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@ TEMATUYECKMI BJIOK, NOCBALYEHHDIN YIPOXAHLMUM ABIEHUAM, KOCMUYECKUM W SEMHbIM

O pemakTope TeMaT4eCKOro 610Ka
yneHe-Koppecnonaente PAH I0pun IOpbeBnye banere

Ynen-xoppecnonoenm PAH,

Hupexmop Cneyuanvtoii acmpogusuueckoii obcepeamopuu PAH.

Jlaypeam Iocyoapcmeentoii npemuu CCCP 1991 2.,
naypeam Ilpemuu Ilpasumenvcmea PP 2011 e.

Aemop 6onee 250 HayuHwvix pabom.

BAJIETA IOpuii IOpvesuu

I0.JO. bamera — oguH M3 OCHOBaTelell ONTUYECKON
MHTepdepoOMeTpUN Ha TelecKomax ¢ OONMbIIMMU AMa-
MeTpaMu 3epKai. VIM cosfaHbl HOBBIE CPEICTBA U Me-
TOABI PeTUCTpanyy U 0O6pabOTKM aCTPOHOMUYECKUX
M300pa>KeHN ], TO3BOJIAOLINE B YCIOBUAX MCKAXKEHMIL,
BBI3BAaHHBIX aTMOC(EPHOIl TypOy/lIeHTHOCTbIO, IOIy-
9aTh M300paXKeHNA KOCMIYIECKNX 0O'beKTOB C paspele-
HIeM, olpefendeMbIM Audpakuueil Ha aneprype. Ilpu
€ro yJacTum OblIM pa3pabOTaHbI U JJOITOE BpeMs AB-
JIATCh OCHOBHBIMY CPECTBAMM PETUCTPALVN CTAaOBIX
M300pa>KeHNII B Te/IeCKOIle Te/IeBU3MOHHbIE ITPVEeMHN-
KU, paboTamole B peKiIMe CUeTa OT/ieIbHBIX KBaHTOB
CBETa, a B Ja/IbHelIleM — HOBbIe OBICTPOIEIICTBYIOLIE
[13C-npueMHUKN.

OcHoBHbIE Hay4HbIe MHTEPECHI CBA3AHBI C M3YYEHMEM
GMU3MYECKNX CBOJICTB JIBOVHBIX M KPATHBIX 3BE3JHBIX
CICTEM, a TAKOKe C MICCIEOBAHMEM 3B€3]] Ha MO3HIX CTa-
muax spomonyu. 10.JO. banera - mpesupeHT Komuccumn
«JIBOJtHBIE U KpaTHbBIEe 3Be3[[bl» Me>XIyHapOHOTO acTpo-
HOMIYecKOro corosa. OH Taroke wieH 6opo OTmeneHus
¢usnyeckux Hayk PAH, uren CoBeta POON u 3amectn-
Tenb mpepcenaTern I0xHoro HaygHoro neHTpa PAH.

Ilop, pyxosopctBom I0.IO. banmern B
CrieranbHOM acTpodmaIdecKkoi obcep-
Batopuy PAH Har/1aBHBIX acTpOHOMIYEC-
KX MHCTPYMEHTAaX Halllell CTpaHbl — Oll-
TIYECKOM 6-MeTpoBoM Teneckone bTA u
paguoteneckorie PATAH-600 B TeueHne
IBYX JeCATWIETUII BBIIOTHEHO OKOJIO
2 ThIC. HAyYHBIX IIPOTPaMM OT€YECTBEH-
HBIX 11 3apyOeXHbIX y4eHbIX. CaMu Tere-
CKOIIBI 006CepBaTOPIY TIOCTOSIHHO MOJIep-
HM3UPYIOTCA Y HAXOJATCA B ALY Ty4ILNX
aCTPOHOMMIYECKMX MHCTPYMEHTOB MUpa.

I0.I0. banera ymocToeH pspma rocy-
mapctBeHHbIX Harpaj CCCP u Poccunm.
OH B TeyeHNe MHOTMX JIET ABJIAETCA
IpesNIeHTOM Hay4HOro obmectsa Ka-
padaeBo-Yepkecckoit Peciybnuku, ne-
nytatoM [Tapnamenrta Kapadaeso-Yep-
Kecckoit Peciybmuku u mpepcenaTenem
obuiecTBeHHOro coBeTa Ipu Pocmpu-
ponHansope no Cesepo-Kapkasckomy

dbenepanrbHOMY OKpYTY.

FLURREEEERETTT Ne 3 (79) wonb-cenTa6ps 2013 T.
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AHHOTAIUA K TeMaTU4eCKOMY O7TOKY

Baneza 10.10.

K konny XX B. B Poccun u B Mupe B
CIUJTy Pa3BUTHA NIPOLIECCOB II0bam3a-
LUV 3HAYNTEIbHO BO3POC/IO BHIMAHNE
K I7IOOQ/IbHBIM OIIACHOCTSM, YTPOXKAI0-
UM CYI[eCTBOBAHUIO YeI0BEYeCTBa,
KIMMATU4YeCKIM, 3KOJIOTUYECKNUM, CO-
IUanbHBIM. B aToM paAmy HaxopmuTcA
u rnpobreMa IpefoXpaHeHus 3JeMin
OT KocMMuecKux yrpos. VM ecnm Het
peasbHbIX BO3MOXKHOCTEN 3aIlUTUTD
4e/I0BEYeCTBO OT OM3KOTO B3pbIBa
CBEPXHOBOII, TO aCTEPOMJHO-KOMET-
Has OINACHOCTb IIPOTHO3MpyeMa U B
IpUHIONIIE TIOAJAeTCA IIpefoTBpalle-
HUIO. 32 TOCTIeffHee AecATUIeTHe 3TOi
TeMaTyuKe IOCBAIeHbl COTHU CTaTeil 1
OKOJIO JiecsiTKa MoHorpaduit. VHTepec
K Hell pe3Ko BO3pOC B CBS3M CO B3PbI-
BoM B atMoc(epe 15 despasa 2013 1. B
OKpecTHOCTSX Yens10MHCKa MeTeopon-
Ia pasamepoM okoso 20 M. Takoro popa
Te/I0 B OT/IMYME OT KPYMHBIX (> 100 M)
acTepoN/OB U KOMET OYeHb TPYAHO 06-
Hapy>kKMBaTb Ha OO/IBIINX PACCTOSHUAX
OT 3eM/IV — Ha IAHHBII MOMEHT U3BeCT-
HO /b 90% O0OBEKTOB 3TOI KaTero-
pun. VccnenoBanusa B paMKax mpobie-
MBI aCT€POMJHO-KOMETHOI OIMAaCHOCT
UMeI0T KOMIUIEKCHBIN XapakTep. 3/1ech
U TIpOBeJieHMe ONTHYEeCKUX HabIIIofie-
HUIT 10 OOHAPY>KEHUIO HOBBIX YTPOXKa-
IOLIVX TeJl, M TOYHAs aCTPOMETPHA I
IPOTHO3MPOBAHNA WX IOBEeHNA, I
ompepeneHue UX GUNIECKUX CBOJICTB,
U OLIEHK! BePOATHOCTY CTO/IKHOBEHNA
¢ 3emreit, ¥ MOfieTMpOBaHMe MOCIeN-
CTBUI 3TUX CTOJIKHOBEHWII, U paspa-
60TKa IprOOPOB /1A OOHAPYKEHUS U
UCCIIeOBaHMA KOCMIYECKIX YTPO3.

B Hactosmem cOOpHUKe IIpencTaB-
JIEHBI Pe3y/IbTAThI VICC/IETOBAHNI JIMIITD
B paMKax HeOOJIbIIOI 4acTy I9TUX Ha-
IIpaBJIeHNUII, KOTOpBbIe ObUIV IOAepKa-
Hbl POODIL.

Pa6ora b.P. Mymannosa «Kocmmuec-
Kasg yrposa. Crparernsa BBDKMBAaHNA»
HOCBAIIeHa KIacCU(PUKALMM Pa3INd-
HBIX aCTepOUZIOB (METeOpOUsIOB) 1 KO-

MeT C TOYKMU 3PeHNUsA NMOC/IeACTBIUII CTOIKHOBEHNUSA UX C
3emsteil. B Heil oTMedeHO, 4TO BIUAHME Ha O6uocdepy
KOMETHOTO BeIlJeCTBA CYI[eCTBEHHO 3HAYMTe/IbHee Ta-
KOBOTO JUISI aCTePOMJOB U3-3a ero OOJIBIIEro pacceu-
BaHUs B atMocdepe. IIpuBeneHs! npuMepsl OMU3KNUX K
3eMJIe MIPOJIETOB KaK KPYIHBIX, TAK U MEJKUX acTepo-
ui0B (MeTeoponIoB), paccMOTpeHbI 3¢ (eKThI mageHns
TAaKMX TeJl B OKeaH, OL|eHEeHbI IIapaMeTphbl BOJIH, HOPOX-
maembIx UM IIpennoskeHa HoBasl (CHOpHas!) KOHIEI-
Vsl IPOTUBOMAEIICTBYA IOCTIEACTBUAM CTONKHOBEHNA,
IpUBEAIIEro K I106aabHOI KatacTpode, B OCHOBY KO-
TOPOI1 ITIOJIOKEHO CO3JaHVe aBTOHOMHBIX ITAHETHBIX
HOCeJIeHNTT, 00eCIeYMBAONINX BbDKIMBAHME M Pa3BUTIE
4eJI0BeYeCTBa MOCTIe KaTacCTPO(BL.

B crarbe B.B. IllyBanosa n H.A. AprembeBoit «Pusu-
JecKye AB/ICHN IIPY NaJieHNy HeOOIbIINX KOCMIYeCKIX
TeJ Ha 3eMJTIO VI VIX MOJIe/TPOBaHMe» OIVICaHBI Py3Idec-
Kye IpOoLiecChl IIpu BXofie B atMocdepy 3emmn (TopMo-
JKeHUe, abmsanus, GpparMeHTalysA) M COBPEMEHHBIE UC-
JIeHHBIe METOJbI VX MOJieTMpOBaHMA. PaccMoTpeHbI 1Ba
IPVHIVIINATBHO Pa3HBIX CLieHapys BXOAa B aTMocdepy
Masbix (MeHee 10 M) 1 60/bIINX (JeCATKM METPOB 1 60-
ee) Ten. PaspyleHne IepBbIX OOBIYHO HAadMHAETCS HA
BbIcoTe 40-50 kM. OTAenbHbIe PparMeHThl OBICTPO pas-
JIeTAIOTCSA, CYMMapHas IUIOLAb HOIEPEeYHOro CedYeHNs
YBeIM4MBACTCS, SHEPINU BO3AYXy HepefaeTcs Oosblile,
BHEIIIHE 9TO BBILANUT KaK BCIBIIKAa. Menkue ¢par-
MEHTBI OBICTPO TOPMO3SITCS, OFVIH MU HECKOIBKO Oortee
KPYIHBIX IIPOIO/DKAIOT JBVDKEHME, IT0KA He IIPOU30IeT
HOBO€ paspyleHe (13-3a TOTO, YTO IVIOTHOCTD BO3/[yXa
Y a9pOAVIHAMIYECKIe Harpy3K/ BCe BpeMs YBeIN4MBa-
I0TCs1) ¥ HOBas BCIbIKa. [Toc/ie HeCKOMBKUX paspylie-
HMII ¥ BCIIBIIIEK BCe pparMeHThI TOpMO3ATCA. eTanp-
HO OIIVICATh [IBYDKEHME TaKOro MeTeoponsia (Hampumep,
YenssOMHCKOTO 0OOMMa) TEOPeTUYEeCKN IPAKTUIECKN
HEBO3MOXKHO IIOTOMY, YTO MOMEHTbI paspyIIeHNit 1 KO-
JINYECTBO U pa3Mepbl 0OPa3YIOIXCS KYCKOB CH/IBHO 3a-
BYICAT OT MH/VIBUIYaJIbHBIX OCOOEHHOCTEN Ha4a/JbHOTO
Temna. OgHaKo ¢ moMolibio MeToga MoHTe-Kapro ynaercs
BOCIIPOM3BOAMTD YoKe CIydmBIIecs coobrtus. Kpymuble
Te/la YCIeBAIOT UCIBITaTh MHOTO PaspylIeHWil IO TOTO,
Kak obpasymomuecs: (parMeHThl 3aMETHO PasjIeTATCA.
IIpy 5TOM KOMMYECTBO PaspyIIeHWiT M VX XapaKTepu-
CTUKM He BaXHbL B 1060M clydae K MOMEHTY, KOIZia
TeJI0 HauHeT CUIbHO JlepOpMUpPOBATLCs, OHO yxKe OyaeT
HOJTHOCTBIO Pa3fpoOIeHO, T.e. MOXKET PacCMaTpUBATbCA
KaK Xupakoe. Mopeny xe ABIKeHUA B aTMOCchepe TaKIX
KBa3YDKVUKMX Te/l pa3paboTaHbl U ObUIM C YCIIEXOM IIpU-
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MeHeHBI K orycanmio TyHrycckoit katactpodsl. Baanmo-
mericTBMe ¢ aTMOcdepoil Tema pasMepoM Hopsiaka 80 M
OpUBOAUT K 3¢ dexTam, HaOTIOFABLIIMMCS TIPY TTaleHNN
TyHrycckoro KocMmM4ecKoro Teja: BbIBAJIy jieca, 06paso-
BaHMIO MAaCCUBHOTO Me30C(hepHOro 06/1aka, COCTOSAIIEro
M3 YaCTUIIBI KOCMIYECKOTO BellleCTBa 1 /Ibfja. densomH-
CKMIT MeTeOpOuz ObUT IPUMEPHO B 4-5 pa3 MeHblIlle, HO
yHapHas BOJIHA, JOIIeflIas 10 IOBEPXHOCTH, OKa3anach
LOCTAaTOYHO CHUJIBHOI, YTOOBI BBIOMTD CTEK/IA Ha IJIOLIA-
v nopsiaka 2000 km?. [To-BUAMMOMY, Te/ia pasMepoM I0-
psigka 10-100 M sIBISIFOTCS HambosIee OMacHbIMM IS CO-
BPEMEHHOTO Ye€JI0BEYeCTBA: OHM MHOTOYMC/IEHHBI, HO UX
TPYJHO OOHAPYXXWUTh; He JOCTUTAs IOBEPXHOCTY 3eMIIN,
OHI1, TeM He MeHee, MOTYT HaHeCTH OOIbIION yiep6 mpu
HONAJJAHUI B TYCTOHACE/ICHHDIE PAjiOHBL.

Pa6ora M.fI. Maposa n B.M. IllyctoBa «MeTteopur
«YensA6MHCK»: OCHOBHbIE XapaKTePUCTUKU IafeHVs»
NOCBAILEHA AHANMM3y MafleHus MeTeopuTa B palioHe
YensiOuHCKa ¢ TOUKM 3peHus acTpoHomun. [Tpoanamm-
3MPOBaHbl OCHOBHBIE HaO/IIOiaTe/IbHble (AKTHI, XapaK-
TepUCTUKY BXOJja, BK/II0Yasd pa3sMepbl, CKOPOCTb BXOJa,
BBICOTY B3pblBa 1 3HeprosbifiesieHMe. VI3-3a cTonb ero
BBICOKOJ CKOPOCTH, IIOYTHU BJBOE IPEBbINIAIOIIEN BTO-
PYI0 KOCMUYECKYI0, I MajIOil BBICOTHI HaJl TOPU30HTOM
commxeHne ¢ 3eMsieil METEOPHOTO Tela JOCTATOYHO BHY-
IINTENbHBIX pasMepOB IPOIUIO He3aMedeHHBIM BCeMU
CYILECTBYIOLIMMI CPeCTBAMI KOCMMYECKOTO 1 Ha3eM-
HOTO Ha0/TI0fieHMsA 32 HeOeCHBIMY 1 MICKYCCTBEHHBIMM Te-
mamu. K Tomy ske oHO mpubmmKanoch K 3emie ¢ THeBHOM
CTOPOHBI, C HAIIPaB/IeHNs, O4eHb O/IM3KOT0 K HalpaBsJie-
H1io Ha COJTHIIe, M3-3a Yero He MOIVIO ObITh 3aMeYeHHBIM
¢ 3emm. VI TO/IBKO MOCTIE ero BTOp)KeHus B aTMochepy
9TO COOBbITHE TPUBJIEKIO K cebe CTOMb OO/bIIOe BHU-
manue. [Ipu B3aumopeiicTBuM ¢ atMocdepoit MOsIBU-
JIOCh CU/IBHOE CBedeHMe (siB/leHue, HasbiBaeMoe OOsi-
nom). IIpumepHO depes 35 ceKyHJ NIPOM3OIIIa MOIIHAS
BCIIBIIIKA, JIMTEIbHOCTBIO 1-2 cexyHpbl. IIpuBopurca
KpaTKoe OIlJCaHMe a3POAVHAMUYECKMX SABIE€HUIL, CO-
IPOBOX/AIOIINX BTOP>KeHNe B aTMOC(epy Tel € TUIlep3-
BYKOBOJ1 CKOPOCTBIO 11 (POPMUPOBaHME YAAPHON BOJIHBIL,
OTBETCTBEHHOI1 32 IIPOM3BeJlecHHbIe Pa3pylIeHN: Ha IO-
BepxHOCTH. [IpuBefieHbl OLIeHKM 4YacTOThI MajieHNs He-
OecHBIX TeJT B 3aBUCYMOCTH OT UX pasMepa, a TakoKe Mo-
CTIefICTBMIL STUX CTONIKHOBeHMI ¢ 3emiteli. [loguepkHyTo,
YTO M3y4eHMe MabIx Tell COTHEYHOI CUCTeMbl TPU3BaHO
IaTh OTBET Ha (PYHaMEHTa/IbHbIE BOIIPOCHI, CBA3aHHBIE C
IIPOMCXOXKeHNEeM ITPOTOIUIAHETHOIO JICKA M Ipoliecca
o6pa3oBaHus IIaHeT. VI3ydeHne MabIX Tell, K KOTOPBIM
otHOCUTCA YenabuHCKoe coOBITUE, HANIPAMYIO CBSA3aHO
TaKKe ¢ MPOo6IeMOil aCTePONIHO-KOMETHON OIACHOCTH
(AKO). ITpuBeneHbl pasMepbl IOTEHIVAIBHO OITACHBIX
HeOeCHBIX Tel, [yl HaOMoeHsI KOTOPBIX HeOOXOAMMO
CO3JlaHME HA3eMHBIX CIeLValIN3/MPOBAHHBIX TeIeCKO-
HoB s mpepynpexaerna o cooprtnax AKO, a Taxxe
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pa3BepTbIBaHMe CUCTEM KOCMIYECKOTO
0asypoBaHusA 1A OOHAPY)KEHUA U MO-
HUTOPUHIA TaKMX Te B OKOJIO3€MHOM
KOCMIYECKOM IIPOCTPAHCTBE.

B crarpe P.3. Axmermnna, [.b. Ednu-
moBa um T.M. OHeeBa «OnTnmueckuii
Oapbep B cxeMe KOCMUYECKOro Iarpy-
Ji» PacCMOTPEHa CXeMa KOCMUYEeCKO-
r0 TATPy/sA, KOTOpas IpeJIoaraer
CO3[jaHMe «ONTUYECKOro Oapbepa» ¢
HOMOIIIBI0 TEJIECKOIIOB Ha KOCMUYe-
ckux ammaparax (KA), pasmenieHHbIX
Ha TeMOLeHTpUYecKoil opbure. B ero
3ajlayy BXOAAT OOHApy>KeHUe HOBBIX
kocMumueckux o6bexktoB (KO), cobmum-
XKAIOLIMXCA ¢ 3eMJIel, OLleHKa X OIac-
HOCTM ¥ KaTajorM3alus, B IIEPBYIO
ouepenb, MOTEHIANIbHO OmacHbIXx KO
(mpubMIDKaOIIMXCsA K 3eMHOM opouTe
Ha paccrosiHue MeHee 0,05 a.e.). Ilox
«ONTHYECKUM OapbepoM» HOfpasy-
MEBAeTCsl MOCTOSHHBINI MOHVUTOPVHT
TE/IECKOIIAMYU  OKPECTHOCTM  3eMHOII
OpOUTHI, IPefCTABIsIoNIEN CO00IT TOp
ronmuHou 0,1 a.e. d1a 06/1ACTH JOK-
Ha CKaHMPOBATbCA TellecKonamu 4 pasa
3a CYTKW, JyIA NONy4YeHMs 4-X IO/o-
JKEHMII KaX/IOTO BHOBb OOHapy>KVBa-
emoro KO, f1s oneHKM mapaMeTpoB
€ro OpOUTHI U CTENIEHN €T0 OIMACHOCTHL.
IIna yrounennsa opbut KO neobxopu-
MBI JIOTIO/THUTE/IbHbIE HAOTIOEHNS, TO
€CTb, MX HOC/IeAyIollee «COMPOBOX-
meHue». [TaHbI OLIEHKM HEOOXORVMMBIX
XapaKTepUCTUK TeNeCKOIOB, XapaKTe-
PUCTUK ONTHYECKOTO 6apbepa, MUHM-
MaJIbHBIX Pa3MepOB 0OHAPYXMBaeMBbIX
MmoTeHIManbHO omacHbiXx KO u nx ko-
JMYecTBa IpU PasIUMYHBIX OpOUTAX
pasmemenns KA narpyns.

Llenbto paborst JI.B. Perxyosoit, E.C. Ba-
kaHac, C.J1. bapab6anosa u B.B. Bycapesa
«[TomyyeHne QuU3NYECKUX XapaKTepu-
CTMK M30paHHBIX aCTEPOVIOB, COMIDKAIO-
IVIXCSI C 3eMIert» SIBTISIETCSI OpefieNieHue
IapaMeTpOB HEKOTOPBIX aCTEPOMOB 11O
JaHHBIM MHOTOILIBETHOI (POTOMETPUN 1
CIIEKTPOCKOIINY HMU3KOTO pas3pelleHusl.
Ha 1-m Teneckone HMNM KpAO 6bita
BBIIIOJIHEHA BBICOKOTOYHasA (OTOMe-
Tpus M3OPAHHBIX aCTEPOUJIOB, COMIDKA-
foryxcs ¢ opouroit 3emmn. Ha 2-M terte-
ckore Ha 1. Tepckon B KBP nposenena
CIIEKTPOMETpPUSA HM3KOTO pas3pelleHus
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VIS IBYX aCTepPOVJOB, COMDKAIOIINXCS
¢ opbuTOI 3eM/IM, U TIATU aCTePOUIOB
[maBHoro mosica. ITo paspaboTaHHOI
B JIHACAH wMetonnke 06paboTkn u
aHanmM3a HAOMOeHMi ObUIM TOmyde-
HBl CJ/IefyIONIe XapaKTepUCTUKU Ha-
O/MIoaeMBbIX aCTEpPOMOB: A0COMIOTHBIE
3Be3/IHbIe Be/M4MHBI B puibTpax BVRI,
pasHocTu 1Beta B-V, V-R, R-I, reome-
TpyudecKkoe anbOeno B AMarasoHe [INH
BOJIH MICIIO/Ib3YeMBIX (U/IBTPOB, pasMe-
PbI ACTEPONIOB, IEPHOMBI X BpallleHMs
BOKPYT' COOCTBEHHOII OCH, CIEKTpasib-
Hble KJIACChI U OIleHKa Macc. B crarbe
HPUBOJATCS TOMTyYeHHbIe Pe3y/IbTaThl
mast actepoupos: 330825 (2008 XE3),
141018 (2001 WCA47) and 312473 (2008
§X245). Tlo TOMy4eHHBIM CIIEKTpaM
HU3KOTO paspelleHNss OIpee/aich
CIIeKTpaJIbHbIe KTaCChI MICCTIeOBAaHHBIX
acTepoOMOB, OT/INYMA OT MOJENbHBIX
CIIEKTPOB  3a[JaHHBIX  CIIEKTPA/bHbIX
K/IaCCOB JI/Is1 BBISIB/IEHNSI OCOOEHHOCTeI!
MIHEPAJIOTYeCKOT0 COCTaBa BeleCTBa
MIOBEPXHOCTY aCTEPOUJIOB, & TAKXKE JIA
MONICKA QHAJIOTOB CPEAU aCTepOUJIOB,
coOmpkaromuxca ¢ opburont 3emmn, u
HalifleHHbIX Ha 3eMye 00pasIjoB MeTe-
opuros. IIpuBemeHbI pe3ymbTaThl MC-
CTIeOBAHMII I CIeAYIOMNX acTepo-
nugoB: Pomona (32), 145 Adeona, 704
Interamnia, 779 Nina, 330825 (2008
XE3) and 2012 QG42. ITocne Yens-
6uHCcKoro cobbiTus 14 denpans 2013 .
OBUI IIPOBENieH TIOMCK CBs3ell OIpefie-
JICHHOVI TI0 BUJIeOHAO/TIOIeHNAM OpOu-
TBI 60/IM/IA C PYTUMM OpPOUTAMU MaJIbIX
tes1 COTHEYHOIT CUCTeMBI U OOHApY>KeH
METEOPHBIII POit, CBI3aHHBII C OPOUTOI
Yena6uHcKoro bommaa.

BO3MOXHOCTM MajbIX OITUYECKUX
TE/IeCKOIIOB C IIPMEMHMKAMU BBICOKOTO
BPEMEHHOTO paspelleHns And OOHa-
PY>KeHus: OBICTPOABIDKYILIMXCS OIIac-
HBIX KOCMUYECKUX Tel 00CYXJArTCs
B pabote I. beckuna u gp. «Illupoko-
YTOJIbHBIN ONITUYECKUIT MOHUTOPVHT
BBICOKOTO BPEMEHHOTO pas3pelleHNns
KaK Croco6 OOHapy>KeHUs ONaCHbIX
KOCMMYeCKMX 00beKTOB». B Heil npen-
JIaraeTcs UCIONIb30BAaTh MHOTOKaHA Ib-
Hble OITMYECKMEe CUCTEMBI C IIpUeM-
HUKaMM CyOCEKYHJHOTO BpPeMEHHOTO
paspeleHnst Asi OOHAPY>KeHUS U U3-

y4eHUsA OINACHBIX KOCMUYECKUX Te€/l €CTECTBEHHOTO U
MCKYCCTBEHHOTO NPOUCXOXAeHNA. CKOHCTPYMPOBaHBI
nBa nHcTpyMeHTa Myuu-MeraTOPTOPA (c 6-10 1 9-10
00BbeKTVBaMN), PYHKIVIOHUPYIOLINE B ABYX PeXNMax:
MOHUTOPUHTOBOM (1107151 3perns 600 n 900 kB.rpagyc) n
UCCIeoBaTeIbcKoM (1more 3peHust — 100 KB.rpaffycoB).
Bo BTOpOM pexxume Bce 0ObeKTUBBI OPUEHTUPOBAHBI
Ha OJIHO IOJIe, B KOTOPOM HaxXORUTCs OOHApy>KeHHBIN
IIpU MOHUTOPMHTIE OBICTPOABIDKYIIMIICSA 00beKT. CMe-
Ha TI0/IS 3pEHMs 3a JOM CEeKYH/IbI 0OecreunBaeTcs o-
BOPOTaMM IUIOCKMX 3€pKaj, PacHONOXEHHBIX Iepen
00BEeKTMBaMU, a M3MepeHNe LBeTa U IOAPU3ALNU —
Habopom BVR dunbrpos n nonspoupos. [IpuBogsarcs
HEKOTOpBbIe JeTanu KOHCTPYKLUM NPUOOPOB, MX Xapak-
TEPUCTUKM, TapaMeTpbl OOHApPY>KMBaeMBbIX OOBEKTOB.
B 4yacTHOCTM, OOVHOYHBIN KaHal MMeEET IOJIe 3PEHMUA
oxos1o 100 kB.rpagycos, a cuctembl MMT-6 1 MMT-9 B
MIVPOKOIIOTbHOM MOHUTOPMHIOBOM PEXUME — OKOJIO
600 1 900 KB.rpafycoB, COOTBETCTBEHHO. IIpenensr 06-
Hapy>eHus B B-nonoce cocrapnsawor jia MMT-6 -11,5
3B.Beql. 3a 0,13 ¢ (14 u 16,5 3B.Bem. 3a 13 u 1300 ¢), a
wis MMT-9 - 12 3B.Ben. 3a 0,1 ¢ (14,5 u 17 3B.Ben 3a
10 1 1000 ¢). B uccnenosarensckom (follow-up) pexxume
Y3KOTO HOJIs IpY HaOMIOEeHNsAX OTHENIbHBIX 00BEKTOB
pasmep 1o 3peHusa yMeHnbuaercs o 100 KB.rpajiycos,
a IpefenbHas 3Be3[HAs BEeMMYMHA 3aBUCUT OT BBIOO-
pa KOMOVMHAIMM CHEeKTPATbHBIX M IMOJSIPU3AIMIOHHBIX
¢unbTpoB U MeXUT B AmamasoHe 10,5-13,5 3B.Benl. 3a
0,13 wm 0,1 ¢, mocturas 18 3B.Ben. 3a 1000-1300 c. Oc-
HOBBIBAsICh Ha OILleHKe MapaMeTpoB Uems10MHCKOTO Me-
TEOpUTA, ObI/Ia ITOTy4YeHa 3aBUCUMOCTD O/1ecka 06beKTa
OT BpeMeHM IojjeTa K 3emse. B urore okasanoch, 4To
CTA/IKMBAIOIIMIICA ¢ 3eMyIell MeTeOpONJ, MOXeT OBITh
oOHapy>XeH Ha PacCTOSHUM 10 1 MJIH KM IpU 3KCIIO-
sunuu 1000 ¢ u go 100 teic. kM npu skcnosunuu 0,1 ¢;
IIpU 3TOM BpeMsA C MOMEHTa OOHAapyXXeHUsA [0 BXOAa B
aTMocdepy JIeXXNUT B AMaNla30He OT MOTydaca 10 Hellenn
B 3aBUCUMOCTH OT TOTO, HaIlpaBjIeHa CKOPOCTb 0OBEKTa
HaBCTpeYy [JBVDKEHUIO 3eM/IN VI €TO ABVDKEHMeE SABIIA-
€TCsA IOTOHAMINMM. B KadecTBe pa3BUTHUA CUC-TEM Ta-
KOTO THUIIa pacCMaTpUBaeTCcA MPOEKT KOMITTIEKCA U3 He-
CKOJIBKMX COTEH Te/IeCKOIOB naMeTpoM 40 cM 1 monem
3peHus 1 KB.rpagyc.

OmacHbIMM /151 3eMHOU IIVBWIN3AL[UY MOTYT ObITb He
TOJIBKO KOCMMYeCKUe OObEKThI, HO ¥ 3eMHBIe SIBJICHMS:
3eMJIeTPsCEeHNs, LIyHaMU, M3Bep>KeHUs BylIKaHOB. Oco-
60e MeCTO B 3TOM IIepedHe IHPUHAIJIEKNUT TPsA3EBBIM
BY/IKAHaM, — MX M3Y4YEHUIO U ObITa MOCBSIEHa CTaXKN-
poBKa Momnoznoro ydeHoro B.B. EpmoBa B VMHcTuTyTe
¢usukn 3emmm nm. O.J0.1MImupara PAH, geit oryer npu-
BeJleH B HACTOsIIIEM COOPHIUKe.

IpsA3eBoil By/lIKaH — 3TO, HECOMHEHHO, MEXIVCLIIUIN-
HApHBII OOBEKT MCC/IENOBAHNSA, TPeOYIOIMII COOTBET-
CTBYIOILIETO KOMIUIEKCHOTO paccMOTpeHys. ITpu nsydenvn
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TPA3€BOTO BY/IKAaHM3Ma pacCMaTPUBAETCA PN BaXKHBIX
npo6ieM, MMEMNX NpUKTAfHOE U (YHAAMEHTAIIb-
HoOe 3HaueHMe. K HMM OTHOCATCA, IpeX[e BCEro, CBA3b
IPsA3€BOTO BY/IKaHM3Ma C HeTerasoHOCHOCTBIO, BKJIAf,
IPsI3€BYIKaHMYIECKUX Ta30B B OOLIMIl 6anmaHC MapHUKO-
BBIX Ta30B B aTMocdepe, a TaKkXe CBA3b JeATEeNTbHOCTI
TPAA3E€BBIX BY/IKAHOB C PEIVOHAIbHON CEICMUYHOCTDIO.
Karactpoduyeckre n3Bep)eHMs TPSA3€BBIX BY/IKAaHOB
MOTYT OKa3bIBaTbh CyILIIeCTBEHHOE BO3JE/ICTBIE HAa OKpPY-
Karomymo cpeny. Tak, Hanpumep, B 2006 1. B VIHgoHe3UN
MIPOM3O0LITIO U3BEeCTHOE M3Bep>keHMe BynkaHa LUSI, ko-
TOPOE HAaHEC/IO PErvOHy OIPOMHBIN 3KOHOMMYECKUI
yiiep6. ITomBonHbIe TPA3EBbIE BY/TKAaHbI YAaCTO PacHosa-
raloTCS Ha KOHTMHEHTA/IbHBIX IIe/Ib(ax, II09TOMY faxe
OTHOCUTE/IPHO Ci1abble M3BEPXKEHNsI MOTYT BBI3bIBATh
paspylIeHNs NpUOPeXHO NHPPACTPYKTYphI (Kabemb-
HBIX KaHA/IOB CBA3M, He(PTera3onpoBOJOB 1 JIp.) U 3a-
TPYAHATb HaBUTAIMIO B IMPUOPEXHBIX BOflaXx. B cBaA3M

@ TEMATUYECKMI BJIOK, NOCBALYEHHDIN YIPOXAHLMUM ABIEHUAM, KOCMUYECKUM W SEMHbIM

C 9TUM OY€Hb BAKHO MMETb KOPPEKT-
Hble OLIEHKM IPOCTPAHCTBEHHO-Bpe-
MEHHbIX MaclTaboB  M3BEP)KEHMUIT
IpsI3€BBIX BY/IKaHOB. [0 mTOoram Bbl-
MO/THEHHOI PaGOThl MOXXHO CJie/IaTh
cnepyromuit o6muit BbiBog. OleHKN
[IyOMHBI 3ajIeTaHVsl TPsI3eBy/IKaHMYe-
CKIX pe3epByapoB I KOPHEN IPsi3eBbIX
BY/IKAHOB, [IOJTyYEeHHBIE [10 PA3TNIHBIM
[IAHHBIM, TIOKA3BIBAIOT XOPOIIIEe COOT-
BETCTBUE MEXAY 0001 /IsI KOKOro
M3 paccMaTpUBaeMbIX ByKaHOB. COOT-
BETCTBEHHO MaTeMaTU4ecKas MOJeNb
ONVICAHUs [IBIDKEHUsI TeoIIOn0B B
IPsI3€BY/IKAHNYECKNX CTPYKTYpax sIB-
NSEeTCA afleKBaTHOM M MOXET OBbITh MC-
[O/Ib30BAHA IS [JAJIbHEMIINX pacye-
TOB II0 IAHHOM ITPO6IeMaTHKe.
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MeTteoput «Hena6MHCK»: OCHOBHbIE XapaKTePUCTUKM MaJeHNs *

Mapos M.A., Illycmos b.M.

PaccmarpuBaeTcs nafeHue MeTeoputa B paioHe YensbuHCKa C TOYKWM 3peHns acTpoHOMuW. MpoaHann3npoBaHbl
OCHOBHble HabsofaTesbHble (PaKTbl, XapakTepuCTUKN BXOMA, BKNKOYAs pasMepbl, CKOPOCTb BXOZa, BbICOTY B3pbiBa U
9HeproBblgeneHue. MNpuUBOAMTCA KpaTkoe OnucaHue a3poAMHAMUYECKUX ABMEHUNA, COMPOBOXIAIOLLMX BTOPXKEHWE B
atMmocdbepy Ten C runep3ByKOBON CKOPOCTHIO 1 DOPMMPOBaHWE YAAPHOI BOJHbI, OTBETCTBEHHON 32 NPOU3BELEHHbIE
pa3pyLUeHns Ha NMoBepxHOCTU. MpuBeaeHbl OLEHKM YacTOTbl NafieHNs HEBECHBIX TeN B 3aBMCUMOCTH OT WX pasmepa, a
TaKe NOCNEACTBUIA 3TUX CTONKHOBEHWIA ¢ 3emreit. [oA4epKHYTO, YTO U3y4eHne Masbix Test CONHEYHO CUCTeMbI Npu-
3BaHO [jaTb OTBET HA (PyHAAMEHTANTbHbIE BOMPOCHI, CBA3AHHbIE C NPOUCXOXIEHEM NPOTONIAHETHOrO AMCKA U NPoLiecca
06pa3oBaHua nnaxeT. M13y4eHne Manbix Ten, K KOTOPbIM OTHOCUTCS HenabuHCKoe COObITIe, HANPAMYIO CBA3AHO TakXe
C nNpo6nemoii acteponHo-komeTHol onacHocTh (AKO). MpuBeaeHbl pasMepbl NOTEHLMANIBHO ONACHbBIX HEBECHBIX TeN,
Ans HaBNtoeHNs KOTOPbIX HE06X0AUMO CO3aHNE HA3eMHbIX CMeLMani3npoBaHHbIX TEIECKOMNOB AN NpeaynpexaeHns
0 co6bITusX AKO, a TakxKe pa3BepTbIBaHNE CUCTEM KOCMUYECKOr0 6a31poBaHmns Ans 06HaPYXKEHNUs 1 MOHUTOPUHIA Ta-
KWX Ten B 0KOJI03eMHOM KOCMMWYECKOM NMPOCTPaHCTBE.

Kntouyesble cnoea: acTpOHOMMS, METEOPUT, B3PbIB, YAAPHASA BOMHA, (DOPMUPOBAHIE MNAHET, aCTEPOMAHO-KOMETHAS

onacHocTb (AKO).
>

Pa6oma svinonnena npu gunarcosoii noooepucxe PODOI (epanm Ne 11-02-00478-a)

OcHOBHBIE
XapaKTeP]/ICT]/IKI/I IMAOCHIA

Ynasumii B paitoHe Yensa6uHcka Me-
TEOPUT CTAJl KPYIIHBIM COOBITVIEM, TaK
KaK ero IafieHye IPOU30IIO B JOBOJIb-
HO TYCTO HAaCeJIeHHOM pajloHe U COIpo-
BOXK/JA/IOCH LIeTIBIM PSIIOM 3PeIMIIHBIX
apdexToB M paspymennit. IlosTomy
3TO B OOIIEM-TO PsAJOBOE aCTPOHO-
MIYecKoe sBJIeHMe HPUBJIEKIO K cebe
6onpuioe BHuMMaHue. Cam atoT (akr
cTan yOemuTeIbHbIM CBUMIETETHCTBOM
TOTO, 4TO 3eM/IA He CYLIeCTBYeT U30-
JIMPOBAaHHO B KOCMOCE, @ HAXOJUTCS B
OKPY>KEHMV OTPOMHOTO KOJINYeCTBa
TeJ Pa3/MYHOTO pasMepa: aCTepPONIOB
Yl METEOPOUIOB — TIEPUOMYECKY CTATI-
KMBaOIIMXCA ¢ 3emieit, a Takxe ¢ JIy-
HOI VI IPYTUMY ITaHE TAMIL, YTO XOPOLLIO
BU/IHO Ha MX CU/IBHO KpaTepUpOBAHHBIX
10BepXHOCTsX. C APYroit CTOPOHBL, STOT
¢parMeHT 60/Iee KPYITHOTO Tejla IpVHeC
BOKHYI0 HAayYHYI0 MH(OPMALMIO O CO-
CTaBe BEIeCTBA, 3 KOTOPOTO CIIOXKEHBI
HebOecHble Terma B COTHEYHOI! CUCTeMe,
u ucropun ux QopmmpoBaHus, IMo-

IIPOCHI, CBSI3aHHBIE C MIPOMCXOXKEHNEM U paHHell 5BO-
monye’t ComHeYHO CCTEMBI Ha MeXXIVICIUIIIMHAPHO
ocHoBe. B pabore [1] mpepcTaBieHsl ¥ IpOaHAIN3UPO-
BaHBI OCHOBHBIE (akThl 0 YensaOMHCKOM cOOBITVM, Ha
OCHOBE KOTOPBIX HIVDKE IIPMBENEHBI IIpefBapuUTe/IbHbIe
ACTPOHOMMYECKNE Y TEOXMMIYECKIIe CBEIeHNA.

YTtpom 15 deBpans, npumepHo B 9:20 MeCTHOTO Bpe-
MeHHU B paitoHe I. Yensabuncka (Poccus) B atMmocdepy
3eM/I BOIIO JOBOJBHO KPYIIHOE Telno (MeTeopoun),
pasMep KOTOPOTO OLIEHMBAaeTCA BenM4YMHON 12-17 M.
Ono BomUIO B aTMOCdepy oA YoM ~14 rpafycoB K
TOPU3OHTY CO CKOPOCTbIO ~18 kM/c. VI3-3a cTOND BBHI-
COKOJI CKOPOCTH, IIOYTY BIBOE IIPEBLINIA0IIEl BTOPYIO
KOCMMYECKYIO, I HM3KOTO IIO/IOKEHMS HaJ TOPU30H-
TOM cOMmmKeHne ¢ 3eMiell METEOPHOTO Tejla JOCTATOY-
HO BHYIIUTENTbHBIX Pa3MepoOB IIPOLIIO He3aMeueHHBIM
BCEMM CYIIeCTBYIOLUVIMY CPEeACTBAMU KOCMUYECKOTO I
Ha3eMHOT0 HaOJIIoleHNsI 32 HeOeCHbIMU U UCKYCCTBEH-
HeIMU Tenmamu. K Tomy »xe oH mpumbmmxancs 3emie ¢
IHEBHOJ CTOpPOHBI, HAaIpaB/IeHMs, OYeHb ONM3KOro K
HarnpasiieHnio Ha CosHIle, 9TOOBI OBITh 3aMe4YeHHbBIM C
3emmn. V TONMBKO IIOC/IE €ro BTOp>KeHMS B aTMocdepy
3TO COOBITME NPUBIIEKIO K cebe CTONMb OONbLIOe BHM-
MmaHne. [Ipn B3ammopericTBuu ¢ arMocdepoil MOABU-

MAPOB

Muxaun fixoBnesuy
aKaZIEMVK, 3aBELyHOLLMIA OTaene-
Huem VIHCTUTYTa reoxvmin

11 QHANUTUHECKOI XM MEHM
B.W. Beprapckoro PAH.

LIYCTOB

bopuc Muxaiinoeuy
41eH-KOPPECTIOHAEHT PAH,
anpektop MHACAH.

IIO/IHUB OOLIVMpPHBIE KOJIEKI[Y MeTe-
OPUTOB Pas/IMYHBIX IETPOIOTNYECKUX
KJIaCCOB, HAlJICHHBIX B pasHBIX paii-
OHax Halllell I/IaHeTHl. VIX peTanbHOE
M3y4YeHNMe MMeeT K/4YeBOe 3HadYeHMe
IUIs OTBeTa Ha (pyHIaMeHTa/lbHbIE BO-
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JIOCbh CUJIbHOE CBeueHMe (sIBjieHue, Ha3blBaeMoe 0O0mm-
nom). [TpumepHO yepes 35 cekyH/| IPOU3O0IIIA MOLIHAS
BCIIBIIIIKA, J/INTETbHOCTBIO 1-2 CeKYH/bI.

AHamm3 HazeMHBbIX ¢oTorpaduii IMO3BOINI OLEHUTDb
BBICOTY OCHOBHOJ BCIBIIIKM, OOYCIIOB/ICHHOJI BBIfE/Ie-
HJIeM SHepruM B3pbIBa, B 22,5 * 1,6 kM. Bepinna o67a-
Ka, BbI3BAHHOTO B3PbIBOM, TIOJHANACD M3-32 KOHBEKLIUN
Ha 12 xkm npumepHO 3a 100 CeKyH[, 4TO JaeT OLEHKY
MaKCUMMAaJIbHOMl BepTMKANIbHONM ckopoct B 110-120
M/c. PacueThl mokasanm, 4TO BepXHsAS 4acTb LuIeiida,
UCIIBITBIBAIONAsA CUIbHBIN BETPOBO CHOC, MEET BBI-
COTY B 57 KM M pacnornoxkeHa B Me3ocdepe [2]. brina
IIOCTpPO€Ha CBeTOBasA KpuBasg, KOTOpas IIOKasblBaeT
MHO)XeCTBEHHOCTbH BCIbllIeK 6omupa. I[To coobmennsam
OuYeBIUIIIEB, B MOMEHT OCHOBHOJ BCIIBIIIKY CBeYeHUe
OBbIJIO MHOTO sIpYe COTTHEYHOTOo, ollyIancs >kap. VI no
BCIIBIILIKY, 11 IIOC/Ie Hee B HeOe ObIT XOPOIIO BUEH VH-
BePCUOHHBI ciefl. Yepe3 HECKONMBKO MUHYT (10 CBUfie-
Te/IbCTBAM OYEBUALIEB, OT 77 CEKYHJ 0 TpeX MUHYT U
6oree, B 3aBUCUMOCTY OT PACCTOSHMA) Ha 3eMJIIO IIPK-
mIa yAapHas BonHa. Ilomoca Bo3felicTBuA ypapHOI
BOJIHBI Ha IMIOBEPXHOCTM COCTaBuIa OKoso 130 KM B -
Hy 1 50 KM B 1IMpMHY. B3pbIB Ipousolesn Haj rycTOHace-
JIEHHOJ MeCTHOCTBIO Ha BbICOTe 23 kM. OT mocneacTBuit
B3pbIBa, MOIHOCTb KOTOPOTO OLIEHVBAETCA BEIUYUHON
300-500 xT THT, nmoctpasano okono IOTyTopa ThICAY
4e/IoBeK, IJIaBHBIM 00pa3oM, 13-3a IIOPe30B CTeK/IaMM
BBIOMTBIX OKOH. MoziennpoBaHye 30H IIOpaXkeHN s yaap-
HOJII BOJIHOJ IIpM yapaX KaMeHHbIX MeTeOpUTOB II0Ka-
3a/10, YTO Te/a pasMepoM MeHee 30 M He IMPOMU3BOAAT
paspyLIeHI 3TaHWIL.

Cpenyu KaMeHHBIX TeJl, afIalolNX BepTUKAIbHO, Hal-
6onee 3PpPeKTUBHBIMU C TOYKM 3peHMS pas3pyLIeHUN
yOapHOI BOJHOJ OKa3bIBAIOTCA Te/la pa3MepOM OKOJIO
50 M [3]. Tem He MeHee, 1TO YMC/Ty TIOCTPAZIABIINX TTafle-
HIe 3TOr0 MeTeopUTa pa3MepoM OKono 20 M He UMeeT
aHa/IoroB.

AHanmm3 KoMIUIekca PU3MYECKMX MPOLeCCOB, CBA3AH-
HBIX CO B3pbIBOM YensOmHckoro 60mmya, moxasai, 4To
ero IpoXOoX/ieHMe Yepe3 aTMochepy COIpPOBOXKAAETCS
MX MUHT€HCUBHBIM a3pOJUMHAMUYECKUM paspylIeHUeM U
IOIIepeYHBIM pacTeKaHMeM Iof, efiICTBMEM IpajueHTa
IaBJIeHVs Ha 71000BOJI TIOBEPXHOCTU MeTeopoupa. ITn
MpOLIeCcChl 3aBEPIININCh Pe3KUM adpOAUHAMUYIECKUM
TOPMO>XEHIEM U «MTHOBEHHBIM» IIpeBpalleHNeM Ku-
HeTUYECKOJ 3HeprUy MeTeOpONuAa B TEIJIOBYIO SHep-
VIO YaCTHI] CAMOTO Te/la ¥ aTMOC(epbl B CPAaBHUTEIbHO
O4Y€Hb TOHKOM CJI0€, BO «B3PbIBHOI» 30HE, C TeHepaLye
3]1eCh BBICOKMX TeMIIEPATyp U YAAPHOIL BOTHBI [4].

Ha teppuropuyu B HECKO/NbKO HECATKOB KBaJpaTHBIX
KIWJIOMETPOB OBIIO HalifICHO MHOXKECTBO MEIKMX U He-
6onpunx (He 60jee 2 KT) OCKONKOB METEOPUTA, XOTS
30Ha paccesHusA (PparMeHTOB 3HAYUTEIBHO OOJIblIe, 1
BEpPOATHO NPEACTOAT ellfeé MHOTOYMC/IEHHble HAaXOAKM,
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HOC/Ie TOTO KaK COVIET CHET. DKCIIeLIVN,
OpraHV30BaHHbIE B TIEPBbIE XK JHVI TTOCIIe
nagenys uHcturytamu PAH - Macturyta
TeOXVIMIY U1 aHAJIUTIIECKOVI XVIMUM VIMe-
Hu B.J. Bepnapckoro (TEOXM PAH),
Nucturyra acrponommn (MMHACAH),
Mucturyra punamuku reocdep (VAT
PAH) u VYpambckum ¢emepanbHbiM
yuusepcurerom  (Yp®Y) mnossommm
cobparb  OIpeNelleHHOe  KOIMYeCTBO
00pasIioB MeTeopuTa, Ha OCHOBE KO-
TOPBIX CIeLVAINCTaMU TabOpaTopuil
T'EOXMV PAH 6bU11 BBITIO/THEHBI aHAJIN-
3bl 9JIEMEHTHOTO, MJHEpPaIorn4ecKoro
¥ M30TOIIHOTO COCTaBa, MO3BOVBIINE
OIPENIEINTh KJIACC METEOpPUTAa Y €ro
nerpornorndeckuit v [5]. Ha ocHose
00pabOTKM MHOTOYMCIEHHBIX BUJEO0-
JaHHBIX OblIa YCTAaHOBJIEHA TPAEKTO-
pus IBVDKEHNS, @ HA OCHOBE CPaBHEHMA
MOMEHTOB MAaKCUMAJIbHOM CBETOBOI
BCIIBIIIKY 1 Ha4aJla paspyLIeHuii ObIm
HOJTyYeHbI OLIEHKN BBICOTHI h, Ha KOTO-
POIT IIPOMCXOAMIO HanboIee MHTEHCUB-
HOe paspylleHMe KOCMIYECKOTO TeJIa.
V3 06paboTKy 4 BUEOCHUMKOB C Hal-
MEHBIIVIM BpeMeHeM  3alas3JblBaHusA
YZIApHOI BOJIHBI, CeNaHHBIX B IlepBo-
marickoM, Emamxkenuncke n KopkmHo,
B Ipu6/mDKeHny cheprdeckort yaapHoit
BOJIHBI, PAaCIPOCTPAHSIOLIENCS CO CKO-
pocteio 300 Mm/c, IIO/Ty4€HO 3HAYEHUE
h=22,9+0,2 xm. Ilpu sTtom smuLeHTp
B3pbIBa HaxopwiIcs BOmmsu IlepBomaii-
ckoro. Ecmi mo6aBuTh BueOfaHHbIE C
Oortee yaaneHHbIX perucTpanuii B Yems-
6uHCcke, To h=23,9+1,4 kM. Ecyin sxe atn
OLICHKM HPOBOAUTb B IPUOMVDKEHUU
LVUIMHAPUYIECKON BOJIHBI, TO h=23,0 km
BOomm3n IlepBomaiickoro u h=24,9+0,4
KM JUIA SHEpProOBbIJE/IeHNA Tela, Ipo-
VICXOJIALIETO IPUOMUSUTENIBHO B 8 KM
BocTo4yHee. O4eBMIHO, YTO STU OLICHKM
ABJIAIOTCA TIpeBapUTENIbHBIMY, OoTee
TOYHbIC JaHHBIE MOXXHO OyheT MOmy-
4nTh, KOIfla Oy#eT yTOuHeHa opbura
JaHHOTO Teya. Ha JaHHBIN MOMEHT Hau-
Oortee TOUHBIE ITpeBAPUTEIbHBIE OLICH-
K opouThl Yenss61HCKOro MeTeoponsa
HoNMy4YeHbl B paborax [5-7], koropble
CYMMMpPOBaHBI B TaOJuLe, 3aMMCTBO-
BaHHOI Hamu u3 [1].

Kak Bupmm, pesymbpraTbl pas3HBIX
aBTOPOB CYIIECTBEHHO pPa3IN4aloTcs
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II0 HEeCKOJIbKMM IIapaMeTpaM, IIpex-
fie BCEro, 10 BEPOATHBIM 3HAYEHVAM
OOJIBIION MTOTyOCH M apIyMEHTa Iepu-
remua. [IpenBapurenbHOe ompenerne-
HIIe OpOUTBHI YeTAOMHCKOTO MeTeopuTa
no commxenns ¢ 3emnein B UHACAH
faji0 3Ha4YeHNUs OOJBIION IIOIyOCH
a=1,77 a.e., NEPUTEIUIHOIO PaCCTO-
aHuA q=0,75 a.e. ¥ HAKJIOHa OPOUTHI
i=4,3 rpapyca. bonee TouHbIE oOmpe-
fileTieHNst OpOUTBI MOXKHO OymeT cfie-
JaTh IIyTeM IPUBA3KM BUJEO3aIVCel
C TpaeKTopueil MoleTa Ha OCHOBAHUM
nposefeHHoi corpygaukamMu VT n
MHACAH cpeMKy HOYHOTO Heba.

Tem He MeHee, 1O pe3ynbTaTaM yke
UMEIOIINXCA OLEHOK MOXKHO CHeTIaTh
OIHO3HAYHBI/ BBIBOJ, O IIPVMHAJJIEX-
HOCTY 4e/II0MHCKOTO Te/la K CeMeVICTBY
TPYIIIIbI ACTEPOUIOB, COMDKAIOIINXCS C
3emneii, Tuna Anmnonos. K sromy cneny-
eT J06aBNUTh, YTO M3 aHAJIM3A BCEX JO-
CTYIIHBIX KaTaJIOTOB OPOUT MeTEOPHbIX
Te/ ¥ 6a3bl TaHHBIX PalIOMETEOPOB C
Y4eTOM 9/IeMEHTOB OPOUTBI COIVIACHO
[6] 6bUT OOHapy>KeH MeTeOpHBIl PO,
cBA3aHHb ¢ YenabuHcKuM O0mmgoM
(mueBHble [Teraco- AKBapuabl), COCTOSI-
LI U3 TPEX BETBEN: CEBEPHOI, SK/INII-
TUKAIbHOM U I0KHOM [1].

TeoxymmaecKuit aHaIM3 IPYUBE K BbI-
BOZY, YTO Ye/A0MHCKMIT METEOPUT OT-
HOCHTCSA K IIMPOKO PaCIPOCTPAHEHHBIM
KaMeHHBIM MeTEeOpUTaM — XOH[PUTaM
XMMI9ecKol rpymmsl LL u merpomnoru-
yeckoro kimacca 5. OH COmepXXNUT TyTo-
IUIaBKVIe XOH/IPBI, B HEM IPUCYTCTBYIOT
CTIefibl yIApHOTO 1 TeMIIEPATYPHOTO Me-
Tamop¢dusMa. YIapHble Harpy3Ku, Bepo-
ATHO, COCTaBWIN He MeHee 25-35 GPa,
a TeMmIlepaTrypa, KOTOPYIO WCIIBITAaIo

PORNTENBCKOE TENIO B MPOL[ECCe SBOMIOLNM, — IPUMEPHO
750-950°C. TakuM 06pa3oM, MCXOHs U3 CYILIeCTBYIOLIeN
KIaccuyKanmy, M0 COBOKYITHOCTI IPOBEIEHHBIX aHa-
n130B YeNsI0MHCKUIT METEOPUT MOXKHO XapaKTepu30BaTh
KaK OOBIKHOBeHHBIN XoHApuT Tnma LL5/S4-WO [5].

Kaxk y»e oTMe4anoch, najieH1e MeTeopo1oB, II0Z00-
HbIX Ye10MHCKOMY, He TaKoe YK pefikoe cobbitue. Cpe-
IV UMEIOLMXCA JAHHBIX O MOJO0OHBIX COOBITUAX MOXKHO
yHOMAHYTb 60muyel 3 aBrycra 1963 1. (B paiioHe ocTpo-
BoB IIpmuna Opyappa, HOxnas Adpuxa) ¢ oueHKOI
srepruu B 260 x1 THT, 60 MapliirasoBbIX OCTPOBOB
(1 ¢peBpana 1994 r.) ¢ ouenkoit suepruu B 40 kr THT n
HelaBHUII MHIOHe3niicKuit 6omup (8 oktsa6ps 2009 r.)
c ouenkoit snepruu B 50 kr THT. Ilocnenuuit pas no-
XO>Kee siBIeHMe Ha Tepputopun Poccun Habmo[anocs B
2002 r. (Butumcknit 6omng 24.09.2002, sHeprust OKOJIO
10 xt THT). " Bce >xe Yensabunckoe coObITHE CIERyeT
IPU3HATb YHUKAIbHBIM. BriepBble B ICTOPUM YeoBede-
CTBa CTOJIKHOBEHNE C KPYITHBIM HeOeCHBIM TeJIOM, XOTs
Y HEOXXUJJAHHOE, OBUIO CTO/b JETa/lbHO 3aJOKYMEHTH-
posaHo. IIpoBeneH OecrperiefieHTHO OBICTPBIL U [{O-
CTaTOYHO IOJIHBII HayYHBIIl aHA/IN3 COOBITUSA, BKTIOYAs
conpoBoxasiye ero apdexrs. K HMM oTHOCATCA, B
JaCTHOCTM, BO3MYILEHNs, BbI3BaHHbIe UemAOMHCKUM
00u0M, TIOMMMO CHOpajudeckoro cinost Es, Bo Bceit
TO/IIe MOHOCGEPHI, TaKie KaK M3MeHeHNe 9/IeKTPOHHOII
KOHIL[eHTpauuu 1 BbICOTHI cn1ost F2 (o 2,7 pas B Makcu-
MyMe) Ha pacCTOAHUAX 1o 2000 KM, Ifje OHM COXpaHs-
much B TedeHue 6onee 10 yacos [9]. B sakmouenue eme
pas ImoguepKHeM, UTO M3ydeHre Maiblx Ten COMHeIHOI
CHICTEMBI: aCTEPOULOB, KOMET, METEOPONJIOB — 9TO KITI0Y
K IIOHVMMAaHMIO IIPOLECCOB XMMMYECKOV, TEIUIOBOV U
OVHAMMUYECKON SBOIOLMNA IIPOTOCOTHEYHO TYMaHHO-
CTH ¥ IPOTOIUIAHETHOTO IUCKa, Ipoliecca 00pa3soBaHms
wiaHeT [10]. C HuMU cBA3aHBI IPOLECCHI MUTPALIVY Be-
mectBa B COMTHEYHOI CHCTeMe, B TOM YMCIIe IlepeHoca
TeTY4MX, BKIIIOYas MOsABJIeHNE BOALI Ha 3eMiIe, 1, BO3-
MOJKHO, IIPOIIECCOB 3aPOXKAEHUSA U PacIpOCTPaHEHUs
KU3HU. VI3ydeHMe MajbIX Tel, K KOTOPBIM OTHOCUTCA
YenabuHCcKoe cOObITHE, HANPAMYIO CBSI3AaHO TAaKXKe C
po6/1eMoit aCTepONIHOKOMETHOI omacHoCcTH [11].

IIpedsapumenvrole napamempot opoumot Yensburckozo memeopuma

Jlonrota
BOCXOASLLEro

Aprymext

nepurenus, rpap CcbinkKa Ha MCTOYHUK

bonbuas HaknoHeHue,
nonyocs, a.e. JKCLEHTPUCHTET rpag
1,73+0,23 0,51 0,08 3,45+2,02
1,55 0,5 3,6
1,26 £ 0,05 0,52 2,984

y3na, rpag

120,62 + 2,77 326,7 £0,79 Zuluaga, Ferrini, 2013
109,7 326,41 Borovicka et al, 2013
955+2 326,5+0,3 Zuluaga, Ferrini, Geens, 2013
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Abstract

The paper deals with Chelyabinsk meteorite fall from the astronomical viewpoint. The main observational data and relevant
characteristics are analyzed including entry velocity, dimensions, height of explosion and energy release. Aerodynamic phenomena
accompanying the meteorite entry in the Earth’s atmosphere of bodies with supersonic velocity, as well as bow shock formation
responsible for destructions on the surface are discussed. Estimates of frequency of meteorite falls depending on size and follow
up results of collisions with the Earth are given It is specially emphasized that study of the Solar system small bodies is intrinsically
related with the fundamental problem of protoplanetary disc evolution and planets formation. Chelyabinsk event is also connected
with the problem of cosmic bodies (asteroids-comets) threat to our planet. An assessment of sizes and tracing orbits of the
potentially dangerous bodies is a key which poses the necessity of the deployment of both ground based and space telescopes

capable to monitor such bodies and warn in advance about space hazards.
Keywords: astronomy, meteorite, explosion, planets formation, asteroids-comets hazard.
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Ontuyecknii 6apbep B cxeMe KOCMUYECKOTo MaTpys *

Axmemuun P3., Epumos I'b., Inees T.M.

PaccmoTpeHa cxema KOCMUYECKOro narpyrns, KoTopas npeanonaraeT co3LaHue «onTu4eckoro 6apbepa» ¢ NoMOLLbHO
TeNIeCKOMNOB Ha KocMuyeckux annaparax (KA), pa3meLLeHHbIX Ha rennoLeHTpUYecKorn opouTe. B ero 3afady BXoaT 06-
Hapy>eHne HOBbIX KOCMU4ecKux 06beKToB (KO), conmKaromxcs ¢ 3eMineid, OLEHKa Ux 0MacHoCTI, U UX Katanoruaa-
ums. Mog «onTu4eckum 6apbepomM» NnoapasymMeBaeTcs NOCTOAHHbIA MOHUTOPUHT TeNeckonami OKPeCTHOCTU 3eMHO
0pOuTbI, NPeLCTaBNAOLLEN CO60i TOp ToNLWMHOI 0,1 a.e. 3Ta 06M1aCTb AOMKHA CKAHUPOBATLCA Teneckonamin 4 pasa 3a
CYTKI, ANs NONy4eHns 4-x NONOXEHUA KaXA0ro BHOBb 06HapyuBaemoro KO, ans oueHKW napameTpoB ero opbuTsl
1 ero onacHocti. Ans yTo4HeHus opbut KO Heo6X0auMbl JONONHUTENbHbIE HABMIOAEHMS, TO €CTb, X NOCNEAYHOLLEE
«COMpPOBOXAeHUe». [laHbl OLEHKN HEOBXOAMMBIX XapakTepucTUK TENeCcKOonoB, XapakTepucTUK ONTMYecKoro 6apbepa,
MUHUMaTbHbIX Pa3mMepoB 06HAPYXMBAeMbIX MOTEHUMANbHO onacHbix KO 1 1x Konmyectsa npu pasnnyHbIX opouTax
pa3meLLieHns KA natpyns.

Kntoyesble cyioBa: acTepouaHas 0nacHoCTb, aCTeponzbl CONMKAIOLLMECH C 3eMITeid, KOCMUYECKWIA NaTPyNb, ONTUYEC-

Kne HabnaeHus.
*

Paboma svinontena npu gurarcosoii noodepicke PODU (epanm Ne 09-01-00299-a)

B VMucturyTe NpuKIagHOi MaTeMaTH-
ku umenn M.B. Kemgpima Poccuiickon
aKaZleMuy Hayk, HadmHas ¢ 2000 r., aB-
TOpaMy TPOBOAWINCH UCCTIEOBAHMS
[0 acTepOMAHON Oe30macHOCT 3eM-
NN — BBISIBIEHUIO KOCMUYECKUX 00beK-
toB (KO), mpefcraBifommx OmacHOCTb
Il Hee, — TOMiEP>KaHHbIE TPaHTaMU
POOU Ne 04.01.00346a, 06.01.00531a u
09.01.00299a. Ot paboOTH OMMPAICh
Ha mccnemoBanusa T.M. DHeeBa 1 ero
y4eHMKOB 10 mpoucxoxaeHuio Cor-
HEYHOI CUCTEMBI M MajlbIX Tel B Helt,
UX MUTPAIUM B OKPECTHOCTb OPOUTHI
3emn (1, 2].

KoHuenus KOCMMUYecKoro marpyiis,
mpennokennas T.M. OueeBsiM [3, 4],
MpeMoNaraeT Co3aHne «OMTUIECKOTO
6apbepa» C MOMOIIIBIO TENECKOIIOB Ha
KocMuueckux ammaparax (KA), pasme-
IIeHHBIX Ha KPYTOBOJ TeMOLIeHTpuye-
ckoit opbure. Iop «onTaecknm 6apbe-
poM» TIOfipasyMeBaeTcsl ITOCTOSHHBIN
MOHMTOPMHT  TeJlleCKOIIaMM  INATPy/s
ompefneNieHHbIX ObmacTelt HebGeCHOI
cdepsl, ¢ LembI0 0OHAPY>KeHMsT HOBBIX

AXMETLLWH

KO, comxkarommxcs ¢ 3eMieil, OLeHKM UX OIaCHOCTH,
M KaTajJoru3alyy, B HEPBYI0 OdYepenb, «IOTEHIIMAIb-
HO omacHbIx» KO (cOmmkaroiuxcs ¢ opoutoit 3emmu
Ha paccrosHye MeHee 0,05 a.e.). Pasmepsl o6mactu 6a-
pbepa [O/DKHBI OBITh TaKMMM, YTOOBI Haxke OBICTpbIE
00BEKTHI He MOITIM IMPOCKOYUTH €r0 He3aMeueHHBIMI,
M 3aBUCSAT KaK OT KOIMYECTBA TENECKOIIOB Ha opbOumTe,
TaK U OT pafinyca opOuTHI (3TO MOXKET OBITh, HALIPUMeEP,
opbura 3emnu, Kak Ha puc. I, wiu opbura Benepsr).
I[Ipenmonaraetcst ¢ MOMOIIBIO OITUYECKOTO Oapbepa 3a
OTHOCHUTENIBHO KOPOTKOe BpeMsi paboTsl (5-6 meT) 06-
HapY>KUTh MOABJIAIoIlee OONBIINHCTBO 3HAYMMBIX 110
csouM pasmepam KO.

ITpn pasmerernu KA u teneckornoB Ha opbute 3emy,
KKMIBIIl TETIECKOI JO/DKEH KOHTPOIMPOBATh 00IacTh Oa-
pbepa, MPUMBIKAIIYI0 K cocenHeMy KA, Tak Kak mHade
nponetatomyit Bommsu KA o6bekT OyeT MMeTh YITIOBYIO
CKOpPOCTb, CIMIIKOM OO/IbIIYIO [1st ero Habmopenust. Cka-
HJPOBaHNE TEJIECKOIIOM «CBOEJ» 00/IaCTI OLITUYECKOro Oa-
pbepa IO/DKHO OCYIIECTB/IATbCA Oojiee Y3KMMY HOTIOCaMM
(mypyHa KOTOPBIX O 3aBUCUT OT PabOYEro OIS TeeCKOIa)
IO TOPM3OHTA/IN VIV BepTukamy, (puc. 2). Yrobpl He mpo-
myctutb HU oy KO, nepeceKkarolyii KOHTPOIUPYEMYIO
TelecKoaMy 06/1acTb, HEOOXOMMMO JJOTIOTTHUTENIHHO 00e-
CIeYNTh HOCTATOYHOE IIePEeKpPBITHE COCENHNMX KafpoB B
KQXTIOJ [OI0Ce U B COCEIHNX MOTIOCAX, @ TAKKe MePeKpbI-

E®UMOB JHEEB

Payd 3ynbthapoBuy
KaHauaar usnKo-Maremariye-
CKVX HayK, Hay4Hblil COTRYAHUK k-
CTUTYTa NPUKNAAHON MaTeMaTu ki
.'\.1l meHn M.B. Kenppitua PAH.

Feopruii bopucosuy
kaHauaar u3nko-mare-
MaTU4ECKWX HayK, CTapLUMiA
HayHb It COTPYAHVK VHCTUTYTa
MPUKNAAHON MaTeMaTyKiA
nmeHn M.B. Kengpitua PAH.

Tumyp MaromeTosuy
AKAZIEMUK, T1aBHbIA Hay4HbINA
COTPYAHUK NHCTUTYTA Npn-
KNaaHoI MaTemaTikin UMEHI
M.B. Kengpiwwa PAH.
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Puc. 1. Op6uma KO - Acmepouda,
conuxcarowyezocs ¢ 3emneit (AC3),
u paccmanosxka KA xocmuueckozo

nampyns na opoume 3emnu

Z|Z'

opevta AC3
AC3

KAz Y!

KA,
22 ~ X'

KA —
5 \\-»__//KAS 3eMns

MNMNOCKOCTb 2KIMANTHUKHA

Puc. 2. O6nacmv onmuueckozo 6apvepa, CKAHUPyemas 0OHUM MeNecKONoM no 20pU3OHMAnU

Puc. 3. Tlepeceuenue acmepoudom A okpecmHocmu 60kpyz opoumut 3emnu,
npedcmasnsioueii coboti mop monugunoti 0,1 a.e.

Tie obmacTeii, 0603peBaeMbIX pasHbIMU TeflecKomamu [5].
O6mactp 6appepa TOKHA CKaHUPOBATHCS TeflecKomamu 4
pasa 3a CYTKI, YTOOBI MMeTh 4 MONOKEHNMST KKIOTO 00b-
€KTa, HeOOXOMVMMBIX JUTS OLIEHKY TTAPAMETPOB €0 OPOUTBL
Il BBIABNIEHMs MOTEHIMAAbHO omacHbix KO pocra-
TOYHO BECTVM MOHUTOPUHT OKPECTHOCTY 3eMHOI OPOUTHI,
HpefcTaB/sAoLell coboit Top TommuuHoit 0,1 a.e. (puc.3),
KOTOPYIO IIOCTIefHME 00sA3aTe/bHO IepeceKaoT [6]. [la
3TOro HeOOXOAMMO CKaHMPOBATh KPYTOBYIO HOIOCY BO/M-
31 SK/IUIITUKM, YTO TIO3BOMIUT 0003pEBATh OKPECTHOCTD
op6utbl 3emmt. O6beKTbI, KOTOpbIe OYAYyT OOHApPY>KEeHbI
BHYTPY TOPA, SIB/IAIOTCS MOTEHIMATBHO ONACHBIMMU — /IS

@ TEMATUYECKMI BJIOK, NOCBALYEHHDIN YIPOXAHLMUM ABIEHUAM, KOCMUYECKUM W SEMHbIM

VIX KaTaJIOTM3aIy HeOOXOVIMBI OO
HNUTe/IbHBbIEe HAOIOfeHs, YTOOBI OpOm-
Tbl OBUIM OIPEee/ieHbl C AOCTATOYHO
TOYHOCTBIO, T.e. HEOOXOAVMMO BECTH VX
«CompoBoX/ieHne». Ilpemmaraetcss op-
TaHM30BaTb PabOTy TEeCKOIOB B JIBYX
peXVMax: CKaHMpOBaHMe O0/1acTy OI-
TUYECKOro Oapbepa, 1 COIPOBOXK/EHME
OOHapy)XeHHbIX MOTEHIMATBLHO OIac-
HbIX KO [6]. C ar0it 1enbro nmpenmosnara-
ercst Ha KoM KA pasmecturs 1o jjBa
teneckora. OgyH 13 HUX, ¢ 6GOMBIIIM
pabounM noyeM, ZO/DKeH OyfeT OCyIecT-
B/IATb KOHTPO/Ib (CKaHMpOBaHMe) obya-
cty 6apbepa, BTOPOI — C MEHBIINM pabo-
YUM TI07IeM, HO OOJIbIIelT paspeliaroliert
CIIOCOOHOCTBIO — 3aHMMATBCS COIPOBO-
kpmeunem KO. Takas cnenmanmsanus
TEJIECKOIIOB TI03BO/IUT KOHTPO/IMPOBATD
00/IbLIyI0 N0 IUIOLAM O6acTb Oapbe-
pa, u nomy4arb nonoxerns KO ¢ focra-
TOYHO OOJIBIION TOYHOCTBIO, HEOOXOMM-
MOl I ompefenenys ux opour. Ilpn
3TOM BO3MO)XKHA B3alIMHas HOJJIEpXKKa
TeJIeCKOIIaMyl APYT JIpyra: HaOIofieHue
KO c¢ gByx KA nosBonmr onpenenAaTs Mx
OpOUTHI € OOJIBIIIETT TOYHOCTHIO.
ITpuBezieHBI OLIEHKM Pa3MepoB pabodero
TIOJIAA U IIPOHUIIAIOLIIEN CIOCOOHOCTM Tevte-
CKOIIOB, HEOOXOMIVIMBIX /I BBIIOTHEHNSA
3a/ja4y 110 CKaHVPOBAHMIO 0071acTt O6apbe-
pa. ITpuBeeHbI Takoke OLIeHKI KO/IYeCTBa
«HOBbIX» KO, KOTOpBle MOIYT eXeTHeB-
HO OOHApY>XMBATbCA B 00/macTy Gapbepa,
VI KOIMYEeCTBA ITOTEHI[MAbHO OIACHbIX
OOBEKTOB Cpefyl HIUX, COIPOBOXKIEHNE
KOTOPBIX HeoOxommmo obecteunts. To
€CTb, TIPOBEJIeHa OLIHKA HAIPSDKEHHOCT
PabOThI TE/IECKOIOB TI0 COIPOBOXK/CHMIO.
JlaHBI TIPMMeEpPBI XapaKTePUCTUK ONTIYe-
CKOT0 6apbepa 1 MYHIMA/IbHBIX Pa3MepOB
obHapyxyBaeMpix KO mpy pasmrdHbIx
opburax pasmeennsa KA marpyns, — Ha
KpyroBoii op6ure 3emm v Benepor. Ot-
MeueHbl pefikue cmy4yan, korga KO moryT
OBITb He OOHAPY)KEHBI KOCMITIECKIM T1a-
tpynem: ecmu KO okaxkeTca Ha CHUMKe
BO/IM3Y APKOVI 3BE3/IbI VIV TATTAKTYKY, U
OyZeT ero «3acBedeH», VI e/ BEKTOP
€ro CKopocTy OyfeT MOYTH HapajyIelieH
HAIIPaB/IeHNIO JTy4a TeIeCKONa, M CaM
00beKT OyJieT BBIITIAIETh Ha IOCIE0Ba-
TETIbHbIX CHUMKAaX KaK «HETOf|BVDKHAA
3Be3fla», a He Kak ABoKyumiics KO.
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The scheme of Space Patrol, that supposes to create an Optical barrier with the help of telescopes on the spacecrafts
disposed on the circular heliocentric orbit is considered. Optical barrier is aimed to discover new near Earth space objects,
estimate their danger and catalogue them. “Optical barrier” means continuous monitoring of Earth vicinity representing a torus
with a thickness of 0.1 AU. This area must be scanned by telescopes 4 times a day to get 4 positions of each space object,
necessary to estimate it’s orbit and danger. To define the orbit more accurately one need additional fixing of space object
positions in regime of tracking. Characteristics of telescopes, of Optical barrier, estimations for different spacecrafts orbits of
minimal sizes of potentially dangerous objects that can be discovered and their quantity are given.
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Kocmuueckas yrposa. Crparerus BbDKUBaHNUA

Mywaunos B.P .

PaccMOTPEHbI MHTErpanbHble acnekTbl KOCMUYECKOIA Yrpo3bl C Y4ETOM 3HAOTEHHBIX 11 aHTPOMOreHHbIX (aKTOPOB.
MpuBeaeHbl BapuaHTbl anbTePHATUBHbIX CTPATEriiA pearnpoBaHIs Ha KaTacTpoU4ECKie Yrpo3bl YENOBEYECTBY, B TOM
4ICIIE — KOMETHO-aCTePOU/HYH0 ONACHOCTb.

Kntouesble cnoBa: actepong, Kometa, MeTeopons, ConHeyHas cucTema, MOAeNMpOBaHNE, BEPOSTHOCTb CTOMKHO-
BEHWI, NNaHEeTOHABTIKA, aBTOHOMHbIE NMNaHETHbIE NOCENEeHNs, KOCMUYecKas yrposa.

* Paboma evinontena npu durnancosoti noooepycke PO (epanmot Ne00-02-17744, Ne06-02-16795)

18

Honronepmonyuyeckass 3BOMIOLMUS IIPOLIECCOB, MPOUC-
XOMALIMX HA 3eMJie, B TOM 4KCTe, U B 6uocdepe, Hepas-
pbiBHO cBsisaHa ¢ ConmHeuHoit cuctemont [1]. Oguum u3s
KaTacTpoduuecknx HakTOpoB MOZOOHOTO BAMSHUS SIB-
JsieTcA KOCMMYecKas yrpo3a — KOMETHO-acTepoMHas
OIIaCHOCTb.

B Hacrosiieit pabote ObIIM MPOBEIEHBI KOMIIEKCHbBIE
UCCTIeNOBaHMs M0 TpobeMe MPOUCXOXKAEHNS U [UHA-
MMYECKOI1 9BOJIIOIINY aCTepPOUAOB U KoMeT B COTHEUHOI
cucteMme. Pazpaborana crporas kmaccuduKanus MajbIx
Ten1 COTHEYHOM CUCTEMBI IO MECTY UX IPOUCXOXK/EHNA
(a cregoBaTenbHO, IO MX (UBMKO-XVMIYECKOMY COCTa-
By) M [AVHAMMYECKVM XapakTepucTukam. IIpoBemeHo
MOJIeTMPOBaHMe IBOIOLUI OPOUT U UCCIENOBAHBI CTa-
TUCTUYECKNEe 3aKOHOMEPHOCTV pacIpefeneHns] MajbIxX
Ten ConHevHoI1 cuctembl. IIpenckasaHo cylecTBoBaHMe
HECKOJIbKVIX 3aHEITYHHBIX ITOSCOB, KOTOPble HeOOXOM-
MO YYUTBIBaTb NpYM OIpEfe/IeHMM CYMMapHOTO 4MC/Ia
Tel M KOHKPETHBIX OLIeHOK MacC 0OBEKTOB, CIIOCOOHBIX
MuUrpupoBarb K 3eme. [laHO Takxe 0OBACHEHNE TOMY
(daxTy, 4TO KpyIHBIe Afpa KOMeT OOHAPYXMBAIOTCA C
MepUrenusMU OPOUT, PACTIONATAIOIUMUCA 32 OPOUTOI
IOmutepa. Ha ocHoBe pa3paboTaHHOI TeOpUM TIPUTUB-
HOJl 3BOMIOLUY, OOYC/IaBIMBAOLIEH ITePUOANYHOCTD
COJTHEYHBIX IIVIK/IOB, 3HAYNTE/TbHO MOBBILIIEHA TOYHOCTD
IIPOTHO3MPOBAHYA BCIBIIIEYHON AKTUBHOCTY KOPOTKO-
MIePUOANYECKUX KOMET M HeCTAI[MIOHAPHBIX METEOPHBIX
MOTOKOB. Pa3paboTaH HOBBII METOI OLIEHKU BeTUYM-
HBl ¥ paclpefeneHNs «CKpbITOi Macchl» B COMHEYHON
cucreMe, 6a3MpPYOIUIICA HAa KOPpeIAlUM IapaMeTpoB
COJTHEYHOTO 1IMKJIa C TIOJTHBIM BHEITHUM IIPU/IMBHBIM M-

MVYLLUAWNOB

bopuc PomanoBuny

[I0KTOp d)VIsI/IKO-MaTeMaTMHBCKMX HayK, BBJJ,yLLI,VIVI Hay‘iHbIVI COo-
TPYOHUK I'ocyuachBeHHoro dCTPOHOMU4ECKOr0 MHCTUTYTA UMEHN
[.K. LLitepHoepra.

HaMM4YecKMM Bo3felictBueM Ha ComH-
e Te1 COMHEYHON CUCTEMBI, BKIIIOYas
U Toka HeoOHapyxeHHble. [IpoBeneHa
OLIEHKAa BEPOATHOCTEN CTOIKHOBEHUI
acTepOMJOB, COMDKAIOLINXCS ¢ 3eMJIel,
a TaK>Ke KoMeT [2-6].

B Hacrosmee Bpemsa Ha 3emie oOHa-
pyeHo oxono 200 acTpobmem — cie-
TOB KpaTepOB YHAPHBIX KOCMUYECKNUX
Tel. MakcyuMasbHas ITy61Ha KpaTepoB
OOCTUTAET IIOJIOBUHBI TOJILIVHBI 3eM-
HOI1 KOpbl ~ 20 kM. [JnameTp KpaTepoB
B IepBOM IPUOMIVDKEHUN Ha MOPSJOK
Oonbllle «yIapHUKa» — CPeJHETO Jya-
MeTpa acTepoufa.

Cpenyt MUMIIAKTHBIX CTPYKTYP, BBLAB-
JIeHHBIX Ha Tepputopun Poccuu, Boifie-
nsotcst: [Tonvraiickas (quamerp Kpate-
pa D=100 kM, Bospact T=35 mH neT),
[Tygex-Karynkckaa (D=80 xm, T=180
mnH net), Kapckas (D=70 kM, T=70
miH net). OZHAKO YUCIO acTpobiem
HEBEJIMKO JJIS1 TOTO, YTOOBI KOPPEKTHO
BBIABUTD 3aKOHOMEPHOCTU B «IIpefi-
ITOYTUTENBHOCTN» WX PpaclpefiesieHnit
(puc. 1).

BoiMypanme oTenbHBIX 61omorniec-
KIX BUJIOB, a TaKXK€ MacCcoBOe IOSIBIIe-
HIe KpaTepoB Ha 3eMjle MOITIO OBbITb
CBSI3aHO C MHTEHCUBHBIMU OOMOapmu-
POBKaMM ITOBEPXHOCTU 3eM/IM «KOMeT-
HBIMU TUBHSAMI» (TI0 HEKOTOPBIM OLIEH-
KaM BO BpeM: TaKOTrO IMBHS Ha 3eMIII0
Morso BbimagaTh 70 200 KOMETHBIX
apep). bombapauposka 3emmu Kome-
TaMM IPOUCXOAM/IA He HEIpPEephIBHO, a
OTHOCUTENIBHO KOPOTKUMU IOPLUSIMIU.
InuTenbHOCTD KaXKMIOit Takoit 6ombap-
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IUPOBKU B cpepHeM Obuta B 1000 pas
KOpode, 4YeM IIPOMEXYTOK BpeMeHM
MeXIy HUMU. 3a BpeMs CyLIecTBOBa-
Husg CONHEYHO! CHCTeMbI IIPOM3OIITIO
OKOJIO JIeCSITY KOMETHbIX «Oombapu-
POBOK», BBI3BAHHBIX IMIPOXOKIEHVISIMI
3Be€3]] 4epe3 BHYTPEHHMII KOMETHDIN
6ank Xumica [3, 7].

IMocnenctBuss A 6uocdepel  oT
CTOJIKHOBEHMII C 3emiell KOMEeTHBIX
Afep MOryT B OOMbIIEll CTENEHM OKa-
3aTbCA  KaTaCTPOPUUECKUMY, HEXeNn
CTO/IKHOBEHMSI C COIOCTaBUMBIMY IIO
pasMepaM acTepoujaMm, 13-3a MHTEH-
CUBHOTO pPacceuBaHMs KOMETHOIO Be-
mjecTBa. JHAYUTENbHOE yMEHbIIeHNe
IPO3PaYHOCTU 3eMHON aTMOc(eps! 3a
cyeT KOMETHOU OOMOapAMpOBKM MO-
JKeT IPUBOANTD K BBIMMPAHUIO CHaYasIa
HpOCTeINX, a 3aTeM 0ojiee CIOXHBIX
BuOB [8].

[Tajenne Ha 3emm0 HeOeCHBIX Ter
(acTeponzioB MM KOMET) C iuaMeTpaMu
d>5 kM crocO6HO BBI3BATh KaTacTpody
DI06a/ibHOrO MaciuTaba (XapakTepHoe
Bpemst T BbImazieHysi Ha 3eMITiO TIOHO6-
HBIX 00bekTOB T=20+30 M/IH 71eT), a IpK
0,5<d<1 kM (T=10+100 TbIC. IET) — pas-
PYLIEHMS PEerMOHAJIbHOTO MaciiTaba.
He6ecHble OOBEKTHI MEHBLIMX pas-
MepOB MOTYT BbI3BaTb JIOKa/IbHbIE I10-
BPEXJICHUSI Ha IIOBEPXHOCTM 3eMIIN.
IIpy 3TOM MacIITabbl MOBPEXJEHWI
(mOpa>keHmiT) CYLeCTBEHHO 3aBUCAT OT
CTENleHV 3aCeNIeHHOCTM MECTHOCTH, B
KOTOPOJI IPOU30IiJieT MajieHne Hebec-
HOTO TejIa. 3a IOoC/IeHee BpeMs BOIN-
311 3eMJIM IIPOJIEeTeNN HECKOIBKO CPaB-
HUTEJIPHO KPYIHBIX HEOECHBIX TeJl.
CunbHy10 TpeBOTy BbI3Bano B 1936 r.
IIpOXOXKJIeHMe acTepoupa AfoHMNC,
cpenuum auamerpom (d) okomo 1 km,
Ha PacCTOSHMUM OKOJIO 2 M/IH KM OT
3emmn. A HaCTOALIYIO NAHUKY BbI3BAJI
B 1937 . actepoup I'epmec, uMeromuit
puaMmerp =1,5 KM, IpOM4YaBIIMIICA
b Ha pacctostHun 800 ThIC. KM OT
3emimmn. ITosxxe (B 1992 r.) Gomblioit
@KMOTaX ObUI CBA3aH C MPUO/IVDKEHN-
eM K 3emsie Manoii miaHeTbl Toyraruc
(d~3 xm; Ha paccTostHUM ~ 450 THIC. KM).
Acteponp 2005 YU55 (d~400 m) 8 HOs1-
6pst 2011 1. mponeTen Ha PacCTOSHUM

Puc. 1. Pacnpedenenue yoapHbix KOCMUHECKUX KPamepos Ha nosepxHocmu emmu.
Haubonvuiee ux xonuvecmeso 06HapyxeHo 6 Haubomnee 00c1e008aAHHVIX PATIOHAX

OK0/I0 325 TBIC. KM OT 3eMJIU, 4TO COCTaBJIAeT IpPHU-
MepHO 85% paccrosaHuA oT 3emnu fo JIyHbl, acTepoup
2007 TU24 (d~270 m) 29 suBaps 2008 r. cOnusnuics 1o
500 TpIc. kM. HpIHe 3HaMeHUTHI 300-MeTpOBbIiT acTepo-
up Anoguc 13 anpens 2029 T. TPOMYNTCS, IO MMEIOLVIM-
cs B HacTosllee BpeMs OlieHKaM, IpyuMepHO B 40 ThIC.
KM OT Haiei wianeTsl. Actepoup 2011 AG5 (d~140 m),
obHapy>xeHHbI1 8 ssHBaps 2011 ., kak u actepouy 2013
TV135 (d~410 M), BHeCEHHBIT B JJIEKTPOHHBIN LIMPKY-
nsp Lentpa manbix [Tnaner MAC 16 oxtsa6ps 2013 1. (d~
410 M), B 2040 1. 1 2032 I., COOTBETCTBEHHO, COMMU3ATCS C
3em7ielt BCETo NUIID JI0 PACCTOSHNA B HECKONIBKO ThICAY
KIJIOMETPOB.

C 3emseil HEOTHOKPATHO COMDKAINCH METEOPOVIbI
mnamerpamy Meree 100 m. Tak 2004 TS26 9 oxtsa6ps
2008 1. cOmusmics ¢ 3emieit 1o paccrosaHusA B 6150 KM,
2004 FU162 31 mapta 2004 r. — go 6535 xm, 2009 VA -
9 Hos6ps 2009 r. mo 14000 kM. O6mexkT 2009 DD45
(20+50 ™) 6B11 0OHapy>xeH 28 ¢despana 2009 r. 3a Tpu
oHA [o commkenusa Ha ~70 Toic. kM. O6bexT 2010 AL30
(d~15 m) — obHapy>xen 11 suBaps 2010 r., a 13 aHBaps
mporneten Ha pacctosgHuy 130 Thic. KM OT 3eMin. MeTeo-
poup 2012 DA14 (d~50 M) 15 ¢peBpana 2013 r. mponeren
Ha pacCTossHMM 27,7 TBIC. KM (puc. 2).

Merteoponp, pasmepoM okono 20 M, cocTOAMMII U3
cepoupanbHBIX 06pa3OBaHMII NPEVMYIECTBEHHO CU-
JIMKAaTHOTO COCTaBa (TaK Ha3bIBaeMblil KAMEHHBIII MeTeo-
PUT TIOAK/IACCa XOHAPUT) B OKpeCTHOCTH I. UenmsA6MHCKa
B3opBascs 15 ¢peBpan 2013 r. npumepHO B 9:20 110 MeCT-
HOMY BpeMeHN Ha BbIcoTe 15+25 kM. ITo uncny nocrpa-
JABIINX TMaJieHe 3TOT0 MeTeopoM/a He VIMeeT aHa/IoroB
B MUPOBOJI 3a/JOKyMeHTMpOBaHHOI ucTopyn. Cyns 1o
npopo/mkuTenbHocT (~30 cek) arMocepHOro Iosera,
IBIOKEHMe MeTeopOoM/a IPONUCXOANIO II0f] OYeHb OCTPhIM
YIJIOM K HOBepXHOCTH 3eMin. PaspyIenns Obin BbI3Ba-
HBI PacIIPOCTpaHEeHNeM YHApHBIX BOMH. V3-3a mosmoroit
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Puc. 2. Opbuma memeopouda 2012 DA 14, enepsvie 06HapyxerHoz0 23 despans 2012 2.
u cbnususutezocs c 3emeil 00 paccmoanus 6 27,7 moic. km 15 despans 2013 2.

TPAaeKTOPUM TONBKO CPABHUTENBHO HEOObINAs 4YacTh
SHEPTUM OT B3PBIBOB JOCTUIVIA HACEJIEHHBIX ITYHKTOB.
CKOpOCTb MeTeOpOuIa IpH MafleHnu coctaBuaa ot 20 10
70 xM/c. I Bu>KeHe BbI3BAIO MOIITHOE cBedeHue (6ommp).
Bornblnas yacTh pparMeHTOB UCIAPUIIACH, @ [J0 3eMJIN J10-
JIeTeNN JIUIIb HEKOTOPbIE U3 HUX.

Acteponppl, compkaromyecs ¢ 3emneit (AC3), ycnos-
HO MOXXHO Pa3fie/INThb Ha TPYIIIBL: aCTePOMIbI TPYIIIIBI
AmnonmoHa, opOUTHI KOTOPBIX TEPECEeKAITCS C 3eMHOIA,
rpynnsl AToHa 1 AMypa, OpOUTBI KOTOPBIX — BHYTPU MU
BHE 3eMHOI1 OPOUTHI, COOTBETCTBEHHO, HO OM3KM K ITOC-
nepreit. K uncimy o6bekToB, cOmmpkaromuxcs ¢ 3emen,
CTIeiyeT OTHECTY TaKXKe KOPOTKOIIePUOANYECKUe KOMe-
TBI U KPYIHbIe (PParMeHTbl METEOPHBIX IIOTOKOB. [Ipn
9TOM 3HAYMTE/NIbHAsA YaCTh TaK Has3biBaeMbIXx AC3 MoxeT
IPUXOAUTHCS HA «yTaciine» KOMETBI.

B Hacrosiiiiee BpeMsi B OKPECTHOCTU OPOUTHI 3eMin
MOTYT ABUTATbCs OOjlee MWUIMOHA KOCMUYECKUX 00B-
€KTOB KaK aCTePOUHOTO, TaK ¥ KOMETHOTO IPOUCXOXK-
IeHUsI, pa3MepoM B JlecATKM U Gojee MeTpoB. V3 Hux
OOHapy>XeHBI ¥ NPU3HAHBI 6E30IIaCHBIMI JIMIIbL OKOJIO
1%. VI3BeCTHBIX NOTEHLMAJIbHO OIACHBIX OOBEKTOB C
nuametpoM 60oree 100 M — HECKOTBKO ThICSY, 10% U3 HUX
KoMeTbl. YacTb Tes, MUTPUPOBABIINX K 3eMiie U3 pas-
nM4HbIX 06/macTeit COTHEYHO CUCTEMBI, B Ia/IbHENIIEM
MIOTIOTHSATIO CEMENICTBO aCTePOUTIOB, OPOUTHI KOTOPBIX
HOYTM LEIMKOM HAaXO[ATCS BHYTPM OpOUTHI 3eMin
(a HeKOTOpBIEe OpOUTHI — BHYTpY op6UTHI Benepsr). Yuc-
JIO TIOJOOHBIX OOBEKTOB MOXKET ObITh BEJIMKO. DTN 00Db-
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€KTBI OITACHBI TeM, YTO IPUOIVKAIOTCS
K 3emse co ctopoHsl COMHIIA, 11 X TI0-
ABJIeHMe TPYLHO IPOTHO3MPOBATH, TAK
YTO CyIIECTBYeT peajbHasd OIACHOCTD
CTOJIKHOBEHMs 3eM/IM C HeOOHapyKeH-
HBIMM KOCMUYECKUMU OOBbEKTaMMU.
C yueToM pocTa Ha 3emsie OIacHBIX
IIPOM3BOJCTB KOCMMYECKUe KaTa-
CTpo¢Bbl MOTYT OBITH BBI3BAHBI M OT-
HOCUTENIBHO MEIKUMU KOCMUYECKN-
MM 00bEKTaMU, UCUMUCIIEMBIMU BCETO
NVIIb HECKONMBKUMMU METPaMM;.

Exxeroguo ¢ 3emiieit CTaIKMBAIOTCA
B CpefHEeM 2 >Ke/Ie3HBIX MV KaMEHHbIX
Tenma Maccoyt 6omee 100 1. Menkue xe
acTepoMIHbIE OCKONMKM (I/IBIOBI MeT-
POBBIX pa3MepoB, KaMHU M IIbUIEBBIE
YaCTMLIbI, BKJIIOYas ¥ KOMETHOTO IIPO-
VICXOXKIeHN) HEeIIPepbIBHO IIafjaloT Ha
3eMITI0 €KETOTHO B BUE NECITKOB ThI-
CSIY TOHH KOCMIMYECKOTO BEIECTBA.

BeposTHOCTD CTONMKHOBEHMSI KOMETHI
¢ 3emrieil 3a BpeMs XV3HY OJFHOTO II0-
KOJIEHUSI OI[EHMBAETCA KaK 6 IIaHCOB
u3 10 mwumonos. B Cubupu B 6ac-
ceiine pexn IlopkamenHol TyHrycku
30 wrons 1908 r. ymano HebecHoe TerIo,
uMeHyeMoe Terepb «TyHrycckum ce-
HOMEHOM». B Hacrosmee BpeMs cylie-
CTBYIOT BECOMbIe OCHOBAHMS CUNTATD,
4TO 3TO HeOEeCHOE TeI0 OBITI0 OCKOIKOM
Afpa KoMeTbl JHKe. PeanbHOII OIfeHKOI
snepruu TyHrycckoro ¢eHOMeHa ABIA-
ercst Bemmunta ~6 Mt (E=2,5¢10% apr).
Oneprus TyHrycckoro ¢peHOMeHa 9KBU-
BaJICHTHa 3eMJIETPSCEHNMIO C MarHuTy-
noit M=7,7.

ITIpy majeHMM KOCMMYECKOTO Tema
(acteponpa) gmamerpom oxomo 10 kM B
OKeaH [TyOMHOIT 4+5 KM BOSHUKHET «BO-
JIAHOII» BaJl BBICOTON IOPSAKA ITyOUHBI
OKEaHa Ha PACCTOSAHUM OKOJO 25 KM OT
MecTa ypapa (Ipy CKOpOCTM TafieHMsA
tema B 20+30 km/c). [Tpu guamerpe koc-
MWYECKOTO Te/la B 2 KM BBICOTA Bajla Ha
TeX >Ke PACCTOSTHMAX COCTaBUT YoKe IIpU-
MepHoO 1 kM. B crrydae nanenns meteopu-
Ta uameTpoM Bcero =200 M B 0671acTh
OKE€aHa CO CpemHen rny6MH0171 =0,6 KM
(cpepnaa mrybuna bantmiickoro mops)
IO/DKHA 00pa3oBaThCsi BOMHA C HAYa/lb-
HOII aMITIUTYHO¥ 0Koyto 500 M [8].

ITpu pactipocTpaneH M BOJIHBI OT MeCTa
yaapa (Mecta mageHus Tena) aMIUIATY-
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la BOJIHBI 3aTyXaeT IPUMEPHO 0OpaT-
HO IPOIOPLVIOHANIBHO €€ Pajuycy, HO
OCTaBasCh CYLIECTBEHHOI Ha OOJBIINX

MakcumansHos
yoanedwe ot Knutepa
16 wigna 1993 r.

PacCTOAHMAX. TaK, 1A Tena JiaMeTpoM
2 KM BBICOTA BOJIHBI COCTAaBIsSI€T pu-
MepHO 10 M Ha paccTOAHNUM 10 2 TBIC. KM
OT MeCTa MaJIeHN.

MupoBoMy cOOOIIECTBY peanbHas
OIIACHOCTD 1A YeTIoBeYeCTBa OYAYILINX
HEMMHYEMBIX CTO/IKHOBEHMII 3eMu C
00beKTaMy KOCMUYECKOTO HMPOUCXOX-
OCHNA 6bI}'Ia HarsAgHO IIPOAEMOHCT P~
poBaHa B uione 1994 r. mpy mageHun
¢dparmentoB koMetsl Illymerikepos-Jle-
Bu 9 Ha IOmutep (puc. 3). Insa 3emmm
HOf0OHOe CTONKHOBEHMEe O3HAYanIo Obl
KOHell CYIIeCTBOBAHMSA YelI0BEYeCKON
OVBVIN3ALIN.

Haumnas ¢ 1991 r, npoBogumuch
JINIb  ClIeVann3poOBaHHbIE KOH(I)e-
peHLNY 1 pa3oBble IIPOTrPaMMBbl aCTPO-
HOMUYECKMX HaOMIOmeHuI 3a KOCMMU-
YECKMMU O6'beKTaMI/I, ABVDKYIIMICA
BO/MM3Y 3eMIIIL.

21 deBpass 2013 . EBpomerickoe koc-
mirgeckoe areHTcTBO (EKA) mpucrymmto
K co3fjaHnio B EBporne eyHOi cucTeMbl
OMOBEIIEHNS O MeTeopuTax. TompKko B
2008 r. 6pua Havata mporpamma EKA
0 CTIKEHMIO 32 CUTYaluell B KOCMOcCe.
EKA mpuctymio k pa3paboTke IpoTo-
TIIIa HOBOTO TEJIECKOIIA C 3ePKa/IOM JIVa-
MeTpoM 1 M ¥ 60/IbIIMM YIZIOM 0030pa.
B 6ymymem EKA mnmanupyer BBecTH
B CTPOJl IIECTb TaKMX POOOTOB-Tele-
ckoroB. Jamaya EKA - pacnosnasathb
00BEKTBI JMIaMeTPOM CBbIIIe 50 M MU-
HVIMYM 32 TPU MecsILia 10 UX IIpUOIIDKe-
HIA K 3eMIIe.

B crparermu HaiuoHanbHOU 6e30-
nmacHocTu Poccum g0  mociaemHero
BpeMeH! HUYEero He yIOMMHAIOCh 00
acTepoUIHO-KOMeTHOI yrpose! B Ha-
cToAmlee BpeMA UMEIOTCA JINIIb T'MIIO-
TETUYECKNE IIPOEKTbl TUIIA CUCTEMbI
IIaHeTapHOM 3amutbl  «Lurapenn»
wnu ¢enepanbHas LeneBast IporpaMma
110 HpOTI/IBOHei[CTBI/IIO KOCMMNYECCKUM
yrposam. B to Bpemsa kak B CIIIA mo
nporpamMme (PUMHAHCUPOBAHUA KOCMMU-
YeCKMX yrpos ¢ 1998 r. exxerogHo BbI-
pensaerca He MeHee 20 MJIH [OMIApOB.
Ha coBpemeHHOM aTarne GpUKCUPYIOTC
TPpAaeKTOpUM NOBVDKEHUA JINIIb CaMbIX

OTepriTHE
24 mapra 1993

CTOnKHOBEHKE
18-24 wion= 1984 1

RO "Regar

Pacnan, 9 wana 1992 r

-

Puc. 3. Opbuma xomemut Ilymeiixepos-Jlesu 9, ppasmermvl KOMOPOil CTMOTKHYIUCH

¢ FOnumepom 6 nepuoo c 18 no 24 urons 1994 2.

KPYIHBIX KOCMMYECKMX 00beKkTOoB. JJo HacTosIero
BpeMeHU He peaji3oBaHa MeXIOCyJapCTBEeHHAs KOO-
nepauys 1o npobneMe IpefoTBpalleHNsT KOCMUYec-
KOI1 yTPO3BbI.

BBupy oTcyTCTBUSA JOCTaTOUHONM MHGOPMALUY O pac-
IPOCTPAHEHHOCTH PA3NNYHBIX 00beKTOB B COTHEYHOM
cucteMe (0cOOEHHO HeOEeCHBIX Te/l pasMepaMit BeCATKIU 1
COTHU MeTPOB, KOTOPbIe MOT'YT IIPEACTAB/IATD OIIACHOCTD
Ipy UX HafeHny Ha 3eM/I0) B O/ypKaiiiieil IepCreKTy-
Be aKTYa/IbHOV 3ajiaueil MO)XKeT HPefCTaB/IATbCS JIMIIb
3a0/aroBpeMeHHOe OOHapy>KeHMe M CUCTeMaTU3aLus
(kaTasmormsanysa) KOCMMYECKUX OOBEKTOB, IIOTEHLN-
aJIPHO yrpoXkaromux obutarensim 3emnn. B 0603pumoit
HepCreKTyBe OyeT OCTaBaTbCs HepPaspellnMoil BO3-
MO>XHOCTb IIPeJOTBPAIeHNs] KOCMIYECKON KaTacTpodbl
BBy Hea(h(EeKTUBHOCTM OOCY)KIaeMbIX METOOB OT-
KJIOHEHMs COMDKAIOIMXCA ¢ 3eMiIeil 00beKTOB, CII0co6-
HBIX BbI3BaTh I7I00A/NbHYI0 KaracTpody (ymapHOe BO3-
IeliCTBMe, JOCTaBKa Ha IOBEPXHOCTh OOBEKTA PaKeTHBIX
IOBUTaTeell OONbIION M MO TATM, VCIOAb30BaHMe
COJIHEYHBIX IIaPyCOB, B3aMMHbIE CTOIKHOBEHMS 10 TUITY
OMMbSAPOHBIX WIAPOB M T.L). IIpepmaraemble croco6bt
KOHIIENITYa/IbHO CPOZIHY BapMaHTaM 3aXOPOHEHMsI OTpa-
60TaBILero sIepHOTO TOIUIVBA 10 THUITY: PaCCEeMBaHMS B
KocMoce, copacbiBanys Ha ConmHIle I T.IL

Kpome HerocpecTBeHHO KOCMIYECKOII YTPO3bl, OIIac-
HOCTb JyI CYLIECTBOBAHMS U PasBUTKS Ue/IOBEYeCTBA
HPeCTaB/IOT TAKoKe 1 TTOCIEACTBYS JeATeTbHOCT Ca-
MOTrO 4eioBeYecTBa: IobabHas KaTacTpoda, BbI3BaH-
Hasl TIPYIMEHeHVeM OPY)XMsI MacCOBOTO IOPaYKEHVS, MC-
TOIL[eHVe TIPYPOHBIX PECYPCOB IUIAHEThI, HeOOpaTNMble
SKOJIOTMYECKME ¥ KIMMATU4eCKMe M3MEHEHMs, SIIUfie-
MUM MUPOBOTO MacuTada 1 T.I. B 1erom rino6anpHbIMm
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yIpo3aMI I/Is1 BBDKVMBAHISA Yel0Be4ecTBa, IOMIMO KOC-
MUYeCKUX (aKTOPOB, AB/IAIOTCS:

- KO3BOMOLMA 3eM/In — INPUPOFHO-KINMATIIECKIe
BO3JEIICTBIA, TaKle KaK VM3BEP)KEHN BY/IKAHOB, I[yHa-
MI, 3eM/IeTPACEHNS, HaBOJHEHN, OXKaphl, 3acyXn. 3a
nocnegnye 10 et OT IPUPOJHBIX KaTaK/IM3MOB IIOCTpa-
IajIo OKOJIO 3 MJIpH, 4enoBeK (~1/3 HacelleHus ITaHeThl);

- OyXOBHO-HPaBCTBEHHAA JeTPafaliisl — pacCIpoCTpa-
HeHMe Ky/IbTa HacUIus, YIafoK 0OpasioB MCKYCCTBA,
Ky/IbTYPbl, OTCYTCTBJ€ TAPMOHNM B OTHOIIEHUAX MEXTY
HOKO/TeHnsIMY, HGoOuM 1 T.I1.;

— TEXHOT€HHO-9KOJIOTMYeCcKye IpoOIeMbl: aHTPOIO-
TeHHOe BIMsHNE Ha IMAPO- U arMocgepy, 3arpsisHe-
HMe CYILIM, YHUYTOXKEHME JIeCOB, VICYe3HOBeHue Ouo-
JIOTMYECKUX BUJOB, HapylleHMe OUOreoXMMIYeCcKOro
KPYTOBOPOTa, MAHAEMIN, OPY>K/e MAaCCOBOTO ITOpaKe-
HIIS, MEX3THIYECKOE VM PeUTMO3HOE IPOTUBOCTOSHIAA,
HO/IUTUYECKAs Y SKOHOMMYECKasi HeCTaOM/IbHOCTD Y T.IL.

3a nepsyo TpeTb 2010 I. YMC/I0 M3BEPKEHNUIT BYTTKAHOB
B MMPe€ IIPEBBICUTIO TOOBOV CPESHECTATUCTNYIECKIII I10-
KasaTeJIb M3BeP)KEeHIIS BYIKAHOB B T€UeHNe ITPEbIAYIINX
100 net. Yncno cuabHBIX 3€MIETPACEHNI 1 M3BEPIKEHMIT
BY/IKaHOB (4ycio moru6umx) ¢ 2000 I. CBUAETENbCTBYET
00 UX pe3KOM pOCTe, HeraTVBHBIE IIOC/IEACTBUS ITOTO
IUIA 4e/IoBevYecTBa MOTYT OBITb KaTaCTPOPIIECKUMI.

HuHammdeckas cucrema Yemosek-IIpupopa ycrorunsa
K MaJIbIM BO3MYIIEHMAM, TO €CTh, 00/1a/jast CaMOBOCCTa-
HOBUTEIbHBIM HOTEHIINA/IOM, Ye/lTOBeK afalTUPYeTCs K
HIM, a TIpMpofia KoMmeHcupyet (HeliTpammsyer) nx. Ho
3HAYUTe/IbHBIE (I700aIbHBIE) BO3MYILEHNUS (B pe3yiib-
Tare KOCMIYECKNX, S9HTOT€HHbIX /1100 aHTPOIOTeHHBIX
($aKTOpOB) MOTYT BBIBECTH CHUCTEMY M3 YCTONYMBOTO
COCTOSIHUA Y IPUBECTY OO0 K POPMUPOBAHMIO CYlIle-
CTBEHHO HEpPaBHOBECHOTO IIporecca (kaTacTpodude-
CKMM M3MEHEHMUAM), OO0 K 9BOJIOLNYU CUCTEMBI B CTO-
POHY MHBIX (KBa3MpPaBHOBECHBIX) cOCTOSAHMIL. OFHAKO B
CBSI3YI C YPE3BBIYAITHO BHICOKOI M30MPaTeIbHOCTBIO MUPA,
MHbIE KBAa3UYCTOIYVBbIE COCTOSHIA MOTYT OKAa3aThCs 3a-
HpeeNbHBIMY JI/IA CYILeCTBOBAHNA YeioBeKa [1].

CymuiecTBytomye HpPOEKTHl IMPOTMBOAEICTBUA KaTa-
CTpodMUeckuM yrposaM 3eM/Iu OLIMOOYHO PYKOBOJ-
CTBYIOTCS MCK/IIOUMTENTbHO KOHIETIVell HpeBpaleHIs
3eM/IM B HENIPUCTYIHYIO KPEIOCTb («cTparermeit cuep-
XKMBaHMA yrpo3bl»). OTHAKO B CIOKUBIIENICS CUTYALNN
HeOOXOIMMBI ¥ KOHCTPYKTVBHBIE JeVICTBUSA IO IIpPEBeH-
TUBHOII pa3paboTKe Mep, HaIlpaB/IeHHbIX HAa COXPaHEHIe
4eJI0BEeYeCTBA B C/TyYae HACTYIUICHN KaTaCTPOPUIeCKIX
nocnecTeuii Ha nosepxuocty 3emmn. K ux umcry oTHo-
CUTCS pa3BepThIBaHMEe KOMIUIEKCHBIX IIPOEKTHBIX PaboT
10 CO3[AHUIO VI OIBITHOM 3KCIUTyaTallyl aBTOHOMHBIX
wiaHeTHbIX ocernennit (AITIT) ¢ 6a30BbIMU BapuaHTaMu
pasMeleHys Ha OO/IBIINX IIYyOMHAX 3eMIN, IOJ, TOPHBI-
MM MacCUBaMM ¥ Ha JOHHOJ IIOBEPXHOCTH MOPEN U MU-

@ TEMATUYECKMI BJIOK, NOCBALYEHHDIN YIPOXAHLMUM ABIEHUAM, KOCMUYECKUM W SEMHbIM

POBOTO OKeaHa, a TAKXKe, B IIePCIIEKTH-
Be, U Ha MHBIX KOCMIYECKMX OOBEeKTax
ComnueuHoit cuctemsr [9-12].

Taxast komrTekcHasi porpamma («VIHoit
Koutun(r)ent») crocoO6Ha HE TOIBKO
CIyXWUTb 3(PQPEKTUBHBIM WHTETPATO-
pPOM U OBITb HMApafUTMOIl CYIIECTBYIO-
IMUX JOCTVDKEHUII aBMAaKOCMUYECKNX,
HOJBOJHBIX, MOJIAPHBIX, TOPHOPYFHBIX
Yl MHOTUX JPYTUX HayKOEMKUX TEXHO-
noruit. Bo MHOrom oHa 6ypeT croco6-
CTBOBAaTb YCKOPEHHOMY pOCTY, 3¢ ek-
TMBHOCTY ¥ KOHKYPEHTOCIOCOOHOCTI
COBPEMEHHBIX TEXHOJIOTMII, CO3[AHVIO
HOBBIX PabOYMX MECT U PBIHKOB COBITA,
pa3pelleHNI0 B PAa3JMYHBIX IHPUPOA-
HO-K/IMMaTU4YeCKUX YC/IOBUAX IIPO6-
JIeM, C KOTOPBIMM 4Ye/lOBe4ecTBO 6e3
KOMIUIEKCHOTO IOAXOJa He CIIOCOOHO
CIIPAaBUTBCS Ha 3eMJIe CeTOfHS U C KO-
TOPBIMM) B CKOPOM BPEMEHM CTO/IKHETCS
B Jla/IbHEM KOCMOCEe IIpM pealn3alun
HOBOJI JOKTPMHBI — IUIAHETOHABTUKI,
TO €CTb, KOMIIIEKCHOJT IIPOrPaMMBbl, Ha-
Lie/IEHHOI Ha pa3paboTKy CTpaTernm u
TaKTUKM CO3JaHMsA aBTOHOMHBIX IIIa-
HeTHBIX [TOCeJIeHNII KaK Ha 3eMJIe, TaK 1
Ha MHBIX KOCMIYECKIX 00beKTax.

CrapToBOif OCHOBOJ [JaHHOI KOH-
LeNnuy sABIAETCS (PUKCUPOBAHHBII
3BOJIIOLVIOHHBIl CTaTyc Omomormyec-
koro Bupa Homo sapiens, misa coo6-
I[eCTBA KOTOPOTO ¥ IIpefHAa3HAuYeHBI
AIIIl. HecmoTpss Ha 3BOMIOLVOHHBIN
xapakTep B3amMmooTHoueHuii Homo
sapiens ¢ OKpY>XaWIMM MupoMm (co
Cpefoit 0OUTaHNA), UX YCTONINBOE CO-
CyllecTBOBaHue 6a3upyeTcs Ha QyH/a-
MEHTa/IbHBIX He3bIOIeMbIX IPUHIIMIIAX
YCTPOJICTBA MMPa, CONOAYNHEHHOCTU
¥I B3aIMOOOYC/IOB/IEHHOCTH €T0 CTPYK-
TYPHBIX €[VIHMI], ABJIAIOIIVXCSA CIIel-
CTBUSIMM 11e/IeCOOOPA3HOCTM M Trap-
MOHMM MMpPa, (GU3UKO-XUMUYECKOTO
e[IMHCTBA XVBOTO ¥ HEXXMBOTO, aCUM-
MeTpuu BpeMeHM u T.1. Hammunme He-
OTbeM/IEMBIX (PyHIaMEHTa/IbHBIX B3a-
VIMOCBSI3€/l MEXAY CTPYKTYPHBIMU
eIMHNULIAMM MMpa IIpefolpenessieT
CTPATeryuIo U TAKTUKY CO3AHM YCTOM-
yysbix AIIII, cymecTBeHHO orpannyn-
BaeT JMAaNa30H IpUeM/IEMBbIX TapaMeT-
pPOB  MHQPACTPYKTYpbl aBTOHOMHBIX
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IOCE/ICHNI, a TakKXe [[OIyCTUMbIe
Ipefie/ibl M3MEeHeHMiI B (YHKIVIOHM-
POBAaHMM OPTaHM3MOB U ICHUXOJIOTVM
Oynymwux xureneit AIIIl. Bsibop om-
TYIMaJIbHBIX 30H (Teppa-cpenbl obuTa-
Husa) AIIIl peanusyeTcs IO HeOTbeM-
JIeMBIM KPUTEPUSIM, 00eCIIednBaioLIM
yCTOMYMBOE CyllecTBOBaHue [9].

Hay4yno-kxpearyBHas nporpamma «V/IHo
Kontun(r)eHt» mnpusBaHa 0OBENUHSITD
TBOPYECKIIX JIIOfiell BCeX CTpaH A IOo-
VICKa BEKTOPOB OYAYIIMX OTKPBITUIl U
IOCTYDKEHUI BO BCex cepax mesTesb-
HOCTM KaK B KOCMOCe, TaK 1 Ha 3emJIe.
ITop meBM3oM «Oymyliee Kak IMpUYMHA
HACTOAIIETO» pean3anysi KOHIeMIUN
IUIAHETOHABTUKY IIO3BONIUT BbISBUTD
HOBOE COfiep>KaHue aibsHCa HAyKI,
6usHeca u Bmactu. [Ipmopureramm B
IUIAHETOHABTMKE SIB/IAIOTCA, HApPARY C
(dyHIaMeHTa/IbHBIMI  aCIIeKTaMM  T10-
crpoernst AIIII, o60cHOBaHUEM KOM-
IUIEKCHBIX TEXHWYEeCKUX 3alaHUIl M
IIPOEKTHO-KOHCTPYKTOPCKUX paspabdo-
TOK, anpobariyeil THPPaCTPYKTyphI aB-
TOHOMHDIX IVIAHEe THBIX IIOCE/IeHMIA 1 I1e-
NbI PSR COLMOKY/IBTYPHBIX aCIEKTOB
OCBOEHUSI 9KCTpeManbHbIX cpef. O6b-
eKTaMIl MCC/IefOBaHNs B IUIAHETOHAB-
THKE SIBJ/IAIOTCSA TUIOPSAbl aBTOHOMHBIX
noceseHnit («aBTOHOMUII»), BK/IIOYAs
UX MpefenbHble CTyday (QCUMIITOTH-
JyecKoe IPOeKTHPOBaHNe) — IITyHOKOro
MOfI3eMHOTO U TIOABOJHOTO 6asmpo-
BaHMA, mocenieHNsA Ha JlyHe, Mapce u
UHBIX 00bekTax CONHEYHON CUCTEMBI.
IIpn 3TOM MOZeNU MCCIefoBaHNA KiIac-
CcnUIMPYIOTCA Ha MOJIE/M YIIPAB/IeHNA
U CaMOOpTaHM3aLM/ AaBTOHOMHBIX IIO-
CeJICHUI, SHepreTNdecKoit, ¢usmdec-
KOJI, TeXHNYeCKO, MH(POPMAIVIOHHOI,
IICHIXOJIOTMYECKOIl 6e30I1acCHOCTH, TH-
IOJIOTYM ABTOHOMHBIX IIOCE/IeHNUII, ce-
MaHTUYECKVe MOJEY, CLeHapUN XKI3-
HeJeATeIbHOCTY 1 T.IL.

3agauy KOMIUIEKCHOJ IIpOrpaMMBI
«/uoin KontuH(r)eHT» BK/IIOYAIOT B
cebs1 cnenytouye 6a30Bble ACIEKTHI
(puc. 4):

1. TeppadpopmupoBanme. OxBaTbIBa-
eT Ipo6eMbl GOPMUPOBAHMS XKI-
JIOV Cpembl OOUTaHUA aBTOHOMUIL:
3TO M 3EMJIEYCTPOMCTBO, KIMMarT-

¢dbopMMpoBaHMe, arpOTeXHONOTUN PeKY/IbTUBALNN
PacTUTENbHONM MOYBBI, TOTYyYEHNA TUIIOBBIX COCTa-
BOB I'PYHTOB, KOMIUIEKCHOI pa3BefKy ¥ JOObIYY IO-
JIE3HBIX PECYPCOB, BKII0Yasl IPOU3BOJCTBEHHOE ChI-
pbe, )KM3HEHHO 3HaYMMbl€ PECYpPCHI U T.IL;

2. Conmokynerypocdepa. Iloctikenre ¢deHomeHa

ABTOHOMHOCTH, TrapMOHUU COHI/IaTIbHOI/UI caMoopra-
HM3auuy 1 yIpaBJI€HUA, UCCIEA0BaHE€ MOPA/IbHO-
9TUYECKNX WUMIIEpATUBOB pa3BUTNA, paspa60TKa
MeTOlII/IKO-I/IH(i)OpMa]_H/[OHHI)IX OCHOB COLMA/IbHOTO
IIPOEKTMPOBAaHNA U MOAENMPOBAHUA >KMU3HEHHDBIX
CTpaTeI‘I/[ﬁ[ ABTOHOMHBIX ITOCE/IeHNI, B TOM YICJIe aB-
TOHOMHBIX ITOCEJIeHUI KakK XO3F[I‘/J[CTBYIOH_U/IX Cy6’beK-
TOB, I MHOT'O€ IpYTo¢€;

3. Yp6anusmM m KOrHMTMBHasA apxurekrypa. Cama

cpema AIIIl momkHa OBITH Hafle/ieHa CBOVICTBAMM
a[IalITVBHOCTY ¥ TOMCKOBO KOMMYHUKAIUMY, CIIO-
COOCTBYIOLIEN Pa3BUTHIO AMATIOTA «IeTOBEK-CPefar;

4. ImxenepHas uHdpacTpykrypa. Briodaer B cebst

BeChb KOMIUIEKC MPOO/IEM IO 3HEProoGecreveHuro,
BOZIOCHAO)KEHWIO, CUHTE3y BO3[yXd, BEHTUIALN,
KOHZMIMOHMPOBAHNIO U TEPMOCTATUPOBAHNIO, Y TH-
NU3AL OTXOMO0B, GM3NYEeCKNM KaHalaM KOMMYHN-
KaLyil, ayAnoOBU3YalIbHON Cpefie, KOMIIBIOTEPHOMY
00€eCIIeYeHIIO U T.11.;

5.IInmeBoii KpyroBopor (romeocras). Pemraiorcs

npobrieMbl 00eCIeveHnsl ONTUMATBHOTO PalMoHa
nutanms xurenent AIIIL;

6. Kommnekcnas 6e3onacHocth. B Tom uncne, undop-

MAI[IOHHO-TICKXO/IOTMYecKasi 6e30IacHOCTb, JHep-
reTmyeckas 0e30IMacCHOCTb, TeXHMYecKas Oe3orac-
HOCTb, (u31decKas 6e30IacHOCTB;

7. Pe3epBbI 3KCITAaHCHUM. DTO HETPUBUAJIbHBIN aCTIEKT

IIPOEKTUPOBAHNA, He MMEIOLINII MeTOHO/IOTHYe-
CKUX aHA/JIoTOB B MCTOpUM 4YenoBedecTsa. IIpo-
61eMaTKa aBTOHOMHBIX [IOCETIEHNIT BIIMChIBAETCS
B 6osee o01IyI0 Ipo6IEMy PecypCHOro IOAXOfia

TeppadopMHpoBaHUe
CoumoryasTypocdepa

MHREHEPHAR HHDpaCTRYKTYDA

KomnaekcHan Ge3onacHocTs

PezepBbl 3KCNAHCHH

Puc. 4. OcHosHole acnexmuol HpOZpﬂMMbI Aa8MOHOMHbBIX NoceeHUll
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K CyILIeCTBOBAHUIO COLIMYMA, T.e. CYIeCTBOBaHMS
coumyma npu pedunure pecypcos. IIpu stom B
KayeCTBE PeCypCcoOB pacCMAaTpPUBAIOTCA He TOJIb-
KO MaTepua/lbHO-3HEpreTu4ecKme pecypchl, HO U
HMOUTUYECKNIT pecypc (BIacTb), CUMBOINYECKIUI
KanuTtan (BausaHKe), Gpusndeckuit pecypc (3gopo-
Bbe, BUTAJIbHBII IIOTEHIIVA), MHTE/UIEKT yaIbHbII
pecypc (3HaHMSA, UfieN), SMOLVIOHATIBHBIN pecypc
(4yBCTBa, HepeXMBAHMA), KYTbTyPHO-CEMIOTIYE-
CKUI1 pecypc (CMBIC/IBL ¥ 3HaUeHNA) 1 T.1. B menom
[Tporpamma «VIHOKOHT» mpenycMmaTpuBaer pelre-
Hue Ipo6yeM, CBA3aHHBIX C MOHUTOPMHIOM, MO-
[eIpOBaHMeM U IPOTHO3MPOBAHUEM CTUXUITHBIX
OefcTBUII, KPU3NCOB U KartacTpod, mposeneHme
dyHIaMEHTaIbHbIX, MOMCKOBBIX ¥ IPUKIATHBIX
UICC/Ie[IOBaHNIT B MHTepecax obecliedeHns 3alu-
I[EeHHOCT!U OIIACHBIX OOBEKTOB M HacCeleHMs, UTo,
6e3ycloBHO, OyfieT ABIATHCA OCHOBOII JI/IA MINPO-
KOJl MEX[YHapOJZHONM Hay4YHO-TEXHMYECKON KOO-
nepauyy, MOCAYXXUT MCTOYHMKOM MACIITaOHOTO
JIOKOMOTUBHOTO 9¢pdekra m1s1 Bcex 6a30BBIX OT-
pacieil HayKy ¥ IPOMBILUIEHHOCTHU, a [y poc-
CMIICKOJI 9KOHOMMKM — yC/IoBMeM 3¢ (eKTUBHOrO
U 3KOJOTMYeCKM OOOCHOBAHHOTO OCBOECHUA MIU-
HepaJIbHO-ChIPbeBOr0 MOTEHI[MaNa apKTUYecKol
CTpaTern4ecKoii 30Hbl, Ka4eCTBEHHOTO HOBOTO CO-
L[VIa/IbHOTO Pa3BUTUS PETMOHOB CTPAHBbI.

3eM/u, CTPOUTCS HA OPraHMU3ALMIOHHO-
(MHAHCOBOI MOJIE/IN ITaeBbIX MHBECTY-
I1i1 3aIHTEPEeCOBAHHBIX CTPaH.

B Hacrosmee Bpemsa B paMKax uc-
CJIe[lOBaHMII 110 TeppadOopMUPOBAHIIO
B IIpo6eMe aBTOHOMHBIX ITOCEIeHMI
Hanbosee 11e71ecO00PA3HOI ABIAETCA
KOMITIEKCHasi pa3paboTka 1 ampoba-
IVl HAa3eMHBIX M IOJ3eMHBIX (IIOZ-
BOJHBIX) INPOTOTUIIOB (IIOIMTOHOB).
Ha nepBBIX 9Tamax mocTpoeHus aBTo-
HOMHBIX IIOCE/IEHNII 11e/1eCO0Opa3HbIM
MOXKeT OBbITb CO3JaHue IUIAlljapMa B
BUJie IPOTSDKEHHBIX OpPaH)Xepeil-Tro-
pomoB  (JIOKa/JIbHOI MCKYCCTBEHHOI
6nocdepsr), obecreunBamIINX HOPK-
eM/ieMble YCJIOBUs ISl BPEMEHHOTO
CYILLIeCTBOBAHMA.

Takum 06pa3oM, MMEIOTCs BAPUAHTBI
aJIbTepPHATUBHBIX CTPATEIMil pearnpo-
BaHMsA Ha KaTacTpo(duuecKue yrposbl
4e/IOBEYeCTBY, B TOM 4ICIIE, KOMET-
HO-aCTEPONUIHYIO OIIACHOCTb. AJIbTep-
HATMBHAS «CHAEPXXMBAHUIO YIPO3bI»
cTparerus He paccMarpusaeT Mapc u
Apyrye IVIaHeThl KaK 00BEKThI «KOJIO-
HM3ALMN», @ UCXOAUT U3 IOHUMAHUA

MexayHaponHass Hay4HO-KpeaTMBHas IporpamMma
«V/Iuo11 KOHTMH(T)eHT» paccunTaHa Ha IINTENbHYIO IIep-
CIIEKTUBY, BKIIOYaeT B cebs cospanme 6onee 380 mporo-
tunos AIIIl Bo Bcex MpUpORHO-KIMMATUYECK/X 30HAX
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Integral aspects of the space threat when taking into account endogenous and anthropogenic factors have
been considered. The options for alternative strategies for responding to a catastrophic threat to the human race,
including the comets and asteroids attacks, were presented.
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dusmyeckue ABIeHNA IIpn IMMag€HnUM HEeOOJIBIINX
KOCMIYCCKUX TC/I Ha 3€EMJ/II0 II X MOACINPOBaHNE *

Illysanos B.B., Apmemvesa H.A.

B cTaTbe onucaHbl pu3nyecKme NpoLEecehl Npu BXoe KOCMUYECKNX TeN B aTMOCKepy 3eMnit (TOPMOXKEHNE, abnauus,
(bparmeHTaLms) U COBPEMEHHEE YUCTIEHHbIE METO/bI MX MOAENNPOBaHUSA. BaaumopencTene ¢ atTmocepon Tena pas-
mepom nopsaka 80 M npuBoauMT K achcpekTam, HabNHAABLLMMCA NPY NaeHUK TYHryCCKOro KOCMUYECKOro TeNa; BbiBasly
neca, 06pasoBaHNID MaCCMBHOrO Me30CepPHOro 06aka, CoCTOALLIEro U3 4acTUL, KOCMUYECKOro BeLLecTBa 1 nbaa. Ye-
NA6MHCKIIA MeTeopowua 6b1n NPUMEPHO B 4-5 pa3 MeHbLUE, HO yaapHas BOMHa, AOLIeALas 40 NOBEPXHOCTH, OKa3anach
J0CTaTOMHO CUNbHOW, YTOObI BbIBUTL CTeKNa Ha mnoLlaan nopsaka 2000 kv, Mo-Buaumomy, Tena pasmMepom nopsiaxa
10-100 m aBnsoTCA Hambosee onacHbIMKU AN COBPEMEHHOIO YeN0BEYECTBA: OHWU MHOMOYUCEHHBI, HO UX TPYIHO 006-
HapPY>XUTb; HEe JOCTUras NMOBEPXHOCTI 3EMK, OHWU, TEM HE MEHee, MOryT HaHecTV 60NbLION yLiepd Npu nonagaHun B
rYCTOHACENEHHbIE PaiOHbI.

Knroyesbie cnoBa: actepons, atMocdepa, abnauus, coparMmeHTauus, 3HeproBblAeNneHne, MaTeMaTnyeckas Moaenb,
TyHrycckoe KOCMUYECKoe Teno, YensbuHCKniA MeTeopomna, acteponaHas oOnacHoCTb.

*

Pab6oma evinonnena npu gunarcosoti noooepycke PO (epanm Nel3-05-00309)
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A

du3nyecKye NPOLECChl, COMPOBOXKAAOIIVE BXOJ
B aTMOC(epy MeTEOPOUT OB

MeTteopon, Tak e KaK 1 CaMoJIeT, ABUTasACh B aTMOC-
depe, pasroHseT U HarpeBaeT BO3AYX, ITONA/AIONIVIICT
eMy Ha ImyTu. Harpes 1 yckopeHue Bo3fiyXa IPOMCXOTAT
B YZJApHOII BOJIHE, KOTOpasi 06pasyeTcsl Iepes MeTeopo-
UJIOM VIV CAaMOJIETOM (eCyIV OH JIETUT CO CBEPX3BYKOBOII
ckopocTbio). Harpes Bo3ayxa mponopumoHasieH KBajipa-
Ty CKOPOCTM NeTslero o6bekTa. Torma Kak CKOpPOCTb
caMoJIeTa He IIPeBbIIIaeT HECKOMbKIX CKOPOCTEl 3BYKa,
T.e. He 6osblle 1-2 KM/C, CKOPOCTb MET€OPON/A IIPU BXO-
me B atMocepy coctasisgeT oT 12 o 72 km/c (cpenHas
Wit 3eM/IM CKOpOCTD mogyera — 18 km/c). IToaTomy Bo3-
AyX mepep MeTeopousoM Harpesaercsa B 100-1000 pas
CU/IbHee, 4eM IIepefi CaMbIM OBICTPBIM CaMOJIETOM, JO
TeMIepaTyp B THICAYN M JaXKe eCATKU THICSY TPAZLYCOB.
BeriecTBO 1py Takoit TeMeparype 0ObIYHO CUIBHO U3-
Jy4aeT, «CBETUT» — MBI BUUM APKYI0 BCIBIMIKY. YacTb
UCITyCKaeMOro TOpSYMM BO3JYXOM M3/TydeHNs MafiaeT Ha
IIOBEPXHOCTD CAMOTO METEOPON/IA, BBI3bIBAS €TI0 MCIIape-
Hute. HeuTo moxo)kee MpoMcXopuT Ipy BXOfe B aTMOCde-
Py KOCMIYECKMX allapaToB, KOTOpble MMEIOT CKOPOCThb
MHOTO OOJIBIIYIO, YeM CaMOJIEThI, HO BCe )K€ MEHBIIYIO,

APTEMbEBA
Haranbs
AxatonbeBHa
KaHavaar usnko-
MaremMar4ecknx Hayk,
V|HCTI/1TyT LANHAMUKIA
reocchep PAH.

LUYBAIOB

Banepuii Buktroposuy
JIOKTOP (OM3MKO-MaTemaTn4eckix
HayK, 3aBezytoLLiA nabopaTtopuen
Maremarn4eckoro MoaeMpoBaHIst
reodoran4eckyx NpoLeccos MHeTn-
TyTa AuHamukm reoccoep PAH.

1eM MeTeopoupsl. [Ipn aTOM YacTo ro-
BOPSIT, YTO «AIIIAPaT CrOPeJI IPU BXOJIE
B IWIOTHbIE con arMocdepsi». CTporo
TOBOPSI, 9TO YTBepXK/ieHIe HeBepHO. [o-
peHye — 3TO CaMOIIOfIEP>KMBAOIIASICS
peakuysi B3aUMONENCTBUS C KIUCTIO-
pOnOM, MAyIIasi C BBIE/ICHUEM Tell-
na. B paHHOM ciydae peub uper 06
UCIIapeHNM, BBI3BAHHOM MOIIHBIMU
norokamu usnydeHus. OObIYHO Ipu
najeHuy HeOonbmx (HECKONbKO Me-
TPOB 1 MEHBIINX) METEOPOHUOB IO TI0-
BEPXHOCTH JIOTIETAET He 60/Iee HECKOb-
KUX HPOLEHTOB MX HAYa/JbHOI MacChl,
OCTaJIbHOE MCTIAPSIETCSL.

Elle ogHO oTaM4Yme monera MeTeo-
pouja OT IojieTa CaMojieTa COCTOUT B
mTenbHOCTY Habmogenua. OO6bIYHO
BU/IVIMBII YY4aCTOK TPAeKTOPUYU COCTAB-
JISIET HECKO/IBKO [IECSITKOB KMIOMETPOB.
CamoreT mpojieTaeT TaKoe pacCTOsIHUE
IPYMEPHO 32 MIHYTY, @ METEOPOUT — 3a
HECKOJIbKO CEKYHI.

Bropouewm, ecnmm paccmarpuBarb siB-
nenue 6ojee IeTaNbHO, TO MOIB/ISIOTCA
ellle [IBa BXXHBIX OTINYMA MEXJY I10-
JIETOM CaMOJIeTa I [I0/IETOM METEOPOU-
ma. IlepBoe CBSI3aHO C T€M, YTO CAMOJIET
OOBIYHO JIETUT C TOCTOSIHHON CKOPO-
CTBIO U TOPU3OHTA/IBHO, T.€. [NIOTHOCTD
BO3/IyXa Ha €ro MyTy He MeHseTcs. Me-
TEOPON]L JKe JIETUT CBEPXY BHU3, IJIOT-
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HOCTb BO3JjyXa BO3pAacTaeT SKCIIOHEH-
[MabHO. BHauaste, IBUrasich B BEPXHMX
CIOSIX aTMOChepPbl, METEOPOU]] OTIAET
arMocdepe 04eHb MaslO0 SHEPIUM U3-3a
MaJIoil MacChl BO3/{yXa Ha ero myTH, 1o
Mepe BO3pacTaHus IIIOTHOCTY BO3AyXa
SHEpIroBbIIe/IeHNe YBEIMINBAETCS, HO
B KOHII€E T€JI0 TOPMO3UTCS IO CKOPOCTH
CBOOOIHOTO TMAJIeHNsI, SHEPrOBbI/ETe-
Hue cHoBa mpekpaiaercs. CregoBa-
Te/IbHO, MIMEETCS BBICOTAa MaKCUMaJIb-
HOTO  3HEprOBbIJE/IEHNsI, KOTOPYIO
YaCcTO M HA3BIBAIOT BBICOTON «METEOP-
HOTO B3PbIBa».

Bropoe BakHOE OTIMYME COCTOUT
B TOM, 4TO GOopMa CaMoIeTa OCTAET-
Cs HEM3MEHHOI, a METEOPOMI B IO-
nere  paspyuiaercs.  «PaspyueHne»
MOXeT HPUBOAUTH K CYILECTBEHHOMY
yBeNMYeHNI0 SHeproBbigeneHus. [Ipu
paspylieHuy CyMMapHas IUIOLafb
[IOIIEPEYHOrO CeYeHNsi PparMeHToB Me-
Teopouza 60sbIlle, YeM IUIOIIA/Ib TIOTIe-
PEYHOro CedeHns NCXOaHoro Tenma. Ilo-
3TOMY «pa3pyLIeHHOe» TeIO BOB/IEKaeT
B [IBVDKEHNe OOJIbIIYI0 MAaccy BO3AyXa
1, COOTBETCTBEHHO, BbIfie/iAeT OObIIe
sHepruu B armocepe. Kpome Toro,
(dbparMeHTaLMsT METEOPONIA TIPUBOMUT
K YBEIMYEHUI0 CyMMApHOJ IUIOLazu
€ro MMOBEPXHOCTH, YTO BBI3BIBAET yCUIIE-
Hue ucnapenusi. OTe/IbHbIE BCIIBIIIKI,
KOTOpbIe YaCTO HAOMIOMAIOTCS IPU BXO-
Jie METeOpOU/IOB B aTMOC(hepY, CBSI3aHBI
MIMEHHO C MOMEHTAMMU «Pa3PYLIEHNUS».

OnHaKo ke B CIeIManIbHOM IuTepa-
Type I0J; CIOBOM «paspylleHye» 4acTo
MOHVMAIOT Pa3Hble PoLecchl. TBepybie
Te/a, B TOM YNUCTIE, i METEOPOU/IBI, Ka-
MEHHbIe, KeJIe3Hble MM JIelsHble, 00-
NIAJIAIOT  OIPENENEHHOM  MPOYHOCTBIO.
910 03Hayaet, YTO TpeOyeTcsi ompene-
JIeHHOe ycuive (MHOTZia O4eHb OOIbIIIoe)
JUIS TOTO, YTOOBI M3MEHUTD HPOPMY TeIa.
B mpOTHBOIIONIOXHOCTD TBEPIBIM, JKI/I-
Kie Tella IPOYHOCTU He MMEIOT. Borb-
IIMHCTBO METEOPOU/IOB, KAK M OOBIYHBIX
KaMHell, HEOTHOPOMHBI (He SIBISIOTCA
MOHOKPUCT/IIAMY), VIMEIOT CIIOKHYIO
CTPYKTYPy C MHOXXECTBOM TpELVH U
HEOIHOPOJIHOCTEN, CBA3aHHBIX C MCTO-
pueit ux GOPMUPOBAHUS U IBOJIOLN
B mosice actepouzioB. Yem 6osbliie Teso,
TeM 0OOJIblile BEPOATHOCTb TOTO, YTO B

HeM eCTb TPeIVHbI 1/mmm cnabble MecTa. [loaTomy uem
Oobllle TENO, TEM €ro Jierde pacKoloTh, Pa3beINHNUTD
Ha 4acTH, T.e. TeM MeHbIIIe ero IpoYHOCTb. [Tpu aBIDKe-
HUM MeTeopou/a B aTMocdepe OH UCIIBIThIBAET OO/IbIIINe
a9pOAMHAMIYECKIe Harpy3Ki, ObICTPO yBeIM4MBAIOLIIIe
II0 Mepe IPOHMKHOBEHNA METeOPON/a B HIDKHME II/IOT-
HbIe C7IoM aTMOCQepbl. DTI HArPy3KY PacKpbIBAlOT Tpe-
IVIHBI, U1 T€JIO TepsieT CBOK IPOYHOCTD, IPEBPAILAsCh B
rpyny o6momkos (¢pparmentos). [ToTepro mpo4HOCTH U
Oynem HasbiBaTh paspyuieHyeM. C 9TON TOYKM 3pEHUSA
MeTEeOPOMIbI, COCTOSAIIE U3 IIeCKa WIM 13 BOJBI, U3HA-
Ya/IbHO CYUTAIOTCA Pa3pyILIEHHBIMIL

PaspyIeHHOe Teno IOJ [ielICTBMEM aspOfMHaAMUYEC-
KX Harpy3oK HauMHaeT JeOpMUPOBATbCA: KAIUIA U3-
MeHseT CBO0 ¢opMmy (CIUmomyBaeTcs), a KyCKU pas-
PYLIEHHOTO MeTeopoujia pasjeTarorcs (13 OfHOro Tea
obpasyeTcs HeCKOIbKO). DparMeHTs! pa3pyIIeHHOTO Me-
TEOpPOMJA VIMEIOT OOJIBIIYI0 IIPOYHOCTD, YeM JICXOTHOE
TeJNIO, ¥ B TeYeHUe HEKOTOPOTO BPEMEHM JIETAT, He pas-
pyiasce. [IpocTble oLleHKH, OTBEp>KAaeMble JAHHBIMI
II0 KPaTepHBIM IIOJIAM, ITOKa3bIBAIOT, YTO CKOPOCTh pac-
XOXieHns1 pparMeHToB (a TaKXKe CKOPOCTb PaCIUIIOLIN-
BaHNA KaIl/I) 3aBYCUT TOJIBKO OT CKOPOCTY METEOPONzia
BJIO/Ib TPAEKTOPUM ¥ OTHOLIEHN:A IVIOTHOCTEN BelljeCTBa
MeTeOpOMJA U OKPY>KAIOIEro BO3fyxa. ITa CKOPOCTb He
3aBICHUT OT pasMepa MeTeopouzia (M ero KycKoB) M I
KaMEHHBIX METEOpPOMIOB Ha BbICOTaX mopsAaka 40 Km
pasHa 10 m/c [1, 2, 3, 4]. Ecri Tero mMeeT pasmep HOpAZ-
Ka 50-100 M (kax «TyHrycka»), TO Ha y4acTKe TPaeKToO-
puu JyiiHOM 10 KM ero momnepeyHbIi pasMep yBeIUInTCS
BCEro Ha HECKOJIbKO METPOB, YTO MHOTO MEHbIIIe Ha4ya/lb-
HOTO pa3Mepa Teja. 3a 9TO ke BpeMs IVIOTHOCTb BO3yXa
(1 aspoHAMITYECKIIe HATPY3KM) YBETMYUTCA B HECKOTIb-
KO pas, T.e. 3a 9TO BpeMs (PpparMeHTbl MeTeOpOu/a MOTYT
VICIIBITATD ellle HeCKO/IbKO (parMeHTanmit. B pesymbrare
TeJIO IIPEBPAILAETCA B IPYAY MEJIKUX OOIOMKOB, KOTOPbIE
NeTAT KoMIakTHO. Ecin Meteopons He6obIoi (0K0mo
MeTpa), TO Ha TAKOM >Ke y4acTKe TpaeKTopuu pparMeH-
ThI Pa3oVIyTCs Ha 6OJIbIIIOE PACCTOSIHNUE APYT OT APYTa U
OyAyT NeTeTb He3aBMCUMO APYT OT jpyra. [Ipu aToM He-
3aBUCUMBbIe PparMeHThl TOPMO3SITCS ObICTpee, YeM JIeTsI-
1[yIe KOMITaKTHO.

OTO NPUHIVNNATIBHOE pas3uyue faeT ABa IPUHIM-
IMaJIbHO PAa3HBIX CIIEHApVs BXOfia B aTMocdepy JyId Ma-
neHbKMX (mpumepHO MeHee 10 M) u 60/mbIINX (HeCATKM
MeTpOB U 6osiee) Test. MajieHbK1e Testa OObIYHO VCIIBIThI-
BAIOT ITepBOe paspylleHre (06pa3oBaHme OTHETbHBIX K-
ckoB) Ha BbicoTe 40-50 kM. OTzenbHbIe PparMeHTh! ObI-
CTPO pas/eTaloTCs, CyMMapHas IUIOIAJb MOIEPeYHOro
CeYeHVsl yBE/IMYMBACTCS, SHEPIMU BO3AYXY HepeaeTCs
Oorbllle, BHEIIHE 3TO BBIIIAAMUT KaK BCIIbIIKA. Meskue
¢dbparMeHTbI OBICTPO TOPMO3SITCS, ORMH MM HECKOIBKO
0o71ee KPYIHBIX MIPOJO/DKAIOT ABVKEHNE, IIOKa He IPOu-
30/iIeT HOBOEe paspylleHue (13-3a TOTO, YTO IVIOTHOCTDb
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BO3JyXa M adpOAMHAMMYECKUe HArpysKu BcCe BpeMs
YBeJIMYMBAIOTCSA) M HOBas BCIBIMIKA. [Toc/ie HECKOIb-
KUX pa3pyLIeHMII 1 BCIIBIIEK BCe pparMeHThl (KOTOpble
HOC/Ie KXJOTO PaspyIleHVs] CTAHOBATCS BCe MEHbIIe U
MeHblIlle) TOPMO3ATCA. [leTabHO ONMCaTh ABVKEHNUE Ta-
Koro Mmeteopoupa (Hampumep, YemsiOuHckoro 6ommpa)
TEOPeTUYeCK! IPAKTUYECKN HEBO3MOYXHO IOTOMY, YTO
MOMEHTbI pa3pyLIeHNII ¥ KOJIMYIECTBO ¥ pasMepbl 00pa-
3YIOIIUXCS KYCKOB CYJIBHO 3aBUCAT OT MHAVBU/YaTbHBIX
0COOEHHOCTe}l Ha4a/IbHOTO Te/la, KOTOpbIe, BO-TIEPBbIX,
CI/IBHO OT/INYAIOTCA Y Pa3HbIX METEOPOUJIOB, BO-BTOPBIX,
He MOTYT ObITb oIpefienieHbl 3apaHee. OfHAKO IpJMeHe-
H1te MeTofa MoHnTe-Kapio no3BossieT BOCIIpOM3BOAUTD
yoKe CITyquBIIecs COOBITUA [4].

KpynHble Tenma ycreBaoT MCIIBITaTb MHOTO paspylie-
HMIT IO TOTO, KaK oOpasyromuecss (parMeHThl 3aMEeTHO
pasynerarca. IIpy 3TOM KOIMMYECTBO PaspyIleHWiT M UX
XapaKTepUCTUKY (T.e. MHAVBUAYaIbHBIE OCOOEHHOCTH
TeJI) He Ba)XKHBI. B I0060M ciTydae K MOMEHTY, KOT/ja TeJIo
HauHeT CUIbHO Je(OPMIPOBATHCS, OHO yxKe OyfieT Ciib-
HO pasfipo0ieHo. A CHIBHO pasfgpoOIeHHOE TeTI0 MOXKHO
B IIEpPBOM INpPUOMDKEHUM PAacCMaTpUBaTh KaK >KMIKOE
IIOTOMY, YTO OHO JIETKO jiepopMupyetcs. Mopenu gBrKe-
HIA B aTMOC(epe TaKVUX KBa3VDKUIKVIX TeJl pa3paboTaHbl
¥ OBUIN C YCIIEXOM IIPYMEHEHbI K ONMcaHnio TyHIyccKoit
karacTpodsl (2, 5, 6] n magenus xomets! [llymelikepos-
JleBu 9 Ha FOmurep (7, 8].

MeTtopbl, IpUMeHsIeMbIe 151 ONVICAHN JBVDKEHIS
MeTeopouoB B aTMOcepe

[TpocTeilliuM IIOAXOHOM SBJISIETCS OIMCAHME BBI-
IIeNIePEYNC/ICHHbIX SBICHNII YPaBHEHUAMMU JIBVDKEHVI
TOYEYHOIl MACCHI, T.e. CUCTEMOIl OOBIKHOBEHHBIX M-
(epeHIMaIbHBIX YPaBHEHMII, OIVCHIBAIOLINX TOPMOXKe-
HIte, abyAIMIo U paspylueHye (Hanpumep, (9], [10]). He-
U3BEeCTHBIE KO3 UIMEHTDI CONPOTUBICHNS 1 a0/IALUN
IJIA 9TUX YPaBHEHMI MOXKHO HaWTU B AUTepaType UK
BapbMPOBATD UX JYIA IOJTyYeHMsI pe3y/IbTaTOB, ONM3KIX K
HabmofiaeMbIM. Takoil HOAXON Yallle BCEro MCHOb3yeT s
B (pM3UKe METEOPHBIX ABJICHUI], T.e. KOT/ja HaO/MIofjaloTCs
TOJIBKO BCIBILIKM B aTMOCdepe, a CaMo TeI0 TOCTUTAeT
HOBEPXHOCTY 3eMJ/IV CO CKOPOCTBIO CBOOOIHOTO TTafIeHVIS
B BIJIe KOCMIYECKOJ ITbUIY VIV HeOO/IbIIINX METEOPUTOB.
Pa3mep Takux Te 10 BXofa B arMOcdepy He IpeBbIIIaeT
HECKO/IbKIX METPOB.

I[Tpu MopenpoBaHNy yiapoB KpyHbIx (100 M 1 6071b-
11Ie) aCTepPOMIOB BAMsIHMEM aTMOchepbl BOOOIIIe MOXKHO
HpeHeOpeyb — TaKye Te/la JOCTUTAIOT IIOBEPXHOCTI 3eM-
JIM C KOCMIYECKOJ CKOPOCTBIO U CO3/IAI0T y/japHbIe Kpa-
Tepbl. Hanbornee cio>xHO1 po6/1eMot SIB/IseTCA B3aMMO-
JiefiCTBIE ¢ aTMOC(EpOIi Tel IPOMEXKYTOYHOTO pasMepa,
OT nepBbIX MeTpOB 0 100-200 M. B Takmx cinydasax g
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OBICTPBIX OLJEHOK MOXXHO JCIIO/Ib30BATh
IpUO/IVDKeHMe TOYeIHOI MacChl, HO Jie-
TaJIbHOE OIMCaHMe Ipoliecca Tpebyer
YJCTIEHHOTO peIIeHNsA CUCTEeMbl JBYX-
TPeXMepHBIX YpaBHEHUII TUPOAVHA-
MK CIUIOIIHBIX Cpef.

Jlna pacyeToB WCHONMB3YeTCA TpeX-
MepHasg MHOroo01acTHasi [IBYXIIAro-
Bas nporpamma SOVA [11]. Ha nepsom
IIare pPeIIalTCs JIaTPAH)KeBBl ypaBHe-
HIA C IOMOIIBI0 IOMTHOCTBIO KOHCEp-
BaTUBHOJ Pa3HOCTHON CX€Mbl BTOPOTO
HOpsAAKa TOYHOCTY, aHA/IOTMYHON IpH-
BeneHHOI B [12]. Ha BTOpOM m1are mpo-
BOINTCA TIEPEMHTEPIONIALNA JAHHBIX
C JIATPAH’)KeBOJ CETK! Ha IIOCTOSHHYIO
VIV OBYDKYIIYIOCA TI0 33aJAHHOMY 3a-
KOHY 3J1/IepOBY CETKY, J/I YeTO VCIIOTb-
3yetcst Metopi Ban JIupa [13] Broporo
HOpsAIKa TOYHOCTU. [J1aBHOV OcO6eH-
HOCTBIO ITIPOTPAMMBbI SBJIAETCS SIBHOE
BBIfIeJICHNE TPaHMI, MeXAy o6macTs-
MM, 3aHATBIMU PasHBIMM BelleCTBAMMU
VIV BEIIeCTBaMM B PAa3HBIX arperaTHBbIX
COCTOSHMAX (MaTepyan yHApHMKA, €ro
mapel, arMmocgepa). A mocTpoeHms
3TMX TPaHNI UCIONb3yeTCsI METOf,
omucanHbll B [14]. Ilo cBouM xapak-
tepuctukam nporpamma SOVA 6rmuska
K 1Mpoko ucrnonbsyemoit B CIIA mpo-
rpamme CTH [14].

Mopennposanue TyHIycKoro
SIBIEHNA

Bspri 1908 1. B paiione Ilogkamen-
Hoil TyHIycKM, 3aperMCTpUMpPOBAHHBII
ceiicMOMeTpaMy BO BCeM MMpE, BbI-
3BaBLINIT «Oenble HOuM» B EBpore,
OpUBeALINiI K 0Opa3soBaHMIO BbIBAJIA
neca Ha Teppuropuy 2000 Km?, Tpozon-
’KaeT IPUBJIEKaTb BHMMAaHME Y4YeHBIX
BCEr0 MMpa IJIABHBIM 00pa3oM IIOTO-
My, 4TO /IO CUX He Hall[[eHO HI OJHOTO
¢dparMeHTa KOCMUYECKOTO TeJa, KOTO-
poe BbI3BaJIO 3Ty KaTacTpody. Vimen-
HO 3TOT BaKT II03BO/IAET OOCY>KHATh 1
faxe MyO/IMKOBaTb MHOTOYVC/ICHHBIE
«aJIbTepPHATUBHbIE» TUIIOTE3bl BIUIOTDH
o cambIxX paHTacTMYeckux. Ha camom
Iene, Bce HAOMIONABIINeECS SBJICHUA
MOXKHO OOBACHUTH YAapOM IO 3emie
kocvmyeckoro Tema (KT) pasmepom
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nopsaka 60-100 M (puc. 1). Taxoit pas-
6poc B pa3Mepe 0OBSICHACTCS TEM, UTO
Habmopatonecs 3G eKThl 3aBUCAT He
TO/IBKO OT pasMepa, HO U OT CKOPOCTH
yaapa, yriaa Bxopa KT B armocdepy u
ero Tuna [6].

BoiBan eca B Bume 6abouykmu 6bUI
BIIEpBble BOCIIPOM3BENEH B IKCIIEpU-
MeHTax [15] u mo3gHee MOATBEp)KIEH
MHOTOYMCIEHHBIMY pacyeTamu [16, 17].
VIMeHHO Taky1o popMy MMEIT KOHTYPBI
CKOPOCTH BeTpa, BOSHMKAIOIIETO B pe-
3y/IbTaTe B3aMMOJENCTBUA aTrMocdep-
HOJ yJZApHOM BOMHBI C IIOBEPXHOCTHIO
(puc. 2). B «anmueHTpe» B3pbIBa CKO-
pPOCTb «BeTpa» IPEHEeOPEKUMO MaJla,
TaK KaK y[japHas BOJIHA IIafjlaeT TOYHO
cBepxy. HefiCTBUTENIbHO, TaM HalifIeHb
TaK HasblBaeMble «TejerpadHble CTON-
Obl» — ylje/eBIINe, XOTS U CUIBHO 00-
ropeBuine jepeBbsi. Berep (Ha camom
fiene — aTMOCQEpHbIN Tra3 3a yHapHOI
BOJIHOM) [MOCTUTA€T MAaKCUMajIbHOIl
ckopoctu B 50-60 M/c (yparaH TpeTbeit
KaTeropym) Ha pacCTOsIHMAX 7-10 KM oT
AMUIEHTPA.

3arajjoyHOoe MCYe3HOBEHNE MaTepu-
aJla yiapHUKa YAanoCh MOHATb U CMO-
[eMpOBaTh CPAaBHUTEIBHO HENABHO,
oc/ie HabOMIOeHniT 3a Ma/jeHeM KO-
methl lllymerikepa-Jlesu 9 Ha IOmmrep
u obpa3oBaHMEM I'MTAHTCKOTO aTMOC-
depHOro IIIOMA, COfEPIKAIIEro MaTe-
pUasIbl KOMETBI U Ta3bl U3 HIDKHUX CIIO-
eB armocdepnl [7,18]. Ilo-Bupumomy,
TAKOI1 JKe IUTIOM 00pa3oBajICsi B aTMOC-
depe 3emmm nocne magernsa TyHryccko-
ro tena (puc. 3).

B TedeHNme HECKONBKMX MUHYT WH-
TEHCUBHOE JIBVDKEHME ra3a BJO/Ib CrIefa
BBIHECTIO Ha OOJIbIIINE BBICOTHI YaCTHUIIBI
KOCMIYECKOTO BeI[eCTBa ¥ Hapbl BOMBI
(mpumepHoO 1,6¢107 Kr) 13 TpoIOCcdephl.
3aTeM, MOJ, HEICTBUEM CWJIBI TSDKECTH,
YaCTHUIIBI ¥ KPUCTAIIBI JIbJIa 3aTOPMO3H-
JIMCh Ha BbIcoTax nopsagka 90 — 100 K,
00pa3oBaB IMIaHTCKOe 0OTAKO Ayame-
tpoM ~2000 kM [19]. Konrenrpaums
7bJa B 9TOM OO/ake ObUIa CpaBHMMA C
KOHIIEHTpAIVeil BOIbI B OOBIYHBIX Ce-
pebpucteix obmakax (20-200 mr/m?).
JanbHerias aBomonus obmaka omnpe-
JieTsTach aTMOChEPHBIMI TEYEHVISIMU B
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Puc. 1. Bsaumooeticmeue TKT ¢ ammocgpepoi.

a) Ha 8vicome 30 Km HAYUHAEMCS PPazMEHMAUU;

b Ha evicome 20 Km Mez0 NOTHOCMbIO PASPYULAEMCS U NPUHUMACT CUTIHO PACTIOUAEH-
Hyto dopmy ¢ ouamempom nopsioka 200 m;

¢) Ha Bbicome 16 KM 6 pe3ynbmame pa3sUmusi HeyCmoiHUBOCMeil mesno npespausaemcs 6
CMpy10 acmuL, U napa, NPu 3MOM e20 CKOPOCHTL NO-NPEHCHEMY GTU3KA K HAUATILHOU CKOPOCILL
d) momeHm NOMHO20 MOPMONCEHUS CPYU, MAKCUMATHAS 27y OGUHA NPOHUKHOBEHUS KOCMU-
4eck020 seujecmea 6 ammocdepy nopsaoxa 5 km
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Puc 2. Pacnpedenenue ckopocmu eempa na nosepxxocmu nocne yoapa TKT. Lfugpu okono
KPUBbLX NOKA3LIEAIOM 3HAMEHUE CKOPOCTU 8empa 6 M/c. Buympu duonemosozo konmypa
ckopocmv sempa npesviuiaem 50 m/c
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Puc 3. Dsomouus 6He3eMHO20 8eulecmea 6 nome, 00pa308asuULeMCcs noce yoapa
Tyneyccxozo KT.
a) MOMeHM NOAHO20 MOPMONeHUs crmpyu (kax Ha puc. 1d);
b) 6vicmpoitl nodvem seujecmea 6007 cnedd;
c) uepes 3 mumrymoL nocsie yoapa niom 00Cmuz c60e20 MAKCUMAILHOZ0 PA3MePa
u 3anumaem obnacmu nopsoxa 400 km;
d) xonnanc nmoma, Hacmuybl MOPMOAMCA Ha evicome ~100 kM, Ha 3mMoti Bvicome

o6pasyemcst 06naxo ouamempom 2000 km

T
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[onn 3epivs, DUOENHILEACH B aTuochepe

Puc 4. Tpaexmopus YM (cnesa) u anepzogvioenenue 6 ammocgepe (cnpasa), paccuuman-

Hble N0 MOOe/IU MOUeHHOTE MACCHL. HyHKmMpH(Z}I JIUHUA NoKA3bleaem pe3ynvmamaol be3

yuema paspyuienus (8 amom cnyuae IM docmue 61 nosepxHocmu 3emi co CKopocmvio

6 km/c u 06pazosan kpamep pazmepom nopsioxa 300 m)

Me3ocdepe, KOTOpbIe, CKOpee BCero, epeHecn ero B ce-
BepHble IPOTHI EBpOIIBI, 06pa3oBaB rMraHTCKOE 3epKa-
710 cepebpuCThIX 00/1aKOB. IIoX0XKNe, XOTA 1 CYIeCTBeH-
HO MeHbIIIVe II0 pa3Mepy, 06/1aka 1 X ObICTpbIiL Apeid B
apKTMYeCKe MIPOTHI HAOMIONAMICh HEOHOKPATHO IPU

cTapTax KOCMMYeCKuX martios [20, 21].

Mopenupoaune Yenso6unckoro 6ommaa

15 ¢epana 2013 r. ThICAYM JTIOfiell HAOTIORAIN APKYIO
BCIIBIIKY B HeOe Hafl YpamoM. Uepes HECKOIBKO MMHYT
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Ha ropoga YensabuHckoit obmactu 06-
pyLINIach yAapHas BOJIHA, BBIOMBIIAs
CTEK/Ia B THICAYAX [OMOB Ha oOLIen
mnomanu B 5000 km? [22]. Ockonkammu
Opit paHeHs! 1500 demoBeK, HECKOTIb-
KO TOTy4nnu 6ojiee TsKelble TPaBMBI.
Brarogapsi MHOTOYMCIIEHHBIM BUJIEO- U
doTocheMKaM, a TaKKe PEerucTpanun
BCIIBIIIKY CITyTHUKOBBIMM VM Ha3eMHBbI-
MU CHCTeMaMU, YAAIOCh CPAaBHUTEIBHO
OBICTPO PEKOHCTPYMPOBATh CLiEHAPUI
aToro cobpitusi [23]: acrepoup pasme-
pom 17-20 M Bowen B arMocdepy co
CKOpOCTbIO 18,6 KM/C 1T0oJ] 0O4YeHb IOJIO-
TMM yIloM B 17° (uMeHHO Onmaromaps
TaKOJ MOJIOTOJ TpaeKTopuu OO Ha-
Omropazicss Ha OOJIBIION TEPPUTOPUY B
Te4eHVe HeCKOIbKMX CeKYHJT); OH Havasl
paspyuaTbcs Ha BbIcOTe opsafKa 40 Kv;
6oy, TOCTUT MaKCUMAJIBHOM SIPKOCTHU
Ha BpIcoTe 23,3 kM. IIo maHHbBIM cITy THHI-
KoBbIX Habmopennit (http://neo.jpl.nasa.
gov/news/fireball_130301.html) sHep-
I'MA 3TOM BCHBIIKM cocTaBuaa 90 Kt
THT (1 xr THT pasHa 4,2¢10"* [Ix), a
o7Has HadanbHas aHeprys KT no pas-
HBIM JaHHBIM Kojebercs ot 300 go 900
kT THT ¢ Hamboree BepOATHON Beu-
uypHOM B 440 k1. Takum o6pasom, 3TO
COOBITHE CTAIO CAMBIM KPYITHBIM IIOCTIE
Tynryckn (10-20 Mt THT).
ITpocreiimas MOfeNb JBVDKEHNS TO-
YeYyHOJl MAacChl IIO3BOJIAET HEIIOXO
BOCIIPOVI3BECTU TPAaeKTOPUIO JIBIDKeE-
HVISI METEOPON/JIA M SHEPTOBbIJIe/ICHNE B
armocdepe (puc. 4), HO He JaeT HUKAKOI
nHpopMaiyy 06 MHTEHCUBHOCTY YAap-
HBIX BOJIH Ha INoBepxHOCTU. ITostomy
OBUIM IIPOBEJEHbI MPOCTEIINe JBYX-
MepHble pacyeThl TOYEYHBIX B3PBIBOB
Pa3HOI MOIIHOCTY Ha Pa3HbIX BBICOTAX,
KOTOPBIe O3BO/IVIIV OIIPEe/TUTD IPK6-
JIM3UTENLHO 30HY M30BITOYHOTO JjaBJIe-
HyA 500 ITa Ha moBepxHOCTH. VIMEHHO
OpY TaKkoM WU3OBITOYHOM JaBJICHNN,
Bcero 0,5% OT HOpMaIbHOrO arMocdep-
HOTO JIaBJIeHNs, HaYMHAETCA paspyllle-
Hue ocrekneHus [24]. Bonee cnoxxHas
TpeXMepHass MOJe/b YYUTBIBAET «IIV-
JIMHAPUYHOCTb» SHEPrOBBIETIEHNSA B
arMocdepe. B aroit Mopenu sHeprus
BBIJIE/IACTCS BIOJIb BCETO CTIefia B COOT-
BETCTBUE C MOJIE/IBI0 TOYEYHOI MacChl

FLURREEEERETTT Ne 3 (79) wonb-cenTa6ps 2013 T.
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(kaKk Ha puc. 4) WM COITIACHO JaHHBIM
HaOmonenuit  [23]. Pacmpoctpanenne
yZIapHBIX BOJIH B aTMOC(epe U UX B3au-
MOJIEIICTBIE C MOBEPXHOCTBIO (MaxoB-
CKOe OTpaKeHIe) IIOKa3aHbl Ha puc. 5,
a KOHTypr I/I36bITO‘IHOI‘O OaBJICHNA Ha
IIOBEPXHOCTY — Ha puc. 6.

ITocne mapenus Yera6uHcKOro Me-
TeopuTa HaujieHo npumMepHo 1000 xr
¢dparmenToB, T.e. MeHbie 0,01% oT Ha-
4Ja/JIbHON Macchl. VI make mpenmnosnarae-
MBIl «IJIABHBIIT» (parMeHT, HeJABHO
HalifIeHHbIi1 B 03. YebapKy/b, He MOXKET
CyH.[eCTBeHHO V3MEHUTDb 3Ty O]_[eHKy.
[To-BupgyMoMy, abnALMsA KPYHIHBIX Tejl
na Yensabuncka n TyHryckm mmeer
6o/lee MHTEHCUBHBIN XapaKTep U IPU-
BOONT HpaKTI/I‘ICCKI/I K TIOJIHOM IIOTe-
pe KocMmmueckoro BemjectBa. Ecim B
crydae TyHTycKM 9TO BeIeCTBO ObLIO
paccesHO IUTIIOMOM, TO B cirydae Yers-
6MHCKa, Korja oOpasoBaHie IIIOMa He
HA6/TI0a/I0Ch 11 BOOOIIe BPsif, /iU OBUIO
BO3MOYKHO 13-32 MEHBIIETO pa3Mepa
MeTeOpON/a 1 OYeHb MAJIOrO yIJIa Ha-
K/IOHA TPAEKTOPY, MaTepyal yhapHI-
Ka OCTajicd B «IBIMHOM» CJIEfie, KOTO-
polit mperidoBan B 3eMHOI aTMocdepe
HECKOJIbKO MecsleB [25].

O6cyxpeHne

[Tagenre YensOmMHCKOro MeTeopura
B TyCTOHACE/IEHHOM ITPOMBIIIICHHOM
paitoHe IOATBEP)KHAET IIpefcKasaHue
BA)KHOJ PO/IM «MajlbIX» YIApOB B KI3-
HU COBpPEMEHHOI umBmmmsanum [26].
Bo-mepBbIX, Takue yHapbl CIy4aloTcs
OTHOCUTENIBHO 4acTo, pa3 B 100-1000
ner [27]. B-BTOpBIX, Te/la TaKOro pas-
Mepa (MeHbine 100 M) He MOTYT, Kak
IpaBWIo, OBITh OOHAPYXKEHBI 3apaHee,
B OT/IM4YMEe OT KM-acrepoupos. Vi3Be-
CTeH eIMHCTBEHHBII CITy4ail 0OOHapyXKe-
Hus 4-M acrepousia 2008 TC3 3a cyTkn
IO ero CTONKHOBeHMs ¢ 3emenn [28].
B-TpeTbix, faxke pa3pyLIasch B aTMOC-
(depe, Takue Tela MOTYT HPUBECTH K
CepbesHbIM MTOC/IEAICTBUSIM Ha 3eMJjIe Ha
60mbpIIMX [UTOIIAZLAX [29]. B-yeTBepTHIX,
II0CIIEACTBUA y,uapa B <<'~IyBCTBI/ITe}'Ib-
HyIO» TO‘{KY COBpeMeHHOI‘/‘[ OUBMIN3a-
v (IVIOTHHY, aTOMHYIO 37IeKTPOCTaH-

z, km

z, km

z, km
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Puc5. Pacnpedenenus 0asneHus 6 pasHole MOMeHMbL 6pemeHU t npu nadeHuu
Yensaburckozo memeopuma. IIpednonazanoce, umo 95% sHepeui 6b10enUNIOCH
6 MOMEH OCHOBHOTI BCHbIUKY, OCMANbHBLE 5% — PABHOMEPHO 8007Tb
mpaexmopuu. BudHo, umo epems npuxoda 603mMyuLeHus 8 pasHole MouKu
N06ePXHOCU 3eMU 3ABUCUM He 0T OCHOBHOL 6CHBLUUKY, A 01 HeNPepbIEHO20
8bI0es1eHUs IHep2uULL 6007b MPAEKMOPUL KAK NPU UUTUHOPUHECKOM 83DblEe

100+

Puc6. Pacnpedenenue
MAKCUMATILHO20
U36b1MoUuH020 0a6/IeHUSL HA
nosepxHocmu 3emau nocne
nadenus Yenaburckozo
memeopuma. YepHoim

- usemom ommeuena obnacmo,
20e daeneHue npesviutano
1000 Ila, cepoim — 500 I1a
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LIV110, XMMIYECKIIT 3aBOJL) MOTYT Ha MOPSIAKY IPEBBICUTD  Mep IIPeIOCTOPOKHOCTH (epyKaThCs 110-
CTaHfjApPTHbIe «MeXaHmdeckue» 3SPQeKTel. B-mATHIX,  [ajblie OT OKOH IOCTIE SIPKOJ BCIIBIII-
HajieHNe TaKMX Tel MOXKeT IPUBECTM K HapyILIEHMIO CO-  Ki B Hebe) MOIZIO OBl IPefOTBPaTUTD
BPEMEHHBIX Te/IEKOMMYHUKALIVIOHHBIX CYCTeM, BK/IIOYas ~ OO/bIIOe KONMYIeCTBO TPAaBM Ha MeCTe

CUCTEMbI HaBUT'alIN.

nageHnss YemrAOMHCKOrO MeTeopuTa.

Enje opyH BaxHbIi ypoK Yens6uHcKoro coopityst — oT-  [lo-BupuMoMy, ommcaHme TaKOro CO-
CYTCTBME y HaCeJIeHVIs 9/IeMEHTAPHbIX 3HAHMII O METeOpO-  ObITUA HO/DKHO BOWMTU B IIKOJIbHBIE
UJaX, YAApHBIX BOMHAX 1 T.1. CoOMoieH1ie MUHMMAJIBHBIX  KYPCbhI (QU3BVKIL.
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Physical Phenomena at the Fall of the Small Space Bodies
on the Ground and their Modelling*

Valery V. Shuvalov -

PHD, Head of laboratory Institute of geospheres dynamics RAS
38 Leninsky pr. bld.1, Moscow, 119334, Russia
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Abstract

Natalia A. Artemieva -

PHD, Senior reseacher Institute of geospheres dynamics RAS
38 Leninsky pr. bld.1, Moscow, 119334, Russia

e-mail: natalia.artemeva@gmail.com

The paper describes physical processes such as deceleration, ablation, and fragmentation that accompany the entry of cosmic
bodies into the Earth’s atmosphere. Applicable mathematical methods are also presented. The entry of an 80-m-diameter
asteroid allows to explain all observed enigmatic effects of the Tunguska event — butterfly-shaped forest fallout, white nights
in Europe, and absence of extraterrestrial materials at the impact site. The Chelyabinsk meteoroid is 4-5 times smaller in size.
However, bow shock waves are strong enough to destroy windows within an area of 2000 km?2. Intermediate-sized bodies
(10-100 m in diameter) are the most dangerous cosmic objects for modern civilization. Their impacts occur every 100—1000
years and cannot be predicted in advance; although they cannot reach the surface, damaged area may exceed 1000 sq.km.

Keywords: asteroid, atmosphere, ablation, fragmentation, energy release, mathematical model, Tunguska cosmic body,

Chelyabinsk meteoroid, impact hazard.
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III1pOKOYTrONbHBIN ONTUYECKUI MOHUTOPUHT BBICOKOTO
BPEMEHHOTO pa3pelieHns Kak cnoco6 0OHapy >KeHUsI OMaCHBIX
KOCMIUYeCKIX 00'beKTOBY

Beckun I'M, Kapnos C.B, ITnoxomHuuenxo B.JI, Bondapv C.D, Ilepxos A.B, Mearos E.A,
Kamxosa E.B, Cactox B.B, Illepep. D.

MpeanaraeTcs UCNonb30BaTb MHOrOKaHaNbHbIE ONTUYECKNE CUCTEMbI C MPUEMHUKAMKM CyOCEKYHAHOrO BPEMEHHOTO
pa3peLLeHns 11 06HaPYXEHUS 1 U3Y4eHUs ONacHbIX KOCMIUYECKUX TeSl eCTECTBEHHOrO M MCKYCCTBEHHOMO NMPOMCXOX-
neHusi. CKOHCTPyupoBaHb! Ba MHCTpyMeHTa MuHn-MeraTOPTOPA (¢ 6-t0 1 9-t0 06bekTUBamMm), (hyHKLIMOHMPYIOLLIME
B [ABYX pPeXumax: MOHMTOPUHIroBom (nosns 3peHns 600 n 900 ks.rpagyc) u uccnegosaresibckom (none spexus — 100
KB.rpaaycoB). Bo BTOPOM pexxume BCe 06bEKTMBbI OPUEHTUPOBAHbI HA OAHO MONe, B KOTOPOM HAX0AWUTCS OBHAPYXXEH-
HbI NPU MOHUTOPUHIE BbICTPOABMXYLLMIACA 06bEKT. CMeHa Nons 3peHns 3a 401 CeKyHbl 06ecneynBaeTcs NoBopoTa-
MU MOCKUX 3epKas, pacnoNoXeHHbIX nepes 06beKTUBaMK, a U3MepeHMe LIBeTa 11 NoNspu3aLmm — Habopom PUNLTPoB
1 nonaponaoB. NMpUBOAATCA HEKOTOPbIE AETaNN KOHCTPYKLMW NPUOOPOB, UX XapakTepUCTUKK, NapaMeTpbl 0OHapY»KnBa-
eMbIX 06bEKTOB. B Ka4ecTBe pa3BMTMS CUCTEM TAKOro TUMA PACCMATPUBAETCS NPOEKT KOMNMEKCa U3 HECKOMbKNX COTEH
Teneckonos anameTpom 40 cm 1 nonem 3peHus 1 kB.rpagyc.

KnroyeBble cnoBa: 0ONTUYECKWUIA MOHUTOPMHT, (DOTOMETPUS, ONACHbIE KOCMUYECKUE 0OBLEKTbI.

*Paboma evinontena npu duraricosoti noodepicke PODI (epanmor Ne 04-02-17 555, 06-02-08313, 09-02-12053
u 12-02-00743)

BBenenne
BriepBble mpo6meMy rmomcka 1 MCCIeoBaHyst ObICTPO-
HlepeMeHHBIX (TPaH3MeHTHBIX) BO BpeMeHM U IPOCTPaH-
CTBe ONTUYECKUX 0ObEKTOB OTYETMBO CHOPMYIUPOBA
I. Bougu B 1970 1. [1], oTMeTHB BaX>KHOCTD IIOVICKOB HeCTa-
IIMIOHApHBIX OOBEKTOB HEVM3BECTHON 3apaHee JIOKaJIN3a-
. [ uX usydeHMs HeoOXOAMMBI IIVPOKOYTO/IbHbIE

VIHCTPYMEHTBI (C IOJIeM 3peHNs B COTHI
KBaJPaTHBIX T'PAJIyCOB), VICIIO/Nb3YIOLIe
[IETEKTOpPbl KaK MJUHMMYM CYOCeKyH[-
HOTO BpeMEeHHOro paspelleHua. Mamas
IUINTENBHOCTS (BIUIOTH 0 0,01 ¢) TpaH3u-
enToB (Bcrpiky 3Besn Tuna UV Kura,

BECKUH KAPNOB NNI0XOTHUYEHKO
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Tpuropuii MeepoBuy
JTIOKTOP (HM3NKO-MaTematy-
YECKMX HayK, pyKOBOAMTENb
rpynnbl CReLyansbHoil acTpotn-
3114ecKoii o6cepsaropun PAH.

0AQ HIMK CrM «COH Apxbi3».

Cepreii BaneHtnHoBuY
KaHAWEAT (I3NKO-MaTeMaTUHECKX
HayK, CTapLLINIA Hay4HbIA COTPYAHIK
CreLpanbHoi acTpocn3N4ECKoii
o6cepaaropim PAH.

0AQ HIIK CIr «COH Apxbi3».

Bnapumup JleonnpoBuy
KaHAWEaAT (hU3nKo-MaTemary-
YECKMX HayK, CTapLUNIA HAY4HbIA
CcoTpyaHIK CrieLyanbHoi
acTpochI3n4ecKoi o6eeparo-
pum PAH.

BOH/IAPbL NEPKOB WBAHOB
Cepreii ®epoposuy Anexceil BuktopoBuy Esrexuii AnexcanapoBuy
TEXHINYECKUI VIDEKTOP hunnana BEAYLLI MHXEHep chunuana Ha4arnbHuK cexTopa unuana

0AQ HIIK CIM «COH Apxbi3».

KATKOBA CACHK LUEPEP
Enexa BanentuioBHa ' Bsiyecnas Bacunbesuy ~ Juppro
Ha4abHINK rpynmbl ounuana e KaHAUAaT TEXHUYECKUX HayK, 3aB. - PhD, anpextop LenTpa

0AQ HIK CrM «COH Apxbi3».
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0TZeN10M KasaHCKoro qhesieparbHoro
YHIBEPCHTETA.

acTPOHOMII HalioHanbHoro
yHUBEPCUTETa VpnaHauy.
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raMMa-BCIUIECKM, IepefHue (QpPOHTHI
BCIIBIIIEK CBEPXHOBBIX U HOBBIX 3Be3[)
u/mm 6onbuie cKopocTu (Jo fecst-
KOB I'PajiycOB B CEKYHAY) VX JABVDKEHUA
(ClyTHMKY, KOCMMYECKUIT Mycop, Me-
TEOpbl M OOMMIBI) ONpPEHENAIT BaX-
HOCTb TaKOTO BBICOKOTO BPEMEHHOTO
paspentenns [2]. O6beKThI MCCIEROBA-
HMII TIepednciIieHsl B mabs. 1, Oymyan
COPTMPOBAHHBIMY 110 JIOKA/IN3ALUN U
JUTUTeTIBHOCTIL.

[l peammsanmyl  IIMPOKOIIOTIBHOTO
MOHUTOPYMHTA BBICOKOTO BPEMEHHOTO
paspellleHVsi HeOOXOAMMO COYeTaHue
M3HAYA/IbHO B3aMMHOIIPOTMBOPEYMBbIX
Tpe6OBaHMIL:  JJOCTATOYHO  BBICOKOTO
npefienia obHapy>keHns (60/bIION Aya-
MeTp OOBEKTMBA), LIMPOKOTO IIONA
3peHns (KOpoTKmit poKyc) M BBICOKOTO
BPEMEHHOTO paspelleHus (HeOOIbIIoi
pasmep etekropa). Heobxopymo foctu-
JKeHue pasyMHOro komnpomucca. Coor-
HOLIIEHVE 3TUX YCTIOBUIT OBUIO OITHMI-
3UPOBAHO B IIPOEKTE LIMPOKOIOJIBbHOI
KaMepbl ¢ OOBEKTMBOM OTHOCHUTEIBHO
MaJIOr0 JMaMeTpa, 3eKTPOHHO-OITH-
4ecKMM IpeobpasoBarenieM s apdex-
TUBHOTO COKpauleHus: ¢okyca 1 Obl-
crpoit manomrymsmeit I13C-marpuwer
[2]. TlepBast Bepcusa mpubopa, FAVOR
(FAst Variability Optical Registrator),
Havasia HaoOmopgenus B 2003 1. mo6mmso-
ctu oT 6-M Ttenmeckona bTA Cneruanb-
HOI acTpodm3nueckoit obcepBaTopum
PAH (3, 4]. Ananorn4Has o KOHCTPYK-
mmm  kamepa TORTORA (Telescopio
Ottimizzato per la Ricerca dei Transienti
Ottici RApidi) [5] ycranosnena B 2006 .
Ha MOHTUPOBKE POOOTHYECKOTO Tele-
ckorna REM [6] B o6cepBatopuu La-Silla
(ESO, Ymwm). Ilpn pmamerpax oO6BeK-
tBoB 15 1 12 cMm (cBetocune 1:1,2) u
nonAx 3penua 400-800 xs.rpagycos
npefenbl OOHAPYXKEHUs 9TUX CHUCTEM
6muskn K 10-11 3B. Ben. B B-nonmoce 3a
Bpems akcriosuyn 0,13 ¢ (yacrora Kaj-
pos I13C-marpusl - 7,5 Iix).

B xoneunom nrore kamepa TORTORA
OOHapyXmia ONTUYECKOe W3JIydeHue,
CUHXPOHHOE C TaMMa-3MICCHeN, Y ca-
MOTO SIPKOTO 3 MI3BECTHBIX Ha JIaHHBII
MOMeHT ramMma-Bcivrecka GRB080319B.
ITpu sTOM BrepBbIe ObITa OTKPBITA IIEpe-

Ta6/zuua 1. Onmuueckue MPAaH3ueHmol pa3iuuHsvlX Mmunoe

BECTHMK P dH

Buerasaktiea u
Bpeun ORaTosMIe e IpeCTPancTng TuaxkTaka seckme pa I
METEORRL, CITYTHHEKMN,
<0.1¢e N CR N ORI Mycop.
BRICORDETMOCEPHLE REHHUR HOBLIE, raMMa-BCTLICCKH,
e l BCTILIX MR SBEYTM, Gk ye Chepy HOBkR
x 1|} 1 BICOKOOPOHTL N HLIE COYTHIKH MOKPLITHA 18897
3
~ 100c j
- 1000 | SCTEpR kL NEPEMESIBIE 3HEIARI, AETHEHLIE RADA MUMETHE,
MACHO-cobumim CUCPRHOBLI

E:puu qnm.wt OTMEEH KA 00BEKT0N, Ha D CTORHH0H OCHOBE RCCAELYVEMbIE
CYIL{ECTRYIOMIMAN IIHPORON0 AHEMH IECTIEPHMEHTAMIL TaKHMH, Kak ASAS, LINEAR, MACHO

Hry,

MEHHOCTb TPAH3MEHTa TaKOroO TUIIA Ha CeKYHJHON Bpe-
MEHHOI IIIKaJie U1 IIPOBEJeHO COMOCTAB/IeHe ee TIapaMe-
TPOB C TAKOBBIMU B TaMMa-finanasose [7, 8, 9].

C nmomompio kamep FAVOR 1 TORTORA Taxoke BrepBble
YAABAJIOCh PETVICTPUPOBATD OBICTPOIBYDKYIIVECS CITyTHU-
KV ¥ METEOPBI C SIPKOCTBIO Ha ypoBHe 9-10 3B.BerL. [10].

Ha6moparenpHble TposiBIeHNs 00BEKTOB TAKOTO TUIIA
XapaKTepHbI 1 i 60/iee KPYIHBIX, BHE3AIIHO BOLIET-
mux B aTMocdepy 3eMt MeTeOpOu/ioB, TOFoOHbIX Ue-
6apKy/IbCKOMY MeTeopuTy. ITU KOMIIOHeHThl ComHed-
HOJ1 CHCTeMbI IPENCTAB/IOTCS 0000 OIMAaCHBIMU 13-3a
HEOXXVJAHHOCTY MX HOSB/ICHNA I, KaK C/IefCTBIE, OTCYT-
CTBUA MHPOPMALVN O BO3MOXKHOM IIOBEZICHUI.

JleiicTBUTE/IBHO, aCTepOMIHO-KOMETHAsl OIIACHOCTb B
HepPBYIO O4Yepenib 00yCIaB/IMBaeTCA BO3MOXKHBIM CTO/IKHO-
BeHUeM C 3eM/lell KOCMMYECKUX Tell pasMepaMy B COT-
HY-TbICSIYM MeTpoB. Hanpumep, B paMKax IporpaMmbl
Spaceguard Survey, npoBoaysirericst B 1998-2009 r.r., Ka-
TaJIOTM31POBaHbI cBbille 8000 KOCMIYECKUX Terl, COMM-
xaromyxcs ¢ 3emtert (OC3), by pa3Mepbl TPeBBIIAIOT 1
KM. B 1X 411C/10 BXOJISIT HOTEHIMaIbHO ONIaCHbIe 0OBEKTHI
(IIOO) - 60mee ThICAUM aCTEPOUTOB U OKOMO 70 KOMeET
[11]. Bupodem, BbIGOpKa flaske TaKUX KPYIHBIX TeJl ellje
HEIOJ/IHA — HeCKOJIbKO JIECAATKOB /IO CYX IIOp He 0OHapy-
>KeHBL B To ke Bpemst 6omee 90% (10000) 1 99% (100000)
IATUAECATUMETPOBBIX ¥ CTOMETPOBBIX TeJI, COOTBET-
CTBEHHO, He 3apeructpuposassl [11]. HeBo3moxHO npo-
THO3MpPOBATh M IOsAB/IeHMe BOMM3K 3eMn (pparMeHTOB
PacraBIINXCA HONTONEPUOANYECKIX KOMET, ABVKYIIVIX-
cs1 ¢ 6ONBLINMMY CKOPOCTAMU. XOTb X YMC/IO0 HEBEJIMKO,
OfIHAKO IIOC/IEACTBYS MX BHE3AITHOTO CTOJIKHOBEHVS C
3eMyIeit MOTYT HOCUTD ITIOOA/IbHBII XapaKTep.

OTMmeTuM, HaKOHel], 4YTO OKOJIO ITOJIOBMHBI BHE3AITHBIX
HOSIB/ICHNUII OITACHBIX 0O'bEKTOB IMPUXOAUTCS Ha THEBHOE
BpeMsl, — OHY YaCTUYHO MOTYT OOHAPY>KMBATbCS TOIBKO
Py HAOTIOfIEHNIAIX M3 KOCMOCA.

B Hacrosiee BpeMs B Mupe HeT ONTUYECKNX TeleCKO-
IIOB, CIIOCOOHBIX CUCTEMATIYeCK) 0OHAPY)KMBATh U U3Y-
YaTb YIOMAHYTbIE OTHOCUTENbHO Hebonbine (50-100 m
B tuametpe) [TIOO (cm., Hampumep, [11]). ITo-Bupumomy,
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HECKO/IbKO TaKMX MHCTPYMEHTOB OYAyT BBEfIEHBI B 9KC-
wiyaranyio nocne 2015 r. Peus, mpexpe Bcero, uper o 4-x
Teneckonax auamerpoM 1,8 m mpoexra Pan-STARRS un o
8-metposom LSST [12, 13]. OTrt MHCTPYMEHTBI C OIAMNI
3PEHNA OKOJIO 9 KB.IpafycoB Ipu SKCno3uuuAx B 30 u 15
CeKYHJ, JO/DKHBI MMeTb IIpefie/ibl OOHAPY)KeHUSA OKOJIO
24-25 3B.Bem. u OyAyT MpOBOAUTH 0630p HEOECHOI! TI0-
mycepsl 3a HeCKONBKO Hodell. TeM He MeHee SICHO, 4TO
OHM He CMOTYT OOHApY>KMBaTh BHE3AITHO NOSAB/IAOIINECS
B IIPOM3BO/IBHOM MeCTe OBICTPOABIDKYIINECS OObEKTHI.

Iliis peleHMst TaKoit 3aiadyl HEOOXOVIMBI T€/IeCKOIIbI
C TI0JIeM 3peHNs B COTHU (JTydIue Thicsiun!) KBalpaTHbIX
rpafycoB (B ujeane He0OXOAMMO HAOIIONATH OJHOBpeE-
MEHHO BCI0 HeOeCHYI0 ITomycdepy) ¥ BBICOKUM BpeMeH-
HBIM paspelneHueM. bonee Toro, Takoit mpubop fomKeH
OBITH CIIOCOOEH KaK MO>KHO ObICTpee IOciIe 0OHapyXe-
HMSI UBMEPUTb CKOPOCTb TPAH3MEHTa, €ro I[BeTa, II0-
JIIPU3ALNIO, ONPENe/IUNTh NapaMeTpbl IePeMEeHHOCTH.
Bce 3T0 HEOOXOAVIMO /1A TPOTHO3MPOBAHNSA IBOMTIOLIUN
Te/a, — He TONbKO KMHEeMaTN4YecKoil (TpaeKTopus ABMU-
JKEHUs1), HO 1 GU3NIeCcKOoIl (C UCIIOIb30BaHMEM JAHHBIX
0 Macce, IJIOTHOCTH, COCTaBe, CTEIIEHN YCTONYNBOCTH).

I[IpencraBisercs, 4To pa3pabOTaHHbIE HaMM MHOTOKa-
Ha/IbHbIe CHCTEMbI BBICOKOTO BPEMEHHOTO pa3pelleHs
Mini-MegaTORTORA (ectecTBeHHOe pasBUTHE IIPOEK-
toB FAVOR 1 TORTORA) cIocO6GHBI perncTpupoBarh u
VICCTIEOBATD OBICTPOABIDKYIIMECS, IOSABIIAIOLIeCs BHe-
3aIIHO, OIIACHBIE METEOPOV/IbL.

MHorokaHa/IbHas IIMPOKOYTONbHAS
MoHNTOpUHTroBaA cucreMa Mini-MegaTORTORA

Ompit skcrmyaTanyy kamep FAVOR 1 TORTORA no-
3BO/IV/I OIIPEJE/TUTD HAIPAB/IEHNA [Ja/IbHEMIIETO PasBy-

LlenocTaTHOS IEpKANn0

Puc. 16.
O6uguil 8ud
omoenvHotl
MOHMUPOSKU
cucmemovr. MMT

BNOK PUNLTPOB
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TUS METONONOIMY IIMPOKOYTOTbHOTO
HOVCKa OBICTPBIX ONTUYECKUX TpaH-
3VeHTOB. [Ipexxye Bcero, Hajo IOBBI-
CUTb TIPOHMIIAHME VHCTPYMEHTOB KaK
MIJHMMYM Ha 2-3 3Be3[IHbIX BETMYMHBI
IpY COXPaHEHM! WIN JlaKe YBelnde-
HUM pasMepa UX Homs 3peHms. s
9TOr0 HEOOXOMMO IEpeiTI K MHOTO-
O0BEKTUBHBIM  (MHOTOTEIECKOIIHBIM )
KOH(UTYpalusAM ¢ yMeHbIICHNeM MO/
3peHMs OTAENIbHOTO MHCTPYMeHTa (yBe-
JMYeHNeM €ro YITIOBOTO pa3pelleHIs)
IpY COXpaHeHM! (KaK MUHMUMYM) IIOJI-
Horo non 3penns [14]. C gpyroit cTo-
POHBIL, JyIs1 COOMIONEHNS YCIOBUS TOMMY-
HMPOBAHUSA LIyMa Heba OTHOCUTETIBHO
IIyMa IpUEeMHNKA HY>KHO YBeIN4MBATDb
€r0 KBaHTOBBIN BBIXOJ VI/V/IA VCIIOIb-
30BaTh  MAJIOLIYM:AILINME  IETeKTOPBI
(MaTpuIBI C BHYTPEHHUM YCU/ICHVEM,
sCMOS-npuemHnkn). BropbiM Baxk-
HBIM HallpaB/IeHVEM Pa3BUTHS SBJIACT-
Cs1 M3MepeHNe [JBETOB ¥ IO pU3aLN
OOHapy>XeHHbIX TPAaH3UEHTOB Cpasy
IIOC/Ie MX PETUCTPALVIL.

Cucrema Mini-MegaTORTORA
(MMT) cocrout u3 Habopa (6 wim 9) oT-
IeNbHBIX KaHATIOB-00'beKTUBOB (puc. 1a),
YCTQHOBJ/ICHHBIX ITOIIAPHO Ha 5KBATOPM-
aJIBHBIX MOHTMPOBKaX (puc. 16). Ileper
KOKIbIM OOBEKTMBOM PACIIONIOXKEHO
IUTIOCKOE 3epKasio, II0BOpaYMBaloliee-
Cs BOKPYT ABYX oceil Ha 20 rpajycos,
TeM CaMBbIM MeHsIsI PacIONIOXKeHye OIS

Puc. 1a. Omoenvhviti Kanan
cucmembl peucmpayul.

(nagHbif oObLeKTUE

-KaMepa

ObsexTue nepebpoca

bBnok ynpaanewuva
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3peHMsl KaX/JOoro KaHaja Ha HeGecHoil
cdepe. Kpome Toro, kaxpjpiii oObek-
TUB CHa0>keH HabOPOM LIBETOBBIX 1 II0-
JIAPU3ALVIOHHBIX (WIBTPOB, KOTOpBIE
MOTYT BBOAUTLCA B CBETOBON ITy4OK
B IIpollecce HaOmomeHnit. 1o MO3BO-
€T OBICTPO IEPEeXOAUTb OT LIMPOKO-
[IO/IBHOTO MOHUTOpMHTA 6e3 GpuibTpoB
K Y3KOIIOJIbHBIM HAOJIOfEeHNAM, KOTja
BCe OOBEKTMBBI HAIPABJIeHbl Ha OJHY
0071aCTh, COIEP>KALIYIO0 TOIBKO YTO 00-
Hapy>XCHHBIII TPaH3UEHT, U PETUCTPU-
PYIOT ee BO BCeX BO3MOYKHBIX KOMOVHa-
IVIAX I[BETOBBIX ¥ IO/IAPU3AIVOHHBIX
¢wnbTpoB (puc. 2). OmHOBpeMeHHOe
HaOJ/IIofieHNe TPaH3MeHTa BCeMU O00Db-
eKTUBaMII B OFHOM (WIbTpe TaKKe
BO3MOXKHO I TIOBBIMIEHVSI TOYHOCTU
¢doromeTpun.

Kaxxnpii1 00beKTUB cHabKeH IeTEKTO-
POM C BBICOKMM BPEMEHHBIM paspelle-
Hruem (kombuHaums JOIla u OpicTpoi
Matpuipl 6o sCMOS). Texunueckne
IapaMeTpbl KaHala A IepBOil KOH-
¢durypauny npuBeneHsl B mabnuye 2.
YnpasJieHye CUCTEMOI] B LIe/IOM U aHAJIN3
HOJTy4aeMBbIX C Hee TAaHHBIX B pealbHOM
BPeMEH) OCYIIeCTBIIIETCS IIPOrpPaMM-
HBIM OfecIiedeHneM, aHaJIOTMYHbIM JIC-
nonb3oBaBLIeMycsl B Kamepax FAVOR n
TORTORA 3,4, 5].

B Hacrosiiee BpeMms 3aBeplIaeTCs U3-
TOTOBJIEHVE ¥ TPOOHAs SKCIUTyaTalyis
6-kaHanmpHOI Bepcun (MMT-6) ¢ xom-
OVIHVIPOBAaHHBIM JIETEKTOPOM 1 9-Ka-
HaIbHOTO Bapyanta (MMT-9) ¢ sCMOS-
netekropoM Andor Neo Scmos, — ipubop
IPY 9TOM YIIPOLJAETCS U He CONEPXKUT
90I1 n o6pexTyB nepedpoca (puc. la).

OpMHOYHBIN KaHA MIMeeT IoNe 3pe-
HMA 0Kos1o 100 KB.TpajlycoB, a CUCTEMbI
MMT-6 1 MMT-9 B mMpOKONOIbHOM
MOHUTOPUHIOBOM peXuMe — okKono 600
u 900 KB.rpaZycoB, COOTBETCTBEHHO.
ITpenensl o6HapyxeHn: B B-nonoce co-
crassaioT miss MMT-6 - 11,5 3B.Bejn. 3a
0,13 ¢ (14 n 16,5 3B.Ben. 3a 13 u 1300 ¢),
a 1 MMT-9 - 12 3B.Ben. 3a 0,1 ¢ (14,5
n 17 3B.Ben 3a 10 u 1000 ¢). B uccneno-
BarenbckoM (follow-up) pexxume y3ko-
TO IO/ TIPY HAOIONEHMAX OT/Ie/IbHbIX
00BEKTOB pasMep IMOJA 3peHNsT yMEHb-
mraerca 1o 100 KB.rpajiycos, a Ipefenb-
Hasl 3Be3[[Has BeINYMHA 3aBUCUT OT BbI-

MoHWUTOPHUHr
npegen -12.0 B

NepeopueHTayMn 3epkan,
ycTaHoBKa hunkTpoB

BECTHMK P dH

Wccnegosanne
(Follow-Up)

npeaen — 13.0B

CmeHa pexumoRB — okono 0.3 ¢

Puc. 2. Paznuunvie pexcumot pynxyuonuposanus cucmem MMT-9 u MMT-6. Cnesa - pexcum
WUPOKONOIbHO20 MOHUMOPUHeA 6 GesioM yseme b0 8 00HOM U3 UBEMosbIX HUNLIMPOS.
Iocepedune - s6edeHue 6 C6emMo60I NYHOK UBEMOBDHIX U NOTAPUSAUUOHHBIX PUNLIMPOB KAK
nepeviii wiaz nocne 06HApy#eHus onmudeckozo mpausuenma. Cnpasa — nepenasedeHue
6cex 00beKmMUB06 HA Noie, CoOePHat4ee MPan3ueHm, 07 NOyHeHUsS UHHOPMAUUU O HeM 6
mpex (08yx) pasnuuHbix POMoMempu1eckux Hon0Cax npu mpex OpUeHMAayusax naocKkocm
nonapusayuu (NOKA3AHHBIX PASIUMHBIMU HANPABTIEHUAMY WIMPUXOBKU) 00HOBPEMEHHO.
Tounoe epems, Heo0xo0umoe O nepexo0d u3 00HO20 pewuma 6 Opyeotl, 3A8UCUM Om
annapammoti KoH@ueypauuu, Ho oxudaemcs, 4mo oHo He 6ydem npesocxooumv 0,3 ¢

6opa KOMOMHALMY CIIeKTPAIbHBIX U OJISIPU3ALVIOHHBIX
¢WIBTPOB U JIeXNT B Ananasone 10,5-13,5 3B.Bem. 3a 0,13
nmn 0,1 ¢, mocturas 18 3B.Bes. 3a 1000-1300 c.

Beenenne B crpoit cucrembl MMT-6 mnanupyercsa Ha
koHerl 2013 r.; mpubop OymeT ycTaHOB/IEH BOMU3Y 6-Me-
tpoBoro teneckona CAO PAH. MMT-9 msrorasnusa-
ercs B coTpygHmdectBe ¢ Kasanckum (IIpmBomxckum)
OepepanbabiM YHUBepcuteroM u OO0 «Ilapannakc» u
OyneT BBelleH B 9KCIUIyaTalMio B 00CepBaTOpUM VIMEHN
Owurenbrapara (Kasans) B 2014 r. O6a MHCTPyMeHTa €O3-
JarTca Ipu noppaepikke mpoexkrta Espomerickoro Corosa
[JTIOPVIA (rpanT Ne283783) u 6ynyT GpyHKLIMOHNPOBATD
B TOM 4YJCJIe 11 B €T0 paMKax (gloria-project.eu).

Bo3smoxHOCTHI ccTeM
Mini-MegaTORTORA npu o6Hapy>keHUM OIIaCHbIX
MeTeopouoB

ITpy 15-MUHYTHOM 3KCIOSUIMM B KaXKTOM ITOTIOXKeE-
HUM JeBATMKaHambHas cucreMa Mini-MegaTORTORA
B TeudeHNe HOYM CpefHelt AnutenbHOCTH (8-9 dYacoB)
o6o3peBaeT HebecHyI0 mHonycdepy monropa pasa, T.e.
HO/IOBMHA Heba HAOMIOMAeTCss OB/l C MHTEPBATIOM
6 4acoB. JIBIOKyIIMeCs] TPAH3MEHTHI, IOKa/I30BaHHbIE B
3TOi 06/1aCTH, MOTYT ObITH OOHAPY)KEHBI 10 COOCTBEH-
HOMY JABIDKeHUI0. TeM He MeHee OCHOBHBIM CIOCOOOM
BBIfIeJIeHMSI BHOBDb IIOSIBUBIIVXCSI OOBEKTOB SIBJISIETCS
CpaBHeHIe IIOJIOXKeHMsI I0O0r0 BUMMOIO O00BEKTa C
KOOpAMHATaMIl BCeX VCTOYHMKOB M3 BCEX KaTaloroB.
Crenmana3nupoBaHHOe MaTepuanbHOe obecredene mo-
3BOJIAET NPOBECTU 3Ty npouenypy 3a 0,2-0,4 ¢ u nepei-
TI 32 TAKOE >Ke BpeMs B UCCTIE[OBATEIbCKIIT PEXKUM IS
M3MepeHNIT [[BeTa 1 HOJIIPU3ALUM TPAaH3MeHTa. AHAIN3
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Tabnuya 2. Texruueckue napamempo. omoenvHozo kanana Mini-MegaTORTORA

Mo olikesTIE 30n NM3C-wemmapn
Dwsarp Tl Sorokarog  Gads Moan. SONY 21T | XL XSntaline
Sonye &5 Onasap 175 | Pamege 123881005 nwk canadi
vF 112 Youneme 40000 | Mecwrab 30 = 207 nmkcens
MNona 10 rpan, | Mecwmate- 11 Swonoa- 012890 caxyun
IR poecena [TT4]
Enwmonsit 0% wa | Pasiap BL45 nacia
RO 45004, il e
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1"

LEST /15
Pan-STARRS / 8s

26

W'

MIIT 7 1000 &

1t

AT/ 108

Diatares, ki

MMTIDls -

i3

Meiand cag
=45 oeg
welaTil dag
herla=133 deg
=175 dog

!

il

1 day
1w’

0 w* w' 1w 10

Timss untsl IMpact. mours
Pucynox 3. Ceszv mendy 6neckom 06vexma muna Yensiourckozo memeopuma (Ouamemp 20 m, mu-
nuuroe 0711 XoHOpumos anv6eoo 0,08), umeiousezo zenuoyenmpuyeckyio ckopocms 30 km/c (napa-
memp zpaduxa T onpedensiem y2on nepeceueHUs e2o mpaekmopueti opoumvt 3emiL), co 8pemerem,
ocmaswumcst 00 cmonkHoseHus. [opU3OHMAnbHbIE TUHUL COOMBEMCMBYIom npedenam o6Hapyice-
HUSL Y PA3IUMHbIX MOHUMOPUHZ0BDIX CUCIEM, MAM e npusedeHbl UX 8peMeHad IKCHOSUUULL.

r=10 m, ¥ = 30 kmis (heliocentric)
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Pucynox 4. To sie, umo u puc. 3, HO ¢ yHemom «PasMA3bIBAHUT» UB0OPANEHUT 00beKma no KAOPY 3a 6pems
IKCHO3UUU U330 €20 OBLVKEHUS 6 KAPMUHHOLL A0CKOCHU. [IIA cumyca yena mexdy cKopocmuio 06vexma u
HanpasneHuem Ha HAOTIOOAMENS BbIGPAHO NpedenibHOe 3HAUeHUE, PABHOE OMHOUIEHUIO Pa3Mepa 3emau K pac-
cmosHuio 00 Memeopouda (npu OomLUALX Yeriax 00veKm, o4esuoHo, nponemaem mumo). Takum o6pasom, zo-
PUBOHMATILHAS HACHTb 3ABUCUMOCITIU YoKe He COOMBENICINBYen MPAeKmMopuLL OmoenbHozo 00veKmad, a 0zpa-
HUMUBAEM OOTIACTb BO3MONCHDIX €20 MPAeKMOpUl. 36e30HAT BENUMUHA HA IMOM YHACHIKE COOMBENICBYem
1OMOKY 011 00eKIMaA HA NUKCETb — €20 HOBEPXHOCHIHOL APKOCHIL — U COOMBEIMCIMBYen NPOHULAHUIO UHCPY-
MeHMGA, COCOOHO20 0BHAPYIICUMb 00BeKM HA 3a0arHOM paccrostHuu. TTorioseHue UIoma onpedesnsiemcs épe-
MeHeM IKCHOBUUUU U O7IST 6CeX CIy4aes (20PUBOHMATIHbIE WIMPUX08ble TUHUL HA PUC. 3), KPOMe NnpueedeHH020
HA PUC. 4, HAXOOUMCS CYUeCBEHHO Hvie Npederia OGHAPYIHEHUS COOMBENICBYIOUALX UHCITIPYMEHITIOB.

BCEX IIOJIyY€HHbIX MOaHHBIX IIO3BOIUT
CHIeTaTh BBIBOZIBI O TPAEKTOPUYU 0ObeK-
Ta, COCTOSTHUM €T0 IIOBEPXHOCTH, Macce,
IVIOTHOCTY, BpallleHUM, CTEIIEHU CTa-
OMIBHOCTIL.

OCHOBBIBasICh Ha OL|EHKe ITAPaMeTPOB
Yema0MHCKOTO MeTeOpuUTa, MBI IOJY-
YU 3aBUCUMOCTD 67ecKa o6bekTa J1o
BXOJja B aTMOC(epy OT BpeMeHM TIOfiIe-
ta (puc. 3 u 4). B urore okasanoce, 4To
CTTIKMBAIOIINIICA ¢ 3eMJIeil MeTeOpO,
MOXeT OBITb OOHApy KeH Ha PacCTOSHUM
no 1 miiH kM npu sxcnosunuy 1000 ¢ n
po 100 Teic. kM. ipy skcnosunyu 0,1 ¢;
IpY 9TOM BpeMs C MOMeHTa OOHapy-
XKEHMA [0 BXOZIa B aTMOCepy JIeKUT
B JMalnasoHe OT Io/Iydaca Jio Hefienu B
3aBYICYIMOCTH OT TOTO, HaIIpaBJIeHa CKO-
POCTb 00BEKTa HABCTPEUy ABIDKEHMIO
Sem M ero OBVJKEHYIE ABIACTCA O0O-
TOHSIOIIVIM.

Takum ob6pasom, cucrema Mini-
MegaTORTORA BrnonHe criocob6Ha 06-
HapY>KVBaTbh ONACHbIe KOCMIYECKIE TeNla
¢ pasMepowm, npesbimaronyM 10 m. Pas-
yMeeTcs1, IOCKOJIbKY BpeMst, IIPOXOfisiiiiee
JI0 CTOJIKHOBEHUS, COCTaBJIsI€T Yachl-
AHY, HEBO3MOXHO M3MEHUTDH TPAEKTO-
pUIO BIDKEHUsI 00BEKTa, OHAKO BO3-
MO>KHO OIIpefeTUTh 00/1acTh MaeHns 1
IIPMHATD MepHI 110 3alluTe Mofei. AcHo,
4TO OOHapy>XeHMe OyzeT TeM 6ojee Be-
POSITHBIM, @ IIPOTHO3 — 6OJIee TOYHBIM,
4eM 6O/IbIIIee KOMMYECTBO CHCTeM OyzeT
IIPOBOANTH MOHUTOPYHT. B aTOM Ciry4ae
OyAyT MMHMMM3MPOBAHBI IOTOfHbIE U
BpeMenHble (Bocxop ConmHija) daxro-
pbI, @ TaKXKe MOSABUTCA BO3MOXKHOCTD
OIpefie/IeHNs PacCTOSTHUA 10 0ObEeKTa C
IIOMOILIbIO TPUAHTYTALINMN.

MHoOrokaHanbHbI ONTUYECKUI Tele-
ckon SAINT (Small Aperture Imaging
Network Telescope)

EcTecTBeHHBIM pa3sBUTIEM KOHLEILVN
MHOTOKaHa/IbHbIX MOHUTOPVHIOBBIX CH-
CTeM BBICOKOTO BPEMEHHOIO paspelle-
HUA ABJIAETCA MIPOEKT MHOTO3/IEMEHTHOM
CeTH, COCTOSIIEN M3 ONTUYECKUX TeJle-
CKOIIOB MAJIOTO pa3Mepa, CIIOCOOHBIX
OBICTPO MEHATb OpPMEHTALMI0 U (PYHK-
LVIOHMPOBaTb KaK HE3aBMCUMO, TaK U
CMHXPOHHO. B ompenenennoin crenenn
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TaKas CUCTEMa fABJIAETCA aHATIOrOM pa-
mmoteneckonoB VLA, ALMA, SKA, He
IIpeTeH/ys, OfIHAKO, Ha JICIIONb30BaHNEe
B MHTeP(HePOMETPUIECKOM PEXXIME.

MpblI nojraraeM, 4To 3TOT MHCTPYMEHT
MO>XKeT ObITh BecbMa 9(pPeKTUBHBIM 1
IU1sE 0OHAPY>KeHN s OIACHBIX KOCMMYeC-
KIX TeJl TOOBIX Pa3MepOB yxKe Ha 60JIb-
MINX PACCTOSAHMAX OT 3eMan (B OT/IN-
uie ot cucteM Mini-MegaTORTORA),
KOoHKypupya ¢ Pan-STARRS u LSST. B
10 Xe Bpemst SAINT, o6mazjast BEICOKMM
BpPEMEHHBIM paspelleHneM 1 Oymydn
CIIOCOOHBIM paboTaTh KaK B MOHUTO-
PVMHTOBOM, TaK U JCCIEHOBATENbCKOM
(Y3KOIIONIBHOM) PEXMMaX, MOXeT U
IPEeB30MTY STY TEJIeCKOIBI HMpy OOHa-
PY>KeHUM U U3y4eHN! BHE3AITHO ITOSIB-
JIAIOMNXCA OBICTPOABIDKYIUXCSA 00D-
exToB. C IpyTOil CTOPOHBL, MHCTPYMEHT
MO>KeT ITPOBOAUTD MOVCK U VICCTIeTIOBa-
HIe TIOOBIX APYIMUX OBICTPOIPOTEKaIo-
IUX SABJIEHUII B OMVDKHEM U Ja/lbHeM
KOCMIYECKOM IIPOCTPAHCTBE IIpU pe-
IIEHVM YMCTO aCTPOPU3NIECKIX 3a/5ad.

SAINT cocrouT U3 HECKOIbKMX CO-
TeH (mprmepHO 500) MajIbIX TeIeCKOIIOB
(zmameTpom 40 cM) C TONeM 3peHMS
okono 1 KB.rpagyca, €ro IOTHOE IOJe
3pennsa oxono 500 KB.rpajycos, a Bpe-
MeHHoe paspemenue — 0,1 ¢. Ogun u3
BO3MOXKHBIX BapMaHTOB IapaMeTpPOB
CHCTeMbl IpuBefieH B mabzn. 3. Kaxmplit
13 KaHAJIOB IIPY 9TOM YCTaHAB/INBAETCA
Ha OTJE/IbHONM SKBaTOPMAIbHOI MOHTU-
POBKe, MIMEIOIIell MAaKCVIMA/IbHO BO3MOXK-
HYI0 CKOPOCTb IlepeHaBefleHus (B npea-
ne po 30-40 rpaz/c).

B pexyuMe MOHMTOpMHIa Te/IEeCKOI
aKKyMy/mpyeT MHGOpMaIuo 060 Bcex
CTAIVIOHAPHBIX U TpPAH3MEHTHHIX (BO
BpPeMeHN U NPOCTPAHCTBE) VICTOYHMKAX
OITUYECKOTO M3Ty4eHNs, IOKaIM30BaH-
HBIX Ha HebecHoi1 momycdepe (20 000
KB.Ipaj.), BIVIOTb O 22 3B.BEIMYMHBI 32
OfiHy HOYb HAO/MIOfIEeHNIL, — KaXK/joe ToJie

pasMepoM okoj10 500 KB.rpaji. Hab/MoaeTcs B TeyeHue 15

MMHYT €IVHOX/bI 32 HOYb.

ITpu o6Hapy>keHUM ONTHYECKOTO TpaH3MEHTa BCe Te-
JIECKOIIbI KOMIUIEKCA 32 IO/ CEeKYHABI IIepeOpUeHTHPY-
I0TCs1 Ha 00JIaCTh €ro JIOKa/IN3aLUY IS JeTaTbHOTO JC-
cregoBaHys (IIOTAPU3ALVIOHHOTO, (OTOMETPUIECKOrO,
CIIEKTPOCKONMYeckoro). B arom (mccrmemoBarennbckom)
pexume SAINT skBUBajieHTeH Te/leCKOIy 8-MeTpOBOrO
AVaMeTpa U MOXKET MCIIONb30BAThCA /IS PelleHNs LIN-
POKOTO CIIEeKTpa CTaHJAPTHBIX aCTPOPMU3NIECKIX 3a/4ad.

B mpolecce MOHUTOpMHIA BBINOMHAETCS OCHOBHAsS
1emb — OOHapy>KeHVe HOBBIX U MICCTIENOBaHME yXKe U3-
BECTHBIX HECTAIMIOHAPHBIX O0BEKTOB Pas/INYHOI IIpU-
poAbI M JIOKaM3alyu. BrepBble B Mupe MOXeT ObITh
HO/TyYeHa HelIPePbIBHO OOHOBIAIONIASACS AMHAMMUYECKas]
KapTMHA KaK OJIVDKHEro, TaK ¥ JJAJIbHETO KOCMIYECKOro
IPOCTPAHCTBA C CYOCEKyH[JHbIM BpeMEHHbIM paspelle-
HJEM.

IMpuanynmuansable oTmans cucreMmsl SAINT ot mpy-
TVIX ONITMYECKMX NHCTPYMEHTOB:

« IIpenenmpHO BbIcOKOE BpeMeHHOe pasperenre (0,1 c), co-
yeTaroleecs ¢ 6obmM noeM 3perns (500 kB.rpag.) u
JOCTaTOYHO ITy6oKuM IpenienioM (16-17 3B.Bert. 3a 0,1 ¢).

« YHMBepCa/IbHOCTDb MeTO/A HAO/IIOfeH i1 VI IEPBITYHON 00-
PabOTKM HAKOIUIEHHOI MIH(POPMALMY TTO3BOJIAT VICIIONb-
30BaTb OJJHV 11 T€ YK€ MaCCUBbI JAHHBIX [JIsI OOHAPY>KEeHISA
U U3y4eHVs OODBEKTOB Pas/IMYHBIX TUIIOB, PeLICHNUS
Pa3HBIX aCTPOPU3NIECKIX 3a/ja4, BCET/a, TeM He MeHee,
CBA3aHHBIX C OBICTPOIIPOTEKAIOLIMMI ITPOLIECCAMU.

« O6paboTKa U aHaIM3 pe3y/lIbTaTOB MOHUTOPMHIA B

PeXnMe pealbHOTO BpeMeHM, a TaKXXe B TedeHue JI0-

el CeKYHAbI Ipy OOHapy)XeHMU U VAEeHTU(PUKALUN

TPaH3MEHTOB. JTO IO3BOJIUT MHPOPMUPOBATH PYTUX

aCTPOHOMOB O BHOBb BCIIBIXHYBIIIEM MCTOYHVKE VIV

OIIACHOM MeTEOpOMJe, I HEMEJIEHHO IIepeiiTi K ero

JieTa/IbHOMY M3Y4YEHMUIO.

B03MOXHOCTD Ilepexofia 3a JOMV CEKYH/Ibl K PeKUMY

IeTaJIbHOTO VICCIeOBaHNsA 00beKTa, B KOTOPOM Bce

MaJIble TeJIeCKOIIbI OPMEHTVPOBAHbI Ha OJHY 00/1acTh

(1 xB. rpajg.), 4TO YBEIUYMBAET YyBCTBUTEIBHOCTDH

CUCTeMBI Ha 3 3B. BEIMYMHBI U HO3BOJISIET ONPEMETIATH

CIIEKTPa/IbHbIE U NO/LAPYMETPIYECKIe XapaKTePUCTUKY

TpansueHTa. C 9TOI 1[e/IbI0 KKIBII TeNeCKOI CHAbXKeH

HabopoM BVR ¢uibTpoB n pasmmyHO opreHTHpOBaH-

HBIMU NO/IAPOMAAMM JIO0 MHOTOMOJOBBIM (POTOCIIEK-

TPONIOAPUMETPOM [15]

BECTHMK P dH

Tabnuya 3. Ilapamempor meneckona SAINT. ITpusedervr ouamemp kanana D u sppexmusuiii ouamemp ecezo meneckona Deff, ceemocuna D/F, yenosoii
pasmep nuxcena Ha Hebe A, HUCTIO KAHATIOB 6 UETIOM, NpedebHble NPOHULAHUSA 6 Punbmpe B Ha pasnuuHbix 8peMeHHbIX UKANAX

Diameter / D/F Pixel scale, arcsec | Number of Channel Field of View / | Limits for 0.1, 10 u 1000 s for single
effective channels total Field of View, channel / all channels
diameter, cm sq.degrees
40 1/2 1.7 470 1.1 16.8 193 21.8
867 506.6 20.1 226 25.1
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Tab6nuya 4. Cpasrerue sgpdexmusHocmu pasnuutvx meneckonos (A - 3. nnousaov,

Q - nnowadv nons 3penust)

Teneckon Odth panvetp M O, kB rpaxy.  AQ
LINEAR 10 20 1.5
SDSS 25 39 6.0
CFHT 3.6 1 8.0
SUBARU 8.1 0.2 8.8
Pan-STARRS 36 7 60
LSST 65 96 190
SAINT 0.3-47 45-1125 795
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Puc. 5. Oppexmusnocmov meneckona SAINT 05 HabnodeHUll pasnuuHvIX K1accos

1 dsy 1 ','l.‘d' 100 :.-ru.'a.

00%eKM06 6 CPABHEHUY C MAKOB0LL 0TS OPY2UX UHCINPYMEHINOS, KAK (Y HKUUOHUPYIOUsUX

6 Hacmosujee epems (ASAS-3, LINEAR, Pi of the Sky, FAVOR/TORTORA), max u
nnanupyrouuxcs Ha 6yoyusee (LSST)

ITpenaraemplit IPOEKT TeNECKOIA HE MMEET aHAIOTOB

Cpeny CyLeCTBYOIIMX ONTUYECKIX MHCTPYMEHTOB.

Kommiekc anropuTMoB 1 mporpamMm i TeKyllenl u
aroCTepropHOIT 06PAOOTKM JAaHHBIX JO/DKEH II03BOIAThH
AaBTOMATUYE€CKIN O6Hapy)KI/IBaTb KaK HEIIOOBVIJKHBIE, TaK
U [IBIDKYILIVMeCAd TPAH3UEHTHI, UASHTU(PUIVPOBATh KX
(HaxXopUTh B KaTajoraX M3BECTHBIX MCTOYHUKOB MO0
OTHOCUTDb K BHOBb OOHApy>XEHHBIM), OIPENe/ATh Hapa-
MeTpBI U IIPUHUMATH PELIeHNEe O BO3MOYKHOM IIePeXOJie K

40

VICCTIETIOBATENIbCKOMY PeXMMY. ATocTe-
PUOPHBINI aHa/IN3 TTO3BOJIUT CYMMUPO-
BaTb II0C/IEI0BATe/IbHbIE KaJpbl, JOBOAA
npezen 0OHAPY>KeHN B UCCTIeJOBATEe/Ib-
CKOM peXuMe 10 25 3B. BEIMYMHBI 3a
1000 ¢, OTOXXEECTB/IATh OOBEKTHI pas-
HBIX TUIIOB, OIPENe/IATh apaMeTphl UX
nepeMeHHOCTH (puc. 5).

VHpopMaloHHasA CyCTeMa KOMIUIEK-
Ca BBITIO/IHAET TAKKe C/ICAYIOLIe 3a/adi:
« [Toppeprkka 6a3 JaHHBIX I K&XIOTO
TUIIA Y>Ke VI3BECTHBIX 0O'bEKTOB, TEKY-
Ijee CpaBHEHUe IIOJTyYeHHBIX Xapak-
TEPUCTUK C MHQOpMaIMeli 13 APyrux
KaTajIoroB 1 6a3 JaHHBIX.

ITonmep>xka 6a3bl JAHHBIX [ BHOBb
0OHapY>KeHHbIX 00'bEKTOB, JleTaIbHOE
U3y4YeHNe UX CBOVICTB, CpPaBHEHUE C
pe3y/braTaMyl HaO/MIOIEeHUIT B APYIUX
AVania30Hax, BBIBOZIBI 00 UX IIPUPOJeE.
IMoggepxka — Crenyann3upoOBaHHON
0a3pl TaHHBIX /IS TPAH3UEHTOB, OT-
HeCeHHbIX K KOCMUYECKOMY MYCOpY,
aHa/!MM3 [UHAMMKM 9TOMl OBICTPO-
3BOJIIOLVIOHVPYIOLLEl COBOKYITHOCTH
00BEKTOB, IIOCTPOEHNUE €€ CTATUCTHU-
94eCKoil MOfenu 1 pa3paboTKa MeTo-
OB IIPOTHO3VMPOBAHMS €€ CBOJICTB.

B mndopmanmonHom mrane SAINT
ABJISAETCSI AaBTOHOMHONM POOOTU3MPO-
BAaHHOII CUCTEMOI, CIIOCOOHOI BBINON-
HATD IUPOKUII KPYT M3HAYAIBHO cPOp-
MY/IMPOBAHHBIX 3a/ja4 B ONTUMA/TbHOM
peXUMe, YIUTbIBas U3MEHEHUA YCIIO-
BMI1 BHELIHEN CPelbl U IIOJy4YEHHbIE B
Xofie pyHKIIVIOHVPOBAHNUSA Pe3y/IbTaThl.

U3 mab6n. 4 cnepyet, uro SAINT mo
3G GeKTUBHOCTI IPEBOCXOAUT Bce 00-
30pHbIe MHCTPYMEHTBI, Oyayduu cpas-
HVIMBIM C HMM TIO LieHe. VICKTIoueHeM
SBJIACTCS 3aIUIAHMPOBAHHBI [/I1 BBOJA
B CTpoit B KOHIIe 2021 I. MMPOKOIO/b-
b1 Teyteckon LSST, cromMocTh KOTO-
POTo Ha MOPATOK BBILIIE.

OCHOBHOII ~ pe3y/IbraT —peanusalym
IpOeKTa — CO3/IaHNe MHCTPYMeHTa HOBO-
TO TUIIA /I OOHAPY KEHUS U MCCTIeOBa-
HUsT OBICTpOIIepeMeHHbIX (BO BpeMeHU
U TPOCTPAHCTBE) VICTOYHMKOB OITHYe-
CKOTO M3JTy4YeHNs 3apaHee HeM3BEeCTHON
NoKa/m3auun. B koHeuHOM mtore Oymer
[OCTpOeHa 0011asi BEIOOPKa 00BEKTOB,
HIepeMeHHBIX Ha BpeMeHaXx BIUIOTb IO JI0-
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7eit ceKyHpiblL. B mayibHeM KocMoce OyayT ITo cyujecTBY, peub UET O CO3[AHUY YHUBEPCATBHOI
OOHapy KeHBI U1 UCCTIEIOBAHBI COTHM ThI-  CHCTEMBI KOHTPOJIA KOCMUYECKOTO IPOCTPAHCTBA, CIIO-
CSY HECTAIVIOHAPHBIX OObEKTOB M3BECT-  COOHOII pellaTh 3afadM IO 0OecCleyeHNI0 I/I06aTbHOI

HOJI TIPUPOJIbI ¥ TBICSTIM — HEM3BECTHOM.  KOCMMYECKOIT 6€30MacHOCTIL.

IToooeprxcka opysumu epanmamu INTAS (04-78-7366), CRDF (No. RP1-2394-MO-02), epanmom Progetti
Pluriennali 2003 Bonowckoeo ynusepcumema, npoepammoii Ilpesudouyma PAH, a maxce epanmom Eeponeii-
ckoeo Corosa (283 783, npoexkm GLORIA). I b. beckun maxice 6nazooapum 3a noooepxky ¢ouo Cariplo u
Landau Network-Cenro Volta. C. B. Kapnos 6vin noooepxcan epanmom gonoa «JJunacmus» 0nsg MOnoovix
YUeHbIX.
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We propose to use multi-channel optical systems equipped with sub-second temporal resolution detectors to detect
and study hazardous space objects, both natural and artificial. We constructed two Mini-MegaTORTORA instruments
(with 6 and 9 channels), which may operate in two regimes - wide-field monitoring (with 600 and 900 square degrees
FOVs) and narrow-field follow-up (100 square degrees field of view). In the latter regime, all channels are pointed
towards the same object (rapidly moving) detected in monitoring. Fast, sub-second repointing of channels is provided
by the rotation of celostate mirrors placed before the objectives, while the measurement of color and polarization of
transients — by the set of filters and polarizers. We discuss the details of these systems design, their characteristics and
the parameters of objects detectable. As a next step of evolution of such systems we propose the project of a complex
of several hundreds of 40-cm telescopes with 1 square degree field of view each.

Keywords: optical monitoring, photometry, hazardous cosmic objects.
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ITony4yenme ¢pusniecKux XapaKTepUCTUK U30paHHBIX
acTepouO0B, COMDKAIOIMXCSA ¢ 3eMeit™

Puixnosa /1.B., baxanac E.C., bapa6anos C.J1., bycapes B.B.

Ha 1-m Teneckone H/ KpAO 6bina BbINOSHEHA BbICOKOTOYHAA (DOTOMETPUS M3OPaHHbIX acTepoUIOB, CONMKato-
Lmxcs ¢ opoutoir 3emnn. Ha 2-m Teneckone Ha n. Tepckon B KBP nposefieHa CNeKTPOMETPUS HU3KOrO paspeLLeHus
ANs ABYX aCTEPOUJIOB, CONMXKAOLLIMXCA C OpOUTOI 3eMnu, 1 NATK acTepouaos [MasHoro nosca. Mo paspaboTaHHON B
VHACAH meToamKe 06paboTKuM 11 aHann3a HabntoeHNiA 6bIIn NONyYeHb! CeayHoLLIMe XapaKTepUCTUKI HABI0AaeMbIX
acTepoupoB: abCcooTHbIE 3Be3HbIe BennynHbl B punbtpax BVRI, pasHoctu ugeta B-V, V-R, R-l, reomeTpuyeckoe
anb6e/i0 B AnanasoHe AIMH BOJTH MUCMOMb3yeMblX (OMNLTPOB, pa3Mepbl aCTEPOUAOB, NEPUObI UX BPALLEHUS BOKPYT
COGCTBEHHOI OCW, CNEKTPanbHbIe KNACChl U OLIEHKA Macc. B cTaTbe NpMBOAATCA NMONYYeHHbIe pes3ynbTathl Ans acTe-
pougos: 330825 (2008 XE3), 141018 (2001 WC47) and 312473 (2008 SX245). Mo nosny4eHHbIM CNEKTpam HU3Koro
paspeLleHns onpeaensanmch CnekTpasbHble KNacchl MCCNeA0BaHHbIX aCTEPOUO0B, OTAINYMSA OT MOZESIbHbIX CEKTPOB
3a/1aHHbIX CNEKTPasbHbIX KNTACCOB ANS BbIABNEHUS 0CO6EHHOCTEN MUHEPANIOr4eCcKoro COCTaBa BeLLeCTBa NOBEPXHOCTM
acTepouaoB, a TakXKe AN NOWCKAa aHanoroB CPean acTepouaoB, CONMMKAIOLLMXCS C OPOUTON 3eMN, U HAWLEHHbIX Ha
3emne 06pa3LoB MeTeopuToB. [puBeaeHb! pe3ynbTaThbl UCCEA0BaHNIA ANS Cheayowmx actepougos: Pomona (32), 145
Adeona, 704 Interamnia, 779 Nina, 330825 (2008 XE3) and 2012 QG42. Mocne YenabuHckoro cobbitns 14 despans
2013 r. ObIn NPOBEAEH NOUCK CBA3EN ONPeaeNieHHON N0 BUAEOHAGNIOAeHNAM opouTbl 601Maa ¢ ApyruMmu opebutamm
ManbIx Ten CofHeYHON CMCTEMbI 11 06HAPYXKEH METEOPHBIN PO, CBA3AHHDINA ¢ OpOUTON YenabuHckoro 6onuaa.

Knroyesble cnoBa: acTeponaHO-KOMETHasA 0MacHOCTb, NOTEHLUMANbHO-0MACHbIE Tefa, 06HAPYXXeHUe N MOHUTOPUHT
OMaCHbIX HEBECHbIX TeN, NOCNeACTBNA NALeHNA HEOECHBIX TeST HA 3eMt0, METOAb! 3aLLUTbI, OPOUTLI MANbIX Tesl
COnHeYHOM CUCTEMbI, aCTEPOUAbI, KOMETbI, MPOrHO3bI CTONIKHOBEHMS ¢ 3emnen, IHCTUTYT acTpoHoMumn PAH.

*

Pab6oma evinonnena npu gunarcosoti noodepyxcke PO (epanm Ne 12-02-90444)

B Mupe akTMBHO BegyTCs HabMIOmeHNA
ManbIx Tesl COMHEYHOM CUCTeMbl. bomb-
II0€e KOTMYECTBO HAOMIONIEHNIT acTepOu-
TOB TIO3BOJIAET OIPENEIUTh JOCTATOYHO
TOYHO MX OpOUTHI, HO GU3MIECKUe Xa-
PaKTepUCTUKM OONBLIMHCTBA U3 HUX BCE
ellle OCTAIOTCS HeU3BeCTHhIMU. VI3 6ortee
4geM, 600 ThIC BCEX M3BECTHBIX aCTEPOVIOB
TOJIBKO OKOJIO 2 TbIC. OTHECEHBbI K KaKoO-
My-7160 TAKCOHOMMYECKOMY KJIACCy; T.€.,
TonbKO 14 0,03% OT 00111ero umcia acre-
POUAOB OrmpefieneHbl QU3NIECKUe CBOJi-

PbIXJIOBA

Jinpnsa BacunbeBHa

BELYLLIAV Hay4HbIN COTPYLHWK, JOKTOP
(h131KO-MaTEMATIHECKVX HAYK, PyKO-
BOLWTENb HAy4HO-VCCIIE[0BATENBCKOM
L rpynnsl IHACAH.

CTBa, XOTs HAJ, 9TOJ IPOOIeMOli paboTa0T obcepBaTopym
BO BceM Mupe. [IJIsT acTepOMiOB, COMVDKAIOIIXCS C OPOUTON
3emm (AC3), moms acTepouioB, OTHECEHHBIX K TOMY WM
MHOMY TAKCOHOMIYECKOMY KJIacCy, coCTaBisieT MeHee 0,5%
ot obero komyectsa AC3.

Camble BakKHbIe OOBEKTBI C TOYKM 3PeHMUs MPOOIeMbI
acTepOUIHO-KOMETHOI OIIACHOCTY — 3TO 0OBEKTHI, COMN-
aroluecs ¢ 3emiteit. VIMeHHO Jy1s1 3TOro Kacca 1 Heo6-
XOZIMMO B IIEPBYIO OUepefib 3HATh MX ITAPAMeTPBI: COCTaB,
anbbeno, pasMepsbl, mepuop BpaujeHus. Jta nHdopma-
us HeoOXOIMMa, B TOM YNCITe, TIPU BBIOOpE CPENCTB
IPOTUBOJEICTBHSA, TAK KaK aCTEPOMADI, COMDKAIOMINECs
¢ 3emriell, UMEIOT HEHY/IEBOV IAHC CTONKHYThCA C 3eM-
neit. ITpyu 9T0M 0CO6YI0 BXKHOCTD IIPHOOPETAIOT CTATH-
CTUYeCKMe VCCTIeNOoBaHNsl O IPUHAJIOKHOCTU acTepo-
UJIOB Pas/IMYHBIX TPYIN 06beKTOB, GOPMUPYEMBIX IO
CXOXKeCTH OpOWT, K OIpeMe/IeHHBIM TaKCOHOMUYECKUM
THUIIAM, CBSI3b BHYTPY NOROOHBIX TPYII U IOHMMaHMNE,
KaKOBa BEPOSITHOCTb TOTO, YTO MMEHHO 3TOT YTPOXKaI0-
it 3eme 06BEKT, IPUHATIEKALINIL IO TUITY OPOUTHI

BAPABAHOB BYCAPEB

Bnagumup Bacunbesny
JIOKTOP (OM3MKO-MaTemMaTn4eckux
HayK, BEAYLLWIA Hay4HbIA COTPYA-
HuK, TAVLLI MI'Y, UHACAH.

Cepreii UBaHoBu4
KaHawuaar (omavko-marema-
TUYECKIAX HayK, 3aBELYHOLLMIA
3BEHMrOPOACKON 06CepBaTOpHEl,
| pykosoauTenb otaena MHACAH.

.
_“
$
-

BAKAHAC

Enena CepreeBHa
Kanauaar (bmsm(o—MaTemaque-
CKUAX HayK, Hay4HbIIl COTRYAHNK
VIHACAH.
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Tabn. 1. Pe3ynvmamot pomomempuseckux uccne008aHuil Tabn. 2. Pesynvmamot chekmpanvHolx HAO00eH Uil

Acrepoun Pesyneare
141018 P=16,747+0,006h, 6nn3okk BuF Pomona (32) O6HapyeHbl UI3MEHEHNA eTanel (Monoc NOrmoLLEHs) CNeKTPOB OTpa-
(2001 WC47)  (nogknaccel knacca C —rugpatupoBaHHble  S-TWM, BbICOKOTEMMEPATYP-  KEHWS C BpaLLieHUeM acTepoMAa, 4TO NO3BONSET Mpeanonararb Hanu4me

CUMVKATI, YIANCTbIE XOHAPUTbI), Has MUHepanorus) Ha ee NOBEePXHOCT, N0 KpawHeli Mepe, ABYX TUMOB BELLIECTBA — 60NEe 1
D=1,1+0,1km [6] MEHee OKMCNEHHbIX (B 3aBUCMMOCTM OT cogepxaHus Fe3+).
312473 P=16,747+0,006h, 65m3k0 K S (nupokceH, 145 Ageona , 704 06Hapy»eHbl CXOfHbIE CMEKTPAbHbIE BapuaLui ¢ BPaLLEHNEM.

(2008 SX245)  onueuH, meTann) u Q (06bIKHOBEHHbIE
XoHApUTHI), D=1,2+0.1km [6]

MHTepamHum n 779 HuHbl B COOTBETCTBMM C XapaKTepHbIMU 0CO6EHHOCTAMU CNEKTPOB OT-

(Ch-Tun, HU3KOTEMNEPATYP-  PKEHWUS ATUX acTEPONAO0B NPU PasHbIX )a3ax BPALLEHUs Ha HIX

Has MuHepanorus) MOXHO BblAenuTh 3-4 TMNa NOBEPXHOCTHOTO BeLLECTBA. Bnepable
YCTAHOBMEHO, 4TO 3TV TUMbI NPAKTUYECKM COBNAJAIOT, YTO MOXET
6bITb YKa3aHMEM Ha 06LLHOCTb UX MPOUCXOXAEHUS.

330825 P=4,45+0,05 h, 6nu3ko k C-Tuny, 330825 (2008 XE3) (C-tun,  O6Hapy>XeHO He6ONbLLIOE N3MEHEHME 06LLeil (HOPMbI CIEKTPA OTPaXE-
(2008 XE3) onpezeneHHbli TMN no oToMeTpumn HU3KOTEMMNepatypHasa HWS C BPALLEHUEM W OTCYTCTBUE KaKUX-TMOO NOAOC NOroLLeHus. Takue
coBnan ¢ onpeaeneHHbIM no3aHee no MI/IHepaﬂOFI/IFI) 0C06EHHOCTH CBMAETENbCTBYHOT O Hann41n Henpo3paiHoro KOMMOHeH-
CnekTpam Ta (BO3M0)KHO, yrnepo,qa) B MNOBEPXHOCTHOM BELLECTBE acTepoua.
2012 QG42 (Cg-Tun, O6napaet 60/ee HEOAHOPOAHOM NOBEPXHOCTHH), HA KOTOPOIA MOXHO
HU3KOTEMMepaTypHas BbIJENNTb 1Ba CMEKTPa/IbHbIX TUNA BELLEeCTBA, PA3/INYatoLLXCa CO-
MVIHepaJ'IOFVIFI) AepXaHnem ruapaTnupoBaHHbIX CUINKATOB.
K OIIpefie/IeHHOI IPpyIIe, OYAeT MMETh TOT VIV MHOM XM-  JKEHUS UM TeOpeTHdYeCcKye pajyaHThI
MUYECKUI COCTAB. ITUIOTETUYECKMX METEOPHBIX IIOTOKOB
Oco6o0e 3HaueHMe B HACTOsIee BpeMsI MEIOT MCCIe- B 9TUX TOYKAX [/IsI TOMCKA ACTEPOU/THO-
moBaHMsI GUBNIECKUX OCOOEHHOCTEN aCTEPOU/IOB 1 KO-  KOMETHO-METEOPOMIHBIX KOMIIIEKCOB,
MeT, KOTOpbIe NPOSB/IAIT ABOMCTBEHHYIO IPUPOAY: M B KOTOpbIE 3TU aCTEPOMUAbI MOITIM ObI
KaK acTepOUJIbL, M KaK KOMeThbl (Hampumep, MosiBJieHre  BXOauTb. OQHOBPEMEHHO C 3TUM MpO-
KoMbI ipu commkernn ¢ ConHieM). B OCHOBHOM Takie — BOAWIMCH IOMCKOBBbIE HAOMIOMEHNS TeT
00BEKTHI UMEIOT KOMETHBIE OPOUTHI. C pasMepaMI CBBIIIE 1 M B METEOPHBIX
BVIHACAH ¢ 2010 r. mpoBofsTCs HabmoneHns n30paH-  [MOTOKAX, aCCOLMMUPOBAHHBIX C ACTEPOU-
HBIX aCTEpOUIOB U KOMeT, COMmmKaommxcs ¢ 3emneit, st gamu U KoMmetamu. [locne nmagenns Ye-
OLIEHKM X (PU3MUYECKIX XapAKTEPUCTHK, U CO3TAETCA IPU-  JISIOMHCKOTO MeTeopuTta ObUI MPOBeeH
OOpHO-MeTOAMYeCKas: OCHOBA JIS1 PETY/IPHOTO M Macco-  ITOUCK CBS3aHHBIX C €r0 OpOUTOI MeTe-
BOTO IIOTyYeHMs1 HaOIIOfaTelIbHOrO MaTepuana. B xome  opos. Bputu o6Hapy>keHBI pagnoMeTeo-
dboromeTpriuecknx HaOMOIEHNMIT 00bEKTOB OTPabaThIBa-  PbI, HAXOSIVECS Ha OpOMTAX, O/IUM3KIX
I0TCs1 METORMKY IIOJTYYeHNsI TAKMX XapaKTePUCTUK acTe- K opbure Yensbunckoro 6omiza [2].
POUMIOB, KaK Meproppl cobcTBeHHOTO Bpawenus (P) u co- B o6cepBaropmu Ha 11. Tepckor B ceHTs10-
OTHOILIEHVIE OCEJl MOMIEIbHOTO 9/UINIICA Iy onpefenieHnsa  pe 2012 © Ha 2-M Te/IecKome ¢ MpU3MeH-
dbopMbl acTeponfa, OLleHKa TaKCOHOMUYecKoro kmacca, HbeiM [13C-ciekrpomerpom (WI CCD
anmbbeno, muamerpa (D), Bo3MOXXHOCTH cyijecTBoBaHMs — 1240x1150) B /marasoHe 3500-9000A ¢
y acTeponyioB cryTHUKOB. C 2012 . Ha4aThl CIIEKTPOMe-  paspellaloleil crocobHocTbi0 R=100 Ha
Tpudeckre HabmopeHns AC3. e BomHbl 5500 A 6brma BbmOTHEHA
B 2012-2013 r. B x0Offe IUIaHOBBIX (DOTOMETPUUYECKMX  SKCIIEPUMEHTA/IbHAS CIIEKTPOGOTOMETPYS
HaO/TIOfIeHNIT M30PaHHBIX aCTEPOUJIOB, COMDKAIONIMXCS C  HECKOIBKUX acTepOMIOB [1aBHOrO mosica
3eMmieil, M KOMET, MMEIOIIX MHTepeCHble OPOUTDL, OBIIO ¥ aCTEPONJIOB, COMVDKAIOLIMXCS C OpOUTON
uccrenoBaHo 14 acreponzios n ogHa Kometa. Habmonennss ~ 3emmt. B kavectBe cranpmapra u ComHed-
nposogumich Ha 1-M Tenmeckorie B HMM KpAO Hat. Kom-  Horo aHamora MCHonb3oBamach —3Be3fa
ka (Cumens, Ykpanua). HD10307 (G1.5V) [3]. O6pabotka I13C-
Heob6xonumast fi1s epexofa K MEKIYHAPOJHOI CUCTe-  [JAHHBIX IPOBOAUTCS C MCIIO/NTb30BaHEM
Me [xoHcoHa-Kpona-KoyseHca kanmnbpoBka UCIonb3ye-  CTaHAAPTHBIX Ipolenyp u makera Dech
MOJ1 aINaparypbl MePUOANIECKI TPOBOANTCSA 10 HaOmo-  [4]. KambpoBka yiMH BOMH BBINOMHEHA
TEeHMSIM CTapOro paccesHHOTO CKoIieHus M67, a Takke 1o bambMepoBCKUM MMHMAM BOLOPOJA B
n30paHHbIX [UToInafoK /langonpra [1]. crexTpe 3Be3zibl o Peg (BIIII). Perncrpa-
B pamMkax gaHHOTrO IIpOeKTa JJIs1 KOMIUIEKCHOTO MICCe-  LiMsI HECKOJIbKIX CIIEKTPOB KXK/IOTO acTe-
IOBaHMA HaOMIOaeMbIX aCTEPOVJIOB, COMDKAIOIMXCS ¢ POV OCYLIECTB/IIIACh B TedeHue ~1-2h.
opbuToIt 3eMu, 1 CBA3Y UX C [PYTUMIU MajIbIMU TeIaMy  PacdeT CIIeKTPOB OTpaKeHMsI BBIIOTHEH
CoIHEeYHOTI CHCTeMBI, BEIYMCIAIOTCS MUHMMA/IbHbIE pac- 110 OOLeNpUHATON MeTofuKe [5]. 9to mo-
CTOSIHMSI MEXLy OpOUTOIT 3eM/II ¥ aCTepOu/ia, MOMEHTbl  3BO/IWIO CAETIATh YTOUHEHNUE VI OLICHKY
IPOXOXKZIeHNA 3eM/IN Yepe3 TOUKY MIHMMAJIbHOTO COMI- VX CTIEKTPA/IbHBIX TUTIOB VI MVTHEPAIOTIL.
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Abstract

Results of photometrical measurements are analyzed for complex study of asteroid physical properties and for designation
their spectral or taxonomical types, supposed origin of their formation. By developed in INASAN method of processing and
analyze of photometrical data the following properties for observed asteroids were arrived: asteroid size, rotation period(s),
spectral type estimate. The article includes the characteristics of asteroids: 330825 (2008 XE3), 141018 (2001 WC47) and
312473 (2008 SX245). Using spectrometric observations were identified features of selected asteroids (Pomona (32), 145
Adeona, 704 Interamnia, 779 Nina, 330825 (2008 XE3) and 2012 QG42). Meteor stream associated to the large Chelyabinsk
fireball have been found.

Keywords: comet-asteroid hazard, potentially hazardous objects, detection and monitoring of dangerous celestial bodies, the
impact of celestial bodies falling to Earth, methods of protection, orbit of small bodies of the Solar system, asteroids, comets,
forecasts of collision with the Earth, Institute of Astronomy of RAS.
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O I'pA3€BbIX BY/IKaHaX I HE TO/IbKO

Cmascuposka mon0002o poccutickozo yuerozo B.B. Epuiosa
8 Mncmumyme dusuxu Semnu um. O.10. IImuoma PAH

Hadvatp cBOJI pacckas xoueTca usganeka. B 2004 r.
1OC7Ie OKOHYAHNUA (PU3MKO-MaTeMaTNIecKoro (akysb-
TeTa CaXanMHCKOTO TOCYJapCTBEHHOIO yHMBEpPCUTETA
A yCTpowIcs Ha paboTy B VIHCTUTYT MOPCKOIl reono-
run u reopusuku JlanpHeBocTOuHOTO OTAeneHus PAH
(MMIul' IBO PAH). Mens npukpenmm K Hay4dHO-
My HallpaB/IEHUIO, KOTOPOE BeJl OfMH U3 CTapeinx 1
3aCTyK€HHBIX COTPYAHMKOB VIHCTUTyTa - KaHOUAAT
reosIoro-MuHepanorndeckux Hayk Orner AjleKcaHppo-
B4 MenbHukoB. K r1y6okomy coxxaneHuto, B aBrycre
2010 r. mocre TsKemoi 60/Ie3HN OH yIIe U3 KU3HI.

3HauNTEe/IbHYIO YacTb CBOeN Hay4yHol >xusHu Orner
AJleKkcaHApOBUY IOCBATII U3YIEHNIO IPA3€BbIX By/IKa-
HOB ocTposa CaxanuH. IIpu nepBoii >xe Halei BCTpe-

O TPsA3€BBIX BY/JIKaHAX 5 HA TOT MOMEHT
coBceM HIUero He 3Hal. Her, 1, KoHe4-
HO, MHOTO C/IBIIIAJI 10 3TOTO O BY/IKaHAX,
HO COBCEM JPYTUX — MarMaTndeckux. M
BoT ot Orera AjleKCaHApOBUYA A TOT/A
Y3HAJI O ellle OfIHOM THIIE BY/IKaHOB, KO-
TOpBbIE IPY U3BEP>KEHNY BHIOPACHIBAIOT
He pacKaJIeHHYIO MarMy, a CpaBHUTE/Ib-
HO XOJIOZHYI0, HACBIIIEHHYIO BOJON 1
rasoM, pasHOOOIOMOYHYIO TPs3€BYIO
MacCy — COIOYHYI0 OpPeKdnIo.

[Tosxxe A MOHAM, K KaKol MHTepec-
HOJM ¥ PasHOCTOPOHHEN Hay4HOII IIPO-
Onematke MeHs npuobmmn  Orner
AnexcanypoBud. IpsseBoit BylIKaHU3M
AB/IACTCSI  OOBEKTOM  MCCIIeLOBaHMs
IIPAaKTUYECKV BCEX eCTeCTBEHHO-Hayd-
HBIX AMCLVIUIMH: T€ONOTUM, reodusu-
KI1, TeOXVIMIY, CeVICMOJIOTHM, TIPYUK/Iaf-
HOIl MaTeMaTyKy u fp. V1 1 Bo3bMy Ha
ce0s1 OTBETCTBEHHOCTb 3asIBUTh, YTO HI
OflHa M3 STUX JVICHVUIUIVH He CMOXeT B
OIMHOYKY pasrajaTb 3arafiki rpsse-
BbIX BY/IKaHOB. IpsA3€Boit ByNKaH — 3TO,
HECOMHEHHO,  MeX/UCIVITIVHAPHBINA
00DbeKT uccIenoBaHus, TpeOyrommit
COOTBETCTBYIOIIIETO ~ KOMIIIEKCHOTO
paccMoTpenus. llpm msydeHum rps-
3€BOTO BYIKaHM3Ma pacCMaTpUBaeT-
Cs A BOXHBIX IPOO/IeM, MMEILINX
OpuKIafHoe ¥ (yHJaMeHTa/IbHOe
3HaueHre. K HUM OTHOCATCA, Ipexfe
BCEro, CBA3b TPA3€BOTr0 BYIKAHM3MA C
He(pTera3oHOCHOCTBIO, BK/IAf TIpsi3e-
BY/IKAHIYECKMX ra30B B 001t 6amaHc
[IAPHUKOBBIX Ta30B B armocdepe, a
TaK)XXe CBA3b MEATETbHOCTH TIPA3EBBIX
BY/IKAHOB C PErMOHAJIbHOM CercMuY-
HocTblo. KatacTpoduueckue nusBepike-
HIA TPA3EBBIX BYJIKAHOB MOTYT OKa3blI-
BaTbh CYILIECTBEHHOE BO3JENCTBME Ha
EPLLOB OKpy>Kalolyio cpeny. Tak, Hampumep,
Banepuii Banepsesiy ) B 2006 T. B VIHIOHE3MY TPOU3OMINIO 13-
Hay4HbIA COTPYAHUK VHCTUTYTA MOPCKOIA Feosiorin
1 reochyaviki [anbHEBOCTOHHOTO OTAeNeHMs PAH. BECTHOE M3BEP)KECHNE BYJIKaHA LUSIU’

KOTOpOe HaHEC/IO PEervOHy OTPOMHBII
sKoHoMm4ecknit yuiep6. ITogBopHbIe
rpsi3eBble BYJIKaHBI YacTO pacIosara-

e OH C SHTY3Ma3MOM IIPUHAJICS BBOAUTD MEHS B KypC
Jieta ¥ CIIPOCHJI, CTIBILIAT TN 51 YTO-HUOYAb O IPsi3eBBIX
By/KaHax. [ToCKOJIbKY BOIIPOC B OO/IbILEI CTeIIeHN ObIT
PUTOPUYECKNM, TO B OTBET 51 CMOT IIO3BO/IUTH cebe Heo-
IpefieNIeHHO NoXKaTh naedamy. OHaKoO, Y4eCTHO TOBOPH,

Ipynna akmuenoix 2pugonos FnHo-Caxanunckozo spsa3e6020 8ynKana
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I0TCS1 Ha KOHTVHEHTA/IbHBIX LIenbgax,
HO3TOMY JiaXKe OTHOCHUTENbHO Crlabble
U3BEPXEHUsS MOTYT BBI3BIBAaTb pas-
pylIeHus NpUOpexHON MHPPACTPyK-
TYpBI (Kabe/lbHBIX KaHAJIOB CBA3M, He-
(reras3onpoBOOB 1 Jp.) U 3aTPYAHATD
HaBUTALMIO B IPUOPEXHBIX Bojax. B
CBS3M C 9TUM OY€Hb BaKHO VIMETDb KOp-
PEeKTHBIE OLIEHKM IIPOCTPaHCTBEHHO-
BPEMEHHBIX MacIITA00B M3Bep>KEeHUII
IpsA3€BBIX BY/IKAHOB.

Ho Bepremca k nery 2004 r. Torma
nepefo MHOJ Cpasy ObI/I TOCTaBIIEH PALL
Hay4YHBIX ¥ OpraHM3AIMOHHBIX 3ajad.
BpemeHnu Ha packauky, eCTeCTBEHHO,
MHe HMKTO He IaBaJl — BO BCe IIPUXOAU-
7I0Ch BHMKATb y>Ke II0 XOfy fiena. Mensa
cpa3y ke TMOAKIIOYMIM K paboTe IO
odopM/IeHNIO 3asBKYM Ha VHMIIMATVB-
Hbl TpoekT POV, a yxe Ha crenyro-
I TOR, 51 ObIT Ha3HAYeH Ha4ya/IbHIKOM
9KCIIeAVIINM, OPTaHN30BAHHOI B paM-
Kax BbIUTpaHHOTO Hamy rpanta POOU
Ne 05-05-64124 «IpsiseBbie Bynkanbl Ca-
XaJIMHA: CBSI3b AVMHAMMKY BelleCTBEH-
HOTO COCTaBa, TEPMIYECKOTO PeXXMMa 1
reoM3MIECKYIX IOJIeNl C COBPEMEHHBIMMU
IBVDKEHVSIMIU 3eMHOII KOpbI». B o61iem,
HPYHIMI 00y4YeHNs ObIT O4eHb IIPOCTOI
U [IeIICTBEHHBII: 4YenoBeka Opocamu B
BOJY ¥ CMOTpE/Y, IOIUIBIBET OH M/IN HET.
Teniepb MOXXHO KOHCTaTMpOBAaTb, YTO A
BCe-TaKM IIOIUIBIL

C Tex mop mpouuto 6Gomee ImecTn
JIeT, KOTOpble BMECTWIN B ce0s YHU-
Ka/IbHble MOHMTOPVHIOBbIe HabIIofie-
HusA, nposefeHHble Ha lOxHOo-Caxa-
NMVHCKOM IPsA3€BOM BY/IKaHe, HeCSTOK
cTaTell B peleH3MPyeMbIX >KYypHalax,
BBICTYIUICH)SI HA Pa3HOT'O YPOBHS KOH-
(depeHINAX, BCTPEYy C pa3HBIMY VHTe-
pecHbIMY oabMI. C OTHMM U3 TaKMX
MIofieil 3HAKOMCTBO I1epepocyo B IIO-
JIOTBOPHOE, U HAJEICh JUIUTENbHOE,
COTPYIRHMYECTBO. ITO 3aBeYIOLINIi Ja-
6opaTopuell IPUKIATHON TeoUNKN
U BynkaHonoruym VIHcTuryTa pusmkm
3emym um. O.JO. HImupra PAH (M®3
PAH), moxTtop ¢usuko-mareMaTnye-
ckux Hayk Anekceii Jleonnpgosuy Co-
ouceBny. OTHUM U3 HAIPaB/IEHUI ero
HayYHBIX VICC/IENOBAHNII SIB/ISIETCS U3Y-
YyeHye IpsI3eBBbIX BY/IKAHOB TaMaHCKO-
ro nonyoctposa. Hamra nepsas 6ecena

BbIBOP MOJIO/IbIX @

Hayunuwiii pyxosooumenv cmaxcuposxku A.JI. Cobucesuu

6ospille HOCKHIA OOLINIT O3HAKOMMUTEIbHBIN XapaKTep.
C Moeit CTOpOHBI 0c060 pacckas3arb ObITIO HEYero — s
TOT/]a TOJbKO HA4MHAJI CBOI0 HAYYHYIO JIeATETbHOCTD.
TecHbIll paboumit KOHTAKT YCTAHOBWMIICS OKOJIO IBYX JIET
Hasaj. K ToMy BpeMeHN y Hac Bcex MOSABUINCH BeCOMBIE
Pe3y/IbTaThl, 4TO, KaK U3BECTHO, AB/IACTCA JTYYIINM CTU-
MYJIOM 1A IIPOJIO/DKEHMS PabOTBL.

B pesynbraTe mpoBeIeHHBIX KOMIUIEKCHBIX MCCIE0-
BaHWII TPA3EBBIX BY/IKaHOB OcTpoBa CaxaluH B MOeM
PacHoOpsDKEHMM OKa3anoch 60JbIIoe KOMMYeCTBO SM-
IMVPUYECKOTO MaTepyaga O PasIM4YHbIX MapaMeTpax
IeATeTbHOCTU BYJIKAaHOB. DTOT Marepyuana TpeboBai
TeOpeTNYecKoro 06061eHNst 1 OONBIIYI0 IOMOIIb B
3TOM BOIIPOC MHe OKa3a/l COTPYAHUK Hamero VHcTu-
TyTa, JOKTOp PU3MKO-MaTeMaTN4eCKUX HayK AHJpeit
Bragumuposud JloMaHCKUIT, KOTOPBIN ABJAETCA CIIe-
IIVIaJIICTOM BBICOKOTO YPOBHS IIO IIOfI3¢MHOI TMIPO-
MexaHMKe. VITorom Haieit paboThI cTaja MaTeMaTy-
JyecKass MOJe/Nb IHOATOTOBKM M3BEPXKEHUI TPA3EBBIX
By/IKaHOB [1]. [I11 MaTeMaTM4ecKOro OIMCaHUs Tede-
HUIT TeoQIIONIOB B MOABOAALIEM KaHaje IPA3EBOTO
BYJIKaHa, KOTOPbII CUUTAJICA TPEIIVHOBATO-IIOPUCTON
cpenoii, 6bUIN MCIIONb30BaHbl HECTAIIOHAPHbIE YpaB-
HEeHMs OJHO- M ABYXdasHO (UIbTpaluy HeCMeIIN-
BAIOLIVXCS KUAKOCTeN (rasa 1 BOJOTPSA3EBOI CMECH).
CoracHo 3TOl MOJe/NN, HYDKHAA YacTh MOABOJAIILETO
KaHaJIa 3all0JTHEHa ra30M, a BEPXHAA YacTb KaHaIa —
BOJIOTPsI3€BOII CMeChi0. MeX/ly ra3oM U CTOIO0M BO-
JOTPA3EBOI CMeCH CO BpEMEHEeM YCTaHaBIMBAETCSA
HeyCTOYMBOe paBHOBeCHe, KOTOPOE HapyLIAeTCs C
POCTOM JlaB/IeHM s Ta3a, BBITECHSAIOIIETO BOZOTPA3EBYI0
cMechb. BbITecHeHMe ra30M cCMecu pacCMaTpUBACTCA 10
MOMEHTA M3Bep>KeHM BY/IKaHa, P KOTOPOM IIPOMC-
xomuT cOpoc maBeHus rasa. [locie saToro nponcxopur
IO/ITOTOBKA HOBOTO M3BEP)KEHA BY/IKaHA.
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Anexcell JleoHMIOBMY BMeCTe CO CBOMMM KOJUIeTaMU
u3 V103 PAH 3aHnMaoTCA MCCTeTOBaHeM ITyOMHHOTO
CTPOEHMA TPA3EBBIX BYIKAHOB. VccnenoBaHusa MpoBo-
TATCSA € IOMOILBI0 HOBOJ TEXHOJIOTUM HU3KOYAaCTOTHO-
r0 MUKPOCEICMIYECKOTO 30HAMpOBaHUA (pa3paboTka
M®3 PAH, matent P® Ne 2271554) [2]. B ocHOBe MeTOa
JIEXUT IPERIIONIOXKEHNE, YTO BEPTUKATbHAA KOMIIOHEH-
Ta MMKPOCEICMIYECKOTO I10/I B HU3KOYaCTOTHOM Jiyia-
IIa30HE OIpefieNiAeTCsA NPEeUMYILIeCTBEHHbIM BK/IalOM
(byHIAMEHTAIBHBIX MOJI TIOBEPXHOCTHBIX BOMH Pajes.
DryOuHHBIN paspes, HMOMyYeHHBIN C IOMOIIBI0 METO-
Tla MUKPOCEVICMUYECKOTO 30HAVPOBAHNs, IIOKa3bIBAET
pacnonoxxenue u GopMy HEOTHOPORZHOCTEN Cpefbl IO
IPU3HAKy KOHTPACTOB CeiicMuuecKux ckopocteit. O6-
JIACTH C TOHVDKEHHBIMU CEMICMUYIECKMMY CKOPOCTAMU
COOTBETCTBYIOT O0OJIee TPeIMHOBATBIM Y (IIION/JOHACHI-
IIEHHBIM CTPYKTYPaM.

B mpomnecce obcyxpenus ¢ AnekceeM JleoHupoBu-
4eM aKTyaJbHbIX Ipo6leM TIps3eBOro By/IKaHM3Ma
BO3HMK/IA HAeA IPOBECTV KOMIUIEKCHBIE MCCIEfOBa-
HMSI [IyOMHHOTO CTPOEHMUsA Psifia IPSA3EBBIX BY/IKAHOB
TEOPETUYECKUMI ¥ 3KCIEPUMEHTATbHBIMI METONAMIL.
Peanusanua sToi maen M CTaja LeIblo MOEN HaydHON
craxxuposku B IO3 PAH.

MaremaTnyeckass MOJENb IOATOTOBKM M3BEPXKEHMIT

IPA3€BOr0O BY/IKaHA ITO3BOJIAET IOCTABUTD 1 OJHO3HAY-
HO pelnTbh 0OpaTHYIO 3ajlauy, TO eCTb OIPeeNTnTb IIy-
OVHBI 3ajleraHus KOpPHell By/IKaHa M MCTOYHMKA rasa.
Pemrenne o6parHOI 3ajauy IONTy4aeTCss M3 IPEAIo-
JIOXKEHVS, YTO JUINTEIbHOCTY IPOLIeCCOB ABYX(]asHOI
¢bunprpanyy n GuabTpanyy ra3a B IMOABOISIIEM KaHa-

Jie TPOIOPLMOHAIBHBI XapaKTepHbIM
BpeMeHaM 3TUX IIPOLIECCOB, @ TaKXKe
U3 YC/IOBYSI paBEHCTBA JaBJICHNUII rasa
U CTONI6a BOOTPSI3€BOII CMeCy Ha MO-
MEHT VX PaBHOBECHSL.

C IOMOIIBI0 MeTOfa HMU3KOYACTOT-
HOTO MUKPOCEICMIYECKOTO 30HAUPO-
BaHMA ObUIM OIIpefie/IeHbl pasMephl U
KOHUrypaunsa QonjoIogBOAAIINX
KaHaJIOB I'psA3eBbIX BynKaHoB lllyro n
ropa Kapaberosa (Tamanckmit momy-
octpoB). Ilytm murpanum ¢aonsoB
IUIsL 3TUX BY/IKAHOB OBUIM IIPOCTIEXe-
HBI 10 TIyOuH 15-25 KM. DTN ZaHHbIe
OBUIM VICIIO/Ib30OBAHBI, C OJHOI CTOPO-
HBI, /Il YTOYHEHVSI HEKOTOPBIX BXOJ-
HBIX ITapaMeTpOB MOJeIM (Hampumep,
YrOJI HajieHNs MOJBOAALIETO KaHasa),
a ¢ Apyroi — s BepupyuKaLuy caMoi
MOJie/IN IIyTeM CPaBHEHMs 3MIIMpuYe-
CKMX M PaCYeTHBIX JAHHBIX.

IIpu MOpENbHBIX BBIYMCICHUAX MUC-
II0JIb30BAJICSL TAKXKe PsAJ, IapaMeTpOB,
IUIsL KOTOPBIX IIepefi HauaIoM pacyeToB
HEeOoOXOAMMO OBUIO ClieaTh KOPPEeKT-
Hble OLlEHKM MX 3HadeHuir. K Takum
IapaMeTpaM OTHOCATCA XUMUYECKMI
COCTaB, BS3KOCTb U KO3 duumeHT
CKVIMaeMOCTH Tasa, Iepyuof; BpeMeH!
MEX[y M3BEPXKEHMAMU M IIPOHUIIae-
MOCTbD ITOABOJAIErO KaHaIa.

Asmop amux cmpox nposooum pacuemut 6 1a60paMopu NPUKIAOHo ceodpusuku u eynkarvonoeuu VI®3 PAH
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Cpenuuil XMMIYeCKMIi COCTaB rasa B
Ka)XJIOM 13 pacCMaTpUBaEMbIX BYJIKa-
HOB OIIpefie/Is/ICA Ha OCHOBE aHajIM3a
JINTEPATYPHBIX JaHHBIX. VI3 momydeH-
HBIX BBIOOPOK XMMMYECKOTO COCTaBa
po6 rasza, OTOOpaHHBIX Ha BY/IKaHaxX
Pa3HBIMU UCCTIEOBATE/IIMMU, VICK/TIOUa-
JIUCD JaHHbIE II0 TeM IpoHaM, KOTOpbIe
IPEeAIIONIOKUTENIbHO ObIIN 3arpsi3HEHbI
arMocepHbIM BO3ayXxoM. OTOpakoB-
Ka IIPOM3BOAMIACH HA OCHOBE M3BECT-
HBIX KOPPEJIALMOHHBIX 3aBUCHMOCTEI
MEXJy PasJMYHBIMU T'a30BBIMM KOM-
HOHEHTaMI.

[l onpenenieHNst CpefiHeil BASKOCTI
n koadduimeHTa COKMMaeMOCTH rasa
HIPUOTIDKEHHO CYNUTANIOCh, YTO TeMIIe-
paTypa U aB/ieHue rasa B KaKoi-116o
TOYKe IIOJBOJAIIErO KaHaa By/IKaHa
PaBHBI TeMIlepaType U JaBIeHNIO BMe-
IAIOIUX HOPOJ, Ha JJAaHHOI ITTyOMHe.
[TopBopAmuil KaHan pasbuBajcsa Ha
MHOXECTBO HEOOJIbLINX YYaCTKOB, I
Ka)XJIOT0 U3 KOTOPOTO OTHETIbHO BBI-
YMCIISAIUCH BA3KOCTD ¥ KO3 PUIMEHT
CKMMaeMOCTM Tasa, IOCIe Yero BbI-
HOJIHSA/IOCh OCPEfJHEeHVe TYX HapaMe-
TPOB 110 BCEIl [/IMHE KaHaIa.

[l OLIeHKY CpelHero nepuopa us-
Bep)KEHMII BY/IKaHa CYUTAJIOCh, 4YTO
pacIpesie/ieH1ie M3BEP>KEHMII IPA3EBbIX
BY/IKAHOB BO BpEMEHM OIUCHIBACT-
ca 3akoHoM Ilyaccona. Y4urbiBamoch
TAaK>Ke, YTO IIOJTHOTA COCTaBJIEHHOTO
[0 JINTEPATYPHBIM HAaHHBIM KaTajora
U3BEP)KEHMIT I paccMaTpUBaeMbIX
BY/IKAHOB COCTaB/AeT He 6omee 75%.
[TocnenHee cremyeT U3 pe3yIbTaToOB
paboThl HAIIMX 3apyOEXHBIX KOJUIET
110 CTaTUCTUYECKOMY aHA/IN3y KaTa/lo-
TOB M3BEP)KEHMII I'PA3EBBIX BYIKAHOB
AszepbaiikaHa, KOTOPBIN AB/IAETCA
KIaCCYYECKUM PEerMOHOM pasBUTHUA
TpsI3€BOTO By/IKaHM3Ma [3].

Hanbonee 3aragoyHbIM ¥ TPYRHO
olpefie/sieMbIM ITapaMeTPOM SIBJIATACDH
IIPOHNUIIAEMOCTb TOABOJAIIEIO KaHa/Ia.
[TockonbKy Ipsi3eBble BY/IKaHbI IIPK-
yPOYeHbI K Pa3JIOMHBIM 30HaM 3eMHOI1
KOpBI, TO IIpY pacyeTax Hamu Opannch
3Ha4YeHMs INPOHMIAEMOCTHU, KOTOpbIe
XapaKTepHbI /ISl CWIBHO TPEILIMHOBA-
THIX TEKTOHUYECKU pasfpoOIeHHBIX
nopop. OpHako 6oJee-MeHee TOYHbBIE

BbIBOP MOJIO/IbIX @

Obcyscdenue pesynvbmarmos MUKPOCeticMU1eckoz0 30HOUPOBAHUS 2Ps-
3e6020 8ynkana eopa Kapabemosa

3HaYeHV IPOHULAEMOCTM IIOABOJAIICTO KaHajaa Bce
PaBHO OCTAaIOTCS JUI HAaC HEM3BECTHBIMU. B aTtom oT-
HOLICHN!M [aHHble, MOMy4YeHHbIe IIPU MUKpOCecMIde-
CKOM 30HAVPOBAHNM IPS3€BbIX BY/IKAaHOB, IIPEICTaB/ISAI0T
oco6y1o 1eHHOCTD. [Ipy comocraBienny reoduanyecKmx
paspe3oB uya BynkaHos lllyro u ropa Kapa6erosa 66110
OTMEYEHO, YTO OTHOCUTENbHAsg WMHTEHCUBHOCTb MIM-
KpOCEICMIYECKUX CUTHAIOB I TOABOJALLETO KaHa-
na BynKaHa ropa Kapaberosa B 1,5-2 pasa Bblllle, 4eM
nna Bynkada lllyro. VisBecTHO, 4TO B MeTone MMKPO-
CeliCMMYeCKOTr0 30HIVPOBAHMSA OTHOCUTE/IbHAS MHTEH-
CUBHOCTD PeaKinuy cpefpl 3aBUCUT OT 3¢ PeKTUBHOTO
MOZY/SA CABUTA CPelbl, KOTOPBIi 3aBUCUT OT TPELIVHO-
BaTOCTY Cpefibl, & TOCTIeHAS HAIIPSMYIO CBsI3aHa C IIpo-
HUIJaeMOCTbI0 cpefpl. OTcCIofa cefyeT, 4To IpoHNIIae-
MOCTb KaHasa By/lkaHa ropa Kapaberosa 6osnblie, yeM
IPOHNUIIAeMOCTb KaHana BynkaHa Illyro, yto u yunTsl-
BaJIOCh IIPY HalIUX pacyeTax.

B mepuop cTaXMpoOBKM BBIIIONMHANIOCH UCCETOBaHNE
DIyOMHHOTO CTPOEHUs HEKOTOPbIX U3 TIPA3EBBIX BYII-
KaHOB TamaHckoro momyoctpoBa M ocTpoBa CaxanuH:
Ilyro, ropa Kapaberoa u Oxuo-Caxamnackoro. B ka-
YeCTBe IIpUMepa BBIITOTHEHHBIX PacyeTOB X04eTCs MPU-
BECTV pe3y/IbTaThl, IIONMyYeHHble JJIg By/IKaHa ropa Ka-
paberoBa. IIpu aTux pacyerax razoo6pasusiit bmonus B
KaHaJle BYJIKaHe CYMTA/ICs OMHAPHOII ra30BOM CMeChIO,
COCTOsAIIEI U3 MeTaHa 1 YIJIEKUCIIOTO Ia3a, Cofep>KaHme
KOTOpPBIX paBHO 82% u 18% coorseTcTBeHHO. [eoTep-
MWUYECKUI TPafMeHT BO BMEIIAOIINX IIOPOJ, COCTABIIA
29,5 0C/xm. CunMTanoch, 4TO MPOHUIAEMOCTD IIOf[BO-
JALLero KaHaja cocrasyAeT okono 0,2 mapcu. Ilepuopn
BpeMeHU MEXy ABYM: IOC/Ie0BaTe/IbHbIMI U3BepiKe-
HUSAMY IPUHMMAJICSA PaBHBIM LecTu rogam. Ilpm man-
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N06blUEeHHOT MmpewuHo8amocmu u ¢mou60ﬂacmmeﬂuocmu)

HbIX 3HAYCHMAX BXOIHBIX HapaMeTpOB HO}IY‘IeHO, 4qTo
r1y6uHa 3ajeranns L 1 ra3oBoit 3a1exi, MUTAOLIeN
BYJIKaH, COCTaBysAeT okono 9700 M. [my61Ha 3ameranus
L-H xopHs ByaKaHa (BBICOTa CTON6a BOROTIPs3eBOIL
cMecH) cocTaBiisieT 0Komo 5000 .

I IOIIOMTHUTEIbHBIX OIIEHOK rny61/u-[a reHepanmum
TPA3EBY/IKAaHIIECKIX TeO(IIONIOB VICIOIb30BAHbI Pa3-
JINYHDbIC N3BECTHbIC MI30TOITHbIC U I‘I/[I[pOXI/IMI/I‘{eCKI/[e Treo-
TEPMOMETPBL: 3aBUCUMOCTD OT TEMIIEPATYPbI M30TOIHOI'O
COCTaBa yI7iepofia MeTaHa, TEMIIEPAaTyPHYIO 3aBUCHMOCTb
(paKkuMOHMPOBAHYISI U30TONOB YIZIEPOAA B CHCTEME Me-
TaH-YIJIEKUCTIBIN a3, 3aBUCUMMOCTDb OT TEMIIEPATYPbI XU-
MIYECKOTO COCTaBa BOJ, IPA3€BbIX BYNKaHOB. Ilepecder
TeMIIepaTypbl B ITyOMHY IPOM3BOAWICA Ha OCHOBE U3-
BECTHbBIX peI‘I/IOHa}IbeIX I‘eOTepMI/I‘{eCKI/IX I‘pa}:[I/IeHTOB.

[To mTOraM BBIIIOTHEHHON PabOTBI MOXKHO CJie/aTh
crnenyouit o6mmit BoiBoA. OLlEHKM ITTyOMHBI 3ajera-

HUS TPA3EBYIKAaHNMYECKUX Ppe3epBya-
POB U KOpHENl TIpSA3EBBIX BY/IKAHOB,
IIOTy4YEeHHBIE TI0 Pas3/M4YHBIM JAHHBIM,
IIOKa3bIBaIOT XOpOLIEe COOTBETCTBUE
MEXy o600l I KaXK/IOTO U3 paccMa-
TpUBaeMbIX BY/IKaHOB. COOTBETCTBEH-
HO MaTeMaTh4ecKasd MOJENb ONMCAHUA
IBVDKEHVSA Te0(IIONIOB B IPA3EBYIIKa-
HUYECKUX CTPYKTYpax SBJIAETCA afieK-
BaTHOM M MOXKET OBITb JCIIOTb30BaHA
IS JAaNbHENMIINX pacyeToB IO JJaHHOM
pobeMaruke.

K coxanenuro, y Hac OTCYTCTBYIOT
Kakye-mbo reodusnyeckne TaHHbIE
1o ry6uHHOMY cTpoenuto H0xHo-Ca-
XaJIMHCKOTO TPSA3€BOTO BY/IKaHA, IIO-
3TOMY BOIIPOC O HAJIEXKHOCTU PE3Y/b-
TaTOB BBIIIOJIHEHHBIX PAacyeTOB IIOKa
OCTaeTcad OTKPBHITHIM. B cBOMX TBOp-
YecKMX IUTaHax Ha 2010 r. g mpepro-
naraja IpOBeCTM MUKPOCENCMMUYECKOE
soHpuposanue Ha IOxnHo-Caxanun-
CKOM BYJIKaHe, HO 13-3a (PMHAHCOBBIX
TPYAHOCTel TaKue pabOThI BBITOTHUTD
He yfanock. C 3TOl TOUKM 3peHNUA i
cebs MYHO 5 He MOTy IPU3HATb CTa-
KMPOBKY ygmaBuielica Ha Bce 100%.
OpHako A HaJeoCh, 4TO 3aJyMaHHaA
paboTa Bce-Taky OyfieT BBINOTHEHA B
OmxaiinieM OyzyieM, TOCKOIbKY, KaK
MHe Ka)KeTCH, BCe POCCUIICKIE YIeHble
10 CBOEJ HaType MO/DKHBI ObITh U AB-
JIAIOTCA GONMBIIMMY ONITYIMUCTAMI.

B sakmoueHme cuMTa HPUATHBIM
JIO/ITOM BBIPA3uThb OmarofapHoCcTh Poc-
cuiickomy ¢oHy yHIaMeHTalIbHBIX
UCC/IEfOBaHNI 3a TIOJIEPKKY MOJIOIbBIX
yuenbIX. IpanTel QoHpia 1AaIOT UM BO3-
MOYXHOCTb IIOCTOSHHO IIOBBIIIATh CBOM
npodeccroHanbHble KBaMMUKALVIO U
OIIBIT, @ TAKXKE P€a/IM30BbIBATh HA ITPAK-
TUKE CBOM Hay4IHbIE UV U 3aMbICIIBL.
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