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Oo0uas xapakTepHcTHka paboTsl

MaccoBEle OTKPHITHA 3K30IUIAHET C IIOMOIIBI0 HOBEHIIMX HA3eMHBLIX METONOB, a
TAlOKe MPH OCYIUECTBICHHH KOCMHYCCKHX NPOEKToB, moacGHEIx "Kepler" (NASA) [1], B
II0CTeHUE TOABl BbIBENH MCCIERoBauns CONHEYHOH CHCTEMBI Ha mepefoBLIe PyGexu
coBpeMeHHOii Hayku. C OIHOI CTOPOHBI, 3HAHHE JSTANILHHIX XaPAKTCPHUCTHK OIMKalIInK
K HaM IDTaHETHBIX T JACT BO3MOXHOCTD IIPOTHO3WPOBAHHS HEH3BECTHBIX II0KA CBOHCTB
ak3omaner. C Apyroil CTOpoHEI, HEKOTOPhIE OOIHE ApAMETPE! YAAIEHHEIX IIAHETHBIX
CHCTEM, JaXe HCKaXeHHpIe HaDMONaTenbHOM CEeKIIHeH, IOMOraloT HaM rIyGxe OHATE
npuponty camoii Conneunoll cucTeMmsl. BaxkHhle pesymbraToi s peuueHds npoGiem
NPOHCXOKICHUA K (OPMHPOBAHHA BCEX IUIAHETHBIX CHCTEM OBUIH TOAYYCHBI H IIPH
HCCIC[IOBAHASAX Ta30-NEUIEBEIX JHCKOB B OKPECTHOCTAX MOJNOABIX 3Be3fl. Harmpumep,
ONMpPEAEACHHE  MPOJOJDKHUTENBHOCTH  CYINEGCTBOBAHMA  MACCHMBHOH  ra30-HbUICBOH
KOMMNOHEHTH! BOIM3H MONIOBIX 3Be3] NO3BOIUIO YCTAHOBHTE BEPXHIOK IPAHHI]Y BPEMEHH
obpaszosanmns IOmurepa m mpyrux mmaner-rurantos (Hanp., [2, 3]), ompeaenMBHIMX
BpeMeHHyI0 mxany Qopmuposanys Bced ConneyHoii cucremel. Kpome Toro, BechMa
BEPOATHO, YTO BO3MUKHOBEHHE XU3HH Ha 3eMJie CBS3aHO ¢ 00pa3oBaHUEM U 3BOJIOLHEH
BCel HameH MIaHeTHOH cHcTeMbl, (Hamp., [4]). IMepeducnednsie npoGneMsl B TOH Hin
HHOM CTENEHM 3aTparWBalOTCA B NPECTABICHHONH paGoTe npu oGCYXIeHHH W aHANM3e
MONyYCHHBIX HaOMOaTeNBHEIX JaHHBIX.

Huccepraionnas paGoTa BEIIIONHEHA B NOTPaHHYHON 06/1acTH MeX Iy acTpodu3HKoi
H IUIAHCTHEIMH HAayKaMH M IOCBSAIIEHA pPa3sBUTHIO HoBoro B Pocchmm Hampaenenus
HCCIEIOBaHHH — HAa3cMHOH CHEKTPOQOTOMETPHH acTepOHAOB M JAPYTHX TBEPALIX
Gesatmocdepnrix HebecHBIX Tel. [lomyuenHsie B BuauMom auamasone (0,40-0,92 mkm)
CHEKTPbl OTPAaXCHHA HECKOABKHX [ecATKOB acteponnoB IsmapHoro mosca (I'II)
HCHONB3YIOTCA JUIS OLEHKH COCTaBa MX BENIECTBA. B TO ke BpeMa H3ydeHHE H
HHTEpApeTauns NOJTyYeHHbIX PE3yIBTATOB NpHBENA aBTOpa K PACCMOTPEHMIO PaHHHX
$OpMANMOHHEIX U YBOJIONHOHHBIX HPOIECCOB, CEAEI KOTOPHIX, BEPOSTHO, COXPAHUIACH
Ha acTEPOUIaX O HACTOAIIETO BPeMEHH.

AKTyaJIbHOCTBH TEMBI

Peskuit pOCT KOMMYECTBA OTKPHITHIX MAIBIX IUIGHETHHIX TEN B MOCIEAHEE BpEMs
NPHBOIMT K HeoOXomuMocTH 0ojee HIMPOKOrO WCIONG30BAHHA M PasBHTHUA
JMCTAHIHOHHBLIX METONO0B MX HcenenoBanud. Tomsko B I'TI acteponnos, pacnonoxeHHOM
B OCHOBHOM Ha TI¢/IHOLCHTPHYECKHX pacCTOSHMAX 2,2-3,3 a. e. yxe u3BecTHO Golee
200000 mautbix nIaHeT, KOTOPHIM IPHCBOCHE! OCTOSHHUEIC HOMepa. Ho y noaasmaioniero
OONBIUMHCTBA ACTEPOHIOB IOKA U3BECTHBI TOJBKO 3JIEMEHTHl OPOMT M MPHOMMKECHHEIE
pasmeprl. B 1o ke BpeMs cpely CHEIMaNHCTOBR CKIaABIBAETCA MHEHHE, YTO 0¢3 3HAHHs
H3MKO-XHMHUECKHX CBOMCTB, €CIH HE BCEX, TO GONBUIMHCTBA 3THX TeJl HEBO3MOXKHO
ycnemHoe perreHue npobnem kocMoronuu ConHednoil cucTeMsl B uenoM. Hampumep,
npH paspaboTke HOBEHINMX YMCICHHBIX MoZeneil (pOpMHpOBAHMA IUIAHET W paHHEH
Murpaunu maHer-rurantoB B ComHedHolf cucTeme coBpemeRnas crpykrypa [TI
ACTEPOHIOB HCIOJIB3YETCA KaK «MPOOHBIH KaMeHb» WM KpUTepHil NpaBHILHOCTH
TNOJIYYECHHBIX pe3ynsTaToB (Hanp., [5-7]).



C npyroii CTOPOHEI, pEHICHHE aKTyalbHEIX 33124 ACTCPOMAHO-KOMETHOM ONIACHOCTH 1
OCBOCHHS BHE3EMHBIX HPHPOAHBEIX PECYPCOB HEBOMOXKHO 0€3 TOMHOro 3HAHHS (PH3HKO
XMMHYECKHX TIapameTpoB cOmpkalonmxcs ¢ 3emieil acTepoMoB M Anep KOMET
OnepatuBHBlE M JOCTOBEpHBIE [AHHBIE O TaKHX TenaX MOTYT OLITE NONYYEHHB! |
OONBINMHCTBE CITYYaEB TONBKO AHCTAHIHHOHHAIMH METOAAMH.

PeanpHuit myTe MaccoBoro M 3(QEKTHBHOrO HM3Yy4eHHMS acTepOMIAOB M IPYTHX
TBepabiX Oe3aTMocthepHBIX HEGEeCHBIX Tea — IIHPOKOE HCIOMb30BaHME H DPa3sBHUTHE
Ha3eMHBIX JHCTAHIHOHHBIX (acTpO(M3MYECKHX) METOHNOB MX HccacaoBanmil. Te e
METOAb! MOTYT OBbITh NPHMEHEHE! (BO3MOXKHO, B YIIPOLICHHOM BAPHAHTE) H IIPH MACCOBEIX
KOCMHYECKHX 0030pax 3THX Tell.

TpaguunOHHEIMH ONTHYCCKHMH METOAAMH HCCIIENAOBAHHS TBEPABIX HEOECHBIX Ten
anmoTcs  hotoMeTpus, CHeKTpOoQOTOMETPHS M TONAPMMETPHA, KOTOPHIC AaBHO
HCIOJNB3YIOTCS M XOpowo pa3paGoTanbl. ORHAKO CPeAH HHUX HEOOXOAMMO BBLIEIHTEH
CIieKTpoOTOMETPHIO M OCHOBAHHBIC Ha HEH METOABI, KOTOPBIE AT BO3MONKHOCTDL
ApsMOr0  OmpeAencHUs  (PMBHKO-XHMHYECKHMX M  MHHEPAJOrHYCCKHX  CBOHCTB
MOBEPXHOCTHOIO BelllecTBa TBEpABIX Oezarmocdepusix HebecHwnix Tein. Kpome Toro
M3BECTHO, YTO JNEMEHTHEIH M MHHEDaNLHEIH COCTaB TBCPIAOTO BCUICCTBA ONPECHACTCS
(H3IUKO-XHMHYECKHMH  YCHOBHAMH ero ¢opmupoBanna (uanp., [8]). Tlostomy
undopManus 0 cocTaBe BEMECTBA aCTEPOMIOB U APYTHX TBEPABIX HEOECHBIX TEN MOXKET
OBITH HCIIONB30BAHA MU pElICHHS MPOOTEM HX TIPOHCXOXKICHHSA.

Iean paGoTnr

ApropoMm Opula mocTaBreHa ofmas 3afaya u3ydenus ocobeunocTelh COCTaBa
MOBEPXHOCTHOTO  BEIUECTBA  acreponaoB  InmasHoro  mosica ¢ IOMOUIBIO
cnextpodoTomerpu. Ho ocHoBnoe BHMMaHuMe Obl0  yAeneHo — acTepouiaM
BBLICOKOTEMIICPATYPHBIX (C NPEHMYIICCTBEHHO BBHICOKOTEMIEPATYPHOH MHHEepAIOrHeii)
THIIOB 110 MPHYHMHE OOHAPYXCHUA Ha MHOTHX M3 HUX HETHIHYHLIX THAPOCHUIHKATOB [9-
14]. Ans storo 66l1M npoBeseHs! cieKTpohoToMeTpHYECKHe Habionenus 43 acTeponion
I'll n ycTanoBieHEl 0COOEHHOCTH HX CHEGKTPOB OTPAXCHMS, COOTBETCTBYIOIIHME Pa3HBIM
OTHOCHTENBHEIM (hazaM BpameHns (Bcero noayueno 164 cnextpa). Ilo cmexrpam
OTPOXCHHUS BHIIONHEHA KadeCTBEHHAs ONEHKAa XUMHKO-MHHEPANBHOTO — COCTaBa
HOBEPXHOCTHOTO BEIIECTBA MCCIENOBAHHEIX Ted. KpoMe Toro, ¢ momoLibio pa3HbIX
H3MEPUTEINIBHEIX METONOB (CIEKTPaIbHOIO, 3NEKTPOHHO-30HIOBOIO, MeccGayspoBCKOro,
PEHTTEHOBCKOTO M TEPMUHECKOTO NPOKAIMBAHNA) MPOBENEHBl HccnenoBanns 21 obpasua
3€MHBIX THIPOCHUJIHKATOB M OJMBHHOB, SBJAIOLIUXCA AHANOTAaMH BELICCTBA YTTMCTRIX
XOHAPHTOB M HH3KOTEMINEPATYPHBIX (C NpPEHMYLIECTBEHHO HU3KOTEMHEPATYpHOM
MUHEPATIOrHEid) THIIOB aCTEPOHAOB. BHINONHEHbI TAKKE CIEKTPAILHBIC HCCICHOBaHUA 4
o0pa3ioB HauboJee NPUMHTHBHEIX KAMEHHBIX METEOPUTOB, YIIIMCTHIX xoHapuToB Orguel
(CI), Mighei (CM2), Murchison (CM2) u Ctapoe Bopuckuno (CM2).

C nenpio paccMOTpeHHS BO3MOXHBIX BapHAHTOB IIPOHCXOXKICHHSA ACTEPOHIOB
HHU3KOTeMNEpaTypHblXx THHOOB (“C”, “D” H Jp.) OCYIUECTBICHO aHAINTHYECKOE
MOJIETIHPOBAHHE PAHHEH TEIJIOBOH 7BOMIOUMY (BBI3BAHHOW PAcHaZoM KOPOTKOKMBYLLMX
H30TONOB, B OCHOBHOM “°Al) KaMEHHO-NCIAHBIX NOIIAHETHBIX TN, HAXOAAMMXCK 3a
rpauuiiell KonJencaunu BOASHOTO NbJa. PesynbTaThl, nonydendsle ang Ten DIKBopTa-
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-oiinepa [15], o6o0wens! ans noZOOHBIX Tes, UMEBIIHMXCS B 30HaX HOPMHPOBAHHA BCeX
UIAHET-THTAaHTOB. B 4acTHOCTH MOKa3aHO, YTO TakWe Tejla B 30HE (HOPMHUPOBaHUA
Omurepa Oputn mornouieHs! npoto-fOnuTepoM HnH BHIOPOLICHBT UM 33 Mpeaesbl ITOi
OHBI, a BHIOpOMIEHHBIE Tena ObUIM pa3apobliieHb! (BCNEACTBHE HX HEOMHOPOTHOCTH H
‘€TIDOYHOCTH) TNIPH CTOJKHOBEHMSAX C IPYTHMH TelaMH H, B NCPBYI0 Oucpelb, — C
ONUTENBCKUMH TenaMu actepounos (PTA).

Haytmasl HOBH3HA H NPAKTHYCCKAA SJHAYUMOCTD

Kak yxe oTmedanoce, B npeacrtaineHHoil paboTe pasBuBaercs HoBoe B Poccuu
IANPAaBIEHKE  CMEKTPOOTOMETPUYECKMX HCClefoBaHui Teepapix Ten ConneuHoit
HCTEMEI, KOTOPOMY YAENAI0ch foinbioe BHUManHe 3a pybexom (ocobenno B CIIIA) yxe
auMnas ¢ cepeaunnl 60-x rogos XX B. TeM He MeHee, aBTOpY yAanoch MONYYUTb PAX
€pEeYHCIIEHHBIX HHXKE HOBBIX PE3Y/IbTATOB.

1) Jins OonblIMHCTBA MCCICOOBAHHBIX B 3TOH pabOTe ACTEPOHIOB CHCKTPBI
TPaKEHHA NONyYeHBl IPH PasHLIX OTHOCHTENLHAIX (azax BpameHus. 1o 3TuM cnexrpam
NEPBEIC YCTAHOBJICHO, YTO HAa MHOTHX acTepoMgax MMEIOTCHA 3HAUMTENbHBIC BapUaiyi
0CTaBa BEHICCTBA, CBA3alHble JHOO C NpolieccaMu GOPMHPOBAHMS U TOCIELYIOLIETO
poONeHHs HX PORHTENGCKHX Teld, G0 ¢ Oonce mo3auci yaapHoii sBosrowcii
10BEPXHOCTHOro BemecTBa. Jauubplii  ¢akr o3Ha4aer, YTO HPHU  ONpeeNCHUH
JOTOMETPUICCKHM METOJOM FeOMETPHYECKOTo anbbeno acrepoHia, Kak HHTCrpaibHOro
apaMeTpa, 3aBHCALIEIO OT COCTABA €ro BellecTBa, TpeOycTes yCpeAHEHUE HECKOIBbKHX
Ha4yCHUI 3TOro mapaMeTpa, MOJYYEHHBIX Ha HHTCPBAJC BPEMEHH, CONOCTABHMOM C
€pHOJIOM  BpallleHUs UCCNEJYEMOTo Teld, YTO HEOOXOAMMO Ul  HaXOXICHHA
OCTOREPHOI BENHYHHB! €rO AHAMCTPA (MJIH TOYHEE — CPEAHETO pa3Mepa).

2) Bnepsrie o6HapyskeHa BBICOKAs OTHOCHTENIbHAS HHTCHCHBHOCTE (X0 25%) monockl

ornoiennss ¢ neHtpoM y 0,44 MKM B cHekTpax OTpakeHHS 3€MHbIX 0O0pasuoB
IM3KOKEIC3HCTBIX CEPIICHTHHOB (JIN3apAMTOB M XPHU3OTHIIOB), CIOHCTHIX CHIHKATOB,
OJlepaiiuX BOAY B CBS3aHHOM COCTOSHHH. BriepBhbie ycTaHOBJICHA BEICOKAs KOppensuus
¢ xo3Q¢duurenToM kKoppemsuud ~0,90) IKBHBAICHTHOH IUHPHHBI 3TOH [OSIOCH
JOTJIOMIEHNS € CyMMApHBIM cofepxkanneM Fe'” (B OKTasapHuecKoil i TeTpadIpHUYCCKOM
KOOPAHHALMAX) B HCCIIEAOBAHHBIX 00pa3tiax ceprneHTHHOB. M3 3T0r0 Ccnenyer, 4T0 noioca
nornomeHus y 0,44 MkM MOxeT OBTH HCIONB30BaHA HE TONBKO KaK CHEKTPabHEIN
uiqukarop Hammums Fe'’ (kak nepexomHOro MeTanna, O0ONAZAlOMICrO ONTHYECKH
AKTMBHBIMH  JNeKTpoHamu), Ho u  Fe’'-comepkammix  ceprieHTHHOMOZOGHBIX
THJIPOCUIMKATOB Ha MOBEPXHOCTH aCTCPOMAOB M APYrHX GezarmocdepHbIX HeGecHbIX Ten.
Takum oOpaszoMm, HalineH HOBBHIH CHEKTPAIBHBIA HHANKATOP CHEIOB PaHHHX BOJHBIX
NpOUECCOB HA TBEPABIX HEOECHBIX TENAX.

3) B chextpax OTpa)keHHs MHOTMX BBICOKOTCMIEPATYPHBIX ACTEPOMIOB BIEPBBIC
obHapyxeHsl monocel noriomieHus c ueutpamu y 0,43-0,46 MM (COOTBETCTBYIOLLHE
BBIIICYIOMsHYTOM monoce y 0,44 MkM B crnekTpax o0pa3uoB-aHaloOroB) H B JHANa30HC
0,60-0,90 MKM, HHTEpHIpeTHpOBaHHbLIE aBTOPOM  KaK  MOJOCH  IOTJIOIICHHS
THIPOCUIIHKATOB —~ LIMPOKO PACHPOCTPAHEHHBIX B HPHPOJHBIX YCIOBHAX COCIHHCHUH,
ABISIIOIMXCS TPOAYKTaMK BOAHOTO npeoOpa3oBaHus cunukatoB [9-11]. O6napyxenuas
HECcKoMpKO panbme Bumac m ap. [16] nonoca nornouienus y 0,43 MKM B chekrpax
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OTpaxeHus HU3KOTEMIEPATYDHLIX aCTEPOSIOB fpina mpumicana B ykasaHuoil pabote
peakomy Fe*'-conepxamemy THAPATUPOBAHHOMY MHHEDATTy XKapOCHTY, OTHOCAILEMYCS K
rpynne cynasharos.

4) ABTOpOM pa3paboTaH HOBBI CHEKTPAIbHO-9acTOTHBIH MeTon (CUM), KoTopslii
bl BrepBBIC MPHMEHEH NIPH CrieKTPodoTOMETpHEecKUX Ucenexopanmsx 21 Jliotewnn u 4
Bectsi 8 "HUU KpAO" [17, 18]. Ipn 3TOM B KayecTBe aHATM3HPYEMOTO YaCTOTHBIMH
METOJlAMH  CHIEKTPaJbHOTO napameTpa ObiNa HMCIONB30BaHA DKBUBANCHTHAS [IHPHHA
nonock nornoienns y 0,44 MxM (kak HHANKATOPa MHAPOCHIMKATOB THIIA CEPIICHTHHA) B
pAnax crexkTpoB oTpaxeHus Jlotenun u Bectsl. OnpefencHue BCero criekTpa 4acroT Npu
BapHALHAX 3TOH 1I0JI0CH MOTJIONIEHHS, CBI3aHHBIX C BPalEHHEM aCTEPOHJIOB, TI03BOMHIIO
OLCHUTH PasMepsl MATEH THAPOCHUIMKATOB (B OUANa3oHE OT HECKOJNBKHX €HHHHL [0
AECATKOB KHJIOMETPOB) M WX pachpesieiieHue Ha nosepxuocTax JioTennn u Bectr [18].
[onyyenne TakoH NPHALMMHANLHO HOBOH HHQOPMAIMH CTANO BO3MOXKHO HMCHHO
Gnaronaps npumenenuio CUM. Kocmuueckne cbemku Jlotenun (Mpy  ocymiecTBiIeHUHA
mucenn "Rosetta”, ESA, 10 mons 2010 r.) [19] u BecTsl (IpH  BHINOIHEHHH MHCCHH
"Dawn", NASA, nauunad ¢ wonsa 2011 r.) [20] nonmepmmn HaAMyke Ha MOBEPXHOCTAX
STHX aCTCPOHIOB IITEH TEMHOTO0 MATCpHaNa, MOAOOHOIO YIJIHCTHIM XOHAPHTAM TPYMIIHI
Cl, cocToAmux B OCHOBHOM H3 THAPOCH/HKATOB.

S) Brepsbie aHanMTHYECKH (C NOMOLIBIO PEIUEHAS ypaBHEHHs TEmIOBOro GaxaHca)
060CHOBaHA BO3MOXKHOCTH OOpa30BaHHA BHYTPEHHErO BOJHOTO OKeaHa ¥ BOLHON
Anddepenunannn  Kpynaeix Ten Jmxsopra-Koiinepa (>200 kM) B pesylsTaTe HX
NEPBOHAYAIBHOR TCHJIOBOH 3BONIOUMH MIPH  pacnage KOPOTKOXKHMBYLIMX H30TOINOB
(IPEHMYTIIECTREHHO Al) HaxoAdmuxca B Tpanc—ﬂen'rynomu obnactu [15). Tlpm
YCIIOBHH aKKpEUHH TaKHX Tell 38 I0CTATOYHO KOPOTKOE BpeMs ~1 0% Mmn. ner (mamp., [21])
HX BHYTPCHHHH XHAKHI OkeaH (MOKDHITBIA JICASHOH KOpoi ¢ TommuHOH ~10 kM) Mor
CyIIeCTBOBATh MUHHMYM 2-3 MIH. JIET NIPH TeMmmeparype Boisl okono 4 °C [15]. Dro
ROJDKHO 6BUIO PHBECTH K BOAHOM An(depeHuyalun paccMaTpiBaeMbiX Tesl, THAPATAHH
HMEBIUHXCA TaM CHJIHMKATOB H 00pa30BaHMIO KDYIHBEIX CHIMKAaTHO-OPTAHHYECKUX SIep
(~0,7R) [15]. O onenxu, MonydeHHbIE AHAIHTHYECKHM METOZOM, HC MPOTHBOPEYAT
UUCNICHHBIM MOZENSIM patitell TemioBoll 3BOMOLMH Heap KOMETonoAoGHbIX Ten (Hamp.,
[22, 23]). Kpome Toro, Gonee AeranbHble UMCICHHBIE MOLENH O3IBOIHAK NONYIHTE
3HAYCHHS TEMIICPATYP A0 HECKONLKUX COTCH FPagycoB B CHIHKaTHO-OPTaHYECKHX SApax
TaKHX Ten (IpH NOBLIEHHOH KoHuenTpauun °Al) [23], 4To JOIKHO GBI CO3ATH TaM
GnaronpusTHble YCIOBUS ANs HOPMUPOBAHMS THAPOCHIUKATOB, CTIOXHBIX OPTAHHYECKHX,
NPEAOHONOrHYECKAX COEAMHCHHH H/HIH JaXke MPOCTEHMUX GHONOHYECKHX CTPYKTYD.
Onucaunas paHHsAs TENNOBas SBOMOLUS PACCMATPUBAEMBIX KAMEHHO-TICASHBIX 00bEKTOB
TOATBEPXIACTCA, BEPOATHO, ODHApYXKEHHEM B CIIEKTPaX OTPaKEHUS HEKOTOPHIX
TPAHCHENTYHOBLIX Tell MONOC TOF/OIUCHUA Tunpocunnkatos {24, 25), xotopeie moryt
ObITH NPU3HAKAMH JKCKABALMH TAKMX MaTEPHAJIOB B PE3y/bTaTe B3AUMHBIX CTOJIKHOBCHHI
ten [15]. B mmuccepranmonnoii paGoTe npuBeneHa apryMEHTALHs BO3MOXHOCTH
TPHMCHEHUS OTHX PE3yNLTATOB A7l ONHCAHUA PaHHEH TEIIOBOH 3BOMOLHHM KaMEHHO-
TEAAHBIX JOIUIAHETHBIX Te, CYIIECTBOBABIIMX B 30HaX pocta FOnurepa w Apyrux nianer-
THFaHTOB.

6) Briepsrie copmynnposana runore3a 0 GOPMHPOBAHHH BELIECTBA, BKTIOYAOLICTO
THAPOCUNNKATE! ¥ Opranuky (nofoOHOTO BEHmieCTBY YIMHCTHIX XOHZpHTOB rpymmsl CI),
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npH paHHeil Ternosoit 3BomiounM R BoaHOH AuddepeHUHAnNM  KaMEHHO-JNEAAHBIX
JOMJIAHETHBIX Te B 30He Gopmuposauns IOnutepa (u, BepostHo, CaTypHa) BCleCTBHE
pacnana “Al, Takike AciicTBHA pAla HONOMHUTCILHBIX dakTopos. [TpK BLIGpOCE ITHX Te
npoto-IOnurepom Ha 3aBepruaromeM 3tane ero pocra 8 I'll acreponaos u ux gpobaeHun
npu croakHoBeHHsx ¢ PTA mormu 06pa3zoBathcs HaHOOJIEE MHOFOYHCICHHEIE aCTEPOHIBI
C-tuna (oko0i0 75% Bcex acTepoHOB) H YIJIMCTble XOHAPUTHL. TaxuM oOpa3oM, mpouece
¢OpMHpOBaHHA YTIHCTHIX XOHAPUTOB MOT HAa4aThCsl B HEJpax NOIIAHETHBIX TEd B 30MHC
pocta IOnurepa, a 3akoHUYMTBCA — Ha MOBEPXHOCTAX acTepoupoB. [lIpucyTcTBue
HCTHIIHYHOTO THAPAaTHPOBAHHOTO CHJIHMKATHOTO BCLICCTBA, MOAOOHOTO  YIIMCTHIM
XOHAPHTaM, OOHapyXKEHO HAa MHOTWX acTCPOMIAX BBICOKOTEMIICPATYPHBIX THIOB [0
NpCICTaBICHHBIM Ha0onaTenbHEIM  JaHHBIM aBTopa. MMeercsa Takke pam Apyrux
HAOMIONATCIPHBIX M OKCACPUMCHTANBHLIX pe3yNbTaToB, YHOMSHYTBIX B  TCKCTC
JHCCEPTALMH, TOATBCPKAAIOIWMX Ty THIOTESY.

OcHoBHBIE Pe€3yabTaThl, BLIHOCHMBIE Ha 3A1IIHTY

Ha 3amuty BeIHOCSTCS:

1) OOnapyxeHHe B CHCKTpaX OTPaKEHHA 3eMHBIX 00pa3ioB HH3KOKENE3HCTHIX
CCPMNCHTHHOB (NMU3APAUTE U XPHU3OTHAE), IBALIOMWIHXCA aHANOTaMH BEINECTBA YTJHCTHIX
XOHAPHUTOB, fI0OCH! MOTICIIEHHA C BbICOKOH OTHOCHTENLHOH HHTEHCHBHOCTLIO (10 25%)
y 0,44 MxM n obHapyxeHHe Bbicokoil koppensiun (¢ koadguuuentoM okono 0,90) ee
SKBHBAICHTHONM WMPHHBI ¢  cojepkanneM Fe''. OGOCHORaHHE BO3IMOXHOCTH
HCTIOJIB30BaHHUS 3TOH IOJIOCH MOITIOMIEHHS KaK CTISKTPAIBHOTO WHJUKATOPA HAJUYHS B
TIOBCPXHOCTHOM BCLICCTBE aCTEPOUAOB IHMAPOCUIHKATOB.

2) OOCHapyXeHHE CIEKTpalbHbIX TIPU3HAKOB (TOJIOC MNOMIOIICHHA B CIIEKTpax
otpaxenus y 0,43-0,46 mMxm u B jguanmazore 0,6-0,9 MKM) THAOPOCHIMKATOB Ha
OOIBIIMHCTBE HCCIENOBAHHBIX aCTEPOHAOB BBICOKOTEMIICPaTypHbIX THiToB ("M", "'S", "V
n "E"), 4yro He cornmacyercss ¢ INpCHMYIIECTBEHHO BBICOKMMH TCMIIEpATypaMH HX
obpasosanua (o ~1500° C) u MoxeT OBITH NpPH3HAKOM HepeHoca NpH YAApHEBIX
npoleccax Ha OTH  acTCpPOHABl HH3KOTEMIIEPATYPHBIX MATEpPHANOB ¢  OONBLIHX
TeJIHONEHTPHYECKUX PACCTOSHHHA.

3) PazpaboTtka HoBOro cnekTpanbHo-4actotHoro Meroga (CUM) u ero npumenenue
npu uccnegoBanusx 21 Jlorewnn u 4 Bectsr 8 "HHY KpAO" (nMeetcs akT o BHEApEHHN
meroga 8 FTAUII MI'Y u "HHH KpAO", Ykpauna). Obuapyxenune ¢ nomousio CHM
"naTHOOGPA3HOre" xapakTepa paclpeicseHHs THAPOCWINKATOB (YKa3bIBAIOIICIO HAa €ro
CBA3b C YAApHBIMH IIPOLECCAMH) Ha NOBEPXHOCTH ACTCPOMIOB BHLICOKOTEMHEPATYPHBIX
tinos 21 Jotemwn u 4 BecThl, a Takke OLEHKAa pa3MEpPOB JTHX NATCH H HX
NPUOIMKEHHOH CTaTHCTHKH.

4) PesynsTaThl aHATHTHYCCKOTO MOICMHPOBaHUS paHHel TCIUIOROM 3BOJOLMH (B
pesynbTate pacmama CAl) KaMCHHO-NENAHBIX HEBECHBIX TeN, [MOKa3bIBAIOLIHC
BO3MOXHOCTh 00Opa30BaHMs BHYTPEHHETO BOXHOTO OKcaHa H BOJHOH muddepenuuaunu
TAKHUX KpynHbIX Tend (>200 kM) B TeucHue nepebiX 5-10 MiIH. N€T, HAaXOAALUMXCS B TPAHC-
HENTYHOBOI! 06J1acTH U B 30HaX HOPMHUPOBAHHS BCEX IIIAHET-THTAHTOB.

5) OOGocHoBanMe THUMOTE3bl O JOCTABKE THAPATHPOBAHHOrO YTIHCTOTO BEIUECTBA
KaMEHHO-AEMAHBIX JOIUIAHETHBIX TeJN, CYLNECTBOBABIIMX B 30He (OPMHPOBAHHA
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IOnnrepa, mpu BeiGpoce 3THX Ten Ha 3aBepwarolueM 3tame pocta FOmitepa B [T
4CTCPOMAOB, YTO MOIVIO OPHBECTH K HMX ApOONEHHIO NpH CTOJKHOBenHsx ¢ PTA u
06pa3oBannio Haubonee MHOrOUHCIEHHBIX acTeporoB C-THIIA M YIIHCTHIX XOHIPHTOB.

Anpobans paGorTsl

Cornacuo criucKy oMyGNHKOBAaHHBIX ABTOPOM TE3HCOB KOH(EPEHLHIl, BKIIOYEHHBIE B
AUCCEPTAUMIO  PE3YNLTATBI  JOKIAABIBAIACL H  OOCYXAAMHCh HAa  CIeAYHOIIHX
MCXKAYHAPOAHBIX KoHGepenuusax:

1. 26-1 Jlynno-nnanetnas kondepernus, Xoiocron, CIIA, 1995 1. (3a04no);

2. 22-/ MHKpPOCHMNO3MyM 110 CPaBHUTENBHOI Mnaneronoruu Uucturyt Bepuanckoro
(TEOXM) - Bpaynckuii yausepcurer (CIIA), Mocksa, 1995 r.;

3. Koudepenuus "Acreponzsi, komertsl, Meteopsl” (ACM-1996) (10-ii KOJIOKBHYM
KOCIIAP), Bepcans, ®panuus, 1996 r. (3a04no);

4. 29-1 Exeronnas xonpepennns Oraena MIaHETHBIX Hayk AMepHKaHCKoro
acTpoHomuyeckoro 0-8a (AAS DPS), KamGpumx, CILA, 1997 r. (3a04m0);

5. 26-i MHKPOCHMIIO3HYM 10 CPaBHHTEJILHOI [1AHETOJOTHH Huctutyr Bepuaackoro
(F'EOXW) - bpaynckuit ynusepcurer (CILA), Mocksa, 1997 r.;

6. 31-s Jlynno-nnanernas kondepenuus, Xstocron, CILIA, 2000 r. (3a0uno);

7. 32-if MUKPOCHMIIO3HYM 1O CPaBHATENBHOM MIAHETONOMHH Hucturyt Bepuaackoro
(CEOXH) - Bpaynckuit ynusepcurer (CIIA), Mocksa, 2000 r.;

8. 32-a Jlyuno-nnanernas xondepenums, Xvrocton, CLIA, 2001 r. (3a04H0);

9. 198-1 Kondepenuus AMEPUKaHCKOTO aCTPOHOMMYECKOTO 0-Ba (AAS),acagena,
CIIIA, 2001 r. (3a04n0);

10.  Beepoccuiickas acTpoHoMuueckas KoH(epeHUus, C.-Mlerepbypr, 2001 r.
(3a04H0);

11. 34-fi  MuKPOCHMIO3HYM N0 CpPAaBHHTENBHON IUIAHETONOTHH HacturyT
Bepuanckoro (TEOXH) - Bpaynckuii yausepcurer (CILA), Mocksa, 2001 .;

12. 33-a Exeroamas xoudepenums Oraena MIaHETHEIX Hayk AMepHKaHCKOTO
acrponomuueckoro o-a (AAS DPS), Hossiit Opnean, CILIA, 2001 r. (3a04mo);

13. Kondepenuns "AcTeponast, KOMETEH, mereopsl” (ACM-2002), Bepnun, 2002 1.;

14. 38-i MukpocuMiosuyM N0 CpaBHHTENBHOH IUIAHETONOTMH Hucraryr
Bepuagckoro (TEOXH) - Bpaynckuit yausepcurer (CILIA), Mocksa, 2003 r.;

15. 35-a Jlynno-nnanetnas kondepennus, Xprocton, CLIA, 2004 r. (3a0uHo);

16. Beepoceniickas actponommdeckas kondepennns (BAK-2004) «T OpM3OHTELI
Bcenennoii», Mocksa, 2004 1.;

17. 40-i MukpocUMNO3WyM TO CPABHHTCNBHON IUIAHCTONOTHH Huctaryr
Bepnazckoro (TEOXH) - Bpayuckuit yausepcuter (CHIA), Mocksa, 2004 T.;

18. 36-s Jlynno-nnanetnas kondepenrus, Xuiocron, CILIA, 2005 r. (3ao4HoY,

19. Mexaynaponneiii  cummosnym  EBpo-Asuiickoro  acTpomoMmud.  0-Ba
«Actponomnus-2005: cocTostHIE H MepcreKTHBLI pasBHTH», Mocksa, 2005 r.;

20. Kondepenmus "Acteponnsl, komeTsl, MeTeophl” (ACM-2005) (229 Cumrosuym
MAC), Puo-ne-Xaneitpo, Bpasumus, 2005 T. (3a04HO);

21. Kondepenuus «Oxonozemuas acrponomus 2005», Kazanb, 2005 r.;



22. Cosemarnue no npobiemaM NBUTH B INAHETHBIX cucTemax, Kayaiis, Tasalickue o-
Ba, CIIIA, 2005 r. (3a04H0);

23. 44-ii MukpocuMnosuym mo  cpaBuHuHTenbHOH  miameronornn  HMncrutyt
Bepuanckoro (F'EOXW) - Bpaynckuit ynusepcutet (CLLIA), Mockga, 2006 1.;

24. Kondepenus «Oxonosemuas acrpodomis 2007», n. Tepckon, KBP Pd, 2007 r.;

25. Bceepoccuiickas actponommdeckoii koH(pepenunu "Kocmudeckue pyGexn XXI
Beka" (BAK — 2007), Kasans, 2007 r.;

26. Kondepenuus "Tena ConHeyHo# CHCTEMBI: OT ONTHKH A0 reoNoTHK", XapeKos,
VYxpauna, 2008 r. (3aouno);

27. Kondepenuus EBpo-Asniickoro acTpoHOMUY. 0-Ba « ACTPOHOMHSA U acTpodu3HKa
nHayana XXI sexa», Mocksa, 2008 .;

28. Kondepenuns "Acreponast, koMmeThl, Mereopsl" (ACM-2008), bantumop, CILA,
2008 r. (3aouHO);

29. 37-s Hayunas accam6aes KOCIIAP, Monpeans, Kanazxa, 2008 r. (3aoutio);

30. 48-if MukpocuMnosuyMm TII0 CpaBHHTEeNbHOH Iutanerosornd  HHcturyT
Bepnagckoro (TEOXH) - bpaynckuii yausepcutet (CHIA), Mocksa, 2008 1.;

31. KondepeHuus «AcTpoHOMHS U BCEMMpHOC HacleaWe: 4Yepe3 Bpems o
KOHTHHEHTHI», cexuus B: «Okonosemuas actponomus», Kasans, 2009 r.;

32. Kondepenuus «Acreponnno-komersas onacHocts 2009», C.-Iletepbypr, 2009 r.
(3a04HO);

33. 18-s1 OTkpbItas KOHGEPECHIHS MONOBIX YUCHBIX 10 ACTPOHOMHH M KOCMHUECKkoi
¢usuke, Kues, 2011 r.;

34. Actponomuueckuii kourpece "Actpokasanb-2011", Kazans, 2011 r;

35. Kondepenuus "Oxonosemuas actporomus 2011", Kpacuospek, 2011 1.

Kpome Toro, conepxaimuecst B AHCCEPTALHM PA3HBIE PE3YABTAThl JOKIAABIBUINCH HA
peryaspuom cemunape B UHACAH no npoGnemaM OKOJIO3eMHOH acTpOHOMHH U
aCTEPOUIHO-KOMETHOH OMacHOCTH.

JIngnslii BKAA1 aBTOPA

B cooTBercTBHH © IepedHEM PE3yNbTaTOB, BHIHOCHMBIX Ha 3aIMUTY, JMYHBIA BKIan
aBTOPA NPH UX TOIyYEHHH pacnpeelcH CAeAyIomuM odpa3oM.

1) ABTOpPOM NpemIoXeHa HICH MOUCKA HOBBIX QUATHOCTHYECKUX MOJIOC MOTIOUICHHA
B CIIEKTPaX OTPakeHHs 0Opa3loB-aHAJIOTOB aCTEPOMAOB, a TAKKE BBHINIOJIHEHA OCHOBHAs
yacTb 3ToH paboTel (oHCK 00pa3uoOB B HMEIOULINXCSA TEONOTHMYECKHMX KOJUICKUMAX,
NOAroTOBKa 00pa3uoB A pa3iHYHBIX H3MEpeHHMIL M TIOJNYYEHHE MX CIICKTPOB
oTpaxenus). MU3meperus crekTpoB oTpaxeHns 006pa3los npoBeacHbl Ha 000opyaoBaHHH B
npu Texnuueckoif noanepxkke M. H. Tapana (MH-T reoxuMmud MHHEPaNOTHH H
pynoobpazosanus, HAHY, Kues), onpemeneHme copepxaHHst OKHCIOB B COCTaBe
00pasioB Ha MHKPO30H/e NpoBeeHo | B, 1. (penbﬂMaHOMJ (T'eonornyeckuii ¢-tr MI'Y),
Mecc6ayIpoBckue MccnenoBanns obpasuos (onpenenchue comepkanns Fe'' u Fe'')
Beinionnensl M. B. Bososenxum (Pusnyeckuii ¢-1 MI'Y), TepMuyeckoe npokalinBaHue
06pasoB TUAPOCHIMKATOR It ONpENeleHHd cOAepXaHus BoAHl BeimonueHo A. H.
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I'puropresem (Xumuueckuii ¢-1 MI'Y), pentreno-¢azosrie H3MepeHns (onpeaerncune
MHHEpaNOTHICCKOTO cocTaBa 06pasuos) nposexenst I'. K. Kpusokouesoii (Beepoc. un-T
MuHepanbHoro cuipbs (BUMC), Mocksa).

2) Habnronenns acTepouios NPOBOAMANCH ABTOPOM CaMOCTOATE/BHO, Ha TENECKONE
3T3 (1,25-m) ¢ M3C-cnexrporpadom Kprimckoit maGoparopun FTANIL MI'Y, nauunas ¢
2003 r. Takxe caMOCTOATENLHO BBHITONHEHH 06paboTKa HAGMIOZATENBHBIX aHHDBIX,
PACHET CIICKTPOB OTPAXEHHSA M X HHTEPIPETAIIHS.

3) Asropom npeznoxena nuess CUM u cnoco6 ero peanusarmy.

4) Hccneposauus 21 Jlotemmn u 4 Bectst CUM  BLINOJHEHBI COBMECTHO C
Hpoxodsesoii-Muxaiinosckoit B. B. u Boukosem B. B. ("HUH KpAO", Vkpauna) {17,
18], BKNabI COABTOPOB AENATCSA NOPOBHY.

5) AsTopoM chopmynupoBaHa o6uIas HACS, OCYIICCTBNICHA MOCTAHOBKA 3a4a4M A7Is
AHAJMTHYECKOTO MOJENHPOBAHMA PAHHEH TCIIOBOM DJBOMOUMH KaMEHHO-NEASHBIX
ROMIAHCTHEIX TCJ (MMEBUIMXCA B TPAHC-HENMTYHOBOMN 06NACTH M B 30HaX (OPMHPOBAHHUS
TIAHET-TUTAHTOR), A TAKXKE BLIIONHEHA OLEHKA IIApaMETPOB MX BHYTPEHHEH CTPYKTYpHI
nocsie TennoBoit asomouun. Pabota BrimonHena cosmectno ¢ A. B. Makanknusim (U®3
PAH) 1 B. A. lopodeesoii (TEOXH PAH) [15], Bknaas! coasTopoB Aensres NIOPOBHY.

6) I'mnoteza o nocraske rHAPaTHPOBAHHOTO CHIIMKATHO-YIJIHCTOrO Bewectsa B ITI
aCTePOHAOB U3 30HBI pocTa FOnuTepa npH BEIGPOCE UM KaMEHHO-JCIAHBIX JOIUIAHETHBIX
T M BO3MOXHOCTH (JOPMHpOBaHHS M3 HX BelleCTBa acTepounoB C-TMNA U YTAHCTHIX
XOHIPHTOB aBTOPOM BBIABHHYTA CAMOCTOATENBHO.

CTpykTypa H cojlepKanue QUCCepTANMN

OGvem npeacrasnennoit paGotsl coctaenser 301 crpanmuy, Bxnouas 49 TaGuuu, 97
PHCYHKOB H CIHMCOK JHTepaTyphl u3 237 naumenosauuii. CTpyKTypa AMccepTaiiuu
COCTOHT U3 BBEACHHUA, [ISTH IJ1aB, 3AKIIOMEHHS U OPHIOKEHIS,

Bo Bsejennn omucaHa akTyanbHOCTb paGoOThI M BHIONHEHA TOCTAHOBKA 3a7auH.
Brayane roBoputcs, 4TO, ¢ OAHOM CTOPOHBI, PE3KHIi POCT KONMYECTBA OTKPHITHIX MAJbIX
TUIAHETHBIX TEX NPUBOXHT K HEOOXOZMMOCTH Gonee UIMPOKOTO HCHONLIOBAHHA |
PasBHTHA  OHUCTAHUMOHHBIX MCTOZOB HX wHccnefosanus. C  apyroii  cTopomwl,
XapaKTCPHCTHKH MAJIBIX IJIAHET HMEIOT 0cofoe 3HaueHue, MOCKOALKY 3a BCe BpeMs
CYLIECTBOBAHMs HallEH IUIAHETHOH cHCTeMsi (0K0NO 4,6 MIpA. NeT) HX BEEcTBO No
CPaBHCHHIO C BelecTBOM GONBUIMX MIaHeT HOABEPTIIOCH MUHHMANBHEIM BOMIOIMOHNBIM
H3MEHCHUAM, TO OHO COLEPXHT HH(POPMANHMIO O HAHOONee PAHHUX ITANAX €C PAa3BHTHSL.
JT0T (BaKT YCTAHOBNEH MO PE3yNBTATAM MHOTQUUCTEHHBIX HCCIENOBAMMIT YNaBLIMX HA
3eMI0 METeOPHUTOB — (parMeHToB acTepommoB. B omnnume o totomeTpun H
NOIPUMETPHA CNEKTPOGOTOMETPHS H OCHOBAHIBIE HA HEll METORE! AAI0T BO3MOKHOCTD
npAMOro  onpefeneHHs — QMIUKO-XUMUYECKMX W MHMHCPAIOTMYCCKUX  CBOMCTB
IOBCPXHOCTHOTO BEIIECTBA TBCPABIX HEGECHBIX TeN, XaPaKTCPHU3YIOUMX YCIOBHMA HX
006pa3oBaHUsA H HOCJICAYIONICH IBOIOLIHH.

B_ Tnase 1 (pasgenst  1.1-1.4) BHIOONHEHO H3MOXKEeHHEC W 0GOCHOBANHE
CNEKTPOPOTOMETPUEECKOTO ~ METOJA  M3ydeHHs  acTepoufoB. B 3apyGexmsix
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CICKTPANbHBIX HCCICAOBAHHAX aCTCPOMIOB M NOROOHBIX HM OOBCKTOB MPAKTHKYCTCS
«OMIUpHYECKHii» moaxon (Hamp., [26]), npM KOTOpOM CIEKTP OTPAKEHHA TBEPAOTO
OeszarmMocdepHOro Tena ONpEAENseTCs C MOMOLIBIO JENEHHS "€r0 CNEKTPa HA CHEKTP
3BC3ABI-CONNIEYHOrO AHANOra i UCMOIB3YETCs B OTHOCHTENIBHOM Bifc. B npeacrasnenHoil
pabote ¢opMyna JUIa pacueTa CICKTpa OTPAXKEHHs acTCpOMAA WM €ro CHEKTPajbHOIo
k03¢ punnenta spxkocti (CKS) BeiBegeHa U3 OCHOBHBIX (POTOMETPHUYCCKHMX NPHHLMIOB H
obuicro onpenenenns reomerpuyeckoro ansbeno mmaserst [27], uWTo mno3Boiaser
paccuntats CKS acreponaa B abcoMOTHBIX eIMHHIAX (CCIM KCIONB3yeTcs 3BE3IHbIN
CTaHRApPT ¢ H3IBECTHBIM paclpe/elicHueM SHepruy B criektpe) [28):

ptad) =k n Ee(3) I (@, ) f3) ™ (Eo3) I(3)), (D

rIe @ - TeKyliee 3HayeHHEe CBCTOBOTO (a3oBOro yrina Mainoil miauetsl; EofA) u Eu(A) -
MOHOXPOMATHYECKHE OCBEIUEHHOCTH BCPXHeH rpaHuubt 3eMuoif atmocdepsr Connuem H
CTaHJapTHOI 3BE3NION, COOTBETCTBEHHO, B Jpr/cM’XcXA, H3BECTHEIE H3 KaKHX-THGO
nyomakaumii; I,(A) u I4(A) — BenMYMHB HHTCHCHBHOCTH CBETa OT A4acTcpoHad H
CTaHIapTHOI 3Be3/IBI HA NMpHEMHHUKE, U3 KOTOPBIX HCKIIOUCH QoH Heba; f{4) — QyHkuusa
CTeKTpanbHOH MPO3payHOCTH aTMocephl, paccUMTaHHas AN AaHHON HabmogarenpHOH
HouH; 6M = M,- M., — pasHOCTh BO3AYIUHBEIX MAacC, COOTBETICTBYIOILMX acTEPOMUAY H
CTaHAapTHOMN 3Be3sie; kK — NMOCTOSHHBIA KO3pdUUHEHT, 3aBHCAUHI, OT perucTpupyloLeH
annapatypsi, n = (R°A%) /(nr’ Ry’) — Ge3pasmepHbIii MHOKHTE.

W3 ppipaxkenns (1) HarmsoHo BUOHO, OT KaKHX mapaMeTpoB # dynkuuii 3asucut CKA
acreponga. Kpome toro, u3 (1) nerko mnody4ydTb WCMONL3YEMYI0 HA TPAKTHKE
«3MOUpHYEcKyIo» (hopMyNy Ul CIEKTpa OTP&KEHHS, KOTJa B KayecTBE 3BE3IHOrO
craHpapra Gepercs coinHewHBId aHasor. B stom cnyyae mpu ycnosuu E.(4) = Eq(4))

HMECM
plad) =k nlfa,d) f)™ 1.0) ®)

Crnenyer OTMETHTB, YTO HCHONB30BaHHE GopMys! (2) obecHeunBaeT HCKIIOYCHHC H3
HabJII0aTeNbHBIX aHHEIX BCEX [MOCTOSAHHBIX MYJIbTHIUIMKATHBHAIX NOTPCIUHOCTEH.
IockoabKy CIEKTp OTpakEHHs acTepoHIa sBISETCH HE M3MEpACMOil, a pacuemnoi
XapaxmepucmuKol, To HCTOYHHKH ero OmHO0K MOXHO NPOAHAIH3UPOBATH ¢ TOMOLIBIO
obuicii gopmynst (1). M3 sroit dopmyns! BuaHo, uto mnpu pacuere CKSI acrepowpa
3HAYUTENBHBIM HCTOYHHKOM OLUHOOK HIIH CMIEKTPANBHONO LIyMa ABASIOTCS HCIONB3yeMas
3BE34a-CTAHAPT MJIH COJIHCYHBIH aHAJIOr NPH BBIIONHEHHH ONEPALNH JICTEHUs CleKTpa
actcponja (a, axtuyeckn, — Co/nia) Ha COEKTP COMHEYHOro ananora. Ipuynna 31010 ~
HETOYHOC COBMNAACHHE CIIEKTPAIBHBIX JeTaieil (MapaMeTpoB JHHHE, (OPMBI H HaKIOHA
KOHTHHyyMa W T. N.) CoJHIA U HCNONB3YEMBIX 3BE3[-aHAJOTOB H3-33 HEH3OEKHOIro
paznu4us HX (QUIMKO-XUMHYECKHX CBOHCTB. Elle 0AuH 3HAYHTENbHBIH HCTOYHHK
«BHEIUHETO» BBICOKOYACTOTHOIO CIEKTPAlBbHOrO MiyMa — 37O 3eMHas aTtMocdepa,
KPaTKOBPEMEHHBIE JIOKaJbHbIC QYKTyalHu KOTOPOH BHI3BIBAIOT B CHICKTPAX OTPAXKCHHUS
acteponoB mnoxoxue ohdekTsl. I8 HAXOKDEHWS M OTOKIOCCTBICHHS peanbHbIX
CNEKTPATbHEIX  A€Tajel, CBA3aHHBIX C  BEIIECTBOM  acTepoHza  (Hampumep,
MMHEPANOTrHYECKUX TI0JI0C MOTJIOUIEHUS) TOT MIYM HEoOXONHMO YMEHBUINTh, TaK Kak
MOJHOCTHIO €r0 YCTPaHWThL HEBO3MOXKHO. JICHCTBCHHBIMM MepamMH TIO CHHXKEHHIO
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CHCKTPANbHOTO IyMa SIBJIAETCA DOA00P XOPOIIMX COMHEYHBIX AHAJIOTOB U CTHAXHBAHUE
CHEKTPOB  OTpaxenus acteponuoB [29]. B 710 ke Bpems nomuepkuBaeTcs, HTO
BO3MOXHOCTh  OGHApyXeHHS CaGbIX MHNCPAIOTHYECKHX TMONOC NOCNOWCHHA (C
OTHOCHTE/IbHOH HHTCHCHBHOCTBIO OT 2-3%) B CHEKTpaxX OTpaXeHHs acTEpOMAOB
GasupyeTcs Ha 3HAYMTENLHON WIMPHHE JTHX MOJIOC, npesbiatomieii Ha 2-3 mopsiaxa
THIUYHEIH pasMep MIYMOBBIX GIIyKTyalHii.

Hna yuera mmmsnua dasosoii dynkumu GezarMochepuoli TIAHETBl €€ CHeEKTp
orpaxenus win CKS nabmomaemoit nomycdepst onpenensercs B CHCTEME IIOCKOro
abcomoTHo Genoro MaMGEPTOBOrO 3KPaHA C Pa3MEPOM DABHBIM CpEHEMY pasmepy
TMIGHCTHI, HAXOAAWErocs (YCHOBHO) pPSNOM C HEH OPTOroHAJbHO HANPAaBNCHHIO
coJHeyHoro ocpenicHus (271

p(a,4) = IF(a,4), 3)

rae I — MOHOXPOMATHHECKOE TeOMeTPHYECKOe anb0ea0, YIHTHIBAIOMEe HHTErpabHbIe
¢u3mKo-xuMnyeckue croiicTea HaGmronaemoit nonychepst nianetst, Flo,4) — dasosas
bynxuns naaneT (npu HyneBoM daszoBoM yrie, T. €. a = 0, F| (a,4) = 1). Kax cnenyer u3
MHOTOYHC/ICHHBIX MyOnHKaumi Mo Hiyuennio $pa3oBoii 3aBHCHMOCTH NokazaTencH LBeTa
TBEPIBIX TEll, @ TAKKE U3 ABTOPCKOTO OMbBITA AHANM3A CHCKTPOB OTPAKEHHS aCTCPOHIOB,
F(a,4) cnabo et na CKS npn masneix dasosbix yraax. B npeacrasyicHHOM pabote Bce
CHEKTPEI OTPAXEHUS ACTEPOHIOB NONyehb! NPH Pa30BBIX CBETOBLIX yritax <20°.

B pasnenax 1.5 — 1.7 naset I no pesynbraram o63opa ny6nukanuii xano ormcaHue
OCHOBHBIX MHHEPAOTHYECKHX TOJIOC MOITIOUIEHHS H APYTHX OCOGEHHOCTEH B CIIEKTpax
OTpaXkeHHsl aCTCPOMJOB B CNEKTpanbHOM AuanasoHe 0,4-1,0 MxM, a Takxe BIMSAHHE Ha
HHX TaKHX NOCTOAHHBIX KOCMOTCHHBIX (aKTOPOB, Kak COIHEUHOE KopryckyaspHoe u Y-
M3NYYCHNE N MHKDOMETCOPHTHAA MepepaboTKa BellecTa. M3yuenre MOCTABICHHBIX HA
3emmo nyHHBIX 00pasUOB H MOZETMPOBAHME ACHCTBAS KOCMHYECKHX NpOLEcCcoB Ha
00pasLbI-aHAIOrH ACTEPOHAHOTO BEIIECTBA MO3BOMMIO OBHAPYKUTE PAL CMEKTPaNbHbIX
apdekroB. JlnmuTennHOe BIMAHHE KOCMOTEHHBIX (DAKTOPOB BbI3LIBACT YMEHbLICHHE
UHTEHCHBHOCTH M MCKaXeHHe (OPMBI NMONOC MOTNOWEHHE B CHEKTPaX OTPaKCHHS
acTeponaoB, a Tawke HX obwee "moxkpacnenne”. Kak ciexyer n3 u3yueHHs CHEKTPOB
OTPAXKCHUA ACTCPOMAOB PA3HBIX THIMOB, NPH 3HAUMTCHLHLIX YAAPHBIX COOBITHAX Ha
acTeponJax, BCPOATHO, NPOUCXORMT Oojee CymicCTBeHHAs mepepaGoTKa BellecTBa
(HampuMep, ero AernapaTauus, IIABICHUE WM JAXe HCTIAPEHHE), CleCTBHEM KOTOpO#H
MoxeT ObiTh oOpazoBamue ansGesnwix naten [30]. B 1o xe BpEMsI, HCCIIENOBAHUS
METCOPHTOB MOKA3KIBAIOT (HAnNp., [31]), yTo Aake npH odeHs CHNBHOM yaape, GIH3KOM K
Pa3pyLIUTENLHOMY, [1d MOBCPXHOCTH aCTEPOMAOB B SMHUCHTPE yAapa NPOHCXOAMT He
nomHoe (Kak Ha GONBIINX IUIAHETaX), @ TOMBKO YaCTHYHOE IIABJEHHE BEILCCTBA.

B Tnase Il msnoxeHo! pe3ynsTaTl CHEKTPaIbHBIX HCCNeHOBanuMil 4 o6pa3ios
yrameteix xouaputoB (rpynn Cl 1 CM), Kak BO3MOXHBIX (PParMeHTOB NPHMHTHBHEIX
(HM3KOTEMIICPATyPHEIX) aCTEPOMAOB, H PE3YNLTATEl PA3HOCTOPOHHHX (CIEKTPATLHBIX,
SNICKTPOHHO-30HIOBBIX, MECCOay3pOBCKHX H peHTreno-(asoBbix) Hccmenosanuii 21
obpasua 3eMHBIX THIPOCH/IHKATOB (CEpUIEHTHHOB M XJIODHTOB) M ONUBUHOB, KaK
TNIOTCHUHANBHBIX aHATIOTOB BEHICCTBA aCTepoHa0B. B Hauane rnasel noadepkusacTes, o
M3ydeHHE 00pA3UOB-aHATIOrOB — 3TO OZHH H3 HCOOXOMUMBIX 3TANOB NPH ANCTAHIHORHOM
OLICHKE COCTaBa BCUICCTBA ACTEPOM/OB C IOMOIIBI0 ChekTpodoTOMerpuH. YKa3aHHas
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noalopka 06pasios 6bu1a IPOU3BEACHA ¢ YUCTOM 00HApY)KeHHS Ha ITOBCPXHOCTH MHOTHX
BBICOKOTEMIIEPATYPHEIX aCTEPOMI0B HETHITMYHAIX JUIS HUX THAPOCHIHKaTOB [9-14].

HsMmepenns CIEKIPOB OTpaKeHHs pa3fpolieHHsx 00pasuos (C pasMepoM YacTur <
0,25 ™M) Oblin BumonHeHs: B AuanasoHe 400-1000 HM  Ha  OHONY4EBOM
cnekTpodoToMeTpe © AMAMETPOM CBETOBOro nyduka 5 M. Ilagaromuit U oTpakeHHBIN
CBETOBEIE JIYYH COCTABILUIN COOTBETCTBEHHO yraibi 45° 1 (° O OTHOIICHMIO K HOpPMAIH K
noeepxHocTH obpasua. B KayecTBe OTpaKaTeNBHOrO CTaHAAPTa MCIIONB30BANACH
IUIACTHHKA M3 CIPeccOBaHHOro nopoiuka MgO. OTHocHTENBHAA cpelHe-KBaApaTHYHAs
ommbOKa 3THX wu3Mepennii me mpesocxomuna 0,5-1,0 % B BHAMMOM JUana3zoHe H
HapacTala Jo 2% Ha XOHLIAX HCHONB3yeMOro puanazona [32]. Astopom Onin
TIOATBEPIKICH paiee H3BecTHBI (akT, 4T0 obmel 0COGEHHOCTRIO CIEKTPOB OTPAKEHNUA
06pa3ioB YIIHCTHIX XOHAPHTOB W BCEX OOPa3LioB I'MAPOCIJIHKATOB ABJSETCA IIMPOKas
noyoca (MM MHOTAA Napa mojoc) noriouleHus B guanasone 600-1000 HM, BbI3bIBaEMas
SNMEKTPOHHBIM NMEPCHOCOM 3apsiAa Fe¥*—Fe** [33), KOTOpas MpHAaeT BOTHYTYIO (opMy
CMEeKTpaM OTPaXKEHUs INEPCYUCICHHEIX MaTepHanoB. HOBEIM pe3ynbTaToM SBHIOCH
ofHapyXeHHe 3HAYUTCALHON (C OTHOCHTENEHOW WMHTEHCHBHOCTBRIO N0 25%) HONOCH
normomeHHs ¢ neHrpoM y 440 HM B 1abOpaTOpHBIX  CHEKTPaX OTpaxeHHA
HU3KOXKeNe3nucTX (1o 2-3 Bec. % FeO no MHKPO3OHIOBRIM JaHHELIM) CEPIICHTHHOB
{muzapauros u xpusotuios) [11]. Ha pucynke 1 n3o0paxeHs! HOPMHPOBAHHEIE CHCKTPHI
oTpaxenns 7 HH3KOXKEJIE3HUCTBIX CEPIIEHTHHOB, B MOPAIKE HAPACTAHHSA HHTCHCHBHOCTH
nojocsl mornomeHud ¢ HeHTpoM y 440 HM (cBepxy BHHM3), a Ha pPHCYHKE 2 —
ucnpapneHuas Qopma 5Tolf MONOCH B CHEKIpax oTpaxcHud 6 o0pasuos mocne
HCKIIOUEHHS KOHTHYYMa. OJCKTPOHHO-30HHOBRIE W MeccOay3poBCKHE HCCIICHOBaHHA
06pasioB nokasany, 4T0 B TaKoi ke IOCIeNORATeNbHOCTH B HUX HAPACTACT CONCPKaHue
Fe''. Usyuenue perpeccHOHHBIX JHHEMHBIX 3aBHCHMOCTel comepxammii Fe'' u Fe'' s
3THX 00pa3Nax oT BeJIMIMHB! SKBHBAJIECHTHOH [UHPHHEI IOJIOCH! NOTOMIEHHUS ¢ HEHTPOM Y
440 M Wy (onpeneneHHOH CTaHAApPTHBIM CHOCOOOM Kak MHTETPANBHON OCTATOHOMN
HUHTCHCHBHOCTH 110 OTHOIUCHHIO K KOHTHHYYMY, CM. pHC. 2) NPHBENO K

Puc. 1. Puc. 2.
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obuapyxkenuio cuisnoll koppemsuun Fe’' (B okradmpuueckoli M TeTpasmpHUECcKoit
KOOpAHHANHUAX; Koadduuuenr xoppemtuuu 0,9) ¢ Wiy Kak crieayer us teopermaeckoro
MozennpoBasust [34), BbICOKas UMHTEHCHBHOCTh 3TOH MOJIOCH! IOIJIOMIEHHS MOMXKET
OOBACHATBCE MarHHTHEIM B3aHMOJCHCIBHEM DIEKTPOHHBIX opGuTaneil monos Fe'',
HaXOIAUIMXCA B COCCHHHMX KPHCTALIOrpadHYCCKUX MO3HUMAX, HPH HX IOBBILICHHOM
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COAEPKaNKH. B TO e BpeMs B CIEKTpax OTPakeHHs BLICOKOKENEIUCTHIX CEPIEHTHHOB 1
XJOpHTOB (B KOTOpEIX ofuee copepxanne FeO maxoamrtcs B mperetax 6-9 Bec. %)
nonoca nornowenus y 440 HM OTCYTCTBYET WIH HMEET HU3KYIO HHTCHCHBHOCTb, MOXHO
TIPCANONAraTh, YTO B TIOCHEAHEM CJydae MIEKTPOHHBIH MEXaHH3M, OTBETCTBEHHBI 3a
BO3HHKHOBEHHC 3TOH II0JIOCKl MOTNoWweHHs Onokupyercs. B To ke Bpems, y
BBICOKOKENCIUCTLIX ~ OOpa3sfoB  CEpNEHTHHOB M XJIOPHTOB, KaK CleayeT M3
NPEACTABICHHLIX B paboTe CNEKTPOB OTPaXEeHHS, HMCIOTCA GOlee MITEHCHBHBIC (YeM y
HU3KOXCNEC3HCTRIX CEPHCHTHHOB) TONOCHI TOTNOmeHus B auanasore 0,6-0,9 M,
BBI3bIBAEMBIE NepenocoM 3apsna Fe?'—Fe®” [33].

Ouesuano, 4To A HaXOXKAEHMA GoONee TOUHOH KONHMECTBEHHON 3aBUCHMOCTH
conepxanns Fe’* oT Benmumubl sxBHBATCHTHO UIHPUHBI TI07I0CH! NOrowmeHns y 440 nm
B CHEKTPaX OTPaXCHHS HH3KOKENE3WCTBIX CCPNCHTHHOB HeOGXOAMMO MpOBEACHHE
HCCNICNoBanUi Ha Gonbiiem konudectBe 00pasuoB. Ho yxe momyuenHsle pe3yibTaThbl
NO3BOJAIOT YTBEPXKAATh, YTO nonoca mornomenns y 440 um (mmu 0,44 Mxm), BMecTe ¢
nonocaMu norjoweHHas B auanazone 600-900 um (wm  0,6-0,9 MkM), Moxer
MCMONB30BATECA KAK PAU3HAK HANHYHS THAPOCHIMKATOR HA TBEPIBIX HEGECHBIX TEIax.

I'naga IIl. B oroii rmase mpencrasiens B rpaduueckoii dopme n omucanst 164
CIIeKTpa oTpakeHua H3OpanHeix 43 acrepoupor [Tl pgo 12™ B cooTBeTCTBUMM C
npeAmecTBytomei mybnukaueii [14]. 314 CrieKTps1 H3MEpeHb! B pasHOe BPEMS ¢ aBrycTa
2003 r. nio anpens 2010 r. na 1,25-m Teneckone Kpbmckoii o6cepsaropun TAHLI ¢ I13C-
cnextporpagom (¢ TI3C-kamepoit SBIG ST-6) B amanazome 0,40-0,92 MxM co
CrieKTpanbHBIM paspeleryeM ~8A. Crextporpad Grin waroTosien B. ®. EcunossiM 1o
CTAHIAPTHOI CXeMe, BKMoOYaroileli NHPPaKUHOHHYIO pererky. Perscrpanis xakmoro
CHICKTPa 00BEKTa, KAK NPAaBUIIO, NPOBOAMIACH [IOCTIEAOBATENBHO B ABYX HHTEPBANAX IIHH
BonH (0,40~0,67 u 0,65-0,92 Mkm, win Hao6opoT) M 3amuMana ot 10-15 MHHYT JI0
HOIyTOpa 4acoB B 3aBUCHMOCTH OT BPEMEHH OKCNO3HUMH. IlepBonavaisHas oGpaboTka
HAOMONATENbHBIX JaHHBIX BHINOJHAIACh C HCIO/B30BAHHEM CTAHZAPTHOCO TAKETA
nporpamm s I13C-xkamepst SBIG ST-6. IlpuBs3ka u pacuer wikans! INuH BONH B
HCTIONB3yeMOM CIICKTPAILHOM AHANa3oHe OCYIECTBAANNCE 110 BansMepoBcKUM MHEHHAM
BOZOpOAR B COCKTpax fepBHYHOro cramzapra a Lyr. Ilocaeayromme onepanun,
CBA32HHBIC C TNOJYUCHHEM CIIEKTPOB OTPaXXCHHA AacTCPOMJOB, HMX CIVIAKHBAHHEM M
ApYTHMH 1peoOpa30BaHUAMH, MPOH3BOIUINCH C IOMOMIBIO CTAHAAPTHBHIX MpPOrpaMM
"Excel" u "Origin".

Bwmecre ¢ acrepomnamm HaGMIOanMCh TakKe CTAHAAPTHBIE 3BE3ABL, * ABIAIOLIHECS
ORHOBpeMeHHO H ananoramu Conxua no cnekrpodoTomeTprycckim napamerpam (16 Cyg
B, HD 117176 n HD10307), a taxxe a Lyr [35]. i 3Be32181 HCNOB30BAIMCE TAKKE IS
onpencncHns QYHKUMHA CHEKTPaNbHOH IPO3PaYHOCTH 3eMHOH aTMOCEpH Ha KaxIyio
Habmoznatensiyto Houb. CpefHHEe MOMEHTH BpeMeHH (N0 BCEMHPHOMY BpEMeHH),
YCNOBHs! HaOMIOACHHA aCTEPOMIOR H CTAHAAPTHHIX 3Be3 (PAsHOCTh BO3AYLIHBIX MAcC),
oeMepuIbl aCTEPOMJOB, a TAKXKC OTHOCHTENBHBIE CpEAHE-KBAAPATHUCCKHE OMIHOKH
(OCKO) cnextpoB otpaxcHus npuBeacHs! B Tabnhue 6 B [Ipunoxenun JuccepTanyy.
Pacuer criexTpoB oTpaceHHs acTeporI0B BLIMONHICA No hopMyie (2), mocie Yero oHi
CTIXHBANHCE (METONOM «OETYyHIEro CPeRHEro» M0 5 TOYKAaM) BO BCEM CHICKTPATBHOM
BManasone JUIi YCTPaHCHMA BLICOKOYACTOTHOH INyMOBOi KoMmoHentel. B cnywae
Gonbiunx OWHGOK Ha HEKOTOPHIX CIEKTPAX OTPaKEeMHS BOJW3M TpammMm paboucro
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CIeKTpanbHOTO AHMamasona (B mpedenax mpumepno 500 A), a Takke B obnactd
OCTaTOYHBIX TETYPUYECKHX [10I0C BBIIOMHANACH NOMHHOMHANBHAA aNNpPOKCHMANUs
koHTUHYYMa. U, Hakomel, crieKTpsl oTpaxkeHus HopmupoBaauck Ha 3uagcHue CKS Ha
pmmne BonHH 0,55 MM (ecn oHH OBUTH MOJTYYEHBI BO BCEM CIEKTPANBHOM IHANa3oHe
0,40-0,92 MxM MM TOJNBKO B KOPOTKOBOJNHOBON YacTh). CHexTp OTpaxkeHHs ObUI NoMydeH
TONBKO B JUIMHHOBONHOBOH YacTH CIEKTpPaibHOIC AHANA3oHA, TO OH HOPMHPOBAICT Ha
mHe BOJMHM A = 0,65 MkM. OTH chekTpsl OTpakenvus B rpadudeckoM BHAE
npeActaenedsl Ha pucynkax 14-89 B [nmase I, a B undpoBom tabnuunoM Buae — B
tabanuax 7-49 B Hpunoxenun aucceprauny. Hudopmanns o6 omnbrax m3MepeHnit it
KaXIOTO M3 JTHX CNEKTpoB momeieda B Tabnuny 6 (punoxenne pucceprannn). B
CpPeAicM OTHOCHTENILHBIC OMMOKH NONYYCHHBIX CIEKTPOB OTPaXEHHS B LCHTPAnrBHOA
YyacTy BHIHMOTO Juarna3oHa coctaBisior 1-2% u BospacraioT no 5-7% BONM3M Ipanum
HCTIOIb3yEMOTO CHEKTPANILHOTO AHana3oHa. 37ech U1 WUNIOCTPAlMM [PMBEJEHB JBa
PUCYHKA CO CIIEKTpaMH oTpaxkeHus acteponga M-tuna 21 Jlioreunu u actepouna S-tumna
11 Maprenons! (puc. 3 u 4).

Puc. 3. Puc. 4,

21 Nrorerps (058/06-11-04)

n

11 Mapresona (1 1/12-04-07)

Hopsmuposaantaii cnescp
arpamennn

=
n

Hopsmporawadii coesrp
oTpumetns

e U G S

038 0,45 0A% .68 078 13 095 N DO T -
035 45 Hss X2 095 0.8% n9s
Jmuia poARs (Mey) LAt BB (MKM)

Ha pucynke 3 BugHo, Kak MCHXJI&CB dopma cnextpa otpaxkenus Jhorenuu 3a ~15
MHHYT (UIpU HCpUOAE BpailieHus 8, 166) Takas HeoObluHAs BOTHYTas ¢opMa CICKIpa
otpaxenns Jlrorennn, HabMOABIIAACS NPH €€ HEKOTOPHIX (a3ax BpaleHUs, HETHIIHYHA
And actepoaa M-tmna n nopoOHA CreKTpaM OTPaXKEHHS YIIACTHIX XOHIPUTOB H
ruppocudkaros. Ha pucynke 4 mokasaHbl H3MeHEHHA (GopMBI cnempa OTPAOKECHUA
ITapTenoms! B TeueHHE MpHMEpPHO nomyyaca (Ipu nepuofe spawmenus 13, "729). Ha o6oux
acTepouzax Oblna yBepeHHO 3aperdCTpUpOBaHa HOJ0Ca NONOMWEHHS ¢ nenrpom y 0,43-
0,45 mxm (Fe’*), dopma H HHTEHCHBHOCTH KOTOPOH MEHSNAch P BPALICHUM aCTEPOUIOB.
Cnenyer mnOm4epkHyTh, dTO OOWMH KpUTEpHii, YCTaHOBIEHHBIH B paboTe mns
o0HapyxeRHus CIabbIX MOJOC MOMIOWEHHS B CIEKTPaX OTPAXKEHUS BCEX HCCIEHOBAHHLIX
aCTEPOHIIOB — 3TO HX OTHOCHTEJbHAs HMHTEHCHMBHOCTH B LICHTPaNbHOM YacTH BHAMMOTO
Aunanazona He Menee 3-4%, To ecTh Ha ypoBHe 36, C y4eTOM YKa3aHHBIX rorpeHocteii B
Tabnuie 6 B TEKCTE JUCCEPTaLHH.



Crnenmanbio ofcyxaeH BONPOC 06 OTIMYMU TAPAMETPOB (ueHTpanbHOM UTHHEI
BOJIHEI, HHTCHCHBHOCTH ¥ IMPHHBI) HaOMIOZAEMbIX B CTIEKTPaxX OTPaXeHHS acTepPOHIIOB
cnabpix . monoc mornowenus B auanasone 0,42-0,46 Mxm (koToprle 6o B pabote
MHTCPIPETHPOBANBI Kak IIPH3HAKH Ham4ua B BemectBe Fe'') u 0o0HAPYEHHOI N0I0CkH!
norjomieHus ¢ ueHtpoM 'y 0,44 MkM B naGoOpaTOPHBIX CTEKTPaX OTPaXeHHs
HH3KOKEICIHCTHIX CCPNCHTHHOB. B cmexTpax oTpaxenus acTepouioB mMpPHHA >TOH
TONOCH B GONBLINHCTBE CIyYaeB 3HAYHTENBHO MeHbIIE (He Goree 200-300A), B oTnmaune
OT COOTBETCTBYIOMICH MONOCKH B 1a6OPATOPHBIX CMNEKTPAX OTPAKEHHS HU3KOKEAEIHCTHIX
CEPNEHTHHOB, I€ €€ MHupuHa coctasnser ~T00A (puc. 1, 2). Jlasepnas cnexkrpockonus
TBCPOro BEIUCCTBA MOKA3BIBACT, YTO YIIMPEHHE CTIEKTPANLHLIX THHAN BXOMALIMX B HErO
OTACOBHBIX ~ 3NEMEHTOB MPOHCXOAWT MNPEHMYIIECTBEHHO M3-32 HEOXHOPOAHOCTeEl
KPHUCTAIHIECKOH PEIUETKU M €€ TEMIEPaTypHBIX Kotebanuii (manp., [36]). OcHoBsiBasch
Ha 3THX pe3ylbTaTax, MOXHO NPCAMONArath, YT0 3HAYHTENBHOEC YMEHbLUEHHE UIMPHHLI
HabroacMol monock nornomenns y 0,44 MKM B creKTpax OTPa’XCHHUST ACTEPOH/OB IO
CPABHCHUIO € Na0OPaTOPHLIM 3HAYEHHEM ee LIMPHHBI SBIACTCA PE3YNBTATOM [EHCTBUS
HU3KHX TEMIICPATyp, KOTOpble HAa IJTHX Tejax He npeBeumaior -73 + <123 °C s
COOTBETCTBUMM C FEANOUCHTPHYECKUME paccrosnuamu 2-3 a. e. [37}. Kpome Toro, kak
BHIHO M3 PUCYHKA 2, GOpPMa paccMaTpHBAEMOM NONOCH y BCEX H3ydEHHBIX 06pasLoB
HU3KOMEACIUCTBIX CEPIICHTHHOB ABIAETCH «CTYMEHYATOH» C PACCTOSHHEM MEXIY
BhICTYnamMu ~150-200A. ITo ykasanHoil npyuiHE BO3MOXHBI CMEICHHS Halsni0naeMoro
neHTpa 3Toit mosnockl (10 ~150-200A) npu wactothoi GUIBTPALNH WM CTAAKUBAHHH
CNEKTPOB oTpamenus. Ho HekoTopsie caBMrH MOTYT OBITb M BrONHE peaibHBIMH. B
YaCTHOCTH, HEOOXOAMMO YYHTHLIBATH OOGHApYXKeHHBIH 3PDEKT HeGOBLIOr0 CMeleHus
LEHTPOB MHHEPAIOTHICCKHX HOJIOC IIONIOIEHHS IPH YIapHOH Harpyske mMuHepanos [38].
Takum 006pazoM, MOXHO CAENaTh BBIBOX, YTO ciabble MONOCH TIOTTIOLLCHHS,
OOHapy»eHHEIC B CHEKTPaX OTPaKEHHS acteponos uurepsane 0,42-0,46 Mxm, BeposTHO,
ABNSIOTCA NPHUIHAKAMH Hamuuus B Bemectse Fe''. Ho ouesmamo, uro npodnema
COCKTPAIBHBIX  «CHBHTOB» CNa0bIX [0IOC MOINOMEHHS B CHEKTPaX OTPAKECHUA
4CTCPOHUJIOB HYXIAETCA B JOTIOJHUTENEHBIX UCCICAOBAHMSAX.

B 10 ke BpeMs eCTh 1 GaronpusTHEIi (BakTOp NpH NOHCKe CIIeKTPaTbHBIX NPH3HAKOB
TROOCHINKATOB, BXOASIINX B YIIHCThIC XOHAPHTHL [lpu momamanuu Hu3koansbemnoro
YTIMCTO-XOHDATOBOFO  BEIICCTBA HA  ACTEPOMALI  BLICOKOTEMICPATYPHBIX THIIOB
(nanpumep, “M”, “E” u “S” co cpexuum reoMeTprUYCCKHM anbbeno B npexenax ~0,15-
0,25 [39]) ero nepememuBanme ¢ 60nee CBETIIBIM MATEPHATIOM OpPHBOINT K YBEJIHYEHHIO
AON¥  DPOWICAIICT0 CKBO3b BEWECTBO PACCEAHHOIO cBeTa B obmeM auddysmo-
OTP2XCHHOM CBCTOBOM IIOTOKE, YTO HOBBIMAET BCPOATHOCTH 0GHAPYKEHHS CAabkIX MOI0C
HOMJIOLIEHHUS.

Obwwmit BIRON, KOTOPHIE MokeT ©BITh chemaH B pesyibTaTe H3Y4eHHA BCeX
HONYUCHHBIX CHEKTPOB OTPAXKCHHA ACTEPOHIOB, — 5TO HAIHYHE MHOTOYHCIICHHBIX
CHEKTPAIBHELIX MPH3HAKOB HCTUIMYHBIX THAPOCHJIMKATOB HA TIOBEPXHOCTH CONBIBMHCTBA
4CTCPOMIOB  BBICOKOTEMIIepaTypHbix THHOB (29 w3 33 wm 88% wuccnenoBannslx).
3Hauenue 310T0 axta obcyxknaetcs B [nase V u B 3akmovenny JCCepTalyy.

B I'nase 1V omucanst CUM u ero mpuMeHenne HPH H3y4YEHHH NOMYYEHHBIX HPH
HA3eMHBIX HaOmofeHusax cnektpoB oTpackeduss 21 JlioTenuu (06BeKTa KOCMMYECKOR
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muccun «Rosettan, ESA) u 4 BecTol, 06beKTa HCCICIOBAHHI KOCMHYCCKOTO annapata
(KA) «Dawn» (NASA).

Baxnyro jonommuTeabHylo MHGOPMAnMIO O CTeneHH ORHOPOJHOCTH BEIIECTBA
aCTepPOMIOB, KaK M JPYTMX TBEpAbLIX HeOECHBIX Ten, MAIOT WX HCTPEpHIBHLIC
CNICKTPAIBHBIC HAOMIOACHHS Ha NPOMEXYTKE BPCMEHH, COM3MEPHMOM C MEPHOAOM
Bpailenua (ans actepoupos I'Tl on cocrasnser B OCHOBHOM OT HECKONLKHX YacoB 1O
HECKOABKHX JHCCATKOB 4acos). Ilo psmy mocnegoBaTeNpHBIX CHEKTPOB OTpaXEHHS
uceneayeMoro o6sekTa (C NPUMEPHO PABHBIMH HHTEPBAIAMH BPEMCHH) C MOMOLIBIO
YaCTOTHBEIX MCTONOB MOXKHO NpPOCICAMTE M3MEHeHHs ofweii ¢opMbl ero cmekTpa
OTpaKEHHA WIH NapaMeTpoB OTJAENBHBIX MHHEPATOTHYECKMX M[OJIOC DornomeHus [29].
HeobxonumplM ycnoBHEM HacTOTHOrO aHAIM3a NOJYYEHHBIX CNEKTPAIBHBIX JaHHBIX
ABIeTC X abcomoTusaumd. To ecTb AaHmble, NOJNyYcHHBIC B PasHOE BpeMs M MpH
pasHbIX yCNOBHAX (@NMapaTypHbIX, aTMOCHEPHBIX H aCTPOHOMHYECKHX) NPHBOIATCS B
CANITYIO CHCTEMY C ITOMOIUBIO MX KanuGPOBKH, NPHBASKH K 3BE3RHBIM CTAHAAPTaM, YUYETa
aTMOC(EpHO SKCTHHKIMH U nepecdera Ha craHgapraeie (1 a. e.) pacCTOSHHA MEKIY
3emiteit, o6bexTom u ConmueM. [Toce Takoif KOPpeKUMH HCXOAHBIX AAHHBIX B CICKTPaX
OTpaXXeHHS UCCIEAYeMOro 00BbeKTa MOKET ORITh Hal/icHa Kakaf-TO XapakTepHas AcTaib
(Hanpumep, 110710ca MOTJIOIIEHUS MM HEKOTOPBIN YYacTOK CIIEKTPA C OMpPENeNCHHBIM
HaKMOHOM KOHTHHYYMA), AN OMHCAHMS KOTOPON pacCUMTHIBAETCS OJMH, ABA HIH
HECKONEKO MapaMeTpoB. ‘

Bonbuioe xonuuectro nabmonarenpibix Ranueix o Jlioteunn (50 cnektpos) u Becte
(691 cnextp), nonydeHHsIX B BUAUMOM auanaszone B. B. BoukoBem Ha Teneckone MTM-
500 ¢ TenesnsuonnsiM kommiuekcoMm («HUW KpAO», Vkpausa), MO3BONHIO YBEPEHHO
O0HapYHTb B MX CIIEKTPaX OTPaXeHns c1aGyio Nonocy MOrolWeH s THAPOCHIHKATOB Y
0,44 mxm (Fe**) [40, 41]. B xayecTBe napaMeTpa, XapaKTEpPU3YIOWIEro 3Ty IONOCY
MOTJIOWCHHA, HCUNONBb30BANACH €€ OJKBHBAICHTHAY IWHpuBa Wju, paccuuTaluas
CTaHAAPTHBIM 00pasoM. Ilocre BEIMHCICHHSA DSJOB TAKHX BENHYMH JUIS MONYYEHHBIX
CNeKTPOB OTpaxeHHa JIroTenii H BecTo!l OB BRUIONHEH HX YACTOTHLIH aHAIM3 METOAMHU
Bpercpa, Jlapnepa-Knumana, IOpkesuua n duMunra ¢ uenslo onpeaenenus Habopa
4acTOT HX NEPHONMUCCKUX W3meHenuit. IS HaXOKOCHWUS BCEX HC3ABHCHMBIX YacToT
NpUMEHsIAch Npouenypa OTOCNHBAHHA KaKIOro M3 PAAOB 3a Haubosiee BhIPAKCHHbIE
HacTOTHl B MNOPAAKE YMeEHbItenHs HMX amMmutyasl [40]. Haligenmsie uacToTst
paccMaTpUBANMCE KAK MNPOCTPAHCTBEHHBIE HYACTOTHI HA TIOBEPXHOCTH HCCICLYEMBIX
Bpawaiomxcs acrepounos [40, 41]. [Ipu yacrorHoM ananuze 40 ennuun W 4 Jliotennn
ObuI0 HaleHO 16 HE3aBMCHMBIX HacTOT, NOCICHOBATCNBHOE BBIMHTAUME KOTOPHIX
TI03BOJIMJIO MONYYHTE PAZl, MCHSIOMMICS HAa ypoBHe WyMa. [Ipu neckonbko yrpowarommx
npexnonoxenusx (0 chepuueckoit popme acTeponna u ero guamerpe pasHom 100 km)
OBLIO YCTAHOBIEHO, YTO HA yPOBHE OTHOWICHMS curHana k wymy S/N = 4-5 pasmepnt
NATEH THAPOCHIHMKATOBR Ha mnosepxHocTH JlioTelMH HAXOMATCA MPEHMYIIECTBCHHO B
Ananasone ot 70 go 3 km [40]. Ho, tak kak B ykasannoii pabote I MOCTHXCHHSK
HCOOXOZHMMOM TOYHOCTH YaCTOTHOrO aHanH3a GbLIO BHIMONHEHO YCPEAHEHHE HCXOIHBIX
CLIEKTPOB acTeponaa Ha 18-MUHYTHEIX HHTEpBATaX, TO Ha ACTEPOHIE MOTYT OBITh MATHA H
MEHBIUHX pazMepoB. B mepBoM npHOMDKEHWH MOXHO TOBOPHTL O OGHMOZATEHOM
XapakTepe pacnpecicHus narell na JIoTenHH, MOckonbKy ofuH (MEeHBLINI) MaKCHMYM
HHCTIa 4aCTOT COOTBETCTBYCT mATHam ¢ pasmepom 30-40 xM, a Bropoii (Gonwmmit) ~
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nATHaM ¢ pasmepoM 6-10 kM [40]. C menmpro mocTHxeHHs meoGXxoAHMOli TOYHOCTH
nonydeHHbIe Hab/mofaTeNnbuble JaHHEIE 118 BecTsl GBUIM yCpeAHEHEI Ha BPEMEHHBIX
HHATEpBaNax no 5 MuHyr [41]. B urore Gbin momyden psp w3 91 senuuuusr Wy .
HacToTHEI aHANMM3 3TOrO psfia MO3BOMIL, Kak H B cayyae ¢ JloTewuei, oGnapyxuTs 16
HE3aBHCHMEIX JaCTOT H 3aT€M OLIEHHTDH Pa3sMephl ISTeH THAPOCHIMKATOB Ha IOBEPXHOCTH
Bectr1. Okasanocs, uto npu cpeaneM auamerpe acteponna 550 kM Gonee 50% pasmepon
TaKHX MATEH COCTaBILIIOT NATHA B Auanazone oT 50 kM po 13 km [41]. Ionyuennsie ¢
nomomsio CUM pesynsraThl Mo usydenuro nosepxuocteii Jrotemmn n Becrs: Gpbm
[IONTBEPKACHE! HEAABHO MONYYEHHBIMH KOCMHYCCKHMH cHMMKaMu [19, 20). Tlockonsky,
YIIHMCTEIE XOHAPUTHL HMEIOT 04ens Hu3koe ansbeno (~0,05-0,07) [42], Temusle naTHA Ha
nosepxHocTax Jhotetun u Becrst [19, 20], BuzuMble Ha 3THX CHHMKAax, MOTYT GHITH
06pa30BaHMIMH, TOAOCHEIMH YIIMCTHIM XORIPHTAM, BKITIOYAIOIAM THIPOCHIHKATL.
[maga V nocpsmiena ofmelt uHTEpUpeTaMd BceX MONYYEHHBIX B paGore
pesynbratoB. B pajnenax 5.1 u 5.2 1m0 imMTEpaTypHBIM HCTOYHHKAM BHIIONHEHO
OGCY)XHEHHE OCHOBHBIX TAKCOHOMHYECKHX (WIM CHCTEMATHYECKHX) KIacCHOHKAIMIT
acteponzio I'll, Gasupyronmixcs nMpeHMyILECTBEHHO Ha MX CHEKTPATbHBIX CBOHCTBaX, —
a1o Kiaccudukanun Tonena [43], Bac [44] u Jlemeo [45]. Ux npeumymecTBo coctouT B
BO3MOJKHOCTH ONHCaHWS IPOHCXOXACHHAS H IIOHCKA I3BOIIOIHOHHBIX B3aHMOCBA3Eit
O/IBIIOro KONMIECTBA ACTEPOHIOB PA3HEIX CNEKTPATHLHBIX KJIACCOB, XapaKTepU3yeMbix
COCTaBOM M MHHcpanorueil BemecrBa (Hamp., [46]). OGcyxnmaerca crpyxrypa ITI
aCTCpOMAOB IO TEIHOLCHTPHYECKOMY DpacCTOsAHMIO (B npexenax ~2,0-3,5 a. e) B
COOTBETCTBHHM C PACIPEACIICHHEM OCHOBHBIX CIIEKTPANBLHbIX TUTIOR acTeponnos [44, 47) n
BO3MOXHOTO BIMUAHNA Ha Hee PRHHHX QHIHKO-XHMHUECKHX M ANHAMHUYECKHX TIPOLECCOB.
Honvepxusaercs, 910 OCHOBHHIMH OCOGEHHOCTSMM 3T CTPYKTYPhI SIBIAIOTCS: 1)
CMellenHe k BHyTpentieMy kxpato I'l1 sricoxoTemneparypHeix actepounos S- , M-, E- n
HCKOTOPBIX APYTHX THIOB, KOTOPEIE MOTJM NpH (OPMHPOBaHHH ObITh pasorpers 1o
1000-1500 °C [46, 48]; 2) cmemenne x BuemHemy kpaio ITI HU3KOTEMIICPaTYPHBIX
acrepougos C- , G-, P-TUnoB n ApyruX, TeMmepaTypbl KOTOPHIX MpH GOPMHPOBaHMH He
OPEBBIMIANH HECKOJIBKHX COTEH TpanycoB [46, 48); 3) «mceoxsatwiarommii» mna I'TT
XapaKkTep pacrnpenencHus Haubosnee MHOTOYHCICHHBIX acTeponnoB C-tuma (okono 75%
Beex); 4) «HapacTalommiiy K BHEINHEH nepudepun XxapakTep pacnpeleleHus HanGoee
TIPHMHTHBHBIX acTeponaos D-Tuma; cornacHo knaccubukanuu Bac [44], srimonseHHoi
Tio HanbonblIeMy KonndecTBy actepounoB (1447 Ten), Takoii ke xapakTep npuofperaet
(mocne mexoTOporo MEHMMyMa Ha 3 a. e.) pacmpenelieHHE ACTEPOHAOB C-KOMIUICKCA
(Bmodaromero xpome C-Trna acTePOH/IOB eLle HECKONBKO GIU3KHX K HEMY THIIOB).
PaccMoTpers! irHamMHYecKHe IPOLECCH, KOTOPSIE MOLIH MOBIMATE Ha cTpykTypy I'TL
Corstacno TpaguuMOHHOH Toyke 3penns, acrepoumst I'TI, nmIKymwecs B npenenax
TeTHONEHTPUYICCKUX paccrognuit 2,1-3,3 a. e, B ocHoBHOM ofpa3zoBamuch in sifu B
pesynsTare npobienua Mx poautensckux Tten [47, 49]. B COOTBEICTBHH € TakMMH
HPCACTABICHASMH aCTCPOHBI BRICOKOTEMIlEpaTypHBIX THIOB (S- , M-, E- u 1p.) moryr
NPEACTaBNATE OGOl (parMenTsi Anep HX AH(HEPEHITHPOBAHHBIX POIHTENLCKHX Te [47).
Ho kakue NPUYUHET 1 KOTAA NPHBENHM K PE3KOMY YBENHYEHHIO OTHOCHTEBHEIX CKOPOCTEI:
PTA oT necsiTKOB UK COTCH METPOB B CEKYH/Y 110 COBPEMEHHOTO 3Ha4eHHA ~5 KM/C H HX
aKKpEIHUA CMCHIIACH APOCNCHHEM NOKa HEACHO. DTO MOINO MPOM3OHTH KaK B MEPHOL
¢opmuposanns  ¥Onmurepa, B nepBble HECKONBKO MHJUTHOHOB JIET CYUIECTBOBAHUS
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Conneunoit cucremsr [49], Tak u nosguee Ha ~30-100 maH. ner, B on0xXy oOpazoBanus
IaHeT 3eMHOH rpynnel, xorxa B [Tl MOriH NpPOHHKaTe € BBICOKHMH CKOPOCTAMH
GonbluKe JOTIAHETHBIC TEJa ¢ MEHBIUHX TEMHOUSHTPHYECKHX paccTosuuii (Hanp., [5,
50]). Kpome Toro, nuHaMH4ECKOEC MOACIUPOBAHHE OPOUT IUIAHET-TUTAHTOB B PamKax
«HHUNEBCKOH Mogemu» [7] mokaseBacT, YTO B MEPUOA POCTA 3THX ILUIAHET M HX
pe3oHaucHbIX B3auMoJeHcTBHH Oblla Bo3MOXHA Murpauus IOmurepa Ha Meublune
TCIHOUECHTPUYECKME  pACCTOSAHMA W, COOTBETCTBEHHO, - ero 0Gojee CHIbHEIE
IPAaBUTALHONHEIE BO3MYLICHHS 30HbI ACTCPOMIOB.

BaxuneiiuiM (GH3NKO-XHMHYCCKHM [POLECCCOM, NPOTeKaBMM B pauneil ConHeynoi
CHCTEME M CYUIECTBEHHO H3MEHHBIWINM cocTaB PTA m, 3paunT, CyIIeCTBYIOLIMX
acTepounos, Oblia WX NEPBUYHAS TEmIoBas JBomomud. Ona Npoxoauna IpH pacnaze
KOPOTKOXHBYIIMX HM30TONOB (B ocHoBHOM Al , Ho Takke “Fe u ap.), KoTopble
00pa3oBanMCh TNpH B3PLIBC HOBOIi HIM CBCPXHOBOH 3BE3bl, CTHMYJIMPOBABIICM
olpazosanne ConHeyHOH CHCTEMBl. JTOT COBBITHE NOATBEPXKAAETCA IMOBBILICHHOI
Konuentpammeit Al B naockoctn nawreit T'aTaKTHKM, TIE YacTo TIPOMCXOZAT B3PHIBHI
HOBBIX M CBEPXHOBBIX 3B€3]l, 00HapYXeHHOE MpH KocMuYecknx uiMepennsix [51]. Taxue
H30TOIIb] BOIIH B COCTaB KAMEHHOH KOMIIOHEHTH! BEINECTRA (BKIIOMAIOMEH CHIMKATEL 1
ApYTHe COeAMHEHHS THIIA OKMCIOB, CYAbOUIOB U T. 1.) AomnaseTbix ten. Ofuapyxenue
B MarMaTHHCCKOM METEODHTHOM BELICCTBE NMOBLIIEHHOTO copepkanus “*Mg, npoaykra
pacmama *°Al, sBisercs nPAMBIM MOATBEPKACKHEM PaccMaTpPHBAEMOro NpoLecca U ero
3HEPTeTHYCCKOro HCToYHuKa (Hanp., [52]). Ipuyem, Tennoras 3BONIOUNS MPOUCXOIHIA B
TCYEHHC NEPBRIX HCCKOJIBKUX MHIUIMOHOB JIET (C yYeToM mepHoxa monypacmana “°Al
~0,73 mnn. net) Ha Beex Tenax CoNHCYHOM CHCTEMbI, BKIIOUABIIMX XOTh KAKYIO-TO JOJI0
KaMeHnoro BewecTBa. Yem OGomplueHl Oblna [0MM KAMEHHBIX M METATMYECKHX
CoeIMHEHMIT B cOcTaBe Ten (HanpuMmep, ¢ npubmnkerneM K Connuy), TeM 3HaYHTEIbHEE
MOTIH ORITH pasorpeThl Hx Heapa [48]. Y nanporus, eclii B COCTaB HCXOJHOTO BENICCTRA
BXOAHNH JIEABI (B YACTHOCTH, 33 I'PaHHIIcH KOHACHCAUKH BOAAHOTO JbJa, HaXOAUBLIEHCS,
KaK mpeanonararor, sonusn suemuell nepudepuu I'Tl), T0 310 momkHO Gbuio pesko
CHHXKATh BHYTPEHHIOIO TEMIIEpaTypy pOoaHTENbCKHX Ten actepounios (PTA) [48]. Baxno
OTMCTUTh, YTO MOJCMHPOBAHHE AKKPELMH IUIaHeresuMatcit (wamp. [21]) w u3yuenne
AudepeHnpoBaHHBIX MCTEOPUTOB (aXOHAPHTOB) (Hanp., [53]) M03BOAHNH YCTAHOBHTS,
410 TerioBas 3somound PTA mo BpeMeHH mpakThueckd coBnaia ¢ WX akkpeuued H3
fonee MEJNKHUX TUIaHeTe3UMAEi.

B paspene 5.3 ommcaHbl pe3ynpTaThl aHAIMTHYECKOTO MORENMPOBaHMA (HA OCHORC
peicHds ypaBHEHHMA TEIIOBOrO OanaHca) NEPBOHAYANBHON TCIUIOBOH  3BOJIOLMH
KaMEHHO-JICAAHBIX HeOCCHBIX TeN, HAXOAMBLIUXCA B o0nactu mosca Dmxsopra-Koitnepa
(~30-50 a. e.) [15]. Bo3smMOXHOCTS TEITOBOH IBOJIOLME TAKHX Tl 32 CYET Pasorpepa HX
Hexp Al npH yCiIOBHH I0CTAaTOMHO OricTpoii axkpeunn (Hanp., [21]) 4 npu kpaitne
HU3kHX Temmepatypax (~15-30 K) u nanemusx (10° - 10" Gap) snewnero Kpas
Conneynoii cncteMsbl GBUIa PACCMOTpeNia B KaYecTBe MPEAENbHOTO Caydat. OfobumeHue
HUMCIOLIHXCS AaHHbIX O COCTaBE slep KOMET M HACTHI MEKIIaHETHOI MBUIH MO3BOMHIIO
caenats BEIBOX [15], uwro Bemecrso pansux Ten Dmksopra-Koiiriepa Morio coctosrts
TIPUMEPHO W3 PaBHLIX Mponopuuil 1px0B (BMovaromux ~80% BOASHOTO NbAa), YAaCTHI
TOpHLIX 1OPOJ (B OCHOBHOM CHIIHKATOB) U OPTaHMKH (MPEMMYILIECTBEHHO TYIOILIABKOI,
BKJIOYaOlie annpaTuyecKhe, HUKINYCCKHE M APOMATHYCCKHE YIAEBOAOPOIBI C
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npomnopuueii aneMentos C:H:O:N = 1:1:0,5:0,12 [54]). D10 n03B0OMIO NONYIHTE ONCHKY
colepxanus B BemecTBe Al ¢ yderom Benmumnel otHomernus CALYAl = 1x107° na
MOMEHT BpeMCHH 4epes ~1,5 MiH. Jiet (BpeMs, KOTOpoe NOTpeGoBAHCh Ha aKKPELHIO Tl
100-xm pasmepa [21]) mocne Hadana pacnaja 3TOrO M3OTONA B BLICOKOTEMIIEPATYPHBIX
KaNpLMH-aIIOMHHHEBLIX BKITIOYEHUAX, 00HApYyKEHHBIX B MeTeopuTax [52, 53], 1 obwero
COACPKAHHA AMOMHHUA, paBHoro 1,3 Bec. % B TYrOIUIABKUX 3JIEMEHTAX KaMeHHOI
KOMITOHEHTH! BEIIECTBA (TiPH €0 XOHIPHTOBOM HIH CONHEYHOM cocTase). [lpu pemenun
YPaBHEHMS TeMIoBOro Oajanca ObiIO NOKA3al0, 4TO B CIy4ae AaKKpEIMH Tel 32
MAHHMATbHOE BpeMs ~10° ner (nanp., [21]) Ha cambIx KPYIHBIX U3 HUX (C pagpycoM R>
100-300 kM) xomKHO OBUIO NPOH3OHTH HONHOE MUIABIEHHE JbAa H 0Gpa3oBanue
BHYTpEHHEro BojHoro oxeana [15]. Ha paccMmaTpHBaeMEIX Temax XHAKHil OKeaH Mor
NpOCYLIECTBOBATE UPH cpeaneil Temmeparype ~4 °C no 3amepsanus 2-3 MiH. JET, #
TONBKO BHEIUHSAA KOP2 H3 «IPA3HOrO» MOPUCTOrO Jibja ¢ Tonmmuuoi ~10 kM, BeposTHO,
ocraBaiack 3amepsuici (15]. Crome fpOAOMKHTENbHOE BpEMA CyIIECTBOBAHHA
BHYTPEHHETO BOZFOIQ OKEAHa Ha TPAHCHENTYHOBHIX NOIIAHETHBIX TENAX, BEPOATHO,
OBIO [OCTATOMHBIM JUIA CCAMMEHTALMH GOJNBIUAX CHJIMKATHO-OPTaHHYECKHX SCP
(pasaMep KOTOPHIX C YYSTOM COZCPXAHMUS B BENIECTBE OCHOBHHIX KOMIIOHEHT MOT
aocturats ~0,7R), a Takxe ju1a 06pa3oBaHHA THAPOCHIAKATOB H PA3BUTHA OPraHUYCCKUX
coepunenuit [15]. TIpuBeseHHbIE aHATHTHYECKHE OLICHKH COMIACYIOTCA C PE3yNbTaTAMH
YHCIENHOTO MOJETHPOBAHHA TEILIOBOH BOMIOUMH NOOGHBIX Te mpu pacmage °Al [22,
23] Ho npm yKasaHHBIX UHCIIEHHBIX pacyeTax OBUT YCTARHOBNGH  BaXKHBI
AOTONHUTENBHBIH (aKT: B AApaxX TAKHX TEN TEMIEPATYPHl MOTM JAOCTHTATh HECKOMBKHX
coted rpagycoB [23] (mo mnpuumme Gonmemieii xomuentpaumu “°Al). Bsaumurie
CTONIKHOBCHHS DPacCMATPUBAaEMBIX Ted MOTJHM, C OJHOH CTOPOHEI, OOGECNEYHTh HX
AOMOMHATENBHEI PA30rpeB M NPOIJIATL BPEMA CYLIECTBOBAHHA BHYTPEHHETO BOZHOTO
OKeaHa, a ¢ JpYyroi CTOPOoHEI (10CTe 3aMEP3aHHA OKeaHa) — NPUBECTH K APOBGICHHIO HX
NEMAHEIX O0ONOYEK M JKCKAaBalMM THAPOCHIMKATOB H OPraHHKH. BO3MOXHO, HIO
ACHCTBOBA M MEXAHH3M B3DHIBHOH JIOMKU H OGHOBJICHUS JIEASHON KOPBI Tel DIKBOPTa-
Koiinepa npu pasorpese u nepexosie B rasoo6pasHoe cOCTOAHHC JeTyuel opranuky [15],
a TaKxe Npu 00pa3oBaHHM B BOAHOM OKeaHe IHIPOCHIHKATOB C BLIGICHHEM GONBIINX
obvemop H, u CH, [55, 56]. D10, BeposTHO, MOATBEPKIACTCS OOHAPYKEHHEM HOJOC
TNOTJIOINEHUA THAPOCHIMKATOB HA HEKOTOPHIX TPAHC-HENTYHOBEIX Tenax [24, 25).

C yuerom nomo6us ycnoBuii $HOpMHpOBAHHA M, CIENOBATENLHO, COCTABA BELICCTBA
KaMEHHO-NIEASHBIX TOMLUIAHETHRIX TeJ BO Beell BHemHelt neprdepuu Colne4HON CHCTEMBI
3a rpaHUUeil KOHACHCALHMH BOJAHOTO JIba MOXKHO YTBEDKIATh, 9TO AN BCeX TAKHX Tel B
OCHOBHOM NpPHUMEHHMBI PE3YNILTaTEl MOACHHpoBaHuA [15]. B cBs3u cO 3HA4YHTENBHBIM
BIMAHHEM Ha acteponnsl 11 camoro FOmurepa, nponecca ero pocra, a Takke MHOXECTBA
AOTAHETHRIX TeJ, CYLIECTBOBABIINX B 30HE ero GopMuposanns [49, 571, o141 pesynsTatst
OBUIHM MCHONB30BaHbI /1A OLEHKHM N3PaMEeTPOB Tell fonuTepranckoit somsl (TIO3). Tlpu
ycroBuy Gollee BEICOKOH JOMH KaMEeHHOTo BemecTBa (1 °Al) na kpynseix THO3 MoxHO
MOJIararh, YTO BO3HHKIIMI MpH pacnaze %Al BHYTPCHHHN BOXHEIN OkeaH ObLY pasorper Ao
Gonee BHICOKHX TEMNEPATYP M JOJIBILE OCTABANCA B HE3AMEP3ILEM COCTOSHHH (~10 MIH.
ner), weM Ha Ttenax Omxsopra-Kofinepa. B sommom okeane THO3 momxus! Gbim
OPOTEKATh AHANOTUYHBIC Iponeccht JuddepeHUManny W CceaUMENTAldH  BEIICCTBA,
00pa3oBaHMs TMAPOCHIMKATOB M (OPMHMpOBAaHMS sAep HM3 MHHEDAJOB, OKHCIOB,
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TYTOILIaBKOH opranMku H T. . B To e Bpems TeMuepartypa B sapax THO3 morna
JAOCTHraTh HECKONBKHX COTEH IPajycoB, HApacTas K MLCHTPY, B COOTBETCTBHH C
YHCIICHHBIMU MOJCIAMH 3Boaouny noaobubix tea [22, 23). TakuM o6pa3oM, MOXHO
NpeAnoNaraTh, Y10 8 CHIMKATHO-opraHuyeckux sapax THO3 nmennch GraronpusThbie
ycioBusa s o0pasoBaHUs M aKKYMYJSLHH HE TOAbKO MHAPOCHIHKATOB M NPOCTEIiIero
OpraHMYeCKOro BeulecTBa (TMNa KeporeHa WM OUTyMma), HO H NpeAOHONOTHUCCKHX
COeAMHEHHI WM JAXKC NPOCTCHIIUX OHONOTHYCCKUX CTPYKTYD.

IIpumepno B ToT e mepuon Macca nporo-fOnurepa gomkua Gbula JOCTHYL ~5-10
mace 3emnn  axkpeuns uM THO3 cMenunack BuIGpocom GoMbIeH HX YacTH 3a Mpeaebl
€ro 30151 GOPMUPOBAHUS — KAaK BO BHEWIHION, TaK H BO BHyTpenuioto yactu CC (49, 57].
HAuanason otHocHTenbHBIX ckopocTeill THO3, NpOHMKABIIMX B 30HY aCTCPOHIOB,
onenmsaercs oT 2-3 kM/c go 30 km/c [57, 58). YIX mpsiMBle CTONKHOBEHHUSA C CaAMBIMH
BBICOKHMHM CKOPOCTAMH € DOJAMTENLCKMMM Tedamy actepounos (PTA) xofukdel Obuid
OPHBOANUTL K [PAKTHYECKH MOJHOMY «BBIMeTanuIo» mnocieannx w3 [Tl Takoit
npefenbubiid ciydai BlaumomeHcTBua THO3 u PTA paccMarpuBaics Kak OAHH U3
MEXaHH3MOB yAAJICHHS OCHOBHO MacChl BEHICCTBA H3 30HBI acTeponnos [49, 57). Ho kak
IIOKa3LIBAIOT PacueThbl W IKCHCPHMEHTHI, NPH JHOOBIX BapHAHTAaX CTOJKHOBEHHI Tej B
OKPECTHOCTH OMUUCHTPA yAapa BCErza OCTaeTCsd Kakas-TO YacTbh MaTepHaia Kak
"Mumenn”, Tak 1 "ynapuuka” [59, 60]. 3to o3nauaer, uTo HApAAY € YAANCHHEM BELICCTRA
H3 30HH! acTeponnoB npu cronkHosenusx THO3 u PTA npoucxonuna u ero goctaska. [Tog
«HOCTaBICHHBIM BEIUIECTBOM» MBI MNOHMMaeM pasgpoOnennoe Bemectso TIO3 (or
KpynHbIX (parMeHToB 0 NBUIH), OCTABIICECS B 30HE aCTCPOMIIOB TOCHE CTONKHOBEHHIL.
Ouesusio, 9T0 10718 «FOCTABICHHOTO BELIECTBa» NOJXHA Obula GbiTh HaubonbIeii B
ciayqagx croaxknosennii TIO3 u PTA npH MHHMMalbHBIX CKOPOCTAX. OTHOCHTENBHO
HEBBICOKHE CKOPOCTH CTOIKHOBCHHH Tenl ObiM Taxke Gonec 6naronpuaTabl  and
«BBDKHBAHHMA» TAKHX HH3KOTCMIIEPATypPHBIX MAaTEPHAIOB, Kak TMIPOCUIMKATLI M
oprandka. 34¢Ch BAXHO NOAYEpKHYTh, 4yro Te THO3, Kotopwie mpounkann B Il
acTepoOHIOB ¢ MHHUMAIbHLIMH CKOPOCTAMH, KaK pa3 MMCNH HAHOOMBWYIO BEPOATHOCTH
cronkHoBeHuss ¢ PTA, nockonbky —IBHranucL 10  OpOMTAM C  MEHBIIHMH
SKCLECHTPHCHTETAMH H MOTJIH Yaile U GonblIee KONHYecTBO pa3 cOnmxartses ¢ PTA, uem
THO3 ¢ BbICOKMMH CKOPOCTAMH, ABIKYIIHECS 110 Gonee BEITAHYTHIM opbuTam. Pemaromee
3HAUCHHE 1T NOCNCACTBHH TAKHX CTONKHOBCHHIT HMC/IM W pPaiHYMs MEXaHHYECKOIl
npoyHocty ¥ cIpykTypsl TIO3 u PTA. Eci y nepBeIX B NEpHOI IPOHMKHOBEHUS B 30HY
acTeponJoB Obil HEONHOPOZHOE BHYTPEHHCC CTPOEHHC M HK3Kas MPOYHOCTh (KaK
CIICAYET H3 TCOPETHYECKOTO MOAENpoBaHng [15] n apyrux pabot), To BTOpBIE, ¢ YYETOM
HX NPCHMYIUECTBERHO CHIMKATHOTO COCTaBa M BCPOATHOrO IUIABIEHMS NPH BLICOKHX
temneparypax (mo ~1500 °C), wnaobopor, zowkubl OwiH 06nagaTh MOHONHMTHO!
CTPYKTYPOii U BBICOKO# MpoyHOCTio. C ApYroii CTOPOHLI, OPHCTHIC NEAAHbIE (WK eLIe
Kuzikue) Mantun THO3, BepoATHO, CHYKMIM CBOCTO PoRa «JAeMIdepaMu» H CHHXAM
KaTaCTPOPUIECKUE MOCICACTBMA CTONKHOBeHMH otnx Ten ¢ PTA. Eme ongnum
GrnaronpusTHLIM (aKTOPOM B paccMaTpHBacMBblil paHEWH mepuon BpeMeHH CONHEYHOIH
CHCTEMBI, BeposTHO, bl neOynapubiii ras (Hanp., [49, 617]), xotopstii Mor >ddekTHBHO
CHHXATh CKOpOCTH pasneta parmentoB THO3 u PTA npu cTonknosenusx.

Paspen 5.4 [nasut V. CoxpaHuBuIHecs NMOCIC KaTaCTPOGUYECKHX YAapOB KPyIHbIE
¢parmente TIO3 B ciyuae noTepu Gonbiueli YacTH KMHETHYECKOHW JHEPTHM MOIIH

21



ocTatbest BTl M MONONHATE YKHCNO FPUMMTHBHBIX (HH3KOTEMIIEPATYPHBIX) aCTEPOHIIOB.
A 4acTH4HO mepepalOoTanHbIC B yAAPHOM NpOLEcCe MbUIb H Menkue ¢parments TIO3
(ICAAHOTO U YIIHCTOTO COCTaBa, BK/HOYAIOWIETO MMAPOCHIHKATHI) MOIVIM BBUIACTH A
PTA, pagoM C KOTOPHIMH NPOMCXOIHIM pPAacCMaTPHBAEMEIC YAApHLIC COOBITHS.
Heo0xomimo Takke yuHTHIBATh, 4TO B COOTBETCTBHH € 3aKOHOM COXPAHCHHS KOJIHYCCTBA
ABHIKEHAA OCHOBHAA Macca pas3ipobnennoro Marepuana THO3 nomkna 6Lina JBMraTecs B
HanpaeneHun K UeHTpy ConHedyHOH CHCTEMBl H MOIJIA JOCTHYL 30HBI MIAHET 3eMHOIL
rpynnst. Ipgext Iokintunra-PobepTcona, mo-BHIHMOMY, Gbi el ORHAM (AKTOPOM,
CIIOCOOCTBYIOIIMM  NIEPEHOCY 3TOTO Pa3sApoGNeHHOro BewlecTBa BUYTpb ConmeyHoil
CHCTEMBI.

Ha ocnoBe 0OHApY)XEHHS MHOTOUMCHCHHBIX SfIPWINAKOB HAMHYMA HCTHIHYHBIX
THAPOCHIHKATOB (KAK OCHOBHOIH COCTABISIOMICH YIJIMCTBHIX XOHAPHTOB) HA NMOBEPXHOCTH
4CTEPOUJIOB BLICOKOTEMUEPATYPHEIX THMIOB NO NPEACTABAEHHBIM HalONIOAATENBHEIM
JaHHBIM aBTOPA, MOXHO NPEANONAraTh, YTO NPEHIOKCHHBIH MEXaHH3M MNepeHoca
sewectsa TIO3 B mosc acreponumos npuBen K (opmHpoBamHio  Hambolnee
MHOTOYHCIICHHBIX acTeporaoB C-THIIA M YIIHCTBIX XOHAPHTOB, M3 3Toro criedyer, 4to
APA CAMBIX KPYIHEIX COBPCMEHHBIX C-acTEPOHAOB MOTYT ObITh AH((EpEeHIHPOBAHHEIMA
B TOM Ciy4ae, €CHM HM3HAYQTBHO NpENCTAaBIAIH C0DOI  BHICOKOTEMIICPATYPHEIE
POZMTENBCKHE T ACTEPOHAOB HIIH HX (QPATMEHTHI, HA KOTODPBIE BBIUTAN TONCTBIHA ol U3
pasapobneHHbIX HU3KOTeMNepaTypHbX Matepuatos TIO3. B To xe Bpems Gonee Menkue
C-acteponnsl MOTyT 6biTh coxpanuBLnMucs dparmedtamu TIO3. B paccMaTpuBaeMEiii
cueHapuil "BnnceiBacTca” THNOTe3a 06 o6pa3oBaHMM YIIMCTHIX XOHApHTOB [14, 62].
QopMHpOBaHHE pPA3HBIX TPYNN 3TAX METEODATOB MOXHO pAaccMaTpuBaTh  KaK
MHOrOCTafiMHHEIL  mIpoliecc  HackmlenMs  pasapolnenHoro  Bemectea  THO3
BBEICOKOTEMIICPATYPHLIMM XOHIPaMH, KaK KalllAMH PacIuIaBACHHOTO MPH CTOIKHOBEHHAX
ten Bemectsa [14, 60]. Cnenyer nomuepkuyrs, uto actepongpl C-THNA TpagHUHOHHO
CYMTAIOTCS POAMTEABCKHMH TENAMH YIVIMCTBIX XOHADHTOB MO NpPHYHHE CXOACTBA HX
CHEKTPOB OTpakeHus (namp., [46]). Ho B npeacrasnennoil pabote aump yTBepkaaercs,
4TO BCINECTBO acTeporaos C-THNMA M YIYIMCTHIX XOHAPHTOB [POM3OLUIO M3 06IIEro
"nerounnka”. Takum 06pa3oM, paccMaTpHBAEMbIR CHEHAPHI 1103BONSCT OGBACHUTE
"ceoxBatbiBatomuii” s [T acreponioB xapaktep pacnpeaenctus acreponnos C-Tufia,
B3aUMHOC MCPEKPBITHC  PACUPENCAECHHH  ACTEPOHIOB  BHICOKOTEMIIEPATYPHHIX M
HU3KOTEMIICPATYPHBIX THITOB, @ TAKXKE HAPACTAHHE KOJIMYECTBA MOCACAHUX K nepHdepun
I'Tl. OgnuM U3 nonTBepXICHH NPABUIALHOCTH BHIOPaHHOTO B naHHOM paGoTe moaxona
NpH peleHuH NpolieM NPOMCXOXKICHHS ¥ DBONIOLUMH aCTEPOHAOB Pa3NHYHBIX THIIOB
SBNAIOTCA  Pe3ynbTaThl  JUHAMMYECKOTO  YHCJIEHHOrO  MOJENHpPOBaHHA  paHHHX
PC30HAHCHBIX B33MMOACHCTBUIM M MMIpallHM IUIAHCT-THraHTOB (Hanp., [6]). Dtm
PE3YILTATE! MOKA3BIBAIOT BO3MOXKHOCTH obpasomanms B I'Tl monynduuu acrepomos D-
THIIA, UMEIOIHX NpU3HAKH Gosee BBICOKOrO COMEpIKaHHA OPraHHMKH (Y€M B YIJIHCTHIX
XOHIPHTaX) B pesynbTate "BOpOCA”" NpHMHTHBHBIX Ten ¢ nepupepun ComHeduoit
cHCTeMBI [6).

B 3akmrouenuu paboTel caenansl CleQylOIME BHIBOABL [IpUMeHeHHE METOOB
CEKTPOOTOMETPUH NIPH M3YYCHHH ACTCPOMAOB H IPYTHX TBEPABIX 6e3aTMOCHCPHBIX
HEOECHBIX TeJI IOKA3BIBAET, YTO ITO HANPABJICHHE HX HCCNENOBAHMK BECHMA NPOAYKTHBHO
IpA peIeHAH QYHAAMEHTANBHBIX M OPUKIAHLIX TPpoGaem.
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OOunapyxennble U npeAcTaBieHHBle B 3TOH paGoTe MHOTOYMCNIEHHBIC NPU3HAKY
HaMyHs NIPAMHTHBHOFO THJAPATHPOBaBHOIO BELIECTBA HA MMOBCPXHOCTSX acTEPOHIOB
BLICOKOTCMIICPATYPHEIX ~ THIOB  SBJMIOTCS  NOATBEPXKICHHAMH  CYLIECTBOBAHHUS
NOCTOSHIOTO TNOTOKAa  YIVIMCTO-XOHAPHTOBOTO BELICCIBA, HANPABICHHOIO BHYTPL
Conneunoit cuctemsl. IHTCHCHBHOCTE 3TOFO MOTOKZ, BEPOSTHO, OLa MAKCHMANLHOI B
nepuol npounkHoBeHHA B [Tl acTepomnoB KaMeHHO-NCASHBIX Ted U3 30HBI
dopmuposanns IOnuTepa 1 ux ApoGneHus NpH CTONKHOBEHHAX C POAMTEILCKHMH TENaMH
aCTCPOMIOB.

FuapaTHpoBanmoe — CHIHKATHO-OPrailH4CCKOE  BCIICCTBO, 00pa3oBaBlicecs B
TEPBHYHLIX BHYTPEHHMX BOMHLIX OKEAHAX KAMECHHO-TICASHBIX TEll, CYLIECTBOBRBIUHX B
30nax dopmuposanus FOnHTEpa ¥ APYTUX (IAHET-THIAUTOB, MO0 OBITH NEpeHeceHo He
TOJIBKO B T0SC ACTEPOMIOB, HO U Ha MEHBLIUME FCIHOLEHTPHYESCKHE PACCTOAHHA, B TOM
ggcie Ha 3Jemmo. B cBAIM ¢ 3TMM  OTMeuaeTcs  aCTPOOHONOTHYCCKHMI  aCHeKT
paccMmatpupaeMuIX mpobieM. B sapax kaMeHHO-IeSHBIX JOMIAHETHLIX Te/T B EPHOL HX
pannei TerioBoii 3pomonKy ObIIH GNaronpHATHLIC YCIOBHA HE TONBKO /It 00pa3oBanus
THAPOCHJIMKATOB, CIIOXKHBLIX OPraHHYCCKUX W TPCAOHONOTHYCCKHX COeIHileHUH, HO H,
BO3MOXHO, IPOCTCHININX OHONOrHYCCKHX CTpYKTYp. Takue Martepuansl, 6yayun
JOCTABJICHUBIMH HA NIPOTO-3CMJII0 B HEMOBPEKICHHOM COCTOSHMH (HATIPUMEp, B COCTaBe
NLUTH), MOTIHM CTaTh «CTPOMTENLHLIMH 3JEMEHTAMH» JUI8 BOSHHUKHOBCHHS H/ N
AanpHeiimero pasBuTHs XU3HH. Boga, rHAPOCHIMKATE (KaK PasHOBHAHOCTH TIMHHCTBIX
MHHEPATIOB) M CJIOXKHBIE OPraHHYCCKHE COCAMHEHHS MNPU3HANG! HEOOXOAMMBIMH
COCTABJIAIOLMMH CPEAiBI, B KOTOpOH mpocTeilias >H3HB MOTJIA BO3HHKHYTh Ha
noBepxHocTH 3emiu [4].
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