little
larger than that of the 1938 aero survey. We have measured on the digitalized photographs the
direction of single fallen trees and we have obtained an averaged azimuth for each trial area.
For the first time, 19,106 singletree azimuths have been measured on 350 trial areas of the
1938 survey. Moreover we have assigned a reliability degree for each trial area averaged
azimuth. The reliability degree has been introduced on the basis of the percentage of
singletree azimuths that lay in a sector of 15° centered on the averaged azimuth. The azimuths
obtained give information on the direction of the blast wave. Assuming that the Tunguska
Event was caused by the explosion in the atmosphere of a single body, we obtain a final
trajectory azimuth o = 110° £ 5°. However, on the basis of the tree fall data and earlier
eyewitness testimonies, we consider that the Tunguska Cosmic Body was a multiple bolide
formed by at least two bodies of similar mass. The same tree fall data are compatible with the
hypothesis that two bodies entered the atmosphere very close to each other following parallel
trajectories with azimuths o ~135° and an inclination of the total combined shock wave axis
between 30° and 50°. The first body, with a greater mass, emitted the maximal energy at a
height of about 6-8 km. The second, of minor mass, flew a little higher, on the right side and
behind the first body, following the azimuth a ~135° in the direction of the lake Cheko.
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The Tunguska Object, Comet Encke and the Taurids
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Simulation of the orbit of Comet Encke suggests that its node crossed earth’s orbit ca. 1750
and 2100 years ago, with prior, similar events roughly 2700 years beforehand. At such times,
one can expect earth to encounter cometary debris, while during intervening periods, one can
expect the sky to be ‘quiet’. The Tunguska event occurred in 1908, at a time when Comet
Encke and its debris were remote, and harmless for earth. Furthermore, interpretations of
certain myths, such as the Iliad, suggest that these are describing the effects of an Encke-type
comet, but again at a time when Comet Encke was remote. Does this mean that the Tunguska
object was not part of the Taurid system?

100 years of the Tunguska Phenomenon and Russian-German cooperation

G. Polzer
D-08115 Mittelstrasse 7b, Schonfels, Germany

I'. lTonpuep
J1-08115 Mummenvwmpacce 76, LLIéngensc, I'epmanus

1. In September / October 1997, the Ist Russian - German Tunguska meteorite expedition
started with the priority task for the investigation, in the epicenter of the explosion, the so-
called «Tunguska-peat layer». It was located at 38 to 43 cm deep in the mire. At the time of
the Tunguska disaster this marsh area was at the marsh surface and therefore could reflect
some changes caused by the Tunguska disaster. With a special drill about 480 peat samples to
a depth of more than 1 m were taken from the epicenter area, as well as from the mire in it’s
vicinity. The samples had a diameter of 50 mm according to the diameter of the drill.

2. The investigations in laboratories in Moscow and in Zwickau included the qualitative and
quantitative microscopic examinations and statistical analysis in the individual peat samples
regarding unicellular microorganisms — the testate (shell bearing) amoebae.

3. As a result a novel effect on the testate amoebae was discovered — the modification of their
shell geometric structure depending on the ecological environment conditions change.

4. The environmental conditions in the epicentre of the Tunguska disaster changed in such a
way that some new morphotype kinds of testate amoebae arose. After a few decades they
disappeared back because the original environmental conditions reinstated. It has been for
some decades when the original type of testate amoebae biocenose and their morphotype
composition also reinstated.

5. Besides that the mapping of existing telegraph "trees" and tree ring width measurements on
the tree cross sections were done. The latter showed a previously known faster tree growth
after Tunguska explosion.
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A CO,-plume over the Tunguska area in the days after the 1908 impact
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A depletion of the radiocarbon content measured in plant remains in the impact layer at
the N19 site near the central Tunguska impact site made Rasmussen et al. (1999) suggest that
the plants assimilated a considerable amount of cosmic carbon in the day(s) after the
Tunguska impact event. This scenario relies on two postulates: 1) a sizable fraction of the
impactor carbon was present as CO,, and 2) that the CO,-plume was not removed
immediately from the impact area by advection of high winds. Rasmussen et al. (1999)
predicted that between 24 and 48 hours of stability in the weather system would be sufficient
to account for the measured uptake of cosmic carbon.

Based on the meteorological data available we have conducted a reconstruction of the
weather system in the days after the Tunguska impact event in Eastern Siberia. 11
meteorological stations from the impact area, Irkutsk, and around the Lake Baikal have been
included in the study. The weather has been reconstructed for 6 days starting on the morning
of the 30™ June 1908. Our reconstruction has been verified by a reconstruction made by the
German Wetterzentrale for Europe and Russia until the Ural Mountains in the same time
period. Our results show that the weather was generally calm with wind speeds below 4 to 5
m/s. The temperatures were high — with a daily maximum of ca. 25°C. The cloud cover was
between 2 and 5 1/10 from the 30" to the evening of the 31 July, where it grew to 6 to 8 1/10.
For most stations there were prolonged periods with clear sky and sunshine. The relative
humidity was high throughout the period, between 50 and 80 % RH. On the 3™ of July a low
pressure passed Doudinka, but this probably only affected the outskirts of the Tunguska
impact area. It is possible that thunderclouds can have passed over the area — the weather
stations only report data 3 times a day. But even so the winds would in these circumstances
have had a turbulent nature causing vertical mixing and not caused a large scale advection
removing the air from the Tunguska impact area in a systematic way.

Our weather reconstruction thus shows that the weather was indeed stable with calm
winds, a lot of sun, and no large advection term acting for ca. 2-4 days. The weather
reconstruction therefore renders credibility to the suggestion of Rasmussen et al. (1999) that a
sizable fraction of the Tunguska Impactor mass was present as CO, and that the plants did
experience a large uptake of cosmic carbon.

References:
Rasmussen K.L., Olsen H.J.F., Gwozdz R. and Kolesnikov E. Evidence for a very high carbon/iridium ratio in the
Tunguska impactor / Meteoritics and Planetary Science. 1999. V 34. P. 891-895.
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Reconstructed weather map for 1* July 1908.
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2D and 3D visualization of the Tunguska central area

C.A. Volpicelli

INAF-Osservatorio Astronomico di Torino, Italy

M. Di Martino

INAF-Osservatorio Astronomico di Torino, Italy

G. Longo

Dipartimento di Fisica — Universita di Bologna, Italy

R. Serra

Dipartimento di Fisica — Universita di Bologna, Italy

During the Tunguska99 expedition we carried out an aereo-photographic survey of the central
part of the area devastated by the Tunguska explosion. We present here the composite 2D and
3D images, obtained by using a Digital Elevation Model (DEM), of an area covering about
350 km” centered on the epicenter. The 3D model will can be used to apply explosion models
in order to verify the effects of the orography on the devastation and compare these results
with the map showing the trees fallen by the shockwave. This kind of analysis will help to
determine with a high level of accuracy the energy of the explosion and the altitude at which
it occurred.
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Pasznen 2. MAJIBIE TEJIA

Section 2. SMAL BODIES
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MartemaTtuieckoe MOAEJINPOBAHNE NBHKCHUA aCTCPOUI0B HA OCHOBE
METOA0B AaaMca C IEPEMECHHBIM IIIArOM

B.B. A6pamos

Camapckuii cocyoapcmeennbiii mexnuyeckuil ynueepcumem, Camapa, Poccus, E-mail: vwa85 @mail.ru

B nannoli pabote a1 UccleI0BaHUS 3BOJIIOLUH OPOUT acTEPOMIOB UCIIOIb30BAIUCH
MeToAbl AnaMca C pa3sfeNeHHBIMH pa3HOCTAMH. JlaHHas (opMma 3aliCH  IO3BOJSET
MIPOM3BOAUTH YHCIICHHOE HHTETPUPOBAHHUE C TIEPEMEHHBIM IIIaTrOM.

3akiagka TaOIULbl MHTETPUPOBAHUS OCYILECTBIIAIACH TONBKO B HayalbHbIH MOMEHT
BpPEMEHH IS CTapTa MHOTOIIATOBOTO METO/a. B OTCYTCTBHE TECHBIX CONMIKEHHH MajbIX Tell
c OOoNBPIIMMH IUTAaHETAaMHM YHCICHHOE HMHTETPUPOBAHHE OCYLIECTBISUIOCH C IOCTOSHHBIM
maroM 0,2 mHA. B MOMEHTHI CONMMKEHMII BeJIMUMHA Iara IIABHO YMEHBIIANTAch MO Mepe
COKpAIICHUs] PACCTOSHUS MexAy TeaaMu. 1o 3aBeplieHHH COMMKEHHS LIar BHOBb IUIABHO
yBEIHUYHUBAJICS 10 IEpBOHAYaIbHOI BenuuuHb! 0,2 qH.

Boruncnenuss NpoOM3BOAMIMCH 1O (GOpMyJaM METONOB Ajamca € pa3JeleHHBIMH
Pa3HOCTAMH M B MOMEHTBI TECHBIX COJIMDKEHMH, M IIPH UX OTCYTCTBUH. TONBKO B MOCJIEAHEM
Clly4ae BeIMYMHA IIara 0CTaBajJach IMOCTOSHHOM. JTO OBLIO CHENAHO B LEJIAX ONTUMHU3AINH,
MOCKOJIBKY B JAHHOM Clly4ae He TpeOyeTcs nepecueT ko3ppuuueHToB B MeToax Anamca ¢
pa3zneneHHbIMU pa3sHoCcTAMH. Takum 00pa3zoM, k03(h(UIHUEHTHl HEOOXO0IUMO NEPECUUTHIBATD
TOJBKO B KPAaTKOBPEMEHHBIE MOMEHTBHI TECHBIX COJIMDKEHHH, IOCKOJIBKY B JTOM Clydae
MPOUCXOIUT INIAaBHOE U3MECHEHHME IIIara.

Pe3ynpTaThl BBIUUCIEHUI KOOpAMHAT U KOMIIOHEHT CKOpOCTEH HEOECHBIX Tel
JOCTaTOYHO XOPOIIO COINIACYIOTCSI C COOTBETCTBYIOIIMMHU pe3yJbTaTaMH, MOJyUYSHHBIMH C
IIOMOMIBIO METOJOB AfamMca ¢ IOCTOSIHHBIM IIAroM M MOJU(UIMPOBAHHOTO METOna
Opepxapta. [lpm 3ToM Tpolecc YHCIEHHOTO HHTETPHPOBAHUS  OCYLIECTBISIETCS
COOTBETCTBEHHO B 1,5 B 4 pa3za OwicTpee.

bonee BEIcOKOE OBICTpONEHCTBUE HOCTHTAaeTCs Oiaromaps IIaBHOCTH CMEHBI IIara, a
TaKOKe BCIEICTBHE TOTO, YTO MPU M3MEHEHWH BEIMUYMHBI IIara MHTETPUPOBAHUS B METOAAX
Anamca C pa3/ielIeHHBIMU Pa3sHOCTSAMHM He TpeOyercs MPOM3BOMUTH 3aKJIAAKy TaOIMIbI
MHTETPUPOBAHUS M KaKHe-THO0 APYTHe JTOMOJHUTENbHbBIe BEIYHCIeHH. Takke BO3MOKHOCTh
IUIABHOTO H3MEHEHMs BeJIMYMHBI Iara YIPOIIAaeT MOCTPOEHHE KpUTEpHEB BbIOOpa
ONTHMAJEHOTO IIara WHTErpuUpoBaHMA. TakuMm o0pa3oM, Ha OCHOBAHHU IIONYYCHHBIX
Pe3yIbTaToOB MOXKHO CHeNaTh BBIBOJ, YTO NMPHUMEHEHHE METOJOB AmaMmca C pa3ieieHHBIMU
Pa3HOCTAMM sBIAETCA 00Jiee IPEAIOUTUTENbHBIM.

Paboma evinonnena npu @unancogoii noodepicke Dedepanvnoco azenmcmed no
obpaszoeanuio (npoexm PHII. 2.1.1.1689).
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Mathematical modeling of the asteroids motion based on Adams methods
with a variable step size

V.V. Abramov

Samara State Technical University, Samara, Russia. E-mail: vva85 @mail.ru

Adams methods with divided differences were used in this work to study the asteroid
orbit evolution. This notation permits to perform a numerical integration with a variable step
size.

Building of an integration array was carried out at the initial moment only to start the
multistep method. If there are no close approaches of smaller bodies to bigger planets, the
numerical integration was performed with a fixed step size of 0,2 days. At the moments of
approaches the step size was gradually decreased simultaneously with the reduction of the
distance between bodies. Upon completion of the approach the step size was increasing
smoothly up to initial size of 0,2 days.

The calculations were performed using formulas of Adams the methods with divided
differences both at the moments of close approaches and without them. But in the second case
the step size remained stable. It was done for optimize purposes because in this case the
recalculation of coefficients of Adams methods with divided differences is not required.
Therefore it is necessary to recalculate coefficients at the short-time moments of close
approaches only since the step size smooth changes take place at such moments. The
coordinates and celestial bodies velocities components calculation results well enough agree
with the corresponding results obtained using Adams methods with a fixed step size and
modified Everhart method. The numerical integration is carried out 1,5 and 4 times faster.

Higher performance is achieved due to the smoothness of step size change and because
it is not necessary to build the integration array and perform any other additional calculations
with the change of the integration step size using Adams methods with divided differences.
Smooth step size changes simplify criteria of selecting the optimal integration step size. Thus,
the conclusion is that Adams methods are much more preferable.
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Moz[e.lmponarme MOTOKOB aCTepoOUua0B, COMKAIOIMXCSA C MJIAHETAMHU

E.C. bakanac, C.A. HapoeHkos
UHACAH, Email: alena@inasan.ru

IMpoBoauTCs MccnenoBaHNEe OCOOEHHOCTEH HBONIOLUH dJIEMEHTOB OPOUT acTEpPOUIIOB,
commkaronmxcs ¢ 3emueit, Mapcom u IOnutepom. Jlisi KakAod Tpymmbl acTepoUOB
co3gaercss Ha0Op IOTOKOB BUPTYalbHBIX acCTEPOMJOB, COOTBETCTBYIOIIUX Pa3HBIM
HOATPYyNIIaM COMMKAIOMHUXCS Tel. IIPOBOAUTCS CTaTUCTUUECKOE HCCIECIOBAHHE 3BOJIOIUU
IIOTOKOB aCTE€POUJIOB, UMEIOLIUX TECHOE CONMKEHHE C IUIaHETaMU.

Paboma noooeporcana epanmom PODPH Ne 08-02-00931-a.

The modelling of asteroid streams approaching with planets

E.S. Bakanas, S.A. Naroenkov
INASAN, E-mail: alena@inasan.ru

Research of properties of the orbital evolution of the asteroids approaching with the
Earth, Mars and Jupiter is spent. For each asteroid group a number of streams of the virtual
asteroids corresponding to different subgroups of approaching bodies is created. Statistical
research of evolution of streams of the asteroids having close rapprochement with planets is
spent.
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O HaOro1eHusIX TeJl ¢ pa3MepamMu TyHrycckoro MeTeopuTa B HeKOTOPBIX
MeTeOPHBIX MOTOKAX

C.U. Bapabanos, E.C. bakanac

Hnemumym acmponomuu. E-mail: sbarabanov@inasan.ru

PaccmaTpuBaercss HaceJIeHHOCTh TeJIaMH JIEKaMETPOBBIX pPa3MEpPOB IPOCTPAHCTBA
BONM3M 3eMHON opOuTHl. Ha ocHOBaHMM HaOMIOAAaTENFHBIX JaHHBIX O METEOPHBIX ITOTOKAaX
MPOBOJUTCS OLIGHKAa HACEJICHHOCTH TAaKUMH TEJIaMHU METEOPHBIX MOTOKOB. ONHCHIBAIOTCS
pe3ysbTaThl IOUCKOBBIX HaOmoaeHud, mnpoBomumbix coTpyanukamu MHACAH nHa Tpex
obcepparopusix (Cumens, 3BeHHropoj, Tepckoi), HalEJICHHBIX Ha OOHapy)KEHHE Tell
JICKAMETPOBBIX Pa3MEpOB Ha IMojAJeTe K 3eMje Ha PAacCCTOSHHSX /10 HECKOJIBKUX JECSITKOB
MWUIMOHOB KuioMmeTpoB. Ha 06a3e craTHCTHKH OOHAapy)XKEHHH TPOBOIUTCS AaHAIU3
HACEJICHHOCTH 3THMHU TellaMi HM30paHHBIX METEOPHBIX ITOTOKOB M IMPOCTPAHCTBAa BOJIM3U
3eMHON opOuThl. C HCHONB30BAaHUEM TMPOTPAMMHOTO KOMIUIEKCA, pa3pabOTaHHOTO B
MNHACAH, npoBoautcsi cpaBHEHHUE C pe3yJIbTaTaMH HCCIEI0BAHUN IPYTUMHU METOJaMH U Ha
OCHOBAHMHU BBIOOPKH I10 TAKUM TeJIaM U3 0a3bl TaHHBIX MaJIbIX Tead COJHEYHOH CUCTEMBI

About observations of bodies with the sizes of the Tunguska meteorite
in some meteoric streams

S.I. Barabanov, E.S. Bakanas
INASAN, E-mail: sbarabanov@inasan.ru

Density of population by bodies of decametre sizes in the near-Earth space is
considered on the basis of the observational data. The result of search for such bodies
supervision spent by employees INASAN on three observatories (Simeiz, Zvenigorod,
Terskol) on approach to the Earth on distances to several tens millions kilometres is denote.
On base of data base of small bodies and statistics of the detection the analysis of density of
the population by these bodies of the selected meteor streams is carried out. Comparison with
results of researches by other methods is spent with use the program of software developed in
INASAN.
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MuxkpomMeTeopuThl U3 JeaHuKkoBoro mmuta Hosoii 3emin

J.A. bagroxoB
Hucmumym ceoxumuu u anarumuueckou xumuu um. B.1.Bepnaockozo, Mocksa, Poccusi.
E-mail: badyukov@ geokhi.ru

JIbbl T€IHUKOBBIX MOKPOBOB AHTapKTUKU U APKTUKHU SIBISIOTCS XOPOIIO W3BECTHBIMU
KOJJIGKTOpaMH KOCMUYECKO# mbln. B Tedenun nocneanux 35 net codpaHo 3HAYUTEIBHOE YHCIIO0
mukpomereoputoB (MM) u3 nenHukoB ['peHnaHnuu W AHTapKTUOBl KaK HENOCPEICTBEHHO
MyTeM IUIaBJIEHUS JIbJa, TaK M NpH cOOpe TBEpAOH KOMIIOHETHI, CKAIUTMBAIOLIEHCS B OCOOBIX
MecTax (T.H. JIEAHUKOBBIE 03epa). Apxunenar HoBas 3emiist Takke MOKPBIT JEJHUKOM U MOKET
ABIATbCA MecToM cbopa MM. Hamm wuccnenoBanuch o0paslibl INIMHHCTOrO MarepHana,
HAKaIUIMBAIOIIMECS] Ha TMOBEPXHOCTH JIEMHWKAa Ha €ro KPOMKE B CEBEPO-BOCTOYHOH YacTH M
MaTepHai KpaeBoil MopeHbI. OOpa3Iisl OBUTH OTMBITHI OT TIIMHUCTOW KOMIIOHEHTHI M pacCestHbl Ha
curax. s u3y4deHus] NPUMEHsUTICh CTaHAAPTHBIE METOAbl MUHEPAJIOTHYECKOTO HCCIIeIOBAHMS
(ontrueckas Mukpockomnust, COM, POCMA). Ot6op n knaccupukanys pa3inuaHeX THIIOB MM
TIPOBOJMJICS C UCIIOJIB30BAHIEM H3BECTHBIX KPUTEPUEB, TAKUX KaK ONTHYECKHE CBOMCTBA YACTHUI]
U UX XUMHUYECKUH COCTaB.

Mopennslit Matepuan He comepkuT MM, XOTsS B HEM OTMEYEHbl MHOTOYHCIICHHBIE
YepHbIE YaCTUIIbI cHepUIEcKOro oONuKa, SBISIOLIMECs arperaTaMu MMPUTa UM IPOAYKTaMH ero
u3MeHeHusa. OOpasLbl IIMHUCTOrO MaTepualia Hao00pOoT IMOKa3alu BEICOKHE KOHIEHTpauuu MM,
nocturarome 100 — 300 mHAMBHAYalIbHBIX YacTUL Ha 1 I' CyXod MOpOABI, YTO CPaBHUMO C
KoHIeHTpauusiMu MM otnoxenuii o3ep ['pernananu. @pakuus meHee 30 MKM 13 3THX 00pa3oB
COIEPXKUT MHOTOUHCIIEHHBIE C(epyibl HEYCTAaHOBICHHOTO IIPOUCXOXKIECHHS, KOTOPbIE MOTYT
OBITh KaK aHTPOIIOTEHHOTO IIPOWCXOXKACHHS, TaK M HMETh KaKOW-HHOYAb SK30THYECKHUI
HUCTOYHUK.

Cpenu kxosuiekuu 0ToOpaHHBIX MM mpHCYTCTBYIOT BC€ TpPH HM3BECTHBIX THma MM —
TIepeIvIaBlIeHHbIe (KOCMUYecKre c(hepyibl), MUIAKOBUAHBIE YaCTHIEI M HeleperaBieHHsie MM,
pa3IMYaIoNIMecs O CTENeHN TeMIIepaTypHOH 00pabOTKH P MPOX0KAESHUH METEOPOUIOB Yepes3
atMocepy 3emmn. IlepernnaBnennsie MM npeacTaBieHbl Kak OOBIYHBIMHU KJIACCAMU HMIAPUKOB —
M0JI0CYATHIX, MOP(GUPOBBIX, KPUITOKPUCTAINYECKUX, CTEKJIOBATBIX M METAJUIMYECKUX, TaK M
YacTHLAMH HEOOBIYHOW MOpP(MOIOTMH U  CTPYKTyphl. XOTS IEPBOHAYAIbHBIA COCTaB
neperiaBieHHIx MM MonuduIupoBaH mporeccaMu ucmapeHus, cootHomenuss Mg-Al-Ca-Si
COOTBETCTBYIOT XOHAPHUTOBBIM. Cpeny mutakoBUIHbIX MM mpeo0iafaroT 4acTHIbl, UMEIOIHe
TIpeIIeCTBEHHNKAMH YTIIHCTBIE XOHIPHUTHI, MEHEe PacIpOCTPAaHEHBI OOBIKHOBEHHBIE XOHIPHTHI.
Henepemnasnennsie MM packiaccuuIMpoBaHbl Ha YaCTHIIBI, CI0KEHHbBIE (DMIITOCHIMKATaMH,
(rUTOCHIIMKaTaMH C IPUCYTCTBHEM 3€pPEH OJIMBHHA M MHUPOKCEHA, OJIMBUHOM H/WIIN TTHPOKCEHOM
W BEIECTBOM OOBIKHOBEHHBIX XOHJPHTOB, OTMEYAIOTCSl YHHWKAIbHBIE YaCTHIBI C aBTUTOM M
OCHOBHBIM IIJIATHOKJIA30M, a TaK)Ke YaCTHIII, CIIOXKEHHBIE BemmecTBoM, Omm3kumM Ca-Al xonapam.

[Ipennonaraercs, 4To XUMU4ECKH u MuHEpanoruaecku MM HoBoii 3emin BecbMa MOTHO
XapaKTepU3ylOT COCTaB TOTAJIBHOTO IMOTOKA MEIKOJUCIEPCHOI0 KOCMHUYECKOTO BELIECTBA Ha
3emmo. CocTaB 3TOro NMOTOKA OTJIMYEH OT COCTaBa MOTOKA METEOPHTOB B INEPBYIO OYepelb
PE3KHUM IpeoliIafaHueM BEIeCTBA YIIIMCTBIX XOHJIPUTOB, YTO MOXKET OBITh CBSI3aHO C Pa3sHBIMH
ucroyHnkamu MM u meteoputos. [IpeacraBurenbHOCTh KoeKuud MM H3 JIeJHUKOBOTO IIKTA
Hogoii 3emun, mpezacrasisercss BecbMa BaXHOH NpH u3ydeHuu cdepyn ¢ mecra TyHrycckoro
COOBITHS ¥ BOCCTAaHOBJIEHHHU COCTaBa TBEPJOH KOMIOHEHTHI TyHI'yCCKOro Tena.

Paboma svinonnena npu noodepacxke PODU (epanm 07-05-92165-HI[HHU _a) u
Ipoepammur Ilpesuouyma PAH Nel8.
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Micrometeorites from the Glacier Sheet of the Novaya Zemlya

D.D. Badjukov
Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Moscow, Russia.
E-mail: badyukov@ geokhi.ru

Ice of Antarctic and Arctic glaciers is a well-known collector of a dust. A fraction of the
buried in ice dust is present by micrometeorites (MMs). During last 35 years a huge number of
MMs were derived from glaciers of Greenland and Antarctica both directly by melting of ice and
collecting micrometeorite-rich deposits in specific areas (e.g. glacier lake sediments). The glacier
sheet covers Northern Island of the Novaya Zemlya archipelago and, hence, can be also a place
for collecting of MMs. The Triassic sedimentary bedrocks are black and gray siltstone, shale, and
fine-grained sandstone. We studied both clayish matter that have been accumulated on a glacier
surface at margins at the northern-eastern end of the glacier and end-moraine material. The
samples were washed in water for removing of clay and sieved. Standard mineralogical methods
were used in the study like optical microscopy, ASEM, and EPMA. Selection and classification
of different types of MMs were performed using well-known criteria like the morphological and
optical characteristics as well as the chemical compositions. Most interesting particles were
sectioned and studied using ASEM and EPMA.

Samples of moraine do not contain any MMs although there are numerous black particles
of spherical shapes that are framboidal pyrite. On the other hand, samples of clayish matter
contain high concentrations of MMs that are as high as 100 — 300 particles per 1 gramm of a dry
sample that is comparable with MMs concentrations in glacier lake deposits from Greenland. The
< 30 um fraction of our samples contains numerous droplets and spherules that have unknown
origin, perhaps anthropogenic, although I can not exclude their cosmogenic sources.

In the collection there are all three known types of MMs, namely melted MMs,
scoriaceous MMs, and unmelted MMs which differ in degrees of their heating during passes of
meteoroids through the Earth atmosphere. Melted MMs are present by obvious cosmic spherule
types like barred, porphiritic, cryptocrystalline, glassy, and iron as well as by particles seem to be
unusual due to their morphology and structures. Although there are modifications of their primary
chemical compositions due to loss of volatile elements during the atmosphere pass, the Mg-Al-
Ca-Si relationships correspond to chondritic. Particles that have the carbonaceous chondrite
precursors dominate among scoriaceous MMs, ordinary chondrites are less common. Most
unmelted MMs are completely or partially enveloped by iron oxide rims. Among studied UMMs
vast majority consists of pure phyllosilicates sometimes with iron oxide and pentlandite, saponite,
phyllosilicate(s) with low-Ca pyroxene and/or olivine, and pure pyroxene and/or olivine
sometimes with glass matrices. These particles have the carbonaceous (mostly) or ordinary
chondrite precursors. However, there are particles that can not be attributed to chondritic. They
are composed of augite and Ca-plagioclase or are close to Ca-Al chondrules.

I suggest that the Novaya Zemlya MM collection characterizes composition of the global
MMs flux to the Earth in full. The MM flux composition is different from the composition of the
meteorite flux due to predominating of carbonaceous chondrite MMs that can be connected with
different sources of MMs and meteorites. The data can be important by studies of Tunguska
event spherules and establishing a composition of the Tunguska body.

Acknowledgements: The work was supported by RFBR (grant 07-05-92165-HI[HU _a) and
Program Ne 18 of RAS.
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MopnejpoBaHue ABMKeHUsI (PPArMEHTOB Pa3pyIIEHHOT0 METEOPOUIA.
OneHka paccTosiHUS pa3Jiera.

H.I". Bappu

Huemumym mexanuxu MI'Y um. M.B. Jlomonocosa, Mocksa, Poccus. E-mail: n_barri@imec.msu.ru

ITpu mpoxoXIEHUN CKBO3b aTMOC(epy co cKopocThio oT 11 no 72 km/c mMereopHoe
TEJIO UCTIBITBIBAET OobInye Harpy3ku. Korna naBnenne Ha J00OBYIO IIOBEPXHOCTD JOCTUTAET
KPUTHYECKOTO 3HAUCHU, PABHOT'O IIPOYHOCTH MaTepualia Tejia, MeTeOpor paspyuaercs. Ero
(parMeHTHl PacXoIATCS B IMONEPEYHOM HAMPABICHHM 3a CUET B3aHMMOACHCTBHSA yIapHBIX
BonH. Kpome Toro, Gonee menkue (parMeHTHl TOPMO3STCS CHIIbHEE, YeM KpymHHble. Takum
00pa3oM, MPOUCXOAUT PA3NIeT U B IIPOJIOIFHOM HANPaBICHHH.

B pabote mpoBeneHO MOJACIMPOBAaHUE IBMKCHUS B aTMocdepe ABYX (parMeHTOB
MeTeopoua. PaccMOTpeHBl ABa ciydas: pacXoKACHHE IIBYX OJMHAKOBBIX ()ParMEeHTOB B
MONEPEYHOM HANPABICHHH W  PAacXOXJICHHE JABYX (parMeHTOB pasHOTO paamyca
OJHOBPEMEHHO B NPOAOJHFHOM M MONEPEUYHOM HalpaBlieHHHU. [10Iy4eHO AOBOIBHO MPOCTOE
AQHAIUTHYECKOE BBIPAXKCHHUE IIONEPEYHOM CKOpocTH (parMeHTa Uy 4Yepe3 mHapaMeTpsl

MaTtepuana Teia (IpOYHOCTh %y morsocts Pr) K03 PUIIUMEHT pacTaIKUBAIOIIEH CHIIBI
U, =430, (05C,+2d,)/8 p,

JUTSL IBYX OJIMHAKOBBIX ()pParMeHTOB:

3uauenus Cp U dy ONPEICNIAIOT ANNpPOKCHMAIO KOo3(duIlMeHTa pacTaikuBaroei
cunbl.  KoadduimeHT pacTanakuBaroiieil CHIbI HCIONB3YeTCs B BHJAC AalMPOKCHMAIUU
pE3yIbTaTOB YWCICHHOTO MOJIEIUPOBAHHUA 110 OOTEKaHHIO JBYX OJIMHAKOBBIX chep
(Koan U.A., Cmynog B.I1., Cmynos I1.B. AdponnHaMH4YecKOe B3aUMOJICHCTBHE JBYX Tell B
cBepx3BykoBoM mnortoxke // IHAH. 2004) u nByx cdep pasHoro paguyca (JKodan H.A.
ADpOIMHAMHUYECKOE  CONPOTHBIEHHE CHCTEMBI Tel B  CBEPX3BYKOBOM  IIOTOKE.
Jlomonocosckue uteuus 2005).

B cnyyae oOpasoBaHus (parMeHTOB pa3MYHOW MacCchl MEHBIIMHA (parMeHT
TOPMO3HUTHCSL CHJIBbHEH IO CpaBHEHUIO C Ooiee KPYHHBIM M CHJIbHEE OTKIJIOHSETCS B
HOMEPeYHOM HAlpaBICHUH OT TPACKTOPUH OCHOBHOrO Tena. IlociienHee yTBEpXkKICHHE
omupaercss Ha pe3yibTaThl pabotel (JKoaw, 2005), roe Obul paccuutaH KO3(GQGHUIMEHT
pacTajKuBarolIeil Wbl AT JBYX cep pasIuYHOro paauyca B CBEPX3BYKOBOM IIOTOKe. B
paboTe mpeIoxKeHa MOJIeNb, B KOTOPO MEHbIIHMHA (parMeHT B MOMEPEYHOM HAIPaBICHHU
JBIDKETCS] TEPICHANKYIAPHO IUIOCKOCTH, 00pa3yeMoil TpaeKTopHel OCHOBHOIO Tela U ee
MPOCKINeH Ha TOPU30HTANb. A Oojiee KPYNHBIH (parMEeHT HE OTKIIOHSAETCS OT TPACKTOPHU
poxuTenbekoro Tena. T.e. pasier GparMeHToB B TaHHOW MOJENH NMPOMCXOAUT 3a cueT Oojee
CHJIBHOTO TOPMOXKEHUSI MEHbIIEro (parMeHTa M €ro OTKIOHEHHS B IONEPEUYHOM
HampaBleHnH. B cnydae pa3HBIX (parMeHTOB MONEpevHasi CKOPOCTh 3aBUCHUT OT OTHOIICHHS
U, =R /R, 30,(C,+2d,)I8 p,

pannycoB o0pa3yromuxcs GparMeHTOB
Goutbiero (parMeHTa, R, - pauyc MEHbIIEro (parMeHTa.

Jns ommcaHWs HPOIONBHOTO JBIDKCHUS PORUTENBCKOTO Teda U (parMeHTOB
HCIIOJIB30BAHO YHCIICHHOE PELICHHE CUCTEMbI yPaBHEHUI TOPMOKeHUs U abisinuu. B pabote
IIPOBEACHEl PACUYeTHl MO MPEIOKEHHBIM MOJETIM M OIEHKAa pPacCTOSHUS paslieTa
(hparmMeHToB.

Paboma svinonnena npu noodepcke epanma PODHU Ne 07-01-00009.

, TIe R; - paguyc
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Modeling of the movement of meteoroid fragments. An estimation
of separation distance

N.G. Barri
Institute of Mechanics, Lomonosov Moscow State University, Moscow, Russia.
E-mail: n_barri@imec.msu.ru

A meteoric body has great loading during its passage through the atmosphere with a
velocity from 11 to 72 km/s. A meteoroid collapses when aerodynamic pressure on a front
surface reaches the critical value equals to durability of a body material. Its fragments
separate in a transverse direction as a result of interaction of shock waves. Besides, smaller
fragments decelerate more than large ones. Thus, there is a separation in a longitudinal
direction also.

A modelling of two fragments movement in the atmosphere is carried out in this work.
Two cases are considered: scattering of two identical fragments in a transverse direction and
scattering of two fragments of different radii simultaneously in a longitudinal and transverse
direction. A quite simple analytical expression of transverse velocity of fragment U, through

parameters of the body material (strength ©+ and density #» ) and repulsive force
U, =+30,(05C,+2d,)/8p,

coefficient for two identical fragments is obtained:

Values Cy and d, define an approximation of the repulsive force coefficient. This
coefficient is used as an approximation result of the numerical simulation of the flow past two
identical spheres (Zhdan I.A., Stulov V.P. and Stulov P.V. (2004) Aerodynamic interaction of
two bodies in a supersonic flow. Doklady Physics) and two spheres of different radii
(Zhdan ILA. (2005) The aerodynamic resistance of the bodies system in a supersonic flow
(abstract) Lomonosov conference).

In the case of fragments of different mass a smaller fragment decelerate more in
comparison with large one and a smaller fragment more separates from the trajectory of a
main body in transverse direction. The last statement relies on results of the work (Zhdan,
2005) in which the repulsive force coefficient is calculated for two spheres of different radii in
a supersonic flow. A following model is proposed in the present work. A smaller fragment
moves in transverse direction at right angle to a plane formed by the trajectory of a main body
and its projection on the horizontal. A large fragment does not deviate from the trajectory of a
parent body. That is, separation of fragments takes place due to strong deceleration of smaller
fragment and its deviation in orthogonal direction. In the case of different fragments a
transverse velocity depends on a quotient of fragments radii
U, =y(R\/R))30,(C,+2d,)I8-p,

, where R, is a radius of a large fragment, R; is a radius of
a smaller fragment.

A numerical solution of combined equations of deceleration and ablation is used for
description of a longitudinal movement of a parent body and fragments. Calculations
according to proposed models and an estimation of separation distance of fragments are
carried out in the work.

This work was supported by the Russian Foundation for Basic Research, project no.
07-01-00009.
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AcTeponanl 1 KoMeThl U3 061aka QOopTa B 0K0J103¢MHOM MPOCTPAHCTBE

E.E. buprokos
Kagheopa sviuucnumenvuoii u nebecnoii mexanuxu, FOxcno-Ypanvckuii 2ocyoapcmeennvlii ynugsepcumen,
Yenabunck, Poccus. E-mail: caesare @susu.ac.ru

B pabore wuccienyercs ¢usuueckas osBodronus KomeT wu3 obmaka Oopra B
OKOJIO3eMHOM IpocTpaHcTBe. IlogyyeHo, 4TO KONIMYECTBO KOMET, 3aXBAaUE€HHBIX M3 IOYTH
mapaboaruecKoro moroka, Ha opoutax ramieeBckoro tuma (KI'T) u cemeiictBa FOmnmurepa
(KCIO) c¢ alcomtoTHO#l 3Be3nHOW BenmuuumHOU sipue, yeM Hjp=7m c¢ mnepurenniiHeIM
paccrosiaueM q < 1 a.e. 70KHO ObITH ~ 1000 KOMET B KaKIOM CEeMEUCTBE. DTH OLICHKU B
HECKOJIbKO pa3 mpeBblmarT konudectBo oOHapyxeHHbIXx KI'T um KCIO. [lns paspeuieHus
3TOi mpobieMbl BBeaeHa (YHKIMS yracaHus KomeT. Harie mccienmoBaHHe IOKa3ao, YTO
KOMEThI HaYMHAIOT yracaTh Ha paccTosiHusix ~ 3,5 a.e. ot Connua. B aToMm ciydae cpeanee
¢usnyeckoe Bpems xu3HU coctaBisier 140 oboporoB Ha opburax ¢ q < 1 a.e. Dta Moaens
MOKa3bIBaeT Xopoliee cornacue ¢ HabmoaeHusaMu aktuBHbIXx KI'T. Eciiu npu yracanuu Bce
KOMETBHI IPEBPAIIAIOTCS B CTEPOUIbI, TO PACIPEACICHUE YracliuX KOMET OyIeT HaXOUThCs
B [IPOTUBOPEYHHU C HAONIOJICHUSIMUA acTepPOHIIOB HAa KOMETHBIX opOuTax. B Hacrosmiee Bpems
00Hapy»KeH TOIBKO OMH aCTEPOH Ha OpOUTE raJlIeeBCKOro Tuma ¢ q < 1 a.e. AcrepousioB Ha
opburax cemeiictBa lOnuTepa ¢ q < 1 a.e. He oOHapyxeHo. Hama Monens npeacka3biBaeT
990 actepounnoB Ha opburax KI'T ¢ q < 1 a.e. [Jnsg Toro, 4ToOBl OmMpenenuTh, CKOJIBKO
KOMETHBIX sIJIep IMPEBPAaTHTCS B acTEPOUIbl WM Pa3pyIIUTCS, Mbl MPEINOIOKUIH, YTO
cnoco0 yracaHus 3aBUCHT OT HNEPUTEIMHHOTO PACCTOSIHUA KOMETHBIX OpOUT. MBI mosrydniy,
YTO B 3TOM CJIy4ae KOJIMYECTBO JAaMOKJIOWIOB Ha opOuTax ¢ q < 1 a.e. momkHO ObITh 9-13.
Ocranbable komeTHBIE aapa yracumx KI'T a takxe Bce sapa yracmmx KCHO ¢ g < 1 a.e.
JIOJDKHBI Pa3pyIUTHCS.

Paboma noodoepoicana epanmom PODH 06-02-16512.
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Asteroids and comets from Oort cloud in near-Earth space

E.E. Biryukov
Department of computational and celestial mechanics, South Ural State University, Chelyabinsk, Russia.
E-mail: caesare @susu.ac.ru

The capture of comets from the Oort cloud and their dynamical evolution to the near-
Earth space and physical evolution is investigated. The predicted steady-state number of
Halley-type comets (HTC) and Jupiter-family comets (JFC), arising from the observed near-
parabolic cometary flux with perihelion distances q < 1 AU and absolute magnitude brighter
than H;¢=7 are roughly equal 10% in each cometary family. This estimate is many times more
than the number of known HTCs and JFCs. A possible resolution of this discrepancy may by
found by introducing a fading function of comet. Our investigations have shown that active
comets fade in brightness over many orbits after they reach q ~ 3,5 AU, the mean physical
lifetime of comets with q < 1 AU is ~140 revolutions. This model shows good agreement with
the observations of active HTCs, but distribution of dormant comets is not consistent with
observations. Only one asteroid on Halley-type orbits with g<1 AU have been discovered.
Asteroids on JFC-orbits with q < 1AU not observed. Our model predicts that there should be
990 dormant HTCs. To determine whether comets become dormant or disrupt, we should
suggested, that the fading behaviour depends on the perihelion distances of comets. Thus, for
our best fit model we predict that the steady-state number of Damocloids with g<1 AU is 9-13
and other cometary nuclei must have disrupted. Also we found, that all faded JFCs with g<1
AU must have disrupted.

This work was supported by RFBR Grant 06-02-16512.

101



I[OJ'IFOC[)O‘[HL]B YUCJICHHbIC TECOPUH NBUKCHUA KOMET

10.C. bonnapenko, 10./1. Mensenes
HUnemumym npuxaaonoti acmponomuu PAH, Cankm-Ilemepbype, Poccus.
E-mails: jurabo@yandex.ru, medvedev@ipa.nw.ru

Jis mocTpoeHHsT YHMCICHHBIX TEOPUH JIBUKEHUS KOMET, OXBATBHIBAIOLIMX OO0JIbIIOE
YHUCIO TIOSBICHHH, pa3paboTaH KOMIUIEKC MpOrpaMM. HHTerpupoBaHHE ypaBHEHHI
JBIDKEHUS] TIPOU3BOJUTCS C MOBBIIIEHHOH TOYHOCTBIO. YBEIMUYCHHE TOYHOCTH JOCTUTAETCS
MyTeM MpUMEHEHHs MOAu(UIMpOBaHHOTO MeTola DHKe. Moaudukamnus MeToJa COCTOUT B
TOM, YTO CMEHA OCKYJLILUH MPOHMCXOTUT Ha KaXXIOM IIare MHTETPUPOBAHUS W HapaMeTphl
HEBO3MYIIEHHOTO JIBIKCHUSI BBIYHMCIAIOTCS C YUETBEPEHHOH TOUYHOCTBIO C UCTIOIB30BAHUEM
nepeMeHHbIX Tuna real*16 (32 necaTHuHBIX 3HaKa). JlaHHBIH KOMILJIEKC /JaeT BO3MOXKHOCTh
OJIHOBPEMEHHO OMPEICISITh JIF000€ YMCII0 HAOOPOB HETPABUTAIIMOHHBIX TAPaMeTPOB B popme
Mapcaena A;, A, 1 As, 9TO JaeT BO3MOXXHOCTh yUUTHIBATh W3MEHEHHE HETPaBUTAIIMOHHBIX
yCKOpeHHid co BpeMmeHeM. Kpome TOro, MaHHBII KOMIUIEKC IIO3BOJIIET OIpPEIesTh
UMITyJIbCHOE M3MEHEHHE CKOPOCTH B BHIOpaHHBIE MOMEHTHI BPEMEHH, a TaKKe YUUTHIBATH
cMmeleHne (OTOLEHTPa KOMETHI BJIOJIb Pa/lnyCca-BEeKTOPa KOMETHI.

BborunciieHbl HOBBIE TOITOCPOYHBIC YHCIIEHHBIE Teopuu komeT Konda u DHke.

Long-term numerical theories of cometary motions

Yu.S. Bondarenko, Yu.D. Medvedev
Institute of Applied Astronomy, Saint-Petersburg, Russia.
E-mails: jurabo@yandex.ru, medvedev@ipa.nw.ru

Complex program for the calculation of the long-term numerical theories of motions
comets is developed. The motion equations are integrated with extended-precision. The
modification Encke method is used. Osculation epoch is changed at each integration step. The
nonperturbed orbit is calculated with quadruple precision (32 decimal digits). The sets of
Marsden’s nongravitational parameters A, A, and A; for every observed appearance can be
defined by this program. The impulse change of cometary velocity for selected moments can
be also calculated. The complex program allow to take account of fotocentre displacement
along the cometary radius-vector.

The new long-term numerical theories of motions comets Kopff and Encke are
obtained.
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Moaspumerpust komersl 73P/IlIBaccManHa-Baxmanna

C.®. Bennuko

Hnemumym acmponomuu XapoKo8ckoeo HAYUOHANILHO20 YHUSEPCUmMema

um. B. H. Kapazuna, Xapvros, Yxpauna

MeocoynapoOnblil yeHmp acmpoHOMUYECKUX U MEOUKO-3KO0N02UHEeCKUX UCCTe008aHUI,
Kues, Ykpauna, E-Mail: honorus @mail.ru

@.I1. Benmnuko
Hncmumym acmporomuu XapbKo8cKo20 HAYUOHANLHO20 YHUBEPCUMemd
um. B. H. Kapasuna, Xapvxos, Ykpauna, E-Mail: velichko @univer.kharkov.ua

Komera 73P/llIBaccmanna-Baxmanna (SW3) kinaccudunmpyercs kak Ooraras razom
KOMETa C OYCHb HU3KHUM OTHOIICHHEM MbUIb/Ta3 (mpumepHo B 10 pa3 MeHblle, 4eM st
xopomuro u3BectHor komeTsl 2P/Ouke [1]). Kpome aToro, komera noka3piBaeT O4eHb HU3KOE
colepkaHue yriaepogocoaepkamux Moiekyl. B 1995 romy SW3 pacmamace Ha Tpu
(parmenTa, a npu npoxoxaeHuu nepurenus B 2006 roxy pacnanach cHoBa Oosee yem Ha 50
vacTen [2].

C anpenst no mMast 2006 roga HaMu ObUIM IPOBEAEHBI NOSPUMETPUUECKHUE HAOIIONCHUS
B u C sanep xomersl SW3. HaGnroneHus Obuin BBINOMHEHB Ha 70-CM TEIECKOIIE UHCTUTYTA
acTpoHOMHHM XapbKOBCKOTO HalMOHalIbHOro yHHMBepcuteta wuM. B.H. Kapasuna c
HCIIOJIb30BaHUEM OJHOKAHAJIBHOrO (hoToMeTpa-nossipumerpa. HaOmioaeHus: MpOBOIMINCH
Yyepe3 Y3KOINOJOCHBIE KOMETHble (GWIBTPHI B 0OJACTSIX BHIAMMOIO KOHTHHyyma BC
(A4845/65A) u RC (A6840/90A), 1 ¢ mmpokononocHsiM uastrporm WRC (17228/1140A).
TTonyueHna ¢a3oBas 3aBUCUMOCTb JIMHEHHOM mosipu3anuu ais sapa C B muana3oHe Gpa3oBbIX
yrinoB  47°,6-95°2. M3mepenHas 4acth (pa3oBOi 3aBUCHMOCTH OYCHb OJIM3Ka K TOMY, YTO
HaOJI0AaeTCs ISl MBUIEBBIX KOMET U JISKUT HEMHOTO HUXXE cpeiHell (pa3oBoi 3aBUCHMOCTH
TUHEHHOW TmOoJsIpy3alMy s TBUIEBBIX KOMeT. B Toke BpeMs, OHa pacmojoXeHa
CYLIECTBEHHO BBINIE, YeM JJisi TaK Ha3bIBAEMBIX Ta30BBIX KOMET. DTOT (akT erie pa3
MOJTBEPKAACT HEKOPPEKTHOCTh JCICHHS KOMET Ha WbUICBBIE W Ta30Bble IO JAHHBIM
n3MepeHusi nomsipuzanud B KoHTHHyyMe [1]. Ilomspuzamus B u C sgep B KpacHOM
KOHTHHYYMe, MPUMEpPHO, paBHBI B TpeleNaXx OmMOOK H3MepeHWi. J[pyrumu cioBamu,
¢usnyeckue cpoiictBa nbuH saep B u C momoOHbl. [lonmyueHO 3HAYEHHE CIEKTPAILHOTO
rpaguenta nomspusammn S'(BC,RC) = -0.96% nal000A s simpa B. TTo06HbIe aHOMABHBIE
3HAYEHHs CIEKTPAIbHOTO TpaJMeHTa HAOIIONATNCh paHee Jist kKoMmeTol 21P/ JxukoOuHU-
Iunnepa [3], u kometsr C/1999 C4 (JIMHEAP) [4] mocne ee pacnana.

Jlumepamypa

[11 Jockers K., Kiselev N., Bonev T., Rosenbush V., Shakhovskoy N., Kolesnikov S., Efimov Yu, Shakhovskoy D.,
Antonyuk K. CCD imaging and aperture polarimetry of comet 2P/Encke. Are there two polarimetric classes of
comets? // Astron. Astrophys. 2005. V. 441, Ne 2. P. 773-783.

[2] http://science.nasa.gov/headlines/y2006/24mar_73p.htm

[3] Kiselev N.N., Jockers K., Rosenbush V.K. Organic matter in dust of comet 21P/Giacobini-Zinner and the
Draconid meteoroids // Earth, Moon, and Planets. 2000. V. 82-83. P. 141-148.

[4] Velichko S. Aperture polarimetry of comet C/1999 S4 (LINEAR) // First step to nobel prize in
physics.Warszawa: Instytut Fizyki PAN, 2002. P. 81-86.
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Polarimetry of comet 73P/Schwassmann-Wachmann 3

S.F. Velichko

Institute of Astronomy of Karazin Kharkiv National University, Kharkiv, Ukraine
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F.P. Velichko
Institute of Astronomy of Karazin Kharkiv National University, Kharkiv, Ukraine
E-Mail: velichko @univer.kharkov.ua

The comet 73P/Schwassmann-Wachmann 3 (SW3) is classified as the gaseous comet
with a very low dust-to-gas ratio (about to ten times less, then for the well-known gaseous
comet 2P/Enke [1]). It belongs to comets with very low content of carbonaceous molecules.
The comet had splitted into three fragments on 1995 and for the approaching to perihelion on
2006 it splitted to about of 50 fragments again [2].

During April - May of 2006 were carried out the polarimetric observations of B and C
fragments of the comet SW3. We used the 70-cm telescope of Institute of Astronomy of
Karazin Kharkiv National University equipped by a single-channel photometer-polarimeter.
Two continuum narrow-band filters BC (A4845/65 A), RC (A6840/90 A) and wide-band filter
WRC (17228/1140 A) were used.

We have measured the linear polarization and obtained the polarization phase angle
dependence of the nucleus C in the range of phase angle from 47°,6 to 95°2 deg. The
measured part of phase dependence is close and a little bit lower then the average one of dusty
comets, but it is a far above than for so called gaseous comets. This fact intensified doubts in
correctness of division of the comets on dusty and gaseous groups according to polarization of
continuum [1]. The polarization of nuclei B and C in red continuum are close one to another
within the errors of measurement. This points on the similarity of physical properties of dust
of the B and C nuclei. The estimate value of spectral gradient of polarization gives quantity
of S'(BC,RC)=-0.96% per 1000A for nucleus B. The similar anomalous negative spectral
gradient observed earlier for the comet 21P/Giacobini-Zinner [3], and C/1999 S4 (LINEAR)
[4] under the disintegration last one.

Referens

[1] Jockers K., Kiselev N., Bonev T., Rosenbush V., Shakhovskoy N., Kolesnikov S., Efimov Yu, Shakhovskoy D.,
Antonyuk K. CCD imaging and aperture polarimetry of comet 2P/Encke. Are there two polarimetric classes of
comets? // Astron. Astrophys. 2005. V. 441. Ne 2. P. 773 783.

[2] http://science.nasa.gov/headlines/y2006/24mar_73p.htm
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Draconid meteoroids // Earth, Moon, and Planets. 2000. V. 82-83. P. 141-148.
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Warszawa: Instytut Fizyki PAN, 2002. P. 81-86.

104



HpoeKT Bera - nepBbi€ NPpAMbIC UCC/ICTOBAHUA OKOJTOKOMETHOI'O NMPOCTPAHCTBA

M.U. Bepurun
Hucmumym kocmuueckux uccnredosanuti PAH, Mockea, Poccus. E-mail: verigin @iki.rssi.ru

Tpu Mecsna Ha3ax UCTIONHIIOCH 22 rofia ¢ TeX Mop, Kak BOJU3W KOMeThI [ aiies, Ha
paccrosHMM 0K0O 10 ThICSAY KHUJIOMETPOB OT €€ siipa MPOJIETEIH COBETCKHE KOCMUYECKHUE
ammapatsl «Bera-1» u «Bera-2» (6 u 9 mapra 1986 r., coorBercTBeHHO). Benen 3a «Beroii-
1» - 8 m 11 mapta k KOMeTe IPUOTU3MINCH JBa AMOHCKUX 30HIa «Cyncen» u «Cakurake», a
14 mapra — eBponelckuil kocMuueckuil anmapar «J[xorro». Jlo mposera COBETCKUX
anmnapaToB IOJIOKEHHE sapa ObUIO H3BECTHO C HeompeaeleHHOCTho 1500 kM.
YcraHoBneHHbIE Ha «Berax» TejaekaMmepsl HO3BOJIMIM YMEHBIIUTh Ty HEONPEACICHHOCTD 110
40 KM, 4TO HaJIEKHO OOECICUHIIO TPOJIET CBPOMEHCKOro 30Haa Ha paccTosHuH 600 KM OT
aapa.

JeBsaTh cTpaH yd4acTBOBaJM B 14 Hay4HbBIX JKCIIEPUMEHTaX Ha Kaxaoil «Bere».
Breperie yaanoch HaOMOAATH AP0 KOMETHI, €ro pasmep okasaics 15,3 x 7,2 x 7,2 km, a
anpbeno — oueHb HU3KUM ~ 4%. Ilepuon BpamieHus siapa cocTaBisul 2,2 qHS MPUYEM OCh
BpaIIeHHs MpereccupoBaia ¢ nepuoaom 7,4 nus. B mepuon mpoBeneHust n3MepeHuii kometa
Tannes tepsna ~ 40 TOHH BOJBI B CEKYHIY.

B okpecTHOCTH HamOONbIIETo MPHONMKEHHsT «Beru-2» K sapy yIanoch IONYYUTh
MacCOBBIE CIEKTPHl HMOHOB KOMETHOM IUIa3Mbel. Hambonee HEOXHIAHHBIM SBUIIOCH
o0OHapy>KeHHEe HOHOB Jkelle3a. B onTudeckux crnexrpax KoMeThl ['anses Takue TshKenble HOHbI
He HaOJIOJANCh, a B CIIEKTPaX APYTHX KOMET — TOJIBKO Ha paccTosHMX << | a.e. ot ConHIa.
BriepBrie 0bU10 0OHAPYKEHO TOPMOKEHHE COTHETHOTO BETpa B PE3yJIbTaTe €r0 HarpyKeHHs
HOHAaMH, 00pa30BaBUIMMHUCSH M3 KOMETHOIO HEWTPaJbHOIO rasa. JTOT NpPOLECC NpUBEN K
00pa30BaHMIO YAApPHOH BOJIHBI HOBOTO THIIA HA PACCTOSHHUHU ~ | MUJUIMOH KM OT Spa, TaKoKe
paHee He HaOmonaBuieiics. Jlanplie OT KOMETHI, Ha pacCTOSHUSX ~ 10 MIJUIMOHOB KM,
00Hapy»KEHO yCKOpeHHE KOMETHBIX MOHOB 10 3Hepruil ~ 100 k3B B pesynbpTare mpouecca
yckopenus @epmu 2-ro poja.

Kpome toro, Ha paccrosHuu ~160 Theics4 KM OT KOMETHOro sipa «Bera-2»
OoOHapyXmiIa He TpeNCcKa3aHHYI0 TeOpeTHYEeCKH TPaHUIly, HAa3BaHHYIO KOMETOIAy30H, rie
IIPOU3OLUIO PE3KOe H3MEHEHHE (YHKLMHU paclpelesieHUuss MPOTOHOB COJIHEYHOTO BETpa,
COIIPOBOJKIABIICECS YBEINUEHHEM IUIOTHOCTH KOMETHBIX HOHOB.
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VEGA mission: first in situ studies of near cometary space

M.I. Verigin

Space Research Institute of RAS, Moscow, Russia. E-mail: verigin@iki.rssi.ru

Twenty two years and three months ago two soviet spacecraft VEGA 1 and VEGA 2
approached P/Halley nucleus as close as ~10,000 km on March 6-th and 9-th, 1986,
respectively. After VEGA 1 this comet was visited on March 8 and 11 by Japanese Suisei and
Sakigake probes, respectively, and on 14-th of March by European Giotto spacecraft. Before
VEGA'’s flybys P/Halley nucleus position uncertainty was as large as 1500 km. TV
observations of VEGA’s spacecraft decreased this uncertainty to 40 km thus providing
comfortable Giotto flyby at ~600 km from cometary nucleus.

Scientific institutions of nine countries participated in 14 experiments aboard each of
VEGA. 1t is for the first time cometary nucleus was directly observed with its irregular shape
and with dimension about 15.3 x 7.2 x 7.2 km, and very low albedo of ~ 4%. Rotation period
of the P/Halley nucleus turned out to be 2.2 days while rotational axis precession period was
about 7.4 days. In the period of observations cometary nucleus lost ~ 40 tons of water each
sec.

Cometary plasma mass spectra were in situ measured at closest approach of VEGA 2 to
nucleus. Fe* ion peak was the most unusual part of these spectra. This heavy ion was never
observed in optical specra of P/Halley, while Fe* lines were observed in spectra of other
comets much closer to the Sun at heliocentric distances << 1 a.u.

Solar wind deceleration due to its loading by cometary ions was revealed. This process
led to the formation of a new type of the bow shock at ~1,000,000 km from P/Halley nucleus.
The second order Fermi acceleration of cometary ions was found as far as ~10,000,000 km
from cometary nucleus resulted in cometary ions acceleration up to energies of > 100 keV.

At a distance of ~160,000 km from P/Halley nucleus VEGA 2 revealed theoretically
unpredicted plasma boundary — the cometopause, characterized by fast changing of solar wind
proton distribution function, accompanied by an increase of heavy cometary ion density.

106



IMpoucxoxaenue acrepounoB CoJIHEUHOI cHCTEMbI

A.B. Bursses, ['.B. Ileuepaukosa
Huemumym ounamurxu 2eocghep PAH, Mocksa, Poccus. E-mail: avit@idg.chph.ras.ru

B pamkax crammaprHoro crenapust oOpaszoBanusi ConmueuHoit cuctemsl (CC)
(hopMHpOBaHUE JIEASHBIX U KaMEHHBIX aCTEPOMIOB HAXOIUT €CTECTBEHHOE OOBSCHEHHE — 3TO
CBOETO POJA OCTATKU CTPOUTEIHFHOTO MaTepHaia INIaHeTHOH cucTteMbl CoHIA.

1. Acrepounnnsnii mosic (2.17-3.64 a.e.), coCTOSIINN U3 HECKOIBKUX TBEPHABIX KPYITHBIX
cheponpanpubix (Lepepa, Ilamnama, FOnona, Becta, ...) W MHOXeCTBa MeEJKHX, YacTo
00JIOMOYHOTO XapakTepa, Tel, pacCMaTPUBACTCS KaK PEIMKT CTaauu (OPMHUPOBAHUS IUIAHET HA
rpaHuIe o01acTH IUIAaHeT 3€MHOM I'PYNIBI ¥ IUIAHET-TUTAaHTOB («HECOCTOsIBLIAsICA IUIaHeTa»). B
9TOH 30HE COXPAaHWJIOCh HEe 0Oojee HEeCKOJbKUX IPOLEHTOB NEPBHYHOIO TBEPJIOrO BEILIECTBA.
HabmnromaeMerii rpaqieHT cocTaBa Tak Ha3bIBAEMBIX aCTEPOHMIOB THIA «S», «C» U T.1. yKa3bIBaeT
00 Ha HEMOJHOE IepeMeNINBaHNe BEeIleCTBa B ATOH 30He, MO0 Ha OCOOEHHOCTH MO3IHEH
KOHJICHCAIIUH Ha TOBEPXHOCTH C(POPMUPOBABIINXCS TEI.

2. KometHsle simpa CcBOEro pona «JensHbIe acTepOoHAbl» 00Opa30BaJiCh B 30HE IUIAHET-
TUTaHTOB, MO-BHIUMOMY, BCIEICTBUE IPABUTALMOHHON HEYCTOHYMBOCTH B CyOAMCKE «TPS3HOM
JeISHON NBUIM» M TaK JKe, KaK INepBUYHBIE KAMCHHBIE CTYIIEHMS, HPOIUIM Yepe3 CTaauu
KOaryJisiliuy, YIUIOTHEHHs M JpoOneHus. C pocTOM MacCHBHBIX Tel B 30HE IUIAHET-THTAaHTOB
OTHOCHTEJBHBIE CKOPOCTH MAJIbIX TEJ BO3POCIHM HACTOJIBKO, YTO 3KCLEHTPUCHTETHI U HAKJIOHBI
HUX OPOUT JOCTHUIIIM KPUTHYECKUX 3HAYCHHUIl ~ 1/3, 4TO mpUBENO K BHIOPOCY MX Ha mepudepuro
CC — dpopmupoBanuto nosicoB DmkBopta, Kolinepa u Oopra.

3. Yto HOBOTrO BHOCHT B 3Ty KapTHUHY HOCIEIHAS MOAUGUKAINSA CTaHIAPTHOTO CLIEHAPHUs
¢dopmuposanust CC, koTtopas paccmarpusaer odpa3oBanre CC B TECHOM OKPYKEHHUHM MOJIOJBIX
AKTHBHBIX 3BE€3]] M AMN30UYECKH BCIIBIXMBAIOMNX CBEPXHOBBIX (SN). XapakTepHUCTHUKH OpOUT
IUTaHeT HE JAl0T OCHOBAHUS TOBOPUTH O BO3MOJKHBIX CBEPXOJIM3KMX MPOXOXKIEHHSAX 3BE3N.
CymectBeHHO apyroe. [Ipu MOIIHBIX TOTOKAX 3BE3JHOTO BETPa OT MOJIOJBIX THI'AHTOB, BCTPEYax
C pacuIMpSIONIMMHUCS COpOIIeHHEIMU obosoukaMy SN B BEIIECTBO IUCKAa HA Pa3HBIX CTAIMIX
MOTYT HMOCTYIATh CBEKUE MOPLUUM KOPOTKOKUBYIIUX PaAUOHYKIUIOB (*Al, ®Fe,..., ""Hf...).
Ilomamass Ha mMOBEPXHOCTh MBUIM M MEJIKHX YaCTHI[, OHM MOIJIM MEHSTH H3MepsIeMble
«MEPBOHAYAIBHBIC» OOWIMA M TEM CaMbIM «OMOJAXHUBATh» KOCMO- U T'€0-XPOHMETPBL.
Koaddunmenr «3arps3Henus» cBexum marepuanoMm ot Onmskux (~0.1 mx) SN ompenensiercs
Tpems IapamMeTpaMH: OTHOLIEHHEM IUIOIIAAN MOBEPXHOCTH IMCKAa K KBaApaTy pacCTOSHHA 10
SN, oTHOIIEHHEM MacChl cOpOIIEHHOH 00oa04kH SN K Macce NAUCKAa M ONTHYECKOH Tommier
rasonbUIEBOrO WM TBUIEBOrO Jucka. KpalWHuid ciydaii  CpbIB aucKa. 3arpsasHeHUE €ro
matepuasioM SN 10 1-10% BeposrHo s CC.

4. Ha BHemHHE 00/1aCTH IMCKAa MOTYT OKa3aTh JMHAMHYECCKOE BIIMSHHE TIPOJIETHI OJIM3KAX
(~0.01 nx) 3Be3nq Bo3MymeHHe obiaka Oopra W yCHICHHE MUCCHUITAINK Tel U3 Hero. bimsocTs
Ipyrux (hopMHPYIOIIMXCS IUIAHETHBIX CHCTEM MOXET IPUBOJUTH K IIOCTABKE OTAEIBHBIX
JIeITHBIX ¥ KaMEHHBIX acTeponoB B Mosoayto CC.

5. IlpucyrcTBHE 3aMETHBIX KOJIMYECTB KOPOTKOKUBYIIUX PaJUOHYKIHIOB MOXKET
NPUBECTH K HArpeBy HEAp KPYNHBIX acTepPOHIOB, MJOCTATOYHOMY JUI IUIABJICHHS U
nuddepeHIanuy B IPOMEKYTKaX MEXKLY UX Pa3pyLIMTEIbHBIMH CTOJIKHOBEHUSIMHU.

B 3akmodeHre 0TMETUM, YTO MPOAOJKUTEIBHOCTD XKU3HU 00JacTell 3Be31000pa3oBanusl (THIa
OpHoHa) HECKOJIBKO COT MJIH. JIET. BpeMs cyIuecTBOBaHMS PacCesiHHBIX CKOIUICHUI MOJIOIBIX
3Be3] TOro e mnopsaka. HeoOXoamMo THIATENbHO HCCIIENOBaTh PEIUKTOBbIE 0Opa3oBaHMA,
c(hOopMHpOBaBIIMECS B MEpBbIE COTHH MJH. JET Ha 3emile M IUIaHeTaX, C LeJIbI0 00HApYKEeHHs
BO3MOXHOTO BIIMSHHS TECHOTO 3BE3HOTO OKPY)KEHHS Ha PaHHHE CTaJUM 3BOJIIOLUM IUIAHET,
KOMETHBIX SIIep U aCTEPOUIOB.
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Origin of asteroids of the Solar system

A.V. Vityazev, G.V. Pechernikova
Institute for Dynamics of Geospheres RAS, Moscow, Russia, E-mail: avit@idg.chph.ras.ru

In the framework of the standard scenario of the origin of the Solar system (SS)
formation of ice and stone asteroids finds a natural explanation — they are some kind of the
rests of a building material of the Solar planetary system.

1. The asteroid belt (2.17-3.64 a.e.), consisting of several solid large spheroidal (Ceres,
Pallas, Juno, Vesta, ...) bodies and numerous debris, is considered as a relict of the stage of
planets formation on border of the feeding zones of terrestrial planets and giant planets («not
taken place planet»). In this zone has remained no more than several percent of primary
substance. The observable gradient of composition of so-called «S», «C» etc. asteroids
indicates of incomplete mixing of substance in this zone, or of features of late condensation
on surfaces of the generated bodies.

2. Comet nuclei some kind of «ice asteroids» were formed in the giant planets zone
owing to gravitational instability in a subdisk of "a dirty ice dust» and the same as primary
stone condensations, have passed through stages of coagulation, consolidation and
fragmentation. With growth of the massive bodies relative velocities of small bodies have
increased in the giant planets zone so that eccentricities and inclinations of their orbits have
reached some critical values ~ 1/3 that has led to their ejection to periphery of SS and to
formation of the Kuiper-Edgeworth belt and the Oort cloud.

3. What new does the last modification of standard scenario of forming of SS bring in
this picture, which examines formation of SS in close surroundings of young active stars and
episodically flashings supernovae (SN)? Characteristics of planets orbits do not give the
grounds to speak about possible superclose passages of stars. It is essentially another. At
powerful streams of star winds from young giant, meetings with extending shells of SN in the
substance of a disk at the different stages some fresh portions of short-living nuclides (*°Al,
OFe, ..., '82Hf ...) can be added. Landing in the surface of a dust and small particles, they
could change the "initial" abundances and caused the "rejuvenate" kosmo- and geo-
chronometers. "The pollution" factor by fresh material from nearest (~0.1 pc) SN is
determined by three parameters: by the relation of the area of the disk surface to a square of
distance to SN, by the relation of mass of thrown off extending shells of SN to the disk mass
and by optical thickness of gas-dust or dust disk. Extreme case is the breaking down of a disk.
It is probable for SS contamination of the disk by material of SN to 1-10 %.

4. The close flights (~0.01 pc) of the stars can influence on external areas of a disk
perturbation of the Oort cloud and strengthening of dissipation of bodies from it. The nearness
of other forming planetary systems can lead to delivery of some ice and stone asteroids to the
young SS.

5. Presence of appreciable quantities of short-living radionuclides can lead to heating of
interiors of large asteroids, sufficient for melting and differentiation in intervals between their
destructive collisions.

In summary we will notice that life expectancy of star-formations areas (type of Orion)
covers some hundred million years. Time of existence of open clusters of young stars is of the
same order. It is necessary to investigate carefully the relic formations generated in first
hundred million of years on the Earth and planets for the purpose of detection of possible
influence of a close star environment on early stages of evolution of planets, comet nuclei and
asteroids.
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HcciienoBaHue IBUKEHHS aCTEPOUI0B, ONAJAIONMX B c(hepy TATOTEHUSI
3emun B ommekaiimme 120 Jer

T.}O. I'anymuna
HUWMW npuknagHoi MaTeMaTUKU U MEXaHUKU TOMCKOI0 rocy1apcTBEHHOI'O YHUBEpCUTETa, TOMCK,
Poccus. E-mail: sunny @sibmail.com

B nmocnenHue gmecaTwieTHs —OONBHIYIO AKTYalbHOCTh IpHoOpena mpobiiema
acTepoOMJHOM omacHOCTH. BakHy0 poib NpH PpEIIeHHH JTOH MpoOJIeMbl HUIpaeT
HCCIENOBAaHHE JBIDKCHHS acTepOMJOB, HMEIOIINX TECHBe CcOmmkeHns c¢ 3emieil B
OnmkaiiieM OyayIieM.

Hamu ObIIM BBISBICHBI aCTEPOHIBI, MOMANaAIOIIHe B cdepy TATOTCHHA 3eMIH B
omwxkarite 120 ner. HavanbHble gaHHBIC B3THI U3 Katanora boysmina ot 4 ¢espans 2008
roga (ftp://ftp.lowell.edu/pub/elgb/astorb.dat). VYpaBHeHus naBmwxeHus 5293 acTepounos,
cOmmkaromuxcst ¢ 3eMiiei, ObIIM IMPOMHTETPHPOBAHBI YHCICHHO METOAOM OBepxapra Ha
JOIYCTHMBI MHTEPBAJ BPEMCHH, KOTOPBIH OMNpENesuICsS COXpAaHEHHEM TOYHOCTH, PaBHOH
107" a.e. B MozielTh CHUT BKJTFOUEHBI BO3MYIIIEHHs OT GONBIINX TuiaHeT, [myTona, JIyHEI, Tpex
actepounos (Llepepsr, [1anmagsr u BecTsr) u cxxatus 3emin.

B tabmuue 1 mpencraBieH nepedyeHb acTEPOUAOB, NMONANAIOIIUX B chepy TATOTEHUS
3emin B Ommkaiimue 120 jger. s kaxxmoro oObekra IOKa3aHa Aara COMMDKEHHS H
MHHUMAaJIbHOE paccTosTHUE 10 3emid d.

Tabnuua 1. TlepedeHb acTepouI0B, NOMAAAONINX B chepy TATOTCHUS 3eMIIn
B Ommkaiimme 120 net

O6next JlaTa cOmmKeHust d ae.
roj Mecsll | IeHb

99942 Apophis 2029 4 13 0.0003
153814 2001 WNS5 | 2028 6 26 0.0017
1994 WR12 2090 11 24 0.0011
2005 YUS5 2011 11 8 0.0015
2006 QV89 2019 9 9 0.0005
2007 UD6 20438 10 18 0.0006

Jnst kaxnoro actepouna ObUla MOCTPOSHA M MCCIIEAOBaHA O0JNACTh €r0 BO3MOXKHBIX
nBwkeHuit. OO0nacTh BO3MOXHBIX JIBUKCHHH CTpOMJach Kak aHcamOib TpaeKTOpHUi
HEKOTOPOTO MHOECTBA TECTOBBIX YACTHII, BHIOMPACMBIX B paMKax BEPOSITHOH HadalbHON
obactu. HavasnpHas 00J1acTh Onpeessuiach ¢ TOMOIIBIO JUTHIICOM/IA OIIMOOK, TOJTy4aeMOro
13 HaOMIOJIEHHH acTepouia METOIOM HAaMEHBIIIMX KBaIpaToB. MHOKECTBO TECTOBBIX YACTHIL
($hopMUPOBATIOCH C TOMOMIBIO JATUYMKA CIYYalHBIX YUCET OTHOCUTEIBHO BEIOPAHHOTO IIEHTpPa
Ha OCHOBE HOPMAaJbHOTO 3aKOHA paclpefeieHuss M IOJHOM KOBAapHalMOHHON MaTpHUIIbI
omuO0K. YHCIIO TECTOBBIX YaCTHUI] TIOAOHPATIOCH IS KAXKIOTO acTepOHIa IMyTeM YHCICHHBIX
9KCIIEPHMEHTOB.

OBonronysi TPACKTOPUH aHCaMOJIl CTPOMJIaCh YHCICHHBIM HHTETPUPOBAHUEM
middepeHIMANTBPHBIX YpaBHEHUI IBIDKCHUSI TECTOBBIX YacTHI] METOIOM OBepxapTa.
PesynbpTaThl MCCIEAOBaHUS JBOJIOLMH IIOKA3aJIM CKauyKoOOpa3HOE H3MEHEHHE SJIEMEHTOB
OopOHT acTepOUI0B MOCIIE TToNaiaHus B chepy TArOTCHHs 3eMITH.

Paboma evinonnena npu unancosou noodepocke Munucmepcmea obpazosanus u
Hayku P® (koo npoexma: PHII.2.2.3.1.1537) u PO®HU (epanm Ne 08-02-00359).
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The investigation of motion of the asteroids coming upon gravitation
sphere of the Earth in next 120 years

T.Yu. Galushina
Applied mathematics and mechanics scientific research institute of Tomsk state university,
Tomsk, Russia. E-mail: sunny@sibmail.com

In recent decades asteroid hazard problem has become topical. The investigation of
motion of the asteroids having close approaches with the Earth in the near future plays
important role in solution of this problem.

We have revealed the asteroids coming in gravitation sphere of the Earth in next 120
years. Initial parameters of orbits were taken from Bowell's catalogue at the epoch of
4.02.2008. The motion equations of 5293 near-Earth asteroids have been integrated
numerically by Everhart method in the permissible time interval. A permissible interval of
prediction was determined by the admissible accuracy equal 10~ AU. In the process of the
numerical integration perturbations from the major planets, Pluto, the Moon, 3 asteroids
(Ceres, Pallas, Vesta) and the Earth oblateness have been taken into account.

The list of the asteroids coming upon gravitation sphere of the Earth in next 120 years
is presented in table 1. The date of close approach and the minimal distance to the Earth d are
shown for each object.

Table 1. The list of the asteroids coming in gravitation sphere of the Earth in next 120 years

Object The date of close approach 4. AU
year month | day
99942 Apophis 2029 4 13 0.0003
153814 2001 WN5 | 2028 6 26 0.0017
1994 WR12 2090 11 24 0.0011
2005 YUS5 2011 11 8 0.0015
2006 QV89 2019 9 9 0.0005
2007 UD6 2048 10 18 0.0006

For each asteroid the probability motions domain has been constructed and
investigated. The probability motions domain has been constructed as ensemble of trajectories
of some set of test particles from initial probability domain. Initial probability domain has
been defined with the help of error ellipsoid which has been received from observations by
least-squares method. The set of test particles has been generated with the help of random
number generator in relation to the selected center on the basis of the normal law of
dispersing and a corresponding covariation matrix. The number of test particles has been
selected for each asteroid by means of numerical experiments.

The evolution of trajectories of the ensemble has been constructed by means of
numerical integration of differential equations of motion of test particles by Everhart method.
The results of investigation of the probability domain are shown stepwise change of orbit
elements of the asteroids after coming in gravitation sphere of the Earth.

This research was supported by the Department of Education and Science of Russian
Federation (code of project is RNP.2.2.3.1.1537) and RFBR (grant N 08-02-00359).
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AHaau3 pe3yJdbTaTOB HA3€MHbIX HAOI0IeHN I METEOpoB U 00J11/10B

M.U. I'puneBuy

Hucmumym mexanuxu MI'Y um. M.B.Jlomonocosa, Mockea. E-mail: gritsevich@list.ru

K mHacrosimemy BpeMEHH HAKOIUIGH OOJNbINOW  (aKTHUECKHUH MaTepuan 1o
(doToperucTpaui TPaeKTOPUIl METEOpPHBIX Ted B arMmocdepe 3emuu. Haubomnbliee
KOJIMYECTBO CHIMKOB ITPOU3BENICHO YESTHIPEMS OONMHAHBIMU CETAMH, (hYHKIHOHHPOBABIIHMH
B pazHoe Bpemsi B CIA, Kanane, EBpomne u Vcnanumn. AnmpokcuMmanus peanbHbBIX
JAHHBIX TEOPETUUECKUMHU 3aBUCHUMOCTSIMU II03BOJISICT IOJIyYUTh JOIOJHUTENbHBIE OLEHKH,
HE BBITEKAIOIIe HENOCPECTBEHHO U3 HAOIIOICHUH.

B nacrosmeii pabore aHamuTHYecKas MOJENb BXOAa B arMocdepy MOCTPOSHAa Ha
OCHOBE JTaHHBIX ()aKTHUECKUX HAOIIOICHUMH, MyTeM I000pa ITapaMeTPOB, XapaKTePH3YIOIIAX
TOPMOXXEHHE M aOJSIHI0 METEOpPOB M OONUIOB HAa CBETSALIEMCS YYacTKe TPACKTOPHH.
OCHOBHBIM OTJIMYUEM OT MPEALIECTBYIOMUX PAOOT SBISIETCS NPUOIIDKEHHE 3alaHHBIX TOUCK
AQHAIUTHYCCKAM pCIICHHEM ypaBHCHHH MeTeopHOH ¢m3uku. OTMeTHM, dUTO, IIpH
OTpaHMYEHHBIX 3HAYCHUSX IapaMeTpa yHOCa MacChl, aHAJUTHYCCKOE DEIIeHHE OOBIYHO
3aMeHsieTcs 0oJee IPOCTHIM BhIpaxeHHeM (cM. Hanpumep, CTynoB u ap., 1995). B wactHOCTH
3TO MPHUOJIMKEHHOE PEIICHHE paHee HCIOJIb30BAJIOCh B KAuecTBE MPOOHON (YHKIMH ISt
METOJla HAUMEHBUINX KBaJpaToB. AHAJIUTHUYECKAs MOJIEIb, IIPEICTaBICHHAasd B paboTe, Obuia
MPUMEHEHA K sy sSpKuX MeteopoB Kananuckoit OonuaHoit cetH, a Takxke [IpepuitHoii cet,
CIIA. Pe3ynpTaThl BEIYACICHUN YaCTHYHO MPEACTABICHBI.

ITpaBunbHOE MaTeMaTHYEeCKOE MOJEIMPOBAHUE METEOPHBIX SBIEHUH B aTMocdepe
HEOOXOANMO AJIsI MOCIEAYIOEeH OLEHKH KIIIOUEBBIX MapaMeTpoB: BHeaTMOC(EpHOH MaccHl,
ko3¢ dunuenrta abaauuy, 3¢pGeKTUBHON 3HTaNBINYN UCIIAPEHUs BTOpraromuxcs Tei. B cBoro
odepenb, 3TH JaHHBIC HMEIOT 3HAUCHUE JUIS psifa MPUIIOXKEHHUH - HCCIeJOBaHNUS aCTCPOUIHO-
KOMETHOM 0€30MacHOCTH, pa3pabOTKH Mep IUTaHETApHOM 3aIIUTHI, a TaKKe Ul MOHMCKA Tell,
CIIOCOOHBIX JOCTUYb IIOBEPXHOCTU 3EMIIH.

Jlumepamypa
Cmynog B.I1., Mupckuii B.H., Bucawiii A.1. A>poannamuka 6oauaos. M.: Hayka, ®@usmatiut, 1995. 236 c.
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An analysis of results of Earth observations of meteors and fireballs

M.I. Gritsevich
Institute of Mechanics, Lomonosov Moscow State University,
Michurinskii Ave., 1, 119192, Moscow, Russia. E-mail: gritsevich@list.ru

A great volume of data has been accumulated thus far related to the photoregistration of
the paths of meteor bodies in the terrestrial atmosphere. Most images have been obtained by
four fireball networks, which operate in the USA, Canada, Europe, and Spain in different time
periods. The approximation of the actual data using theoretical models makes it possible to
achieve additional estimates, which do not directly follow from the observations.

In the present report, an analytical model of the atmospheric entry is calculated using
the data of actual observations, by selecting the parameters describing deceleration and
ablation of meteors and fireballs along the luminous segment of the trajectory. The main
difference from previous studies is that the given observations are approximated using the
analytical solution of the equations of meteor physics. Note that, for the limited values of the
mass loss parameter, analytical solution is usually replaced by the simpler expression (e.g.,
Stulov et al., 1995). In particular, this approximate solution was earlier used as a trial function
during the implementation of the least-squares method. An analytical model presented in the
report was applied to a number of bright meteors observed by the Canadian camera network
and by the US Prairie network. Results of such calculation are partly presented.

The correct mathematical modeling of meteor events in the atmosphere is necessary for
further estimates of the key parameters, including the extra-atmospheric mass, the ablation
coefficient, and the effective enthalpy of evaporation of entering bodies. In turn, this
information is needed by some applications, namely, those aimed at studying the problems of
asteroid and comet security, to develop measures of planetary defense, and to determine the
bodies that can reach Earth’s surface.

References
Stulov V.P., Mirskii V.N., Vislyi A.I. Aerodynamics of Fireballs. Moscow: Nauka, 1995 (in Russian).
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CTpYKTypHbIE aCHEeKThl Pa3pylieHUs] METEOPUTOB PA3JIHYHLIX THIOB NMPH YIAPHBIX
Harpy3kax (Structural aspects of breakup of meteorites of various
types under shock loadings, V.I. Grohovskiy, A.F. Kokorin, S.V. Gladkovskiy)

B.U. I'poxosckuii, A.®. Kokopun
Qusuxo-mexnuyeckutl paxyibmem, Ypanockuil cocyoapcmeennsiil ynueepcumem - VIIH,
Examepunbype, Poccus. E-mail:grokh@siams.com

C.B. I'magxoBckuii
Huemumym mawunogedenuss YpO PAH, Examepunoype, Poccus. E-mail: gsv@imach.uran.ru

MeTeopuTEHI SBISIOTCS OJHUM K3 Hanboliee 0CsA3aeMbIX CBHICTENHCTB OOMOApANPOBKH 3eMITU
MajbIMH TeaMH M Haubojee IOCTYNHBIMH AJ JIaOOPATOPHBIX MCCIECJOBAaHUI IPOAcTEpPOUIHBIM
BemecTBOM. OOLICIPUHATO, YTO KEJNE3HbIE METCOPUTHI (aHAJIOTH aCTEPOUAOB M-THIIA) SIBISIOTCS
NPOOYKTaMH IUTaHETapHOW 1ud(epeHnrany BemlecTBa INPH BBICOKMX Temmeparypax. llpu
OCTBHIBAHUH paciuiaBa (HOPMUPYIOTCS MOHOKPUCTAIUIBI HHKEIUCTOIO JKelie3a C MacCHBHBIMH
dochugamu u cynbpuaaMu MO IpaHULAM ITUX KPUCTAILUIOB, IO3TOMY METaNIMYECKUE Tela UMEIT
CHJIBHYIO KPHCTAIOTPadHUYECKyl0 AHHM30TPONHI0 MU  (Pa30BO-CTPYKTYPHYIO HEOJHOPOIAHOCTH B
MaciTade 10 HeCKOIBKUX JECSITKOB METPOB. BONBIIMHCTBO e M3BECTHBIX KAMEHHBIX METCOPHTOB
(XOHAPHUTOB) TPEACTABISAIOT COOOH KOMIIO3ULIMOHHYKD CMECh CHJIHMKATHBIX MHHCPAJIOB H
HUKEJIHCTOTO jKeJie3a ¢ pa3Mepamu (a3 OT MUKPOH J0 HECKOJNBKUX MHJUTUMETPOB. HecoMHEHHO, 4TO
XapakTep pa3pyLIeHHs METEOpPOHIOB B 3EMHOH aTMocdepe ONpenenseTcs NPexIe BCEro ero
MPOYHOCTHBIMU XapPaKTECPUCTHKAMH.

B moxmane o0CyXIaloTcs pe3yibTaThl UCIBITAHUH METCOPUTHOTO BEIIECTBA HA pa3pyIICHHE
10J1 ISUCTBUEM YJapHBIX HATPY30K U MPH BO3IECHCTBUU CBEPX3BYKOBBIX I'a30BbIX MOTOKOB. OOpa3ibl
JUIL MCHBITAaHUN OBLIM HU3TOTOBJIEHBI M3 KPYIHBIX HUHIUBUAYaIbHBIX ()ParMEHTOB METEOPUTHBIX
noxnaeit [apes (00bikHOBEHHBINH XOHAPUT L6), CHx0T3-AnuHb (3kene3HbIi, rpyOslii okTasaput I1IB) u
UYunre (kernesHblid, atakcuT [VB). Pasmepbl 00pa3iioB cCOOTBETCTBOBAIN CTAHAAPTHBIM TPEOOBAHHUSIM
JUIS UCTBITAaHUM Ha yJapHYIO BS3KOCTb, HO C pa3IMYHOM OpUEeHTalued CTPYKTYPHbIX
HEOJTHOPOJHOCTEH 110 OTHOILEHMIO K Harpy3ke. VcnbITaHus IpoBOIMIIMCH HA MaSTHUKOBOM yJIapHOM
KOIIpe TpH TeMIepaTypax OT KOMHATHOM MO JKHUAKOTO a30Ta, Ha BBICOKOYACTOTHOM JTYTOBOM
IUIa3MOTPOHE CO CBEPX3BYKOBOM BO3AYLIHOW CTpyel U NPH HarpyXeHUH CHEPUIECKH CXOMAIUMUCS
yZAapHbIMU BOJHaMHU.

Paspymienre npu HU3KOTEMIEpATypHBIX YAAPHBIX HCIIBITAHUAX BO BCEX CIydasX XpYIKOE C
OUYECHb HU3KMMHU 3HAUCHUSMU palOTHI, 3aTPadeHHOM Ha 3apOoXKICHUE TPELIMHBI U Pa3pylICHUE
oOpas3noB. CyIIeCTBEHHOE BIHMSHHE HAa 3HA4YCHHE YHApPHOH BS3KOCTH OKa3bIBACT HAIM4YHE H
TPaeKTOPHH PACIIOIOKEHHUS XPYIKUX BKIFOUCHUH mIpeiibep3ura.

[lpy wWcmBITaHUSX HA IUIa3MOTPOHE OBUIO OTMEYCHO 3HAYHMTEIBHOE BIUSHUE OPHCHTAIMU
Mex(pa3HOW I'paHHUIIBI Ha MPOLIECCHl OTBOJA TEIUIA OT 30HBI BO3JCHUCTBUS Ta30BOrO MOTOKA M M HA
cKopocTh abmsanuu. KpoMe Toro, comocraBiieHHE MPOIECCOB Pa3pyLIeHHUs Pa3IHMYHBIX METCOPHTOB
MI0KA3aJI0, YTO KeJIe3HbIE 00Pa3Ibl pa3pyIIAINCh 3a CYET OIUIABICHHS IIOBEPXHOCTHOTO CIIOSI U CHOCA
pacruiaBa HaOEraroIM ra30BBIM IIOTOKOM, a KaMEHHBIC 332 CYeT HHTCHCHBHOTO OKHCIICHHS U YHOCA
BEIIIECTBA B ra3oBoi ase.

Ha ocHOBe NaHHBIX HCCIICOBAHMS METAIMYECKUX (ha3 METCOPUTOB B PA3IMUHBIX THIAX
METCOPUTOB U JIyHHOTO TIpyHTa MHOAPOOHO pacCMaTpUBAIOTCA (PU3HUKO-XHMMUUECKUE ACIICKTHI
(hopMHUpPOBaHHS METEOPOMIHBIX TeJ, MPHBOMAIINE K UX MAKPOCTPYKTYPHOH HEOIHOPOIHOCTH, H
0COOCHHOCTH UX pa3pyLIeHUs B aTMocdepe 3eMIIH ¢ y4eTOM 3Toil HeoqHopoaHocTH. [loka3aHo, 4To
MPOYHOCTHBIE XapAKTEPUCTUKHU (IIPEXKJIE BCEr0 BA3KOCTb Pa3pyLICHUs) METAIIMYECKUX METEOPUTOB
C HEOJHOPOAHOH CTPYKTYpOH B Cly4ae MEXKKPHUCTAJUINTHOTO DPA3PYIICHUS 3HAYUTENIBHO HIDKE
MPOYHOCTHBIX XaPaKTEPUCTUK OJHOPOJHOIO HMKEJIHCTOTO JKeJie3a U CPaBHUMBI C TAKOBBIMU A
KaMEHHBIX METEOPUTHBIX TEJl.

Paboma uwacmuuno noodepocana epanmom PODU Ne 07-05-96061-p-ypan-a.
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Co3naHue 0aHKOB JaAHHBIX ACTEPOUI0B, COMMKAIOIIUXCS ¢ 3emJei

C.C. lienucoB
Camapcxkuii 2ocyoapcmeennbiii mexnuveckuil ynueepcumem, Camapa, Poccus,
E-mail: denisovsergey777 @rambler.ru

B kadecTBe MaTeMaTHYeCKOHW MOJIENH, OMKCHIBAIOIICH JIBIXKCHHE acTepoHIa,
WCTIOJIb30BaHBl UG QepeHIraibHble  YpaBHEHHS ¢ y4ETOM  TPaBUTANUOHHBIX U
peNATHBUCTCKUX 3()(EeKTOB B OapUICHTPHUUECKOW CHCTEME KOOpIMHAT. DTa cucremMa u3 72
YpaBHEHU penranach MOTU(PHUIIMPOBAHHBIM METOJIOM DBepxapTa 27 mopsiaKa ¢ IepeMeHHBIM
[1aroM HHTErPHPOBAHHSI.

PazpaboTan psa mporpamm, aBTOMATH3HPYIOIIMX MPOLIECC CO3JaHUS M OOHOBICHUS
0aHKa JIaHHBIX, 00Pa0OTKY MONYYEHHBIX PE3yIbTATOB: pacyeT IBOIIOIMU OPOUT acTEPOHIOB,
nobaBiieHue HOBOM MH(opMaiu B 06a3y JaHHBIX, NOJdy4YeHue HHpopMaiu 00 acTepouaax,
HUMEIOIINX TECHBIE COMMKEHUS ¢ 3eMJICH.

Co3nan 0aHK JaHHBIX 3BOJIONMK OpOUT W3 mpubmusutensHo 4000 actepoumaos,
MpUHAIeKAIMX K rpynnaM AmnoiuioHa, Amypa u AtoHa. Ha uccnexyemom mHTEpBaie ¢
1800 mo 2204 roapl BblABIEHO 478 OOBEKTOB, TECHO CONMXKAIOMIUXCA C BHYTPECHHUMHU
TUTAHETaMH, U3 KOTOpBIX 291 mpoxoasar uepe3 chepy AeHCTBHS 3eMITH.

Pa3paboTaHo mNpUIIOKEHHE, KOTOPOE IMPEIOCTABISICT BO3MOXHOCTH MPOCMOTPETh
9BOJIOLUIO IBIDKEHUS JIIOOOTO acrteponaa Ha JI0OOM HMHTEpBajie BPEMEHH. ODBOJIIOLHH
JJIEMEHTOB OpOHUT TMpEACTaBseTcs B Buae rpadukoB u Tabmuisl. Ha wuccriemyeMom
WHTEpBaJe BPEMCHU COCTABIIIOTCS TaOJMIA TECHBIX COJMKCHUH acTepouia ¢ OOJBIIUMHU
manetamu ConHeuHoM cuctembl u JlyHoi, u cTpoutcs 3-x MepHas moaens ComHedHOM
CHCTEMbI, HATJISIHO TTOKA3IBAIOIIAS IBOJIONHUIO IBIKEHUS acTeponia. [1oabp30BaTe b MOXKET
3a7aBaTh HapaMeTpsl (GopMaTUPOBaHHS IONYYEHHBIX TPa(QUKOB M TAONUIl JUIA MX Jy4lIeH
HaIAHOCTH. JJaHHOE NPUIIOKEHUE COXPaHSAET MOJIy4YeHHbIE Pe3yJbTaThl B BUAE ABOMYHBIX
¢aiinos. PeannzoBaHa BO3MOXKHOCTh COXpaHeHHs TaOiui U auarpamm B Microsoft Excel u B
Buje Web cTpaHuIb.

B cBs3H € TeM, YTO CO BpPEMEHEM yTOUYHSIOTCSI OPOUTHI aCTEPOUIOB U OOHAPYIKHUBAIOTCS
HOBBIC O0BEKTHI, 0aHK JAHHBIX MEPHOANYCCKH OOHOBIISCTCS.

Paboma evinonnena npu gunancosoii noddepicke PedeparbHoz0 aceHmcmea no
obpaszoeanuio (npoexm PHIL.2.1.1.1689).
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Creation databank of the asteroids which having approaching with Earth

S.S. Denisov
Samara State Technical University, Samara, Russia. E-mail: denisovsergey777 @rambler.ru

Differential equation of motion taking in consideration gravitation and relativistic
effects in barycentric coordinate system are used as mathematical model describing
movement of asteroids. This system from 72 equations was solved with the help of Everhart’s
modified method of 27" order with variable integration step.

A number of the programs automating the process of creation and updating database is
developed. Applications carry out calculation evolution of orbit’s elements, and add new
information to the database, receiving information about the asteroids closely approaching the
Earth.

The database consisting of approximately 4000 asteroids belonging to Apollo, Amor
and Aten groups is created. During the research period that lasted from 1800 to 2204 years the
objects closely approaches with internal planets is identified. Among them 291 asteroids are
pass through the Earth’s sphere of influence.

The application which gives an opportunity to view movement of evolution any
asteroid in any period of time is developed. An evolution of orbital elements is presented in
graphics and the table. The table of asteroid’s close approaches to major planets of solar
system and the Moon is made and the 3 dimensional model of solar system is built during the
research period. A user can set parameters of received graphics and tables for their best
presentation. The application saves received results in binary files. The opportunity of tables
and graphics to export Microsoft Excel and representing them as web pages is realized.

Database is periodically updated because orbits of asteroids are eventually specified
and new object can be found out.
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TouHoe peuieHue 3aa4u 0 TEPpMOYIIPYIroM paspyuieHu MeTeopoujia

(Exact solution of the problem of thermo-elastic breakup of meteoroids,
L.A. Egorova, V.V. Lokhin)

JI.LA. Eropoga, B.B. Jloxux

Hucmumym mexanuxu MI'Y, Mocksa, Poccus. E-mail: egorova@imec.msu.ru

B psany apyrux 3amau u runore3 Juis onucaHus (eHomeHa TyHTYCCKOrO SIBICHUS
BO)XHOE MECTO 3aHMMAaeT MaTeMaTHdyeckoe MojenupoBaHue. CIoKHas MPUpona SIBICHUS
HEU30EKHO BEeJET K He0OX0JUMOCTH pa30ueHHs UccIeoBaHus Ha psift Oojiee IPOCThIX 3a1ad,
KOTOpBIE MOTYT JIaTh OLIEHKY BKJIQJIOB PA3JIMYHBIX (PH3NKO-MEXaHUIECKUX aCHEKTOB.

B nanHzoii paboTte paccmaTrpuBaeTcs 3aada O pa3pylIeHUU UCTIApPSIOIIETrocs yIpyroro
Tesa mapoodpasHoil (OpMBI IPU BXOAE C KOCMHUUYECKOI CKOPOCTBIO B aTMOC(epy IIIaHeTHI.
Pemenne momy4eHO aHAIUTHYECKHM C YYETOM YIPYTUX HANpsDKEHUH, TepMOYIIPYTHX
HaNpsHKCHUH U UCTIapeHUsl.

[MonydeHHOE pelIeHHE MO3BOJSIET CYAWTh O XapakTepe pa3pyIIeHHs U TEIIOBOTO
B3pbIBa METEOPOUJIA.

Paboma evinonnena npu noodoepoicke epanma PODOHU 06-01-00695 u npoecpammbl
«Bedywue nayunvie wixoavi» HIII-397.2008.1.
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I[l/lHaMl/l‘leCKaﬂ 3BOJIIOIUSA KOMET M3 BHENIHEH YacTu CoJIHeYHOH cCHCTEMBI B
OKO0JIO3¢MHO€ MPOCTPAHCTBO

B.B. EmenbsHenko
Kageopa sviuucrumenvroii u nebecrou mexanuxu, IOoxcno-Ypanockuii 2ocyoapcmeennbiii
yuusepcumem, Yenabunck, Poccus. E-mail: vwemel @susu.ac.ru

IMocTpoeHa AMHAMHUYECKAs MOJICTb PACIIPEICIICHUS] KOMETHBIX 00BheKTOB B COIHEUHOM
cHCcTeMe, KOTOpasi COTJIacyeTCsl C OCHOBHBIMM HA0JII0AaeMbIMU XapaKTePUCTUKaMU KOMETHBIX
MOMyJISIAA B pa3inm4HbiX obnactsax ConHewyHoW cucTeMbl. [Ioka3aHO, 4TO OOJBIIMHCTBO
HAOJIOIaCMBIX TPAHCHENTYHHBIX OOBEKTOB, IBHXKYIIMXCS MO oOpOUTaM ¢ OOJIBIIMMU
9KCICHTPUCUTETaMH, KCHTaBPOB M KOPOTKOMEPHOJMICCKUX KOMET Iocemany odirako Oopra
(6onpime momyocu a>1000 a.e.) B Te4eHHWE WX TUHAMUYCCKON UCTOpUH. I[IOTOK HOBBIX
KOMET Ha CIWHHILY ICPUICIMIHBIX PacCTOSHWN BONM3M opOuThl HenTyHa Ha MOPSIOK
BEJIMYUHEI OOJIbIIE, YeM B 30HE HaOMIoNeHHH g<S a.e. COBpEMEHHOE YUCIIO TPAHCHENTYHHBIX
00BEKTOB Ha OpOMTax ¢ TepUrenuiHbIMU paccTosHusMH >30 a.e. u 60<a<1000 a.c.,
MPOUCXOAAINX U3 obsaka OopTa, paBHO MPUOIUTEIHHO 1-3x10". Cy1iecTBeHHasl 4acTh U3
Hux uMeroT a>200 a.e. w/unu ¢>40 a.e.. Huciio KeHTaBpOB, MPUXOAAIINX 13 obnaka OopTa, B
20-30 pa3 wmenbime. Oxono 90 mHpOLEHTOB M3 3TUX KEHTaBpOB MMEIOT a>60 a.e.
3HAYUTEIBHYI0 YacTh KOMET cemelicTBa IOmurepa TakKe COCTaBISIOT OOBEKTHI,
HaxoIMBLIKECS Npexae B obnake OopTa U JOCTUTLINE KOPOTKONEPUOJUIECKUX OPOUT ITyTeM
IIOCTENIEHHOTO IIEPEX0/a, BKIIOYAIOUIEr0 CTaAUI0 KEHTaBpOoB, U3 BHelIHel yactu ConHeuHoH
CHCTEMbI B OKOJIO3€MHOE NPOCTPAaHCTBO. [100OHBINA Mpoliecc MMEeT MECTO M Ul 3axBara
KOMET Ta/UIeeBCKOTO0 THIA, B JOIOJHEHUE K XOpOLIO M3BeCTHOM mnud¢dys3un OoabIINx
MOJyOCei MPU MaJbIX MEPUTEITUHHBIX PACCTOSHHSX.

Jannas paboma noodepoicana epanmamu PODHU 06-02-16512 u PODU-Ypan 07-02-
96002.
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Dynamical evolution of comets from the outer Solar system to near-Earth space

V.V. Emel'yanenko
Department of Computational and Celestial Mechanics, South Ural State University,
Chelyabinsk, Russia. E-mail: vwvemel @ susu.ac.ru

A dynamical model for the distribution of cometary objects in the Solar system has
been developed. The model is consistent with the broad characteristics of the observed
cometary populations in different regions of the Solar system. It is shown that the majority of
observed high-eccentricity trans-Neptunian objects, Centaurs and short-period comets have
visited the Oort cloud (semimajor axes a>1000 AU) during their dynamical history. The new-
comet flux from the Oort cloud per unit perihelion distance is an order of magnitude higher in
the near-Neptune region than in the observable zone g<5 AU. The present number of high-
eccentricity trans-Neptunian objects (perihelion distances ¢>30 AU and 60<a<1000AU)
originating from the Oort cloud is in the approximate range 1-3x10'"". A substantial fraction
of these have a>200 AU and/or g>40 AU. The number of Centaurs produced from the Oort
cloud is smaller by a factor of 20-30. About 90 per cent of these Centaurs have a>60 AU.
Objects that have visited the Oort cloud represent a substantial fraction of the Jupiter-family
comet population, achieving short-period orbits by a process of gradual dynamical transfer,
including a Centaur stage, from the outer Solar system to near-Earth space. A similar
mechanism produces Halley-type comets, in addition to the well-known diffusion process
operating at small perihelion distances.

This work was supported by RFBR Grant 06-02-16512 and RFBR-Ural Grant 07-02-
96002.
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HcciienoBanue BepOSITHOCTH CTOJIKHOBEHHS acTepon/ia ¢ NMIaHeToil
meToaoM Monte-Kapuio

H.b. Xenesnon

Huemumym npuxnaownoii acmpornomuu PAH, Cankm-Ilemep6ype, Poccus. E-mail: znb@ipa.nw.ru

BeposatHocTs CTOJIKHOBEHUS acTepouaa ¢ OOJIBIION IUIaHETOH MOXeT OBITh OllCHEHa
metogoM MonTte-Kapio. [Tpobnema ciydaiiHOoro BhIOOpa HaYalbHBIX YCJIOBHH yIHpaeTcs B
TO, 4YTO TMapaMeTpbl OpPOHUTHI aCTEpOUJA CBSA3aHBI KOPPEISIHOHHBIMH 3aBHCUMOCTSIMH,
OTpaK€HHEM KOTOPBIX SIBJISIOTCS OTIIMYHBIE OT HyJISl HeMaroHaJbHbBIE 3JIEMEHTHl MaTpPUIIbI
KOBapHaluh. B cmily cHMMETpUH O3TOW MaTpuipl OHa MOXeT OBITh IpuBeleHa K
JMaroHaJbHOMY BHJYy OpPTOTOHAJBbHBIM IpeoOpazoBaHMeM. B mpeoOpa3oBaHHOW cucrteme
3HaUeHHE KaXIOH M3 KOOPIMHAT MOKET BBIOMpATHCS CIydailHBIM 00pPa3oM, IOCKOJIBKY
KOpPPEJSIMOHHBIE CBS3U OTCYTCTBYIOT. [locie BeiOOpa (pO3bIrphliiia) HaualbHbIX YCIOBUH O
KaXKI0H KoOpauHaTe oOpaTHBIM IpeoOpa3oBaHHEM OHH NEPEBOAATCS B UCXOIHYIO CHCTEMY
KOOpIMHAT, B KOTOPOH BBIMONHACTCS YHMCICHHOE HHTETPUPOBAHUE YPABHEHHMH IBIIKCHUS
acTepouja.

Jns mepeBoga MaTpHIBl KOBapHAIlMM B JWATOHAIBHBIA BUI HAMH HCIOJIB30BAJICS
W3BECTHBII METOJI: CHayajga OPTOrOHAJIBHBIMHU MPEOOpPA30BAHUSAMHU MaTpUla MPUBOAUTCS K
TpEeXAUaroHaJbHON, a 3aTeM JUId BBIYHMCICHUS YXKE COOCTBEHHBIX 3HAUYEHUI JAMaroHaJbHOU
MAaTpHUILBI U €e COOCTBEHHBIX BEKTOPOB MpUMeHsUICs QL-anropuT™ co CIBUIOM.

UccnenoBanock commkenue acrepouna (99942) Apophis ¢ 3emueit 13 anpens 2029
roga u acrepouna 2007 WDS ¢ Mapcom 30 suBaps 2008 roga ¢ y4eToMm Takux HaOOpOB
HaAOJIOICHUH, TIPU KOTOPBIX OILICHKA BEPOSTHOCTH CTOJIKHOBEHHSI aCTEPOHMJIOB C IUIaHETAMU
royryyanack MakcuManbHOM. [loinydennsie Hamu oneHku cxoxu ¢ oueHkamu HACA. Ha stux
IpUMepax MOKa3aHo, KaKk OTKa3 OT IepeBoJa MAaTPHIbl KOBapHallMM B IUArOHAJIBHBIA BUI U
UCIOJIb30BaHUE JIUIb €€ JUaroOHAJIbHBIX 3JEMEHTOB BIMSET Ha OLEHHBAHHUE BEPOSTHOCTU
CTOJIKHOBEHHSI.
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The study of probability of asteroid encounter with a big planet by
Monte Carlo method

N.B. Zheleznov
Institute of Applied Astronomy of RAS, Saint-Petersburg, Russia. E-mail: znb@ipa.nw.ru

The probability of asteroid encounter with a big planet can be estimated by Monte
Carlo method. The main problem of random choice of initial conditions is presence of
nonzero non-diagonal elements of covariance matrix which are consequence of correlation
between orbit parameters. As matrix is symmetrical it can be transformed to diagonal form. In
this coordinate frame the value of each coordinate can be generated independently. Then
generated initial values for each coordinate are transformed to the initial coordinates frame to
be used for numerical calculation of asteroid orbit.

To transform covariance matrix in diagonal form we used the QL-algorithm with a
shift.

The close approaching of asteroid (99942) Apophis with the Earth in April 13 2029,
and 2007 WDS5 with the Mars in January 30 2008 have been researched taking into account
the sets of observations giving maximal estimation of encounter probability. Our estimations
of probability are resemble that of NASA. For considered examples, it is shown, that
neglecting the correlations lead to much worthier results for predicting probability collision.
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Onpenesenne 3IMICOUIOB PaccessHUS A Tell, COMMKAIOIIUXCSH
¢ 3emuieid, 1 OlleHKA BEPOSITHOCTH UX CTOJKHOBeHHUs ¢ 3eMuei

A.C. 3a0otuH, 10.J]. MenBenes,
Hnemumym npuxnaonoii acmpornomuu PAH, Cankm-Ilemep6ype, Poccus. E-mails:
shooreek @ gmail.com, medvedev@ipa.nw.ru

B mnambonee pacmpoCTpaHEHHOM METOJe HAMMEHBLIMX KBAJPAaTOB HOMHHAIBHAS
opOHTa U SJUIMIICOU PACCESHUS ONPEIENISIOTCS B IPEITOI0KEHUH, YTO HAOIIOIEHUSI UMEIOT
CIly4allHyl0 HOpPMaJBHO paclpeneieHHyo omuoOky. Ilpum ompenenenun smauncounna
paccesiHMs IIpeAroaraeTcs JIMHeHHas 3aBUCHMOCTh MEKy IOTPELIHOCTIMU HaOMIOAeHUH 1
MOTPELIHOCTSIMA ~ HOMUHaJIbHOW  opOuthl. OpnHako, o0nacTH, oIpenenseMble B
TIPEINOJIOXKCHNUH JIMHEHHOM CBSI3M OIIMOOK HAOIIOICHUIN U ITapaMeTpoB, HE BCET/ia COJCpKAT
HayvaJbHbIC 3HAUCHHS MapaMeTpoB OoJiee HalleKHBIX OPOMUT, BBIYMCICHHBIX IO OOJIBIIEMY
YHUCIY OMNMO3ULUH. DTO 3HAYMUT, YTO HMEETCS BO3MOXKHOCTb HEIOOLEHUTH BEPOSITHOCTH
CTOJIKHOBEHHMS HEOECHOro Tella, HampuMep acTtepouia, ¢ 3emueil. B nanHO#t pabote
pa3pabaTbIBaeTCs METOJUKA, YUYUTHIBAIOIIAs HEIMHEWHYIO 3aBUCUMOCTh MEXIy OIIMOKaMu
HaOIIOJICHUN U OMIMOKaMK apaMeTpoB opOuThl. OMIMOKK apaMeTPOB OPOHUT OTIPEICIISIOTCS
MetogoM MonTte—Kapno. Meroanka mnpuMeHeHa sl pacdera NPOCKIHMU SIUIUIICOHIA
paccestHUst OpOHT HA IDTIOCKOCTD LeNH A1t acTepora Apophis (99942) B MOMEHT €ro TECHOTO
commxenus ¢ 3emieit B 2029 .

Determination of dispersion ellipsoid of parameters orbit for bodies
approaching the Earth and their probabilities of a collision with the Earth

A.S. Zabotin, Yu.D. Medvedev
Institute of Applied Astronomy, Saint-Petersburg, Russia. E-mails: shooreek @ gmail.com,
medvedev@ipa.nw.ru

At the moment, the problem of orbit determination depending on observations is
generally solved by the least-squares fit, which is the linear method. This method provides a
mean value calculated from a nominal orbit and a dispersion ellipsoid following the normal
distribution of the observational errors. The dispersion ellipsoid has been calculated on the
assumption that there is a linear correlation between the observational errors and the nominal
orbit errors. In many cases, the initial values of the parameters for more reliable orbits
calculated from several (at least three) observed orbital oppositions, to extend the observed
arc of the orbit, are outside the region of the initial values calculated from short arc based on
the linear correlation. This has very serious consequences for the determination of the
collision probabilities of the celestial bodies, like a collision of an asteroid with Earth. Finding
a body that is potentially dangerous to Earth must be supported by the calculation of every
possible region of the body's motion. The linear method, as discussed above, can lead to an
underestimate of the probability of such a collision or to a false alarm. The main goal of this
work is to develop a new method for calculating the orbit from the observations, based on the
nonlinear correlation between the observational errors and the calculated orbital parameters.
Calculation of the nonlinear correlation is done using the Monte Carlo method. The
approaching circumstances of Apophis (99942) with the Earth in 2029 are calculated by this
method.
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JBoJIIOIHs OPOUT acCTEPOMAOB I'PYNI ANO/II0HA, AMypa, ATOHA,
cOmzKarommxcs ¢ 3emiiei

A.®. 3aycaeB
Camapckuii 2ocydapcmeennviil mexnuyeckutl ynueepcumem, Camapa, Poccus, E-mail:
zausaev_af@mail.ru

[Ipn wccnenoBaHWU 3BONIOIMK OPOUT acTepoMAOB Ipynn AmoiuioHa, AMypa, ATOHa B
KadecTBE MaTeMaTHYeCKOH MOJIETH, ONHWCHIBAIOIEeH naBwkeHue 1iaHer, Jlynsl, ConHma u
acTepousa, HCIOJb30BaHbl AudQepeHInaIbHble YpaBHEHHS, B KOTOPBIX Hapsmy ¢
TPaBUTALMOHHBIMUA 3(G(EKTAMH YUYUTHIBAIUCH PEISATUBUCTCKHE 3(GQEKTh, 00yCIOBICHHbIE
ConnnemM u r1uaHetamu. [t pemenHus Iud@EpeHIMAIBHBIX — YpaBHEHHH  JBHIKCHHUS
HCIONB30BaJICs MOAU(UIIMPOBAHHBIA MeTO] DBepxapTa 27 mopsiaka.

C nomompio pa3pabOTaHHOTO KOMIUIGKCa MHPOrpaMM IIPOBEJEH pacyeT MU aHalu3
aBomroru opout 3823 acrepounoB rpynn Amnoiuiona, AMypa, AToHa Ha MHTEpBaje BPEMEHH C
1800 o 2204 rojpl C LENbI0 ONpeieeHHs 00bEKTOB, MPEICTABIAIONINX OTEHIUATBLHYIO YTPO3y
st 3emin. BeuiBnen 291 o0bekt, cOmmkaronmmiics ¢ 3emueii Ha paccrosaun menee 0,01 a.e.
(acCTpOHOMUYECKOM €AMHHUIIBI) Ha BBIIIEYKAa3aHHOM HMHTEPBAJIe BPEMEHH. DJIEMEHTbI OpOUT Ui
Ka)XI0T0 MHIMBHIYAIFHOTO acTeponia Ha nHTepBaiie BpemeHu ¢ 1800 mo 2204 rr. ¢ marom 5100
JTHEW IPUBECHBI B OIyOJINKOBAaHHOM HaMH KaTayore.

Jln1s nccnenoBaHus BOIPOCA TOYHOCTH BBIYHCIICHHUS OpPOUTAIEHOM IBONIONH aCTEPOUIOB
rpynn AmnosioHa, AMypa, ATOHa, IPOBEACHBI COIOCTABICHHS BPEMEHU WM BEIWYUH COJMIKCHUM
JUIL  acTepoMIOB, HambOosee OJM3KO MPOUICAUIMX OT 3eMIM C JaHHBIMH, I apBapIcKoro
yuuBepcutera (http://www.cfa.harvard.edu/iau/lists/Closest.html), a Takxke ¢ JaHHBIMH,
pa3MmereHHbIMU Ha caiite NeoDys (http://hamilton.dm.unipi.it/cgi-bin/astdys/). Hecmotps Ha TO,
YTO BEJIMYMHBI CONVDKEHUSI acTEpOUAOB ¢ 3eMilel, PUBEICHHbIC Ha BbILIE YKAa3aHHBIX CaWTax,
MOJIyYeHbl Ha OCHOBAHWHM HAYAJIbHBIX JAHHBIX, OTIMYAIOIIMXCS  OT JaHHBIX HCIIOJIb3YyEMBIX
HaMH, KpOME TOTO pacdeThl NPOBEIECHBI IPYTHMH METOJAMH, Pe3yJIbTaThbl IPOTHO3a TECHBIX
cONMXEHNH acTepOuIOB BIIOJIHE YIOBJICTBOPUTEIbHBIE, TAK KAK MAKCUMAaJIbHbIC OTKIIOHEHHUS JUIS
OompmHCTBA actepouioB He npesbimarT 0,0001 a.e.

Paboma ewvinonnena npu ¢unancosoi noodepoicke DedepanvHoco a2eHmcmed no
obpazosaruto (npoexm PHII. 2.1.1.1689).

Evolution of the orbits of Apollo, Amour, Aten group asteroids
approaching the Earth

A.F. Zausaev

Samara State Technical University, Samara, Russia. E-mail: zausaev_af@mail.ru

To study of evolution of the orbits of Apollo, Amour, Aten group asteroids in the
differential equation of motion, gravitation effects as well of relativistic effects and non-spherical
of the planets were considered. To solve of the differential equations of motion, the Everhart
method is used. Out of 3823 Apollo, Amour, Aten group asteroids 291 object are founded
approaching the Earth at the distance of 0,01 a.e. Orbital elements for each of the asteroid at the
interval time from 1800 to 2204 are presented in the catalogue. The calculation results are
compared with the results on the websites
(http://www.cfa.harvard.edu/iau/lists/Closest.html), and NeoDys
(http://hamilton.dm.unipi.it/cgi-bin/astdys/) are presented. Comparison of the results of close
approach of asteroids with the Earth are indicated at the well satisfy similarity by other
researchers.
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IBOIONHS OPOUT KopoTKonepuoanyeckux komet ¢ 1800 mo 2204 rr.

A.A. 3aycaeB
Camapcxkuii 2ocyoapcmeennbiii mexnuveckuil ynueepcumem, Camapa, Poccus,
E-mail: ZausaevAA @mail.ru

[Ipennoxxena MmoauduKanus anropurMa MeToia DBepXxapTa, O3BOJIAIONIAs YBEIHIUTh
MOPSIIOK  AIMPOKCHUMUPYIOMEH (OpPMYJBl TNPH YUCICHHOM HWHTETPUPOBAHHH CHCTEM
OOBIKHOBEHHBIX A (GepeHInanbHbIX ypaBHEHHH 10 31-r0 mopsaKa BKIIOYUTENBHO.
IIpoBeneno HCCIIeJ0BaHUE CXO/IUMOCTH, YCTOHYMBOCTH u IIOTPELIHOCTH
annpoKCUMUpyomed GopMyssl MOIU(GUIMPOBAHHOTO METOAa JBepXapTa Ul Pa3IHYHbBIX
HOPSIKOB M IIarOB HHTETPUPOBAHUS.

Ha ocHoBe mMonenu ABmkeHHs HeOeCHBIX Tel, npemioxkenHoi Newhall X.X., Standish
E.M., Williams Jr. u ap. papaborana MaTeMaTHUeCKasi MOJIECJ)b, ONMUCHIBAIOIIAS JBHKCHHUC
KOPOTKONEPHUOTUIECKUX KOMET C YYETOM I'PAaBUTALIMOHHBIX U PEISTHBUCTCKUX 3(PPEKTOB.
Co3man  KOMIUIEKC ~ HOBOTO  INPOTPaMMHOTO  OOECHeYeHHs  JIs  peau3alud
MOIMGUIIMPOBAHHOTO METOAa OBepXapTa M €ro MNPUMEHCHHS I[P MaTeMaTHYECKOM
MOJICTTUPOBAHHH JIBH)KCHHS HEOSCHBIX 00BEKTOB.

Jns npoBenenus pacdera opOUT 190 KOpPOTKONEPHOAMYECKUX KOMET Ha WHTEpBale
BpemeHnu ¢ 1800 mo 2204 rr. co3maH HOBBI BBICOKOTOYHBIN OaHK JaHHBIX KOOpIWHAT U
ckopoctedi  Oonpmmx raanet, Jlynst u Connma. Ilytem comocraBieHus 3demMepun
BHYTpEHHUX IU1aHeT (Mepkypuili-Mapc) ¢ paiuONOKallMOHHBIMU HaOMIOJECHUSIMU CHAENaH
BBIBOJI O BBICOKOI1 TOUHOCTH ITOJTyYEHHBIX KOOPIUHAT.

W3nan mevyaTHeId KaTaJOT OPOUTAILHOW SBOJIOIMHA KOPOTKOMIEPUOIUIECKUX KOMET C
1800 mo 2204 rr. B xatanore copepxarcsi cBeeHUsI 00 U3MEHEHUU 3JIeMEHTOB opout 190
KOPOTKOIIEpHOUIecKX KoMeT Ha umHTepBane Bpemenu ¢ 1800 mo 2204 rr., yKa3bsIBaroTCs
JaHHBIE O TECHBIX COMMKEHUSAX KOMET ¢ OospmuMHu IuiaHetaMu M CONHIIEM Ha yKa3aHHOM
WHTEpBaJe BPEMEHH; NAIOTCS TpadUKH, WUIIOCTPUPYIOMHNE H3MEHEHHE IePUTSIUITHOTO
paccTosiHHUsA, OKCLUEHTPUCHTETA, HAKIOHEHHs W JOJATOTHl MNEPHLEHTPa; MPUBOIUTCS
TEOPETUYECKHI MaTepuall U METOAOJIOTMYECKUH MOJXO0J, MPUMEHEHHBIC MPH MPOBEICHUN
BBIUYUCIICHHH.

Paboma evinonnena npu @unancosoli noddepicke DedepanbHo20 azeHMcmed no
obpazosanuio (npoexm PHII. 2.1.1.1689).

Evolution of the orbits of short-period comets from 1800 to 2204

A.A. Zausaev

Samara State Technical University, Samara, Russia. E-mail: ZausaevAA @mail.ru

Modification of the Everhart method algorithm allowing one to increase the order
approximating the formula with numerical integration of the differential equations system to
31 order are presented. The study of convergence, stability and error of the approximating
formula modified Everhart method for various integration orders and steps is carried. A
mathematical model describing the motion of the short-period comets by Newhall X.X,
Standish E.M., Williams I.S. and other in view of gravitation and of relativistic effects.
Evolution of 190 short-period comets from 1800 to 2204 has been studied. Catalogue of the
evolution of 190 short-period comet of orbit has been publicities. There are graphs showing
orbital element changes on the time interval from 1800 to 2204 in the catalogue.
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Murpauus komeT Ha opouThl OC3 1 BepoSITHOCTH MX CTOJKHOBEeHMIi ¢ 3eMuleii

1,2
C.U. UnatoB
1 2
Omoenenue 3emnoco machemusma Hucmumyma Kapueeu 6 Bawwunemone, CILIA; “Hucmumym
Kocmuueckux Uccneoosanuii, Mockea, Poccusi; E-mail: siipatov @ hotmail.com

Hnrerpuposanace [1-6] sBomtonus opout 30,000 00bEKTOB, HadalbHbIE OPOUTHI
KOTOpBIX Onm3ku kK opburam komer cemeiictBa FOmurepa (KCHO), koMeT Thma KOMETHI
Tannes n ponro-nepuoandeckux komer, a Tarke 20,000 NbUIEBBIX YaCTHL, POU3BOAUMBIX
STUMHU KOMETaMHU. BBIYMCIIINCH BEPOSITHOCTU CTOJIKHOBEHUM 3THX KOMET MM 4acTHLl (3a
BpeMsl UX JIMHAMHYECKOW JKM3HHM) C IUIaHeTaMH. [loJlyd4eHO, YTO HECKOJIBKO OOBEKTOB,
HavdaJdbHBIC OPOMTH KOTOPHIX OmM3kM k opbutam komer 2P/Encke, 10P/Tempel 2,
44P/Reinmuth 2 u 113P/Spitaler, npuoGperanu opOUTHI, MepeceKaronme opouTy 3emiu, ¢
0OJIBIIMMH TIOJTYOCSIMHU OpOUT a<2 a.e. u aenuiHbIMU paccTosHUAMH 0<4.2 a.e., a UHOraa
Jaxe opOHTHI, JIexarue BHyTpH opOuTsl 3emin (0<0.983 a.e.), opOHTHI TpyNIIEl ATOHA HITH
THITUYHBIE OPOMUTHI ACTEPOUAOB TIIABHOTO MOsCAa, M ABUTANHCH 110 TaKMM opbuTam Oonee
MHIJUTHOHA JIET (O AECSATKOB MM JaXke COTEH MIJIIMOHOB JET). BONBIIMHCTBO OBIBIIMX
TPAHCHENTYHHBIX 0OBEKTOB, KOTOPHIC UMEIIA OPOUTHI TUITMYHBIX OOBEKTOB, CONMMKAFOIIUXCS
¢ 3emueil, (OC3) pBuranuch 1o TakUM OpOUTaM B TE€UYEHHE MHJUIMOHOB JIET U IOITOMY
OOIBIIyI0 YacTh BPEeMEHH OBUIM BBICOXIINMH koMmeTaMH. C AMHAMHYECKOH TOUKH 3pPECHUS,
Joist BeICOXIMX KoMeT cpequ OC3 MOXKeT JHOCTUTATh AECATKOB MPOIEHTOB, HO, BEPOSITHO,
MHOTHE KOMETbI PAacHaIuCh Ha MUHU-KOMETHI (OJJHa U3 TAKUX MUHH-KOMET MOIJIa MOPOJUTH
TyHrycckuii )eHOMEH) M IIBUIb 32 MEHBIIYIO JaCTh JUHAMHUYECKUX BPEMEH UX )KU3HH, €CIH
9TU BpeMeHa ObUIM OonblIMMHU. BeposTHOCTH cTosnkHOBeHHs koMeThl 10P ¢ 3emieil 3a
JIMHAMHYECKOE BpEeMs JKH3HH KOMeThl paBHa Pp~1.4-107, mo 80% oToii BeposTHOCTH
npUxoauTcs Ha ouH U3 2600 pacCMOTPEHHBIX OOBEKTOB, C OpOUTaMH, OJIIM3KUMHU K OpOHTE
komerst 10P. Jlms xometst 2P momyueno Pp~(1-5)-10", a nms GonbmmecTBa ApyrHX
pacemotpernbix KCIO 10°<Pp<107. Jins xomer 22P/Kopff u 39P/Oterma, Pz~(1-2)-10°; a
ms komer 9P/Tempel 1, 28P/Neujmin 1 u 44P Pp=~(2-5)-10°. JInst Bcex paccMOTpeHHBIX
KCIO Pp>4-10°. Meton unrerpupopanus Bymupia-Ilitepa n CHMILICKTHUYECKHIT METOJ AaIH
Onmuskue pe3yabTarhl.  Vcnonb3ys Pz=4-10° wu monaras, uro cyMMapHas Macca
mlaHeTe3uMazel, mnepecekaBmux opbutry IOmnutepa, mnopsaka cra wmacc 3emud, a
ITAaHETe3UMANH COCTOSUIM HAIMOJOBHHY M3 BOJBI, TIOMy4aeM, 9TO CyMMapHas Macca BOJBI,
JOCTaBI€HHAs M3 30H MHTAHUs IUIAHET-THTAHTOB Ha 3eMII0, MOIJIa OBITh MOPSIAKA MAacChI
BOABl B 3eMHBIX OokeaHax. OtHomenust BepositHoctel cronkHoBeHnid KCHO c¢ Benepoit m
MapcoM Kk Macce IIaHeTh! OB 00BIYHO HE MEHBIIE, ueM i 3eMnu. J{iis MblIeBbIX YacTHIl,
MOPOXKICHHBIX KOMETaMH U acTepouaamu, Pr OblJI0 MAaKCUMAaIbHO JJIs 1uaMeTpoB d~100 pm.
OTH MakcuUMalbHbIC 3Ha4YeHUs1 Pp ObUTH 0OBIYHO (KpoMme KoMmeTsl 2P) Oomnblie mo KpaitHein

MEpPE Ha MOPAAOK BEJIMYUHBIL, YEM UISI POAUTEIILCKUX KOMET.
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Migration of comets into NEO orbits and probabilities of their collisions
with the Earth
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The orbital evolution of 30,000 objects with initial orbits close to those of Jupiter-
family comets (JFCs), Halley-type comets (HTCs), and long-period comets and also of
20,000 dust particles produced by these comets was integrated, and probabilities of their
collisions (during dynamical lifetimes of objects or particles) with planets were calculated [1-
6]. For initial orbital elements close to those of Comets 2P/Encke, 10P/Tempel 2,
44P/Reinmuth 2, and 113P/Spitaler, a few objects got Earth-crossing orbits with semi-major
axes a<2 AU and aphelion distances 0<4.2 AU, or even got inner-Earth (0<0.983 AU), Aten,
or typical asteroidal orbits, and moved in such orbits for more than 1 Myr (up to tens or even
hundreds of Myrs). Most of former trans-Neptunian objects that have typical near-Earth
object (NEO) orbits moved in such orbits for Myrs, so during most of this time they were
extinct comets. From a dynamical point of view, the fraction of extinct comets among NEOs
can exceed several tens of percent, but, probably, many comets disintegrated into mini-comets
(one of such mini-comet could produce the Tunguska phenomena) and dust during a smaller
part of their dynamical lifetimes if these lifetimes were large. The probability of the collision
of Comet 10P with the Earth during a dynamical lifetime of the comet was P;=1.4-10"*, but
80% of this mean probability was due only to one object among 2600 considered objects with
orbits close to that of Comet 10P. For runs for Comet 2P, PEZ(I—S)-IO"‘. For most other
considered JFCs, 10°<Pz<10". For Comets 22P/Kopff and 39P/Oterma, Pz~(1-2)-10°; and
for Comets 9P/Tempel 1, 28P/Neujmin 1 and 44P, PE:(2—5)-10'6. For all considered JFCs,
P>4-10°. The Bulirsh-Stoer method of integration and a symplectic method gave similar
results. In our runs the probability of a collision of one object with the Earth could be greater
than the sum of probabilities for thousands of other objects. Using Pr=4-10"® and assuming
that the total mass of planetesimals that ever crossed Jupiter’s orbit is about a hundred of
Earth masses and water fraction in comets was about 50%, we obtain that the total mass of
water delivered from the feeding zone of the giant planets to the Earth could be about the total
mass of water in Earth’s oceans. The ratios of probabilities of collisions of JFCs with Venus
and Mars to the mass of a planet usually were not smaller than that for Earth. For dust
particles produced by comets and asteroids, Px was maximum for diameters d~100 pum. These
maximum values of Pg were usually (exclusive for 2P) greater at least by an order of
magnitude than the values for parent comets.
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CxopocTn MaTepuasa, BLIOPacbIBAeMOIo ¢ KOMeThI NPH ee CTOJTKHOBEHUH €
He0eCHBIM TeJIOM
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TyHrycckoe coObITHE MOTJO OBITH BBI3BAaHO HeOONbLION Komeroi. McnapeHue
KOMETHOT0 Marepuana (OpMHUPYeT KOMETHBIH XBOCT. J[pyrMM HCTOYHHKOM MaTepHala,
OKPYKaIOIIEro SIpO KOMETHI U COCTaBIIIONIETO €€ XBOCT, SIBJSIFOTCS CTOJIKHOBEHHUSI MaJbIX
TeN ¢ KoMeToi. O0sako MaTepuana, OKpY’KaroIIero SApo KOMETbI, MOKET BXOJIUTh B 36MHYIO
aTMoctepy a0 u mocie sapa. MccmemoBaHus CKOpOCTei BbIOpoca Mmarepuana ¢ KOMETHI
MO3BOJISIIOT JIydIle TOHATH pasMepbl METEOPHOTO IMOTOKA, MOPOXKIAAEMOro KoMeTod. Ml
HU3y4aJil CKOPOCTH U OTHOCHUTEJbHbIE KOJIMYECTBAa MaTepHalia, BHIOPOIIEHHOIO C KOMETHI
Temnens 1 mocne Toro, kak ynapusid Moaynb KA Jlun MIMmakT cTONKHYJICS ¢ KOMETOH CO
ckopocthio 10 kM/c. DTH ucClieoBaHMS OCHOBaHbl Ha AaHAINM3€ CHUMKOB, CJEJIaHHBIX
kamepamu KA Jlun MMmnakTt B TedeHHE MEPBBIX 7 MUHYT MOCIE CTOJKHOBEHUS. MBI H3ydann
CKOPOCTH YaCTHIl, KOTOPbIE BHOCHJIM OCHOBHOH BKJIaJ B SPKOCTh O0JIaka BBIOPOIIEHHOTO
MaTepHaa, T.c. B OCHOBHOM YacCTHI] THaMeTpoM MeHblie 3 MukpoH. Hamm uccnenoBanus [1]
HE MPOTUBOPEYAT 3HAYUTEIHLHOMY HENPEPHIBHOMY BHIOpOCY MaTepuana B TeUCHHE 7 MUHYT
Mocjie CTOJKHOBEHHs, HO BpeMs BbIOpoca MOKeT ObITh Takke MeHblue. KomuuecTBo
HaOJII0JaeMOT0 MaTepHaja, BHIOPOIICHHOTO B €JMHUIY BPEMEHH, BEPOATHO, UMEJO IHK
yepes 0.5-0.7 cek, npu 8<t,<20 cex Morio ObITH O0OJIbILE, YeM pu 4<1,<8 cek, a npu £,~20-40
CeK IOYTH HE MEHSIOCh. OJTO KOJUYECTBO, BEPOSTHO, B OCHOBHOM YMEHBIIAIOCh CO
BpPEMEHEM f, TOCIie TepBOH MHUHYTHI MOCJIE BBIOpOCa, HO 3TO YMEHBIICHHE MOTJIO OBITh
MeHblle Inpu f~6 min. Ilpu #~0.2 cex ckopocTH OOJBIIMHCTBA HAOMIOAAEMOrO
BeIOpoOIIeHHOTO Marepuaia Obutn mopsimka 10 km/c. CKOpOCTH HEKOTOPBIX YACTHIL,
BBIOPOLICHHBIX B T€UEHHE MEPBBIX TPEX CEKYHJ, NPEBBILANN | KM/C, HO IO MaTepHuaja C
TaKHUMHU CKOPOCTSIMH CPEIH BCETO BHIOPOIICHHOrO MaTepuaia Obuia HeOOombmoin. CKOpOCTH
0O0JIBIIMHCTBA HAOJIOIaEMOr0 MaTepHalia, BBIOPOLICHHOTO MpH >4 ceK, ObUIM Ha MOPSIOK
BEJIMYMHBI MEHbIIIE, YeM TIpH #,<1 cek (COTHH M/C BMECTO HECKOJIbKUX KM/c). Hamm oueHkn
MpOeKIUH (HAa IUIOCKOCTh, TNEPIEHAMKYJSIPHYIO JIMHUHM B3IJIA4a) CPEOHUX CKOpOCTEeH
OBICTpOrO MaTrepuana, KOTOPbIii BHOCWJI OCHOBHOW BKJIaJ B SIPKOCTh HaOIr0IaeMOro
neuieBoro obnaka, mopsaka 200 M/c M HaxoAATCSs B COOTBETCTBHU C IPEIBIAYLIMMU
OLICHKaMH, OCHOBaHHBIMH Ha HAaONIONEHHAX C 3eMIM M C KOCMHYECKHX TEJIECKOIIOB.
M30bITOUHBIH BBHIOPOC BEIIECTBA MO HEKOTOPBHIM HAINpaBlICHUSIM («Iy4H» BBIOPOIIEHHOTO
Marepuana) WMel MecTo B OCHOBHOM B TeueHme mepBbix 100 cex. Ilpum v>100 wm/c
XapakTepHbIe CKOPOCTH Vv HaOJII0AaeMOro Marepualia, BHIOPOIIEHHOTO B MOMEHT f,, MOTYT
CUMTATBCS MPOIOPIHOHATEHBIMA £, °, KaK 9TO IPEUTAraeTCsi TEOPETHUCCKIMH MOJICIISIMH, HO
BBIOpOC co ckopocTsimMu, Oonpmmu 100 M/c MOTr MpoAOIDKaThes JOJbIIE, YEM STO
MPEJCKa3bIBAJIOCh TEOPETUUYECKUMH MOJCISIMH, U MOI' HMETh MECTO, KOT/Ia MPOMCXOJIMII
BBIOPOC ¢ MEHBIIUMH CKOPOCTSAMH. AHalu3 HaONIOJCHHUH, cleaHHbIX Kamepamu KA Jum
HMmakT cBHAETENBCTBYET B IIOJB3Y MOAENH KpaTepooOpa3oBaHMsS C JOMHHHUPYIOLIEH
rpaBUTaIMei (T.e. B IMOJIB3y OOJBIIETO KOMMYECTBA BHIOPOLNIEHHOTO MaTepuasia U OOJbIIEero
pa3Mepa KpaTepa) U B O3y TOT0, YTO YAaCTUIIBI BEIOPACHIBATIHCH C Pa3HBIMH CKOPOCTAMH H
MaccaMd B OJHO W TOXe BpeMs. Oma paboma 6wviia nododepicana zpanmom HACA
NNX08AG25G.

(1] Ipatov S.I., A’Hearn M.F. 39" LPSC. 2008. #1024.
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Velocities of material ejected from a comet at its collision with a celestial body
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It is probable that the Tunguska event was caused by a small comet. Evaporation of
cometary material produces a cometary tail. Another source of cometary comma and tail are
collisions of a comet with small bodies. The cloud of material that surrounded the nucleus of a
comet can enter the Earth’s atmosphere before and after the nucleus. Studies of velocities of
ejection of material from a comet allows one to understand better the size of a cometary coma
and of a meteor flux that was produced by a comet. In this presentation we study velocities
and relative amounts of particles ejected from Comet 9P/Temple 1 after the Deep Impact
impactor has collided the comet at velocity of about 10 km/s. These studies are based on
analysis of the images made by the Deep Impact cameras during the first 7 min after the
collision. We considered velocities v of the particles that give the main contribution to the
brightness of the cloud of ejected material, i.e., mainly of particles with diameter d<3 pum. Our
studies [1] do not contradict to a considerable continuous ejection of material during 7
minutes after the collision, but the time of the ejection could be smaller. The rate of
production of observed ejected material probably had a peak at 0.5-0.7 s. The amount of
particles with d<3 pm ejected per unit of time at 8<z,<20 s could be greater than that at 4<z,<8
s. It was about the same at different t.~20-40 s. The rate probably mainly decreased with time
t, after the 1st minute after the ejection, but this decrease could be slower at f,~6 min.
Velocities of most of observed material ejected at 7,~0.2 s were about 10 km/s. Some particles
ejected during the first three seconds had velocities greater than 1 km/s, but the contribution
of such material to the total amount of material ejected after the impact was small. Velocities
of most of material that contributed to the brightness of the cloud and was ejected at #,>4 s
were smaller by an order of magnitude than those at 7,<1 s (hundreds of m/s instead of several
km/s). Our estimates of projections (onto the plane perpendicular to the line of sight) of mean
velocities of the fast material that mainly contributed to the brightness of the observed dust
cloud were ~200 m/s and are in accordance with the previous estimates based on various
ground-based observations and observations made by space telescopes. The excess ejection of
material to a few directions (rays of ejected material) took place mainly during the first 100 s.
At v>100 m/s, characteristic velocities v of observed material ejected at time ¢, can be
considered proportional to 1,6, as it was suggested by theoretical models, but ejection with
velocities greater than 100 m/s could last for a longer time than it was predicted by theoretical
models and could take place when there was ejection with smaller velocities. Analysis of
observations made by Deep Impact cameras testifies in favor of a model close to gravity-
dominated cratering (i.e., in favor of greater amounts of ejected material and greater size of a
crater) and that particles with different velocities and masses could be ejected at the same
time. This work was supported by NASA DDAP grant NNX0O8AG25G.
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OnTuyecKkue XapaKTePUCTUKU U ypaBHEHHE COCTOSIHUSA NMAPOB BelllecTBA
KOCMHUY€ECKHUX TeJl, BTOPraiuuxcsa B armocdepy 3emun
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OuneHka 3alIUTHBIX  CBOMCTB  aTMOCQEphl, ONPEACNSIONIUX  MPOHHUKHOBEHHE
KOCMHUYECKHX TeNl B 3eMHYIO atMocdepy, SBISeTCS BaXXHOH 3amaueil B CBSA3U C IMIMPOKO
oOcyxaaeMoil  mpoOyieMOl — acTepOMAHOM  OmacHOCTH.  PacueThl  ONTHYECKHUX U
TEPMOJIMHAMMYECKIX CBOWCTB IPOBEACHBI U1 PA3IUYHBIX TUIOB TeJl CO 3HAYUTEIHHO
OTIIMYAIOMIMMCS XUMUYECKHM cocTaBoM: H- 1 C-XOHIPHUTOB, JIbia 1 KOMETHOTO BELIECTBA.
Brruncienus BolnoiaHeHbl Ha ocHOBe 16 anementoB: Fe-O-Mg-Si-C-H-N-S-Al-Ca-Na-K-Cr-
Mn-Ti-Ni. Cpennee comepikaHne KOMITOHEHT JUIS KaKIOTO THIIA BEIIECTBA KOCMHUYECKOTO
Tesia OBUIO B3ATO W3 OIyOJIMKOBAHHBIX JAHHBIX. XHMUYECKUH COCTaB Il KaXKIOH Mapsl
BEJIMYMH TEMIIEPATyphl U IUIOTHOCTH ONPEAEIUICS B NMPUOIMKEHUH TEPMOIUHAMHYECKOTO
PaBHOBECHUS M3 PELICHUS] CUCTEMBl XUMHYECKOTO M MOHU3AIIMOHHOTO PAaBHOBECHUS C YUETOM
COXpaHEHHs 4YHCcia sJep KaXIOoro 3JeMEHTa W 3JeKTpoHelTpanbHocTH. [y pacuera
($a3oBoro M XHMHUYECKOTO DPABHOBECHS HCIIONB30BAJICS alITOPUTM, OCHOBAaHHBIH Ha
SKCTPEMANbHBIX MpUHUOMNAX. Jisg pacdyera ONTHYECKMX CBOMCTB — HCIOJIB30BAIHCH
KOJIMYECTBEHHBIE  XAapaKTEepPUCTHKM  BCEX  OCHOBHBIX  paJMallMOHHBIX  IPOIIECCOB.
Hcnonp30Banucy CoBpeMEeHHBbIE 0a3bl JAHHBIX MO CHEKTPOCKOMMYECKUM CBOMCTBAM MOJEKYJI
HapsAoy C MOJCPHU3UPOBAHHON NPOrpaMMON BBIYHCICHUS ATOMHBIX XapaKTEPUCTHUK,
HCTIONIB3YIONIEH METO KOH(UTYpPAIIMOHHOTO B3aUMOJCHCTBHS M MPUOIIDKEHUE CITydalHBIX
($a3z ¢ oOMEeHOM aJisi y4yeTra KOppeJslHid B MHOTOAJIEKTPOHHBIX aTOMHBIX oOosoukax. [ls
TSKEIIBIX DJIEMEHTOB MCIIOJIb30BAJICS PENSTUBUCTCKUI BapUaHT CaMOCOIJIaCOBAaHHOI'O TOJIS B
npubmbxennn upaka-®oka. [lormomenne B MOJNEKYISPHBIX MOJOCAaX PACCUUTHIBAIOCH B
NpUOJIMKEHUU TIOJIHOTO TEPEKPBhIBaHUS JIMHUNA. BinsHuEe mNIa3MEeHHON HeuieanbHOCTH
YUUTBIBAJIOCH IO MHKPOBOJIHOBOM MOIETIH.
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xoHaputa. Ni = 1.08-10° r/em’.

Paccuntansl TabaMLBl ONTHYECKUX M TEPMOAMHAMUYECKHX CBOMCTB IapoOB BeLIECTBA
Pa3IUYHBIX THIIOB KOCMHYECKUX Tell B quamna3oHe 2-40 kK ¥ OTHOCHTENbHOW IIOTHOCTH & =
10°-10 (6 = N/NL, rae N obuiee uucio siiep B cmecu, Np — yucino Jlommuara). PesynbTarsl
MOKAa3bIBAIOT, YTO JUISl BCEX TUIIOB KOCMHUYECKHUX TeJl ¢ pa3mepoM Oosee 10 M npu AaBieHHUSIX
B cjoe napoB mnopsaka 10 MIla u GoJbliie OCYIIECTBISETCS PEXKUM CHIBHOW SKPaHUPOBKU
MIOBEPXHOCTH METEOPOHUA.

Paboma evinoanena npu noodepoicke PODPHU (epanm Ne 07-05-00026).
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Optical characteristics and equations of state of vapors of cosmic bodies
invading the Earth atmosphere

1.B. Kosarev
Institute for Dynamics of Geospheres RAS, Moscow, Russia, kosarev@idg.chph.ras.ru

Estimates of atmospheric protective properties determining penetration of cosmic
objects into the Earth atmosphere are an important problem in connection with a problem of
asteroid danger which is being widely discussed now. Optical and thermodynamic property
calculations were conducted for various types of bodies with appreciable differences in
chemical composition: H-, C-chondrites, ice and cometary material. Calculations were carried
out on the base of 16 elements: Fe-O-Mg-Si-C-H-N-S-Al-Ca-Na-K-Cr-Mn-Ti-Ni. The
average percentage of chemical components for every type of cosmic body material was taken
from published data. Chemical composition for every pair values of the temperature and
density was determined in the thermodynamic equilibrium approximation from the solution of
chemical and ionization equilibrium with conservation of nucleus number and
electroneutrality. The algorithm of the phase and chemical equilibrium thermodynamic
analysis for complex systems based on extremal principles was used. All the main radiative
processes were taken into account. Modern published spectroscopic data are used in
calculations along with the update version of the atomic physics program. The last one uses
configuration interaction (CI) methods and random phase approximation with exchange
(RPAE) to take into account correlations in many electron atomic shells. For heavy elements
relativistic variant of self-consistent field Dirac-Fock approximation was also used.
Absorption in molecular bands was calculated in the just overlapping line approximation.
Influence of plasma non-ideality on optical properties in the case of high densities was
determined by using the microfield model.
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Fig. 1. Dependencies of Rosseland paths on the Fig. 2. Mass absorption coefficients for a
temperature T for various densities H-chondrite H-chondrite vapor layer.

vapor. N = 1.08:107 g/cm’.

Tables of optical and thermodynamic properties of cosmic body material vapors in the
ranges T =2-40kK and relative density o= 107-10 (6 =N/Ny, where N is the total
number of nuclei in the mixture, N 1is the Loschmidt number) were calculated. Obtained
results show that the strong shielding surface regime occurs for all types bodies with a size
more 10 m at pressures in a vapor layer near 10 MPa and more.

This publication is based on the work supported by RFBR (project no. 07-05-00026).
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IxcnepuMeHT «MHTpoCcKON» N0 00HAPY KEHUIO MAJIBIX HeOeCHBIX TeJ
BO BHYTpeHHHX 00J1acTaX CoTHeYHOil cucTeMbl

C.B. Kysun', A.B. 3aiiries’, B.JI. Kysuenos®, B.A. Illop*, B.JI. SIkoener’, A.C. Tpymmn'
" @UAH um. I1. H. Jlebedesa, 2. Mockea, Poccus, E-mail: kuzin@lebedev.ru

2HI «[lenmp naanemapuoii 3awumol», 2. Xumxu, Poccus. E-mail: pdc@berc.rssi.ru

3 UBMUPAH um. H. B. Ihwkoea, 2. Tpouyk, Mockoeckast 061., Poccus.

* HI1A PAH, 2. Canxm-Ilemep6ype, Poccus.

> HITO um. C. A. Jlasouxkuna, 2. Xumku, Poccus.

OnHoif M3 HaWMeHee MCCICIOBaHHBIX obOnacTeil CONHEYHON CHCTEMBI SBISIECTCS
pacnojyiokeHHass BHYTPH OpOUTHI 3emMim 00JacTh OKOJOCOJHEYHOrO IPOCTPAHCTBA.
Henocrarounas nccieq0BaHHOCTb 3TOH 00JacTH CBsA3aHA CO CIOXKHOCTBIO €€ HaOJIIOACHHS C
HOMOIIBI0 Ha3EMHBIX aCTPOHOMHUYECKUX HHCTPYMCHTOB.

B T0 e BpeMms, BHYTpHU 3TOH 00JaCTH IBMXKETCS MHOXKECTBO aCTEPOMIOB, KOTOPHIC
OTHOCATCS K KJIACCy aCTEPOUIOB, COMIKAIOIIMXCS ¢ 3eMIIeil, 1 MOTYT NMPEACTABIATE AT Hee
yTpo3y.

OpgauM u3 3(Q(GEKTUBHBIX CHOCOOOB OOHApPYKEHHS TaKUX aCTEPOUIOB SIBIISETCS
HaOJIOJIeHne WX ¢ 0OpTa KOCMHUYECKOTO amiapata, JBHXKYIIErocsi BHYTPU OPOHTHI 3eMIIH,
Hampumep, B paifone opoutr Benepsr mnmm Mepkypus [1, 2]. Takas BO3MOXHOCTh
MPE/ICTABISIETCSl B XOJC BBITIONHCHUS dKCIeNUIMU «VHTepreano30H1», mpeaHa3HauYeHHON
Jutst m3ydeHuss COJHIIA U OKOJIOCOTHEYHOH cpefibl ¢ OJM3KHX paccTosHui [3, 4].

B noknazne npencraBieHsl cxeMa MPOBeICHUS dKCIepruMeHTa «HTpoCcKom», OCHOBHEIC
XapaKTePUCTUKA ¥ BO3MOXKHOCTH amlIlapaTypbl MO OOHAPYKCHUIO M H3YyYCHHIO MalbIX
HeOECHBIX Tel U KocMu4eckoi nbutu. [IpuBeneHb! OleHKH 3G (HEKTUBHOCTH UX 0OHAPYKEHHUS,
OXHIaeMble OOBEMBI TMOCTYyMAromel HH(OPMAaLUM, AITOPHUTMEI €¢ 00pabOTKHM C IEJBI0
TIOJTyYCHHSI CBEJICHUH O (PU3UYECKUX XapaKTEPUCTHKAX U OpOUTAX HEOCSCHBIX TEII.

IpencTaBieHa cxema yCTaHOBKH ammapaTypsl «THTPOCKOI» Ha GOPTY KOCMHYECKOTO
anmnapara «/HTepreamo3oHI».

PaccMOTpeHBl BO3MOXKHOCTH MEXIyHApOJHOH KOOMEpalud IO OCYLIECTBICHHIO
JIAHHOTO SKCIIEPUMEHTA.

Peanu3anust  oKCmepuMeHTa  MO3BOJIAT  PEHNIMTh HE  TOJNBKO  HEKOTOpHIC
(yHAaMeHTalbHBIE TPOOJIEMBl CTPOCHUS M 3BOMoIMU CONHEYHONW CHUCTEMBI, HO M TaKue
MpaKkTHYeCKHEe 3aadd, KaKk CHIDKCHHE MHUKPOMETeopHO# omacHoctd st KA, a Ttakke
aCTEPOHJHO-KOMETHOH YTpO3bl, CBS3aHHOW C BO3MOXKHOCTBHIO CTOJIKHOBEHHUS TPYIHO
00HapyKUBaEMBbIX aCTEPOUIOB MM Aep KOMET ¢ 3eMileil.
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Experiment ‘INTROSCOPE’ on discovery of small celestial bodies in the internal
part of the Solar system
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* Institute of Applied Astronomy Russian Academy of Sciences. St. Petersburg, Russia.
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> Lavochkin Association, Khimki, Moscow reg., Russia.

One of the least investigated regions of the Solar system is its internal part which is
inside the Earth orbit. The cause of the limited knowledge is the difficulty of observations of
the area with ground-based astronomical instruments. The same time, within this region a lot
of asteroids belonging to the near-Earth asteroids type are moving. Some of them are
potentially hazardous for the Earth.

The most effective means for discovery of such asteroids are observation fulfilling
from the board of space apparatus moving inside the Earth orbit, for example, near-by the
orbit of Venus or Mercury [1, 2]. Such an opportunity is offered in the course of realization of
space mission ‘INTERHELIOZOND’ aimed to study of the Sun and near-Solar medium from
close distance [3, 4].

The lay out of experiment ‘INTROSCOPE’ is presented in the paper, the main
characteristics of the telescope and possibilities of discovering and studying small bodies and
interplanetary dust are discussed. The estimations of efficiency of observation, the expected
volume of on board information, the algorithms of its processing with the aim to derive
physical characteristics and orbits of celestial bodies are described.

The scheme of installing of the ‘INTROSCOPE’ instrument on board the
‘INTERHELIOZOND?’ spacecraft is presented. The opportunities of international cooperation
on realization of the experiment are discussed.

Realization of the experiment makes it possible not only to solve some fundamental
problems of structure and evolution of the Solar system, but such practical tasks as lowering
the asteroid-comet hazard and micrometeor hazard for spacecraft as well.

References

[11 EUNEOS Executive Summary. ESA. 2003.

[2] http://neo.jpl.nasa.gov/neo/neoreport030825.pdf

[3] Oraevsky V.N., Kuznetsov V.D., Breus T.K., Ksanfomality L.V., Kogan A.Yu. Marsch E., Axford W.I., Ip W.-H.,
Tomas N., Schwenn R., Utkin V.F., Uspensky G.R., Kulikov S.D., Pitchkhadze K.M., Zaitsev A.V. InterHelios //
Report of the InterHelios Mission Study Team. Scientific Rationale and Mission Concept. July 1998. P. 1-58.

[4]1 Marsch E., Kogan A., Axford W.I, Breus T., Kuznetsov V.D., Oraevsky V.N. Interhelios - Sun and Heliosphere
Observer // Proc. of Workshop “A Cross-Road for European Solar and Heliospheric Space Physics”. Puerto De La
Cruz, March 23-27, 1998, Tenerife, Spain, 1998, SP-417, ESA, p.91-108.

131



KomMeTsl 1 3BOJIIOIUSA METECOPOUIHBIX KOMILJICEKCOB

H.B. Kynuxosa, B.W. Tumenko, J{.A. Kanuaun
Obnunckuii I'ocyoapemeennviii Yuueepcumem amomnou snepeemuxu (MAT3), Obnunck, Poccus.
E-mail: kulikova@iate.obninsk.ru

KoMeTbI Mpe/IcTaBIAIOT HHTEPEC KaK OUH U3 HCTOYHUKOB MOMOHEHUS KOCMHYIECKOTO
MPOCTPAHCTBA HE TOJIBKO ()parMEHTaMH CBOETO pacilajia, HO M KaK yraciiie HeOecHbIe Tea.
O1eHKa KOIUYECTBa KOMET, BOIOLHOHU3UPYIOIINX B OKOJO36MHOM MPOCTPAaHCTBE BeChMa
3aTpyIHEHA U3-32 HEYCTOHYMBOCTH U EPEMEHUYMBOCTH KOMETHBIX OpOUT. OHOM U3 MpUYHH
SIBJISICTCSI IOTEPST MACCHI, YTO MPHBOTHUT K PAa3PYIICHUIO KOMETHBIX SIACD M BO3HHKHOBCHHUIO
HOBBIX OOpa3zoBaHuMil. KOMETBI COCTaBISIOT Myl 4YacTb OOBECKTOB, CONMKAIOLIMXCS C
3emiieil, HO UMEIOT 3HAYUTEIBHBIA Pa3pYLIMTECIbHBIA MOTEHIHAT B KOCMHYECKOW yrpo3e
BCIICCTBHE JMHAMUYCCKHX XapaKTEPHCTHK. B HacTosimiee BpeMmsl MPH HEBO3MOXKHOCTH
MPOBEJICHUSI HATYPHOTO OKCIEPUMEHTAa WM €ro JOPOTOCTOMMOCTH —TMEePCIEKTHBHBIM
HAMpPABICHUCM  KCCICOOBAHUI  SBISIETCS  CO3JAQHHC  KOMIIBIOTEPHBIX — TEXHOJIOTHH,
HNOCTPOCHHBIX IO MPUHLHUIY MOIYJIBHOCTH, YTO IIO3BOJSICT OCHOBATEIBbHO DACLIMPUTH
JMana3oH MPUMEHSEMBIX MaTeMaTHYeCKUX MOJENeH  Je3MHTErpalnuy, alrOpHUTMOB
SBOJIFOIIMOHHOTO ~ Pa3BUTHs  BO3HUKAMOIIMX  MCTCOPOMIHBIX  KOMIUICKCOB,  OIICHHTh
Ka4ueCTBEHHbIC M KOJMYCCTBEHHBIC XapPAaKTEPUCTHUKU pa3padaThIBACMbIX HaOIIOATEIIMU
KPHUTEPHEB HACHTA(DHUKAIIMK OTICIBHBIX METEOPOB KaK JJICMEHTOB KOHKPETHBIX MOTOKOB H
np. B noxnane npencrapieHsl HandoIee HHTEPECHBIC ¢ TOYKK 3PCHUSI aBTOPOB PE3YJIBTATHI,
MOJyYEHHBIE C HCIOJB30BaHUEM pPa3padOTaHHON paHee KOMITBIOTEPHOW TEXHOJIOTHH JUIS
HCCIICAOBaHMsI HACEIICHHOCTH KOCMHYECKOTO IPOCTPAHCTBA MPOAYKTAMH [E3WHTETPAIUH
pAia KOHKPETHBIX KOMET B PETPOCIIEKTHBE MX HAOIIOICHUIA.

Comets and meteoroid complexes evolution

N.V. Kulikova, V.I. Tishchenko, D.A. Kalinin
Obninsk State Technical University Of Nuclear Power Engineering (IATE), Obninsk, Russia. e-mail :
kulikova @iate.obninsk.ru

Comets are the objects of great interest as they are the one of the origins of the
replenishment of the cosmic space not only by the fragments of their disintegration but also as
small celestial fading bodies.

The valuation of the quantity of the comets moving near Earth is very difficult due to
no stability and variation comet orbits. One of causes is the decrease of their masses. This
leads to the destruction of the comet nuclear and the appearance of the new formations. The
comets are the small part of the objects near Earth, but they have significant destructive
potential of the cosmic threat due to their dynamic characteristics.

At present impossibility to perform a field experiment or its high cost the development
of computer technologies created by the modulus principle is considered to be the most
promising trend. It allows to expand the range of applied mathematical models of
disintegration, algorithms of the evolution development of appearing meteoroid complexes, to
assess the quantitative and qualitative characteristics of developed identification criteria for
some meteors as elements of concrete fluxes and so on. The paper presents most interesting
results obtained with the help of a computer technology developed to study space population
with disintegration products of the certain comets in the process of their observations.
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JK30THYECKOE BellleCTBO B MOJIMMHUKTOBBIX Opekunsax HED

K.A. Jlopenn
Huemumym eoxumuu u ananumuyeckou xumuu um. B.M. Bepnaockoeo PAH, Mockea, Poccus.
E-mail: c-lorenz@yandex.ru

Mereopurtsl rpynnsl HED (roBapanTbl, 3BKPUTBI, IUOTCHUTHI) — MIPEACTABISIOT COOOH psij
TEHETUYECKH CBSI3aHHBIX MUPOKCEHUTOB, Ta00po, 0a3albTOB M OpPEKYMil ITHX TOPHBIX MOPO/,
HUCTOYHUKOM KOTOPBIX SBISI€TCSA TEJIO, MCIbITaBlIee MarMaTudeckyro muddepeHnmanuio,
Haubonee BepositHo — actepoun 4 Becra. ITonumukroBsie 6pexunn HED (I1B) - roBapautsl u
MIOJIMMHUKTOBBIE 3BKPUTBI — (PparMeHTb! IUTU(GHUIUPOBAHHOTO PETOJIUTA, B KOTOPOM COIEPIKHUTCS
9K30THYECKOE BEIIECTBO - MEXKIUIAHETHAs! bUTb, 00JIOMKH METEOPUTOB M BKJIFOUCHUS TTyOMHHBIX
HOpoJi, BHIOPOLIEHHBIX Ha IOBEPXHOCTh MPH OOpa30BaHMM KPYIHBIX YIapHBIX KpaTepos.
W3ydyeHue 3THX METEOPUTOB IOCTABIIAET MHPOPMALMIO O COCTaBE M IBOJIIOLIMHU ITOBEPXHOCTH U
BHYTPEHHHX CJO€B pOIWTEIBCKOTO Tela. OK30THUECKOe MeTeopuTHoe BemectBo B 1B
npencrasieHo ¢parmenTamu yrimucteix CM xonzapurtoB (Ha mp. Zolensky et al., 1996). Hamu
BIIEPBEIE TIOKa3aHo, 4To Hapsxy ¢ CM-xorgputamu, I1b comepxar ¢pparMeHTsI OOBIKHOBEHHBIX
XOHJIPHTOB W DHCTATUTOBBIX METEOPHTOB. YCTAHOBJIEHO, YTO IIOTOK MEXIUIAHETHBIX YacTHUI] Ha
opbute poaurensckoro Tenma HED kauecTBEHHO COOTBETCTBOBAJ COBPEMEHHOMY IIOTOKY
MHUKPOMETEOPUTOB Ha 3emirto. Tarke MOKa3aHO, YTO YACTHI[B! YITIHUCTBIX XOHAPHTOB SIBISTFOTCS
YJacTbl0 HU3KOCKOPOCTHOTO IIOTOKA KPYNHBIX YAaCTHUIl, BEPOSITHO CBSI3aHHOTO C TIBUIEBBIMH
cieraMd KomeT. YacTHIbl METEOpHTOB JPYIMX THIIOB O0Jajanud BBICOKOH CKOPOCTBIO W
TIPUHAUIEKATM K I0SiCaM acTepPOMJIHON NbUIM. OTHU BBIBOABI COTJIACYIOTCS C pe3yJbTaTaMu
HCCIICIOBAHUS OKOJIOCOJTHEYHOTO MBLJICBOTO 00Naka, mpoBeneHHoro cinytHukoM IRAS (Divine,
1992; Renard et al. 1995). Coxnepxanusi cunepodmibHbIX 31eMeHToB B [16 cooTBeTcTBYIOT 2-3
Macc.% BelecTBa yraucTeix XoHApUTOoB (Chou et al.,1976) uyTo He KOppeaupyeT ¢ colepKaHuEM
9K30THYEeCKHX MeTeopuTHEIX dwacTu B HED. CrenoBarensHO, OCHOBHBIM — HOCHTENIEM
KOCMOTEHHBIX cunepoduibHeix snementoB B HED sBiseTcs paccesHHOe MeTEOpPHTHOE
BEIIECTBO, HEAOCTYNHOE AJISI MUHEPAIOTHYECKOT0 N3ydeHus. [I0TOK XOHAPUTOBOTO BELIECTBA Ha
TIOBEPXHOCTh BECTHI cOmocTaBMM C ITOTOKOM Ha HOBEPXHOCTH JIyHBI B IEepHOX MHTEHCHBHOM
MeTeopuTHOH OoMOapanpoBku 4,5-3,7 MIIpA. JET Ha3aj, KOTopas TaKUM 00pa3oM, HMena MeCcTo
Bo Bcelt ConmHewyHOM cucreMe. DK30THUYECKHEe METeOpUTHbIe BKIoueHus B IIb mokymeHTHpyIOT
KaueCTBEHHBII COCTaB JPEBHETO IIOTOKA, KOTOPBIH HE OMIMYAICs OT COBPEMEHHOIO
METEOPUTHOTO IOTOKAa Ha 3eMio. OK30THUecKMe Marmaruueckue BrmoueHus B [Ib
NpEJCTaBICHbl [IIYOMHHBIMH WJIM HE3HAYMTEIbHO PpACIpPOCTPAHCHHBIMU H3BEP)KCHHBIMU
TOPHBIMH TIOPOJAMH, HEHW3BECTHBIMH B KauecTBe MeTeopuToB. Hamu Obuim OOHapyXeHbl U
UCCIIEJOBaHBI BKJIFOYEHHS BEICOKOMArHe3HalbHBIX MEPUIOTUTOB, KOTOPbIE MOTYT MPEACTaBIATH
co00# BemiecTBO BepxHeil MaHTUU muddepeHpoBaHHoro acreponga. Takxke Brnepssie B8 HED
0o0HapyXeHB! BKIIIOUEHHS CPEIHUX M KHCIBIX TOPHBIX IOPOJ, KOTOPHIE SIBISIOTCS MPOILYyKTaMH
WHTEHCUBHOW MarmaTmdeckoi mn¢¢epennmanuy Ha poxutensckoMm Teine HED. Ha mpumepe
9K30THYECKUX MAarMaTUYECKUX BKIIOYEHUH IIOKA3aHO, 4TO Ha pojurenbckoM Tene HED aror
MPOIIECC MOT TPHBOAUTH K OOpa30BAaHMIO 3HAYUTENBHBIX OOBEMOB BBICOKOKPEMHHUCTBHIX,
00O0TaIleHHBIX JKeJIe30M M KaJbLIMEeM pacIIaBoB, KaK 3TO UMeo MecTo Ha JIyHe.
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Exotic materials of HED meteorites
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The meteorites of HED group (Howardites, Eucrites, Diogenites) are range of
genetically-linked pyroxenites, gabbros, basalts and polymict breccias of these rocks, coming
to the Earth from one of differentiated asteroids, most probably, from Vesta. The HED
polymict breccias (PBs), howardites and polymict eucrites, are fragments of parent body
regolith. Among the regular components they contain interplanetary dust particles, meteorite
debris and inclusions of deep sited igneous rocks, excavated to the surface by large impact
events. Investigations of these meteorites allow studying the composition and evolution of
surface and internal parts of its parent body. Exotic meteorite materials of PBs are mainly
carbonaceous CM chondrites (i.e. Zolensky et al., 1996). Here we demonstrated that PBs also
contain the particles of ordinary chondrites and enstatite meteorites. The flux of interplanetary
particles on the orbit of HED parent body was qualitatively similar to the modern flux of
micrometeorites to the Earth. We showed that particles of carbonaceous chondrites are
components of low-velocity population of near-Solar dust bands, probably the comets’ dust
traces. The meteorite particles of other types represent the high-velocity dust population of
asteroidal origin. These suggestions are consistent with results of study of near-Solar dust
cloud provided by IRAS satellite (Divine, 1992; Renard et al. 1995). Concentrations of
siderophile elements of PBs correspond to abundance of 2-3 wt% of carbonaceous chondrite
material, that is not correlate to abundance of meteoritic particles. Probably, the main mass of
meteoritical material in PBs is finely dispersed and inaccessible to mineralogical
investigation. The flux of chondrite material to the surface of HED parent body is similar to
that of the Moon during the intensive meteorite bombardment 4.5-3.7 b.y. ago. Exotic
meteorite particles are documented the qualitative composition of ancient meteorite flux, that
was similar to modern flux on to the Earth. Exotic igneous inclusions in PB represent deep-
sited and rare magmatic rocks, wich are not found among the meteorites. We found and
studied one inclusion of high-magnesium peridotite that could be a fragment of upper mantle
of differentiated asteroid. Recently found inclusions of exotic acidic rocks are products of
intensive igneous differentiation. We showed that the process of igneous differentiation on
HED parent body resulted in formation of significant amounts of Si, Ca, Fe — rich melts as it
had taken place on the Moon.
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Manble Tema, CHEKTp pa3MepoB KOTOPBIX IIPOCTHpAETCs OT HECKOIBKHX COT
KUWJIOMETPOB 10 MUKPOHOB, SIBJIIIOTCA HauOosiee NUHAMUYHBIMU 0ObekTaMu B ConHEUHOH
cucteme. OHH WTpaly U TPOAOKAIOT WUTPaTh BAXKHYIO POIb B €€ DBOIIONUH Oiaromaps,
HporieccaM MHTPAllMd M MHOTOYHCIEHHBIM COYHapeHHMsM C IUIaHeTaMH. Manble Tena
MIPECTaBILIOT IEPBOCTEIICHHBIM HHTEpPEC Ul IJIAHETHOM KOCMOTOHHM ¢ KOCMOXUMUYECKOH
TOYKHM 3PEHUS, KaK HOCUTEIHN IIEPBUYHOTO MaTepuana, U3 KoToporo oopaszosanacsk ConHedHas
cucremMa. KOMEThl ¥ IPUMHUTHUBHBIE YIJIUCTHIE XOHJIPUTHI MPEIIIOIOKUTEILHO COXPAHUWIN B
CBOEM COCTaBE YACTHIIBI MPOTOIIAHETHOTO 00JTaka M Ta30MbIIEBOTO aKKPEIIHOHHOTO JHCKa,
MOCKONIBKY ~IIpeTepHeNr HaMMEHBIIHe W3MEHEHHs B TIpolecce OJBONONUH. KoMeTs
€CTECTBEHHO aCCOLUHPOBATh C IJIAHETE3UMAJISIMU, BHIOPOILIEHHBIMU BCIEACTBUE MPUIUBHBIX
BO3MYIICHUH W3 00JacTell POXKICHHS TUIAHET FONUTEPUAHCKON IPYMIBI B POIIECCE UX pocTa
Ha nepudeputo ConHeuHoll cucreMsl, rae obpasoBanuck nosic Koiinepa u obinako Ooprta.
KomeTsl MOXKHO paccMaTpuUBaTh TAKXKe KaKk cBOeoOpa3Hble 30HAbl Onmpkaiimmx k ConHeuHoM
cucreme obnacteit ['anakTuky.

CpoiicTBa OpOUT MaJbIX TeJl OTPAKAT JUHAMHMKY PETyJSpHBIX U XAOTHYECKUX
nporeccoB B COTHEYHOH CHCTEME, OJHHM H3 XapPAKTEPHBIX MPOSBICHAUI KOTOPBIX CITYXKHUT
murpanusa. CleacTBUEM MHIPAllUU SBISIOTCS CTOJIKHOBEHMS KOMET M acTEpPOMJOB C
mIaHeTaMu. [IOMEMO MEXIJIAHETHOTO TPAHCIIOpPTa BENIECTBA, OHH HPHBOIAT K
KaTacTpoUUeckuM COOBITHAM, HEOJHOKPATHO NPOMCXOIMBIINM B T€ONOTHYECKON HCTOPHH
3eMiu, OJHUM U3 IPUMEPOB KOTOPBIX CIYXHUT TyHrycckoe spiaeHue. MUrpalMOHHO-
CTOJIKHOBHUTENbHBIE TIPOILECCH] JIeKAT B OCHOBE aKTyalbHOH M YeIOBEYEeCTBA MPOOIIEMBI
acTepouHON onacHocTH. VIHTeHCHBHas OOMOapIupoBKa 3eMIM M IIAHET 3€MHON IPYIIIbI
KOMETaMH M acTepoHJaMH MOTJa OOECIEeYHTh NPHUTOK JICTyYMX M3 BHENIHUX OOIacTeif
CoHeuHOW cHCTEeMBbI Ha paHHEW CTaJuH €€ JBOJIIOLMU 3a CYET MEXaHW3Ma I'eTepOreHHOU
aKKpeLUM, 4TO BHECJO, IO-BUIUMOMY, 3HAuUUTEIbHBIA BKIad B oOpazoBaHHe aTMochep U
rugpocdep. Murpamus MabIx Tell, BKIIOYAs YaCTHIBI MEKITAHETHON MBLIH, IMEET IPIMoe
OTHOIIIEHHE HE TOJBKO K 3BOJIOLMU IUIAHET, HO U K IpoOsieMe NPOUCXOXKICHUS KU3HHU, B
Ka4ecTBE HOCHTeNeH MepBHIHBIX (JOPM KOTOPOI MOTIIH OBITH KOMETHI.
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Small bodies: Migration and implications

M.Ya. Marov
Keldysh Institute of Applied Mathematics of Russian Academy of Sciences,
E-mail:marov@keldysh.ru

Small bodies ranging in size from microns to a few hundreds of kilometers are the most
dynamical solar system objects. They played continuously an important role in its evolution
because of mainly their migration followed by the numerous collisions with the planets. For
the cosmogony, small bodies are of interest from the viewpoint of cosmochemistry as the
carriers of primary matter from which our solar system built up. Comets and carbonaceous
chondrites presumably encapsulated most pristine particles of the protoplanetary nebula
because they did not experienced significant changes in due course of evolution. Comets are
reasonably associated with planetesimals that have been thrown out due to tidal perturbations
from the region of giant planets formation to the periphery of the solar system where
transneptunian Kuiper belt and Oort cloud formed. Comets are also addressed as the bodies
probing the closest to the solar system Galaxy regions.

Small bodies orbits characterize both regular and chaotic processes in the solar system
and migration confirm these dynamical properties. Migration manifests itself explicitly
through numerous collisions of comets and asteroids with the planets. These processes are
responsible for the permanent transport of interplanetary matter and dramatic events caused
by large bodies impacts. Such catastrophes occurred many times throughout the Earth’s
geologic history, Tunguska event serving as the recent brilliant example. Migration-collisions
underlie the problems of NEO asteroids threat that draws growing attention. Numerical
modeling brought quite convincing evidence that intense bombardment of early Earth and
other inner planets by comets and asteroids could contribute substantially to volatiles
inventory and therefore, to compensate volatiles deficiency in the region of the terrestrial
planets formation, invoking the mechanism of heterogeneous accretion. This allows us to
explain sufficient bulk of volatiles to store in the inner planets atmosphere and hydrosphere.
Finally, migration of small bodies, interplanetary particles including, might be intrinsically
related to the intriguing problem of life origin, comets being addressed as the most probable
original biotic seeds carriers.
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O moTHocTH NBLIEBOH cpeabl B 00aactu Koiinepa

C.A. MemepsikoB
LIHUUMAILL 141070, Mockosckas o6xn., e. Kopones, [Tuonepckas 4,
E-mail: SMeshcheryakov@mtu-net.ru, phone: (495) 513 4860

B HacTosiiee BpeMsi 3HaUUTEIbHOE BHUMAaHKE IPUBJIEKAIOT UCCIIEI0BAaHUS TPAHCHETITYHOBOK
obmactu u mosica Koiinepa. OTW wucCIeOBaHUS BHOCAT OOJIBIION BKIaJ B pEIICHHUE
po6sembl 3BOOIUH COJHEYHOH CUCTEMBL. DTH PabOTHl MOTYT UMETh OOJIbILIOE PUKIIATHOES
3HAUCHHE TaKOKe VIS TOCTPOCHUSI MOJEIEH METEOPOUIHON CPEeabl, KOTOPbIE CTAaHOBSTCS BCE
Oenee aKTyalnbHBIMH B CBSI3M C POCTOM 3HAYMMOCTH TNPOOJEMBI 3alIUTBl KOCMHUYECKHX
anmapatoB. Ilosc Koiimepa BHOCHT Takxe CBOH BKJaJ U B aCTEPOUIHYIO OMACHOCTbH IS
3emun. U3mepenus topmoxenus amnmapatoB [Inonep-10 u Ilmonep-11, mpoBeaeHHbie B
MepuoJi, Korjna oHu BeIIUIM 13 CONHEYHOH CHUCTEMBI, YXKE MOCIYKHIM OCHOBOW JIJISl OLICHOK
IJIOTHOCTH KOCMHYECKOW MAaTepuu B 3TOM mosice. B naHHON paboTe AaHbl HOBBIC OIICHKU
9TOH IJIOTHOCTH, OCHOBaHHBIC Ha PELICHHUH 3a1aul HU3MUECKOM KMHETHKU TPaBUTUPYIOLICH
Cpenbl.

On the density of dust in the Kuiper Belt region

S.A. Meshcheryakov
TSNIIMASH, 141070, Moscoe region, Korolev, Pionerskaya 4,
E-mail: SMeshcheryakov@mtu-net.ru, phone: (495) 513 4860

The investigations of the trans-Neptune region and the Kuiper Belt attracts a great attention
nowadays. These works have a great importance for solution of the problem of Solar System
evolution. They have a great applied significance in development of the meteoroid
environment models. The last thing become of great urgency due to increased meaning of
spacecraft protection problem. Also the Kuiper Belt plays a part in the asteroid hazard for
Earth. Measurements of drag .in missions Pioneer-10 and Pioneer-11 have used in evaluation
of density of dust substance in this region. There are done new estimations of the dust density
based on solution of the physical kinetics problem for gravitating medium.
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Yder TMHAMMYECKUX PE30HAHCHBIX I(P(PEKTOB B CTATHCTHUECKHUX pacTipeiesIeHUsIX
opoOMTAJIBLHBIX apaMeTPOB MaJbIX Tesl CoJIHEeUHOH CHCTEeMbI

B.P. Mymaunos, B.C. Temmumxkas
Tocyoapcmeennviii acmpornomuyeckuil uncmumym um. ILK. [lImenbepea MT'Y um. M.B. Jlomonocosa,
Mockea, Poccus. E-mail: VeraTeplic @yandex.ru

1. Mns KeHTaBpoB U 0OBEKTOB «pacCHINAIOLIETOCs IOSiCa», a TakKe OOBEKTOB MOsica
Koiinepa moctpoeHsl pacnpeaeneHus 0 OONbIIMM IOIYyOCsSM, SKCLHEHTPUCUTETAM U
yriam HakjJIoHa OpOUT.

2. IlomyudeHo, 9TO SKCLEHTPUCUTETHI 00beKTOB nosca Koiinepa npeuMyIecTBEHHO MaJlbl.

3. VHTepupeTHpOBaHO PACXOXKICHHE MAaKCHMyMa B DacIpelelicHHH OOBEKTOB IOsca
Koiinepa no 601bmuM OIyOCsSM ¢ TOUHBIM OPOUTAIBHBIM PE30HAHCOM.

4. TIpoBeneH BelBieT-aHAIU3 pacIpeAeICHUH 110 0OIbIINM IOy OCIM.

Accounting dynamic resonance effects in the statistical distributions of orbital
parameters of the minor planets of Solar system

B.R. Mushailov, V.S.Teplitskaya

Sternberg Astronomical Institute. Moscow State University, Moscow, Russia. VeraTeplic@yandex.ru

1. A distribution of semi-major axes, eccentricities and corners inclination orbits for

Centaurs and Scattered-Disk objects, as well as Kuiper belt objects are adduced.

It was found that, Kuiper belt objects eccentricities were mostly small.

3. The difference of maximum in the distribution of the semi-major axes for Kuiper belt
objects with precise orbital resonance was interpreted.

4. A wavelet transforms for distributions of a semi-major axes are constructed.

N
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O HeKOTOPbIX O0LIUX 3aKOHOMEPHOCTSX JMHAMUYECKOI IBOTIONNHT
3K301u1aHeT ¥ mjaHeT CoJTHEeUHOH CHCTEMBI

Bb.P. Mymaunos, JI.M. iBanoBckas
Tocyoapcmeennviii acmponomuueckuu uncmumym um. I1.K. [lImenbepea MI'Y um. M.B. Jlomonocosa,
Mocxkea, Poccus. E-mail: ilm1655@yandex.ru

1.

[TomyueHbl KOPPEKTHBIE pacrpeiesieHus (THCTOrPaMMBbI) SK30IIJIAHETHBIX CHCTEM IO UX
opOuTaNbHEIM NapaMeTpaM (OOJBIIUM II0IYOCSM, MEPHOAAM, IKCIEHTPUCUTETAM) U
(U3NYECKUM XapaKTePUCTUKaM (Macce, CIIEKTPAIbHOMY KJIACCY).

YCTaHOBIIEHO, YTO 3HAYUTEIBHBIE MAcChl MPEIBBIYUCICHHBIX SK30IUIAHET SIBISIOTCS
CJIC/ICTBHEM HETIOHOTHI IPUMEHSIEMBIX MOJIEIIEH.

IlokazaHa pacHpOCTPaHEHHOCTh OPOUTAJIBHBIX PE30HAHCOB B  3K30INIAHETHBIX
cucreMax.

CratucTMUeCKUi aHanu3 OpOWTANBHBIX MAapaMeTPOB HK3OIUIAHETHBIX CHCTEM H
CoJlHEeUHOW CHUCTEMbI CBHJCTEILCTBYET O €IMHOM (YHHBEPCAJIbHOM) MEXaHHU3ME HX
(hOpMHUPOBAHUS U IBOIIOIHH.

About some general regularities of dynamic evolution
extra solar planets and Solar system

B.R. Mushailov, L.M. Ivanovskaya
Sternberg Astronomical Institute. Moscow State University, Moscow, Russia.
E-mail: ilm1655@yandex.ru

We obtain the correct distribution (histograms) of extra solar systems on their orbital
parameters (semi-major axes, period, eccentricities) and physical characteristics (mass,
spectral class).

It was found that significant mass predictional exoplanets due to the incompleteness
used models.

We shown the prevalence of orbital resonances in extrasolar systems.

Statistical analysis of orbital parameters extra solar systems and the Solar system
shows a single (universal) mechanism of their formation and evolution.
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Kocmuyeckasi Muccust nocemenus acreponga AIIOOUC

B.I'. I[Tons, M.B. Maprtsinos, A.B. CumonoB, M.H. Xaiinos
@I'VII HIIO um. C. A. Jlasouxuna, e Xumxu, polvad@laspace.ru

Jloknaa nocBsuieH mnpobieme actepouaHoit omacHoctd (AO), OleHHBAEMOW CEroHs
B CBETE HOBOI MH(OpPMAIHHK, HAKATIMBAOMIEiCs 10 KOHKPETHOMY YTPOXKAOIIEeMy aCTepOHIY
AIIO®UC. Ilocnennuil cieayeT paccMaTpUBaTh KaK OOBEKT, HA KOTOPOM MOXHO U
OJJHOBPEMEHHO HEOOXOAMMO HauyaTh OTpabaThIBaTh OSJIEMEHTBl BCETO  KOMILIEKCa
KOHCTPYKTUBHBIX aKTHBHBIX MEp HpPOTUBOACHCTBUS, MAUKTYEMbIX CaMHM CYILIECTBOM
npo6siemsl AO B 11eJIOM.

OTH MepBI 3aKITFOYal0TCA, IPEKAE BCETo, B 00eCIEeIeHHH TOYHOTO MIPOTHO3a IBIKCHHS
3TOTO AacTepOHfa, OLEHKE ero (U3UKO-XMMHYECKHX U CTPYKTYPHBIX XapaKTePHCTHK H
OIIpEJIeJICHUE COCTaBa [JOIYCTHMBIX CPEICTB IPOTHBOACHCTBUA ynapy Io 3emie.
OOHapyXeHHasi BO3MOXHOCTb pe30HaHCHbIX Bo3BpaToB AIIO®UCA mnpusomur K
HE0OXOMMOCTH IPOrHO3UPOBATh ABMXKEHUE ACTEPOUJA C TOUHOCTHIO, HEJOCTUXKUMOH MpU
TPaJULHOHHBIX METO/aX ONpEeAeNeHns] OPOUT MaIbIX HEOECHBIX TEll.

ITosToMy npuMeHHTENBHO K KOHKpeTHOMY ciydaro AIIODMCA craBurcs 3amada
pa3paboTku 1ieNieBo  KocMmuueckod wmuccud. OHa JOJDKHA 00ECHeYuTh YTOYHCHHE
TPaeKTOPUM aCTEPOUNA, OLEHKY €ro (PU3UUECKUX M CTPYKTYPHBIX XapaKTEPUCTUK, a TAKXKe
MIPOBE/ICHNE JEMOHCTPAIMOHHBIX YKCIEPHMEHTOB 110 U3MEHEHHIO OPOUTHI aCTEPOMIa MaIIBIM
JUIMTEIBHBIM SHEPTE€TUYECKUM BO3JEHCTBHEM.

B noknane paccMaTpuUBalOTCs pa3IMUHbIE IUIAHBI IepesieTa, UMEIOLIUecs TEXHUUECKHe
OTPaHUYEHHs U AeNaeTcsi 000CHOBAHHBIH BEIOOD MPEANOYTHTETHHOTO TIIaHA MUCCUH, HCXOAS
u3 ee mposegeHus nepuox 2012-2014rr. Ocobo aHamu3upyercs OaUIUCTUYECKOE
obecrieueHne JUIMTEIBHOIO CYIIECTBOBAaHUS HUCKycCTBeHHOro cmyTHuka AIIOOUCA,
paccMaTpruBaeMoe KaK yCIOBHE IETadbHOTO ONpeleleHHs peanbHOil OpOMTHI acTeponja H
TOYHOI'0 IIPOrHO3a €ro mpoiera MuMo 3emiu B 2029r.

PaccmaTtpuBaeTcst 0OMHK KOCMHYECKOTO allapaTa MHCCHH, PElIaoled 3TH 3aJadH.
Jlaetcs KOHKpeTHbIH BapuaHT mnonera K actepouny AIIOOUC c¢ mnpussaskoil K
CYLIECTBYIOIIMM CPEICTBAM BBIBOJA W KOCMHUYECKHM ammaparam pa3pabotkun HIIO wum.
C.A. JIaBoukuna. [TpuBoasrcs npenoxenus: mo komiuiekraunu KA HayuHOU anmapaTypoi,
00OCHOBBIBAE€TCSI KOHKPETHBIM MaH mpoBeAeHUs Muccuu B nepuon 2012-2014rr.
PesynpratamMu mpemmaraeMoi MHCCHE OYyIyT SBIATHCS: BO3MOXHOCTB 3HAYUTEIBHOTO
MOBBIIIEHHUS] TOYHOCTU CJISKEHMS 33 KOHKPETHBIM yrpoxaroummm acrepougom AITODUC,
HaJIe)KHOE IIPOTHO3UPOBAHHE PEaNbHON Yrpo3bl OT HETO U JAEMOHCTPalMs BO3MOXKHOCTEH
YBOZIa 3TOT0 acTEpPOMJIa ¢ opakarouiei TpaekTopud. KpoMe Toro, npeanoaaraercs nojryuuTh
HOBBIE HAayUYHbIE PE3YJIbTAThI 10 MaJIbIM TenaM COJIHEUHOH CUCTEMBI.
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Space mission of visiting of asteroid Apophis

V.G. Pol, M.B. Martynov, A.V. Simonov, M.N. Hailov

Lavochkine Association, Khimki, Moscow Region, polvad@laspace.ru

Report is dedicated to the problem of asteroid threat (AT), evaluated today in light of
the new information, which is accumulated on the concrete threatening asteroid Apophis. The
latter should be considered as the object, on which it is possible and simultaneously necessary
to begin to master the elements of entire complex of the design active measures for
opposition, dictated by very essence of problem AT as a whole. These measures consist, first
of all, in the guarantee of the precise forecast the motion of this asteroid, to the evaluation of
its physical chemistry and structural characteristics and the determination of the composition
of the permissible means of opposition to impact on the Earth. The discovered possibility of
resonance recoveries of Apophis leads to the need for forecasting the motion of asteroid with
the accuracy, unattainable with the traditional methods of determining the orbits of small
celestial bodies.

Therefore in connection with to specific case of Apophis is posed the problem of
developing the space mission. It must ensure the refinement of the trajectory of asteroid, the
evaluation of its physical and structural characteristics, and also the conducting demonstration
experiments with respect to a change in the orbit of asteroid by small prolonged energy
action.

In the report are examined different plans of overflight, existing technical limitations
and is done the substantiated selection of the preferable plan of mission, on the basis of its
conducting the period of 2012-2014 years. Separately are analyzed the trajectory
consideration of prolonged existence of asteroid satellite, as the condition for the detailed
determination of the real orbit of asteroid and precise forecast of its flight past the Earth in
question in 2029.

Is examined the appearance of the automatic spacecraft of the mission, which solves
these tasks. Is given the concrete version of flight to the Apophis with the tying to the existing
means of conclusion and the automatic spacecraft for development by Lavochkine
Association. Proposals on the assembly SC are given by scientific gear, is based the concrete
plan of conducting mission in the period of 2012-2014 years. The results of the proposed
mission they will be: the possibility of a substantial increase in the accuracy of tracking of the
concrete threatening asteroid Apophis, the reliable prognostication of real threat from it and
the demonstration of the possibilities of the withdrawal of this asteroid from the damaging
trajectory. Furthermore, it is intended to obtain new scientific results throughout the small
bodies of the Solar system.
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O NoTeHUATbHOM TOYHOCTH ONpe/ieJieHHs OPOUTHI acTeponIa
M OrpaHHYUBaOIMX ee pakTopax

B.I'. ITons
@I'VII HIIO um. C. A. Jlasoukuna, 2. Xumku, polvad@laspace.ru.

B.A. Ilop

Hnuemumym npuknaonou acmponomuu PAH, C.-Ilemepbype, shor@ipa.nw.ru

HccnenoBanne IBIKEHHWS HENAaBHO OOHApYKEHHOTO acTepouaa AmnoQuc CIenayo
HaTJBITHOM ONacHOCTh OJNM3KOTO MPOXOXKISHUS acTepoHIa B OKPECTHOCTH 3eMJIH JaXke B TOM
Cilydae, KOTJa HEMOCPEICTBEHHOE CTOJNKHOBEHHE HCKitoueHo. [Ipu cOmmxennn tena ¢ 3emieit
ero opOHTa HCIBITHIBACT CHJIbHBIC I'DABUTAILIMOHHBIC BO3MYILECHUS, KOTOPBIE MOTYT BECTH K
MOBTOPHBIM CONMWXEHUSM 3eMJIM M acTepouja B HE OYCHb OTAaleHHOM Oyaymem. IIpu stom
CHUTyalusi, IMEBIIAsi MECTO B MPEABIIyIIEM CONMDKEHHH, MOXET Jake yxXyammrtecs. Torma, B
pe3yabTaTe uepe3 HECKOJIBKO JIET BMECTO TECHOTO CONMKEHUS TPOU30UAET CTOJIIKHOBEHHE 3eMIIH
C OIACHBIM TeJIOM. J[JIsl KOHKPETHOro Tela IpH 3aJaHHbIX YCIOBHAX €ro cOMmKeHus ¢ 3emieil B
OIIPE/ICJICHHBIX MHTEPBATaX MHUHUMAIBHBIX T€OLEHTPUYECKHX PACCTOSHUH CYIIECTBYIOT 30HBI
pe3oHaHcHoro Bo3Bpara (3PB), mpoxoxkieHHe udepe3 KOTOpble TIapaHTUPYET CTOJIKHOBEHHE
OIIACHOTO Tella ¢ 3eMJIel Yepes3 OIpe/ieNICHHOe YKeIIo JieT. Hammuue 30H pe30HaHCHOTO BO3Bparta
OTHOCHUTENBbHO Majoro pasmepa (3PB mns Amoduca, npoxoxaeHne depe3 KOTOPYIO BBI3BIBACT
ero Bo3BpamieHne Kk 3emie depe3 ceMb JeT B 2036 T U CTOJKHOBEHHE C HEI0, NMEET pa3Mepbl
MeHee OJTHOTO KHJIoMeTpa) TpeOyeT BecbMa TOYHOTO IPOTHO3a JIBIDKEHHS aCTepPOH/a Ha JAeCsTh-
IBajaIaTh JeT Bruepen. B wactHoCcTH, 1A cirydast Anoduca MaKCUMAaJIBHO AOIyCTUMas OIIMOKa
OTIpPEJEeNICHNsT eT0 TEeKYIIEro MecTa, TapaHTHPYIOIlas HEMONaJaHWe acTepouIa B KOHKPETHYIO
OTIaCHYIO 30HY, COCTABIISIET BEJIMUYUHY IMOPsIKAa HEMHOTHX KmiIoMeTpoB. Ilpum 3ToM ykasaHHas
TOYHOCTB JOJKHA OBITh OOEcIeyeHa Ha JOCTAaTOYHO JUIUTENbHBIA CPOK MPOTHO3a.

CyliecTByIOIIMEe  TPAJUIHMOHHBIE aCTPOHOMMYECKME  CpEICTBAa  HaOJIIOeHUH, B
0COOEHHOCTH IIPH MaJIOM 4YHUCJIEe PaJHOJOKALMOHHBIX HAOIIONCHUH, U METOIUKH ONpEAeIeHUs
opOuT Takyro omHMOKy oOecHeduTh HE MOTYT, a Je(HLIUT TOYHOCTH COCTaBIsIET OAMH-ZBA
nopsaka. [IpuuMHAMH TaKOro IOJOXKEHUS SBIISIOTCS, BO-NIEPBBIX, OTPaHWYEHHAs TOYHOCTB
ONTHYECKUX HAONIONCHUH, COCTaBISIOMIAs B I€pecueTe Ha TEeKyIIHe IPOCTPAHCTBEHHEIE
KOOpAMHATEl COTHH KHJIOMETpPOB. BTOpoi NpHYMHON CIyXHT HEJOCTaTOYHAs TOYHOCTH
WCTIONB3YEMBIX MOZEJeH IBIDKEHUS M HEONPENeNIeHHOCTh (HM3MYECKHX MEXaHH3MOB BeCbMa
MaJbIX BO3MYIIAIONINX YCKOPEHUH, TeM HE MEHee, CHIIBHO CKa3bIBAIONIMXCS HA OOJBIINX CPOKax
TIPOTHO3a, B OCOOEHHOCTH ITIOCIIE TECHBIX COMMmKeHHd. B pesymbrare oTHOCHTENIbHAs OmIMOKa
MPOTHO3a ABMKEHUS aCTEPOUIOB CEIOAHS UMEET MOPAT0K 1-10°°.

OTH Xe TPYAHOCTH HMEIOT MECTO NPH YNPABICHHHM HMCKYCCTBEHHBIMH KOCMHYECKHMH
OOBEKTaMM, OJHAKO OHHM IPEOJIOJIEBAIOTCS TNPHUMEHEHHEM PpaJUMOTEXHHYECKHX CpElCTB
HU3MEpEHHsl TPACKTOpPUH. JIOTMOJHUTENBHBIMU pPE3epBAMU IIOBBILIEHHS TOYHOCTU CIYXUT H
METOJIOJIOTHSL  TOCIEJOBATEIbHO ~ YTOYHAEMOIO  BEKTOpa  COCTOSHHUS,  BKJIIOYAIOLIETO
JOIIOJIHUTEIIbHBIC ITapaMeTpbl MOJENU JBIDKCHHS. B COBOKYIHOCTH 3TH MEpbl IO3BOJIHIN
HOBBICUTh OTHOCHTEIIBHYIO TOYHOCTH OIPEAENICHUS JIBIJKCHUS KOCMHUYECKMX OOBEKTOB Ha
TIOPSIZIOK 1 Gotee.

B nmoxmazme paccmarprBaeTcsi BO3MOXKHOCTD TIEPEHECEHHsI YKa3aHHOM BBIIIE TEXHOIOTHUH
Ha 33/1a4y CJIEeKEHHS 32 TEKyIIUMH KOOPIMHATAMH MaJbIX HEOECHBIX TeN, AENAIOTCS OIEHKH
pa3IMUHBIX CXEM YTOYHEHHS OpOHT, MAIOTCS MPHUMEPHl M PEKOMEHJIAIMU NPHUMEHHTEIBHO K
npobieMe acTepOnuHON OMacHOCTH.
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About potential accuracy of the determination of the asteroid’s orbit
and its limiting factors

V.G. Pol

Lavochkine Association, Khimki, Moscow Region, polvad@laspace.ru

V.A. Shor
Institute of applied astronomy, St-Petersburg, shor@ipa.nw.ru

Recent detection of dangerous asteroid Apophis has revealed a remaining reality of
impact on the Earth even in case of reliably certain close pass of the asteroid which directly is
not menacing by collision. Presence of zones of resonant return (keyholes) concerning the
small size, arising at excessively close flight by the Earth, but which lead to repeated
dangerous rapprochement with the Earth, leads to necessity to have rather exact forecast of
movement of an asteroid for ten-twenty years forward. In particular, for case of Apophis as
much as possible admissible error of definition of its current place, guaranteeing clearness of
a dangerous situation, makes size nearby 1 km. Thus specified accuracy should be provided
not less, than for ten years of the forecast.

The existing traditional astronomical observation facilities and procedure of the
determination of orbits cannot ensure this error, but the scarcity of accuracy composes one-
two orders. The reasons for this position they are the, in the first place, limited accuracy of
optical observations, which composes in the conversion to the current space coordinates many
hundreds of kilometers. The insufficient accuracy of the utilized models of motion serves as
the second reason and the uncertainty of the physical mechanisms of the completely small
disturbing accelerations, nevertheless, which are strongly affected the large periods of
forecast. As a result the relative error of the forecast of the motion of asteroids today is of the
order 1-10°.

The same difficulties were located in the technology of control of artificial space
objects; however, they are overcome by the application of radio equipment of the
measurement of trajectory. As the additional reserves for an increase in the accuracy serves
the methodology of that consecutively refined the state vector, which includes the additional
parameters of the model of motion. In the totality these measures made it possible to increase
the relative accuracy of the determination of the motion of space objects by an order and
more. In the report the possibility of transferring the above-indicated technology of the
determination of orbits by the task of measuring the moving coordinates of small celestial
bodies is examined, the estimations of different diagrams of the refinement of orbits are
conducted, are given examples and recommendations in connection with to the problem of
asteroid threat.
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Omnpe/ieieHue pa3MepoB MaJbIX METEOPHBIX Tell

H.B. Ilonenenckas.
HUUM MI'Y, Mockea, Poccusa. E-mail: aero.natap@mail.ru

JluHaMu4eckuit MEeTOJI ONpe/ieNICHUs TapaMeTPOB MaJIbIX METEOPHBIX TeJl OCHOBaH Ha
aHaJM3€e CBETSLICTOCs y4yacTKa TPAeKTOPHHU IIPU IBIKEHUH B aTMoc(epe ¢ UCTIOIb30BAaHUEM
JAHHBIX HaOIONEHUN CKOPOCTH U BBICOTHI [1]. B cymiecTByromeM Ha JaHHBI MOMEHT BUAE
OUHAMHYECKUH METOJ] HMMeEeT CYyIIEeCTBEHHOE OrpaHHYeHHE — HEBO3MOXKHOCTH €ro
NPUMEHEHHS U1 MaJlbIX METEOPOB, CKOPOCTh KOTOPBIX HE MEHSETCS INpH JBUKCHUU B
aTMocgepe, 1160 MeHseTCs Majlo, IOCKOJIbKY OH OCHOBAaH Ha U3MEHEHUH cKopocTu. B pabore
paccMaTpuBaeTCs pPELIeHHE 3aJadd OIpPEAETCHUs pPa3MEepOB MAJBIX METCOPHBIX TEl C
HCIOJIb30BAHUEM HEKOTOPBIX IPUHIIMIIOB TUHAMUYECKOTO METO/1a.

JIBImKeHUE MaJbIX METEOPHBIX TeNl MPOUCXOIUT B CBOOOTHOMONEKYIISIPHOM PEXUME H
YaCTHYHO B MEPEXOJHOM PEKUME, IPH KOTOPOM 00pa3yeTcs TOHKHH BA3KUI MOTpaHUIHBINH
CIOIl W3 pacIUIaBIEHHOIO MaTepuana Teida M ero mnapoB. OCHOBHBIM MEXaHH3MOM
Ppa3pyLIeHus Ui MAJIBIX METEOPOB SBJIAETCA HcllapeHne. PemieHne 0cHOBaHO HA TOM, UTO MPH
TaKOM OOTEKaHUU MaJIbIX METEOPHBIX TEN YCIOBHE IIOracaHusl 03HAYaeT IIOJIHOE pa3pyLICHHE.
Bripaskenne Uit HaXOKACHUS pa3Mepa Tella IPH BXOJe B aTMOC(epy MOIydaeTcs U3 YCIOBHS
HYJIEBOM Macchl B MOcIeJHEH TOuKe HaOII0JacMOro ydyacTka cBedeHHs. [ IOCTOSIHHOMN
CKOPOCTH 3TO BBIPQ)KEHHE MOJY4aeTCs W3 YpPaBHEHUS IOTEPU MAacCChl, a MpPHU HEOOIBIIOM
U3MEHEHHU CKOPOCTH UCTIONB3YETCS aCHMITOTUYECKOE BBIPAIKCHNE MTPU OOJIBIINX 3HAYCHHUSIX
rapaMeTrpa yHOca Macchl Ui pellleHHus ypaBHEHUI meteopHod ¢usuku. [y ompeneneHus
pa3Mepa Tena BBIYHCIAIOTCS 3HaueHHs Kod()(UIHMEHTOB TeruiooOMeHa, CONpPOTHUBICHHS W
3G GEKTUBHOM SHTANBIINU pa3pyLICHUSL.

Jg pacdyeTroB HCHONB30BAIMCh 3HAUEHHS BBICOTHI IIOTACaHMSA M CKOPOCTH IIpU
JIBI)KEHUH B aTMocdepe U3 naHHbIX HabmoaeHuit Kanaackon u [IpepuiiHoii 60nuaHbIX ceTer
[2, 3]. [Ipennonaraercs, 4YTO METEOpPHBIE Tela UMEIOT cheprudeckyo GopMy U MIJIOTHOCTb,
COOTBETCTBYIOIIYIO KamHIO (3,73 r/em’). TIokasaHo, 9TO JUISL MAlIbIX METEOpOB paguyc Tena
HE TPEBBILACT OJHOTO CAHTHMETPa, a NPH OTCYTCTBHM TOPMOXKEHHs — He Oojee 3 MM.
Koad¢uumeHT conpoTuBieHHsT TPU CBOOOJHOMOJICKYJSIPHOM OOTEKaHWH PaBEH JBYM, B
MEepexXoaHoOM pexume Mensercs ot 1,5 go 2. Ilpu stom koadduuument TtemmoodMeHa
Haxoautcst B auanazoHe or 0,1 no 0,2. Bce 3T0 MO3BOMSET BBLACIUTH Mallble METEOPH B
OTZAEIBHBIN KJIacC CO CIEAYIOIIMHU XapaKTepPUCTUKAMHU: IBH)KEHHE B aTMOc(epe MOXKET OBITh
3aperucTpupoBaHo (OTOAATUUKAMHU, CKOPOCTb BXOAa B HayaJlbHOW TOUKE HAOIIONEHMS
COCTaBJIsIET HEe MeHee 18 KM/ceK, BBICOTHI IToracaHus He Huxe 66 kM. IIpoBeieHO cpaBHEHUE
MOJy4EHHBIX B Pa0OTe Pe3ysIbTaTOB C JAaHHBIMH O Maccax MajbIX METCOPOB, BBIYHCICHHBIX
mo HaOMI0JaeMON CBETHMOCTH W TPHBEICHHBIX B Tabmuuax HabmoneHwit Kananckoil u
Tpepuiinoit 6omunHeix cereit [2, 3].

Paboma svinonnena npu unancosoti hoooepoicke PODU (npoexmuvr Ne 07-01-00009-
a u Ne 07-08-00247-a).
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The determination of the small meteoric bodies sizes

N.V. Popelenskaya
Institute  of Mechanics, Lomonosov Moscow State University, Moscow, Russia. E-mail:
aero.natap @mail.ru

The dynamic method of the determination of the small meteoric body’s parameters is
based on the analysis of the trajectory shone site at movement in an atmosphere with use of
the given observation of speed and height [1]. Dynamic method has essential restriction -
impossibility of its application for small meteors which speed does not vary at an atmosphere
movement, or varies it is not enough, as it is based on change of speed. The solution of a
weight definition problem of small meteoric bodies with use of some principles of a dynamic
method is considered in current research.

Movement of small meteoric bodies occurs in a free molecular mode and partially in a
transitive mode at which the thin viscous boundary layer of the fused material of a body and it
vapor is formed. The basic mechanism of destruction for small meteors is evaporation. The
solution is based that at such flow of small meteoric bodies a blackout condition means full
destruction. Expression for a determination of the body size at an atmosphere input turns out
from a condition of zero weight in last point of an observable site of a luminescence. For
constant speed this expression turns out from the equation of weight loss, and at little change
of speed is used asymptotic expression at great values of the ablation parameter for the
decision of the meteoric physics equations. For determination of the body size values of heat-
transfer coefficient, drag coefficient and heat of ablation are calculated.

For calculations values of blackout height and speeds were used at movement in an
atmosphere from the given observation Canadian and Prairie cameras networks [2, 3]. It is
supposed, that meteoric bodies have the spherical form and the density corresponding a stone
(3,73 g/sm3). It is shown, that for small meteors the radius of a bodies does not exceed one
centimeter, and at absence of braking - no more than 3 mm. The drag coefficient at a free
molecular flow is equal to two, in a transitive mode varies from 1,5 up to 2. Thus the heat-
transfer coefficient exchange in a range from 0,1 up to 0,2. All this allows to allocate small
meteors in a separate class with following characteristics: movement in an atmosphere can be
registered by photogauges, the entry speeds makes not less than 18 km/s, the blackout heights
not below 66 km. Comparison of the results received in work with data about weights of the
small meteors calculated on observable luminosity and resulted in tables of the Canadian and
Prairie cameras networks supervision is lead [2, 3].

Research is executed at financial support of the Russian Foundation For Basic
Research (projects Ne 07-01-00009-a u Ne 07-08-00247-a).
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CnyTHUKOBBIE M Ha3eMHbIe HA0II0/IeHHsI 00JIM/I0B U CYNIepOOIUI0B

O.I1. ITomtoBa

Huemumym ounamuxu ceocghep PAH, Mocksa, Poccus. E-mail: olga@idg.chph.ras.ru

Takue KpymnHble COOBITHS, Kak maaeHue TyHrycckoro Mmereopouzaa (50-100 m),
npoucxonsaT gocrarouHo peako (pa3 B 300-1000 net). T'opazmo wame (10-20 pa3 B ron) B
aTMocdepy 3eMiin NonaaaT 0oyiee MEJIKUE Tela — OOJUABI U CynepOouIb (Tena pa3smMepoM
o 1-10 M), ornmyaromuecst or TyHIycCcKoro mo cymiecTBy Macmurabom. HabmroneHus 3a
TaKHUMH TeJaMH JIaeT BO3MOXKHOCTB OOJIbIIIE Y3HATh KaK 00 MX CBOMCTBaX, TaK U O CBOMCTBAX
OoJtee KPYIHBIX TEJ, OLCHUTh paclpee]eHue YacTOThI MTaIeHUH 110 pa3Mepam.

B nmoxiame pacckasplBaeTCs O METOIAX PErUCTpalu OONWAOB U CynepOOIHIOB
(pororpaduueckne OONUAHBIC CETH, CIIyTHUKOBAas CHCTEMa HAOJIOIACHWH, aKyCTHYEeCKas U
celficMuuecKass pEerucTpalys), OIPENeICHHH MapaMeTpOB METCOPOUIOB, CPaBHUBAIOTCS
pachpeaeneHus 4acTOTHl BXOJIOB MO SHEPTHSIM, TTOJyYSHHBIE TI0 OOJMIHBIM HAOIIOICHUSM, C
AQHAJIOTUYHBIMH PACIPEIeICHUAMH, IOJyYSCHHBIMH [0 APYTUM JaHHBIM.

Jannas paboma 6wina noodepacara PODHU (npoexm Ne 07-06-00026).

Satellite and ground based observations of bolides and superbolides

O.P. Popova
Institute for dynamics of Geospheres RAS, Moscow, Russia. E-mail: olga@idg.chph.ras.ru

Large events similar to the Tunguska meteoroid (50-100 m in size) occur rarely enough
(once in 300-1000 years). Smaller meteoroids — bolides and superbolides (up to 1-10 m in
size) enter the Earth atmospherer much more often (about 10 -20 times a year). These events
differ from Tunguska meteoroid mainly by scale. Observations of these meteoroids allow us
to learn about their properties as well as about the properties of larger meteoroids, to estimate
the entry frequency distribution on meteoroid energy.

Methods of bolides and superbolides observations are described (photographic and
satellite networks, infrasound and sejsmic registrations). Interpretation of observations is
discussed, the energy-frequency distribution obtained is compared with distributions
determined based on other observational data.

Acknowledgement. This work was supported by RFBR (project no. 07-05-00026).
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AHoMaIbHO ObICTPBIH HHpPa3BYK 0T ButumMckoro 6osmaa

10.C. Prionos, O.I1. ITonosa

Hucmumym ounamuxu eeocgpep PAH, Mocksa, Poccus. E-mail: rybnov@idg.chph.ras.ru

OO6cyxmaeTcs aHOMaldbHO OBICTPBIA  WH(pa3Byk oT Burumckoro 0Oomuna,
3apETUCTPUPOBAHHBIN aKyCTHYECKOU CTaHIUEH. Ucxons u3 MOy YeHHBIX
IKCIIEPUMEHTAIBHBIM ~IyTEM YCJIOBHH paclHpoCTpaHEeHUWs, ObUI paccuuTaH mnpodmib
3¢ GEKTUBHOM CKOPOCTH 3BYKa IO BHICOTE aKyCTHYECKOTO BOJHOBOJA. B paMkax jy4eBoro
TOPUOJMKCHUSI pacCUMTaHA TPACKTOPUS PACIPOCTPaHEHHs HWH(PA3BYKOBOTO CHTHAJA.
YTO4HEHBI HEKOTOPBIE MapaMeTpbl UCTOYHKKA. OTMEUASTCs YAOBICTBOPUTEIHFHOE COTTIACHE C
TCOPETHYECKUMH PAacueTaMH U JAHHBIMH, OJTY4YEHHBIMU B IPYTHX paboTax.

Anormally fast infrasound of Vitim bolide

Yu.S. Rybnov, O.P. Popova
Institute for dynamics of Geospheres RAS, Moscow, Russia. E-mail: rybnov@idg.chph.ras.ru

Acoustic station had recorded anormally fast infrasound produced by the entry of Vitim
meteoroid. We determined the sound speed distribution on the altitude of acoustic waveguide
based on observed conditions of spreading. The trajectory of infrasound signal was
determined in the frame of ray approximation. The source characteristics were obtained and
compared with other estimates. Satisfactory agreement with other estimates was found.
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Pexumbl UCHAPEeHHUs] KPYMHBIX METECOPUTOB B IMIJIOTHBIX CJI0SIX aTMOC(l)epl)I IJIAaHEeT

B.C. Cazonos
@I'VII «L]enmpanvhbitl HAYUHO-UCCAEO08AMENLCKUL UHCIIUMYI MAWUHOCTIPOCHUS »,
Kopones, Mockosckas obracme, Poccusi, E-mail: astron@tsniimash.ru

Haunbonee wuHTEHCHBHOE HCHapeHHE KPYIHBIX METEOPUTOB MPU BXOJE UX B IUIOTHBIC
cion atMocdepsl TPOUCXOANT IOJ IEHCTBHEM IOTOKOB TEIIa, CBSI3aHHBIX C H3ITyYECHHEM
oroumenume yaapHod BosHB (YB). B Hacrosmed paboTe wucclenyroTcss razo — U
TEPMOJMHAMUYECKUE OCOOCHHOCTH WCIAapeHHs (B paMKax TEIUIOBOH MOJENH) KPYITHBIX
METEOpPHUTOB, pa3MepoM He MeHee yeM TyHrycckuit meteopurt. [lyTem paccMOoTpeHuUs TOTHOM
CUCTEMBbI 3aKOHOB COXPAHEHUS, BBINOJHAIOMINXCS Ha ()a30BOM Iepexojie, MOKa3aHo, YTO B
3aBUCHMOCTH OT OTPEICILIIONINX (PU3NYECKUX XapaKTepHCTHK 3aJadH, TaKHX KaK CKOPOCTh
TeNa, ero pasMep, CBOiCTBa MaTepHalia U IUIOTHOCTh OKPYIKalOLIeH Cpebl, BO3ZMOXHBI KakK
CBEPX3BYKOBBIE, TaK U JI03BYKOBbIE PEKUMBI IBUKEHHUS IApOB BelleCTBAa MeTeopuTa. B utore
PeXHUMBl TEYEHHUs MapoB 3aBUCAT OT T'PAHUYHBIX YCJIOBUM Ha KOHTAaKTHOM IOBEPXHOCTH
MEX]ly TapaMu 1 aTMOC(EpPHBIM ra3oM, & UMEHHO, - OT OJJHOTO ITapaMeTpa IPOTUBOJABIICHUS,
PaBHOTO OTHOIICHHIO JIaBJICHUS HA 3TOW MOBEPXHOCTH K TEIUIOBOMY ITOTOKY OT OTOIIEIIIeH
VYB. B kauecTBe mpuMepa aHaJIUTHUECKH pacCMaTpHUBAETCsl MpeNeibHBIA Cilydaid, Korja
HW3IIyYCHUE HArPETOro BO3AyXa “3amepTo’’ MPOTrPEeBHBIM CIOEM H TMAPOJIUHAMUYECKUI MOTOK
MOJTHOCTBIO MPE0Opa3yeTcs B IyUYUCTHI HA KOHTAKTHON MoBepxHOCTH (T.¢. K =1).

Regimes of evaporation of large meteorites in dense layers of atmospheres of planets

V.S. Sazonov
Central Scientific Research Institute of Mechanical Engineering, Pionerskaya 4,
Korolyov, Moscow region, Russia, E-mail: astron@tsniimash.ru

Most intensive evaporation of large meteorites with their entry in dense atmosphere
layers occurs under the action of thermal fluxes caused by the radiation of shock wave (SW).
Gas — and thermodynamic properties of evaporation (in frame of thermal model) of large
meteorites, with sizes no less then Tunguska meteorite, are investigated in this work. By
means of consideration of full conservation laws system taking place on the phase transition it
is shown that high-sonic as well as up-sonic regimes of meteorite vapor motion may occur
depending on determining physical task characteristics, such as body velocity, its size,
material properties and surrounding medium density. The regimes eventually depend on
contact surface boundary conditions between the vapor and atmospheric gas, namely, — on
one parameter of opposite pressure to be equal the ratio of suitable pressure and thermal flux
from SW. As an example the limiting case is analytically considered when the radiation of
heated air is “locked” by the preceding layer and hydrodynamic flux is fully converted in
radiant that at the contact surface (i.e. Kr=1).
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Hogrble OrpaHu4Y€HUs] HA MAaCCOBYIO IVIOTHOCTD si/iep HEKOTOPbLIX
KOPOTKONMEPHOANIECCKHX KOMET

1O.A. Cuetkosa, 10.I1. ®ununmnos
Kageopa obweri u meopemuueckoti puzuxu, Camapckuii 20cy0apcmeenHulii yHugepcumen,
Camapa, Poccus. E-mail: JSnet@mail.ru, eE-mail: yuphil@ssu.samara.ru

B nacrosimee BpeMsi OJHOW W3 TJIaBHBIX NMPOOJIEM B HCCIEAOBAHUH IPHPOIBI KOMET
SIBIISIETCS OTpEJeNIeHHe MAacCOBOM IJIOTHOCTH HX siaep. Ha myTtu ompenenenust naHHOM
(hu3nvecKoil BeIMYMHBI BCTpEUaeTcs psjl Cephe3HbIX TpyJHOCTeH. BecbMa cinoxxHOM 3anaueit
SBIISIETCSI OLIEHKA MacCHI Sipa B CHILY MaJocTH 3()(heKTOB IpaBUTALIMOHHOTO B3aUMOACHCTBUS
KOMeT ¢ IulaHeTaMu. He MeHee CiI0KHOH 3ajaueil siBIsSETCS ONpENClICHUE Pa3MEpoB spa.
Pemennio mocnenHed  MPENATCTBYIOT KaK OrPOMHBIE  PACCTOSHHUS,  OTICILIOLINE
uccieoBaTeneil oT sAApa, Tak M IUIoTHas aTMocgepa. Jlo HACTOSAIEr0 MOMEHTA IONBITKU
MATKOTO TPU3EMJICHHS KOCMHYECKHX alllapaToB Ha IOBEPXHOCTh sjpa C Iejbio cOopa
BEILlECTBA, CIIATAlOLIEeTo PO, HE YBEHYANIUCHh ycnexoM. Ha ceromHsmHuii AeHb MOIydeHO
JMIIb HECKOJIBKO BECbMa IpyOBIX OLIEHOK MAacCOBOW IIOTHOCTH A1pa, XapaKTEPU3YIOUIUXCS
IMUPOKUMH WHTEPBaJlaMU BO3MOKHBIX ee 3Hauenuii [1], [2].

B cBs3u co ckazaHHBIM B JJaHHOH paboTe MPEASIOKEH HOBBIN aJrOPUTM OIPEICICHUS
OTrpaHMYEHUIl Ha MAacCOBYIO IUIOTHOCTh sjiep KoMeT. [ pemieHust 3Toil 3agayu aBTOpaMu
pa3paboTaHa HOBasi MHOTOKOMIIOHEHTHASI MOJIENb CHEPUIECKOTO Sapa KOMETHI.

C uCHONB30BaHUEM HOBOIO aJIrOpPUTMa, IONydYeHbl HOBBIE, Ooiee "xecTkue"
OrpaHMYeHUs] Ha 00JAaCTh JOIYCTUMBIX 3HAUYECHHH MacCOBOHM IUIOTHOCTH SiApa U KOMET
1P/Halley u 81P/Wild 2.

1P/Halley: 310 < py< 1151 (ke/ar’),

81P/Wild 2: 310 < py<767 (ke/ar’) .

ITokazaHo, 4TO HOBBIE OTPaHMYCHUS CYIIECTBEHHO 3aBHCAT OT ChepuyecKoro anboeno
Apa U YBEPEHHO COIJIACYIOTCS C OLEHKAaMH MAacCOBOM IUIOTHOCTH, IOJYYCHHBIMU
npeamectBeHHukamMu [1], [3]. BaxHO OTMETHTH, YTO HOBBIE HMHTEPBANBI JOITYCTHUMBIX
3HAYCHUH MAacCcOBOM IJIOTHOCTH fA1pa 3HAYUTEIBHO MEHBIIE HHTEPBAJIOB, IOJYUYCHHBIX
MIpeIIeCTBCHHUKAMHU, YTO, HECOMHECHHO, SIBJIIETCSI HOBBIM IIarOM B PEIICHUM yKa3aHHOU
npobnembl. [lonmydeHHbIe OrpaHUYEHUs] HA MAaCCOBYIO IIOTHOCTH sipa koMeTsl 81P/Wild 2
HAJICKHO COTJIACYIOTCS C JaHHBIMH SKCIEPUMEHTOB KocMHyYeckol muccuu StarDust [4], uto
yKa3bIBaeT Ha CIIPAaBEUIMBOCTh IPEAJIOKEHHOTO aJrOpUTMA.
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New restrictions on nucleus mass density of some short-periodic comets

Ju.A. Snetkova, Ju. Philippov
Department of general and theoretical physics, Samara State University, Samara, Russia.
E-mail: JSnet@mail.ru, e-mail: yuphil@ssu.samara.ru

Today one of the main problems in research of the comet nature is a determination of
mass density of comet nucleus. On a way of definition of the given parameter there is a set of
serious difficulties. An estimation of nucleus mass is rather difficult task owing to the small
effects of gravitational interaction of comets and planets. Determination of the nucleus size is
also not easy task. The huge distances from a nucleus and dense comet coma interfere to the
decision of last problem. Till the present moment the attempts of spacecraft to land on a
nucleus surface for gathering a comet substance have been not successfully achieved. Today
there are some rough estimates of nucleus mass density, characterized by wide intervals of
possible values [1], [2].

According to the previous talk the new algorithm of determination of mass density
restrictions for comet nucleus is represented in the given work. For decision of the given
problem we developed new multicomponent model of a spherical comet nucleus.

New stronger restrictions on the interval of allowable values of nucleus mass density for
comets 1P/Halley and 81P/Wild 2 are received with use of the new algorithm.

1P/Halley: 310 < py< 1151 (k2/a’),
81P/Wild 2: 310 < py<767 (xe/ar’)

It is shown, that new restrictions depend from Bond albedo nucleus and are in good
agreement with the estimations of mass density received by predecessors [1], [3]. It is
important to note, that new intervals of allowable values of nucleus mass density are
essentially less that ones received by previous authors. Undoubtedly, it is a new step in the
decision of the specified problem. The received restrictions on mass density of comet nucleus
81P/Wild 2 are consistent with the data of space mission StarDust [4]. It also proves validity
of the offered algorithm.
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Pe3onancubie OpﬁPlTbl acTepouaoB, commkawmmuxcs ¢ 3emJei

JLJI. Cokonos, A.A. bamakos
Cankm-Ilemepoypeckuii cocynusepcumem, E-mail:lsok @astro.spbu.ru

OnuH U3 caMbIX OMACHBIX JJIS 3eMJIH acTepOUA0B AModuC JTEMOHCTPUPYET BaKHOE
cBoiictTB0 AC3 - BO3MOKHOCTh TECHBIX MOBTOPHBIX CONMKEHUHN ¢ 3eMilell 10 coyapeHus ¢
Heil. Ilepexonss mocie ycTaHOBIEHHOro TecHoro commkenus B ampeine 2029 roma B
OKpECTHOCTb PE30HAHCHONH OpOUTHI, ATIOGHC UMEET HEHYJICBYIO BEPOSATHOCTH CTOJIKHOBEHUS
¢ 3emuieii B ampene 2036 roga. IIpu Ka0M TECHOM COJIMIKEHHUH C IJIAHETOW MPOUCXOAUT
paccesiHue BO3MOXHBIX TPAEKTOPUH, CONPOBOXKIAEMOE 3HAUUTENBbHOU NoTepel TouHocTH. B
pe3ynbTaTe JeTepMUHUPOBaHHAs TpaeKTopus actepouna mnocie 2036 roga He MOXKET OBITh
[I0JIy4€Ha B HACTOSAILEE BPEMSL.

B mHacrosmie#t pabGore mMpHUBOIATCS pe3yIbTATHl IMOCTPOCHHS AIbTEPHATHBHBIX
TPaeKTOpuil, colepkalllux OINacHble COMMXKEHUs U coyaapeHus Anoduc ¢ 3emieil mocie
commxennii 2029 u 2036 roaa ¢ UCTIOIB30BAaHUEM METOI0B HEACTEPMHUHUPOBAHHOW HEOECHOM
MEXaHUKU: CUMBOJIMYECKON NUHAMMKH, TOYEYHBIX I'PaBUTAlMOHHBIX cep, MOpOKIAIOMIX
KBa3UCITyYaWHBIX JBIDKCHHH. XapaKTEepHCTHKU OIIACHBIX TPACKTOPHUIT MOIYyYEeHBI C TOMOIIBIO
YHCIEHHOTO HWHTETPUPOBAHUS YPAaBHEHUH MABIDKEHUs METOIOM OBepxapTa M Mojelel
Conneunoit cucrembl DE403, DE405. Dtu TpaekTopuM MpOXOISIT B OKPECTHOCTU
KEIUIEPOBBIX PE30HAHCHBIX IOPOXKIAIONIMX OpPOUT COYJapeHust W MPEICTaBISIOT 30HBI
PE30HAHCHOTO BO3BpAaTa acTepoua K 3emie.

AHanu3upyercs CKOpoCTb IOTEPU TOYHOCTH, YCJIOBUS MOTEPH JE€TEPMUHUPOBAHHOCTH
U pa3Mephl o0JacTell OMacHBIX HAayaJbHBIX IAHHBIX B 3aBHCUMOCTH OT XapaKTEPHUCTHK
compxenuit AC3 ¢ mimaneroll. OOCYXIaloTCs YCIOBUS M BEPOSTHOCTH PE30HAHCHBIX
Bo3BpaToB AC3, a Takke 3HAYCHHS MHHUMAIBHEIX TEOIEHTPUUCCKUX PACCTOSHUI,
COOTBETCTBYIOIINE MTOPOXKIAIOLINM TPAEKTOPUAM COYAAPEHHS.

Hacmoswyas paboma evinonnena npu gunancosoii noodepicku PODU (epanmor 06-
02-16795, 07-02-91229-A®/a) u Bedyweii nayunoii wixoawt (epanm HIII 4929.2006.2)

Near Earth objects resonance orbits

L.L. Sokolov, A.A. Bashakov

Saint-Petersburg State University, E-mail:lsok@astro.spbu.ru

The important property of NEO is the possibility of repeated close approaches before a
collision; hazard asteroid Apophis demonstrates this property. After known approach in April
2029 Apophis jumps on the near-resonance orbit and the probability of collision in April 2036
is more than zero. Each approach is accompanied by trajectories’ scattering and loss of
accuracy. As a result it is impossible now to derive a deterministic Apophis trajectory after
2036.

To receive possible trajectories with hazard approaches and collisions after 2036, we
use methods of indeterministic celestial mechanics: symbolic dynamics, point-like gravitation
sphere, quasi-random intermediate motions. The possible hazard trajectories characteristics
received by the Everhart numerical integrator and the Solar System models DE403, DE405.

We discuss the loss of accuracy, conditions of indeterministic motion, size of hazard
initial conditions regions, depending on approaches characteristics. We consider the values of
minimum geocentric distances corresponding to intermediate collision motions.
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Pacuer m/10THOCTEi IOTOKOB I'a30B0ii U NbLIeBOH (ppakuuii BHyTPpEeHHEH KOMbI
koMeThbl 67P/Churyumov—Gerasimenko BOM3u nepureans

1O.I1. ®ununmos, 0.A. CHeTkoBa
Kageopa obweii u meopemuueckoui pusuxu, Camapckuii cocyoapemeennuiii ynugepcumem, Camapa,
Poccus. E-mail: yuphil@ssu.samara.ru, e-mail: JSnet@mail.ru

B pabotre BBIMOJHEH pacyeT IUIOTHOCTEH MOTOKOB Tra30BOM M MbUICBOH (pakuuit
BHYTpEHHEH KOMBI KopoTKomepuoaundeckoi komersl 67P/Churyumov—Gerasimenko c¢
WCIIOJIb30BAHUEM Ppe3yJIbTaTOB MOJENN BHYTpeHHed Kombl komerel [1]. [lna pacuera
IUIOTHOCTH IIOTOKOB Ta3a OBUIM HPUMEHEHBl OCHOBHBIC YPaBHEHUSI AMHAMUKH CIIOIIHOH
cpenbl (ypaBHeHHs Diiepa) B NPHONMKEHHN aKCHaJbHOW CUMMETPHH BHYTPEHHEH KOMBI.
Jns pemenust cucteMsl MU GepeHIHaIbHBIX YpaBHEHHH OBUIM HCIIOJIB30BaHBl TPAaHHIHBIC
YCIOBHSL C Y4YETOM MMEHOUMXCH  (EHOMEHOJOrMYECKMX JaHHBIX JJIi  KOMETHI.
Ipexamonaranoce, 4To ra3oBast GHpakust KOMBI SBIIETCS AByXKoMIoHeHTHOH: H,0- ra3, CO-
ras.

[lorokn WBHUIM C TOBEPXHOCTH sJpa XapaKTEPU3YIOTCS IIMPOKUM CHEKTPOM
BO3MOXHBIX 3HauCHH Macc. [y pacueTa IUIOTHOCTEH TMOTOKOB MbLICBOM (pakiuu ObLT
UCIOJIb30BaH anropuT™ [1], oCHOBaHHBIM Ha pa3OMEHMM CHEKTpa 3HAYCHHUH MAacC MBUICBBIX
YacTHIl Ha OOJBIIOE KOJMYECTBO MHTEPBAIOB M UCIIONB30BaHUN KYMYJSITUBHOTO MacCOBOTO
pactpenenenus [2]. Ilpu BeruncieHnn TeMnepaTypbl MbUIEBBIX YaCTULl M TOBEPXHOCTHU SApa
KOMETbl OBUIM HCIIOJIb30BaHbl HOBBIC pE3yJIbTAThl, IOJIYYCHHBIC aBTOPaMHU HACTOSLICH
paboTel. 31ech OBIIM BBHIYUCICHBI IPOM3BOACTBA TBUTH KaK ISl OTACIbHBIX HHTEPBAJIOB, TaK
W JIJIsl BCETO CIIEKTpa Macc.

B uncnenHoM aHanm3e pe3ysbTaTOB IMOKAa3aHO, YTO MOHOKCHJ yIiepoia  JaeT
OIpeNeNsIOIUi BKIaJ B KOHICHTPALMIO U NMOTOKM MOJIEKYJI Ta3a Ha HOYHOH CTOpOHE spa.
JaHHbI (akT yKka3plBaeT HA NPUHIUIMHAAIBGHYI0 HE0O0X0AuMOCTh yuera CO-KOMIOHEHTH B
MPEU3HOHHOM ~ MOJICTIMPOBAaHMU Ta30BoH (pakumu Kombl. [lomydeHBl pacmpeneseHus
paauaibHO M TaHTeHIHAJIBLHONW CKOPOCTH MOJIEKYI rasa. [lokazaHo, 4TO pacnpocTpaHeHHe
MBUIM M Ta3a MMEeT IOYTH cepriecKkd CUMMETpHYHBIA xapaktep. [10J0OHBINH XapakTep
pacmpocTpaHeHus! ra3a OblI OOHAPYKEH B TEOPETUYECKOM MOJICIHPOBAHUU KOMBI KOMET
46/PWirtanen, 81/PWild 2 [3], C/1995Hale-Bopp [4]. 3nmech Takxke mpeacTaBlIeHbI
THUCTOTPAMMBI paclpe/IeeHnsl IUIOTHOCTEH IOTOKOB MBUIEBBIX YACTHUIl M MX MAacCChl IS
Pa3NUYHBIX KJIAcCOB. [IJI1 MAaCCUBHBIX YAaCTHI] BEIYMCIIEHBI IpeAebHble 3HaUeHHs (azoBoro
yTIia, JUIS KOTOPBIX YacTHIBl JTAHHOTO Kilacca elle MOTYT OBITh IOTHSATHI C ITOBEPXHOCTH
a1pa.
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A calculation of gas and dust flux densities of inner coma for
67P/Churyumov-Gerasimenko in the vicinity of the comet perihelion

Ju.P. Philippov, Ju.A. Snetkova
Department of general and theoretical physics, Samara State University, Samara, Russia.
E-mail: yuphil@ssu.samara.ru, e-mail: JSnet@mail.ru

A calculation of gas and dust flux densities of inner coma for 67P/Churyumov-
Gerasimenko in the vicinity of the comet perihelion is shown in the given work with use of
results of inner coma model [1]. General Euler equations system of hydrodynamics is used for
calculation of gas flux at the approximation of coma axial symmetry. The system of boundary
conditions have been defined for the decision of the differential equations system considering
available phenomenological data for the comet. It was supposed, that the gas fraction of coma
has two components (H,O-gas, CO — gas).

Dust fluxes from a surface of comet nucleus are characterized by a wide spectrum of
possible values of particle mass. The algorithm of work [1] has been used for calculation of
dust flux densities. It is based on splitting of a mass spectrum of dust particles into a plenty of
small intervals and use of cumulative mass distribution [2]. The new results for a temperature
of dust particles and nucleus surface have been applied. Production rates of dust mass both for
separate mass classes, and for total mass spectrum have been calculated here.

In the numerical analysis of results it is shown, that carbon monoxide gives main
contribution to number density and flux of gas molecules on the night side of nucleus. The
given fact specifies basic necessity of the account of CO-component in precision modelling of
gas fraction of coma. Distributions of radial and tangential velocities of gas molecules are
received. It is shown, that gas and dust propagate almost spherically symmetric. Similar
character of gas propagation has been found out in theoretical modelling of coma for comets
46/PWirtanen, 81/PWild 2 [3], C/1995Hale-Bopp [4]. The distribution histograms of number
and mass flux densities for various classes of dust particles are also submitted here. Limiting
values of a phase angle for which massive particles of the given class still can be lifted from
nucleus surface are calculated.
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C kakoii TOUHOCTHIO H3BecTHA opOuTa (99942) Apophis u kakoBa BepOSITHOCTh
CTOJIKHOBEeHHsI ¢ HUM mocJe 2029 r.

B.A. lllop, O.M. Kouetosa, FO.A. Uepuerenko

Huemumym npuxnaonoii acmpornomuu PAH, C.-Ilemepoype, Poccus. E-mail: shor@ipa.nw.ru

IorennuanbHo onacHelit actepouns 2004 MN4, nonyuuBmmii BrociaeacTBul Homep 99942 u
uMs Aniopuc, umeeT opouTy THna ATOHA ¢ OOJBIION MOTYOChI0 MEHBIICH, YeM Y 3eMJIH U
JUIIL B OKPECTHOCTU adenusi BBIXOAsmeH 3a ee mpenensl. OpOurta acrtepoupa ciabo
HaKJIOHEHa K opOuTe 3eMIM M HMeeT C Helo HeoOBYaifHO Majoe MeXOpOHTAIbHOe
paccrosiaue, paaoe 0.00027 a.e. ITo ompenesseT BO3MOKHOCTh OUCHb TECHBIX CONMKCHHUN
acrepouga c 3eMiel, KOTOpbIE CIIy4yaroTCsi B OKpecTHoCTH 13 ampens, korga 3emist
TepeceKacT JIMHUIO y3JI0B OpOuThl Anioduca Ha SKIUNTHKE. bimxkaiiiiee mo BpeMeHH TECHOE
commkenue Anoguca ¢ 3emueit npousoiaer 13 ampens 2029 r., xorma MHUHUMAalbHOE
paccTosiHue acTepouga oT 3emiuu coctaBUT okono 38000 kM. CTonb TECHOE NMPOXOXKACHUE
acTepouJa MUMO 3€MJIM BBI30BET CYLIECTBEHHOE NMpeoOpa3oBaHUE €ro OpOHTHI, KOTOpas U3
BHYTPEHHEH 110 OTHOIIEHMIO K 36MHOH NpeBpaTUTCsA B OpOUTY Tuna AINOJUIOHA, ¢ OOIbIION
MOJIyOChI0, TIpeBocxofsmei 1 a.e. U mepuomoMm oOpaieHus OoJbinie Toaa. Benuuunna
BO3MYILEHUN KPUTHYECKU 3aBUCUT OT MAJIOCTH MUHHMMAJIBHOIO PAcCTOSHUS BO BpeMs
commkenns. Cpean BO3MOXHBIX TpaHC(opMammii OpOMTEI HMEIOTCS — TakKHe, KOTOpbIE
IPUBOJAT K HOBBIM OIACHBIM COJMKCHUSIM M Ja)Ke BEPOSATHBIM CTOJIKHOBEHHUSIM Amoduca ¢
3emneii, HaunnHas c¢ 2036 r. Manocte pasmepoB Amnoduca (~ 270 M) U ocoOeHHOCTH
TEOMETPUH €ro OpOUTHI TakoBbI, 4To 10 2012 T. TPyAHO OXUAATh BBITOJHEHHS HOBBIX
Ha3eMHbIX HaOmoeHuil Anoduca. Ha untepsane ¢ 15 .03.2004 r. no 16.08.2006 r. umeercs
989 ontHueckux U 7 pagapHBIX HaOmroneHui. PanapHaeie HabmoneHus 6omee HHOOPMATHBHEI
U TO3BOJSIOT Jake B HEOOJBIIOM YHCIE CYIIECTBEHHO MOBBICHTH TOUHOCTH ONpPEEIICHUS
opbutsl. B Hacrosiiee BpeMs M3BECTHBI 110 KpaifHeH Mepe 4eTbIpe ONpeleNICHUs: OpOUTHI
Anoguca ¢ UCIIONB30BAaHHEM BCEX MMEIOIIMXCS PaZapHBIX W OOJNBIIEH YacTH ONTHYECKUX
HaOmonenuit [1, 2, 3, 4]. Bce yerbipe cHCTEMBI IapamMeTpOB OpPOUTHI HAWICHBI MyTEM
B3BEIICHHOIO0 YpPABHUBAHUS CHCTEM YCJIOBHBIX YPaBHEHUH M HUX pEIICHUS IO METOAY
HAaUMEHBIIMX KBajaparoB. [lo kpaiiHeli Mepe B Tpex Ccly4asX YTOYHSIEMbIe HaOOpBI
[apaMeTpoB  pa3jIMyauCh MexJ1y coboil. B KkauecTBe TaKOBBIX HCIIOJIB30BANaCh
SKBHHOKTHAJbHASI CHUCTeMa 3JIEMEHTOB [1], mpsMoyrompHBIE KOOPAWHATHI U CKopocTH [3],
KOMETHasi cucTeMa 3j1eMeHToB [2, 4]. KpoMe Toro, Bo Bcex ciydasx pasHUJIach IpoLeaypa
B3BEIUMBAHUSA YCJOBHBIX YpPaBHEHHH, ¥ HECKOJbKO OTIMYAIUCh MOJENU JIBUKCHUS
actepouza. llpencraBnsier 3HAUMTENBHBIM HMHTEpPEC CpPaBHEHHE HAWJCHHBIX IapaMeTpOB
OpOUT U MOTYYEHHBIX OLEHOK MX TOUHOCTU. DTO TeM 0ojee BaKHO, YTO U3-33 HEOOIBIINX
pa3nuuuii B 3HAYCHUSAX IMMApaMEeTPOB B HAYaIbHYIO JIOXY INPOHCTEKAIOT CYIIECTBEHHBIC
paznauuus B MporHose ABMxeHus Anoduca nmocne 2029 r. v pa3inyus B OIICHKE BEPOSTHOCTH
ero cToiakHoBeHus ¢ 3emiuel B 2036 r. u B nanpHelimeM. B noknane npeanpuHATa MONbITKA
Ha OCHOBE BHYTPEHHUX W BHEIIHHX KPUTCPHEB COIJIACHS OLIEHUTH, HACKOJIBKO OJIM3KU
HalJIeHHbIC PeIleHUsI APYT K APYry, HACKOJIbKO CYLIECTBEHHO MOXET OTJIMYAThCS IPOrHO3
JBWOKEeHUs Ha nepuoa mnocie 2029 r. u3-3a pasnuuuii Mojenel IBH)KEHHS U HEYyYTEHHbIX
(axTOpOB, BIMAIOIINX HA JIBIDKCHHE aCTEPOMIA M COOTBETCTBEHHO Ha OLICHKY BEPOSTHOCTH

€ro CTOJKHOBCHHUS C 3eMIICH.

[1] http://newton.dm.unipi.it/neodys/epoch/99942.eql [2] http://ssd.jpl.nasa.gov/sbdb.cgi?sstr=99942

[3] Bunoepaoosa T.A. u dp. Opbuta acreponna (99942) Apophis U3 ONTHYECKHX U PaJapHbIX HAOIIOICHHIT // ACTPOH. BECTH.
2008. Ne 3. C. 1-10.  [4] http://neo.jpl.nasa.gov/apophis/Apophis_ CORRECTED_PREPRINT.pdf
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How precise is our knowledge of (99942) Apophis orbit and what is probability
of Apophis collision with the Earth after 2029

V.A. Shor, O.M. Kochetova, Yu.A. Chernetenko
Institute of applied astronomy of RAS, St. Petersburg, Russia. E-mail: shor@ipa.nw.ru

Potentially hazardous asteroid 2004 MN4 subsequently numbered 99942 and named Apophis
has the orbit of Aten type with semimajor axis less than that of the Earth and only in the
vicinity of aphelion going out of the Earth orbit. The orbit has small inclination to the ecliptic
and unusually small MOID (minimum orbit intersection distance) with respect to the Earth
orbit equal to 0.00027 A.U. This determines possibility of very close approaches of the
asteroid with the Earth which take place when the Earth crosses the node line of the asteroid
orbit on ecliptic approximately simultaneously with the asteroid being in ascending node. The
nearest in time close approach will happen 13 April 2029 when the minimum distance of the
asteroid from the Earth center will be as small as 38000 km. Such close pass by will result in
substantial perturbations of the asteroid orbit which will be transformed into Apollo type orbit
with semimajor axis greater than 1 A.U. and revolution period longer than one year. The
perturbations critically depend on minimum distance attained during the approach. Among
possible transformations are those which lead to new dangerous approaches with the Earth
and even to collisions with it starting from 2036. Dimension of Apophis (~270 m) and
peculiarities of its orbit are such that it is difficult to wait for new ground base observations
before 2012. At the moment there are 989 optical and 7 radar observations made at the time
interval from 15.03.2004 to 16.08.2006. Radar observations are more informative as
compared with optical and they can substantially improve precision of the orbit determination
even if their number is small. At present at least four solutions are known for the Apophis
orbit which are obtained using all radar and most of available optical observations [1, 2, 3, 4].
In all instances orbital parameters were found by the weighed lest square fitting. At least in
three cases the sets of improving parameters were different. The equinoctial elements, the
rectangular coordinates and velocities, the comet orbit elements (T, q, e) were used, as such.
In addition, in all cases assigning weights to different observations were distinct. Also the
model of motion varied to some extent in different cases. It is of great interest to compare
parameters found and estimations of their precision. The more so as small differences in
initial values of orbital parameters lead to great changes of prediction of Apophis motion after
2029 and to different estimation of collision probabilities in 2036 and in subsequent period.
An attempt is made in the presentation to estimate how close to each other are found solutions
and their mean errors and what differences in prediction of collisions stem from distinctions
of models and neglected factors exerting some actions.

[1] http://newton.dm.unipi.it/neodys/epoch/99942.eq1

[2] http://ssd.jpl.nasa.gov/sbdb.cgi?sstr=99942

[3] Bunoepadosa T.A. u op. Opbura acreponga (99942) Apophis u3 ONTHYECKHX M paJapHbIX HaOmoaeHui //
Actpon. BectH. 2008. Ne 3. C. 1-10.

[4] http://neo.jpl.nasa.gov/apophis/Apophis_ CORRECTED_PREPRINT.pdf
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HccaenoBanue o0cToATENLCTB NageHusa Burumckoro doanma 2002 rona

C.A. SIzeB
Acmponomuueckas obcepsamopusi Upkymcko2o 20cyoapcmeenio2o ynugepcumemd,
Hnuemumym conneuno semnotl gpusuxu CO PAH, Hpxymck, Poccus. E-mail: uustar@star.isu.ru

B.C. AuTnnun

Huemumym zeoxumuu CO PAH, Hpxkymck, Poccus. E-mail:antipin@igc.irk.ru

B HOub Ha 25 centa0ps 2002 rozna Ha ceBepe MpkyTckoil obnactu Habmogancs spkuil 6onua,
CONPOBOXKIABIIMICS ~ MOIIHBIMH ~ CBETOBBIMH, AaKyCTHYECKUMH H  3JIEKTPO(QOHHBIMHU
sapneHuAMU. [lo HameMy NpeJUIoKeHUI0, OH MOJIYy4H Ha3BaHue Butumckuii. MTHCTHTYTaMUK
Hpkyrckoro mayuanoro neatpa CO PAH u Upkytckum rocynusepcurerom B 2002-2003 r.T.
ObUTM OpPraHM30BaHBl TPH SKCHEIULIUU B PaHOH IPEINojaracMoro NajeHus MeTeOpOHIa.
IIpoBeneH onpoc oueBHUILIEB, 00CIEA0BAH PaiioOH BOJb TPACCHI TAJICHUS, OIPEIE/ICH PaIUaHT
Oonuaa. BeImoHeH aHaMM3 KOCMOTEHHBIX 4acTHil (chepyin), cOOpaHHBIX BO BpeMsi BTOPOU
skcneauuun (anpens 2003 r) B CHEroBbIX Hpo0Oax BOJNM3HM NPOEKIMU TPACCHl IOJIETA.
YcTaHOBIEHBl MHOXKECTBCHHbBIE MOBPEXJCHHUSA Jieca IPEIIOJI0KHUTEIBHO BCIIEJCTBHE
JeHCTBUS y/AapHOH BOJHBI, MOJIyY€Hbl NPOTHBOPEUYMBLIE JaHHbIE O IOBBIIIEHUH YPOBHS
panuoakTuBHOro ()oHa B JeHb MajeHus Oonuaa. Beicokas MOIIHOCTH COIYTCTBYHOIIUX
0ouay SIBICHHI CBS3aHA, BEPOSITHO, C BBICOKOW CKOPOCTBIO €ro BXoja B atMochepy 3eMITH.
Pacnipoctpanennsie B CMU cpaBHeHuss Butumckoro 6Gosmaa ¢ TyHTyccKuUM cOOBITHEM
MIPEICTABISIOTCS HEOOOCHOBAaHHBIMU: YHEPTOBBIACIEHHE COOBITHI pa3andyaeTcs 10 MEeHbIIeH
Mepe Ha 4 TOpsAKa, BHIBAJIBI Jieca, MPUIIUCHIBaeMble AEHCTBUIO Oonuaa, chOpMUPOBAIHCH
3anonro 1o 2002 roma. Ilonmer Gommna Ha ceBepe Cubupu moaTBEpAMI HECIOCOOHOCTH
COBPEMEHHBIX  CPEICTB  KOHTPOJII ~ KOCMHYECKOTO  IPOCTPAHCTBA  OOHApYKUBATh
BBICOKOCKOPOCTHBIE METEOPOH/IbI Ha MOJJIETE K 3eMile, TIOATBEPK/ast BHICOKYIO aKTyalbHOCTh
pa3BepThIBaHUS Pa0OT MO MPOTHO3Y M MPEAOTBPALIEHHUIO aCTEPOHTHO-KOMETHOH OMACHOCTH.
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Investigating the circumstances of the 2002 Vitim bolide fall

S.A. Yazev
Astronomical Observatory of Irkutsk State University, Institute of Solar-Terrestrial Physics SB RAS,
Irkutsk, Russia. E-mail: uustar@star.isu.ru

V.S. Antipin
Institute of Geochemistry SB RAS, Irkutsk, Russia, E-mail: antipin@igc.irk.ru

On the night of September, 25, 2002 in northern Irkutsk region a bright bolide accompanied
by powerful light, acoustic and electrofonic phenomena was observed. At our suggestion, it
was named the Vitim bolide. The Institutes of the Irkutsk Scientific Center SB RAS and the
Irkutsk State University in 2002-2003 sponsored three expeditions to the area of the
meteoroid's conjectural fall. The eyewitnesses were interviewed, the area along the fall line
was surveyed, the bolide's radiant was determined. Analysis of the cosmogeneous particles
(spherules), picked up in the snow samples close to the flight line projection during the
second expedition (April 2003) was carried out. Numerous damages to the wood presumably
owing to the blast effect were established, some conflicting data on the radioactive
background increase on the day of the bolide's fall were obtained. The high power of the
bolide's by-phenomena is, probably, associated with the high velocity of its entry into the
Earth's atmosphere. The comparisons of the Vitim bolide with the Tungus event, widely
spread in some mass-media, appear ungrounded: the energy release of the events differs, at
least, by 4 orders of magnitude, the woodfalls, assigned to the bolide, were formed long
before 2002. The bolide flight in northern Siberia confirmed inability of the present-day space
monitoring devices to detect high-velocity meteoroids when approaching the Earth, thus
confirming a high urgency of organizing the work to predict and prevent the asteroid-
cometary danger.
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Fall of the Q2 secondary nucleus of comet Shoemaker-Levy 9 as ‘‘the Tunguska
meteorite” phenomenon in the jovian atmosphere on 20 July 1994

K.I. Churyumov,V.G. Kruchynenko, V.V. Kleshchonok
Astronomical Observatory, Kiev Shevchenko National University, Kiev, Ukraine. E-mail:
klim.churyumov@observ.univ.kiev.ua

L.S. Chubko
Kyiv Aviation University, Kiev, Ukraine. E-mail: larisa_ch@inbox.ru

On the basis of speed photoelectric observations of the Io flash from the fireball in the
atmosphere of Jupiter during the fall down of fragment Q2 of comet SL-9 was registered. The
flash of the Q2 fragment July 20 with the amplitude 0.11 mag and the continuity 1.0 sec, was
registered during observations of Io. Analogous parameters of this flash were obtained at the
Vatican Observatory. The data allowed to estimate energy of the flash and the fragment
radius. We accepted two values of the coefficient K of part of the total kinetic energy
transformed in light radiation ¥ = 1% and k = 0.1% and obtained the following estimates for
the size of the secondary nucleus Q2 of SL-9: for k = 1% R(Q2) = 0.65 km for p = 0.3 g/cm3
(0.43 km for p = 1.0 g/cm®) and for x = 0.1 R(Q2) = 1.2 km for p = 0.3 g/cm® (0.86 km for p =
1.0 g/cm3). The total amount of dust observed in the upper layers of the Jovian atmosphere
was injected through by heat burst from the lower atmosphere simultaneously with the plume
output to the level of the upper layers of the clouds. Possible origin of comet SL-9 is
discussed.
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On collision of the copper-aluminium impactor as an artificial meteoroid
with the 9P/Tempel 1 nucleus on 4 July 2005

K.I. Churyumov, V.G. Kruchynenko
Astronomical  Observatory, Kiev Shevchenko National University, Kiev, Ukraine. E-mail:
klim.churyumov@observ.univ.kiev.ua
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Kyiv Aviation University, Kiev, Ukraine. E-mail: larisa_ch@inbox.ru

The copper-aluminium impactor of the spacecraft Deep Impact which had mass of 372 kg,
collided with the 6-km icy nucleus of short-periodic comet 9P/Tempel 1 at velocity of 10.2
km/s on July 4, 2005. As one of results of collision an artificial impact crater was formed on
the surface of the comet Tempel 1 nucleus. Using theoretical model (Opik’s model) of
collision of the copper impactor with the cometary nucleus the possible crater diameter on the
nucleus of comet Tempel 1, formed by the impactor, must be equal from 22 to 57 m and its
depth must be equal from 4.8 to 5.6 m. Maximal value of a diameter crater equal to 80 km for
Cp- 1 kN/m?. Unfortunately the real sizes of artificial crater in the course of the Deep Impact
mission was not determined by direct measurements.

The dependence of strength o, of superficial layers of the cometary nucleus of comet
9P/Tempel 1 from diameter D of the formed crater is given by

o, =5.17-10* D**¢

At the same time, in the work (A’Hearn, et. al., 2005) from the analysis of emission of very
fine (micron) particles which make a surface of a comet as authors approve, by depth in tens
meters, strength of such substance it is certain as extremely small - less than 65 Pa = 65 N/m’.
If to accept such strength in our model we receive, that diameter of a crater can be the order of
150 m.
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The explosion of meteoroids in the atmosphere is a well documented phenomenon.
Most of them are objects of few meter diameter whose explosions are harmless but, when the
object has a diameter of several decameters, the burst can destroy vast areas bellow it, as it
was the case of the Tunguska event.

In August 1930, Father Fedele d’Alviano arrived to the Curuga river area in order to
fulfil his annual mission. At his arrival, he found that the local people was terrified because
some days before they have witnessed fall of ash, fireballs and explosions that make them to
think the world was ending. The missionary realized that this event must have been the result
of the explosion of a large meteoroid and he sent a report about it to L’Osservatore Romano.
This report was almost forgotten for many years until 1995 when Bailey wrote a paper about
Curuga where he suggested to work about it.

Since 1995, Ramiro de la Reza and coworkers have been looking for evidences of
Curucga event. Angel Vega has found a seismic record in the San Calixto Seismological
Observatory at La Paz, Bolivia in the same day and approximately the same hour as the
Curuca event. From the seismogram, and assuming that the amplitude of the signal was
produced by the Curuga explosion at a distance of 1307 km he concluded that the magnitude
of the quake was Ms ~ 4.7 in the Richter scale, somewhat smaller than Tunguska’s (Ms~5).
At about the same time Paulo Serra claimed to have identified in LANDSAT images,
corresponding to Father Fedele 1930 site, a circular structure of about 1 km diameter. De la
Reza proposed that this structure could be the trace of an impact crater produced by the
Curuga event.

In this work we study de la Reza’s hypothesis. After calculating the energy necessary
to create a one-kilometer diameter impact crater (8 MT) we estimated that the 8 MT ground
explosion could have generated a 6.4 magnitude quake; such a quake would have been
registered in most seismic stations around the world; since there is no evidence of such
seismic record we conclude that Reza’s circular structure is not an impact crater. Moreover,
an inspection by Cinna Lomnitz (to whom we are very grateful for his comments) of the
original seismogram from La Paz revealed that the published digitalized seismogram used by
Vega was not a faithful reproduction of the original record, which revealed instead a local
event and not an earthquake as far as Curuga. In fact, P.M. Descotes S.J., at that time (1930)
director of the La Paz Observatory, identified such a record as due to a small local event at a
distance of 210 km from La Paz Observatory.

Since there is not doubt that the Curuca event was real then we can conclude that the
bolide exploded in the atmosphere, similarly to Tunguska’s. Assuming that the circular
structure is the trace of the limits of the forest destruction, we can infer, following Hills and
Goda’s treatment of the Tunguska event, that the energy liberated in the atmospheric
explosion was about 2 MT, produced by a 23 m diameter object entering the atmosphere at
15 km/s.
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Comet Holmes was discovered by Edwin Holmes on Nov. 6, 1892 during a large
outburst. On Jan. 16, 1893 a second outburst occurred. During the following appearances in
1899 and 1906 the comet was faint (only 13™ and 15", respectively). The comet was last
observed on Dec. 7, 1906. After the 1906 apparition the comet was lost. B. G. Marsden found
that a close Jupiter passage on Dec. 9, 1908 changed the comet's orbit considerably. He
predicted the next comet's appearance in 1964. The comet was recovered on July 16, 1964
using Marsden's prediction. The comet has been observed at every return since 1964.

During the appearance in 2007 the comet had shown a unique outburst of amplitude
about 15™ on Oct. 24, 2007. Authors constructed and studied the light curve of integrated
visual brightness of comet 17P/Holmes during appearance in 2007. The values of
photometrical parameters Hy, n, and H;, were computed for all observed comet's appearances.
The secular variation of cometary brightness was studied. The quasi-periodicity of the
cometary activity is discussed. The total light curve and light curve of outbursts were
compared with variation of solar activity indexes. The results of our observations of comet
Holmes are discussed also. The results obtained by authors are important for development of
outburst mechanism of this comet.
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Pabora BKkIrOYaeT pe3ysbTaThl HOBBIX KOMIUICKCHBIX HccieqoBanuii [laromckoro
Kkparepa, oTkpeitoro B.B. KommakoBeim Ha ceBepe Mpkytckoit oGmactu B 1949 rony.
IpuBogsTcss Marepuanbl BHICO- W (OTOCHEMOK, aHalIHW3a €ro 30HAIBHOTO CTPOCHUS Ha
OCHOBE COCTaBJICHHOM TI'€OJIOTMYECKOH KapThl, pa3MEpHbIX XapaKTCPHCTHK Kpartepa,
pasuanoHHON U MarHUTHOM ChEMOK, a TaKkKe JaHHBIC JIEHIPOXPOHOJIOTHYECKOTO U3YUCHHUS
CpPe30B CIIWJICHHBIX HA KpaTepe JHCTBEHHUI. [10 3TUM JaHHBIM ONPOBEPracTCs BHIABHHYTAS
A.M.ITopTHOBBIM THTIOTE32 O CBA3M (OPMHPOBAHUS HACBHITHOTO KOHyCa C BO3JCHCTBHEM
({parmenta TyHTycCKOro KOCMHUYECKOTO Telia, TaK Kak Bo3pacT kparepa He menee 300 mer.
Becr mpoananm3upoBaHHBIM KaMEHHBIM MaTepuai Kak B Mpeesax KpaTepa, Tak U B €ro
OKPY>XCHHUH  CBUJETEIBCTBYET 00 OTCYTCTBHM  KakKMX-TMOO TPU3HAKOB  HAJIW4YHUS
METEOPHTHOTO  BEIIeCTBA WJIM CBS3aHHBIX C HHUM TEOXMMHYECKUX  aHOMAIIHH.
T'eonornyeckuMu HMcclieIOBaHUSAMHU YCTAHOBJIEHO, 4TO llaTomMckuii KpaTep mpencTaBiser
co00l 30HAIBHYIO KOJIBLIEBYIO CTPYKTYpPY, OTHCIbHBIE 30HBI KOTOPOH SBIAIOTCS
Pa3HOBPEMEHHBIMH OOpa30BaHUSMHU: pPaHHHMH KOJILIEBOW Ball, MO3JAHMAN KOJBIIEBOM Bal,
KOJIBLIEBOM POB M IIEHTpajlbHas ropka. I eoxuMuueckoe M3ydeHHe BCEX IOPOJ, CIararolux
KpaTep, CBHUIETEIbCTBYIOT O BO3ACHCTBUM Ha HUX TIIYOMHHOTO TIOTOKA Ta30BBIX
KOMIIOHEHTOB, HMMEIOUIMX OSHJOICHHYI0 npupoay. llocTyruieHue mOTOKa Tra30BbIX WIN
(IOMIHBIX KOMIIOHEHTOB IO PA3JIOMHONM 30HE IOBBIIIEHHOW HPOHHMLAEMOCTH ChIrpajo
TJIaBHYIO ponb B (POPMHPOBAHMHU HACHIMHOTO KoHyca. OOCykgaeTcst BO3MOXKHAs MOJENb
TIPOUCXOXKICHUS KpaTepa.
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The paper includes the results of the new complex investigations of the Patom crater
discovered by V.V. Kolpakov in northern Irkutsk region in 1949. We present the data of
videofilming and photography, analysis of its zonal structure based on the compiled
geological map, the crater's dimensional characteristics, radiative and magnetic surveys, and
also the data of dendrochronological studying the larch slices sawn off on the crater.
According to these data, A.M.Portnov's hypothesis about the connection between the
formation of the deposition cone and the impact of the Tungus space body's fragment is
proven wrong, since the crater's age is over 300 years. All the analyzed rock material both
within the crater and in its environment testifies to the absence of any signs of meteoric
substance presence or any related geochemical anomalies. Geological investigations
established the Patom crater to be a zonal ring structure whose individual zones are non-
simultaneous formations: the early ring swell, the late ring swell, the ring trench and the
central hill. Geochemical research of all the rocks composing the crater testify to the deep-
seated flow of gas components of endogenous origin effecting them. Inflow of gas and fluid
components along the fracture zone of higher permeability, evidently, was the main factor in
the formation of the deposition cone. We discuss a probable model of the crater's origin.
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TyHrycckuii MeTeOpUT U aCTEPOMIHAS ONMACHOCTH
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TyHrycckuil METEOpUT CTal NEpBBHIM B HCTOPHH SIBICHHEM, MMEBIIMM BCE IMPU3HAKH
TaJeHUs KOCMUYECKOro Tejla, HO He MPUBEAMINM K OOHApY>KEHHIO COOCTBEHHO METEOpUTA WU
ero ¢parmentoB. MaciitabHble pa3pyiueHus Taiiru B paiione [Togkamennoit TyHrycku u Beckue
OCHOBAHHS CUHMTATh MX MOCIEICTBHAMH CTOJKHOBEHHS C 3emieldl KOCMHYECKOro Tejla CTald B
KoHIe XX Beka BaKHEHIIMM YKa3aHHEM Ha CYyILIeCTBOBaHHE "acTeponaHoN omacHocTH'. OueHb
rpyOble OILIEHKH pa3MepoB TYHIYCCKOro Tena Iiepe] ero BTOpXKeHHeM B atmochepy 3emin
IPUBOAAT K 3HaueHusM ero mnomepeyHuka oT 50 go 80 merpos. Ilostomy cymiectBoBaHME B
OKPECTHOCTSIX 3€MHOW OpOMTHI acTepOMIOB KHJIOMETPOBOTO pa3Mepa HE MOIJIO HE BBI3BAThH
SKCTpaNoJSIUKA  TOocieACcTBHH TyHTYyCCKOTO TaJeHWs Ha TAJCHUS KHJIOMETPOBBIX Tell.
CepbesHbIe ONIAaCEeHHS TAKUX CTOJKHOBEHUH, THOETBHBIX IS HAallel [IMBIIIN3AINH, U TIOCITYKHITH
OCHOBaHHWEM JUISI Pa3BEepTHIBAHMS KaMIIAHMH MO KaTaJIOTH3AlMH «OMACHBIX acTePOHIOB» M
pa3paboTke cpeicTB i HUX yBOAa ¢ opOuT cromkHoBeHui ¢ 3emueii. Ha camom meme
TyHrycckuii (peHOMEH JaeT K04 K MOHMMaHUIO PEIbHOW KapTHHBI «aCTEPOUIHON OIMIACHOCTH»,
KOTOpasi ¢ acTepOoMAaMM HE CBs3aHa. AHAJIM3 TPyHTa B Ipeleiax acTpoOiIeM — THUraHTCKUX
KparepoB 0€3yCIIOBHO YIapHOTO NPOUCXOXKAEHHS, - BO MHOTUX CIIy4asX HE BBIABISAET IPU3HAKOB
CYIIECTBOBaHMS B HEM BEIIECTBA METEOPUTHOIO MPOUCXOXAEHHs. BbI3BaTh ynapHoe
paspyllIeHHe M HE OCTaBUTh IIOcie ceds HUKaKUX CJIEOB YAapHHKAa MOTYT TOJBKO Teja
KOMETHOTO COCTaBa, NPHYEM KOMETHBIX s[iep IepBoro nokojeHus. OHH COCTOAT TOJIBKO H3
JBJOB JETYYUX COCAMHEHMH M CYOMHKDOHHBIX HBUIMHOK, KOTOpPBIE ITOJHOCTBIO PacCenBaIOTCA
Tmocje yaapa Ha KOCMHUYECKOH CKOPOCTH C XapaKTepoM B3phiBa. II0CKONBEKY KOMETHEIE spa
TEPBOTO  TOKOJNEHWS  SBJSIFOTCS.  PEJIMKTOBBIMH ~ OCTaTKaMHM  IEPBHYHOTO  BEIECTBA
TIPOTOIIAHETHOTO JHCKA, U3 KOTOPOro c(OpPMHPOBATNCH Bce IUTaHeTH! COHEYHOH CHCTEMHI,
XUMUYECKUH COCTaB BXOASIIEH B HErO MBUIM MPAKTHYECKH HAEHTUYEH XUMCOCTaBy 3eMiIH, a
BO3MOXKHBIE OTKJIOHEHHUS OT HETO MOCJIE PacCestHUs O IUTaHEeTe MPOJYKTOB B3PhIBA HEBO3MOXKHO
BBIIENIUTE. TYHTyCcCKUH (pEHOMEH SBISIETCS NPHUMEPOM HE TOJBKO CEpPhEe3HBIX pPa3pyIICHHH,
BBI3BAaHHBIX I1aJICHUEM KOCMUYECKOTO Tella, HO M IPHUPOJBI ONACHOIO KOCMHYECKOro OOBEeKTa.
HUcxons u3 yxe oOHapy)eHHBIX Ha 3emiie actpobiieM (okono 40 ¢ quamerpom Kpatepa 6osee 20
KM) U OLEHKH NPOMEXYTKa BpEeMEHH MeXIy mnaaeHusMu KpynHbeix Ten (10...20 muH. jer),
MO’KHO OLICHUTh HEOOXOIMMBIH Ul UX OOBSCHEHMS IOTOK KOMETHBIX TEJ uepe3 LCHTPAIbHYIO
yacTb CoHEeuHOM cucTeMbl B npenienax opoutsl FOnuTepa, KOTOpbIH cocTaBisieT Bcero 1 Komery
B rof. JTa OIeHKa YIWBHTENIHHO OJM3Ka K HAOJIOZaeMOMy KOMETHOMY ITOTOKY: HaOII0qanoch
okoso 600 KOMET ¢ mepuoaaMu oOpaImIeHus OT 3 JI0 JECATKOB THICAY JIET, TO €CTh HECKOJIBKO
KOMeT exeromHo mpoxoxaar BOmm3u CoxHia. YacTh M3 HUX NPHHAMISKUT K KOMETaM BTOPOTO
TIOKOJIEHHS, TO €CTh COJEPXKAIIUX TYTOIUIABKUE 3JIEMEHTHI, KOTOPhIE MOPOXKIAI0T METEOPHbIE U
6omuaHele MOTOKH. [I0TOK KOMET IEepBOro MOKOJICHHS MOXKET COCTaBJISATH MEHee 1 B ToJ, 4To
JaeT OCHOBaHME TIPEJIONAraTh O CyIECTBOBAHUM KOMETHBIX TeJ, He MPOSBISIOMINX KOMETHBIX
CBOCTB, HO MPEACTABISIOMINX PEATBHYIO YTPO3y I 3eMJIIH.
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Tunguska Meteorite was the first phenomenon in our history that had all features of
collision with space body, but without of detection any meteorite material in the epicenter.
Terrible disaster of taiga at the region of Podkamennaya Tunguska and serious reasons to
believe them to be result of collision of space body to the Earth became in the late XX-th
century the most valuable evidence of “asteroid hazard” reality. The very rough estimations of
the Tunguska body before its penetration to the Earth’s atmosphere lead to its diameter to be
from 50 to 80 meters. So a simple existence in the neighborhood of the Earth’s orbit of
kilometer-sized asteroids could not be ignored and provoked extrapolations of the Tunguska
disaster to kilometer-sized bodies fall. The very serious hazard of such collision, mortals to
our human civilization, became the base for campaigns of total detection and catalogue of
“dangerous asteroids” and of inventions of methods to push them away from collision
trajectories. Really the Tunguska phenomenon is a key to proper understanding of the
“asteroid hazard”, that has no direct connection to true asteroids. An analysis of soils inside
astroblems — huge craters of no doubt impact origin, - did not reveal any sample of meteorite
matter. To produce impact and left no tracks of impactor only comet nuclei can, exclusively
being comet nuclei of the first generation. They consist of ices of volatile matter and sub-
micron dust particles only, that must be totally diluted after explosion produced by impact at
space velocity. As the comet nuclei of the first generation are relicts of primary matter of
proto-planetary disk that formed all the Solar System planets, the chemical composition of
primary dust is identical to the chemical composition of the Earth, and any possible
differences between impactor and the Earth after dispersion of explosion products over the
Earth will be impossible to detect. So the Tunguska phenomenon is not only a sample of
disasters produced by impact of space body, but an indicator of nature of dangerous body.
Taking in account that there are about 40 impact craters on the Earth with diameter exceeds
20 km, and their ages that separate them by 10...20 billion years, one can estimate necessary
comet flux through central part of Solar System (inside Jupiter’s orbit) to explain astroblems.
It is about 1 comet per year. This estimation is strangely close to observed comets flow:
during written history about 600 comets were observed. They have revolution periods from 3
to thousands years, and several comets at any year passes near the Sun. Some of them are
comets of the second generation, i.e. producing meteors or bolides streams of refractory
particles. The observed flux of the first generation comets may be less then 1 per year, and it
is a reason to suppose existence of comet nuclei that do not reveal comet properties, but
nevertheless being hazardous objects for the Earth.
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Tynrycckoe coobitie 30 ntons 1908 r. SBUIOCH JEMOHCTpAIKUE TOTo, YTO HEOCCHBIC
TeJa MOTYT YJapsTh 110 Hallel 3eMiie U BhI3bIBaTh MaciTaOHbIe KaTacTpodsl. OHAKO, TaKKe
yaapsl ¥ co3faBaeMble CTPYKTYpHI (Hamp., kpatep Mereop) paccMaTpUBAINCh KaK YTO-TO
9K30THUYECKOE, OTIIMYHOE OT «HOPMAJIbHBIX» T€OJIOTUYECKUX SBJICHUH U CTPYKTYp. ICTHHHYIO
POJIb y1apOB CPE/IN IPYTHX re0JI0rMYECKHUX MTPOLECCOB HaYall 0CO3HABATh JIUIIb B 60-€ ro/sl
20-r0 Beka, B OCHOBHOM, B CBSI3M C HaxOJKaMH 3EMHBIX CTPYKTYp, COIEprKallux
MHUHEpAJIOTHYECKUE CBUJCTEIBCTBA OYEHb BBICOKMX JaBICHUH (COTHU KWiobap), YTO
WHTEPIPETHPOBAJIOCH KaK pe3yJbTaT BBICOKOCKOPOCTHBIX METEOPUTHBIX YyaapoB. Ho
HACTOSIINI NMPOPHIB B TOHUMAHUU OTPOMHOM POJIM yIapHBIX IIPOLECCOB MPOU3OLIET UMb B
Hayasne 70-X rofos, Korna oopasipl, JOCTaBlIeHHbIE MUCCUAMU AToJuIoH U JlyHa, mokasanu,
YTO JIyHHOE BEIIECTBO OYECHb OOETHEHO JIETYYUMH. DTO HCKIIOYaIo 00pa3oBaHUE JTYHHBIX
KpaTepoB 3a CUET BYJIKAHMYECKHX B3PHIBOB, U B COUETAHUU C MPUCYTCTBUEM METCOPUTHOIO
BEIIECTBa B OPEKUMSX JTYHHBIX MATEPHKOB JJOKA3bIBAJIO, YTO OOJIBIIMHCTBO JIYHHBIX KPaTepoB
- MeTeopuTHbIe. M30TOMHBIE NAaTHPOBKM HPUBE3CHHBIX O0Pa3loOB MOKA3ald, YTO JIyHHBIC
MaTEepUKH, HACBINICHHBIC KPYIHBIMU KpaTrepamu oOpazoBaHbl B mepBbie 600 MiH. ner
uctopun JIyHBI, 4YTO TMpeanojaracT Iepuox HWHTCHCUBHOH OomOapmupoBku. Crano
OUYEBUHBIM, 4TO 3emuisi, cocenka JIyHbl, Hen30€XXHO HODKHA ObUIa MOABEPraThCsl TaKOW
OombapanpoBke. Bckope KOCMHUYECKHE MHCCCHH —IIOKAa3alld MPUCYTCTBHE  CHIIBHO
KpaTepUpOBaHHBIX MMOBEpXHOCTeH Ha Mapce u Mepkypuu, a 3aTeM U Ha HEKOTOPBIX JIPYTUX
Tenax COJHEYHOW CHCTEMBI, YKa3biBas, YTO MHTEHCHBHAs OOMOApIHpOBKa 3aTPOHYJA BCE
TeJna B mpenenax mianeTHoi cuctemsl Conama. [locnenyromme nccneaoBaHus MOKa3aid, 9TO
CTPOCHHE YAApHBIX KpaTE€poOB 3aBHCUT OT OOCTAHOBKH: BEJIWYMHBI CHIIBI TSDKECTH,
nmapamMeTpoB aTMoc(epbl, HaJH4Hs JICTYYUX B MHIICHH. HekoTopble yaapHbIE CTPYKTYPHI,
TaKHhe Kak CIUIOTYM Ha BeHepe (JIeBbI pUCYHOK, CTPENKH) U KIacTEePhl MEPBUYHBIX yIapHBIX
KpaTepoB Ha Mapce (1paBblif pUCYHOK), OOHApy>KMBAIOT aHAIOTUHU ¢ TYHI'YCCKUM COOBITHEM.

N3ydeHne nyHHBIX 00pa3loB, 36MHBIX UMIIAKTUTOB U MOJEIbHBIC SKCIIEPUMEHTHI IOKa3aJIH,
YTO yJIapbl MPUBOIAT HE TONBKO K IPOOICHHIO, IEPEHOCY 1 TBepI0(}a30BbIM IIepexoiaM, HO U
K T€OXUMHUYECKOH auddepeHnraniu 3a cueT pa3Hon JIETYYeCTH XUMHUYECKUX 3JIEMEHTOB. B
YaCTHOCTH, YZapbl IO YJIbTPAOCHOBHBIM M OCHOBHBIM MHIIEHSM MOIYT IPHUBECTH K
otaeneHuo napa obdoramenHoro Si0O,, K u Na, nenas BO3MOXHBIM MOSIBIICHHE TPAHUTOUIOB
OY€Hb PaHO B HCTOPHH 3EMJIH.
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Tunguska event of June 30, 1908 was a demonstration that celestial bodies can impact
our Earth and cause large-scale catastrophies. However such impacts and features produced
(e.g., crater Meteor) were considered as something exotic and different from ‘“normal”
geological events and features. The true role of impacts among other geological processes
started to be understood only in the 20th century 60’s, mostly due to findings of terrestrial
features bearing mineralogical evidence of very high pressures (100’s kbar) which were
interpreted to be formed by the high-velocity meteoritic impacts. But real break-through in
understanding of great role of impact processes happened only in early 70’s when samples
brought by the Apollo and Luna missions showed that lunar materials are highly depleted in
volatiles. This excluded origin of lunar craters due to volcanic explosions and in combination
with presence of meteoritic matter in lunar highland breccias proved that majority of lunar
craters were formed due to meteoritic impacts. Isotopic dating of the returned samples showed
that lunar highlands saturated with large craters were formed within the first 600 m.y. of the
lunar history suggesting period of heavy bombardment. It became obvious that Earth being a
close neighbor of the Moon also had to be inevitably exposed to such bombardment. Soon
after, space missions showed presence of heavily cratered terrains on Mars and Mercury and
then on some other Solar system bodies, suggesting that heavy bombardment was an event
affected all the bodies within the planetary system of the Sun. Later studies showed that
structure of impact craters depends on local environments such as gravity, parameters of
atmosphere and enrichment of target materials in volatiles. Some impact features on planetary
surfaces, such as splotches on Venus (Figure left, arrows) and clusters of small primary
impact craters on Mars (Figure right), show analogies with Tunguska event.

Studies of lunar samples, terrestrial impactites in combination with model experiments
showed that high-velocity impacts can result not only in fragmentation, transportation and
solid-phase transformations, but also in geochemical differentiation through differences in the
high-temperature volatilities of chemical elements leading to their spatial separation. In
particular, impacts into ultramafic and mafic targets could be resulted in segregation of vapor
enriched in silica and alkalies thus making possible an appearance of granitoid materials very
early in the history of Earth.
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Moz[e.lmponaﬂne oﬁpa:mBamm YHUKAQJIBHOTO IMaTomckoro KparTepa

10.K. busun, U.B. CumonoB
Hncmumym npobnem mexanuxu PAH, Mockea, Poccus. E-mail: simonov@ipmnet.ru

Ha IMaTtomckom Haropbe (MpkyTckast 0011.) ObIIT OTKPBIT ¥ YACTUYHO OMUCAH re0JI0roM
B. KonmakoBeiM B 1949 r. HeoObuHblld KpaTep, a B 2005-6 TIT. COCTOSUIMCH HaydHBIC
akcrequiun «KII» mist M3ydeHus! 3Toro Kparepa. BpUIM U3MEpEeHBI ero reOMETPUYECKHE U
CTPYKTYpHBIE TTapaMeTphl, a TAKKe MPOBEACHBI 3aMephl pagualiy (OHA 0Ka3alach B HOPME),
OOHapyXeHbl MAarHUTHBIC OTKJIOHEHHs, OMpPEeSieH ero Bo3pacT. IIpupoaHas aHoManus B
BUJIE XOIMa (KpaTepa) BO3HHUKIIA HA CKIIOHE CONKU U 00pa3oBaHa pa3apo0JIeHHOH NOpo1oH —
M3BECTHSIK; 00hEM U Macca BEIOPOCOB COCTABUIIH Ve=2.3-105 M, M,> 10° T, BBICOTA ~ 70 M.
AHOManus CYyIIECTBEHHO OTIMYAaeTCs 10  TEOMETPHUH OT  HM3BECTHBIX  KpaTepoB
METEOPUTHOTO W B3PBIBHOTO NPOHCXOXKACHHS, HMEIONIMX, Kak MpaBWIO, YYaCTKH
OTpUIATENILHOTO pefibea - BOPOHKY. HeEOOBIYHBIM TaKKe SBISAETCS  LCHTPaTbHBIN
mapooOpa3HbIil Kynous auameTpom 15 M (em. poto). Hamu npemnokena gusnueckas Moaeb,
OCHOBaHHAas Ha TUIOTE3€, YTO CJIy4YallHO cOBMaiu JBa coObiTus: 1. V3BECTKOBBINA clon
MOpOAbI OBUT MPOOUT BBICOKOIUIOTHBIM M BBICOKOTIPOYHBIM METEOPUTOM  (yIApHUKOM)
YATMHEHHOU (OPMBI Ha TIyOHHY HECKOJIBKO COT M. 2. 30Ha pa3pyIleHHUs TOCTHIIIA TOJIOCTH
B TIOPOJIE, COJePIKalIleil ra3 Mo BBICOKUM JIaBJICHUEM (HAIHYHe TAKUX MOJOCTEH MPU3HACTCS
B TCOJOTMYSCKOM TpakTHKE) ¥ Ta3 BBITOJNKHYJI pa3pymIeHHYIO TIOpOJYy HaBepX
«KBa3UCTAaTHUYCCKU», 0e3 pa3dpoca 0OJOMKOB Ha 0oiblIoe paccTosiHue. MaremaTHueckoe
MOJICTTMPOBAHUE TPOHUKAHHS yJApHUKA, Pa3pyIICHHUsS MOPOJbI U €€ BBITATKUBAHUS Ta3oM
MO3BOJIMJIO  TIOJIyYHTh OLIEHKH IapaMeTpOB yJapHHMKa M rasoBoro nopmmHs. IIpoBenena
IKCTIEPUMEHTANIbHAS TIPOBEPKa BO3MOKHOCTH TONYyUSHHUS 3aJaHHON KOH(UTYypaIMy KpaTtepa
MIPU BBITAJIKHBAaHHU CHITy4Yei Cpelbl M3 CKBAXUHBI. B OTBepCTHE IUIMTHI, PACHONIOKSHHON
nox yriaoM & K ropusoHTy (MOZENb CKIOHA COTKHM) BCTABJIEHA CHHU3Y TPYOKa C MOPIIHEM,
3aIlOJIHEHHAsT KBAapIIEBBIM ITIECKOM HJIM TPAaHUTHOW KPOMIKOH. [Ipw cMelieHWH MOpIIHS B
TpyOKe BBEpPX Ha IMOBEPXHOCTH IUIUTHI OOpa3oBBIBAICA XONM. EciM BTAHYTH MOPIICHB
00paTHO, TO B BEpIIMHE XOIMa 00pa3yeTcs BOPOHKA, TUAMETP KOTOPOW pacTeT Mo Mepe
cMmelneHust mopinHs BHU3. OOpa3oBaHKME KyIoja B LICHTPE KpaTepa - BTOPHUHBIA 3ddekr,
pe3yabTaT KonebaHus JaBlICHUS Ta3a, TAakkKe IOATBEPKICHO 3KclepuMeHToM. Ecim 3atem
CHOBa HAyaTh BBIIABIMBATH MECOK CMEIICHHEM IITOKa BBEPX, TO CO JHA BOPOHKH HAYHET
pacTu KyTmoJi, oA00HbIH HAaOIr0aeMOMYy .

Cumonos U.B., busun FO.K. Tlpenpunt Ne 803, Mocksa, U[IMex PAH, 2006, 21 c.
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Simulation of the unique Patomskiy crater formation

Yu.K. Bivin and I.V. Simonov
Institute for Problems in Mechanics of RAS, Moscow, Russia. E-mail: simonov@ipmnet.ru

In 1949, some strange and unique (by form and by spatial arrangement) crater from the
fractured rag has been revealed by one of Russian geologists in Siberia and in 2005 — 06 the
scientific expeditions have been organized. Geometry of the crater, sizes of its constituent
pieces, magnetic field and radiation have been under investigation during these expeditions.
The strange crater dated at about 250 years has only positive relief and is shaped as an
artificial mound of 70 M height and mass about 1 ml t with size of rag pieces from
centimeters to  7-9 m. There are a caldera or a cone of depression on its top having 76 m in
diameter and in its center a rising in the form of hemisphere of 15 m in radius. The question is
what is the reason of such crater formation ? In this work, a mathematical model which try to
clarify this event is suggested on the ground of the following two physical promises: 1)
Impact of a high-density and high-strength (unique) meteorite as a rigid projectile has
fractured the rock in volume of a longitudinal cylinder. 2) This fractured zone advances to
the depth an underground cavity containing gas under anomalous pressure and this gas ejects
the rock from the fractured zone quasi statically without explosion feature on the free surface.
According to this model and invoking the theoretical-experimental results on high-velocity
penetration, the projectile and gas cavity parameters are estimated as reasonable values.
Moreover, the experimental simulation of the second phase of the fractured rock ejection was
carried out on the laboratory scale. Sand or (in another experiment) quartz grains were placed
into a long metal tube and then was ejected from the tube on the artificial inclined surface (as
far as the natural crater is placed on a gentle slope) by hand with the help of a piston. The
formation of dome-shaped height in the centre of the crater that presumably is the secondary
effect induced by a gas oscillation is supported by experiment. It can be observed that the
geometry of the natural crater is in good agreement with its reduced experimental counterpart
(see figures below). These results validate the hypotheses and the mathematical model
proposed.

Acknowledgement: This work was partly supported by the Program No. P-09 of the
Russian Academy of Sciences and by the Russian Foundation of Basic Researches, N 05-01-
00628, N 08-01-00021.
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O runorese Iamyniaa ajjiess 1 NpU3HAKAX UMIIAKTHOTO
npoucxoxaeHusi Bnagunbl FO:xuoro Kacnus B niinouene

b.H. T'ony6os*, C.I'. T'eBopksiH**
* Unemumym ounamuku 2eocpep PAH, 2. Mocksa. E-mail: bgolubov@mail.ru
**@IYVII "dynoamenmnpoexm”, 2. Mockea. E-mail: Sergev99@yandex.ru

Jlo cux mop He HaxXOAMT yIOBJIETBOPUTENHLHOTO OOBSICHEHHS CBOCOOpa3ne OTHAETBHBIX
cTpaHuIl reosiorudeckoi ucropuu KOxxHo-Kacnuiickoit HoBelIel TEKTOHNYECKOH BIIaJIMHBI B
mmonere. OtTcioja  BO3HUKAeT BO3MOXHOCTh HCTOJIKOBAHHMS — psila  XapaKTEePHBIX
TEKTOHHYIECKUX, MOP(POCTPYKTYPHBIX, JHTOJIOIO-TEOXMMUYECKHX H MaICOHTOJOTHYECKUX
ocobenHocreil FOxHo-Kacnuiickoi BmaguHbl € MO3UIMHA TUINOTE3bl €€ HMMIIAKTHOTO
(yIapHOT0) MPOUCXOKIACHUS. DTy TMIIOTE3Y BIEPBBIC CHOPMYITUPOBAI AHTTTHHCKHIA aCTPOHOM
Onmyna [Namneit B konne XVII Beka.

B nokmane paHO M3NOXKEHHE HMCTOPUM IOCTAHOBKM BOIpPOCa OO0 HMIIAKTHOM
npoucxoxaeann HOxxno-Kacnwmiickoit BmaguHbl. BeimoiaHeH aHamM3 TreoOTHYECKUX
ocobeHHoOcTell TekToHuyeckod BnaauHbel IOxxHOro Kacmusi, KOTOpele MOTYT CIIyXHTh
MpU3HaKaMy €€ MMIAaKTHOTO MPOUCXOXICHMS. B paMkKax MEXaHUKH KpaTepooOpa3OBaHHMs
BBINOJIHEHA pacy€THas MPOBEPKA NUMITAKTHOW TUIIOTE3bL.

Eciu I0OxHo-Kacnuiickast BaguHa CBOUM IPOUCXOXKICHHUEM JICHCTBUTENIFHO 00s3aHa
MaJICHUIO acTepoMja, TO, COTJIACHO HAIIUM pacyéraM, MmoJo0HOe COOBITHE IOIDKHO OBLIO
UMETh MECTO He janee, kKak 6 — 7 muH. jer Hazaa. Ilpu stom runoreruueckuii FOxxHO-
Kacmuiickuit kpaTep TOKEH ObUT B Hayalle CBOCTO CYIICCTBOBAaHHUS MMETh oKkoyio 210 kM B
norepeyHuke u riryouny okoso 30 kM. PacuérHas Macca ynaBIlero acrepousia COCTaBIseT
8,810" kr, pasmepst — ot 130 10 180 kM B HOmepedHHKe. DHEPrHs KPATEPOOOPA3OBAHHS
OKa3bIBAETCS PaBHOI 2,58‘1025 JIx.

Jns pemieHust BoIpoca O TNPAaBOMEPHOCTH WM HEMPABOMEPHOCTH THUIOTE3bl 00
WMIIAKTHOM TporcxoxaeHun yaiu FOxuaoro Kacnus Heo0XoaumMo: a) yTOUHUTh BO3PaCcTHOU
uHTEepBaJ (HOPMHUPOBAHUST KPACHOLBETHOW TOJIIM; 0) HMCCIIEOBAaTh COCTaB OOJOMOYHOIO
MaTepuaa KpPacHOIBETHOW TOJINM C IENbI0 OIPENEICHUs] MHHEPaJOB KOCMHYECKOIO
MIPOUCXOKACHUS.
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About hypothesis of Edmund Halley and attributes for impact origins
of the Southern Caspian Sea basin in pliocene
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Till now does not find a satisfactory explanation an originality of separate pages of
geological history of the South-Caspian newest tectonic basin in pliocene. From here there is
an opportunity for interpretation of some characteristic tectonic, morfostucture, lithology-
geochemical and paleontologic features of the South-Caspian basin from positions of its
hypothesis impact (shock) origin. This hypothesis was formulated for the first time by English
astronomer Edmund Gallej in the end of X VII century.

In the report the history of statement of a question about impact origin of the South-
Caspian basin is given. It is analysed geological features of a tectonic basin of Southern
Caspian Sea which can serve as its attributes of his impact origins. Calculation checking of
impact hypotheses is executed within the limits of cratering mechanics.

If the South-Caspian basin is really was formed as result of falling of an asteroid, that,
according to our calculations, similar event should take place not further, as 6 — 7 million
years ago. Thus the hypothetical South-Caspian crater should have in the beginning of the
existence about 210 km in a diameter and depth about 30 km. The settlement weight of the
fallen asteroid makes 8,810 kg, the sizes — from 130 up to 180 km in a diameter. Energy for
forming of crater appears equal 2,58 10> Joule.

For the decision of a question on legitimacy or illegitimacy of a hypothesis about
impact origin of the Southern Caspian Sea basin it is necessary: to specify an age interval of
formation of red-colour Pliocene deposits; to investigate composition of debris material from
red-colour deposits in order to find the minerals of a space origin.
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AdpobancTHYeCKHii POrHO3 paioHOB NMajieHus1 HeOeCHbIX TeJI THIA
TyHIycCKOro MeTeopuTa

B.A. Jleprorun’, B.H. Jly6ouk', A.B. 3aiiries’
" HIIO unm. C. A. Jlasoukuna, e. Xumxu, Poccus. E-mail: vitalyder@mail.ru
HI «Llenmp naanemapnoii 3awumaol», 2. Xumxu, Poccus. E-mail: pdc@berc.rssi.ru

B nmoxnmame mpencTaBieHBl pe3yNbTaThl OLEHOK BO3MOXHOW TOYHOCTH IPOTHO3a
paiioHOB mazneHusl Ha 3eMJII0 acTepOUIOB U KOMET. Ba)KHOCTh BO3MOXKHOCTH OOeCIeUeHHS
TaKOro MPOTHO3a HEOOXOAWMa M3-3a OTCYTCTBHS B Hacrosmiee BpeMss CHCTEMBI 3amlUThI
3eMin OT CTOJKHOBEHHUI ¢ 3TUMH 0OBbekTamMu. Ilo3TOMy, B Cllydyae BOSHUKHOBEHHMS yTPO3bI
CTOJIKHOBEHHS, €IMHCTBEHHBIM CIIOCOOOM H30€XaTh KPYNHBIX IOTE€pPb, OCTAaeTCs
obecIieueHre 3BaKyally HaCeJICHHs, MAaTePHANbHBIX U JPYTHX LEHHOCTEH.

ABTopamu pa3paboTaHO MPOrpaMMHOE OOECIeYeHHE M IPOBEJCHO MOJCIHPOBAHUE
IBWKeHUs omnacHbix HeOecHbix Ten (OHT) B armMocdepe 3emid ¢ y4eTOM BO3MOXKHOTO
paszbpoca ux ycioBuii BxoJa B atMocdepy, PU3HUECKUX, a9POANHAMHYECKUX U aTMOCPEPHBIX
apaMeTpoB.

Hmst tpex BapmantoB OHT — neasHOro, KaME@HHOTO U JKEJIE3HOTO, IPOBEICHBI
napaMeTpUIeCKUe UCCIIC0BaHUS BIMSHUS pa30pOCOB KOPHIOpa U YIJIOB BX0Ja B atMocdepy,
MOJIENT aTMOC(ephl, TadapUTHO-MACCOBBIX U adpPOJMHAMUYECKUX XapPAaKTEPUCTUK Tell, Ha
pazopoc Touek maneHus. [IpoBemeHsl ouneHku mnoteph dHepruu OHT 3a cuer BIUSHHA
aTMOC(epBL

ITokazano, uTO HaMOOJBLIMA pPa30pOC KOHEYHBIX ITAPAMETPOB HAOMIOIACTC Yy
00BEKTOB JIEKAMETPOBOT0 pa3Mepa, Tura TyHIyCKH.

C momomp0 MeToAa craTucTuaeckoro moxaenupoBanusi (Monte-Kapmo) mpoBeneHsr
OLICHKH BEJIMYHMH 3JUIMICOB pacceuBaHus Touek maneHuss OHT ¢ y4eToM BO3MOMKHBIX 30H
TIOpaKEHUs, 3aBUCALINX OT SHEPTHH yapa.

Jlenaetcst BBIBOJ 0 HEOOXOAUMOCTH (HOPMUPOBAHUS HaIeKHBIX UCXOIHBIX JAHHBIX IS
MOBBIILIEHHS] TOYHOCTH ITPOTHO3a PailOHOB MMaICHUS BEPOSITHBIX HEOECHBIX TEJl.

Jlumepamypa

[11 Aeprocun B.A., 3aiiyes A.B., Koznoé H.A. OuieHKr BO3MOXKHOTO PACCEHMBAHHS MECT MaJCHUsI HEOCCHBIX TE Ha
noBepxHOCTh 3emutn // MexayHapoanas konpepenus "Kocmueckas 3ammra 3emmn (K33-96)". 23-27 cenrsops
1996 r. Cuexwunck (Yenstounck-70). Tesucsr. C. 99,100.

[2] Heproeun B.A., Jybosux B.H., 3aiiyeé A.B. u Op. AHanu3 BIMSHUS XapaKTEPUCTHK MalblX HEOECHBIX Tel Ha
pacceuBaHue ux MecT najaeHus // MexnayHaponHas koHgepenuus "Kocmuueckas 3ammra 3emnun-2000". 11-15
centsiopst 2000 r., EBnaropus. Tesucsr. C. 40.

[31 Heprocun B.A., /lybosux B.H., 3aiiyes A.B. TIporuo3 paccerMBaHusi MECT MaJCHUSI ACTEPOUJIOB U SICP KOMET B
cilydae ux CTONKHOBeHus ¢ 3emueii // Coopuuk Hay4nsix Tpya0B / ITox pen. C.J. Kymnukosa. Bemyck 4. M., 2003.
C. 42-50.

[4] Cmynoe B.I1., Mupckuii B.H., Bucavui A.H. Asponnnamuka 6omunos. M.: Hayka. ®@usmariut, 1995. 240 c.

[5]1 Tupckou I'A. B3aumopeiictBue kocmuueckux Tten ¢ armocdepamu 3emiuu u mianer // CopocoBckuii
ob6ueoOpasoBarenbHblil xKypHait. 2000. T. 6. Ne5.

173



The aeroballistic forecast of areas of falls of celestial bodies
such as Tunguska meteorite
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The report describes the results of analysis of probable accuracy of prediction of
regions of asteroids’ and comets’ falls onto the Earth. The provision of such prediction is very
important due to non-availability of the system of the Earth defense against collisions of these
objects at present. Therefore in case of collision danger occurrence the only way to avoid bad
losses is evacuation of people, materials and other valuables.

The software has been developed by the authors of this paper and simulation of motion
of dangerous celestial bodies (DCB) in the Earth atmosphere has been carried out taking into
account the possible variations of physical, aerodynamic and atmospheric parameters of entry.

For three variants of DCB — ice, stone and iron — the parametrical analysis of the
effects of deviations of corridor and angle of entry, variations of parameters of atmospheric
model, mass-overall and aerodynamic characteristics on fall points dispersion has been made.
The analysis of DCB energy losses due to atmospheric effects has been made.

It is shown that the greatest variations of final parameters are observed for decametric
objects such as Tunguska meteorite.

Using the method of statistical simulation (Monte Carlo) the analysis of sizes of
ellipses of dispersion of points of DCB falls has been made taking into account the possible
zones of destruction depending on impact energy.

The conclusion on necessity of formation of reliable initial data for increasing of the
accuracy of forecast of regions of falling of probable celestial bodies has been made.
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E-mail: emdrob@mail.ioffe.ru

[MoTeHnmanpHas yrpo3a CYHIECTBOBAaHMIO YEIOBEYECTBA KPOETCS B BO3MOXKHOCTH
riobanpHOro B3phiBa TOJCTOM (~800 KM) jnensHoW obonouku Kammucro — uerBepToro
l'anuneesa crytHuka IOmurepa. IlpuunHO B3pbIBa ABIA€TCS HaKoILuleHUe 10 ~15-20 wt.% B
BUZIC TBEpAOro pactBopa Bo Jbay 2H,+0, — mpoaykTa OOBEMHOTrO AJIEKTPONIM3a JIbAA,
COJIEPKAILETO MHOPO/IHBIE BKIIIOYCHHUS C AIEKTPOHHOMN MM JABIPOYHON MPOBOJIUMOCTHIO (caM
Jel — TPOTOHHBIA MPOBOMHHUK). HeoOXOAMMBIH sl BICKTPOJIM3a BICKTPHUYCCKHA TOK
TeHepUpyeTcsl ABIKECHHEM CIyTHHKa B MmarHutocepe FOmurtepa. B mpouuiom momoOHBIM
B3pbIBaM IIOABEPrajllCh OCTalbHble TpU lanuneeBa ciyTHUKa (Bcero 5-6 coObTuil 3a 4.5
MJIpA. JIET), 4TO OOBACHAET MX 0coOeHHOCTH [1], a Takke BO3HUKHOBCHHE U HM3BECTHBIC
CBOMCTBA HMPPETYJISIPHBIX CHYTHUKOB M TPOSHCKUX actepounoB lOmutepa [2]. CoyTHHK
Carypua Turtan B3opBaics Bcero ~10* net Ha3ax, 4TO MTOPOJIUIIO HAa HEM aTMocdepy, a TaKKe
KOJIbIIa U MOJIOZI0€ CEMENUCTBO poironepuoaundeckux komer CatypHa [3]. JleasiHble OCKOIKU
MOMOOHBIX B3pPBIBOB — sjipa THIHMYHBIX KOpOTKomepuoandeckux (SP) koMmer — Takke
cogepkatr 2H,+0,, 4To IenaeT MOHSATHBIMH MHOTHE paHee 3araJoyHble NMPOSBICHHS TaKHX
komer. JlaHHble HenmaBHUX Muccuid Deep Impact w Stardust x SP xomeram Imioxo
COTJIacyIOTCS C TPAIUIUOHHBIM KOHICHCAIIMOHHO-CYOIMMAIIMOHHBIM KOMETHBIM CLIEHapHEM,
HO TOBOPST B I0JIb3Y HalleW apaJiurMbl IJIAHETHOTO POUCXOXKIECHHS KoMeT [4].

Me1 He 3HaeM, 10 Kakoil creneHu Jbabel Kammucro Haceimensl 2H,+0,. Ho ecnn onn
B30pBYTCS, TO Ha opOuTax SP komeT cemeiictBa FOnurepa nosiBUTCS ~10° 7IeTHBIX OCKOIKOB
pasmepoM >0.3 kM. Uepe3 HECKONBKO JECATKOB JIET Ha 3€MIII0 €XKEJHEBHO OyJeT BblIaAaTh
Teno, BeI3pIBatomiee B3peB >1 Mt THT, exxeromno >10° MT, pa3 B XH3HH 4YeIOBEKa - >10°
Mrt [5-7]. Kpome uuncto yzmapHbelx 3¢d¢eKkToB (CBepXIlyHaMHu, HarpeB arMmocdepsl) U
otpaBiieHust Bo3nyxa coenuHerusMu Bpoge HCN, CO, NO u T.m., BeIaACHUS C dHEpruen
Gombmre 10° Mt THT crocoGHBI BEI3BATh SIBICHHE THIIA «SIIEPHON 3UMBI» BCJICACTBHE
BBIOpOCa B aTMOC(hepy OONBIIOr0 KOJHMYESCTBA MBUIH.

Takue MOBTOPSIFOLIHECS KIMMATHYECKHe KaTacTpodsl OYIyT IyOUTEIbHBI IS 3eMHOU
ouocdepsl U yenoBedectBa. OTCIO/Ia OYEBHUIHA HEOOXOJUMOCTh OpPTaHU3AIMKM M NPUIAAHUS
BBICOUYAMIIETO MPHOPUTETa KOCMUIECKOW MUCCUH, HAIIEJICHHON Ha ONPEe/IeIICHIE CONePIKaHUS
npoaykToB aektponnsa 2H,+0, B neasHoit o6onouke Kammucro.
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Threat of every day Tunguska-type events as result of
Callisto’s ice envelope explosion

E.M. Drobyshevski
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E-mail: emdrob@mail.ioffe.ru

Potential danger to the Mankind existence is concealed in a possibility of global
explosion of thick (~800 km) ice envelope of Callisto — the fourth Galilean satellite of Jupiter.
The explosion cause is an accumulation in ice, in the solid solution form, of 15-20 wt.% of
2H,+0, — products of the volumetric electrolysis of ice containing foreign inclusions with
electronic or hole-type conductivity (the ice itself is a protonic conductor). The electric
current needed for the electrolysis is generated by the satellite motion in Jovian
magnetosphere. In the past, similar explosions had place on three other Galilean satellites (in
total, 5-6 events during 4.5 aeons). That explains their features [1] as well as origin and
known properties of irregular satellites and Trojan asteroids of Jupiter [2]. Saturn’s satellite
Titan exploded as recently as ~10* years ago what gave birth to its atmosphere, and to rings
and long-period comet family of Saturn [3]. The icy fragments of such explosions are nuclei
of typical short-period (SP) comets. They also contain 2H,+O, what makes understandable
numerous up to now puzzling manifestations of comets. Data of recent Deep Impact and
Stardust space missions to SP comets are in a rather poor agreement with traditional
condensation-sublimation cometary scenario, while strongly favoring our paradigm on
planetary origin of comets [4].

We do not know what is a degree of Callisto’s ice envelope saturation with 2H,+0O,. If
the envelope explodes, about 10° icy fragments of >0.3 km size will appear in orbits of SP
comets of Jovian family. After several decades, a body causing an explosion with >1 Mt TNT
will strike the Earth every day, with >10° Mt — once a year, and once in a man’s life, >10° Mt
[5-7]. Apart from purely impact effects (supertsunami, heating of atmosphere) and poisoning
of the air by such components as HCN, CO, NO etc., impacts in excess of 10° Mt TNT could
produce a “nuclear winter” phenomenon resulting from the appearance of huge amount of
dust in the atmosphere.

Such repeated climatic catastrophes will be devastating for the Earth’s biosphere and
Mankind. Hence, it is obvious a necessity of organizing and assigning the highest priority to
the space mission aimed on determination of the electrolysis products 2H,+O, content in the
ice envelope of Callisto.
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Uro TyHrycckoe coObITHE OBIJIO BBI3BAHO KacaTeJIbHBIM BBINAJACHHEM HEOOJIBIIOTO
sapa KOMETBl WM acTepouna, Mpearnoyaranock naBHo. [IpoGmema cocTOMT B TOM, Kak
nepenath 3Hepruto asmwxeHus tena (~10-40 Mr THT) B sHepruio atMoc(epHOro B3phiBa
(ecTh CBUETEIILCTBA IOBOPOTA TPACKTOPHUU Tejla) W IPU 3TOM HE OCTaBHTH BBINMABLIMX
(hparMeHTOB (MX OTCYTCTBHE, MOXOXE, OTBEpraeT rumoresy o0 acrepouje). B rumorese o
JIeITHOM KOMETHOM Spe, €CJIM UCXOAUTh M3 CTaHAAPTHBIX IPEACTaBICHUI O KOMeTaX, Kak
MIPOIYKTaX KOHAEHCAIIMH B XOJOAHBIX 3aHENTYHOBBIX 00JACTSIX, HESICHO, YTO 3aCTABUIIO JIE]
B30PBATLCS C TEM, YTOOBI €ro Maphl, pacIIUPssACh U B IMOIEPEUYHOM HANpPAaBICHUHU, PE3KO
VBENUYIIN CEYCHUE CBOETO B3aMMOJCHCTBHSA C aTrMocdepoil HacTONbKO, YTOOBI CHIIa
COIPOTHUBIICHUS OOJIBIIOro 00beMa BO3yXa BOCTIPUHSIIA Obl KHHETHYECKYIO SHEPTHIO SApa.

JlanHbIe NBYX HENaBHHMX aKTHBHBIX Muccuil k kometam Tempel 1 (Deep Impact) n
Wild 2 (Stardust) Bo MHOTOM TIpOTHBOpEYAT KOHACHCAIMOHHOW KOMETHOH mapaanrme. OHH,
ckopee, noareepxkaaroT HoByto Opynrusayto Kocmoronuto (HOK) komer, koTopas cuuraer
SP xoMeTHI hparMeHTaMu OT TII00aTBEHBIX B3PHIBOB MACCUBHBIX JISASTHBIX 000JIOUYEK TEN THIIA
Tl'anumena. X rpsAs3Hble JIbAbI, HACBHIICHHBIE B BHJIE TBEPAOIO pacTBOpa MPOAYKTaMHU HX
obwsemHoro anekrponusa 2H,+0, no ~20 Bec.%, CocOOHBI K JETOHALWH, WHUIIMAPYEMOH
yaapoM. Takoil B3pbIB ILTyTOHO-NIOJAOOHOTO Tejla CO CIYTHHUKOM co3fall 3.9 acoHOB Hazal
I'maBubIi nosic acteponnoB [1]. B3psIBbI mpoucxoawin B cucreMe ['anuineeBbIX CIyTHUKOB
IOmnutepa (Bcero 5-6 coObituil; Kamiucro moka He B3pbIBajiCs, €r0 B3pbIB YHUUTOXXUI Obl
yenoBeyecTBo). JIpapl Tutana B3opBainCh ~10* ner masaz, uro nopouiio ero armocgepy,
Kosbla U Monogoe cemeiictBo LP komer Catypna [2]. U3 HOK BeiTekaer, uro npasl SP
koMmeT Takxke comepxar 2H,+0O,, koTopbie mpu cyOnuMaliu JIbJ0B 3aropatorcs. Hanmnune
BHYTPEHHEI'0 HCTOYHHMKA YHEPIUU OOBSCHSIET MHOXKECTBO HEMOHSATHBIX (PaKTOB (BCIIBILIKH U
pacmajsl KOMETHBIX S/1€p, KOPPEIUPYIOLINE ¢ COTHEYHON aKTUBHOCTbIO, MOSBICHUE HOHOB U
paaukanoB BOMM3M siapa U T.A.). MI30bITouHas sHepreTHka BeiOpoca u3 kparepa Deep Impact
OblLTa mpejcKa3aHa HaMH U IOATBEpKAeHa 3TUM 3kcriepumerToM [3]. IIbute Stardust, kak n
Deep Impact’a, moka3plBaeT TNPH3HAKW HarpeBa NpH TOPEHUH B YCIOBHSX AedUIHTa
Kucinopona, uro u cnexyer uz HOK [3].

[TosTomy, koraa Hebonpiioe (~50-100 M) kometHOE sipo B 1908 1. Bomwio ¢ V ~ 20-30
KM/C TIOYTH KacaTelbHO B atMocdepy 3emid, TO BO30y)KICHHas B HEM COIPOTHUBICHHEM
BO3/yXa yAapHas BoJIHa IpeBpatmiiachk B ero 2H,+0;-copepkaiux jb1ax B J€TOHAIIMOHHYIO
[1]. Dueprus camoro B3ppiBa eaBa nu pocturana ~10% kuaeTndyeckoi sHepruu spa. Ho
pasieT MpOLYKTOB B3pbIBA PE3KO yBETMUMI ceuenne oObekTa oT ~10° M> mo >10° M?. Kak
CJIEJICTBHE, DHEPrUsl €ro JBI)KEHHUS IIepelula B MOIIHYIO yJapHYIO BOJHY B BO3AyXe C
Pe3YIABTUPYIOLIMM JIECOTIOBATIOM, OOXMIAIOLIUM H3ITyYeHHEM, BO3MYIICHHSIMH MarHUTHOTO
moJist 3eMJIH U T.I1., @ paclblICHUE BEIIECTBa B aTMOC(epe BBI3BAIIO €€ HEOOBIYHOE CBEYCHHE.
Kax BuanmM, Bce Tpu aKTHBHBIX KOMETHBIX SKCIIEPUMEHTA, HAUMHAsI CO BXOJA sSIpa KOMETHI B

atmocdepy 3emiu B 1908 r., roBopsar o cupaseanuBoct HOK.
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That the Tunguska event had been initiated by a tangential impact of a small comet
nucleus or an asteroid was a hypothesis put forward long ago. The problem consists
essentially in how to convert the energy of the body motion (~10-40 Mt TNT) into that of an
atmospheric explosion (there are witness accounts of a turn in the body’s trajectory) without
at the same time leaving fragments left on the ground (their absence makes us to reject the
asteroid version). Turning now to the hypothesis of an icy comet nucleus, drawing upon
standard concepts of comets as products of condensation in cold trans-Neptunian regions, it is
unclear what could have forced ice to explode, with its vapors, expanding in the transverse
direction as well, increasing sharply the cross section of interaction with the air to an extent
where the force of resistance of its large volume would be able to accommodate the initial
kinetic energy of the nucleus.

Data amassed in the two recent active missions to Tempel 1 (Deep Impact) and Wild 2
(Stardust) comets are in many respects in conflict with the condensation-based cometary
paradigm. They rather should be considered as supporting the New Explosive Cosmogony
(NEC) of comets which assumes them to be fragments of global explosions occurring in
massive icy envelopes of Ganymede-type bodies. Their dirty ices saturated to form essentially
solid solution of the products of their volumetric electrolysis, 2H,+0,, to a concentration of
up to ~20 wt.% are prone to detonation initiated by an impact. Such an explosion of a Pluto-
like body with a satellite had created 3.9 acons ago the Main Asteroid Belt [1]. The Galilean
satellite system of Jupiter underwent a few explosions (5-6 events altogether; Callisto did not
yet explode). The ices on Titan did explode ~10* y ago, thus creating its atmosphere, and
rings and young LP comet family of Saturn [2]. The NEC suggests that cometary ices also
contain 2H,+0,, that catch fire when becoming gases at the ice sublimation. The existence of
the internal energy source sheds light on many events that seemed strange (bursts and
breakups of comet nuclei correlating with Solar activity, the appearance of ions and radicals
close to a nucleus etc.). The excess energetic of ejecta from the Deep Impact crater had been
predicted by us in advance and confirmed by this experiment [3]. The dust collected in the
Stardust, as well as Deep Impact observations reveal indications of dust particles having been
involved in burning in oxygen deficiency conditions, likewise in agreement with the NEC [3].

Therefore, when a small (~50-100 m dia.) comet nucleus entered in 1908 nearly
tangentially the Earth’s atmosphere with V ~ 20-30 km/s, the shock wave generated in it by
air resistance transformed in its 2H,+O,-containing ices into a detonation wave [1]. The
energy of the burst itself reached hardly ~10% of the nucleus kinetic energy. But the
expansion of the explosion products increased dramatically the object cross section from ~10°
to >10° m% As a consequence, the energy of its motion became converted to an extremely
strong shock wave in the air, with the ensuing massive felling of trees, scorching radiation,
disturbances of the Earth’s magnetic field etc., while the dust dispersed in the atmosphere
caused its unusual glow. As we see, all the three active experiments, starting with penetration
of a comet nucleus into the Earth’s atmosphere in 1908, argue persuasively for the validity of

the NEC.
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KocMmuueckne Te1ecKonsbl 1JIsi 00HAPYKEHUSI MAJIBIX ONMACHBIX HE0EeCHBIX TeJ U
onpeesieHHs] UX TAPAMeTPOB ABHKEHHUS

B.A. EmenbsaHoB
LHHUUMawunocmpoenus, Kopones, Poccus.
E — mail: ChernovaNA @yandex.ru

OTMedaroTcss NPUYUHBI OTCYTCTBHSI HAONIOAEHHH MajbIX OINMAcCHBIX HEOECHBIX Tel,
IIPOU3BOUMBIX HAa3€MHBIMU TEJIECKOIAMH, 1 HEOOXOAUMOCTb HCIONb30BaHUS KOCMUYECKUX
TeneckonoB. OOCyxnaroTcs MOPUHUMOBL UX MHocTpoeHus. OmpeneneHsl TpeOOBaHUS K
3¢ (deKTUBHOCTH (QYHKIIMOHUPOBAHHUS KOCMHYECKOW CHCTEMBI OOHAPYKEHHS M HAOMIOACHUS
MaJbIX OITAaCHBIX HEOECHBIX Tel (MHHHUMAIBHBIH pasMep OOHApy>KHBAacMBIX TN, BPeMs IO
najieHuss Ha 3eMIII0, TOYHOCTh OIpeZeTIeHUs] TapaMeTpOB JIBIDKEHHUS), a Takke TpeOyeMble
TEXHUYECKUE XapaKTEePUCTHUKH KOCMUYECKHX TeleckonoB. IIpoBeneHo MonenupoBaHue B
TedeHHe 25 IeT ceaHcOB HaOmiomeHms acrteponpa Amoduc IBYyMS KOCMHYIECKHMH
teneckonamu (KT), ycranaBnuBaembiMu Ha paccrosHuax 0,3 a.e. ot 3emiu Ha e€ opOuTe.
IIpu pabGore KT B aBTOMAaTHUECKOM pEXUME OO30PHO — IOUCKOBOIO HaOIIOACHUS
MIPOJIOJDKUTENEHOCTh NPeObIBaHMS acTeponaa B 30HE MX BHAUMOCTH cocTaBHT 4,25 jer, B
30He HeBuaumoctd — 3,7 seT. IIpoBeneHO MOJENIUPOBAHHE CHHXPOHHO — O0a3HCHBIX
HabOmroneHnit Anoduca IByMsi KOCMHUECKHMH TEJIECKONIaMHU, Pa3MEIIEHHBIME JPYT OT ApyTa
Ha pacctosHuu ~ 0,45 a.e. OueHeHbl MNOMYMIMPUHBI JOBEPUTENbHBIX HHTEPBAJIOB
OIIpEJICTICHUs] 3JIEMEHTOB OpPOMTHI, BEKTOpA COCTOSHUSI M IPOTHOZUPYEMOTO HPOJETHOIO
paccTosHUA OT IIEHTpa 3eMJIM HAa MOMEHT HOCJIEAYIOLIETO MPOXOXKACHHS acTepouaa 4epes
IUIOCKOCTh SKJIUITUKY.

Space telescopes for the small hazardous celestial body detection as well as their
motion parameter determination

V.A. Emeljanov
TSNIImach, Korolev, Russion
E — mail: ChernovaNA @yandex.ru

The reasons of the absence of small celestial body observations being carried out by the
Earth-based telescopes as well as the urgency of the space-based telescopes use are described.
The principles of their creations are considered. The requirements to the efficiency of the
space telescopes system for small hazardous bodies detection and observations (the minimum
detection size, the time before the body falls on Earth, the accuracy of the motion parameter
determination), as well as the requirement parameters of the space telescopes have been
obtained. The long — duration (up to 25 years) imitation modeling of supervision sessions of
Apophis asteroid have been carried out by the two space — based telescopes (ST), placed in
the Earth orbit. At the work of ST in automatic search survey mode the asteroid stay in vision
zone time equals 4,25 years, the stay in the dark time equals 3,75 years. Modeling of
synchronously — basic supervisions of Apophis by two space telescopes and accuracy in
determination of orbit elements, radius and velocity vectors as well as fly-by distance from
Earth center at the moment of subsequent asteroid passage through the ecliptic plane have
been evaluated.
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I'pynna MoJI0abIX METEOPUTHBIX KPaTepoB Ha BocToOKe MocKoBcKo# 001acTH

C.1O. Exransruen
Bcepoccuiickuil nayuno-ucciedosamenbCkuil 2e0102U4eCKUil UHCIMUmym
um. A.I1.Kapnunckozo (BCEI'EH), Cankxm-Ilemep6ype, Poccus. E-mail: sleng2005 @mail.ru

Ha Boctoke MockoBckoii o6mactu B Illatypckom paiione (B 140 kM oT ropoma MoOCKBBbI)
okoJio ropona Pomans pacnonoxkena rpymma o3ep - Cmepasuse, Jlememenckoe u Kapmnosckoe
(BnacoBckoe). OHM OTYETIIMBO MPOSIBISIFOT HAa CIYTHUKOBBIX CHUMKaX M a’3po(OTOCHHUMKAX
JAHHOW TeppUTOpUH. Bce 03epa MMEIOT MPaBHIBHYIO KPYTIyl0 GopMy U OOJBIIYIO TITyOUHY.
VY AuBUTENBHO, YTO OHU PAcHoIOKeHbl Ha 0HOH ymHUK (1o asumyTy 36° CB). Kapcr B nanHOM
palioHe He pa3BUT M 03epa pAcIOJIOKEHbl Ha IeCUaHO-TJIIMHUCTBIX OTJIOKEHHAX Me3030s. B
HACTOSIIIII MOMEHT MOKHO ¢ OOJIBIIION 10JIel YBEPEHHOCTHIO TOBOPUTH O METEOPUTHOM NpHpo e
9THX 03€P.

O3epo CMmepasube M3y4eHO Hauboliee Xopouo uMeer riayouny 1o 31,4 m u auamerp 270
M. O3epo OKpY>XEHO KOJBIEBHIM BaJOM. BrIcoTa Bajma cOCTaBisieT OKOJO 4-5 M Hall ypOBHEM
BOABI U 1-2 M HaJl ypOBHEM OKpPY’KalOIEH MECTHOCTH. Ban cioskeH CUnbHO JUCIONMPOBAaHHBIMU
TIECUYaHHUCTHIMU TJIMHAMH, KOTOpBIE NEPEKPHIBAIOT PHIXJIbIE JIEAHUKOBBIE Meckd. Iloponasr Bama
coJiep)kaT OOJIOMKH KpeMHel, pa3BuThiXx Ha riayoune 40-50 m. B chaenannbix mypdax Ha Baiy
ObuM  OOHApY)XEHbl IIOPOABI, COJEpXKAllMe pACIUVIABICHHOE MMIAKTHOE CTekino. B
pacIulaBIeHHBIX HOopojaax Obul oOHapykeH peakuii mMuHepan MyaccoHuT (SiC), HalieHHBIH B
HacTos1ee BpeMs, B ApU30HCKOM MeTeopUTHOM Kpatepe (CIIIA) 1 B HEKOTOPBIX METEOpUTaX.

Ozepo Jlememenckoe pacnonoxeHo B 4,4 kM oT 03.Cmepsaubero. OHO UMeeT KpYIIIyro
¢dopmy. duamerp o3epa okoino 290 M, pu riryoune okoito 15 m. Taxxkxe HaOGMI0qa€TCS KOJIBIIEBOM
BaJ CIIOKEHHBIH TecuyaHsIMH mopoxamu. Ha Gepery o3epa HalijeHBI Iy3bIpUaThle MMIIAKTHBIE
CTeKIIa.

O3epo Kapnosckoe (BrnacoBckoe) pacmonokeHo 10)KHee Ha paccTosHUH B 4,8 KM OT o3epa
Jlememenckoro. Juamerp okomo 280 M, rimybuna 17,5 M. Boxpyr ozepa HaGmiomaercs He
BBICOKHI KOJIBIIEBOW Basl. B penmbede aHA MPHCYTCTBYIOT KOJNBIEBBIE Teppachl M ycTymbl. Ha
Oepery o3epa ObUTH HaliJeHbI 00JIOMKH YE€PHOTO ITy3hIPYaTOro UMIIAKTHOTO CTEKJIA.

Be1t0 mpoBeneHo cpaBHeHHE MOP(GOIOTHYECKHX MapaMeTpoB 3THX 03ep ¢ Mopdonorueit
H3BECTHBIX METEOPUTHBIX KPaTepoB, KOTOPOE MOKA3AJI0 UX 3HAUYUTENIBHOE CXOACTBO. OueBHUAHO
KOTJIMBHHBI 3THX 03€p 00pa30BalUCh II0CNIE YXOIa C 3TOH TEPPUTOPHU JIEIHUKA, U HMEIOT
Bo3pacT Mojoxe 10 Teic. jer. He wHCKIIOUEHO, YTO eIle HEKOTOpble 03epa BOCTOYHOIO
TTomMOCKOBBS TaK)KEe UMEIOT METEOPUTHOE IPOHUCXOKICHUSL.

[Mamennss KOCMHYECKOTO Telna W OOpa3oBaHME KpaTepoB MMENO KaTacTpoHuyecKoe
TIOCTIEZICTBUS [T BCETO peruoHa. Tak Mo MpoBeIeHHBIM pacdeTaM B3phIB, B pe3yJIbTaTe KOTOPOTO
o0pazoBasics TOIBKO OAnH Kparep «CMepasdbe», ObUT SKBHBAIEHTEH B3pbIBY 10 aTOMHBIX 60MO
cOpomeHabIx Ha XupocuMy. Crnenbl 3Toro coObITHS (KaTacTpohHUIecKuil ¢I0ii) ele IpeaCTOUT
HAaliTU B YETBEPTHUUHBIX OTIOKEHHAX paioHA. DTOT CIOH MOXKHO HMCHONB30BaTh AT MECTHOM
KOppEJISIMK Pa3pe30B YETBEPTUYHBIX MOCTIEJAHHKOBBIX OCAJOYHBIX OTIOXKEHUH. VIMeHHO Ha
OCHOBE aHaJM3a YETBEPTHYHBIX OCAJOYHBIX OTIOKEHHU COICPIKAIIUX KaTacTpo(uueckuit cioit
MOXHO NPOU3BECTH TOYHOE OIpEJeNIeHHe BO3pacT 3TUX KparepoB. Takue pabOThl B HacTosIIEe
BpEeM: BBIIIOJIHEHBI B YACTHOCTH 171t KpaTepos Kaanu B ScToHuM.

BaxnocTs naHHOI Haxoaku Juist pernoHa CpenHei mosnocs! Poccun CioskHO NEpeoLeHUTb.
B memsx coxpaHeHHs Kparepa LesiecooOpa3HO MCHOJIB30BaTh YCHEHIHBI ONBIT OXpaHbl
MeTeopuTHBIX kpatepoB B CIIA, 'epmannu n DcToHnN.
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Group of young meteor craters in the east of Moscow area (Russia)

S.J. Engalychev
Russian Geological Research Institute of A.P.Karpinsky (VSEGEI). St.-Petersburg, Russia.
E-mail: sleng2005@mail.ru

A group of lakes Smerdyacheye, Lemeshenskoe and Karpovskoe is located in the East
of the Moscow district in Shatura region nearby the town Roshal’ (140 km from Moscow).
They are apparent in satellite images and aero- photographs of the territory. All lakes are of
the regular round shape and of great depth. It is surprising that all of them are located along
one line (from azimut 36 NE). Carst is not developed in the area and the lakes are located in
Mezozoic sandy-clay sediments. At present, we may surely state meteoritic (impact) nature of
the said lakes.

The lake Smerdyacheye is the mostly investigated; it has the depth of 31.4 meters and
diameter of 270 meters. The lake is surrounded by ringed hill. The height of the hill is around
4-5 m above the water level and 1-2 m above the surrounding land. The hill is composed of
strongly dislocated sandy-clay deposits, which cover mellow glacial sands. Deposits of the
hill contain fragments of flint, developed at the depth of 40-50 m. We found deposit
containing melted impact glass in the pits drilled in the hill. In impact glass were found
crystals of moissanite (SiC). This rare mineral is formed in conditions of high pressures. This
mineral was found in Meteor Crater (Arizona, USA) and in several meteorites.

The lake Lemeshenskoe is located in 4,4 km from the lake Smerdyacheye. It is of the
round shape. Diameter of the lake is 290 m, the depth is around 15 m. Ringed hill may also be
observed here and the hill is composed of sandy deposits. Blister impact glasses were found
on a coast of lake.

The lake Karpovskoe is located to the south from the lake Lemeshenskoe at the
distance of 4,8 km. Diameter of the lake is around 280 m, its depth is 17,5 m. Low ringed hill
is observed around this lake. The bottom relief is made of ringed terraces and benches. We
found fragments of black blistered impact glass on the shore of the lake.

We implemented the Comparison analysis of morphological parameters of these lakes
with the morphology of the known meteor craters, the analysis revealed the significant
similarity. Evidently, basins of the lakes were formed after glacier drifted from the territory
and their age is less than 10 thousand years. It is not excluded that some other lakes of the
Eastern Moscow region are also of meteor nature.

Falling of a cosmic body and formation of craters had catastrophic consequences for
the whole region. Thus, according to the estimates, the explosion, which resulted in the
formation of only one crater Smerdyacheye was equivalent to the explosion of ten atomic
bombs dropped on Hiroshima. Traces of this event (catastrophic layer) are to be found in
Quaternary sediments of the region. This layer may be used for the local correlation of the
Quaternary post-glacial sediments. The exact age of the craters may be determined based on
the analysis of the Quaternary post-glacial sediments, containing the catastrophic layer. Such
works have been implemented for a group of craters “Kaali” in Estonia.

It is difficult to overestimate the importance of the founding for the Midland Russia. To
preserve the craters it is expedient to apply the successful experience of meteor craters
protection of the USA, Germany and Estonia.
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OO0 OTKPBITHU HOBBIX MeTEOPUTHBIX KpaTepoB B SIpociasckoii od1acTu (Poccus)

C.1O. Exransruen
Bcepoccuiickuii nayuno-uccreoosamenvckuil eeonocudeckuil uncmumym um.A.I1. Kapnunckozo
(BCET'EH), Canxm-Ilemepoype, Poccus. E-mail: sleng2005@mail.ru

ITpu uccnenoBanuu reojoruueckoro crpoenust Cesepo-3anmaga Poccun Ha OCHOBe
KOCMHYECKHX CHHMKOB, aBTOPOM OBLIO OOHApy’KE€HO HECKOIBKO KOJNBIIEBBIX CTPYKTYp Ha
ceBepe PriOuHCKOTO Bomoxpanwnuiina. Kparepbl pactoiokeHbl B F0KHONW 4acTH MoOJIOTCKO-
[lexcHuHCKOTO Iepenieiika Ha mromanu JapBuHCKOro 6rocepHOro 3amoBeIHIKa — 0000
oxpaHsieMoil Tepputopun Poccuu. BeposiTHee BCero 3TH CTPYKTYphI MPEICTABISIOT COOOU
YaCTHYHO SPOAUPOBAHHBIE METEOPHUTHBIE KpaTephl. J[0 MHOCieAHEro BpEMEHU [aHHBIC
o0pa3oBaHusl He ObLIY OOHAPYXKEHBI U UX CIIELUAIbHOE H3YUEHUE HE IPOBOIUIUCE.

HaiineHHble KONbLIEBBIE CTPYKTYPHl PAcHOIOKEHBI B I0KHOM YacTH 3allOBEIHHMKA Ha
nobepexbe PoiOuHCKoro BomoxpaHunuma. OHM OTYETIMBO MPOSBIAIOTCS HA KOCMUYECKHX
CHUMKaX. Bcero ObIJIO BBISIBICHO TPU CTPYKTYPBI - « TUMOXUHO», «OCHHOBUK» U «SI3HHO».
CTpyKTyphl TpEACTaBISIFOT COOOW HM30METPUYHBIC KOJBIEBBIE OOpa30oBaHUs OJIM3KOTO
nuamerpa (okono 2,5 km). JIBe crpykrypsl («TumMoxuHo» U «OCHHOBHK») PacIOIOKEHBI Ha
I0r¢ ¥ HMMEIOT CXOJHbIC MapaMeTphl, a TPETbs HECKOJIbKO CEBEPHEH M MMEeT MEHbIINE
pa3smepbl. Celfuac KOTJIOBUHBI KPaTEpPOB 3allOJIHEHBl WINCTBIMU OCaJKaMM, a UX Oepera
3a0osioueHBl. B coBpeMeHHOM penbede OTYETIMBO BHIPAXKEHBI KOJBIIEBBIC Baibl. PHIXIIBII
QJIEBPO-IIECYAHBIl COCTAaB IOPOJA PAa3BUTBIX HA O03€PHO-JIECJHUKOBOI HHU3MEHHOCTH, L€
PACIIONIOXKEHBI CTPYKTYpPHI M OOIIasi CHIIbHAS OOBOJHEHHOCTH TEPPUTOPHHU, CHOCOOCTBYIOT
WHTCHCHUBHOW 3PO3WHU JaHHBIX 00pa3oBaHHMU. BO3pacT JAaHHBIX CTPYKTYp, BEpOSITHEE BCETO,
JIOCTaTOYHO MOJIOJOH - MOCTJIEAHUKOBBIN, O YEM CBUETEIbCTBYET BHIPAXKEHHOCTh OOBEKTOB
B COBPEMEHHOM pelibede.

Crpykrypa «TumoxuHo» (58°34756,6°'N, 37°42°58,3°E) umeer auamerp 2,7 KMm.
OTueTnuBO NpOsBIIEH KOJbLEBOU Ban mUpUHOH okoao 200-300 M, Ipu BeICOTE OKOJIO 15 M.
Kpatep «OcunoBuk» (58°36°0,74"N, 37°45739,0’E) umeer amametp 2,3 kM. Ctpykrypa
HECKOJIbKO CIUTIONIEHA B IOT0-3allaJlHOM HAIpaBICHUU U UMeEeT SIeBUAHYI0 (opMmy.
[[upuna xoxsreBoro Bana okono 150-200 metpos. C ceBepa B KpaTep BHagaeT peka Berka.
Kpatep «fA3un0» (58°357°59,8"N, 37°40713,1°E) Haubosnee CHIBHO 3pOAUPOBAH, €r0 AMAMETP
okono 2,0 km. IHupuna komsueBoro Bama 100-150 M. B ero unenTpanpHOH uactu
pacnookeHo OJHOMMEHHOE 03epo ¢ 3a00JI04eHHBIMU OeperaMu. [1o cpaBHEHHIO ¢ IPYyTUMHA
CTPYKTypaMu, OHa paclo3HaeTcs TpyAHee, U KpaTepHBbIi Bajl MPOsBIEH ciabee.

Kpyraas ¢popma Bcex ONMUCHIBaeMBIX KPAaTEPOB CBUIETEIBCTBYIOT O KPYTOM, BEpOATHEE
BCET0, BEPTUKAILHOM NTaICHUH METEOPUTHOTO Tena. He uckimodeno, yto Ha 1He PrIOHMHCKOTO
BOJIOXpaHWINIIA ¥ B OMMKANIINX OKPECTHOCTSAX MOTYT HAXOIUTHCS ApPYTUe, MMIIaKTHBbIC
CTPYKTYPBI MEHBIIIETO pazMepa.

B o3y METEOPUTHOTO MPOUCXOXKACHUSI CTPYKTYP T'OBOPUT 3HAYUTEIHHOE CXOACTBO
Mopdosoru 00HAPYKEHHBIX 00BEKTOB C M3BECTHBIMUA METCOPUTHBIMH KpaTepaMmy, a TaKkxke
HEBO3MOXXHOCTh PACCMOTPEHUS JaHHBIX CTPYKTYpP B KQUeCTBE BYJKaHHMYECKUX 00pa3oBaHMM
HITH 00BEKTOB CBSI3aHHBIX C JeATEIEHOCTBIO JIEAHHKA HIIH KAKUM-TO HHBIMH T'€0JIOTHISCKIMH
IPOLIECCAMH.

HecoMHEHHO, BBISBICHHbIE OOBEKTHl SBIAIOTCS YHUKAJIBHBIM I€0JOIMYEeCKUMHU
oO0bekTaMu Ha Teppuropuu Poccun, u TpebyeT AanbHEHIero BCeCTOPOHHETO UCCIEA0BAHUSL.
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About discovery of new meteor craters in the Yaroslavl area (Russia)

S.J. Engalychev
Russian Geological Research Institute of A.P.Karpinsky (VSEGEI). St.-Petersburg, Russia.
E-mail: sleng2005 @mail.ru

In the course of the investigation of the geological structure of the North-West of
Russia, based on cosmic images, the author found several circular structures in the North of
the Rybinsky storage pond. Circular structures are located in the Southern part of the Mologa-
Sheksninsky isthmus in the territory of the Darvinsky biosphere reserve, a territory that is
specifically protected in Russia. Most likely, these structures represent partially eroded meteor
craters. These structures were revealed recently and no investigations have ever been
implemented.

The revealed circular structures are located in the Southern party of the Darvinsky
biosphere reserve on the shore of the Rybinsky storage pond. They are quite apparent in
cosmic images. Three structures have been revealed - «Timohino»(58°34°56,6"N,
37°42°58,3°E), «Osinovik»(58°36°0,74"N, 37°45°39,0'E) and «Yasino»(58°35759,8"N,
37°40°13,1"E). The structures are isometric circular formations of neighboring diameter
(around 2,5 km). Two structures («Timohino» and «Osinovik») are located in the South and
have similar parameters, the third structure («Yasino») is located to the North and has smaller
sizes. Now the basins of the craters are filled with sludgy sediments and the banks of the same
are swamped. The contemporary relief contains clear ringed hills. Mellow siltstone and sandy
sediments deposits of the glaciolacustrine lowgrounds where structures are located and strong
watering of the area provide for intensive erosion of these structures. The structures are
possibly quite young — of the post-glacial age, and intensiveness of the objects in the modern
relief testify to the above fact.

The diameter of the structure «Timohino» is 2,7 km. Ringed hill is clearly visible, the
width of the hill is around 200-300 m, the height is around 15 m. The diameter of the crater
«Osinovik» is 2,3 km. The structure is slightly flattened out in the south-west direction and
has the egg shape. The width of the ringed hill is around 150-200 meters. The river Vetka
flows into the crater from the north. The crater «Yasino» is mostly eroded, its diameter is
around 2 km. Width of the ringed hill is 100-150 m. A lake with the same name is located in
the central part of the crater; banks of the lake are swamped. It is more difficult to distinguish
in comparison with other structures and the crater hill is less exposed.

The round shape of all described craters testifies about high, probably vertical lapse of
the meteor body. It is not excluded that other impact structure of smaller size may be located
at the bottom of the Rybinsky storage pond and on the adjacent dry land. The significant
similarity of the morphology of the found structures with the known meteor craters testify in
favor of the meteor nature of the structures’ origin, as well as the impossibility to consider
these structures as igneous formations or objects related to the glacier activity or other
geological processes.

Undoubtedly, the revealed objects are unique geological objects in the territory of
Russia and they require for the further all-sided investigation.
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AHnanu3 BPEMEHHBLIX PAJ0B UMIIAKTHBIX COObITHI HCTOPHYIECCKOT0 IMPOULJIOro

H.B. 3azonuna?, K.I'. Jlepu'?, C.A. Szes™

! Uprymckuil 20cyoapcmeeHHblli mexHU4ecKuil yHugepcumem
2Unemumym 3emnoii koper CO PAH

jAcmpOHOMultecmﬂ obcepsamopus UT'Y

*Uncmumym conneuno-semnoii usuxu CO PAH
levi@crust.irk.ru

Co3nannas 0a3a UCTOPHUECKHUX CBHUIECTENHCTB O MPOJIETE KOMET U OONHMIOB, MMaJCHHN
METEOPUTOB M METCOPUTHBIX «JIOXKIAX» HacuUThIBaeT Oosee 840 cooOIEHUH U3 MPOILLIOTO.
OTH NaHHBIE 3aMMCTBOBAHbBI M3 psijia JICTONHCHBIX HCTOYHHKOB €BPONEHCKOrO W BOCTOYHO-
a3MaTcKoro mpoucxoxaeHus 3a npomenmue 2000 iet.

ITpuBeneHHBIE B JIETONUCHBIX MCTOYHHUKAX CBEACHUs OBUIM pacIpeleieHbl IO TPeM
rpynmnaM JaHHBIX. B nmepBoii - HaOIroeHus IpKUX KOMET, BO BTOPOH — MaJICHNUSI METEOPUTOB
U OpoJieThl OOJHIOB U B TPeTbell — MHTEHCUBHBIE METEOPHbIE NMOTOKH. AHAIU3 AaHHBIX
MOKa3bIBaeT HaNWuue (QIYKTyalllii B YacTOTE€ MOABJICHHUS KOCMHMYECKHX «CTPAHHHKOB».
YBenuyenue uncia coobuieHnit o naaeHnu MeteoputoB ¢ X VII B. MOKHO OOBSICHUTH POCTOM
yycna CBUJETENICll MM  OYeBUALEB JTUX COOBITUII, COBEpIIEHCTBOBAaHUEM CPEICTB
perucTpanyy u nepeaadn nHbpopManuy. Bapuanum yncia riio6anbHbIX SBICHUH THITA KOMET,
HaOMIOJABIINXCSA OJHOBPEMEHHO C TUTFAaHTCKUX TEPPUTOPUIl M HEU3MEHHO HAXOIUBILIUX
OTKIMKA B  JICTONHCSX, BBIVIAOAT  Ooinee  mukinmdHo. HaOmomaloTcs — sSBHBIE
KBaszumepuoauueckue (GIyKTyaldd KOMETHOHW aKTMBHOCTH B CPaBHHUTEIBHO HEJaBHEM
ucropuueckoM nponuioM 3emuu. HMutepBansr 0-500, 1000-1250 u 1450-1750 ner
M300MITYIOT COOOIIEHUSAMH O TOSBIEHHH KOMET. JIFOOOIMBITHO, YTO B HUX YKIAIBIBAIOTCS
U3BECTHBIC MUHUMYMBI COJIHEUHOH akTuBHOCTH OopTa, Bonbsda u MayHnepa.

KakoBa jxe CBfI3p MEXIy KOMETaMH, METCOpHTaMH, OOJIHIAMH W METEOPHBIMHU
norokamu? Kacrep-aHanu3 B3aMMOOTHOIICHWH Tpex TpPyNNn KOCMHYECKHX OOBEKTOB,
IIOMEILIEHHBIX B 0a3y JaHHBIX, OTYETJIMBO IIOKAa3bIBAET TECHOE COOTHOLIEHHE MEXAY
KOMETaMH{ U X TMPOU3BOAHBIMU — METEOPHBIMH ITOTOKaMH, TOT/Ia KaK METEOPUTHI M OOJHIIBI
JUIIb OTAAJEHHO CBSI3aHbI C IVIABHOM COBOKYIHOCTBIO. DTO COBEPLIEHHO COOTBETCTBYET
CYLIECTBYIOIIMM MPEJCTABICHUSAM O TOM, YTO METEOPHbIE ITOTOKHU SBIISIOTCS OCTaTKaMu
Pa3BaIMBIIMXCS KOMETHBIX S1€ep.
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The analysis of time numbers (lines) of impact events in the historical past

N.V. Zadonina'?, K.G. Levi'?, S.A. Yazev**

Trkutsk state technical university

’Institute of the Earth's crust of the Siberian Branch of the Russian Academy of Science

3 Astronomic observatory to the Irkutsk state university

Institute of solar-terrestrial physics of the Siberian Branch of the Russian Academy of Science
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The created base of historical certificates on flight of comets and bolides, falling of
meteorites and meteoric showers totals more than 840 messages from the past. These data are
borrowed from lines of annalistic sources of the European and East Asian origin for past
2000.

The data resulted in annalistic sources have been distributed on three groups of the
data. In the first - supervision of bright comets, in the second - falling of meteorites and
flights bolides and in the third - intensive meteoric streams. The analysis of the data shows
presence of fluctuations in frequency of occurrence of space "wanderers". From XVII century
it is possible to explain increase in number of messages on falling meteorites growth of
number of witnesses or eyewitnesses of these events, perfection of means of registration and
transfer of the information. Variations of number of the global phenomena such as the comets
observed simultaneously from huge territories and invariable finding responses in annals, look
more cyclically. Are observed obvious periodicity fluctuations comet’s activity in rather
recent historical past of the Earth. Intervals 0-500, 1000-1250 and 1450-1750 abound
messages on occurrence of comets. It is curious, that in them known minima of solar activity
Oort, Volf and Maunder are stacked.

What communication between comets, meteorites, bolides and meteoric streams? The
claster-analysis of mutual relations of three groups of the space objects placed in a database,
clearly shows a close ratio between comets and their derivatives - by meteoric streams
whereas meteorites and bolides only is remote are connected to the main set. It completely
corresponds to existing representations that meteoric streams are the rests collapsed comet’s
nucleus.
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HayuHo-TexHHYecKHe, OPraHU3alMHOHHO-NPABOBbIEé W HPABCTBEHHbIE AaCHEKTHI
obecrneyeHHs 3aIUTHI 3eMJIM OT ACTEPOUIHO-KOMETHOM ONMACHOCTH

. 1 o2

A .B. 3aiiies’, A.A. Kitanockuit

! HIT «IJenmp nnanemapnoii saugumei», 2. Xumxu, Poccus. E-mail: pdc@berc.rssi.ru
2 Munucmepcmeo unocmpannvix den Poccuu, e. Mockea, Poccus

IIpencraBnen kpatkuii 0030p cocTosiHUs paboT B Poccum u 3a pyOexom B obyacTu
MPEJOTBPALICHUST  aCTEPOMJIHO-KOMETHOW omacHOocTH. OTmewaercs, 4YTO U3  BCEro
MHOTO00pasus mnpoOiieM, B TEPBYIO OYepenb HEOOXOJMMO DPEUINTh CaMyI BAXKHYI —
HPABCTBEHHYIO MPOOJIEMy, 3aKIIOYAIOUIYIOCS B HEOOXOAMMOCTH OCO3HAaHHS BJIACTHBIMHU
CTPYKTYpaMH Hallled IIaHeThl UX oOLIel OTBETCTBEHHOCTH 32 COXPAHEHHUE YeJIOBEUeCTBa U
Oouochepsr 3emim, a TaKKe KyJIbTYPHBIX, OYXOBHBIX M MaTE€pPHANBHBIX IEHHOCTEH,
CO03/1aBaBUIMXCS TPYAOM MHJUIMAP/IOB KHUTENCH 3eMIIH.

[Mpu3HaHue (akTa CylecTBOBAaHHS aCTCPOUIHO-KOMETHON OMAaCHOCTH 00YCIIaBIMBacT
HE0O0XOMMOCTh MPHUHSITUS MEp 1O e¢ NpeaoTBpaiieHuto. Paspabotku LleHTpa mianerapHon
3alUThI, YUPESKICHHOTO PSAOM OpraHu3auuii Poccuu, CBUAETENBCTBYIOT O NMPaKTHYECKOU
BO3MOXXHOCTH co3manus Cucrtemsl 1uranerapHod 3amutel (CII3) oT sTo#l yrpossr, 4To
notpedyer, KOHEYHO, PelIeHUs] OOJIBIIOro KOMIUIEKca IpolIieM.

B noxmane moxaszaHo, 4TO co3maHuWe JimIeNoHa omepatuBHOTO pearupoBanms CII3
«utagens-1», mpeaHa3HAYCHHOTO AU 3aIIUTHI OT acTEPOUAOB, BO3MOXKHO Ha 0aze yxke
CYWIECTBYIOUIMX TEXHOJIOTUH. B TO e BpeMms, CO3JaHHE »SIIEJIOHAa JOJTOCPOYHOIO
pearupoBaHus, MPEAHA3HAYCHHOTO VIS 3alMTHI, IMIABHBIM 00pa3oM, OT KOMETHBIX sIep,
norpedyer pa3paOOTKH HOBBIX MOIIHBIX PaKETHBIX JIBUTATENEH, CPEJCTB BO3JCHCTBUS Ha
ormacHele HeOecHble Tena W T. H. VX co3gaHMe MOXET CTaTh CEepbe3HBIM CTUMYJIOM
TEXHOJIOTHUECKOTO Pa3BUTHs Poccun 1 yersoBeuecTBa, B TOM YHCIIE, IOCTYKUTh OCHOBOM JUIs
ocBoeHust CoyHE4YHOH cucteMbl. B TO ke BpeMs, HYXHO YYHUTHIBaTh, YTO HEKOTOpHIE
koMmnoHeHThl Oyaymieir CII3 mMoryT umeTh U BoeHHOE mpuMeHeHue. [Toj BUIOM co3maHus
CII3, MOXeT HmpOBOJMTHCSA OTPadOTKAa B KOCMOCE HOBBIX OOpasllOB OpPYXKHS, YTO MOXET
MIPUBECTH K MPEBPAIICHUIO KOCMOCA B HOBYIO C(hepy pa3MEIICHUS OPYIKHS U MOTCHIUATbHBINA
TeaTp BOCHHBIX ACHCTBHIMA.

Jnga  uckimoueHus NMOJOOHON CHTyallM, aBTOpaMHM HPEJIOKEH KOMILJIEKC Mep,
KOTOpBI HEOOXOIUMO OCYIIECTBHTh HA TOCYNApCTBEHHOM H MEXAYyHApOAHOM YypoBHe. B
YaCTHOCTH, MPEIJIOKEHB! CTPYKTYpa U cxeMa (YHKIMOHUPOBAHUS PErHOHAIbHBIX LleHTpoB
IUTAaHETAPHOW 3alUTBI, PACCMOTPEHBI BONPOCHI IPABOBOTO PETYIHPOBAHHS HX pPaOOTHI
IIpoBenen aHamu3 BO3MOXKHBIX ~ CLIEHAPHEB  PasBUTUSL  COOBITHH, CBA3aHHBIX C
BO3HHMKHOBEHHMEM KOCMHYECKOH YIpo3bl, BKIIIOYasi BOMPOCH! OMOBELICHHUS O HEM.

J171s1 olleHKH BO3MOXKHBIX MacITaboB KaTacTpo( B pe3ynbTare najaeHus HeOeCHBIX Ted,
MPEJUIOKEHO BBECTH €AMHUILY U3MepeHus « TyHryckax».
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Scientific and technical, organizational-legal and moral aspects of ensuring
defense of the Earth from asteroid-comet dangers

A.V. Zaitsev', A.A. Klapovsky®
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2 The Ministry of Foreign Affairs of Russia. Moscow. Russia.

The brief review of a state of works in Russia and abroad in the field of
prevention of asteroid-comet danger is presented. It is marked, that from all variety
of problems, first of all it is necessary to solve the most important problem a moral
one. It consists in necessity of comprehension by power structures of our planet of
their general responsibility for preservation of mankind and biosphere of the Earth,
and also cultural, spiritual and the material assets, by work of billions inhabitants of
the Earth created.

The recognition of the fact of existence of asteroid-comet dangers leads to
necessity of acceptance of measures on its prevention. The Planetary Defense
Center's works, which founded by a number of the organizations of Russia, testify
to a practical opportunity of creation of the Planetary Defense System (PDS) from
this threat. But it will demand, certainly, to solve wide range of problems.

Creation of a layer of short-term reaction of the PDS «Citadel-1», intended
for protection against asteroids, is possible on the basis of already existing
technologies, in the report is shown. At the same time, creation of a layer of long-
term reaction, intended for protection, mainly, from comet's nuclei, will demand
development of new powerful rocket engines, means of influence for dangerous
celestial bodies, etc. Their creation could be an impetus to technological
development of Russia and mankind, for example, to form a basis for colonization
of Solar system. At the same time, it is necessary to consider, that some
components of the future PDS also can have a military application. Under pretence
of creation PDS, new samples of the weapon can be tested in space. That can lead
to transformation of space into new sphere of placement of the weapon and a
potential battlefield.

Authors suggest a complex of measures to be done at the state and
international level to prevent such situation. In particular, the structure and the
scheme of functioning of the regional Planetary Defense Centers are offered and
questions of legal regulation of their work are considered. The analysis of possible
scenarios of the succession of events connected with the advent of space threat and
questions of the notification about it, is done

It is offered to accept a unit of measure «Tunguska» as an estimation of

scales of accidents as a result of falls of celestial bodies.
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Me:sknyHapoaHblii npoekT «Iutanenab-1» - peajbHasi oCHOBa
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B nokmane mpencraBieHBl pe3ysbTaThl MPOpPabOTOK IMPOEKTHOTO OOJHMKA JIIesoHa
OTepaTUBHOTO pearupoBanus «LluTanennb-1», BHIMOJHEHHBIX HA OCHOBe KOHIENTYyalnbHOTO
npoekra Cucrems! ranerapHoit 3amuthl (CII3) «utanens» [1-3].. Jaunsiii smenon CII3
IpeAHa3HA4YCH IS 3aIIUTHI 3eMJIH OT acCTePOHIOB U SiAeP KOMET AUAMETPOM OT JECATKOB IO
COTEH METPOB C ITOJJIETHBIM BPEMEHEM OT HECKOJIbKUX CYTOK M BBIIIE.

PazpaboTana cxema TIIOCTPOEHHs OJIIETOHa W ero (QyHKIHOHUpoBaHUS. OHa
MpeayCMaTpuBaeT, Nocjie OOHapy)KEHHUsI OMAcHOro O0BEKTa, 3aIyCK K HEMY KOCMHUYECKHX
anmapatoB (KA) — pa3Be1uiKoB, a 32 HUIMH - IEPEXBATYMKOB CO CPEICTBAMHU BO3/IEHCTBHA Ha
6opty [4]. C ux moMoIp 3TOT 0OBEKT OyAET OTKIOHEH C MOMNAAANONICH TPACKTOPUU WU
pa3pyleH.

OmnpeseneH MPOCKTHBIA OOJMK OCHOBHBIX KOMIIOHGHTOB JinenoHa — KA s
oOHapy>KeHUsI, U3yUCHHS U MepexXBaTa ONACHBIX HEOECHBIX TeJl, @ TAKXKE CPEJCTB BHIBEACHUS
atux KA.

[MpopaboTku Ga3upyrOTCs Ha POCCUICKO-YKPAaMHCKHX TEXHOJOTHIX [5], HO OHH
MOJIPa3yMEBAIOT HCIIOJIB30BAHUE BCEX JIYUIIMX JOCTH)KEHHUI UelIOBeUeCcTBa MpH pa3paboTke
MexayHapoaHoro npoekta CII3.

OtMeuaeTcst BO3SMOXKHOCTD B3aUMO/JICHCTBHUS 31IEJIOHA ONIEPATUBHOI'O pearnpoBaHus CoO
CpeICTBaMU paKeTHO-KOCMUYECKOi 000poHsI [6].

IMponeMoHCTpHpPOBaHa BOZMOXHOCTh OIIEPATHBHOM 3aIIUTHI OT aCTEPOUIOB Pa3MEPOM
JI0 COTEH METPOB, Ha MPUMepE OTKJIOHEHHS C IONajaroiiel B 3eMIII0 TPaeKTOPUH acTepouia
Anoduc.

[lokazano, 4To, TMpH YCIOBHM TMPHHATUS HA  MEXKAYHApOIHOM  ypOBHE
COOTBETCTBYIOILIETO COIJIAlIeHuss W obecnieyeHus: (uHaHcupoBaHus, osmenon CII3
«{utamens-1» MoxeT OBITH CO37aH B TE€UEHHE 5-7 JIET, YTO MOMOXKET MOJHOCTHIO PELINTh
3a/1a4y 3aIIUThl 3eMJIM OT aCTEPOMIHON U, YACTUYHO, KOMETHOW OMAaCHOCTH.
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The international project «Citadel-1» is a real basis for guarantee
of planetary safety

A.V. Zaitsev', D.V. Petrov’, O.N. Shubin’
! NPP «Planetary Defense Center», Khimki, Russia. E-mail: pdc @berc.rssi.ru
2 Rosatom, Moscow, Russia.

In the report presented results of studies of design appearance of an echelon of short-
term reaction «Citadel-1», executed on the basis of the Conceptual project of the Planetary
Defense System (PDS) "Citadel" [1-3]. This echelon PDS is intended for defense of the Earth
against asteroids and nuclei of comets in diameter from tens meters (like Tunguska) up to
hundreds meters with warning time from several day and above.

The schematic of architecture and operation of the echelon is developed. It provides,
after detection of dangerous object, launch to it of reconnaissance spacecraft (SC) and behind
them interceptors SC with devices of mitigation on-board [4]. With their help this object will
be deflected from the Earth hitting trajectory or destroyed.

The design appearance of the basic components of an echelon - SC for detection,
investigation and interception of dangerous celestial bodies, and also means of launch these
SC is determined.

The project is based on the Russian-Ukrainian technologies [5], but use of all best
achievements of mankind for development of international project of PDS provided for in it.

The opportunity of interaction of an echelon of short-term reaction with means of
Missile Space Defense systems [6] is marked.

The opportunity of operative defense from asteroids in the size up to hundreds meters,
on an example of a deviation of a trajectory of asteroid Apophis, is demonstrated

It is shown that under condition of acceptance of the corresponding agreement at the
international level and providing of financing, echelon «Citadel-1» of the PDS can be created
within 5-7 years. It will help to solve completely a problem of defense of the Earth from
asteroids and, partially, comets' nuclei
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O npenoTBpanieHNH BO3MOKHOTO CTOJIKHOBeHUs acTepouaa Apophis ¢ 3emueit

B.B. UBamikun
Hucmumym npuxnaonou mamemamuxu um. M.B. Kenovuua, PAH, Mocksa, Poccusi.
E-mail: Ivashkin@ Keldysh.ru
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Tynrycckoe cobObitue 1908 roga mnokaszajo BaKHOCTb HPOOJIEMBI KOCMHYECKOH
omacHoctd s 3emun [1]. Tlpencrosmue cOmmkeHus ¢ 3emiei actepouga Apophis, B
pe3yabTaTe KOTOPBIX BO3MOXHO €r0 CTOJKHOBEHHE € 3eMilel C CyLIECTBEHHO OOJIbILEH
SHEprHeHd COoymapeHHs, He TOJBKO IMOATBEPXKNAIOT PEANbHOCTh 3TOH OIACHOCTH, HO H
TpeOYIOT Hay4HO-TEXHHYECKOTO aHaliM3a MPOOJIEMbl U TNPHHATHS MEp IO 00CCICYCHHUIO
Oe3omacHocTH 3emin [2].

B pabore wmccnemyercs mpoOiieMa NPENOTBPAIICHHS BO3MOXXHOTO CTOJKHOBEHHS
actepouza Apophis ¢ 3emiieil. B cOOTBeTCTBHH C BBIIIOIHEHHBIMHU HAOJIOJCHUSIMH aCTEPOHIA
U ero opOUTOH, ompeneNeHHoH Ha uxX ocHoBe [3], actepoun Apophis B 2029 r. mponetur Ha
paccrossHuu ~ 40 ThIC. KM OT 1eHTpa 3emin. OAHAKoO B «TpyOKe» €ro TpaeKTOpHii,
omnpezensieMol omuOkaMyu HaOMOAeHUN U OMMOKAaMH ONpeAeNeHHs OpOHUTHI, CYLIECTBYIOT
TPaeKTOpUH acTepOHa, KOTOpbIe OJIM3KM K HOMHUHAJIBHOW M MPHUBOMAT K €r0 COYJapeHuto ¢
3emuteil npu cienyomeM conmkenuu B 2036 r. B pabote aHanuzupyercs 3a1aua KOPPEKIUU
OpOHTHI acTeponsa IS MPEIOTBPAIICHHS STOTO CTONKHOBCHUS.

IMpeanoxxeH MeTon MOMCKAa OPOHMT acTeponia B €ro TPyOKe, CTaJKHBAIOLIUXCS C
3emnieil. Ha 3T0oil ocHOBe HaliieHO ceMEWCTBO TpPaeKTOpUM acTepouja, NPUBOAALIUX K
coymapeanto ¢ 3emieit B 2036 r. [2]. MccnenoBaHbl MX XapaKTEPUCTHKH, MOCIEICTBUS
BO3MOJKHOT'O CTOJIKHOBEHHUSL.

BeImonHeH aHANM3 3a1a9d  KOPPEKIMM OIAacHOW OpOHTHl acTepoHpaa, ¢ Ielbio
TIPEAOTBPATHTE €ro CTONKHOBeHHE ¢ 3emieit B 2036 r. MccnenoBaHbl pa3adHbIe CTPaTeTrHu
KOPPEKUUH: JUIS CIy4aeB OJHOTO-IBYX KPaTKOBPEMEHHBIX MMIYJIBCHBIX [2] Wi ciIa0bIx
JUIATENILHBIX BO3aeicTBUil. [loka3zaHO, YTO WCHpaBlIEeHHE OMACHOW OPOUTHI acTepoua
JKEJIATeNIbHO TpoBecTH J0 ero commkeHus ¢ 3emned B 2029 r. B artom ciyudae
JHEPreTHYecKhe Pacxosl Ha KOPPEKHHIO OyIyT CYIIECTBEHHO MEHBINE, YeM II0CIIe ITOTO
compkenus. OLeHeHBl MapaMeTphl YIapHO-KHHETHYECKOTO, TEPMOSIECPHOTO M cIaboro
IpaBUTAllMOHHOTO BO3AEHCTBUH 11 peanu3aliy KOPPeKIUU OpOUTHI aCTepoua.

Paboma evinonnena npu noodepoicke Poccuiickoco @onda DynoamenmanbHbix
Hccneoosanuii (I'panm Ne 06-01-00531) u IIpoepammbl n000epHCKU 8€0VUUX HAYVUHBIX ULKOTL
(I'panm Ne HIII-2448.2006.1).
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On prevention of possible collision of asteroid Apophis with Earth
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The Tunguska event of 1908 showed importance of the space hazard problem for the
Earth [1]. The forthcoming approachings of the asteroid Apophis to the Earth, which can lead
it into collision with the Earth for essentially higher energy of the impact, not only confirm
the reality of this hazard but also require to perform scientific and technology analysis of the
problem and to take some arrangements in mitigation of this hazard [2].

A hazard mitigation problem for the possible Apophis-Earth collision is analyzed in the
paper. According to the asteroid observations performed and the asteroid orbit calculated on
the base of these observations [3], the asteroid Apophis will fly in 2029 at ~ 40 thousand km
distance from the Earth without the collision. However, a “tube” of its trajectories that is
defined by the errors of the observations and by the errors of the orbit determination has some
its trajectories, which are close to the nominal one, but will lead to an impact on the Earth in
2036. Because of this, it is important to analyze the characteristics of the possible prevention
of this collision. The paper gives an analysis of the Apophis orbit correction problem to
prevent this collision.

A method to find the asteroid orbits in its “tube”, which have the impacts on the Earth,
is proposed. On this base, there is determined a set of the asteroid’s trajectories that collide
with the Earth in 2036 [2]. There are investigated the characteristics of these trajectories, the
consequences of this possible impact.

The necessary correction of the asteroid orbit to deflect it from the Earth in 2036 is
analyzed. Some correction strategies are investigated: for the cases of one-two impulsive
short-term effects [2] and slow long-term ones. It is shown that the correction is desirable to
be performed before the asteroid-Earth approaching in 2029. In this case, the energy
consumption for the correction will be less considerably than after this approaching.
Parameters of the impact-kinetic effect, nuclear one as well as slow gravity influence
(“gravity tractor”) for this correction are estimated.

The study is supported by the Russian Foundation for Basic Studies (Grant Ne 06-01-
00531) and by Program for the Support of the Leading Scientific Schools (the Grant NSh-
2448.2006.1).
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O B0O3MOKHOCTH MOBTOPHOTO0 B3PbIBA B AHTHIIOAE MeCTA NMAAeHUs
KPYNHOI0 METEOPUTA

I1.®. KopoTkoB
Mockosckutl ghuzuxo-mexunuueckuil uncmumym, Joneonpyonuiii, Poccusi.
E-mail: PFK @ physics. mipt. ru

Ha Gospmmx paccTOSHUAX BOJHBI MOIIHBIX B3PHIBOB M3-3a HOTJIOIICHUS U pacCesHHs
BBICOKMX 4YacTOT TpeBpalialoTcs B LUyr HH(QPa3BYKOBBIX KoJeOaHHWH, KOTOpBIE
pacrpoCTpaHsIOTCS OYEHb JANeKo Onaronaps HaJM4Yuio B aTMoc(epe 3BYKOBBIX KaHAJIOB.
ITpy npubamXeHun K aHTUIIOLY aMIUIUTY1a MH(Pa3ByKOBHIX KOJIeOaHUH CHIBHO BO3pacTaeT
¥ HenHeiHbIe 3G deKTh MOTYT IPUBECTH K 00pa30BaHUIO YAApHOU BOJHBI, TO €CTh K €IIe
OIHOMY B3pbIBY. B pabore moiydeHO ycCiioBHE, MPH KOTOPOM BO3MOXKHO TaKOe€ SIBICHHE.
beutn  paccmoTpeHbl MH(pa3BYKOBBIE BOJHBI, BBbI3BAaHHBIC MaJCHUEM TYHIYCCKOTO
METEOpHTA, U BOJIHBI OT CAMBIX OOJIBIINX SJEPHBIX B3PHIBOB

On the possibility of a second explosion in the antipode of a large
meteorite falling place

P.F. Korotkov
Moskow Institute of Physics and-Technology, Dolgoprudny, Russia.
E-mail: PFK @ physics. mipt. ru

At long distances blast waves of great explosions transforms into a number infrasonic
oscillations because of dissipation and scattering of high frequencies. They propagate a long
way owing to atmospheric acoustic waveguides. Approaching the antipodes amplitudes of
infrasonic oscillations increase and because of non-linear effects may be transformed into
shock waves that is the second explosion. Conditions for such phenomena obtained in this
paper. It was investigated the infrasonic waves caused the by Tunguska meteorite falling and
the waves from the great nuclear explosions.
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IKoIorHYecKne U COMOTEXHOIIPUPOJAHBbIEC ACIIEKTbI aCTepOI/lHHO-KOMeTHOﬁ
OIMACHOCTH M 3aIlIMTHI OT HEE

C.B. Kpuuesckuit
Poccuiickas akademus eocyoapemeennou cayocowl npu Ilpesudenme Poccuiickoii @edepayuu, Mockea,
Poccua. E-mail: svkrich@mail.ru

OCHOBHBIMH HKOJIOTHYECKUMH aCTIEKTaMH acTepongHO-kKoMeTHoU omacHOCTH (AKO) n
3aIUTHI OT HEE SIBJISIOTCS:

1) pucku, BozneiictBus u nocneactsus AKO s yenoBeka, o0IecTBa, rocyJapcTBa,
oKpyXatomiei cpenbl (3emiin, ee OHOC(ephl, a TaKKE OKOJIO3EMHOr0 KOCMHYECKOTO
TIPOCTPAHCTBA U T.11.).

2) pUCKH, BO3IEHCTBUS U IMOCIEICTBUS, CBSI3aHHBIE C TEXHUIECKUM ITPOTUBOACHCTBHEM
AKO, co3maHreM U HCIOJb30BaHUEM aKTHBHOM cHCTEMBI 3amuThl 3emn (C33).

CymecTByeT CIOKHas MpodiieMa MAHHMHU3AIMN COBOKYITHOCTHA PUCKOB, BO3ICHCTBHIA
n nocneactsuii AKO u C33 B mpocTpaHCTBE, OXBaThIBAIOIIEM 3€MIII0 U OKOJIO3EMHOE
kocMmuueckoe npocrpanctso (OKII), Bkmrouas JIyny u Bc€ mose tarorenus 3emuu B R ~ 1
MJIH KM, B TOM YHCJI€ B CBS3M C IKCIIaHCHEH yenoBeuyecTBa B KocMoc u ocBoeHnem OKII B
XXI Beke.

Ienecoobpa3Ho paccmarpuBath U pemath mpodbaemy AKO u 3ammrhl OT Hee Kak
INI00aNbHYIO  JKOJNOTMYECKYI0  MpoOJeMy  NPUMEHHTEIbHO K  CBEPXCIOXKHBIM U
CBEpXTI00abHBIM corroTexHOopupoaHbM (CTII) cucremam, BKIIOYAIOMUM COLMUANBHYIO U
TEXHHYECKYI0 HH(PACTPYKTypy, M KOMIIOHEHTHI OKpYXaIOlleH MpPUPOTHON Cpensl.
HeoOxonuMo mpoBeieHHE OLICHOK BO3ACHCTBHI Ha OKPYKAIOUIYIO Cpeay, HE3aBHCUMOU
MEXIyHapOJHOH S3KOJIOTMYECKOH SKCHEepTH3bl HpOrpaMM M IpoekToB peanuzaunu C33,
texHonoruii 3ammtel or AKO, ¢ oxBatom coorBerctBytomux CTII-cuctem B cdepe
a’POKOCMHUYECKON JESTETBHOCTH, C YYETOM SKOHOMHUYECKUX, TEXHUUECKUX, IKOJOTHYECKUX
W JAPYTUX OTPaHWYEHWH, B LEISIX MHUHUMH3AIUN PHCKOB, BO3ACHCTBHI M MOCIEACTBHIA Ha
OCHOBE IPUMEHEHHSI aTbTEPHATUBHBIX U HAWTYYIIHNX JOCTYITHBIX TEXHOJIOTHH.

B nmepcnexktuBe, mo Mepe pacHIMpeHHs S3KCIIAHCHM YeJlIOBeYecTBa B KOCMOC,
kononuzauuu ComHeuHoit cuctemsl (Mapca u ap.), 3amuniaemoe ot AKO mpoctpaHCcTBO
JIOJDKHO C OIIEPEXKEHUEM pacIIUpsAThCs, ¢ yueToM skosoruueckux u CTII-acniekTos.
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Ecological and socio-techno-natural aspects of asteroidal-cometary hazard
and protection against it
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Basic ecological aspects of asteroidal-cometary hazard (ACH) and protection against it
are:

1) risks, impacts and consequences of ACH for human being, society, state,
environment (Earth, its biosphere, as well as, near-Earth space, etc.).

2) risks, impacts and consequences related to technical counteraction to ACH as well as
active Earth protection system (EPS) creation and usage.

There is a complicated problem of risks aggregate, impacts and consequences of ACH
& EPS minimizing in a field of Earth and near-Earth space (NES), including the Moon and
Earth gravitation field within R~1 mln km, particularly connected to mankind space
expansion and NES research in XXI century.

It is reasonable to consider and solve ACH problem and protection against it as a global
ecological problem applied to hypercomplex and superglobal socio-techno-natural (STN)
systems including social and technical infrastructure and components of environment. It is
necessary to carry out environment impact assessments, autonomous international
environmental impact audit of programs and projects of EPS realization, protection against
ACH technologies, covering corresponding STN-systems in aerospace activity sphere,
considering economical, technical, ecological and others limits in order to minimize various
risks, impacts and consequences based on alternative and top accessible technologies usage.

In the long view, as mankind space expansion & Solar system colonization (Mars, etc.)
intensifies, a field of protection against ACH should be sufficiently widen, considering
ecological and STN-aspects.
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3ammTa 0T acTepPOUTHO-KOMETHOI 0NMACHOCTH KAK MPHOPUTET
cTpareruii nesitejibHocTH Poccun u Mmuposoro coodouectsa B XXI Beke

C.B. Kpuuesckuit
Poccuiickas akademus eocyoapcmeennou cayxcowl npu Ilpesudenme Poccutickoi @edepayuu, Mockea,
Poccua. E-mail: svkrich@mail.ru

B XXI BB. nmpo6nema acrepounHo-kometHol omacHoctd (AKO) Bce Oosiee agexkBaTHO
BOCIIPHHMMAaeTcs W oueHuBaercss B Poccun um MupoBoM coobmiectBe. Bwmecte ¢ tem
rinobanpHas npobiema 3amuthl oT AKO emje He crajga NMPUOPUTETOM B HAIMOHAJIBHBIX U
MEXAYHApOAHBIX MpOrpaMMax M CTPAaTETHSIX OCBOCHHS KOCMOCA, adpPOKOCMUYECKOH
nesitenbHocTH (AKJL), pasBuTus 1 6€3011acHOCTH rOCy/1apcTB U BCEIO YEJIOBEUECTRA.

PaspabarsiBacMmbiii B Poccun mpoekT deiepanbHO 1eJIeBOi MporpaMMBbl 1o mpodiieme
AKO umeer HM3KHMiI NPUOPUTET, HANPABJICH Ha €€ MCCIIeJOBaHUE, HO HE Ha YCKOPEHHOE
peleHue.

CymectByromuii Komuter OOH no xocmocy, rae B mocieHue Toabl Hauadiuch U UIyT
obcysxneHns mpodreMsl 3amuTs! 0T AKO, Manos(dexTuBeH uis penieHns IpooIeMsl.

IenecooOpa3Ho BbieieHHe 3afgaud  3ammThl oT AKO kak cTpaTerudeckoro
npuoputera Juis Poccuu M MHUPOBOrO COOOIECTBA, OOBEAMHEHHS YCHIMH H PECypcoB,
HauuHas C Bemymmx rocynapcts mupa (EBpomeiickoro Corosza, Poccun, CILIA u np.), n
CO3/1aHUsl MEXIYHapoAHOH cucteMbl 3amuThl 3emiuu (MC33)  nytem oObeIUHCHUS
CErMeHTOB (MOJICCTEM) CYLIECTBYIOIIMX U MEPCIEKTUBHBIX CUCTEM B03ayIHO-KOCMHYECKON
000poHHI, ¢ pazBuTHeM i1 00psObI ¢ AKO.

Heo6xonumst:

1) pa3paboTka W peanu3anusi HOBBIX OOIIUX «IIPABHJI WIPbl», SOUHOW CTPATETHU U
cucreM ynpasienus chepoit AKJL ans peuieHus npuopuTeTHOM 3aaaun 3amuthl oT AKO Ha
HaIlMOHAJILHOM M MEXIyHapOJIHOM YPOBHSX, B TOM YHCIIE - CO3/IaHHE CIIEUAILHOTO OpraHa
B BHJe MeXIyHapOAHOTO a’poKOCMHIUYecKoro arenrctsa mox srugoin OOH (mo ananorun u
BO B3aumozeiictBun ¢ MAI'ATO) kak unHrterparopa cucreMbl MC33, ¢ yueToM CIIOXKHBIX
KOJUTA3UI oOecreveHuss CTPaTernieckoil Oe30MacHOCTH, HEPAaCHpPOCTPAHEHUs SACPHOTO
OpYXHS U 1p.;

2) moatamHoe co3manue aktuBHOM MC33 ot AKO mst 3emmu u Bcero OKIT (B R ~ 1
MITH KM);

3) peanbHOe ucnonb3oBanne MC33 st 3amMThl OT yrpoxkaromux oobsekToB AKO,
HaguHas ¢ 20-x-30-x rr. XXI B.

3amura or AKO nomxHa cTaTh OJHUM W3 MPUOPUTETOB IMPU peaTH3ALUHN CTPATETHH
nepexoia K yCcToiiunBoMy pa3BuTHIO B Poccuu u Mupe, Ui pelieHun ria00aibHbIX TpolieM
YeJIOBEUeCTBA.

[Ipennaraercs wHHIMUpoBaTh BcemupHyo koHdepennuioo nox srumoii OOH mo

npobneme 3anutsl oT AKO.
Jlumepamypa
[1]. Kpuuesckuii C.B. Ctparerus ocBoenus kocmoca B XXI Beke: connonpupoaHas KoHuenuus /
TocynmapcrBennas ciyxo6a. 2007. Ne 4.
. Kpuuesckuii C.B. A’poxkocMHuYecKas AEATEIbHOCTh: METOJ0JIOTHYECKHEe, HCTOPUIECKHE,
couyonpupoHbie actektsl: MoHorpagus. M., 2007.
[3]. Yuensle co3aatoT KaTanor onacHsIx s 3emiu actepousion // A Pocoanr. 2006. 4 anpens. —
http://www.rosbalt.ru/print/249340.html/
[4]. Integrated Space Plan. Version 3.0. April 1992. Produced by Ronald M. Jones. Visionary enterprises.

Huntington Beach, California, 1992.

[2
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Protection against asteroidal-cometary hazard as a priority of activity
strategies for Russia and world community in XXI century

S.V. Krichevsky
Russian Academy of Public Administration under the auspices of the President of the Russian
Federation, Moscow, Russia. Email: svkrich@mail.ru

In XXI century a problem of asteroidal-cometary hazard (ACH) is being accepted and
evaluated more and more sufficiently in Russia and world community. At the same time, the
global problem of protection against ACH has not yet became a priority in national and
international programs and strategies of space exploration, aero-space activity (ASA), state
and whole mankind evolution & safety.

A project of Federal Target Program upon ACH problem, elaborated in Russia, having
low priority is aimed on its research, but not on accelerated solution.

Current UN Space Committee have started and further discussions upon protection
against ACH in recent years but still is inefficient in solving the problem.

It is reasonable to emphasize a mission of protection against ACH as a strategic priority
for Russia and world community, integrating efforts and resources together with the leading
world states (European nations, Russia, USA, etc.) in order to create international system of
Earth protection (ISEP) by uniting existing and further aerospace defense system segments
(subsystems) to fight against ACH.

It is necessary to:

1) develop and realize common new “rules of the game”, united strategy and system of
ASA sphere management to solve priority task of protection against ACH both on national
and international levels, including a creation of special operating body such as International
aerospace agency under the egis of the UN (similarly to and in cooperation with [AEA) as an
ISEP system integrator, considering complicated collisions of strategic safety security, non-
proliferation of nuclear arms, etc;

2) start a phased creation of active ISEP from ACH for Earth and near-Earth space, R
~ 1 mln km;

3) provide ISEP practical use to protect against threatening ACH objects by 20-30s
years of XXI century.

Protection against ACH has to become one of the highest priorities in realizing
transition strategy of sustainable development in Russia and the world in solving global
problems of mankind.

It is suggested to initiate an International conference under the egis of the UN upon a
problem of protection against ACH.

Literature (list of reference):

[11 Krichevsky S.V. Cosmic exploration strategy in XXI: socio-natural conception // Public Administration,
2007. N 4. (Russia).

[2] Krichevsky S.V. Aerospace activity: methodological, historical, socio-natural aspects: Monograph.
Moscow, 2007.

[3] Scientists create Earth Potentially Hazardous Asteroids (PHA) catalogue // IA Rosbalt. April 4, 2006.
(Russia).

[4] Integrated Space Plan. Version 3.0. April 1992. Produced by Ronald M. Jones. Visionary enterprises.
Huntington Beach, California, 1992.
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BuoTnyeckuii KPU3KC MO3THEro MIEHCTOIeHA — PAHHEro roJIoeHa:
KOoCMHUYecKasi katacTpoda?

K.I'. JIeBu

Huemumym semnou kopvt CO PAH, e. Upkymck, Poccus. E-mail: levi@ crust.irk.ru

B 2007 r. B 3apy0exHOi neprofuKe 00CysKAanach TUNOTe3a, OOBSICHAIOMAs ObICTPYIO
ru0enb MaMOHTOBOW (hayHbl Ha pyOeke IUICHCTOICHA-TONIONEHA, TMOCICIOBABIIYI0 B
pe3ynbrate B3phiBa KOMETHOro siapa Hal CeBepHO AMEpPUKOW B OKPECTHOCTSX Benmknx
Ozep. O1HaKO UMIAKTHOM CTPYKTYPBl COOTBETCTBYIOIIEH 3TOMY COOBITHIO HAWIEHO HE OBLIIO.

ABTOp [IOKIIaAa, pacrosiaras OOIIMPHOW KOJUICKIMEH paguoyriepoaHbIX —JaT
pa3MUYHBIX TEOJIOTHYECKHUX, T'e0apXEOJOTHYeCKUX M OHOJOTHYECKHX OOBEKTOB, PEIINII
IIPOBEPHTH 3Ty THIIOTE3y HA OCHOBE CTATHCTHYECKOro aHamm3a '“C 1aTupoBok. B pesymbrare
BBISICHWIIOCH, uTO B CeBepHoit EBpa3uu katactpoduuecku ObICTpOE BBIMHPAaHHE MaMOHTOB
Hayanock okosno 10-11 Teic. yeT Hazaj. DTO CONMPOBOXKIANOCH YCHJIEHHMEM CeJIEeBOH u
00BaJIbHO-OCHITHOM JESITENEHOCTH U cO(a3HBIM MPOSBICHUEM CEHCMUYHOCTH U BYJIKAaHU3MA,
MPOLIECCOB MPOSBISIFOIIUXCS 00BIYHO B poTHBO(da3e. Hauasieecs roioneHoBoe NOTEIICHUE
PEe3KO CMEHWJIOCH ToxoonanueM, anuBmmmMcs okono 1000 mer. Ha Ham B3risin, mpuanHOM
TaKOH PEe3KOW MPUPOIHON NMEPECTPONKH ACHCTBUTEIHHO MOT SIBUTHCS B3PHIB KOMETHOTO S/1pa,
Ho He Hax CemepHoit Amepukoii, a Hax CeBepHoit EBpasneit. CinemoM 3Toi KaTacTpoQsl
cienyeT cuuTaTh UMIAKTHBIN kpatep JKamanmmn B [lpuapanse, neranbHo u3ydeHHbiit O.11.
M3oxom B 90-X rojgax npouuioro Bexka. B3peIB KOMETHOTO sijpa COMPOBOXKAAJICS BN ICHUEM
TEKTHTOBOTO «I0Xs». Jlnamerp kparepa — 14 KM, MOIITHOCTH B3phIBa — 10"%-10% [x. Bpewms
B3pBIBa — KOHEII O3/IHETO IUIeHcToleHa — Havyaso rosoneHa (10-11 Teic. et Hazan).

Biological crisis of late Pleistocene - early Holocene: Space catastrophe?

K.G. Levi
Institute of the Earth's crust of the Siberian Branch of the Russian Academy of Science,
Irkutsk, Russia. E-mail: levi@ crust.irk.ru

In 2007 in the foreign periodical press the hypothesis explaining fast destruction
mammoth’s fauna on a boundary of pleistocene - holocene, followed was discussed as a result
of explosion comet’s nucleus above Northern America in vicinities of Great Lakes. However
impact structure corresponding to this event it has not been founded.

The author of the report, having an extensive collection of radiocarbon dates of various
geological, geoarchaeological and biological objects, has decided to check up this hypothesis
on the basis of the statistical analysis '*C datings. In result it was found out, that in Northern
Eurasia catastrophically fast extinction of mammoths began about 10-11 thousand years ago.
It was accompanied by strengthening mood flow and landslide activity both co-phase display
of seismicity and volcanics activity shown usually in an antiphase. Begun holocene warming
was sharply replaced by a cold snap continued about 1000. In our opinion, the reason of such
sharp natural reorganization explosion comet’s nucleus, but not over Northern America, and
above Northern Eurasia really could be. After this accident it is necessary to count impact
crater Zhamanshin near Aral sea, in details investigated by E.P.Izokh in 90th years of the last
century. Explosion comet nucleus was accompanied by loss tectite’s "rain". Diameter of a
crater - 14 km, capacity of explosion - 10'8-10% J. Time of explosion - the end late
pleistocene - the beginning holocene (10-11 thousand years ago).
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ACTQPOPII[HO-KOMBTHaﬂ OMAaCHOCTb: COCTOSAHHE npoﬁneMu

J.®. Jlynuiko
HUHN acmponomuu Xapbroecko2o Hayuonanbiozo ynueepcumema um B. H. Kapasuna, Ykpauna.
E-mail: lupishko@astron.kharkov.ua

K HacrosmeMy BpeMEHHM OTKpPBITO M KaTaJoru3upoBaHo okono 5500 acrepounos,
commxaromuxcs ¢ 3emiell (AC3). DTo 00BEKTHI 0c00Or0 HHTEpeca IMPeXIe BCEro C TOUYKH
3peHnsi kocMoroHnu CoNHEeYHO# cucTeMbl. B mocnemHme romsl BecbMa akTyalbHBIMH CTAJIN
TaK)Ke MPUKIAIHBIe acTeKThl u3ydeHust AC3, KOTopsle MOTYT UMETh pellalolee 3Ha4eHHe IS
3eMHOH 1mwmBMWIM3anmuu B Oymymem. C  OmHOW CTOPOHBI, OHH pacCMaTpHBAIOTCS, Kak
MOTEHIHAIBHBIE HCTOYHHKMA MeTajlla M JAPYror0 MHHEPAIBHOTO CHIPbS B OKOJO3EMHOM
KOCMHYECKOM IPOCTPAHCTBE. A ¢ IPYroii - OBICTPO BO3PACTAIOILEE YHCIO OTKPHITHIX OOBEKTOB
OLICHKU MX OOIIEro KOJMYECTBa OYEHb OCTPO CTABST MPOOJIEMY BO3MOXKHOI'O CTOJIKHOBEHHUS HX C
3emuieil. OnacHOCTh CTOJKHOBEHHUS acTepOMIOB M KOMET ¢ 3eMileld CyllecTBOBajla BCErna,
OJJHAKO OCO3HAHHE €€ PEaIbHOCTH IMPOMUCXOJMUT TOJbKO ceifyac. COrnacHO CyIIECTBYIOIIMM
ouenkam uuciao AC3 ¢ D=1 kM cocraBnsger 1000£50. CtoskHOBeHHE J1H000T0 U3 HUX ¢ 3emilei
MOXKET IPUBECTH K TJI00aNbHBIM M3MEHEHHSIM SKOJIOTMH Ha 3eMie M IM03TOMY Hpe/CTaBIsAeT
peanbpHyI0 yrpo3y s Bcero denosedecTBa. Umcnmo AC3 pasmepom D>100 m (JrokanpHas wim
peruonanpHas karactpoda) omnenmBaercs B 100-200 teic. [IpoGiema COCTOMT B TOM, YTO K
HACTOSIII[EMYy BPEMEHH OOHAPYKEHO M KAaTaJOru3upoBaHoO ToJIbKO okoiio 80% AC3 kpymuee 1 kM
B JIMaMeTpe U HaAMHOTro MeHblie 00bekToB ¢ D>100 M. BepositHocTh cTONMKHOBeHHs ¢ 3emiteit
mo00ro M3 HHUX MPEeHeOpeXHMO Maja, OJHAKO B CHIIy OONBIIOTO0 HMX 4YHCIAa YacToTa
CTONKHOBeHHH coctapnsger 107107 mas ten ¢ D=1 km u 1073107 st ten ¢ D=100 m (10-2
i acrepouno nonepeuHukoM B 30 ™). Yacrora CTONKHOBEHMH MUt Tel, MOJOOHBIX
Tynrycckomy (50-60 M), cocraBiser 3-107% 3uamenutbii ApmsoHckmit kpatep (CILIA) u
MHOXECTBO ApPYrux Oojee ApeBHUX KparepoB Ha 3emie, TyHrycckoe cobObrtue jera 1908 r.,
yaapasle kpatepsl Ha JIyHe, Mapce 1 ero CIyTHHKax M Jake Ha MajbIX acTepoHjax — BCE ITO
ciefbl KOCMUYECKUX KaTacTpod Ha Hamlel IUIaHeTe WM BOIM3M Hee. YHUKAIbHOE COOBITHE B
utone 1994 r. - cronkHoBenue komerhl lllymeiixepa-Jlesu c¢ IOmurepom, mnpenckasaHHoe
aCTPOHOMAaMH 3a I'OJl BIEpes, IBUIOCH Kak Obl MPeAyNnpeXaeHHEM Ul HaC O TOM, YTO NOA00HbIe
katactpodsl B CONHEUHOH cUCTeMe — 3TO peajbHOCTh HamMX JHed. Bocrnpusarue abcTpakTHOM
Yrpo3bl CTOJIKHOBEHHUs 3€MJIM C JOCTATOYHO KPYNHBIM KOCMHYECKHM TEJIOM HpEeBPaTHIOCH B
OCO3HAaHUE CEphE3HOM ONMACHOCTH. B mocnenHee gaecsATUIETHE aKTHBHOCTh —HAyYHOM
OOIIECTBEHHOCTH B PELIEHHH 3TOH NHPOOJIEMBI CHIBHO BO3pocia. [IpennmpHHUMAroTCsl YCHITHS
TaKke Ha ypoBHe HammoHanbHBIX BegoMcTB (HACA, Kocmmueckwe areHcTBa psma CTpaH),
Cosera EBpomsl, psna nmpaButenscTB. B 1998 r. B otBetr Ha nupektuBy Konrpecca CIIIA HACA
TIOCTaBHJIO 3a7ady oOHapyskeHus u Katanorusaruu 3a 10 6mmxaiimux et 90% AC3 kpynuee 1
KM, KOTOpasl ceddac YCIIEIIHO BBINOJHSETCS B paMmkax mporpamm Spacewatch, LINEAR,
LONEOS, NEAT wu np. U, xak pesynsrat, unucno obHapyxkusaembix AC3 pe3ko BO3pocio u
npoaoipkaeT Bo3pactate. B 2007 r. mpaButensctBoM CIIIA mpuHANO pelieHue O BbIIEICHUU
cpeAcTB Ha HOBYIO mporpammy 10 2020 r. o oOHapyKeHHUIO, KaTajaoruzanuu u usydeHuo 90%
noreHanbHo onacHelXx AC3 kpynHee 140 M. Ee BbInosiHeHHE CyLIECTBEHHO YMEHBIIUT YIPO3y
JOKaNbHBIX M peruoHaibHbIX Karactpod. IIpobmema acTepoMIHO-KOMETHOH OIACHOCTH
HMHTEpHAIOHAJbHA 110 cBoel npupose. [IpumedaTensHBIM IBISIETCS TO, YTO HBIHEIIHUI ypOBEHb
Pa3BUTHS HAyKM M TEXHOJIOTMH IIO3BOJIAET pelIaTh 3alady 3allUThl OT Yrpo3bl M3 KOCMOCA.
Bocmone3yercst 4enoBe4ecTBO STHM IIAHCOM WM HET — 3aBUCHT ceifdac He CTONBKO OT YUEeHBIX,
CKOJIBKO OT NMPAaBUTEIBCTB KPYMHEHIITHX TOCYAAPCTB.
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Asteroid-comet hazard: state of the problem

D.F. Lupishko
Institute of Astronomy of V.N. Karazin Kharkov National University, Ukraine.
E-mail: lupishko @astron.kharkov.ua

About 5500 near-Earth asteroids (NEAs) are discovered to-date and the rate of their discovery
continues to increase. They are objects of special interest primarily from the point of view of
Solar system cosmogony (their origin, life-time in the Earth-crossing orbits, possible genetic
relation with comets and meteorites, etc.). In recent years the applied aspects of NEA study has
become more and more evident, and they can be of critical importance for the Earth’s civilization
in the future. On the one hand, the NEAs are considered to be a potential source of metal and
other raw materials in the nearest to the Earth space. On the other hand, the fast-increasing
number of discovered objects in near-Earth orbits and estimated their total number poses the
problem of the impact hazard as an urgent one. There has always been a regular threat of asteroid
or comet collisions with the Earth but only now we begin to understand its reality. According to
the current estimates, the number of Earth-approaching asteroids larger than 1 km in diameter is
1000+50. The collision of each one with the Earth would be an extreme hazard to the climate and
life on our planet on the global scale. The number of NEAs larger than 100 m (local or regional
catastrophe) is about (1+2)-10°. The problem is that at present the orbits are know for about 80%
of NEAs with D>1 km, and for much fewer objects with D>100 m. The probability of collision of
any of them with the Earth is extremely low. However due to a very large number of them the
estimated collision frequency is 10107 for D=1 km and 107+107 for D100 m objects (1072
for an asteroid of about 30 m in size). The frequency of collisions with the bodies like Tunguska
(50-60 m in size) is equal to one chance in every 300 years. The famous Meteor Crater in Arizona
(USA) and many other ancient craters on the Earth, the Tunguska event of 1908 (Russia), a great
number of impact craters on the Moon, Mercury, Mars and its moons, and even on the small
asteroids — all of these are the direct evidence of cosmic catastrophes on our planet or close to it.
The unique event of July 1994 — the Shoemaker-Levy comet's crash into Jupiter, a beautiful
spectacle of nature that was successfully predicted one year in advance — was a serious warning
for us that such catastrophes are the reality of nowadays. After that the problem of asteroid-comet
hazard has been transformed from a theoretical curiosity into a very distinct reality. Over the last
decade the activity of international scientific community in solving of asteroid-comet hazard
problem has greatly increased. Some efforts are also undertaken at the level of national
departments (NASA, Space Agencies of some countries), interstate organizations (Europe
Council), and some of the governments. In reply to the U.S. Congress’ directive, NASA in 1998
has set a task of discovery and cataloging 90% of NEAs larger than 1 km in diameter over a
period of 10 years. A number of dedicated surveys (Spacewatch, LINEAR, LONEOS, NEAT and
others) has been started and, as a result, the number of discovered and catalogued near-Earth
objects is greatly increasing. The new important step in the problem solving was made in 2007.
The USA Government appropriates funds for beginning the new Survey Program of detecting,
tracking, cataloging and characterizing 90% of all potentially hazardous objects greater than 140
meters by the end of 2020. The execution of the Program will be able to reduce the risk from
smaller sub-km NEAs by 90%. The problem of the potential cosmic hazard is international in its
nature. One significant issue is that the level of science and technology is already high enough to
protect ourselves from a collision with dangerous space bodies. Whether or not we will take this
chance it depends not so much on the scientists as on our governments.
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KoHuenuus nepcneKTUBHOIO YCTPOHCTBA reHepallui HANPABJIEHHOT0 U
KOTePeHTHOr0 raMMa-u3JIy4yeHusi 00JIbII0i MOIHOCTH KAK YJIeMEHTAa CHCTEMbI
3amMThl 3eMJIM OT ACTePOMIHO-KOMETHOI ONACHOCTH

B.H. Motopusn

Hexommepueckas opeanuzayusi no noo0epiicKe HayYHO-MeXHUYeCKUX U KyJIbMmypHO-NPOCEeMUMenbCKUxX
npoepamm «Pyccruil pono», Mockea, Poccus, www.rufund.ru,
E-mail: motorin@rufund.org

C.K. Kpukanés

aémuux-kocmonaem, E-mail: krikalev @ rufund.org

B 2004 romy B otkpeitom mnarente P® RU 2243621 «Cnoco6 momydeHus
HATPaBJICHHOTO U KOT€PEHTHOTO raMMa-N3Ty4eHHS 1 YCTPOUCTBO IS €r0 peann3aun» Oblia
IpeAToKeHa Hay4HO-O0OCHOBaHHAs KOHIETLHS MEPCIEKTHBHOIO Crocoda OTKIOHEHUS
OIMACHBIX KOCMHYECKHX OOBEKTOB U YCTPOWCTBA, MOTECHIMAIBHO CIOCOOHOTO MPEoNOJeTh
npobaemMbl Macchl ¥ 3()()EKTUBHOCTH BO3JCHCTBUS ammapaTa-nepexBaTyuKa Ha OIACHBIN
KOCMHUYECKHI O0OBEKT.

Pe3ynbTaThl MpeaBapUTENIFHOTO aHalM3a MPEAIOKCHHOW TEXHOJIOTHU IIepexBara U
CaMoro YyCTpOMCTBa AEMOHCTPUPYIOT PSA TNPEUMYIIECTB MEpex ApPYyTUMH CHoco0aMu
BO3JICHCTBHS HAa OMACHBIE KOCMUYECKUE O0BEKTHI (B TOM YUCIIE SICPHBIMU U KHHETUUSCKUMU
crroco6amu), B OTHOIIIECHUM:

— mpeoOpa3oBaHusl SHEPTHHU SIIEPHOTO B3PBIBA B OTKJIOHSIONICE BO3/ICHCTBUE;

— BO3MOXXHOCTH PeaJIM3alliy MUCCUU KOCMUYECKOT0 allliapara-lepexBaTunKa;

— BEPOSTHOCTH YCIENIHOTO MepexBaTa OMacHOr0 KOCMUYECKOT0 00BEKTa,

— 0e30MacHOCTH;

— a3¢ddexTuBHOCTH 3aTpar.
B ciyyae KOMIUICKCHOTO HAayYHOTO MOATBEPXKICHUS MPEIJIOKEHHON KOHLETIHH,
OCHAIIEHHBIE MOMOOHBIM Y CTPOWCTBOM KOCMHYECKHE amMaparhl-TIePeXBaTUUKH, MOTIH ObI
CTaTh KIIIOYEBBIM 3JEMEHTOM IEPCIIEKTMBHONH CHCTEMBI 3AIIUTHI 3eMJIM OT acTepOUAHO-
KOMETHOU OMacCHOCTH.
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Conception of perspective device for generation of directed and
coherent gamma-radiation of high power as an element of the
Earth defense system from asteroid and comet hazard

V.N. Motorin

Non-commercial organization supporting technical science and social programs ‘“Russian Fund”,
Moscow, Russia, www.rufund.ru,

E-mail: motorin@ rufund.org

S.K. Krikalev
space pilot, E-mail: krikalev@ rufund.org

In 2004 in the opened for public patent of Russian Federation RU 2243621 «Method
and device for generation of directed and coherent gamma-radiation” there have been
proposed a science-based conception of a perspective method for deflection hazardous space
objects and a device which potentially is capable to overcome problems of mass and impact
effectiveness of an interceptor on a hazardous space object.

The results of preliminary analysis of the suggested technology for interception and of
the device itself show a range of advantages in comparison to other impact methods on
hazardous objects (including nuclear and kinetic methods), in relation to:

conversion of nuclear explosion energy into a deflection impact;
ability to accomplish an interceptor mission;

probability of successful interception of a dangerous space object;
safety;

cost effectiveness.

In case of complex scientific approval of the suggested conception equipped with such
a device space interceptors could be a key element of the prospective system for Earth-
defense from asteroid-comet hazard.
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IToTOK JIYHHBIX METE€OPUTOB Ha 3eM.II0

M.A. Hazapos
Hucmumym ceoxumuu u anarumuvecxkou xumuu um.B.M. Bepnaockoeo PAH, Mockea, Poccus.
E-mail: nazarov@ geokhi.ru

MHoro4ucaeHHbIE HAXOKU JYHHBIX METEOpUTOB B OMaHe U AHTApKTH/IE MO3BOJISIOT
TIOJIyYUTh 00CTOATENbHBIE OTPAaHUYEHHS HA HHTEHCUBHOCTD MOCTYIIJICHUS JIyHHOTO BEIIECTBa
Ha 3emmo. [lonxydeHHbIE HaMH OLEHKHM IIOKAa3bIBAIOT, UYTO TOJOBOH MOTOK JYHHBIX
mereoputoB B uHTepBane Macc 10-1000 r Ha BCiO 3eMHYIO NMOBEPXHOCTHh HE JIOJDKEH OBITh
MeHee COTBIX JJOJIeH KT H, CKOpee BCETO, COCTABIISET ACCATKU HIIH JaXke TIepBbIe COTHU KT, T.€.
HepBBIC MPOLEHTH OT OOINEro METEOPUTHOTO IOTOKA. DTO OTBEYACT COTHAM MaJICHUH
JIYHHBIX METEOPUTOB B roJ] Ha BClo 3eMimto. [Ipy 3TOM momyJisius TyHHBIX METEOPUTOB, I10-
BUIMMOMY, XapakTepusyerTcsl mpeoOnamaHueM Oojiee MENKUX MaAeHUH IO CPaBHEHHIO C
o0eil MereopuTHOl momyisinuel. Jlake HeOomblIMe yAapHble COOBITHS, 00pa3yoliue Ha
JIyne kpatepsl auameTpoM MeHee 10 KM, CITOCOOHBI MOCTAaBIATh Ha 3EMITIO JIYHHOE BEIIECTBO.
IIpu 3Tom ot 10 10 100% Macchl BBICOKOCKOPOCTHBIX KpaTepPHBIX BHIOPOCOB, MOKUAAFOIINX
Jlyny, moryt ynaBnuBaTtbcst 3emieil. llomydeHHBIE OLEHKH JYHHOrO IOTOKAa JOBOJIBHO
ONTHMHUCTUYHBI Uil OOHApYXEHHsI HOBBIX JIYHHBIX METEOPHTOB. 3a (aHEpO30ICKyIO
uctopuio (500 MuH. 7eT) Ha 3eMimo JOMKHO MOCTymuTh Gomee 50*10° TOHH TyHHOrO
BemecTBa. OIHAKO METEOPHTHBIN MPUBHOC JIYHHOTO BEIIECTBa HE HWMEIN CYNIECTBEHHOTO
3HaYeHHue Ui (OPMHPOBAHUS BEUIECTBEHHOI'O COCTaBa 3€MHOW KOpBI JaXe Ha CTaJuu
WHTEHCHUBHOW METEOPUTHOH O0MOapIMpPOBKH.

JlyHHBIE METEOPHUTHI MIPEACTABUTENFHO XapaKTEPU3yIOT COCTAB JIyHHO KOPHI, UTO TaeT
BO3MOXHOCTh OIICHUTh COCTAaB MAaTEPUKOBBIX, MOPCKHMX M MNEPEXOAHBIX (MOpe/MaTepuK)
palioHOB INyHHOW IIOBEPXHOCTH. B 3THX mensX WCIONb30BaHBl JTaHHBIE O 44 IIyHHBIX
MeTeopuTax o0IUM BecoM 11 Kr, MpelCTaBIsIONINX, BEPOSTHO, 26 HE3aBUCHMBIX T4 ICHHM.
IIpoBeneHHOe HCceOBaHUE IOKa3blBa€T, YTO MaTepukoBas Kopa JIyHbl no/bkHa OBITH
6oraue Ca u Al u 6etHee Ma)UUECKUMHU U HECOBMECTUMBIMH AJIEMEHTAMH, YEM CUUTAIIOCH TI0
pe3ynbTaTaM H3Yy4eHHUs JIyHHbIX 00Opa3loB W TEpPBbIM OPOUTAJIBHBIM HCCICIOBAHUSM.
Conepxanue Ir B MaTepUKOBON KOpe M aHAIIM3 JIYHHOW KpaTEpHOH MOMYJISIIUU MTO3BOJSIET
MpeJronararh, 4To 0OJIbIIask YacTh JIyHHBIX HMIIAKTUTOB 00pa3oBajiach B pe3yJbTaTe 0JTHOTO
[JIABHOTO YJIAPHOTO COOBITHS, KOTOPOE OMPEIEIUIIO MX TeOXUMHUICCKUE XapaKTEpPUCTUKU. B
MOPCKHX palOHax IOJDKHBI JTOMHUHHPOBATh HU3KOTUTAHHCTHIE 0a3anbThl, OOOTAIIEeHHEIE,
OJIHAKO, JIETKUMH pPEIKO3E€MENIbHBIMU 3JEMEHTAMH 10 CpaBHEHHIO C 0Oa3alibTaMH,
MPeICTaBICHHBIMU B JIYHHBIX oOpasnax. B mepexogHbIX 30HaX MOpe/MaTepHK B KauecTBE
XapakTeprucTuueckoro marepuana Bo3mMoxHo npucyrctsue KREEP- u maruesuansnbix VLT-
6azasbToB. [loyyueHHBIH MO XMMHUHM JIYHHBIX METEOPHUTOB COCTaB MAaTEPUKOBOW KOpHI HE
MPOTUBOPEYUT MOJAEIH JYHHOTO OKeaHa MarMbl, HO CpPEIHHUH COCTaB MOPCKHX JYHHBIX
METEOpPUTOB HE COIIacyeTcsl ¢ ATOM KOHLENUMeH M ykaspiBaeT Ha accuMuisinuio KREEP-
MaTeprana 0a3albTOBBIMH MarmMamy. MeTeopHTHas OIEeHKa COCTaBa MaTEePUKOBOH KOPBI
HOATBEPXKIaeT BO3MOXKHOe obOorameHue JIyHbl TpygHOJNETYYMMH U oOefHEHHe
JIETKOJIETYYHMU U CHACPOPHIHHBIMH JIEMEHTAMH.

Paboma evinornena npu noooepocxke PODU (epamm 07-05-92165-HIIHU a) u
IIpozpammer Nel8 IIpezuouyma PAH.
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The Flux of Lunar Meteorites onto the Earth

M.A. Nazarov
Vernadsky Institute of Geochemistry and Analytical Chemistry, Moscow, Russia.
E-mail: nazarov@ geokhi.ru

Numerous finds of lunar meteorites in Oman and Antarctica allow some constraints to
be obtained on the intensity of the transfer of lunar matter to the Earth. Our estimates show
that the annual flux of lunar meteorites in the mass interval from 10 to 1000 g to the whole
Earth’s surface should not be less than several tenths of a kilogram and is more likely equal to
tens or even a few hundred kilograms, i.e., a few percent of the total meteorite flux. This
corresponds to several hundred falls of lunar meteorites on the Earth per year. As compared to
the general meteorite population, small falls are probably more typical in the lunar meteorite
flux. Even small impact events producing craters on the Moon less than 10 km in diameter are
capable to eject lunar matter to the Earth. In this case, the Earth may capture between 10 to
100% of the mass of high-speed crater ejecta leaving the Moon. Our estimates for the lunar
flux imply rather optimistic prospects for the discovery of new lunar meteorites. There should
be more than 50*10° tons of lunar matter accumulated on the Earth for the Phanerozoic
history (500 My). However the lunar meteorite flux did not pay any significant role in the
formation of the chemical composition of the terrestrial crust, even during the stage of the
intense meteorite bombardment.

Lunar meteorites are representative samples of the lunar crust and, therefore, give an
opportunity to estimate the composition of highland, mare, and transitional (highland--mare
interface) regions of the lunar surface. The databank used in the research comprises data on
44 meteorites weighing 11 kg in total, which likely represent 26 individual falls. Our data
demonstrate that the lunar highland crust should be richer in Ca and Al but poorer in mafic
and incompatible elements than it was thought based on studying lunar samples and the first
orbital data. The Ir concentration in the highland crust and the analysis of lunar crater
population suggest that most lunar impactites were formed by a single major impact event,
which predetermined the geochemical characteristics of these rocks. Lunar mare regions
should be dominated by low-Ti basalts, which are, however, enriched in LREEs compared to
those sampled by lunar missions. The typical material of mare--highland interface zones can
contain KREEP and magnesian VLT basalts. The composition of the lunar highland crust
deduced from the chemistry of lunar meteorites does not contradict the model of the lunar
magma ocean, but the average composition of lunar mare meteorites is inconsistent with this
concept and suggests assimilation of KREEP material by basaltic magmas. The newly
obtained evaluations of the composition of the highland crust confirms that the Moon can be
enriched in refractory elements and depleted in volatile and siderophile elements.

Acknowledgements: The study was supported by RFBR (grant # 07-05-92165-
HI[HU _a) and Program Ne 18 of RAS.
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T'100aabHbIE BbIMHPaHUA 6PIOT])[, MageHUud KOCMHYECKHUX TeJI
H reoJjornieCKas NMKJIMYHOCTD

I'.B. Ileuepnuxona, /1.0. ['nazaues, A.B. Butsazes
Hnemumym ounamuku ceocpep PAH, Mockea, Poccus.
E-mail: pechernikova@idg.chph.ras.ru

B nocnenHme gecATUIETHS TOJTyYeHBI JOCTOBEPHBIE TAaHHBIE O MACCOBBIX BRIMHPAHHUSX
OuOTHI Ha MpOTsHKeHNH rocaenHux 600 muH. xu3Hu 3emuin. Ha ieBoM prcyHKe (110 CBOJIHBIM
JIAHHBIM) CIUTONIHOW JINHHUEH ITOoKa3aH rpaduk BEIMUPAHUH MOPCKUX BHIOB (B %), TOUYKAMH —
yAapHBIE KpaTephl Ha MOBEPXHOCTH 3€MIIM, 3BE3AOYKAMH OTMEUYEHBI IATh HAaWOOJBIINX
BbIMHUpaHUH. [IpHUMHBI 3TUX NATH KaTacTpo@ MUPOKO 00CYKIAI0TCSA U 10 KOHIIA HE SICHBL.

[Ipuanuoit mepBoit (okomo 65 MIH. JeT Ha3ax) MpeAroaraeTcsl yaap acTepouaa
(ocrarok — kparep Yukcyiy0).

Bropas (rpy6o or 199 no 214 wmuH. ner Ha3zan), HauOosiee BEpOSTHO, BbI3BaHA
MAaCCHUBHBIMH HM3JIMSHHUSMH JIaBbl B LIEHTPATbHOM ATIaHTHUECKONH MPOBHUHLHUU (PacKpBITHE
ATIIaHTHYECKOTO OKEeaHa).

B tpetpem ciygae (okoio 251 MIuTH. JIeT Ha3aa) MHOTHE HUCCIEOBATEeNN MOA03PEBAIOT
KOMETHBIN MJIM aCTEPOMIIHBIN yiap, XOTs NPSIMBIX JOKa3aTeNbCTB He ObUIO HaleHo. Jpyrue
MOJIaral0T B KayeCcTBE MPUYMHBI MOINHBIA ByinkaHu3M (Cubupckue Tparbl), TpeTbH —
BYJIKAHU3M, CIIPOBOLIMPOBAHHBIN yaapoM. OTa kaTactpoda Obliia caMoi CTpaIIHON B HCTOPHUU
o6uocdepsl 3emIIn.

[Mpuunna yeTBepToii OMoKaTacTpodsl (0k0JI0 364 MIIH. JIET Ha3a][) HEU3BECTHA.

[TsaTast (oxono 439 MiH. JeT Ha3ax), IO MPENOIOKEHHUIO, ObliIa BhI3BaHA TTOHM)KEHUEM
YPOBHS MOpSl M yBEIIMYEHHUEM COJICHOCTH BOJBI IpU OOpa30BaHUU JIbAOB (OJIEAWHEHHE), a
3aTeM MOAHATHEM YPOBHS MOPS M YMEHBIIEHUEM COJIEHOCTH MPH UX IJIaBICHUH.

B HacTosimedd paboTe MBI WIIEM B3aHMMOCBS3b COOBITHI B Omochepe U reocthepax
3eMIIn U3 COMOCTABJIEHUS TAaHHBIX 110 MacCOBBIM BEIMUPAHHUAM MOPCKOH OHOTHI 1 IMIIAKTaM
(JIeBBIM PUCYHOK) M JAHHBIX 10 T€OJOTMYECKON aKTUBHOCTH (IIPaBbI PUCYHOK™) 3a OJUH U
TOT e nepuon (mocnexnue 570 MIH. J€eT).
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*PHUCYHOK BBINOJIHEH 110 AaHHBIM U3 pabotsl F0.A. banamosa «KoHuemnius BpeMeH# B
reoJIoTH4ecKoil ucropun 3emiuu» [[eonmorus W mojesHble HcKomaemble Koiabckoro
nonyoctpoBa. T. 3. «HoBble uaen U MOAX0Abl K M3YYEHHUIO T'€0JIOTHYECKUX 00pa30BaHUI».
Anaruter: Uzn. MVII «ITonurpad», 2002, C. 51-75.]
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Global mass extinctions of life, impacts and geological cyclicity

G.V. Pechernikova, D.O. Glazachev, A.V. Vityazev
Institute for Dynamics of Geospheres RAS, Moscow, Russia,
E-mail: pechernikova@idg.chph.ras.ru

Last decades the reliable data for mass extinctions over last 600 million years of the
life-time of the Earth are obtained. In the left figure on summary evidence the solid line
indicates percent extinction of marine genera, impact terrestrial craters (solid dots) and the
five worst extinctions in Earth’s history (stars) are shown. The causes of these five
catastrophes are widely discussed and up to the end are not clear.

The first, Cretaceous-Tertiary extinction, about 65 million years ago, probably caused
or aggravated by impact of several-mile-wide asteroid that created the Chicxulub crater.

The second, End Triassic extinction, roughly 199 million to 214 million years ago,
most likely caused by massive floods of lava erupting from the central Atlantic magmatic
province — an event that triggered the opening of the Atlantic Ocean.

The third case is Permian-Triassic extinction, about 251 million years ago. Many
scientists suspect a comet or asteroid impact, although direct evidence has not been found.
Others believe the cause was flood volcanism from the Siberian Traps. Still others believe the
impact triggered the volcanism. This catastrophe was Earths worst mass extinction.

The fourth, Late Devonian extinction, about 364 million years ago, cause unknown.

The fifth, Ordovician-Silurian extinction, about 439 million years ago, caused by a
drop in sea levels as glaciers formed, then by rising sea levels as glaciers melted.

In the present work we search for interrelation of events in biosphere and geospheres of
the Earth from comparison of the data on mass extinctions and impacts (the left figure) and
the data on geological activity (the right figure*) for the same period (last 570 million years).
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*The figure was reproduced from data reported by J.A. Balashov in «Time concept in
a geological history of the Earth», [Geology and minerals of the Kola Peninsula, V. 3. «New
ideas and approaches to studying of geological formations» - Apatity: 1zd. "Polygraph"”, 2002,
P.51-75.]
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O BO3MOKHOCTH UCTIOJIb30BAHMS JIA3ePHBIX TEXHOJIOTHI MPH peleHnu
NnpoodJieM KOMETHO-ACTEPOUIHOI OMAaCHOCTH

B.II. CaBI/IHbI)(l, B.II. BaCI/IHLCBZ, n.n. KpaCHopBIHOBl

!Mockosckuii zocydapemeennbiii yuusepcumem 2eodesuu u Kapmozpagduu
2Hayuno uccredosamensckuii uHCMumym npeyusuonio2o nputopocmpoenis
E-mail: svp@miigaik.ru

VYceneuHoe penieHre 3a1a4u 110 MpeJoTBPAICHHI0O KOMETHO-aCTEPOUIHON OTIaCHOCTH,
Kak MOKa3aHo, B YaCTHOCTH, B [1],TpeOyer perieHus psga npodiaem. Cpeu HUX MOJTyUYCHHE
JaHHBIX O (HU3MKO-XMMHUYECKHX XapaKTCPUCTUKAX aCTEPOHIOB, INPOTHO3HPOBAHUE UX
IBIDKEHUS W pa3paboTKa Croco0OB BO3AEWUCTBHS, IO3BOJSIOMIMX IIPEIOTBPATUTh WU
MHHHUMH3HPOBATH IOCIEICTBUS CTOJIKHOBEHUS ¢ 3eMIIeH.

B noknane aHanu3upyroTCs BO3MOXHOCTH MCIIOJIb30BAHMS JIA3EPHBIX TEXHOJIOTHH /s
CHJIOBOIO BO3AEHCTBHMA Ha MmoTeHnMaabHo omacHele ([I0) 00beKTHl M B KadecTBe
MH()OPMALMOHHO-U3MEPUTENBHBIX CPEACTB.

[IpuBoasaTCS pe3yibTaThl pacueToB, HA OCHOBAHWU KOTOPBIX JIEJIAETCS BBIBOJ O TOM,
YTO MPAKTHYECKOE HCIIOIb30BAHHME JIa3epHBIX CPEACTB AN Pa3pylICHHUS HIM HU3MECHEHMS
tpaekropuu [10 00BEKTOB CBS3aHO CO 3HAYUTEIBHBIMU TPYTHOCTSAMH M B HACTOALIECE BpPEeMs
BpSL JIM 11esiecoo0pasHo.

Bonee mnepcrieKTHBHBIM SIBISETCS MCIOJIB30BAHUE JIa3€pPHOM TEXHUKHM B KauyecTBE
UH(OPMALIMOHHO-U3MEPHUTENBHBIX CPEJICTB. B 3TOM ciydae BO3MOXHO (IOcCjie JIeTalbHOU
popabOTKHN) pelIeHHe CIeyIONINX 3a1ay:

-miepeiaya BBICOKOJIETaIbHOTO Hu300paxenus HebGecHoro tena (HT) ¢ momomibto
Ta3epHOM JIMHH CBSI3H,

-UCCIIeIOBaHME CIIEKTpalIbHBIX XapakTepuctuk HT,

-TpaeKTOpHblEe M3MepeHHus s nporHo3a nBwxkeHus HT ¢ ucnonp3oBaHueM
HaOmoieHnit ¢ kocmuueckoro ammnaparta (KA), monokeHHe KOTOpOro, B CBOIK OYepe/ib,
OTIpENIeNSIeTCS] METOJIOM JIa3epHOM JIOKAIIMU C Ha3€MHBIX ITyHKTOB;

-uccienoBanue cTpykTypsr HT.

Jlumepamypa
[1] Casunvix B.I1., Puixnoea JI.B., Kpacnopwinios H.H. ActepoujHas OnacHOCTb: 3a/laud TPEOYIOIIUE PELICHMUS.
W3Bectus By3os // I'eone3us u aspodorocbemka. 2007. Ne 1.
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On the possibility of applying laser technologies to solving problems of
comet and asteroid impact hazards

V.P. Savinykhl, V.P. Vasiliev?, LI Krasnorylovl

! Moscow State University of Geodesy and Cartography
2 Research Institute of Precision Instrument Making
E-mail: svp@miigaik.ru

A successful solution to the problem of the comet and asteroid impact danger as it is
shown, in particular, in [1], needs resolution to a number of problems. They include
acquisition of data on physical and chemical characteristics of asteroids, forecasting of their
motion and development of methods for their influence, allowing comet and asteroid impacts
with the Earth to be prevented or their consequences to be minimized.

The report discusses the possibilities of applying laser technologies to potentially
hazardous asteroids (PHAs) for force impact on them and as informational and measuring
means.

The calculation results are presented that support the conclusion that practical
application of laser destructive methods or laser methods for changing the trajectory of PHAs
is connected with significant difficulties and hardly expedient now.

Laser techniques hold much promise as informational and measuring means. In this
case (after detailed study) the solution to the following problems is possible:

-transfer of high resolution images of heavenly bodies (HB) with the help of laser
communication lines,

-research of spectral characteristics of heavenly bodies,

-trajectory measurements for predicting the motions of a heavenly body, through
observations from a space vehicle (KA) whose attitude, in its turn, is determined by the
method of laser location from ground stations;

-research of the structure of a heavenly body.

References
[1] Savinykh V.P., Rykhlova L.V., Krasnorylov II. Asteroid impact Hazard: problems to be resolved. Izvestiya
Vuzov Geodesiya i Aerofotosyomka (News of Higher Education Institutions. Geodesy and Aero Photosurveying).
2007. Ne 1.
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Mopean HECTAIMOHAPHOT' O BO3/€iiCTBUSA KOHICHTPUPOBAHHBIX NMOTOKOB
JHEPIruv Ha ONMaCHbIC 1JIsA 3emJi KOCMUYeCKHE 00bEKTHI C IeJIbI0 X 0TKJIOHEHMSI

B.C. Cazonos
QI'VII «LJenmpanbuvlil HAYYHO-UCCAEO08AMENbCKUL UHCIMUMY I MAWUHOCIMPOCHUS »,
Kopones, Mockoscras obnacme, Poccus, E-mail: astron@tsniimash.ru

IpemtoxkeHa aHATMTHYECKAass MOJEIb BO3JCHUCTBHS KOHIECHTPUPOBAHHBIX ITOTOKOB
9HEPTUH, B YACTHOCTH JIA3CPHOTO M3IYUYCHUSI, Ha OMACHBIC aCTEPOU/IbI MM KOMETHI C LENbI0
HX OTKJIOHEHUs oT 3emui. Ha oCHOBE TpeX 3aKOHOB COXPAHEHHS, BBIMOIHSIONINXCS Ha BOJTHE
HOBEPXHOCTHOTO MCHAPCHHs, M JCTOHALMOHHON aHAJOTHH C TOPCHHEM TBEPABIX PAKETHBIX
TOIUTUB TONy4eHO HU(epeHraIbHOe YpaBHEHHE sl TEMITEPaTypbl pa3oBOro mepexonua Bo
BPEMCHHOW  OOJIACTH, YYHUTBHIBalollee HecTanuoHapHbie 3((eKThl, 00YCIOBICHHBIC
MEPEeMEHHOCTHIO MAJAIOIIEr0 MOTOKA M TEIUIOBOM HWHEPIHOHHOCTHIO KOHACHCHPOBAHHOTO
BellecTBa. [IpencTaBieHbl pe3ysbTaThl MOJCNBHBIX YHUCICHHBIX pacyeToB B CIydasx
HEIMPEPBIBHOTO M HMITYJIBCHOTO JIA3EPHOTO BO3JCHCTBHS. PaccMOTPEHBI TakKe BO3MOXKHBIC
BapUAHTHl AaHAJMTHYCCKUX pEIICHUI. 3HaHNe TeMIlepaTyphl (pa3oBoro mepexonua MO3BOJSIET
JIETKO OLCHHUTh HMIIYJIBC OTHaYM W APYTHE [apaMeTphl, BaXKHBIC INPU HCCICAOBAHUH
npo0IIEeMBI yBOJIA ONTACHBIX HEOCCHBIX TEll.

Model of transient action of concentrated energy flux on hazardous for
Earth cosmic objects for their diverting

V.S. Sazonov
Central Scientific Research Institute of Mechanical Engineering, Pionerskaya 4,
Korolyov, Moscow region, Russia, E-mail: astron@tsniimash.ru

An analytical model of action of concentrated energy flux, in particular, of laser
radiation, on hazardous asteroids and comets is proposed for their deflection from the Earth.
On the base of three conservation laws occurred at the surface evaporation wave and of
detonation analogy with the combustion of solid rocket fuel, the differential equation for the
temperature of phase transition was obtained in the time region. The equation accounts non-
stationary effects caused by change of the incident flux and by the heat inertia of condensed
matter. The results of model calculations are presented in the cases of continuous and impulse
action. Possible analytic decisions are also considered. The knowledge of the temperature
mentioned allows easy to estimate the reactive impulse and other parameters to be important
for investigation of diverting hazardous celestial bodies.
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Bo3MoxHOe MCIIO/Ib30BAHME CHCTEM PAKETHO-KOCMHYeCKOii 000pOHBI B
coctaBe CII3 «luranenb» aas Heitrpamuszauun OKO nexameTpoBbIX MacmiTaboB

B.M. Cemenos', B.B. Tpeknn', A.B. 3aifres’
4 enmpanonoui nayurno-uccredosamenscxuii uncmumym MO P®, 2. FO6uneiinbii, Poccus
HI «Llenmp naanemapnoii 3awumaol», 2. Xumxu, Poccus. E-mail: pdc@berc.rssi.ru

Bo3HUKHOBEHHE acTEPOHIHO-KOMETHOH YTrpo3bl Hamboiee BEpPOSTHO OT BCTPEUH C
3emiieil onacHbIX kocMmuueckux 00bekToB (OKO) pa3smepoM B JECATKHM U COTHH METPOB,
KOTOpBIE MOTYT OBbITh OOHAPYKEHbI 32 HECKOJIBKO CyTOK WJIM HEJeJb 10 CTOJIKHOBeHus [1,2].

Jloknazn mocBsIIeH aHaiau3y ABOMHOIO MCHOJIb30BAHUSA CUCTEM PAKETHO-KOCMUYECKOMH
oboponbl (PKO) B KauecTBe KOMIIOHEHTa PETMOHAIBHOTO OILIEJIOHA KPAaTKOCPOYHOI'O
pearupoBanust Cuctemsl 1uranerapHoi 3amuTel (OKP CII3) [3], Haxopmsmerocs B
MOCTOSIHHOW TOTOBHOCTHM, JJISi 3alllUThl LEHTPalbHBIX paiioHoB Poccum ot OKO
JIleKaMeTpoBoro mMaciraba. HecMoTpst Ha kpaliHe HU3KYIO BEpOSTHOCTh IOJAOOHOM CUTYaluH,
IleHa ymepOa Ipy 3TOM OYeHb Benuka. Tak, mpu mageHud Ha MOCKBY acTepoujaa MaibIxX
pasmepoB (D~40-60 M) mormbHer Oosee 10 MIH. 4emoBek, a ymepO OymeT COCTaBIATH
npumepro 200 TpuiroHOB pyOsei [4]. Yrpo3a Takux CTOJKHOBEHHI BO3HHMKAET KaK MpHU
HETNOCPECTBEHHOU BCTpeue Hatlel manetsl ¢ otaensHeiMu OKO nekametpoBoro maciirada,
TaK M IPH CTOJKHOBEHHSX C IEKaMeTPOBBIMU (parMeHTaMu 0oJiee KPYIHBIX aCTEPOUIOB HIIH
snep komet, nucneprupoBaHHbiXx B OKP CII3 Ha ynaneHHMM HECKONBKUX COTEH THICSY
kuwiomerpoB ot 3emun [3]. PaccMorpenue 1enecooOpasHO IIPOBECTH Ha HpuUMepe
TyHTycCKOrO JAEKaMEeTpPOBOTO Tella, TaK KakK 3TO COOBITHE MAETaJbHO HCCIEIOBAaHO B
JIUTEpaType, U MOITOMY UMEIOTCS IPAKTUYECKH BCE MCXOIHBIC ITAHHBIE [ TAKOTO aHan3a.

[IpoBeieHHBIE OLIEHKM MOKAa3bIBAIOT, YTO, IIPU CBOEBpeMeHHOM oOHapyxxeHun OKO
HaOmoaarenbHbiMU cpeactBamMu OKP CII3 u mpenBapuTenbHOM leNieyKa3aHHH CUCTEMaM
PKO, mpobnema 3ammrtel oT Ten macimtaba TyHrycckoro mereoputa s MOCKOBCKOTO
pEerroHa, B MPHUHIIMIIE, MOKET OBITH PEeIlleHa, a IUIATOH 3a 3TO SIBISIETCS M3MEHEHUE YCIOBHI
PpaboThl paMOdJIEKTPOHHBIX CPelCTB [S].
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The possible use of missile-space defense systems as part of the «Citadel»
Planetary Defense System for neutralizing hazardous space bodies of decameter scale

B.L Semyonovl, V.V. Treckin' and A.V. Zaitsev?
!4-th Central Scientific-Research Institute of Ministry of Defense of RF, Yubilejnyj, Russia.
2 NPP «Planetary Defense Center», Khimki, Russia. E-mail: pdc@berc.rssi.ru

The asteroid-comet threat most probably can be caused as a result of encountering of
the Earth with hazardous space objects (HSO) of meters which can be detected several days or
weeks before encountering [1,2].

The paper is dedicated to the analysis of the two-fold use of Missile Space Defense
(MSD) systems as a component of the regional short term reaction tier (STRT) of Planetary
Defense System (PDS) [3] which is in a constant alert for defending central regions of Russia
from HSO of decameter scale. In spite of highly low probability of the similar situation the
cost of the detriment connected with it is very high. So if the asteroid of small sizes (D=40-60
m) falls to Moscow, more than 10 million people will perish and the damage will amount to
200 trillion rubles [4]. The threat of such encounters arises both when our planet meets with
separate HSO of decameter scale and when it encounters with decameter fragments of larger
asteroids or cometary nuclei dispersed in STRT of PDS short term reaction tier of the distance
of some hundreds of thousand km from the Earth [3]. It is expedient to consider the problem
using Tunguska decameter body as an example as this event has been investigated in detail in
literature, and therefore all initial data are available for such analysis.

The obtained estimates show that the problem of defending against bodies with the
scale of Tunguska meteorite for Moscow region in principle can be solved if HSO are
detected by means of sensors of STRT of PDS in time and preliminary tasks to systems of
MSD are set, but in will be done at the expense of changing the mode and condition of
radioelectronics devices [5].

References

[1]. The threat from the Sky: fate or fortuity? / An editor Boyarchuk A.A. — M.: Kosmosinform, 1999.

[2]. Catastrophic influence of Space bodies / Editors V.V. Adushkin, I.V. Nemchinov. I.V. Moscow:
Akademkniga, 2005.

[3]. Zaitsev A.V. Planetary Defense System «Citadel». The conceptual project. Moscow, 2000.

[4]. Zamyshlyaev B.V. The problem of asteroid threat and its possible solutions // The paper presented at the
scientific-practical conference. Moscow, 2005.

[5]. Arsenyev G.N., Semyonov B.L., Torgovkin S.N., Treckin V.V. The possibility of two-fold use of a missile-
space defense systems for solving the problem of asteroid-comet hazard // Information-measuring and
Control Systems. 2006. V.4. Ne 5.

210



HpeHOTBpameHne OMACHBIX KOCMHYECKHUX CTOJKHOBEHHH ¢ MOMOIIbIO
AACPHBIX B3PBIBOB: BO3MOKHOCTH U IIpOﬁJIeMLl
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POAI-BHUUT® um. 3ababaxuna, e. Cuescunck
sva@ snezhinsk.ru

OnacHOCTh KaTacTpO(UUECKUX CTOIKHOBEHHH MaJIbIX KOCMHYECKHX TEJI — aCTEPOUIOB,
KOMET U uX (parMeHToB — Cc 3emi€il B HacTosIIee BpeMs SBISETCS OOLIENpU3HAHHOM.
OpHako B HayyHBIX Kpyrax ImpeoOiagaeT ONTHMHCTUYHOE IPECTABICHHE O HEBBICOKOH
4acTOT€ TakKWX CTOJIKHOBeHMH. OHO OCHOBaHHO Ha OLEHKax I0TOKa acTepOUOB
commkaronmxcs ¢ 3emucit. OcyIIeCTBISIOTCS W IUITAHUPYIOTCS TMPOTPaMMbl HAOJIIOICHHIA,
HaIpaBJICHHBIC Ha BBISBICHUE OMACHBIX OOBEKTOB, C IEJIBI0 YMEHBIICHUS BEPOSTHOCTHOU
COCTaBJIAIONICH NMporHo3a. 3HaHWE OpOMTHI ONACHOTO Tella B JallbHEeHIeM MO3BOJIMT Oolee
JeTAIbHO HCCIENOBAaTh €ro CBOICTBAa M Ooyiee ONMpeleNéHHO IUIAaHWPOBATh IEHCTBHSA MO
MPEIOTBPALICHUIO CTOJNKHOBEHMA. Ha coBpeMeHHOM JTame HauOoliee IOATOTOBICHHON
TEXHOJIOTHEH KOPPEKTHPOBKH OpPOUTHI OIIACHOTO acTepoHJa SBISETCS HCIIOIb30BaHHUE
SJIEPHBIX B3PBIBHBIX yCTPOHCTB. B pabore mpencraBieHbl BO3MOXKHBIE BapHaHTHI
MpUMEHEHHs JTOH TexHonornu. HamOonee ONAaronpusATHBIM NPUMEHEHHEM  SIBISIETCS
KOPPEKTHPOBKA OPOMTHI MPHU OOJBIIOM BPEMEHH YHPEXKICHHS (32 HECKOIBKO 00OpPOTOB JIst
BO3MOXKHOTO  CTOJIKHOBEHHsI). B OSKCTpEHHBIX CHUTyalusX, TINpd HEOOXOAMMOCTHU
MPEIOTBPALICHUS ylIapa HEIOCPEICTBEHHO NpH cOmmKeHun ¢ 3eMiiéif, morpedyercs
nepeqaya macce Teja OOJBIIOrO YACIBHOTO MMITYJIbCA C LIEIbI0 OTKIOHEHHS OT ONacHOU
TPaeKTOpUU. DTO € HEM30eKHOCTbIO OYyIEeT CONMPOBOXKIATHCA paspylIeHHEM Tela U
JMCIIeprupoBaHueM (parMeHTOB.

[Ipu oneHKe OMacHOCTH CTOJIKHOBEHHMH KOMETHBIX TE€JI MCXOIHBIE JaHHBIE SBISIOTCS
MeHee JOCTOBEpHBIMH. B Hacrosmee BpeMsi NpeoONIaNarolliM SBISETCS MHEHHE, YTO
OMAaCHOCTh KOMETHBIX CTOJKHOBEHHH cocraBiser jumb 10+20% OT COOTBETCTBYIOLIMX
3HaYeHUH Ui acTepouaHbIX Ten. OQHako psa UccienoBaresiel, Kak acTpOHOMOB, TaK U
CHELMAIMCTOB APYTUX HAay4HBIX NUCLHUIUIMH, YKa3blBalOT Ha BO3MOXKHOCTb CYIIECTBEHHBIX
OTKJIOHEHHH OT 3THX OIEHOK. B YacTHOCTH, MMEIOTCS CBHJIETENLCTBA 0Oo0Jiee BBICOKOU
YacTOTHI CTOJIKHOBEHUH B YETBEPTUYHOM II€PHUOJIE U B COBPEMEHHYIO 3IOXY €ro, B FOJIOLEHE.
OTH Cco00OpakeHUE JOMOJHHUTEIBHO MOJYEPKUBAIOT BAXKHOCTh HCCJICIOBAHUN CBOWCTB
KOMETHBIX TeJl H BO3MOXKHBIX MEXaHM3MOB KOPPEKTHPOBKU MX OpOHT. IIpr KOppeKTHpOBKe
OpOUT KOMETHBIX C OONBIIMM BpeMEHEeM YIPEXKICHUS HENOCPeACTBeHHas mepenada
UMIIyJbCa TEIy OT B3PBIBHOIO BO3JIEHCTBHS MOXET ObITh Majiod. [Ipm 3TOM B3pHIB
HCTIOJIB3YETCS ISl UCTIApEHHs TIPUIIOBEPXHOCTHBIX CIIOEB BellecTBa B OOMIMPHON 00macTu u
CONPOBOXKIACTCSI U3MEHEHHEM CBOICTB BemlecTBa B Hel. Kak mokaszan skcnepumeHnT Deep
Impact ¢ xomeroit Tempel 1, Takue M3MEHEHHs] HNPUBOIAT K HCTEYEHHUIO OOJBIIUX Macc
BEIleCTBA. JTO B CBOIO ouepens OyaeT M3MEHSATh AWHAMUYECKHE XapaKTepHCTHKH Tela U
rapaMeTpsl ero opoutsl. ONTUMaNbHbIE PEXXUMBI BO3JEHCTBUS CIIelyeT UCKAaTh B COUCTAaHUN
HUCKYCCTBEHHOT'O M3MEHEHUS CBOMCTB MPUIIOBEPXHOCTHBIX CIIOEB U TOCJIEIYOLINX IPOLECCOB
ucTeueHus. B Hacrosimee BpeMss Mbl HaxXOIUMCS JIMIIb HAa Ha4YallbHOM IYTH TaKHX
HCCIIEIOBaHUMN.
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Hazardous impacts prevention with the help of nuclear explosions:
opportunities and problems

V.A. Simonenko
Russian Federal Nuclear Center — Zababakhin Institute of Technical Physics
sva@ snezhinsk.ru

It is generally recognized that there is a real threat of catastrophic impacts of small
space objects — asteroids, comets and their fragments — with the Earth. An optimistic opinion
is prevailing now among the scientific community that the frequency of the impacts is rather
low. It is based on estimates of the flow of asteroids approaching the Earth. Observational
programs planned and under development now are aimed to detect the threatening objects and
to decrease a probabilistic part of such prognosis. Knowledge of the orbit of threatening
object will allow to study additionally its properties and to organize efficiently actions for
impact prevention. The technology most prepared currently to correct the orbit of dangerous
asteroid is based on use of nuclear explosive devices. Various applications of this technology
are presented. The most favorable application is the case with long warning time (of several
rotations before the impact). Extreme cases are possible when the threatening object is
discovered directly before the impact. The only option to prevent the impact in this case is to
emplace an essential specific pulse. It results in destruction of the object and in dispersion of
fragments.

Estimations of threat of comet are less reliable. It is prevailingly accepted now that the
risk comprises about 10+20% of similar values for asteroids. However some researchers
including astronomers point out on possible essential deviation from these estimates. In
particular, there are evidences of more frequent impacts during Quaternary and its modern
epoch Holocene. It emphasizes additionally an importance to study comet properties and
possible mechanisms to correct their orbits. It is possible to transfer directly rather low pulse
during the explosion but change essentially the surface matter properties along extended area.
As Deep Impact experiment with Temple 1 comet has shown such changes cause an intensive
subsequent outflow of matter. It will result in changing the dynamic characteristics of object
and parameters of its orbit. However we are on initial stage of similar studies now.
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OneHkHu YaapHoro BO3/1eHCTBHSI ra30BOro My3bIPA HA acTepoua

1.B. CumoHOB
Hucmumym npobnem mexanuxu PAH, Mocksa, Poccus. E-mail: simonov@ipmnet.ru

OnHuM U3 Crnoco0OB YCTpAaHEHHs OIACHOCTH CTOJIKHOBEHHsS acTepouia ¢ 3emJei
ABIISICTCA OTKJIOHEHHE €ro Tpaekropuu. IlocieaHue roipl B pa3HbIX H3JAHUAX CPEACTB
MaccoBod HMH(MOpPMAIMH HEOJHOKPATHO NPUBOAMUTCS HA TMEPBBIA B3MIIAA BecbMa
MEepCIEeKTUBHAs HJesl COTpyAHMKa yHHBepcurera mrara Oxmaxoma ['epmanna bepuapna
(Hermann Burchard) Bo3aelicTBOBaTh Ha ONACHBIA /IS IUIAHETHl 3€MII  acTEPOMI
HUCKYCCTBEHHO CO3/IaHHBIM IPU MOMOIIY XUMHYECKOW peaKkIMU ra30BbIM OOJAKOM C IIEIbI0
U3MEHEHMs Tpaekropuu. IlpuBrnekarenbHOCTE 3TOH HAEHM 3aKIOYaeTcsi B TOM, YTO
BO3/ICHUCTBHE OYAET «MSITKMM» II0 CpPaBHEHHIO C JAPYTUMH, HalpUMeEp, TaKHUMU Kak
KOHLIEHTPUPOBAHHBIN B3PBIB WM ynap. DH(HEKTHBHOCTH MOCIEAHUX CIIOCOO0B BO3ACHCTBHS
Ha <«pBIXJIbIC» KOCMHMYECKHE Tesa (CHJIbHO IOPHCThIE WM TPYIbl OOJIOMKOB M IBLIH)
CUMTACTCA HEBBICOKOW M3-32 CHJIBHOTO TIOTJIOLICHUS SHEPIUU U IUIOXO KOHTPOJIUPYEMOIO
pasiera BemiecTBa. B mpeamaraeMoMm HcclIelOBaHMM JA€TCs IONBITKA OLIEHKU CHH3Y
TpeOyeMoil Macchl ra3a B 3aBUCUMOCTH OT CKOPOCTH BCTPEUH, MAaCChl U Pa3MEpOB acTepou/a,
OT  XapakTepUCTUK B3aMMOJCHCTBHA M OT pAacCTOSIHUA OT MeCTa BCTPEYM 10 3EeMIIH.
PaccmarpuBaercss coymapeHue TBepAoro zaedopmupyemoro mapa (MOJENb acTepouza)

pammyca R M ra3oBOro my3eIpsi GOIBIIEro pasmepa Ry € KOCMHYECKOH CKOPOCTBIO 0.

Cuunraercs, 4TO acTepoua A0 COyAdapCHHs JABHUTAJICSA II0 HOpMAJIM K 0p6I/IT€ 3emin co

CKOPOCTBIO VI u Haxommics Ha pacctossanu H OT TOYKH BCTPEYH C HAIIed TUIAHETOH, a
UCKYCCTBEHHBIH Ta30BbIH Iy3bIpb JBUIAJCS Ha BCTPEUY IO JIMHUU €rO JBIDKCHUS C LEIBbIO
TepeaTh UMITYJIBC U CHU3UTh CKOPOCTB acTeponaa TaK, 9ToObI 3eMils ycrena CABUHYThCS M0
opOuTe OT TOUKM BCTPEYM Ha PACCTOSHHE HECKOJIBKHX CBOMX paauycoB. ['pyOble OIeHKH
CTPOSTCS, MCXOJAS U3 YCIOBUS LEHTPAIbHOIO yJapa, CTalMOHAPHOCTU OOTEKaHUs Tella
OCCKOHEUHBIM MTOTOKOM Ta3a, mpeHeOperas KpaeBbiMu ¢ dektamu. [IpocToTe paccMOTpeHUs
CIIy’)KUT 3aKOH COXPAaHEHUS UMITyJbCa Ha CKauke B ra3e OLIEHKY MaKCHMAaJIbHOTO JIaBJICHUS,
HE 3aBUCSNIYI0 OT BHJa YPaBHEHHsS COCTOSHHS ra3a 3a (pPOHTOM; BO BHUMaHHE TakKXkKe
IPUHUMAETCSl TOHKOCTb CJIOSI BO3MYILEHHOTO ra3a. BrIpakeHHe Al W3MEHEHHS CKOPOCTH
acTepou]a BCIEICTBUE yJapa IPUPAaBHUBAECTCS APYIrOil OLEHKE ITOH BEIMUYMHBI, UCXOAS U3
YCIOBUSL CMELIeHHsT 3eMiM 3a BpeMs 3alepKKu Ha Oe3omacHoe pacctosHMe. Otcioma
[OJIy4aeTcsl MCKOMasl OLEHKAa COOTHOLICHUs MAacc U IUIOTHOCTEH acTepousa U ra3oBOro
1my3bips. OKa3anock, 4To ecim npuHATh Re>2R, H<6-10" kM, 210 xmc”, ®<30kmc’, a
cMelleHre 3eMiin  Oolblie IByX ee JUaMeTpOoB, TO s actepouia paauyca Ry = 100-1000 m
u maccel  m;=10"-10""T notpebyercs macca rasa mo> 1.2(10°-10° 1. Ocymectsuth
JIOCTAaBKY TaKHX MAacC ra3a TEXHOJOTHMUCCKH HEpealbHO, 0 KpaiiHed mepe, B OnmkaiiieMm
OyayleM, IO3TOMY INPO3BYYaBIIME HEOJHOKPATHO YTBEPXKICHUs, YTO yKa3aHHBIH cIoco0
TOAMTCS UIS acTepOUAOB BIUIOTH 1O pasMepa 10 kKM, TIOKa clieyeT OTHECTH K 00iacTu
(haHTaCcTUKH.
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Some estimates of impact on asteroid by a gas cloud

1.V. Simonov
Institute for Problems in Mechanics of RAS, Moscow, Russia. E-mail: simonov@ipmnet.ru

Astronomers and, in particular, NASA believe that asteroids or comets will sometimes
hit the Earth hard enough to disrupt life worldwide. They argue this that such blows are in the
past, a million or so years apart, and that there are many so-called near earth objects (NEO)
that crossed the earth’s orbit. General principle of the hazard mitigation involves the delivery
of “something” to an approaching celestial body, and by means of direct interaction with the
body, to either deflect or disrupt it. A lot of ideas with regard to “something” have been
advanced, from an explosion to a laser beam. But among these ideas, the deviation of
trajectory of an asteroid on an collision course using a nuclear explosion or kinetic impact in
order to change the NEO’s momentum and provide its passing by the Earth is considered

preferable for large asteroids of the significant dimensions of ~10>-10"m. To use for this
purpose such kinetic-energy means as a gas cloud created artificially seems by the promising
idea of Hermann Burchard from the University of Oklahoma, about which much was
written in the media last year. Its attractiveness lies in the fact that the asteroid-gas collision
will be “soft” in comparison with those previously proposed, pointed nuclear explosion or
kinetic impact. Effectiveness of the latter during their use against a strongly porous NEO or
the one of type of “rubble piles” (asteroid from fragments and dust) is in question because of
the strong energy absorption. This paper sets the problem of high-velocity collision between a

solid body and a gas cloud of R and R, in radiuses with the velocity Yo, which is intriguing
itself. An effort to estimate the lower bound for the mass of gas required for changing NEO’s
momentum in order to eliminate the threat of its encounter with the Earth is made. The rough
assessment is built under assumptions of centric impact and the steady state gas flow around
the body with the strong shock wave attached to the body, neglecting the edge effects. By
using the upper bound for the time of gas-body interaction and the shock wave thinness, the
change in speed of body resulting in the impact, Av, is derived from the law of momentum
conservation. Before the collision, we assume that the danger object moved along the normal

to the orbit of the Earth with the speed "' and its position was at a distance H from the
meeting point with our planet. The cloud itself moved to the encounter along the line of its
motion for the purpose to transmit a pulse and to reduce the speed of asteroid so that the Earth
would have a time to shift along the orbit at the distance of several its radiuses, nRp . If so,
we obtain another estimate of AV using the condition of the given displacement of the Earth
in the delay time. By equating these two expressions for A, we deduce the required lower

7
bound for the mass of gas, m{)’ and its density. If we take Ry>2R, H<6-10 km,

210 1 67 V030 km s, and >4, then for the asteroid of R=100-1000 m and

7 10 3_10°
m=10"-10"7 it follows that ™o >1.2(10°~107) t, i.e. the mass of gas has to be
extremely large. Therefore, the technology against the threat to be hit by asteroid based on the
gas cloud attack method, sounded repeatedly, remains controversial.
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O npuHIMNUHATBLHOM PeabHOCTH OPraHu3aluM MPOTUBOAEHCTBHUS
acTepouHOM yrpose

A .B. Cumonos, B.I'. [Tois
@I'VII HIIO um. C.A Jlasouxkuna, 2.Xumku, alex.simonov@laspace.ru

B.A. Illop

HUnemumym npuxnaonoti acmponomuu, Canxm-Ilemepoype, shor@ipa.nw.ru

Ceroans cuuraercs, 4To Haubojiee peajbHO YCTpaHEHHE KOCMUYECKOH yrposbl MpH
YCIOBUH JOCTaTOYHO PAHHETO OOHApYKEHUsI U 3a0JaroBpEeMEHHOTO IPOBEACHHS ONEpaIly
yBOZa acTepouja ¢ OIacHoro kypca. Ilpu 3ToM BO3HUKAeT HEOOXOIUMOCTh KOCMHYECKOH
MHUCCHHU TIOCCIEHUSI acTepouaa C IIeJbl0 NPOBEACHUS HETaNbHBIX HCCIENOBaHUH €ro
XapaKTEPUCTHK, a TaKXKe JJIS MPOBEACHUS CaMOW OINepaluu MPOTHBOACHCTBUS TOTO WU
WHOTO BUpa. SICHO, 4TO BBINOJHEHHWE JTHX 33jJa4 TPeOYeT HCIONB30BAaHHS KOCMHYECKUX
CPEACTB JOCTaBKM HEKOTOPOTO IOJE3HOTO TIPy3a, BO3MOMKHOCTH KOTOPBIX OrpaHHYEHBI
TEXHOJIOTUYECKHM YPOBHEM PaKETHON TEXHHKH.

B wHactosmee BpeMsl NPHHATO ONPENeNsITh MOTEHIHATbHO OMACHBIM acTEPOHIIOM
(ITOA) Takoii, Al KOTOPOrO MHHHMAJbHOE PACCTOSIHUE MEXAY ero opOuTod u opOuTon
3emmmm (MOID) cocraBnser menee 0.05 actponommueckux emumHuil (7.5 MIH. KM), a
abcoytoTHas 3Be3[HAs BEJMYMHA - MeHee 22 (Y4TO COOTBETCTBYET OOBEKTaM JMAMETPOM
6onee ~100 m). Takomy kputeputo ITOA ceromnss coorBercTByeT ~950 00BEKTOB, IpUYEM
napaMeTpbl UX OpOHUT OTIMYAKOTCS 3HAYMTENBHBIM pa3OpocoM. Tak, aAuanazoH OONBIINX
nonyoceir opout IIOA nHaxomutcs B mpexaenax ot 0.5 go 2.0 a.e., a HaKJIOHEHHsS MOTYT
Jgoxonuts A0 40°. 3T0 00CTOATENBCTBO IPUBOAUT K OOJIBIIOMY Pa3sHOOOPA3HI0 TPAEKTOPHM
nepenera. CienoBaTenbHO, TpeOOBaHMS K CpeACTBAM JOCTAaBKH  (3HEpreTHYEeCKUe
XapaKTEPUCTUKU CPEICTB BBHIBEICHUS) IUIA PA3UYHBIX OOBEKTOB H3MEHSIOTCS B OYCHB
IIMPOKUX Tpeesiax H BBIXOIAT 32 PAMKH PACIOIaraeMbIX BOZMOXKHOCTEH.

Hcxonst U3 HEKOTOPBIX MPEAIOIaraéMbIX IOJIE3HBIX Harpy30K U MMEIOIIUXCS CPECTB
JNOCTaBKU (WIM TIOSBIICHHE KOTOPHIX BO3MOXHO B TEUCHHE ONMDKAWIMX JBYX-TpeX
JeCcATHIIETHI), B IOKJIa/ie pacCMaTpUBaeTCs Kiacc OpOUT acTepONIOB, JOCTIKEHHE KOTOPBIX
peanbHO. [/ pasiMYHBIX CXEM YCTPAaHEHUs] aCTEPOHMIHOW YTrpO3bl JENaroTCsl BHIBOIBI O
COCTaBe IMOJMHOXKECTBA MOTCHIIMAIBHO OMACHBIX AaCTEPOMIOB, U KOTOPBIX JOCTIDKEHHE
O00BEKTOB PEaJbHO H, CIEAOBATENHFHO, MOKHO B IPHHIUINE IUIAHUPOBAThH OPraHU3aLUIO
MIPOTUBOJEHCTBHS. Jlal0TCS peKOMEHIAMHU M0 METOAaM MPOTUBOJACHUCTBHUS ISl aCTEPOUIOB,
JOCTaBKa IIOJE3HOTO TIpy3a K KOTOPHIM HA COBPEMEHHOM TEXHOJIOTHYECKOM YPOBHE
KOCMHYECKON TEXHUKH HEBO3MOJXKHA.
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On the fundamental reality of the organization of opposition to the asteroid threat

A.V. Simonov, V.G. Pol

Lavochkin Association, Khimki, Moscow Region, alex.simonov@laspace.ru

V.A. Shor

Institute of applied astronomy, St-Peterburg, shor@ipa.nw.ru

It is today considered that the elimination of space threat with the condition sufficiently
early detection and advance conducting of the operation is most actual the withdrawal of
asteroid from the dangerous course. In this case appears the need for the space mission of the
visit of asteroid for the purpose of conducting the detailed studies of its characteristics, and
also for conducting the very operation of the opposition of one or other form or another. It is
clear that the accomplishment of these objectives requires the use of space means of the
deliveries of a certain payload, whose possibilities are limited by the technological level of
rocket engineering.

It is at present accepted to determine potentially hazard by the asteroid ([PHA]) such,
for which the minimum distance between its orbit and orbit of the Earth (MOID) comprises
less than 0.05 astronomical units (7.5 mln. km), and absolute stellar magnitude - is less than
22 (which approximately corresponds to objects with the diameter of more than 100 m). To
this criterion [PHA] today correspond about 950 objects, moreover the parameters of their
orbits are characterized by significant spread. Thus, the range of the semimajor axes of orbits
[PHA] is within the limits from 0.5 to 2.0 AU, and inclinations can reach 50°. This
circumstance leads to the wide variety of the trajectories of overflight. Consequently,
requirements for the means of delivery (energy characteristics of the means of removal) for
different objects change between very wide limits and they exceed the scope of the located
possibilities.

On the basis of some assumed payloads and existing means of delivery (or appearance
of which is possible during the next two-three decades), in the report is examined the class of
the orbits of the asteroids, whose reaching is actual. For different plans of the elimination of
asteroid threat are done the conclusions about the composition of the subset of the potentially
dangerous asteroids, for which reaching objects in is actual and, therefore, possible in
principle of planning the organization of opposition. Are given to recommendation regarding
the methods oppositions for the asteroids, the delivery of payload to which at the
contemporary technological level of space technology is impossible.
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OO0Hapy:KeH BellleCTBEHHBIH cJIejl Ma/leHHsI KOMeThI B
HIaTypckom paiione MockoBckoii 001acTu

H.A. ®unun

OAO LeumpTenexom, Mocksa, Poccus. E-mail: filinnik@mail.ru

BriepBble Ha BO3MOXHYIO METEOPUTHYIO mHpupoay osepa Cmepisuyee aBTOp 00paTHi
BHUMaHHe ele B cepeauae 80-x rogos. Ilo MoeMy npurnamieHuo, Ha 03epo JBaKAbl MpHe3kKaa
rpynna u3 DctoHuu non pykooactsoM FO.B. Kectnane. B ganpHelimem npooipkanuch UL
snu3oaudeckre paboTel mo obcnenoBanuio 03. CMepasdee W O6iau3 sexamux osep. B xoxe
TIONCKOB OBIIM HaMJICHBI HECKOJBKO CYXHX BOPOHOK, a B 1.5 kM oT 03. CMepzsiuee HECKOIBKO
crexoi. [locnenyromue ncenenosanus B ' EOXM noaTBepauii nX MMITAKTHOE IPOUCXOKACHHE.

Ilocne o3nakomnenus c paboramu E.B. [ImMuTpmeBa 1O KOMETHOM METCOPHUTHKE
(http://bourabai.kz/dmitriev/index.htm), B xonme 2006 roma mo pa3pabOTaHHON UM METOAMKE
ObUIH B3ATHI NMPOOBI IPyHTA Ha HpPEIMET OOHAPY)KEHUS CJIEHOB BBINAJCHUS KOMETHOW MBUIH.
IepBass xe mpoba mNokas3aja HaaM4YMe B TPYHTE B 3HAYUTENBHBIX KOJIMYECTBAX KOMETHBIX
MapkepoB - crpuMmepriacoB. B 2007 rogy ata pabora Oblia mpomoibkeHa. Bbutd B3ATHI
KOHTpOJIbHBIE TpoObl B pa3ubix Mectax lllatypckoro paiioHa. B cpeaHem HX KOJHYECTBO
xoneGanocs or 3 mo 30 wr./cM® Ha MpeAMETHOM CTekie MuKpockoma. [lo Oeperam o3ep
Cmepasuee, Jlememenckoe, BnacoBckoe (Kapnosckoe), benoe-bapaykosckoe, YepHoe-
Bapnykosckoe, Casroe-lllaTtypckoe, comepxanue crpumepriacoB coctasuwio or 100 mo 800
wT./cM’. Bosme Tpex 03ep ObLIO TPOBEPEHO pACTpeieleHHe CTPUMEPIIAcoB B TIyOHHY.
HawuGomnbmee comepixanne 0ka3anoch B ci1oe 3-7 CM OT OBEPXHOCTU U MOCTENEHHO CHIKAIOCh
1o Tayounst 0,5 MeTpa, TIy0ske MONajainuch JIUIIb eUHUYIHBIEe 3K3eMIurIphl. [locne oTpaboTku
MeTOAMKH oTOopa mpoO, ObUIM TPOBENEHBI pPabOTHI MO BBLICHEHHWIO —paclpefeseHus
CTPUMEPIJIACOB B OKPECTHOCTSAX o3ep. Hambomplee KOIMYECTBO CTPHMEPITIACOB OKA3al0Ch
BOJIN3U 03€p, MOCTENIEHHO CHIDKASICh IPH yAAICHUH OT HUX. BBIIBICHO HEKOTOpOE yBEIHMUCHHE
KOJIMYECTBAa CTPUMEPIJIACOB K CEBEpy, CEBepo-3amaay OT 03ep, YTO MOXHO OOBSCHUTH
HalpaBJICHHEM BETPa HA MOMEHT KaTtacTpo(dbl HiIM AEHCTBUEM YAAPHBIX BOJIH.

OOHapyKeHHbIE CIIeAbl BbIMABIICH KOMETHOW MBUIM B OKPECTHOCTAX IEPEUUCIEHHBIX
BBIIIE O03€p MO3BOJIIOT TMPEANONOXKUTh, YTO 3A€Ch HMMENO MECTO MaJeHHe pOsl KpPYNHBIX
KOMETHBIX OOJIOMKOB, a caMM O3€pa HMMEIOT HMIIAKTHOE IIpOHMCXOXkJeHHe. [loka He sCHO
oOpazoBanuck TH OOJOMKH B pe3yibTaTe pa3pylIeHHs KOMETHOTO sipa B BEPXHHUX CIIOSX
aTMocepsl WM K€ OHM SIBISUINCH WICHAMH MHOXKECTBEHHOTO KOMETHOTO sipa ¥ Tajaji
HE3aBHCHMO JIPYT OT JIpyTa.

Jlns BEIABICHWS TOJNHOW KAapTHHBI KOMETHOH KaTacTpodbl HEOOXOAWMO IIPOBECTH
JIOBOJIbHO BHYIIIMTEIBHBIN 00BEM HCCIIEJOBAHUH.

1. IlpuctymuTh K NPHULEIBHBIM ITOMCKAaM KOMETHBIX OCKOJIKOB B 30HaX KpaTepHBIX
BBIOPOCOB.

2. C uenbio ompeneneHus Maciitaba KatacTpodbl CHATh CETKYy 3aMEpOB IUIOTHOCTH
CTPUMEPIJIACOB 110 BCEil MUIOMaau UX BBIMAJEHUS, C YIETOM CHOCA BETPOM MPOTYKTOB B3phIBA.

Pa3zHoOOpa3ue BOPOHOK, OT YHMCTO B3PBIBHBIX, JIO KpPYNHBIX JENPECCUH, HenaiT
Iatypckoe KpaTepHOE TMOJE€ YHHUKANBHBIM IIOJUTOHOM IO HCCIEJOBAaHHMIO IPOLECCOB,
MPOUCXOAAIINX TPH TAaJEHUH KOMET Ha 3€MHYI0 IMOBEPXHOCTh M MOHHUMAHHIO TOTO, YTO XKe
npousonwno Ha [TonkameHnHol TyHrycke B Hagajie poILUIOro BeKa.
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Material evidence of comet falling to the Earth in Shaturskii region

N.A. Filin

JSC "Central Telecommunication Company", Moscow, Russia. E-mail: filinnik@mail.ru

As early as in the middle 80s, it was conceived by the author that Smerdyacheye Lake
is probably of a meteorite nature. By his invitation, a research team from Estonia headed by
Yu.V. Kestlane had two visits to this lake. The assumption made by the author was supported
by the results of the pursued investigation. The formal activities had then been stopped, but
the author kept on episodic studying of Smerdyacheye Lake and the neighboring ones. The
depths were measured, and the lakesides were explored. As a result, several dry craters were
discovered, and a few glasses were found at 1.5 km from Smerdyacheye Lake. Their impact
origin was verified by a further examination conducted at V.I. Vernadsky Institute of
Geochemistry.

Following the acquaintance with the works of E.V. Dmitriev on comet meteoritics
(http://bourabai.kz/dmitriev/index.htm), the procedures suggested by him were used in testing
the soil samples for the purpose of revealing the traces of comet dust. The first sample showed
the presence of a great deal of comet markers (streamerglasses) in the soil. Those activities
were continued in 2007. The check samples were taken at different places of Shaturskii
region, their number averaging from 3 to 30 pieces per square centimeter on the microscope
slide. On the sides of Smerdyacheye, Lemeshenskoye, Vlasovskoye (Karpovskoye) Lakes,
Beloye and Chernoye Lakes near Borduki village, Svyatoye Lake near Shatura town the
amount of streamerglasses varied from 100 to 800 pieces per square centimeter. The
distribution of streamerglasses into the depth was studied beside three lakes. Their largest
content occurred at 3 to 7 cm below the surface and it was gradually decreasing to the depth
of 0.5 m. At lower depths only several streamerglasses were met. The sampling procedure
was followed by the work on studying the distribution of streamerglasses in the vicinity of the
lakes. The examination revealed a mosaic pattern of their fallout. The most streamerglasses
were found near the lakes, their number being reduced away from the lakes. An increase in
the amount of streamerglasses to the north or north-west of the lakes can be attributable to the
wind direction at the moment of catastrophe or to the action of shock waves.

The revealed traces of cosmic dust around the above-cited lakes enable us to assume a
fall of a swarm of comet fragments on the Earth, and the lakes themselves have an impact
origin. It has not yet been explained whether those fragments resulted from the destruction of
a comet nucleus in the upper atmosphere or they were the parts of a multiple comet nucleus
and were falling independently of one another.

To have a clear picture of the comet catastrophe, it is required that widespread
investigations should be carried out:

1. target search of comet fragments in the zones of ejection from the crater;

2. measurement of streamerglasses density throughout the area of their fallout,
having regard to the drift of explosion products by the wind, with the aim to
determine the scope of catastrophe.

A variety of craters, from purely explosive to large depressions, make the crater field in
Shaturskii region a unique area for investigating the processes which accompany the fallout of
comets on the Earth surface and for elucidation of the phenomena which took place near
Podkamennaya Tunguska early in the last century.
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CpaBHHUTEJBLHBIN aHAIU3 YAAPHOH U BYJIKAHUYECKOH THIOTE3
MAacCCOBBIX BLIMUPaHMii

B.M. Xa3zunc

Huemumym ounamuxu eeocpep PAH, Mockesa, Poccus. E-mail: khazins @idg.chph.ras.ru

TyHrycckoe coObITHE, CONPOBOXJABIIEECS 3HAUYUTEILHBIM BbBIICICHUEM JHEPrUU
(mopsimka 10 Mt THT), mHMIMMpOBano CyIIeCTBEHHBIE Pa3pyIICHHS B SIUNEHTPATHLHOU
o0JlacTu U JI0JrOBpEMEHHbIE BO3MYILEHUsT aTMoc(eprl. OTHAKO €caM KOCHUCTEME U ObLI
HAHECEH YpPOH, TO €€ BOCCTAHOBJIEHHE He ObUIO ANMTENbHBIM. lIpu yBeaudeHUM Macchl
yIapHUKa BO3JIEHCTBHE HA DKOCHCTEMY YCHIIMBAETCS M, COTJIACHO OJHOW W3 BEPCHM, ynap
KOCMHUecKoro Tera pazmepoM B 10 kM (mopska 10° Mt THT) 65 MuH. jeT ToMy Hazaj
BBI3BAJl MacCOBOE BHIMHPAaHUE OMOTHL. BO3MOXKHOCTDH TaKOTO COOBITHS MOJATBEPIKIAETCS, BO-
HEePBBIX, IPUCYTCTBHEM MapKepOB, XapaKTepHBIX AJIS yAapa KOCMUYECKOro Tena (MpuareBast
aHOMAIIMs, MHUKpOC(epylsl BHauajle HCIApeHHOTO, a IIOTOM CKOHIEHCHPOBAaBIIErOCS
BEILIECTBA, 3€pHA YIAapHO CKaToro ksapua). IlogoOHbIe Mapkepbl 0OHAPYKEHBI IPUMEPHO B
COTHE H3YUYCHHBIX MECT B TOHKOM (IIOpsIKa CAHTHMETpa) clioe, cooTBercTByromeM KT
(Cretaceous-Tertiary) rpanuie. Bo-BTOpbsIX, K 3TOMY e BO3pacTy OTHOCHUTCSI M TUTaHTCKHIA
kparep Yukcyny® B MeKkCUKaHCKOM 3ajuBe (pa3MepoM npumepHo 180 kM), KOTOpPBIH MOXKET
ObITb 00pa3oBaH yaapoM Tena pasmepoM B 10 kM. B-tperbux, KT cioil sBisercs rpanunei,
OTJENSAIONICH OJHM THIBI OKAMEHENIBIX OCTaHKOB OT Jpyrux. OCHOBHOW c1abOCTBIO
UMIIaKTHOM IMIIOTE3bl MACCOBBIX BHIMUPAHUM ABISAETCS OTCYTCTBUE IC€ONIOTHUECKUX CIIEI0B B
CTpaTUTrpaUUECKUX CIOSX, COOTBETCTBYIOIINX NPYTHMM MAacCOBBIM BBIMHPAHHUSM, KOTOPBIX
oOHapy»eHo Oojee necsaTka. B cBs3u ¢ 3TuM pa3pabaTblBalOTCs albTEPHATUBHBIE THIIOTE3b
MacCCOBBIX BBIMHpAaHUH, Cpear KOTOPBIX JOMHHUPYIOLIEE MECTO 3aHUMAET IIPEANION0KEHUE O
CBSI3M MEXAY MAacCOBBIMH BBIMMPAHUSIMH W IIE€PUOJAMU AKTUBHOM BYJIKaHUYECKOH
JeSITeJIbHOCTH, IPUBOJAILIEH K 00pa30BaHUI0 MarMaTU4eCKUX MPOBUHLUH (IU1aT00a3aJIbTOB).
[TmaTo6a3anbTel MOKPHIBAIOT OOJNBINYIO IUIONIAb, HWMEIOT 3HAYUTENBHYIO TONIIMHY H
MO3TOMY JIETKO paclOo3HaBaeMbl IO MPOIIECTBUM MHOTHMX MWIIMOHOB JseT. OnxHako
1aT00a3anbTOBbIA BYJIKAHU3M HE OCTABISIET CIENOB B OTAAJIECHHBIX OT MarMaTH4YeCKUX
OPOBUHIMK  paiioHaX, T.e. OTCYTCTBYeT BO3MOXKHOCTb  CBSI3aTh  YacTHLBl U3
CTpaTUrpa)uueckoro Cjos, B KOTOPOM HET OKAaMEHENbIX OCTaHKOB, C COOTBETCTBYIOLIEH
MarMaTH9eCKON MPOBUHIINEH.

ITpoBeneHHbII cpaBHUTENBHBIN aHAIN3 yIapHOI U ByJIKaHUYECKOH T'MIIOTE3 MAaCCOBBIX
BBIMHPAHHI [TO3BOJIAII OIPEETUTH OOIIHE YePTHI M pa3IMiMs B MEXaHH3MaxX BO3JICHCTBUS Ha
OKpyXarollylo cpeny. MoaenupoBaHue yaapoB KPYIHBIX KOCMUYECKUX TeJl IEMOHCTPUPYET
[IPUHIUINATIBHYI0 BO3MOXKHOCTb KOMILIEKCHOIO BO3ICHCTBUS Ha OKPYXAIOUIYIO Cpeny,
CIOCOOHOTO WHHIMHMPOBATH MAaccoBO€ BBIMHpaHHE. B To ke BpeMs OTCYTCTBHE SICHBIX
IPEACTaBICHUN 00 M3BEPKEHUSAX U3 OOIMIMPHBIX MPOTSHKEHHBIX TPEIIMH KOHTHHEHTAJIbHBIX
MarMaTU4ecKUX [POBUHIUM, Ha MHOIO IIOPSAAKOB IIPEBBINIAIOIIUX COBPEMEHHYIO
BYJKaHWYECKYI0O aKTHBHOCTb, HE ITO3BOJISICT CHAENATh JOCTATOYHO OIPEIeTCHHBIE BHIBOJBI.
IIpu sTOM cylecTByeT 3aMedaTelbHash BPEMEHHas KOppelsilus Mexay (OopMUPOBaHUEM
1aT00a3aJbTOB U OCHOBHBIMH MAacCCOBBIMH BEIMHUPAHHSMH 110 KpaifHEeH Mepe Ul 4eThIpex
nap coObITHii cpeanero @anepo3os. B To ke Bpemst psiMasi CBsI3b MEX/1y I1aTo0a3anbTaMu U
MHTEHCHBHOCTBIO MacCCOBBIX BBIMUpPAHUI BUJIOB HE OOHApyKE€Ha HECMOTPS Ha TO, YTO 00BbEM
HEKOTOPBIX IIaT00a3aJbTOB CPAaBHUM WM OONbIE YeM Ui CiOydas KOPPENIUpPYIOLINX
coObITHUI.
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Comparative analysis of impact and volcanic hypotheses of the mass extinctions

V.M. Khazins
Institute of Geospheres Dynamics, Russian Academy of Science, Moscow.
E-mail: khazins@idg.chph.ras.ru

The Tunguska event, characterized by an enormous released energy (about 10 MT of
TNT), has caused considerable destructions in the vicinity of its epicenter and initiated long-
lasting perturbations in the atmosphere. However, the after-impact recovery of the ecosystem
was not too long in this case. The increase of the impactor mass obviously intensifies its
effect on the ecosystem and, according to at least one theory, an impact of an outer space
body of 10-km size (about 10> MT of TNT) some 65 million years ago caused the mass
extinction of the Earth biota. The theory is supported by three following arguments. First,
there are markers typical to the outer space body impacts (iridium anomaly, micro-spherules
of some evaporated and then condensed matter, and granules of shocked quartz). Such
markers have been discovered in about a hundred of places in the thin (about 1-cm thick)
layer at the Cretaceous-Tertiary boundary. Second, the huge (180-km diameter) Chicxulub
crater at Yucatan, Mexico, could be created as a result of a 10-km outer body impact at the
time of the mass extinction. Third, the Cretaceous-Tertiary layers appear as boundaries
separating different types of the fossils. The main drawback of the impact theory of the mass
extinction is the lack of geological footprints in the stratigraphic units corresponding to other
mass extinction events in spite of more the ten of them have been discovered so far. There are
also a number of alternative hypotheses on mass extinction, among which an assumption of a
correlation between the mass extinction events and periods of the volcanic activity hold a
central position. The volcanic activity leaves after itself spacious and thick flood basalt
provinces that make it easily recognizable after many millions of years after the eruption.
However, the volcanic activity does not leave any footprints in the areas remote from the
igneous provinces that exclude any possibility for connecting of the stratigraphic unit contents
with the given period of volcanic activity.

Our comparative analysis of the impact and volcanic hypotheses allows defining
similarity and differences in the mechanisms how these two phenomena affect the
environment. Particularly, numerical simulations demonstrate principal possibility of such a
complex impact of the large outer space bodies on the environment that could inflict the mass
extinction of some species. On the other hand, our understanding of the huge lava eruptions
from the wide continental cracks in the past (their power exceeds the contemporary volcanic
activity by many orders of magnitude) is not good enough to make any reasonable conclusion
on their effect on the environment. However, the remarkable time correlation between the
flood basalt eruptions and the main mass extinction events was established at least for four
mid-Phanerozoic examples and this fact looks very intriguing. In the same time a direct
relationship between flood basalt eruptions and intensity of mass generic extinctions escaped
detection for other events despite the fact that volume certain of flood basalts is comparable or
greater than for case of correlating events.
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IlepBas HaX0Ka CHJIMKATIJIACCOB B MEPEXO/IHOM CJIO€ HA ITPaHHUILE MeJia
u najeorena B pazpese I'amc (BocT. Anbnbl)

B.A. llenbMoBHuY 1A, I'pauen 2 0.A. Kopuaruu 3

'Teousuueckas Obcepsamopus «Bopox» U3 PAH, Bopok, Poccus. E-mail: borokl @mail.ru
2 Hnemumym ¢uzuxu 3emnu PAH, , Mockea, Poccus. E-mail: afgrachev@gmail.com

3 Feonozuueckuii uncmumym PAH. , Mockea, Poccus. E-mail: okorchagin@rambler.ru

B nmanHOU paboTe MbI MPUBOIMM MEPBbIC HAXOMKU KBAPIEBBIX MAJOYCK B MEPEXOTHOM
cioe Ha rpannne mena u maneorera (K/T), cocrosmux Ha 99% w3 SiO2 (puc.l, puc.2),
KOTOpble ~ Mbl  uiaeHTHuuupoBamu  kak  silica  glass  wnm  ctpumepriac
[http://bourabai.narod.ru/dmitriev/dragon.htm)]. ~ Silica glass ©Obutn  BbLEETECHB U3
MEPEXOHOTO CJIOSI MPHU MOMOILIM TsDKENOH KuAKocTH. OHM OBLIM M3Y4YEHBI MPU IOMOIIU
onTHyecko Mukpockonuu (Mukpockon «Olympus BXS51») u Mukpoanamusa (MHUKPO30H[
«Camebax»). Kpome silica glass, B 3ToM cioe ObUIO OOHapY)KEHO OONBIIOE KOJIHYECTBO
MHHEPAIOB, KOTOpPBIE MOTYT HMETh KOCMHYECKOE IPOUCXOXKICHME: ajMa3, MyacCaHMT,
KOpYHJ, aBapyHT, (Gocua HUKeNs, YUCTHI HUKeNb. MBI TONaraeM, 4T0 COBMECTHOE
HAXOXJCHUE MHHEPAJIOB KOCMHYECKOTO TpoucXoxkieHus U silica glass Moxer
CBHJCTCIBCTBOBATh B II0JIb3Y KOMETHOM THIIOTE3bl HMMIIaKTa, KOTOPBIH HMEN MECTO Ha
rpanune K/T.

100 pm
100 pm s

Puc.1.Silica glass1 Puc.2. Silica glass2
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The first finds of silica glass from the Cretaceous-Paleogene
(K/T) boundary clay layer in the Gams stratigraphic sequence, Eastern Alps

V.A. Tselmovich', A.F. Grachev %, O.A. Korchagin3

! Geophysical Observatory, Schmidt Institute of Physics of the Earth, Russian Academy of Sciences,
Borok, Yaroslavl oblast, Russia. E-mail: borokl @mail.ru

2 Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia. E-mail:
afgrachev@gmail.com

? Geological Institute, Russian Academy of Sciences, Moscow, Russia. E-mail: okorchagin@rambler.ru

In the given work we bring the first finds of quartz sticks from the Cretaceous-
Paleogene (K/T) boundary clay layer in the Gams stratigraphic sequence, Eastern Alps,
consisting on 99% from SiO2 (fig.1, fig.2), which we identified as silica glass
[http://bourabai.narod.ru/dmitriev/dragon.htm)]. Silica glass were allocated from a transitive
layer by means of a heavy liquid. They were investigated by means of optical microscopy
(microscope « Olympus BX51») and the microanalysis (microprobe "Camebax"). Except for
silica glass, in this layer a plenty of minerals which can have a space origin was revealed:
diamond, moissanite, corundum, awaruite, nickel phosphide, pure nickel. We believe, that the
joint presence of minerals of a space origin and silica glass can testify for the benefit of
comets hypotheses of impact which took place on border K/T.

100 pm

100 pm

Fig.1. Silica glass1 Fig.2. Silica glass2
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Tonorpadus 6onbIKX yIapPHBIX KPaTepoB 00paTHOIi cTopoHbI JIyHBI

M.U. Ulnexun!, B.H. POZ[I/IOHOBZ, P.A. Cutankosa'
1 — Kasanckuu 2ocyoapcmeennwiil ynusepcumem, Kasanv, Poccus.
E-mail: msh@ksu.ru, raida-s@yandex.ru
2 — I'ocyoapcmeennulil yrugepcumem no semaeycmpoiicmay, Mocksa, Poccusi.

B nmokmane npeacraBieHbl  pe3ysibTaThl  IIOJIy4YEHHBIE aBTOpAaMH Ha OCHOBE
(hoTtorpaMMeTpun OpOUTATIBHBIX CHHUMKOB JIYHHOHW MOBEPXHOCTH JOCTABJICHHBIX Ha 3EMITIO
KOCMHYECKMMH alfapataMd Cepud «30HA» W OIKUMaKaMH KOCMHYECKHX Kopabiei
«Anoston» B nepuos ¢ 1968 mo 1972 rr.

Ne HaumenoBanue Koopannatsl MecTOHAXO0KIEHHE
n/n LIeHTpa
1 Bacceitn «fOsxupiit [Tomoc — 180W, 50S HO>xHBIH cexTop 0OpaTHOMH
Olftken» CTOPOHBI
2 bacceitn BocTounbrii 95W, 20S LenrpanpHas obmacts
3aI1aIHOTO HOJTyIIapHs
3 Kparep Diitken 173E, 17S Bo6su3u 1ieHTpa 00paTHOM CTOPOHBI

Jis opueHTauMu CHUMKOB B OKOJIOJIYHHOM IPOCTPaHCTBE OBLIM HCIIOJIb30BaHbI
onopHeie Touku karanoroB MKW u ITHUUI'AuK, tomorpaduyeckue xaptsl LTO, kapthi
KpaeBoi 30HbI JIyHbl YoTTCa, reoneHTpuyeckie KoopauHatbl JIyHbl U3 ACTPOHOMHYECKOTO
Exeroqauka CCCP  (mns cHuMKOB ¢ wu300pakeHuem 3emiid). CeleHOIICHTPUYECCKUC
nonoxennss KA Ha MOMEHTHI ChEMKH HalJeHHbIE (POTOrPAMMETPHUUECKUM CIIOCOOOM
aNNpOKCUMUPOBAINCH KEIUIEPOBOM OPOUTOM, YTO MO3BOJIMIO YTOYHUTH AJIEMEHTHI BHELIIHETO
OPHEHTHPOBAHUS CHUMKOB U TIOBBICUTH TOYHOCTb TONOTpagUYECKUX XapaKTEePUCTHUK
penbeda.

B Ttabnuue TpHBENCHBI HEKOTOPbIE YHCJIEHHBIE pe3yJbTaThl  OIHCHIBAIOIINC
tonorpaduyeckue cBoiictBa Oaccerina «FOxHsiii [Tonroc-DiiTken», Oacceiina BocToynoro u
kpatepa DiitkeH. B komonke 1 — Ha3BaHuWe 00BEKTa, B KOJOHKE 2 — IHAMETPHI KOJeIl, B
KOJIOHKE 3 — CpeAHUH ypOBEHb OHHUINA, B KOJOHKE 4 — MakCHMajJbHOE M MHUHHMAJIbHOE
3HAYEHHUS BBICOTHBIX OTMETOK, B KOJIOHKE S — CpEeJHMH yroj HakJIOHAa CKJIOHOB Baia
(BHEIIHUI U BHYTPEHHUI CKJIOHBI). J[MaMeTphI U BBICOTHI IaHBI B KIJIOMETPAX, YIIIbI HAKIIOHA
Bajia — B rpajycax.

1 2 3 4 5
Buemn. | Bayrp. Makc. | Mun. | Baemn. | Bayrp.
«fOxHbI# [Tomroc- 2500 1400 | -5.2 | +9,6 -7,1 - -
DUTKEH»
Bacceitn BocTounsrit 930 320 -4,0 | +4,6 -5,2 20 25
Kparep Diitken 130 — 29 | +1,2 —4.,0 15 16-32

Bacceitn «lOxubiit ITomoc — DUTKEH» NMPUHATO CUUTATh OJHUM U3 CaMbIX APEBHUX
oOpazopanuii Ha JIyHe, Torga kak 6acceiin BocTouHblil paccMaTpuBaroT Kak CaMblil MOJIOJOM
YAapHBI MHOTOKOIBbIEBOM OacceiiH. [lo-Buaumomy, kpatep OHTKEH elle MOJIOKE, 4eM
OacceitH BocTouHEIi 1 TpeAcTaBiIsieT cOO0H OAMH M3 HEMHOTHUX KpaTepoB AUaMEeTpoM Oolee
100 kM ¢ XOpOIIIO COXPAHUBIINMCS BaJIOM U IIEHTPATHHON TOPKOM.

Paboma noooepoicana epanmom PODOHU 08-02-01214
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Topography of large impact craters of the far side of the Moon

M.L Shpekin', B.N. Rodionov %, R.A. Sitdikova '
1 - Kazan state university, Kazan, Russia.
E-mail: msh@ksu.ru, raida-s@yandex.ru
2 - State university on land management, Moscow, Russia.

The results received by authors on the basis of photogrammetry of the orbital pictures
of a lunar surface delivered to the Earth by space vehicles "Zond" and crews of spacecrafts
"Apollo" during with 1968 for 1972 are presented in the report.

Ne Name Center Location
coordinates
«South Pole-Aitken» basin 180W, 50S | South sector of far side
2 Orientale basin 95W, 20S Central region of West
hemisphere
3 Aitken crater 173E, 17S Near far side center

The reference points of IKI and TsNIIGAiK catalogues, LTO topographical maps,
Watts’s maps of Marginal Zone of the Moon, geocentrical coordinates of the Moon from the
Astronomical Year-book of the USSR (for pictures with the image of the Earth) have been
used for orientation of pictures in near-lunar space. Selenocentrical positions of the «Zond»
for the moments of shooting found by photogrammetry way were approximated by kepler
orbit. It has allowed to specify the elements of the external orientation of the pictures and to
raise the accuracy of the topographical characteristics of the relief.

Some numerical results describing topographical properties of «South Pole-Aitken»
basin, Orientale basin and Aitken crater are presented in the table. The data in the table are
given in columns: column 1 - the name of object, column 2 - diameters of rings, column 3 - an
average level of the bottom, column 4 - the maximal and minimal values of high-altitude
marks, column 5 - an average corner of an inclination of slopes of wall (external and internal
slopes). Diameters and heights are given in kilometers, corners of wall inclination are given in
degrees.

1 2 3 4 5
Outer Inner Max. | Min. | Outer | Inner
«South Pole-Aitken» | 2500 1400 -5,2 | 49,6 -7,1 - -
basin
Orientale basin 930 320 -4,0 | +4,6 52 20 25
Aitken crater 130 - 29 | +1,2 -4,0 15 16-32

«South Pole — Aitken» basin is considered as one of the most ancient formations on the
Moon whereas Orientale basin is considered to be the youngest impact multiring basin.
Apparently, Aitken crater is even younger, than the Orientale basin and represents one of the
few craters in diameter more than 100 km with well kept wall and the central peak.

Supported by Russian Foundation for Basic Research (grant 08-02-01214)
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IIpobseMa acTepouHO-KOMeTHOI onacHocTH M TyHrycckuii (heHoMeH

b.M. lllycroB

Hucmumym acmponomuu PAH, Mockea, Poccus, bshustov@inasan.ru

JI.B. PrixnoBa
Huemumym acmponomuu PAH, Mockea, Poccus, rykhlova@inasan.ru

B nocnennue 15 — 20 et B Hay4HOM COOOIIECTBE, @ B MACCOBOM CO3HAHWH JIMIIbL B
MOCJIEIHAE TOABI, OTHOIIEHHE K MPOo0iIeMe yTpo3bl CTOJKHOBEHUS 3eMIIHM ¢ KOCMUYECKUMHU
TeJIaMH, WIH, KaK e IPHHATO Ha3kIBaTh MpobJieMe acTeponIHO-KOMeTHOIT onacHocTH (AKO),
IpeTepHeso OYeHb CEphe3HbIC M3MEHEHMA. Ecim Ha NMpOTSKeHHH NMpeABIAyIIeH HCTOPUH
HayKH 3Ta IpodieMa paccMaTpHBaIach OTACIBHBIMH YUYEHBIMU KaK HEKOTOPAsk 3K30THYECKas
1 BechMa peiKas CIydaifHOCTh, To Temeps mpodirema AKO Bommra B crmcok Hamboree
B)XHBIX TJIOOANBHBIX (PaKTOPOB YTPOXKAIOUIMX Pa3BUTHIO desnoBedecTBa. CBUIETEIHCTBOM
9TOMY SBJICTCS, HAmpuMep, TOT (aKT, YTO Ha CXKEroJHBIX 3acenaHusx HaydHo-
TexHpaeckoro moaxomurera Komurera OOH mo MHpPHOMY HCIIOIB30BaHHIO KOCMOCA 3TOM
npobyieMe ¢ HeAaBHUX MOp YAESIeTCsl caMoe cephe3Hoe BHMMaHue. IlomoOHOe M3MeHeHne
HAayYHOTO M OOLIECTBCHHOTO MHEHUS NPOHMCXOAUT BCICACTBUE TOTO, YTO HCIIOIb30BAHHE
COBPEMEHHBIX CPEIICTB OOHApYKEHUS NPUBOAUT K HEOXKUTAHHBIM OTKPBITHAM, HAlpHMep,
oOHapyXeHUIO acrepouga Amoduc ¥ JPYyruX NOTCHIHMAIBHO OMACHBIX OOBEKTOB,
O0HApPYXKEHHIO AEKaMETPOBEIX TENl B METCOPHBIX ITOTOKAX H T.H. DTU OTKPHITUS MOKa3bIBAIOT,
YTO MBI €Ile OYEeHb Majo 3HaeM O HACENIEHHOCTH KOCMOCAa MaJbIMH TeJlaMH U MOJTOMY
Cephe3HO HepooneHuBaeM onacHocTs AKO.

TyHrycckuii (eHOMEH - TpsSMOe W OTHOCHUTENBHO HEJaBHEE CBUIETEIHCTBO
peaybHOCTH YTrpo3bl CTONKHOBeHMHM Manbix Ten ConHeyHol cuctembl ¢ 3emieil. Ilo
COBPEMEHHBIM IIPEJCTaBICHUAM HMMEHHO Teila, pasMmepoM ¢ Tynrycckoe teno (50-100m)
MPEACTABISIOT HAaWOONBINYIO Yrpo3y Ha IIKajle CYLIECTBOBAHUS 4YeJOBEUeCTBA, T.€
HECKOIIBKO COTEeH ThIcAd JeT. IlajgeHme Ha 3eMiro o4eHb KpyHHBIX Ten (Oomee 1 kM),
MIPEACTABISIOMINX TJI00ANBPHYI0 yrpo3y, BecbMa peIKH, a BOT YacTOTa CTOJKHOBEHHH C
TenaMu, NOAOOHBIMH TyYHI'yCCKOMY, OTHOCHUTEIbHO BbicOKa - pa3 B 100-300 ner.
WnrerpampHelii  3pdexr OT Takux CcoOBITHH  JomMuHHpyeT. VIMeHHO TO3TOMY
paspabaTbiBaeMble MPOTpaMMbl OOHApYKEHUs HaleJIeHbl Ha IOMCK M MOHUTOPUHT Tell
TeKTOMETPOBOro nuanazoHa. KoiuuecTBO HaONIOAEHHBIX OOBEKTOB, CONMKAIOIIUXCS C
3emJieid, OBICTPO pacTer.

B noxmange oOCy)XmaeTcst COCTOSIHME Nel M HEepCHEeKTHBHI u3ydeHus B Poccuu 1o
OCHOBHBIM HarnpasieHusaM npodnemsl AKO:

e (OOHapyXeHHE, OIEHKAa OpOUTAJIBHBIX  XapaKTePHCTHK,  KaTaJOTH3MPOBaHUE
MOTEHIINAIBHO OMACHBIX 00BEKTOB.

® Omnpenenenuss GU3NUECKUX M XMMUYECKHX XapaKTEPHCTHK MOTEHIMAIBHO OMACHBIX
00BEKTOB.

e Pa3paboTKka KOCMHUYECKHX MHCCHH [UIS H3Yy4eHUS OOBEKTOB, CONMKAIOUIMXCS C
3emieil.

e l3yyeHne BO3MOXHBIX Mep INPENOTBPAILCHHUS  ONACHOCTH  CTOJKHOBEHUS
yIpOXKalIero Tela ¢ 3emied U yMEHbIIEHHS TSDKECTH MOCIEACTBUH  OT
CTOJIKHOBEHHSI.

Ocoboe BHHMaHHE YJIENCHO MNpobdieMaM KOOpAMHAIMU pPabOT BHYTPU CTpaHbl M Ha
MEXKTyHapOJTHOM ypOBHE.
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The asteroid-comet hazard problem and the Tunguska phenomenon

B.M. Shustov

Institute of Astronomy RAS, Moscow, Russia, bshustov@inasan.ru

L.V. Rykhlova

Institute of Astronomy RAS, Moscow, Russia, rykhlova @inasan.ru

For the last 15-20 years in scientific community as well as for the last few years in
public spirit, the treatment of the problem of possible Earth’s collisions with cosmic bodies or
so-called Asteroid-Comet Hazard (ACH) Problem undergoes significant changes. If earlier
ACH problem had considered to be some exotic and very rare event, now it is in the list of the
most important global factors threatening all the humanity. The special attention that is being
paid at ACH problem on the annual sessions of the Scientific and Technical Subcommittee of
the UN Committee on the Peacful Uses of Outer Space can be considered as the evidence of
this new approach. Such a change in the scientific and public opinion is the result of
unexpected discoveries made with modern detection facilities. Among them the discovery of
the asteroid Apophis and of other potentially hazardous bodies, detection of decametric bodies
in meteor flows etc. These discoveries show the scarcity of our knowledge on density of
population of cosmic space with small bodies and thus serious underestimation of the ACH
problem.

Tunguska Phenomenon is the direct and relatively recent evidence of the hazard from
the collision of a minor body of the Solar System with the Earth. According to modern
knowledge, bodies of the Tunguska body size (50-100 m) are of the most threat on the scale
of the civilization lifetime (some hundreds of millenia). Collisions with very large bodies
(more than 1 km) threatening with global catastrophe are rather rare while collisions with
Tunguska-size bodies are significantly more frequent events — one event per 100-300 years.
The integral effect of such events dominates and that is why the projects under development
are aimed at the hectometric-size bodies search. The number of observed Near-Earth objects
grows rapidly.

This paper deals with the current status and perspectives of studies on the main
directions of the ACH problem in Russia:

e Detection, remote characterisation, orbit determination and cataloguing of potentially
hazardous objects.
e Estimation of physical and chemical properties of potentially hazardous objects.
e Development of space missions to study Near-Earth objects.
e Study of possible ways to prevent collision of a hazardous body with the Earth and
mitigation procedures.
Special attention is paid at coordination of work inside Russia as well as at the international
level.
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Near Earth Objects in the Context of the United Nations

R. Crowther
Chair, United Nations Working Group on Near Earth Objects r.crowther@rl.ac.uk

Near Earth objects (NEOs) present many challenges, both on a scientific and technical
level, but also in terms of the policy framework required to deal with the potential threat they
pose to the Earth. This was recognized in the late 1990’s and resulted in the establishment of
Action Team 14 within the United Nations Committee for Peaceful Uses of Outer Space
(UNCOPUOS) Scientific and Technical Sub-Committee as an outcome of UNISPACE III
held in 1999. In 2007, UNCOPUOS established a Working Group on NEOs to improve
coordination of activities related to the response to the asteroid and comet threat. A key input
to this Working Group will be the draft protocol being prepared under the auspices of the
Association of Space Explorers Panel of Experts, and being introduced into COPUOS in
2009.

The paper will provide the international policy background to NEOs and propose a way
forward both at national and international level.
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NASA’s Near Earth Object Observation Program — Past, Present and Future

L.N. Johnson
Planetary Science Division, Science Mission Directorate, HQ NASA, Washington DC, USA,
E-mail: Lindley.Johnson-1@nasa.gov

Near Earth Objects are the naturally occurring remnants from the formation of the
Solar System which are left in orbits approaching the Earth’s, and therefore represent a
natural collision hazard for our home planet. Within the next year or two the Spaceguard
Survey, a loose network of ground-based optical sensors mostly funded by NASA’s Near
Earth Object (NEO) Observation Program, will achieve 90% completeness in detection and
tracking of all NEOs larger than 1 kilometer in size. To date, over 800 of an estimated 940
objects have been cataloged, along with almost 5,000 objects of lesser size. This paper will
discuss the origin of the program in the 1990’s, it’s progress to date, the current operation and
capabilities of the system, and most importantly, how these capabilities must evolve and be
enhanced to address the more sizable population of NEOs down to 100-200 meters in size that
represent a more likely, regionally catastrophic impact threat for planet Earth.
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A comprehensive program for countermeasures against potentially
hazardous objects

W.F. Huebner
Southwest Research Institute, San Antonio, TX 78228-0510, USA. E-Mail: WHuebner@SwRI.edu

L.N. Johnson
NEO Program Observation Executive, Science Mission Directorate, NASA Headquarters, Washington,
DC 20546-0001, USA. E-Mail: Lindley.Johnson-1@NASA.gov

A new search program to be initiated by NASA will identify, track, and catalog 90 %
of potentially hazardous objects (PHOs: asteroids and comet nuclei that could collide with
Earth) larger than 140 m in size. However, just as smaller objects less than 1 km in size were
found in the first survey for objects larger than 1 km, so much smaller objects will be found in
the new survey. Objects smaller than a few hundred meters are of significant interest because
they are several 100 to 1000 times more abundant than kilometer-sized objects and are fainter
and more difficult to detect, which may lead to much shorter warning times. Yet, even the
smallest of these PHOs can have devastating effects, as the 30 June 1908, Tunguska event has
shown. In addition, threats from long-period comet nuclei, although relatively rare but large
(sometimes tens of kilometers in size), cannot be accurately predicted because of their long
orbital periods and quick passes through the inner solar system. Comet C/1983 H1 (IRAS-
Araki-Alcock), for example, has an orbital period of 963.22 years, was discovered 27 April
1983, and had a close encounter with the Earth only two weeks later, on 11 May 1983, at a
distance of 0.0312 AU. Two other long-period comets came even closer to Earth: D/1770 L1
Lexell: 0.0151 AU and 55P/1366 Ul Tempel-Tuttle: 0.0229 AU. Highly capable
countermeasures always at the ready will be needed to defend against objects with such short
warning times, and therefore short reaction times between discovery and impending impacts.
We will present a comprehensive plan that includes countermeasures against smaller than
Tunguska-sized objects and long-period comets, concentrates on short warning-times, uses
non-nuclear methods (hyper-velocity impactors and conventional explosives) whenever
possible, and launches from the ground. The plan calls for international collaboration for
action against a global threat.

229



Rim morphology of the Kirdla crater based on reflection seismic
and ground penetrating radar investigations

A. Joeleht and J. Plado
Department of Geology, University of Tartu, Estonia. E-mail: juri.plado @ut.ee

Introduction: An impact into a shallow Late Ordovician sea, covering ~150 m thick
layer of siliciclastic rocks and crystalline basement, produced the 4-km complex Kérdla crater
[1]. The post-impact marine sedimentation buried the crater causing good preservation.
Earlier drilling and gravity data have revealed that the crater’s crystalline rim is not uniform.
In some locations (NE, SW and NW) crystalline rocks have been found at a depth of few tens
of meters, i.e. about 200 m above the pre-impact basement level, but there are also places
where the rim height is moderate or low. It has been proposed [2] that the lows of rim in the N
and S are gullies that were eroded by the backsurging seawater. However, drilling and gravity
data allow to speculate that erosion of rim was widespread and not limited only to the lows.

Methods: We performed reflection seismics and ground penetrating radar (GPR)
studies on more than 10 rim crossing profiles with the aim to study the crater’s morphology in
more detail. We used 24-channel Summit CU seismometer with 40 Hz geophone groups at 10
m separation. An 8-kg sledge hammer source was applied inline with near-offsets up to 360
m. Usually, vertical stack of 20 was used to improve the signal to noise ratio. The data were
processed with Seismic Unix. The GPR Zond-12e by Radar Systems Inc., Latvia, was used at
frequency of 100 MHz. The data were processed with a software package ,,Prism2*.

Results: The GPR data that revealed boundary between the post-impact Ordovician
sedimentary layers and Quaternary soil allowed to identify the exact position and width of the
rim. Also, these data were used to process the seismic profiles by revealing the exact
thickness of low seismic velocity overburden. Seismic profiles agree with the drilling data
showing also that the rim of crystalline rocks is not morphologically uniform. In the NE
segment the rim is wide both at its base and top, and higher than elsewhere rising more than
200 m above the basement level in surrounding area. In the eastern segment, the rim becomes
less prominent and shows signs of collapse by including the inward dipping reflectors and
several peaks. In the SE segment the rim is lower and may have several peaks. In addition to
collapse features, the rim seems to be strongly eroded as well. In the western segment the
crystalline rim is relatively low, usually with relative altitude of less than 100 m. However,
some profiles suggest that the crystalline basement is raised over a considerable distance.

Discussion and conclusions: The data indicate that the rim was not formed uniformly
leading to differential erosion by resurging sea. In the NE segment the rim has remained high
as it is not collapsed as much as elsewhere. However, in other parts the rim is lower and, thus,
has being more easily erodable. The variations in the rim morphology can be attributed either
to the oblique impact from the NE or differences in the properties of the crystalline target.
Lowering of crystalline rim by its collapse created favorable conditions for a widespread
erosion, which is not limited to the previously proposed resurge gullies in the north and south.

Acknowledgements: We are grateful to all the members of field crew. This study was

financed through the Estonian Science Foundation grant no. 5851.
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[1] Puura V. and Suuroja K. (1992) Meteoritics, 216, 143—156. [2] Suuroja K. et al. (2002) Deep Sea Research II,
49, 1121-1144.
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Chinese Near Earth Object Survey

Guangyu Li, Haibin Zhao, Jiexin Yang and Qi Wang
Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China,
E-mail:gyl@pmo.ac.cn

100 years have passed since Tunguska phenomenon and the hazards posed by Near
Earth Objects (NEOs) have attracted more and more attention. The Chinese Near Earth Object
Survey (CNEOS) program has been carried out in China as a part of the international joint
survey. CNOES is composed of a 1.0/1.2 m Schmidt telescope, equipped with a 4K by 4K
CCD detector, and a NEOs risk assessment and prediction system. After adjusting the
telescope and test observations, CNEOS has begun its NEOs survey from December 2006.
Until February 2008, we have found an Apollo-type NEO — 2007 JW2, a comet — P/2007
S1 (Zhao) and other 332 new asteroids.

| =

Fig.1 The 1*" and 4™ images to distinguish 2007 JW2 from the star field. Herein, the
exposure duration of each image is 60 s, and the object at green cross is 2007 JW2.

Table 1 Detailed information of 2007 JW2 in the 4 images, including exposure time,
position in the sky and magnitude.

Image uT Alpha Delta Mag

1 2007 05 07.59725 | 15"30™07.39° -16°33'10.3" 18.6

o 2007 05 07.61661 | 15"30™03.78° -16°33'13.0" 19.1

31 2007 05 07.63422| 15"30™00.46° -16°33'15.9" 19.3

4t 2007 05 07.65026 | 15"29™57.44° -16°33'17.9" 19.5
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Impact crater statistics, Galactic perturbations and giant comet disintegration
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The flux profile of comets into the planetary system from the Oort cloud, arising from
Galactic tides and encounters with nebulae, is computed. Both periodic and sporadic
bombardment episodes, with amplitudes an order of magnitude above background, are
expected to occur on characteristic timescales ~25 — 35 million years. Statistical analysis of
the age distribution of well-dated terrestrial impact craters of the past 250 million years
reveals that the history of bombardment is indeed characterised by impact episodes, during
which the Earth is heavily bombarded, interspersed with relatively quiescent periods. A weak
periodicity of ~36 million years is evident, consistent with the Sun's recent passage through
the Galactic plane. We appear to be in a bombardment episode now, implying that the current
impact hazard is about an order of magnitude greater than the long-term average. Evidence is
presented that, in addition to impact episodes, dust from the disintegration of exceptionally
large comets — such as the Taurid progenitor — may constitute a significant celestial hazard.
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Ground penetrating radar imagery of the Estonian meteorite impact sites

J. Plado, A. Joeleht and U. Preeden
Department of Geology, University of Tartu, Estonia. E-mail: juri.plado @ut.ee

Introduction: Ground penetrating radar (GPR) enables to image soil and rock structure
at high resolution by introducing short electromagnetic pulses into the ground and receiving
the returned reflected signals. Reflection of the pulse is caused by contrasts in the
conductivity and dielectric properties across the interfaces within/between the soil and rock.
We have studied three Estonian sites for which the meteorite impact origin has been proved
(Kirdla, 58°57°N, 22°40’E; 455 Ma; 4 km in diameter [1], and Ilumetsa; 57°57’N, 27°24’E;
6600 yBP, 75 m [2]) or not proved (Tsddrikméde; 58°04’N, 27°27°E; 40 m). The two post-
glacial structures, [lumetsa and Ts60rikmée, are formed into the Devonian sandstones covered
by Holocene sand and till. Nowadays, these structures are partly (Ilumetsa) or almost fully
(Tsdorikmie) filled by peat.

Methods: The GPR Zond-12e by Radar Systems Inc., Latvia, was used at frequencies
of 100, 300 and 500 MHz. The data were processed with a software package ,,Prism2*.

Results: In Kirdla the GPR data that revealed boundary between the post-impact
Ordovician sedimentary layers and Quaternary soil allowed to identify the exact position and
width of the crystalline rim below. The sedimentary layers were found to dip towards the
structure at the inner slope, and outwards at the outer slope, referring to sedimentation at slope
and differential compaction.

The bigger of the two Ilumetsa craters, Siigavhaud (Deep Grave) reveals several
features / groups of features in GPR profiles as: (i) a bowl-shaped boundary between the
sandy infill and peat, (ii) moderately strong subhorizontal reflectors in crater-fill peat, (iii) an
area of chaotic reflectors (lack of prominent reflectors) below the rim and peat, (iv) specific
lens-like area outside the crater at the foot of the rim that includes ejected and eroded
material, and (v) disappearance of the groundwater surface that is observable outside the
crater.

s

Radar-based “anatomy” of the Tsddrikmée structure is very similar to the Ilumetsa
case. It shows (i) a similar lens-like feature outside the structure, (ii) steep inward sloping
reflections starting from the top of the rim, and (iii) lack of prominent reflections under the
rim. As the structure is almost fully filled with peat and water, we were not able to identify
the deep reflections from the bottom of the peat body. By an analogy with the proven
structure at [lumetsa, our studies support a meteorite impact origin of Ts60rikmée structure as
well.

Conclusions: GPR provides a fast and reliable means for mapping the shallow
subsurface morphological features that are related to the meteorite impact structures.
However, it does not serve as a tool to prove an impact origin, but to describe the impact-
related / impact-suggested geological features in a case of their own electrical contrast
compared to surroundings.

References: [1] Puura V. and Suuroja K. (1992) Meteoritics, 216, 143-156. [2] Raukas A. et al. (2001) Meteoritics
& Planetary Science, 36, 1507-1514.
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The Chiemgau crater strewn field (Southeast Bavaria, Germany):
Evidence of a Holocene large impact event
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K. Ernstson
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The Chiemgau strewn field in the Alpine Foreland comprises more than 80 craters in a
roughly elliptically shaped area of the order of 60 km x 30 km. Crater diameters range
between a few meters and a few hundred meters. Unless leveled by, e.g., farming activities,
the craters exhibit more or less pronounced rim walls, and on average, the diameter-to-depth
ratio is 7.5. Geologically, the craters occur in Pleistocene moraine and fluvio-glacial
sediments (gravel plains). The craters and surrounding areas so far investigated in more detail
are featuring heavy deformations of the Quaternary cobbles and boulders, abundant fused
rock material, shock-metamorphic effects, and geophysical anomalies [1, 2, 3]. The hitherto
established largest crater of the strewn field is Lake Tiittensee with an 8 m-height rim wall, a
rim-to-rim diameter of about 500 m and a depth of roughly 30 m. About 50 excavation pits
around Lake Tiittensee have revealed a layer that reflects all aspects of a catastrophic event.
The up to 1 m thick layer basically is a polymictic breccia of heavily shattered cobbles and
boulders of Alpine lithologies mixed with largely undeformed however abundantly scratched
and polished cobbles. The layer is rich in organic material like charcoal and splinters of wood.
Animal bones and teeth, tufts of (possibly human) hair, and archeological Stone and Bronze
Age artifacts like pottery shards and stone implements are intermixed. Silica melt rock
fragments similar to pumice contribute to the breccia as well as abundant deeply corroded
skeletal-like carbonate and silicate clasts. Shock metamorphism is indicated by PDFs in
quartz and feldspar from breccia clasts. The stratigraphic context of the breccia deposit,
radiocarbon dating and the dating by Stone and Bronze Age artifacts exclude any relation
with Alpine glaciations, and since any Holocene geological endogenetic processes can be
eliminated, too, a meteorite impact to have formed Lake Tiittensee, the surrounding breccia
layer as its ejecta blanket, and the whole crater field is most reasonable. Additional
thermoluminescence [4] and radiocarbon dating [5] in the field of the other craters, and
further dating by archeological finds confine the impact event to have happened in the first
millennium B.C., most probably between 600 and 400 B.C. The impact is substantiated by the
abundant occurrence of metallic, glass and carbon spherules, and of exotic matter in the form
of iron silicides like gupeiite and xifengite, and various carbides. A gupeiite analysis from the
Chiemgau strewn field closely resembles meteoritic suessite. Nanodiamonds and fullerene-
like material have been reported to occur in the melt crust of cobbles from the strewn field
[2]. The find context for the exotic matter is in most cases hardly compatible with an
industrial production, and an origin from the impact process or/and as constituents of the
impactor must be considered. The impactor is suggested to have been a low-density
disintegrated, loosely bound asteroid or a disintegrated comet in order to account for the

extensive strewn field.

References.

[11 Hoffmann, V. et al. (2004) Geophysical Research Abstracts, 6, 05041  [2] Hoffmann, V. et al. (2005) Abstract
Int. Met. Soc. Conf., Gatlinburg [3] Ernstson, K. (2006) www.chiemgau-impact.com/gravimetrie/html
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