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Jroxun Anexkceil Muxaiiiopu4
K BOITPOCY O NIPOUCXOXJIEHUHU AJIMA30B U KHMBEPJIMUTOB

000 «Huemumym oucmanyuonnozo npozHoza pyor, 2. Mockea, lyuhin@yandex.ru

ApTopedepar. HepepHblE TreHETHYECKHE TIOCTPOEHHS, CBA3aHHBIE C OCHOBONOJAralOIIMMH  BOMPOCAMH
MHpPO3JaHusA, MOTYT HEOCO3HAHHO MPHBECTH K OMMOOYHBIM MPOTHO3aM M HEraTUBHO CKasaThCAd Ha Oymylimx
pe3y/bTaTax, KaKk Hay4HO-MPaKTHYECKOM, TaK M NMPOU3BOJICTBEHHON NEATENLHOCTH (IKOHOMHKE). ENUHCTBEHHBIM
crnoco0oM MHHHMHM3HPOBATh ITH PHCKH, ABJIACTCA IIMpOKas MyOnM4Has AMCKYCCHA, 1O BCEM OKOHYATETbHO He
pelleHHbIM Hay4HBIM Bomnpocam. B craThe cienaH KpHTHYECKMH aHaiM3 OCHOBHBIX MOJOKEHWI MaHTHIHOM
THNOTE3bl 00pa3oBaHMs NPHUPOIHBIX aIMa30B, MPOBEIAEHO COMOCTABIEHHE HM3BECTHBIX B aIMa3HOH TIeoJIOrHH
¢dakToB ¢ Jjpyrumu HabnomaeMeIMH B mpupoje 0o0bekTamH, SABIEHMAMH W TpoLecCaMH W TpHBE/eHa
aJIbTEPHATHBHAS rurore3a obpasoBaHus alMa3oB M KMMOEPIHUTOB, KaK pe3ysbTaT CTOJKHOBEHHH KOCMHYECKHX
00BEKTOB - ACTEPOUJIOB, IIAHET H KOMET.

Kimouessle cj1oBa: anmas, KUMOEpIHUT, MAaHTHA, CTOJIKHOBEHHE KOCMHYECKHX TEJl, aCTEPOHJI, KOMETa, METEOPHUTEI,
KyMyJIATHBHBIH 3 dexT, ynapuslii kpatep, CVD-cuntes.

TO THE PROBLEM OF DIAMOND AND KIMBERLITE ORIGIN

A. M. Lyukhin
00O “Institute of distant ore forecasting”, Moscow, lyuhin(@yandex.ru

Abstract

Wrong genetic constructions connecting with the basic problems of the universe can lead to the mistaken
forecasts and negatively tell upon the future results both of scientific-practical and industrial activity (economics).
The only way of these risks minimizing is a wide public discussion on all the unsolved scientific questions. In the
paper a critical analysis has been made
of the main statements of mantle hypothesis of natural diamond formation, a comparison has been done of famous
in diamond geology factors with other observed in nature objects, phenomena and processes, the alternative
hypothesis has been given of the diamond and kimberlite formation as a result of cosmic objects collision —
asteroids, planets and comets.

Keywords: diamond, kimberlite, mantle, cosmic object collision, asteroid, comet, meteorites,
cumulose effect, shock crater, CVD-synthesis.

Cnyuunock Tak, 4To Mbl, B 21 Beke, 6e3 Ma/oro uepe3 MOJTOPbI COTHH JIET MOCJE OTKPBITHS
NepBBIX KUMOEPIHUTOBBIX TPYOOK, TaK U He MPHOJIM3UINCE K OTBETY Ha BONPOC — OTKY/Ja MOSBHIINCH H
KaKk MPOM30MIIM «KUMOEpIHTOBbIEY ajiMa3bl. BOJILIIMHCTBO TeoNIOroB, Aa W YYEHBIX [pYrux
crielManbHOCTeH, HEMOCPENCTBEHHO HE CBS3aHHBIX C alMa3HOH TeMaTHKOM, Ja)Ke He I10]103PeBRaloT,
HacKONBKO B 3TOM Teme Bce 3bI0k0 M HeobocHopaHHO. Jla W OGor Obl ¢ 3THM, B T€OJIOTHH MHOTO
HEpa3peleHHBIX 3arafloK, ecjid Obl 3TO Kacajloch TOJIbKO KUMOEPIUTOB, KaK OJJHOM U3 pa3sHOBUAHOCTEH
ropHelx nopoa. Ho rnasHas Oepma 3aiumiodaercs B TOM, YTO, HaYMHAs C OTKPBITHSA ajMa3oB B
KUMOepuTax, M CaMH aumasbl M, COOTBETCTBEHHO, BCE 3aK/IIOYEHHBIE B HHUX BKJIIOYEHHS,
TPENOJHOCATCA, KaK HEOCIIOPUMBIE MTPOM3BOIHBIE MAHTHH 3eMIIM. A Janee, 10 HapacTaoLlel, Ha 3TOM
OCHOBAaHHWHM Ha4YMHAeTCA HEOOOCHOBAHHOE IperlapMpoOBAaHME MAaHTHH, MPEACTaBIfIOLEe ee B BHJE
CJIOEHOro nupora (o KOJWYECTBY pPa3HBIX IO COCTaBY KCEHOJIMTOB B KHMOEpIMTax) M CTPOATCA
omuO0YHEIEe (M 3TUM OYEHB BpeHBbIE) MPOTrHO3bI HAJTUYMS B MAHTHH HEUCTOLHUMBIX HCTOYHHKOB BOJIBI,
YIJIEBOAOPOJIOB M T.J. B Hacrosiuei cratee packpbiBaioTcs Haubosiee ABHBIE 3a0JTyKIE€HHS THIIOTE3bI
MaHTUiHOro 00pa30oBaHMs ajiMa3oB W KUMOEpJMTOB M TNPHBOAMTCA albTepHATHBHAs BEPCHST MX
MIPOHCXOXKIEHHS.

EnuHoit crpoiiHol M HaydHO 00OOCHOBaHHOM rMUIMoTe3bl ITYOMHHOro 0Opa3oBaHMs ajiMa3oB W
KUMOEp/IUTOB, C ONHUCAHHEM HCTOYHMKA BEINECTBA, YHEPrHH, MEXAHW3MOB peau3allMu TpPOLIECCOB U
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06OCHOBaHHEM MPHYMHHO-CIIEJICTBEHHBIX CBA3€H 10 BCeil JTOM IEMOYKe, B HACTOALEe BpemsA HE
cymecTByer. JleKIapaTHBHO yTBep)KIaeTcs, Kak He MOIexXallui COMHEHHIO daxT, 4TO anMasbl
obpasoBanyck B MAHTHH 3eMJIH 1OJ| KPaTOHAMM B I0/le CTaGHIBHOCTH a/IMasa Ha riny6une ot 150 1o
600 kM ¥ BHIHOCWIMCh HAa 3€MJI0 CHayala [OCPEACTBOM IUIIOMOB, MNEPEXOAALIMMH IOTOM B
[OBOJISIIME AAlKKM M, KOTOpble B CBOK odepeab mepexoasr B TpyOku. Tak omuceiBaercs obumias
KapTHHA. A OTHOCHTEIBHO BBIACHEHHS KOHKPETHBIX MCTOYHHKOB BEIIECTBA M SHEPrHH H MEXaHM3MA
peaM3alMK TUX TPOLECCOB HAYMHAIOTCA BOMPOCchl. TONbKO K Camoil BO3MOXKHOCTH obpaszoBaHus
a7IMA30B B MAHTMM 3€MIIM MOXKHO 3a/1aTh HE OJMH JIECATOK BONPOCOB, HA KOTOPBIE [0 CHX MOp HET
yGeMTeNbHOrO OTBETA: OTKYJa B3AJOCH B MAaHTHH 3eMIM YIJIEPOJHOE BEIIECTBO, W3 KOTOPOro
MW/LTHap/Ibl JIET Ha3aJ 06pa3soBaluCh aiMasbi?; STOT HCTOYHHK HAXOJMICA B CAMOH MAaHTHH WA Q30
npuBHECEH Tyaa?; eclid NPHBHECEH TO OTKyJa?; KAKOB MEXaHW3M 3TOro MOCTYIeHUA?; IPOUCXOIUT
3TO MEPHOMYECKH WM OHOMOMEHTHO?; KaKOB COCTaB 3TOrO BELIECTBA?; KAKOB MEXaHM3M U YyCIIOBHS
COXPAHHOCTH 06PA30BAHHBIX KPHCTAIIOB Ha MPOTXKEHHH MUJUTHAp/OB JIET?; NOYeMy aiMashl pasHOro
rabutyca u pasmepa, Belib B skecTKuX PT pamkax KpHUCTA/TH3YIOTCA paBHOMEPHO3EPHUCTHIC nopoasi?;
ToYeMy y aiMa3oB U KMMOEpIHTOB pasHbIH BO3pAacT?; mouemy y aiMas’oB W3 onHON KUMOEpIMTOBOM
TpyOKH pa3Hblii H30TOIHBI COCTAB yriiepoAa?; NoYeMy B OJJHOM MECTE HaXOAAT CPOCTKH OKTa3/[pOB H
KapGOHa/I0, Beb B MAHTHM YCJIOBHMS JO/DKHBI ObITh OAMHAKOBBIMM?; KAKOB MEXaHM3M MOCTYIUICHH:
HOBBIX IOPIMii BElIECTBA Ul IOCIOHHOro pocTa?; Kak OOBACHUTH mopdonoruueckoe pasHoobpasue
KPMCTAILIOB a/Masa B KECTKHX YCIOBUAX MAHTHH?; MOYEMY pasHas KOHLEHTpaLKsi a30Ta B CTpPYKTYpe?;
OTKy/a B3sUIMCh HHEPTHBIE ra3bl ¥ T.J. M 9TOT CHHCOK MOXKHO MPOAOJDKATE eLle Aafiblue.

[Ipexkae ueM fenath Kakue-TMOO TEOPETHHYECKHE MOCTPOCHHS HeoOXomumo XoTs Okl
npUGIM3UTENLHO MPOAHAIM3HPOBATE CaMy (M3MHYECKYI0 BO3MOKHOCTE MPEANONaraeMoro mporuecca.
OwKMBOYHOCT HAIMX TEOPETHYECKMX TOCTPOEHMil, HArNIAAHO MOKa3aiM pesyabTarsl OypeHns
Konbckoii CC, onpoBeprayBIlKe CyLIECTBOBABIIME TEOPETHIECKHE MPEACTABICHUSA O CTPOCHHH 3eMHOH
KOpbl. A ¢ MaHTHel Hano GbITh elle Gosee OCTOPOXKHBIMH. UTO TaM MPOHUCXO/IUT HA CAMOM JIe/e, MBI
y3HaeM eme He ckopo. Tak 4TO ke Mbl JIOCTOBEPHO 3HAEM O MAHTHH 3EMIM, €CTM HCKIIOHMTH M3
paccmoTpenus anmasbl? Ilpakrtumueckn oueHb Mano. Ham M3BeCTHa CKOPOCTH POXOKACHHA
CeiCMHUYECKMX BOJIH, KOTOpas B MAaHTHM OTHOCHTEJIbHO IIOCTOSHHA [0 BEPXHEro sAapa, HTO
CBUIETE/BCTBYET O €€ OHOPOAHOCTH U, BO3MOXKHO, 06 0/1H006pa3HOM (ha30BOM COCTOSHUHM BELUECTBA.
MbiI 3HaeM, 4TO ¢ FyGHHOM pacTyT JIMTOCTATMYECKOE JaBlIeHHe ¥ TEMIIEpaTypa, U YTO TaM NPOHCXOIUT
nuddepeHLMaLs BEIIECTBA MOl AEACTBHEM [BYX OCHOBHBIX GU3MYECKUX CHI — CHIIBI TSDKECTH W
ppamenus 3emnd. Camble NTyOMHHBIE TOCTOBEPHO H3BECTHBIC HAM MOPO/ibl — TOJICHTOBBIC OazanbTel U
Tpanbl, CIIArarolIMe HIKHIOK YacTh 3eMHOM KOPBI Ha ITyOMHAX B HECKOJIBKO JECATKOB KHJIOMETPOB,
MOATBEP)KAAIOT 3TO MpEANONOKEeHHe, ITO YAMBHTEIBHO OJHOPOAHBIE (MO MMHEpPaIbHOMY H
XUMHYECKOMY COCTaBY) MEJIKO3EPHHMCTbIE MOPOIbI OCHOBHOTO COCTaBa C BBICOKOH TIOTHOCTBIO H
ynenbHbiM BecoM. OBpasiibl Tpanmnos, 0TOOpaHHbIE HA PACCTOSHMM B COTHH KWJIOMETPOB, HacTO HMEIOT
OJIMHAKOBBIA COCTAB M INPAKTHYECKH HEOTIIMYMMBI APYr OT Apyra. OAHOPOAHOCTE COCTaBa TPAmmoB
JaeT HAM TPaBO MHTEPIIONMPOBATH OTH 3aKOHOMEPHOCTH M Jaiblie Ha IIyOMHY M TO3BONAET
MPEeNo0KUTh, YTO C TIYOHHON COCTaB MAaHTHM [OCTENEHHO MEHAETCA B CTOPOHY YBEIHYCHHA
YIETBHOTO BECa CNAraiollero ee BEleCTBa M YMEHBLIEHHS ero pasMEepHOCTH. A Jaiblile HaTMHACTCH
«4epHBIH AMMK» MaHTHH. HaM J0CTOBEPHO HE W3BECTHO HH (pa30BOE COCTOSHME BEUIECTBA B MAHTHH,
HH €ro COCTaB, HU cama (u3nyecKas BO3MOXKHOCTh €r0 KpHCTa/UTM3aLliy.

MaHTHs KMBET ¥ Pa3sBUBAETCA TI0 CBOMM IPaBH/IaM, OrPAHMUEHHBIM JKECTKMMH PAMKAMH (U3HYECKHX
3aKkoHOB. Tam B yCIOBHAX TMTAHTCKMX JaBJIEHHI M TeMrepaTyp Haxoautcs AuddepeHIpoBaHHOe No
yIENbHOMY BECy 3a MILUIMApABI JIET BELIECTBO M MeCTa /Ul (IOMIHBIX MPOLECCOB, Kak M CaMuX
(TIOMIIOB, PaCcCONIOB, NIETYYHX H Ip., BEChbMa XapaKTEPHBIX U1 OJIM3-NIOBEPXHOCTHBIX MPOLIECCOB, TaM
POCTO He MOXeT ObiTh (usndeckn. Kak He MOXET ObITh JErKHX 5/IEMEHTOB M HX COe/IMHEeHHUH ¢
HeGOBLIMM Y/Ie/TbHBIM BECOM, BKIIIOUas JIerkue yriepo/icoaepaliie coeuHerus. ORI TOJDKHbI ObuIH
MOKHHYTh MAaHTHIO el HA MepBbIX dTamax auddepenunanyy sewecrsa mianerst. Ilo KpaiiHeH mepe,
Ha MPOTSIKEHWH TEpPBOTO MUWLIMAapAa JeT ee CymeCTBOBaHMs. BHYTpeHHIOI HacTh 3eMiu MOXHO
YCIIOBHO CUMTaTh 3aKpBITOM CHCTeMOW — SHTpONMA AODKHA pacTu. [IBmkenue (nepemermenue)
BElleCTBA B TAKMX YCJOBHMSX, HATIPABIEHHOE HE B CTOPOHY JEHCTBHMS CHIBL TSDKECTH, Tpedyer
KOJIOCCAJIBHOM IOMOMHUTENIBHOM SHEPTHH, a B YCJIOBHAX 3aKPLITOM CHCTEMBI 3TY SHEPTHIO B3ATh NPOCTO
HEOTKyJa. A 3TO 3HAYMT, 4TO B OTCYTCTBHE BHEIIHHX HCTOYHUKOB SHEPrUH, HUKAKOMH n30MpaTenbHOM
KOHLIEHTPALMH BELECTBA, KpOMe ero A depeHIHaLiu 1o yAeIbHOMY BECY, IPOMCXOUTE He Moxer!
A Temeph 3ajanuM cebe BOMPOC — OTKyAa B OITOH OAHOPOAHOH pacKkaJieHHOM Macce, CKaTou
KOJIOCCATbHBIM JIMTOCTATUMECKMM JABJIEHHEM, MOSBHIOCH M30BITOYHOE KONMYECTBO yriepoxa (rae

38



MCTOYHMK BemecTsa?), KAKOi MpOLECC MpPHUBEN K €ro KOHLEHTPalMH (OTKy/a B3sjiach dHeprus?), v
Kakasi BoymeOHas Cuia co3Jaja TaM eMKOCTh JJisi CBODOAHOro (TaHIeHLHAIBLHOr0) POCTa KPUCTAIUIOB.
Ha sToT BOnpoc MaHTHiIAHAS IUroTe3a He AaeT oTeeTa. Ho jake eciy npenoioxkuTh, YTO yriaepo TaM
KaKMM-TO Bo/meOHBIM 06pa3zoM oOKasaics M BOHUKIHM (PU3MYECKHE YCIIOBHA /U KPUCTAUIM3ALMH
BELIECTBA, TO M TOrJa OHa mouyia Obl MO JAPYruM 3akoHaM — ueM Oonblue JaB/ieHHE, TEM MEHbLIe
pa3mepsl KpucTauios. U B pesynbrare, B JlydileM ciydae, cMoriu Gbl 0GpasoBarthCs JIMIIL MHKPO-
(MM HAHO-)KPHUCTA/UTBI AIMa3a, a He TNOJHOLEHHbIE KPUCTAILIBI, TaK Kak, Kak GbUIo MOKa3aHO BBILIE, B
YCIOBUAX MAHTHH HEBO3MOXKHO PEaln30BaTh MEXaHM3M MOJBOJA HOBBIX MOPLWMHA BewecTBa s
HOPMaJIbHOI'O POCTa KPHUCTAJLIOB.

MaHTHIHO# NPUPOJIE ATMA30B MPOTMBOPEYUT HAMOMOP(HU3M KPHCTAIIOB alIMa30B ¥ caM (akT
X Ype3BhIYaiiHoro Mopdonoruyeckoro pasHoobpasusa B kumbepiurax. HeoObACHMMO, KaK B KECTKUX
CTATHYECKHMX YCJIOBMAX MAaHTHM TpAKTHYECKH psZoM ofpasyrorcsa abcomoTHo pasHbie anmasbl. K
nipuMepy, Kak oOHapy KeHHbIN B TpyOke Y1ayHas MOJMKPUCTAIUTHYECKUH arperar aamasa, COCTOALLMMH
M3 OKTA3[pMYECKMX KPHUCTAUIOB aiMasa pasMepamMHd J0 1.5 MM M CKPBITOKPHCTA/UTHYECKOH Macchl
6nH3KO 110 CTPYKTYpe K Kap6OoHa/I0 ¢ BKIIOYEHHAMH JIoHcaAeianTa [9].

CorjacHO MaHTHIHOMN THIOTe3e aaMa3sbl 0OpasyloTCs MO KpaTOHaMH Ha rily0MHaX, HauuHas
co 150 km, B «mnome PT-ycnoBuit cTabuIpbHOCTH anMmasa», MPH OTOM HIDKHAS rpaHHLa
aIMa3006pa30BaHKs MOCTENEHHO YryOusiercs B 3aBUCMMOCTH OT OOHApy)KeHHs BO BKIIOHCHHAX B
anMase MHHEpabHbIX (a3, TepMOAMHAMHYECKHE KOHIMLMH OOpasOBaHHA KOTOPBIX (PT-napamerpsi)
COOTBETCTBYIOT OIpefesieHHbIM rTyouHam 3emnu. Ceivac HIKHSA rpaHMLa ONylleHa Ha rinyouny 660
kM [14]. (Xoms, cnedys smoii nozuxe, «30Hy 06paA306aHUs AIMA306» MOJICHO NPOOTIE6AMD euje HUdiCe,
gniomeb 00 Memannuyeckozo A0pa 3emiu. Bedb noMumo CUNUKAMHBIX GKNIOYEHUT 6 anMa3ax 4acmo
npucymcmeyiom camopooHvie Memanibl 6 60CCMAHOGNEHHOU ¢opme, Fe-Ni-cnniasbl u pasnuynvie
unmepmemaniudsl, 06bIYHO He GCMpeHaloWuecs 6 MAKOM 6ude 6 3eMHbLX 20pHbIX nopooax, a
npucymcmeylouue Monbko 60 GKNOUEHWAX 6 aimaszax u memeopumax.) W TouHO TawKe, NpH
0GHApy)KeHHH BO BKTIOYEHHH B anMase Kakoro-mubo Nerkoro coefMHeHus (K MpPUMEpy reins wiu
apOMaTHYECKHMX YIJIEBOJOPOIOB) WM MHHepaia (rajuTa WM JOJIOMHTa), MPUXOJMTCS MCKAaTh HOBOE
MECTO B MAHTHH, Y€ HAMHOTO OIIKe K TOBEPXHOCTH, TaK Kak OOBACHMTh HAIMYHE COJIEH MM
kap6OHATOB B MAaHTHH, NIIy0Ke HECKONBKMX [ECATKOB KHIOMETPOB MPOCTO HEBO3MOXHO. [Tomyuaercs
KaKas-To pasopBaHHas 3D-Mo3amka, Kax/blii GparMeHT KOTOPOH HMEET CBOH MapamMeTpel (uHTEpBaN
ryOUHBI, XMMHYECKas ¥ MHHEpalbHas accoLMalysA) HUKaK He yBA3aHHBIE JIPYT C APYroM B pamKax
OHOM Cpefbl W OCMBICIEHHOro mnpouecca. Oropyaer, 4TO 3TH MHOTOYMCIICHHBIC MapagoOKChl H
HECOBMECTUMOCTH B MHHEPANBHBIX acCOLHalMAX, OOHapy)KMBaeMbIX BO BKJIIOYCHHSX B alMmasax, HE
[PHBOIAT K TOMCKY HOBBIX MECT M NPHYHH aiMa3000pa3oBaHus. a ¢ YTOPCTBOM, NOCTOHHBIM HHOIO
NpUMEHEHHs, MPOOIDKAIOTCS TMOMBITKM [aTh KaXJAOMY HOBOMY MHHEpaly CBOC WHIMBHIYalbHOC
OOBICHEHHE €ro MPHUCYTCTBHA B MAHTHH, YTO TOJBKO YCYryOnseT COKHMBLIYIOCS HepasOepuxy. A
TpeNCTaBIAI0, KAKOH MOJHUMETCS KPHK MOC/e STHX MOMX CIIOB, UTO 3TO HE TaK, YTO MOJHAA HbIHYE
TeKTOHMKA IUIMT Bce 00bscHser. Ho aaBaiiTe MOCMOTpPUM Mpasje B IJia3a — Belb TaK OHO M €CTh. A
TOKJIOHHUMKAM CYOIyKIMH 5 XOUY TPEUIOKHTL MPOBECTH SKCIEPUMEHT. BO3bMUTE IUIMTY MEHOIIACTa,
norpysute ee B Bomy moj yrmoM 30-40, kak HapHCOBAaHO Ha KapTHHKaX HIUIIOCTPHPYIOUMX 3TOT
MPOLIECC, H 3aCTaBbTE €€ AEPHKATHCA B BOJIE B TAKOM MONOKEHUHU. M3 5TOro mpocTefiiiero SkCrepuMenTa
C/le/lyeT TaKOW K€ MPOCTOM BBIBOJ, YTO TFOPM3OHTAIBHBIC ABHXKCHHSA IUIMT AOJDKHBI NPUBOAMTE K
BBIIABIMBAHMIO JIETKOTO BEIECTBA BBEPX M, KaK CJEJCTBHE, K TopooOpa3sOBaHHIO, a HE K €ro
MOrPY>KEHHIO B MAHTHIO.

Kpome PT-ycnoBuii, HMKaKMX OOBEKTHBHBIX MPEANOCHUIOK Ui obpa3oBaHHMsi ainMas3oB B
MaHTHH He CyIIeCTBYeT M MX Tpe/rioiaraeMoe oGpa3oBaHue Tam BecbMa MasoseposTHo. Ho Bens, camo
o cebe, HANMYMe B MAHTHM ONPEICCHHBIX (U3MYECKUX NapaMeTpoB (TeMMepaTypbl M JaBJICHH),
aBCOIOTHO He O3HAYaeT, YTO TaM aBTOMATHYECKH JIO/DKHBI MmpouspacTath anmasbl. Kak, K npumepy,
TemIiepaTypa ¥ [aBleHHe Ha TOBEPXHOCTH I[UIAHETBl HE TapaHTHPYIOT BO3HMKHOBEHME TaM
opraHu4eckoil mu3HM. [lis 3TOro HeoOXOOWMO BBINOTHEHWE MHOTHX APYrHX yCIIOBUH — HaJlM4yue
aTMocdepsl, BOJBI, MATHUTHOTO TOJIf, @ CAMOE [JIaBHOE, OPTaHHYECKOro BELIecTBa. A s obpazoBaHus
a/Masza B MaHTHM OTCYTCTBYET IJIABHOE - MCTOYHMK Yrjepoia W cBOOOIHOE MpOCTPAHCTBO Ui poCTa
KpPHCTAJUIOB.

OpHOM W3 Hepa3pellMMBIX 3arajjoK MAHTHIMHOM TUIOTe3bl ABJIAETCA NpobieMa COXPaHHOCTH
KPHMCTA/LIOB aiMa3a B MaHTHH 3eMIu. Ajmaskl OYeHb JpeBHHe MuHepanbl. MX Bo3pacT onpenensercs
[10 CHHTEHETHYEeCKHMM MHHEpAIaM-y3HHKaM W OlleHMBaeTcs B MHTepBasie oT 2.5 mo 3.5 mapx et [18,
19]. OnsiTh ke, eciH cienaTh JOMYIEHNE, YTO aIMa3hl Kak-TO yMyAPHIHCH 00pa3soBaTbCs B MaHTHH, MX
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(pu3nyeckas COXpaHHOCTh B YCJIOBMAX MAaHTHH Ha MPOTSHKEHHH MHUTMAPIOB JIET Mpe/CTaBiseTcs
HEOOBACHMMON M KpaliHe MalOBEPOSTHOM, YUHTBIBasA HAGMIONAEMYI0 HHTEHCHBHOCTD npeobpa3zoBaHus
FOPHBIX MOPOJ B HHXKHEH YaCTH 36MHOM KOPbI. B OBEPXHOCTHBIX YCIIOBHSAX M B KOCMOCE COXPaHHOCTh
KPUCTA/IOB IapaHTHpOBAaHA, TaK KaK Y[apHBI MpOLEcC OTHOCHTENBHO KPAaTKOBPEMEHHBII,
O/IHOAKTHBIH M MJET B OIHOM HampasjieHWH. Ecim 3TO NMpOMCXOAMT B MaHTHH, TO TaM, HaoGOpOT,
YC/IOBUsl CTAaOW/IbHBI M TPOLECC KPUCTAIM3ALMM MOXKET MATH KAaK B MPSIMOM, TaK U B OOpaTHOM
HampaB/IeHUH, KPUCTA/I Kak 00pasoBaics, Tak MOXKET cpasy (WM Hepe3 HEONpe/eseHHOE Bpems)
PacTBOPUTECA (WK MEPEHTH B rpaduT) — NOJrOCpOUHas COXPAHHOCTh KPHCTA/LIOB B YCIOBMAX MAHTHH
HEBO3MOXKHA.

Teneps, nasaiite pasbepemcs, a Ha 4yemM COOCTBEHHO OCHOBaHA 3Ta JeKJIapupyeMas CBS3b
KHMOepnToB ¢ ManThel? Cunraercs, 4To KUMOEP/IUTEL M alMa3bl U3 BEPXHEH MaHTHM K MOBEPXHOCTH
3emiM J0CTaB/sIOTCA TOCPEACTBOM MAarMaTHYeCKHX KOJIOHH, BO3HMKAIOWMX MO KDPATOHAMH M
JBUralOMXCA K MOBEPXHOCTH 3a CYET SHEPrMHd KOHBEKTHBHBIX NOTOKOB MaHTHH. HeMHoro He moxons
/10 TIOBEPXHOCTH 3E€MJIM, 3Ta KOJIOHHA NpeobpasyeTcs B CEPHIO JaeK, U3 KOTOPBIX, B CBOIO OYepelb,
TNOCPeICTBOM HAIPAB/IEHHBIX B3PIBOB 00pasyroTcs TpyOKH, 3aMoMHEHHbIE KUMOEPIUTOM C alMa3aMH.
Tax npeacrapnsior cebe obpasoBanue KHMOEPIMTOB CTOPOHHMKH MAaHTHMHOTO MPOMCXOMICHH.
KoneuHo, TyT cpasy BO3HHKAeT HECKOJIBKO BONPOCOB K MEXaHH3My IOJbeMa KUMOepiuTa ¢ riy6uH B
HECKOJIbKO COTEH KHJIOMETPOB W HCTOYHHMKY SHEPrMH [uis 3Toro mpouecca. Ho riaeHeii Bompoc — a
3a4eM 3TO MaHTHH Haj0? Beab nonobHeIe npouecchl (€c/ii OHK MPOUCXOAT HA CAMOM JIENE) CITyXKaT He
A TOTO, YTOOBI JOCTABUTh OYEPEJHYIO MOPLMIO aIMa30B K HaM Ha mosepXHocTh. C Kakoil craTH
TSKE/IbIE YJIBTPAOCHOBHBIC MOPOJBI (MUHEpPANbI) JOJDKHBI MOJHMUMATHCA M3 TIyOMH K NOBEPXHOCTH,
€C/IM 3aKOHBI (PM3MKH (CHNIA TSKECTH) YKas3hlBalOT MM aOCOMIOTHO MPOTHBOIONOXKHOE HaMpaBiIeHHe.
Ecnu 9710 TennoBod NOTOK, i pasrpy3kd BHYTPEHHEW SHEPruM, TO rAe TepMajbHble H3MEHEHHS,
KOTOPBIM J0JDKHBI ObLIM MOJIBEPrHYTHCA KONOCCATIbHbIE MACCHl BMELIAIOMX Mopo/. Y moyemy 510 He
3aKaHYMBACTCs NMPOCTO OJHMM MOLUHLIM B3PbIBOM M M3/THSHHEM HOPMAJbHOM YJIBTPAOCHOBHOW MarMbl
(xak Tpanmnoeebii marmatmsm B Bocrounoit CuGupu). U, ecim 510 pasrpyska, To nodyemy OHa
NPOUCXO/UT, B CAaMOM, Ka3ajoch Obl, HEMOAXOAALIEM I NMPOHUKHOBEHHS Yepe3 KOpY MecTe — IOJ
KpaTOHaMH, a He B CPeIMHHO-OKEaHU4YECKUX XpebTax, Belb MPUPOIHbIE MPOLIECCH] BCEra AYT MO MyTH
MHHHUMAaJIBHBIX 3HeprosaTpar. KcraTtd GONBIIMHCTBO rops4YMX TOYEK, KOTOphIE CUMTAIOTCH Hamnbosee
npubAMKEHHBIMH K TOBEPXHOCTH MPOSBIECHUAMH KOHBEKTUBHBIX TOTOKOB, HAXOMSITCA MMEHHO TOJ
okeaHamu. OJIHaKO, MHOTOYHMC/IEHHbIE MOMBITKH (IIPUBS3ATh» 3TH TOYKH U TPAEKTOPHH HX JBIIKEHUS K
MPOABICHUAM KHUMOEPIIUTOB, OKOHYMIIMCE Heyaauel, OHM aGCOMOTHO He CTHIKYIOTCS Mexay coboit. U3
3TOTO CJIEYET, YTO CBSA3b KUMOEpPIMTOB C MaHTHEH Ha 3TOM HaNpaBIeHUH HUKAK HE TPOCIIeKUBAETCH.

Tunwynas kumOepiuToBas TpyOka mpescTaBiIjeT KOHycooOpasHOe Telo B BHAE MOPKOBKM C
TOHKHMM XBOCTHKOM, MEPEeXOAAIIMM HacTO B MAJIOMOIUHYIO NaiKy, BBIKIMHHBAIOIYIOCA C TIIyOMHOI.
OTO YHCTO MpPHUIOBEPXHOCTHbIE OOBEKTHI MPOTHKEHHOCTBIO OT JECSTKOB METPOB 0 MEpBBIX
KH/IOMETPOB, «KOPHH» KOTOPBIX 3aTyXalOT B BEPXHUX YacTAX 3eMHOM Kopbl. Bce, Ha 3TOM cTpykTypHas
CBsA3b KUMOEpPJIUTOB ¢ MaHTHeH 0OpbiBaeTcs. HeT HUKaKMX CII€J0B TOr0 rpaHaHO3HOTO Te0IOrHYECKOro
mporuecca, KOTOpbId [o/oKeH ObuT OBl CONMPOBOXKIATh MMOABEM MAarMaTHYeCKOM KOJIOHHBI C
KAMOEp/IMTaMi M aiMa3’amH, MOCPeCTBOM KOHBEKTHBHOIO IIOTOKA MAHTHH, NMPHYEM CO CKOPOCTHIO
KypbepcKoro roesja, 4rodbl HE NPOM3OILIO 3aMelleHHe anmasza rpadpurom. M Tyt Bo3HHKaeT
KPaMOJIbHBIH BOMPOC, & MOKET OBITH HHYEro 3TOr0 Ha CaAMOM Jiefie B NpUposie U He O6b110? A To, Jake
Kak-To 00MaHO 3a MaHTHiO. IToTpaTHTh TaKylo KOJNOCCAIBHYI) SHEPTHMIO Ha MPEOJONeHHEe COTEH
KHJIOMETPOB TOPOJ BEPXHEH MAHTHH M MPOPHIB 3€MHOH KOpBI, a B MTOre, BMECTO IPAHIAMO3HOIO
KaTakiau3ma, cleaTh MaJleHbKHH IuieBok kumOepnurom. IIpu 3TOM, ONSTH B HapylleHHE 3aKOHOB
(usuku, cosmas Teno TpyboobpasHoit, a He cdepudeckoit Qopmbl. Beap, Mexmy npounmm, u
TE€OPETHYECKH, W OKCIEPUMEHTAIBHO J0Ka3aHO, YTO TOMA3EMHBIH B3pBIB Tel MoZoOHOM (opmbl He
cozmaer. Ilpuyem, npozmenaB 3T0 Tak BMPTYO3HO M aKKypaTHO, YTO Ha PACCTOSHHH B HECKOJIBKO
JEeCATKOB CaHTHMETPOB OT KOHTaKTa ¢ TPyOKOH BO BMEILAIOLIMX TMOPOAAX HE BHAHO HHUKAKHX
M3MEHEHHH LIEJIOCTHOCTH W CIOMCTOCTH mopoi. U, mpu 5TOM, He OCTaBMB HHKAKHX CJIe/IOB
NPOHUKHOBEHHS «MAarMaTHYeCKOM KOJIOHHBD) MO/ KUMOEPIHTOBBIMU TO/IIMH — HH TEMIIEPATYPHBIX, HHU
CTPYKTYPHBIX, BOOOIIE HUKAKHX !

B pesynbTaTe MHOTOJIETHHX HMCCII€IOBAHMI NPOCTPAHCTBEHHOTO Pa3MELIeHHsS KMMOEPIHTOBBIX
TeJl, He OBUIO BBISBICHO HMKAKOH 3aKOHOMEPHOM CBSI3M PACIMONOKEHHS KMMOEPIHTOB C MECTHOM U
PErMOHAIbHON TEKTOHUKOMN. Yike 3TO 00CTOATENBCTBO JO/DKHO HABOAMTH HA MBICHb, YTO 3[€Ch YTO-TO
He Tak. Jlioboe BHeapenue BeuwlecTBa M3 riy6uH 3emim, cornacHo 3akoHaM (usuku, 6yaeT ckopee
MPOXO/JMThL B TPELMHOBATOM MOPOJIE, a HE B MOHOJIMTE, TeM OoJiee, €C/IH 3TO BHEAPEHHE HAYAJIOCHh HA
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COTHAX KM B IiIyOMHe W JUld YMEHbLIEHMs DHepro3atpaT IpU JBHKEHWHM €cTh IIMPOKHH BeIOOp
HarpasyieHui. Ho kuMbepnuTEl moueMy-To MTHOPHPYIOT 3TO MPaBUIIO. TONBKO eIMHUYHEBIE W3BECTHBIE
B MHpe KUMOEPJIUTOBBIE TEJIa «CHAAT» HA Pa3oMax, ¥ TO, 3TO YKJIa/IbIBAETCs B CTATUCTHKY CIIy4aHHbIX
nonajgaHui.

Kumbepnur He uHCTO Marmaruyeckas YJIbTPAaOCHOBHas rmopoja (momoGHO TpanmmaM H
Gasaneram), a pacrniaBHas Opekuus, 3HAYWTENLHYIO 4acTh OOBeMa cOCTaBifeT pa3ApobNeHHbIH M
YaCTHYHO PACIUIaBJCHHBIN MaTepuas BMeLAloWMX nopod. Takue mopoapl XapakTepHbl UId yJapHbIX
KpaTepoB, a ¢ MaHTHEH 3TH MOPO/bl ACCOLIMMPYIOT MCKIIOUMTEIbHO M3-3a HAIMYMA B HMX &IMa3oB U
HeOOJIBIIOro KOIMYECTBA KCEHOIUTOB YILTPAOCHOBHBIX MOPOJ (peXe JKJIOTMTOB), COCTABIAIOIIMX HeE
6osiee HECKONIBKHX MPOILIEHTOB OT 0ObeMa kumbepnutos. Ho no3ponbTe, [UIA YIBTPAOCHOBHBIX OO/ H
alMasoB, IpejnonaraeMoe Mecto npeGpiBaHMsA MaHTHeH 3emnu He orpaHuuuBaetcs. K mpumepy,
KaMEHHBIE METEOPHTBl M AacTepou/bl, B OONBUIMHCTBE CBOEM YILTPAOCHOBHOrO cocTtaBa. A Ha
MOBEPXHOCTH 3eM/IM WM3BECTHHI TMOPOALI MOJAOOHOro THMA, TOXKE paclulaBHble OpeKYMH, HO YHMCTO
MOBEPXHOCTHOTO MPOMCXOXKIEHHA — 3I0OBHTBI M TaraMuThl B YAapHbIX Kparepax. M oHu TOxke yacto
aJMa30HOCHBI. OJTH (hakThbl TOXKE CTaBAT IO/ COMHEHHE AEK/IapUpYeMylo CBA3b KMMOEpIHUTOB C
MaHTHeMH.

A BOT ellle OZIMH MapagoKkc TPyOOK — KCEHOIMTBbI YIbTPAOCHOBHBIX (MAHTHHHBIX» MOPOJ €CTb,
KCEHO/IMTOB BMEILAIOIIMX MMOPOJ MOJHO, a KCEHOJIMTOB M3 TOJACTWJIAIOLIMX TPYOKH IMOpOA, YTO B
MPOMEXKYTKE MEXKIy MaHTHeH U TpyOkoi — Hu ozaHoro [4]. A 3T0, He MHOro He MaJlo, MOPOJIbl BCEro
HIDKEJIeKALIEro rpaHuTHOro0 M GaszaneToBOro cnos 3emMHOM Kopel. ITouemy B TpyOkax OTCYTCTBYIOT
NPECTaBUTEIM MHOTOKHIIOMETPOBOI'O IUIACTA FOPHBIX MOPOJ — Ha 3TO MaHTHWITHAs THIOTe3a TaKXkKe He
JlaeT OTBeTa.

Tpebyer o6bAcHeHUs ¥ BONPOCHI, CBA3AHHBIE C «MOJABOAAILECH» NaiikoM, KaK OIHUM W3 3BEHbEB
«MaHTHiHOW» nenouku. Kakum obpa3om sHeprus, paBHOMEPHO pacrpejie/ieHHas 10 IUIOCKOCTH B Tese
MaJOMOLIHOM «MOABOASLIEeH» NalKH, NMPH e€e BHEJAPeHWH M3 MAHTHU B TOPOAbI KPUCTAILTMYECKOrO
(¢yHnameHTa, BJAPYr Ha4YMHAeT KOHLEHTPUPOBAaTbCA B OJAHOMW Touke (BOMPEKH 2-My 3aKOHY
TEPMOJIMHAMHUKH), TIPOHIA COTHH KM OT HIDKHeH MaHTHH M He JIOXO[i HECKOJbKO COTEH METPOB OT
MOBEPXHOCTH, YTOObI MPOM3BECTH HAMpaBJIeHHBbIH B3phIB U chopmupoBaTe TpybouHOe Teno (B dopme
MOPKOBKH), HE HapylLIHUB TPH 3TOM LIEJIOCTHOCTH BMEILAIOLIMX MOPOJ Jla’keé B HECKOJIBKHX JeCATKaX
CaHTHMETPOB OT KOHTakKTa 3Toro tena. Kak B HajnbHEHIIEM Yepe3 3TY TOHKYIO «IOABOAALLYIO» NaiKy,
CIIOXKEHHYIO OJIHOH pa3HOBMIHOCTBIO KMMOEp/IUTa, MPOUCXOAAT MOC/IeAyIOlIHe, ¢ NMPOMEXYTKaMH B
MHJUTHOHBI JIeT, BHEJPEHHUS HOBBIX MOPLIMI «MarMaTHYeCKOroy paciuiaBa — «(a3 BHEAPEHUS», KOTOPBIX
B OTJENbHBIX KuMOepnuTax BeienseTcs A0 mnomytopa aecatkoB. [Ipu sTom Kaxaoe HOBoe
«MaHTHHHOe» (!) BHeJpeHHe HUKOrJa He BBIXOJMT 3a PaHMLbI MEPBOHAYAILHOIO KOHTaKTa TpyOKu ¢
BMeLlIaomumu nopofgamu. Kaxaslii Takoil «mpopeiBy Wik «ha3a BHEIPeHHA» NMPOWCXOOHUT B TeX Ke
NIPOCTPAHCTBEHHBIX TPAaHHUIIAX, HO TMOYEMY-TO HOBBIE TOPLIMH YK€ HE B3PBIBAIOTCA (XOTA OHH TOKE
npejcTaBieHsl Opekuneii), a CIOKOMHO BHEOPSIOTCA B y)Ke CyIlecTByromiee Teno. IIpudem rpaHuip
Mexy 3TUMHU (a3aMM He TeKTOHHYECKMe, a CKopee MarmaTudeckue. IlpeacTaBuTs U 0OBACHUTE Takoe
MO2KET TOJIKO HelIOBeK ¢ 04eHb Oorartoii danTazueil. OgHako, obpally BHUMaHUe Ha TO, YTO MOJ00HEIe
MarMaTH4Ye€CKHE KOHTAKThl MEXIY MHOTOYMUCIICHHBIMH Pa3HOBHIHOCTSMH PacriaBle€HHBIX TAraMUTOB U
3I0BUTOB HAaOJIIO/IAIOTCS B YJAPHBIX KpaTepax.

WM eme ogun BakHblH MOMeHT. [IpH MOMCKOBO-pa3Bel0YHBIX paboTax Ha ajMa3sel B 3anagHoi
SxyTuu 3a nocneauue 50 net 6sUTH ONIPOGOBAHEI a0COMIOTHO BCe U3BECTHEIE MOUCKOBBLIE M MIPOrHO3HEIE
METO/Ibl M3BECTHBIE B OTEYECTBEHHOHM W 3apy0OexHoil reonoropaseesnke. Kakos Obul pe3ynbraT BceM
u3BecTHO. HU oaMH M3 HuX He mokasan ceoeil 3dexkTHBHOCTH. EQUMHCTBEHHBIM H CaMBIM HaJeXKHBIM
METOJIOM ITOHCKA HOBBIX TeJl 0CTAJIOCh NMOHCKOBOE OypeHue TeppuTopuH 1o cetke. O yeM 3To TOBOpUT?
OTOT, OTpHLIATE/IbHBIN, HA TEpPBEIH B3rNIA/, Pe3yabTaT, OIHO3HAYHO CBHUAETENTBCTBYET O CIy4ailHOCTH
npouecca kumbepnauToobpasosanus. IIpouecchl, MPOXoAsINHe B MAaHTHH 3eMIIH, 5TO IBOJIOLMOHHbIE
NPOLECChl, TaK Kak MPOTEKAalOT B OMNpeJeNIeHHBIX, JOCTAaTOYHO JKeCTKMX paMKaXx M YCJIOBHAX, Ha
NPOTSHKEHWH MHUIUTMOHOB JIeT. A yeM MacmTabHee M NPOJO/DKUTENbHEE NMPOLEece, TeM 4YeTde JO/KHBI
ObITH clleibl TIPOSABIEGHHMA OTOrO MpPOLECCa — CTPYKTYPHO-TEKTOHHYECKHE, MHHEpPAJOTHYECKHe,
reoxumuyeckue. M eciim HIKAKUMH METOJIaMU Kakue-JIM00 3aKOHOMEPHOCTH M CBA3M MPEATOoIaraeMoro
rnpolecca H pealbHOro 00beKTa YCTAHOBUTD HE YHAeTCs, 3TO 03HAYAET, YTO B CO3JIaHHH 3TOro o0beKTa
«TIOBMHEH» KaKOH-TO JIpyroM, BEpOATHEE BCEro CITydaifHbld, MPOLECC, K MAHTHH 3eMIIM He MMEIOoLIH
HHMKAKOro HernocpeACTBEHHOIO OTHOIICHHUS.

IlpuBesieHHbIE BBINIE PACCY’KAEHHUS HABOAAT HA MBICAb, YTO KHMOepauTO- H aJIMa3o-
ofpazoBanue He JBOJIIONHOHHBIH, a cay4aiinbii npoumecc! O6 3TOM CBHIETENBCTBYET H
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«KatacTpoduyeckuity HaGop MHMHepasoB, TPUCYTCTBYIOMMI B KAMOEpIMTax M BO BKJIOYEHHAX B
anmazax. OH OXBaThIBAET BECH CMEKTP 4acTo, Ka3zanoch Obl, HECOBMECTHMEBIX MUHEPAJIOB M 3JIEMEHTOB,
OT MHEpTHBIX ra30B, APOMATHYECKMX YIJIEBOJOPOAOB M COJ€H [0 CaMOPOJHBIX METAIOB H
MHTEPMETA/LIM0B 1 MUHEPAJIOB CIIOCOOHBIX BOSHUKHYTH JIWIUb B YCJIOBHAX CBEPXBBICOKHX NIaB/ICHHUH U
Temneparyp. ToT Habop MHUHepaaoB HAMHOro O/MKe K METEOPHTaM, B KOTOPIX BCE 3TH MHHEpaJIbI
W3BECTHBI, YEM K YJIbTPAOCHOBHBIM MarMaTHYeCKMM IOPHBIM MOPOAAM.

A Tenepb JaBaiiTe OTOpBeMCA OT MAHTHH M 3a/IaiMMCs BONPOCOM, KakOH HaM M3BECTEH
ciyuaiiHslii nporecce Ha 3emse (1 B kocmoce)? OTBET NPOCTO# - KOHEYHO JKe, 9TO yAapHbIi MpoLece, —
IPOLIECC CTOJKHOBEHHH KOCMHUYECKHX TeEJL.

ITozBonbTe 371€Ch caenarh Hebonbioe orcTyruienne. OueHp yAUBIAET KaKas-TO 3aLMIJIEHHOCTh
reosiorop Ha Hejpax 3emu. HenpeoHHas yBEPEHHOCTH B TOM, YTO €C/IM Mbl 4TO-TO PacKONalH B
3eMJIe, TO 3TO MPOAYKT JAEATEbHOCTH HCKIIOUMTENIBHO 36MHBIX CHJI U MIPOLIECCOB, B TO BPEMs KakK HayKa
crenana TUraHTCKHiA War B U3y4eHMH KOCMUYECKOro POCTPAHCTBA, - He I0CTOHHO 21 Beka. 3emiis 9T0
TONBKO TECYMHKA B MOpe KocMoca. M Kpyr MpHpPOJHBIX NMPOLECCOB 3HAYMTENBHO wnpe. Jla, u, B KOHLEe
KOHIIOB, He Hafl0 3a0bIBaTh, YTO caMa 3emJls, M0 COBPEMEHHBIM MPEACTABICHMAM, NIPOHU3BE/A HE cama
cebs, a copmupoBanack B mporecce akkpeuud. Kpome Toro, ecTh MoHATHE KOHBEPreHIMHM, KOrja
Jpyrue NpoLecchl MPUBOIAT K TOMY ke pesynbTary. OaHaKo mpupoia B KaXIOM KOHKPETHOM Cily4vae
BCErja caMa NMPUHHUMAET PelleHHs W TIPH 5TOM HIET 0 MyTH MUHMMAaJIbHBIX SHeprosatpar. Jlasaiite u
MBI, TOMHMO METO/Ia AHAJIOTHii, B CBOMX IOCTPOEHUAX Oy1eM PyKOBOJICTBOBATLCS M 3THM MPaBHIIOM.

AMa3 - IIMPOKO pacnpocTpaHéHHbI B npupone MuHepan. OH MPUCYTCTBYeT KaK Ha
noepxHocTd 3emnu (kuMOepnuToBbie TpyOkM, MeTamMOp(uuecKkHe MOPOJBIL, YHapHBIE KpaTepsl,
POCCHINM Pa3IMYHOrO THMA), TAK M B KOCMOCE (METEOPHTHI, KOMETBI, acTepou/bl). MHKpO- H HaHO-
anMasbl 0OHapy)KeHbl B FOPU30HTAX, MApKHpPYIOLIMX rioGanbHble COOBITHA IeONOrHYecKOi HCTOPUM
Hawiel TUIAHETH, CBA3aHHbIE C MAJACHMAMM KPYIHbBIX KocMudeckuxX Ten Ha 3emmo [15]. Ilpu stom,
coziepikaHue alMa30B B MeTeopHuTax (YPeHIHTax) MOXeT nocturath 1 % obuied Macchl MeTeopura [2],
YTO HA HECKOJBKO TMOPS/KOB Bbille, YeM COJEpXKaHHE aiMa30B B caMblX OoraTsix anMasamu
KHMBepIHTOBBIX TPyOKax. 31€ch elile HaJo y4ecTh TOT dakT, 4To 3a Gonee yem 100-1€THIO HCTOPHIO
u3y4eHHs W pa3pabOTKH KUMOEpIMTOB, ObLIO M3BIEYEHBI W MPOAHATU3UPOBAHBI MHOTME MHUJUIHOHBI
TOHH KMMOEPINTOB M COTHH ThICSY KPUCTAILUIOB anMa3a. A o0beM HalieHHbIX Ha 3eMie U M3y4YeHHbIX
KaMEHHBIX METEOPUTOB HA HECKOJIKO TNOPSAIKOB MEHbLIE, BCEro HECKONBKO TOHH, & allMa30HOCHBIX U
Toro Menblie. K npumepy, i CpaBHEHHMs, €CIM Mbl BO3BMEM IPOM3BOIBHO HECKOJBKO TOHH
KMMOep/uTa, TO, yYHTBIBasL, YTO MPOMBIIIEHHOE COIEpP)KaHHE aIMa30B B HUX COCTaBJIAET BCETO OKOJIO
1 kapara/TonHy (0.2 r/), Mbl BOOGIIIE MOXKEM HH OIHOIO a/IMa3a TaM He OOHAPY)KHUTB.

Ha noeepXHOCTH 3eMJIHM M3BECTHO OOJIBLIOE KOJMYECTBO YAAPHBIX KPaTepoB W BO MHOTHMX W3
HUX oOHapyxeHbl anMasbl. [IpudeM Mo 3amacam ajiMa3’oB, STH KpaTepbl 3HAYUTENBHO MPEBOCXOAAT
kumbepnutel. Jla, oHU Menkue, AedeKTHEIE, ¢ MPUMECIMH, YacTo € JIOHCHEHIUTOBOH CTPYKTYpPOH, HO
3TO HE 3HAYMT, YTO OHM AOJDKHBI OBITH TOJIBKO TAKUMH NpH T0boM packnane. M, Mexay npouuM, XoTs
06 3TOM MpeNOYHTAIOT yMAIYHBATh, HAXOIKH JIOHCACHINTA B KUMOEPIHTOBEIX a/Ma3ax - OTHIOAb HE
PEIKOCTE.

Kazanoce 6bl, BbiBOA oueBMieH. Eciu He ynanoch HaWTH pellleHHe B OJHOM MeCTe, Haao
NMepeKTIoYNTECA Ha Apyroe. Eciii MBI MOJHAMEM T/1a3a KBEPXY, TO YBHANM OECKOHEYHOE KOCMUYECKOe
IPOCTPAHCTBO, B KOTOPOM YI/IEpOJ ABIAETCS OQHMM M3 CaMbIX PacrpOCTPAHEHHBIX 3JIEMEHTOB H I7€
JNIETAIOT pa3HOOGpasHbIe M0 COCTaBy KOCMHUYECKHE Tella, EPHOAMYECKH CTAIKMBA’CH APYT ¢ Apyrom. B
Mpoliecce TAKMX CTOJIKHOBEHHI 00pasyloTCs anMaskl, IPUYEM, 4eM J0bIe JUIUTCA NPOLECC yapHOro
B3aMMOJIeHCTBHS (HATpUMep, IUIaHeThl ¢ KOMETO#), TeM KpynmHee OHM BbipacTyT. Ilpudem, B sTOM
c/yyae, UX pocT Gy/eT MPOMCXOMUTH MPAKTHYECKH B CBOGOIHOM MPOCTPAHCTBE, BE/lb KOHLEHTPALHS
BEIIECTBA B KOMeTe paspsbkeHa. Ml COXPaHUTECS OHM CMOTYT B POJIUTE/IBCKOM Tere HeCKOHEYHO J0Iro,
[IOKa 5TO KOCMHYECKOEe TeJ0 HEe CTOJIKHETCS C JAPYrMM OOBEKTOM M Ha 3TOM MPEKpaTUT CBOE
CYIIECTBOBAHHE.

CyTh KOHUEMIMA HWMIAKTHOTO TPOMCXOXKIEHHA aiMa3oB 3aK/IOYaeTcd B TOM, HTO
pasHOOGpasHe CyIECTBYIOMX B PHPOJE aIMa30B O0YCIIOBNEHO PA3/IMYHBIMK (H3HKO-XHMHYECKHMH
YC/IOBHAMH PeasM3allii YapHOro Mpolecca M MPOKHM KPYroM YrJepoACOAEpIKALMX COeIHHEHHH,
BOBJIEYEHHBIX B HTOT Mpolecc. Bapuauuii yCIOBHi peaH3alliM yIapHOTO MpOLECca MOXKET OBITh
MHOMecTBO. OHM 3aBHCAT OT PasMepoB, CKOPOCTH, yrja mnajieHus, (a3oBOro COCTOAHHMA H COCTaBa
yJapHUKa, (FKeJEe3HbIN, KAMEHHbIH, YTIUCTBIA WK JIEASHONH acTepOH/Ibl, KOMETa), CTPOCHHS U COCTaBa
MHIIEHM (OKeaH, TOpPHBIH MACCHB /M PaBHMHA, KPHUCTA/NIMMECKHE HIIH OCAJ04HBIC nopofer). OTH
(hakTOpEI 0GYC/IOBIMBAIOT TEMIIEPATYPy, AABICHHE, BPEMsS M XMMHYECKYIO Cpe/ly aliMa3006pa3oBaHus.
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Hcrounuk yraepoma s o6pa3oBaHHs alMa30B MOXKET IPHCYTCTBOBATH Kak B YAapHHKe (anmas,
rpaduT, aMOpdHBI M TOHKOMMCIEPCHBIN Yriepoa, pasiuyHble KapOWbI, CIOXKHBIE OpraHHYECKHE
COEJIHHEHHMS, YIJIEpOJICOAEPIKALME a3kl M YIiIeBoAopoakl (MecTopoxaeHue KyMabIkons)), Tak H B
MHUILEHH, Hanpumep, rpadur (aimasel [lonmuraiickoro kparepa), yrieBonoponsl TBépasle (Yrojib —
anmasel Kapckoil actpobnemsr), skuaxue (Outym-6opr u3 TpyOku Mup) unum rasoobpasHbie.
Kom6uHalmu 5THX HCTOYHMKOB MOT'YT TMPUBECTH K 00Pa30BAHMIO Pa3IMYHBIX BUIOB aJIMAa30B B OHOM
yAapHOM nipoliecce (anma3oHOCHble pocceinu ceeepa Cubupcekoil mnardopmser). Ocobo noadyepkHem,
4TO COIJIACHO Y/IapPHOM KOHLENuuu aaMasel obpasyroTes (M npeobpa3syroTes) B YAapHOM MPOLIECCe, HO
He 0043aTe/IbHO UCKIIOYHTENBHO 3a CYET YAaPHOro MeTaMopdu3ma.

IIponute cBeT Ha HU3HYECKHE YCIIOBHUS MPOLEcca KPUCTAUTH3ALMH PHPOHOTO alIMas3a MOryT
pe3ysbTaThl paboT No ero cuHTe3y. B HacTosIIee BpeMsi CHHTE3 aliMa30B POBOAKTCS 110 OAHOMY M3 3-X
u3pecTHbIX cuenapues: HPHT (Bxitouas karanus) — CHHTE3 NPH CTATHYECKOM JABJIIEHHH M BBICOKOH
Temneparype B obnactu crabunbHocTd, UHP - ynapHeiii (B3pbIBHOM) CHHTE3 B YCIOBHMAX MHKOBOIO
pocra naeieHus u Temnepatypel, CVD - ocaxkneHuwe W3 ra3oBoil (asbl NMpH HU3KOM JIABJIEHHH M
BBICOKOM Temmeparype. H3syuenue BHYTpPEHHEro CTPOSHHS KPHCTAUIOB TNPUPOAHOrO ajaMasa
rnokaseiBaet [11], 4To, no-BuaMMOMY, i BOSHUKHOBEHHS M POCTA KPUCTAILIOB [VIABHYIO POJIb HIPAIOT
He CTATHYeCKHEe YCIOBHA OKPYKAIOIIEH cpefbl, a UHAMHKA (DM3HYECKOro Mpouecca NpUBEILIEro K
anma3o00pa3oBaHuIo, KOTOpas MOXET BKJIIOYaTh B Ce0i KOMOMHAUMIO MEpEeYMCIEHHBIX BBILIE
cuenapues. Kak sakmowaer Iapanus, «u1s obpasoBanHus anmasa W3 JOOBIX YIIepoAcOepKaluX
BELIECTB HEOOXOAMM MX MTHOBEHHBIH HArpes, Mpeoaralolnii HaliYKe rpajlieHTa TemMreparypsl. B
MaHTHHU TAKOTO rpajueHTa Het» [3].

Oto noareepiaer pabora J[0ynTOHA KOTOPBIH MPHIIEN K 3aKIFOYEHHIO, YTO OOJbLIMHCTBO
presolar anmasos, Beienennslx u3 Allende, Murchison METEOpUTOB 00pasyercs B pesysabrate CBJI
mpouecca [13]. 3nece HampamMBaeTcs aHANOTHA C yAApHBIM MPOLECCOM, B KOTOPOM YIAPHHKOM
ABJIAETCA ra3oBas komeTa. Bo Bpems nepBoHauanbHOro KOHTakTa Haubosiee MUIOTHOM rojI0BHON YacTH
KOMETBl NpoMCXoauT «mok», UHP-npouece, ¢ MrHoBeHHBIM 0Opa3oBaHMEM MHOMKECTBA aJMa3HbIX
3aTpaBOK (MHMKPOKDUCTa/UIOB anMasa), a 3aTeM, cpasy BCJeJ 3a pe3KHM MaJeHWeM JaBJIeHHS,
HAaYMHAETCA MOCTYIUICHHE MOCIEAYIOUIMX IMOPLMH BEIIECTBA KOMEThI, B PE3Y/IbTAaTe HY€ro U MPOMCXOAUT
POCT KpHCTa/UIoB anMasa yxke rno CVD-cuenapwro.

Ecnu namenuts napamerphl yaapHoro npouecca, To GyayT o6pa3oBaHsl anMashkl JPYroro THa,
Kak, HarnpuMep, B MeCTOpoxJaeHHH KyMIbIKOMb, TZle posib yAapHHKA W, OAHOBPEMEHHO, MCTOYHHMKA
yrnepoja A o0pasoBaHMs ajMa3OB, TMPEATNOIOKHTEIBHO CHIIPANO YIJIEBOAOPOIHOE BEIIECTBO
HeOoIbIIOH koMeTs! [10]. B sTOM mpoliecce 06pa3soBaiuCh yike HEMHOTO JAPYrHe KPHCTAabl, XOTS M
CXOAHBIE 0 pa3Mepam ¢ anmasamu [lonurakckoi actpobiemsl. Ho B 9TOM ciiydae, maciurab ynapHoro
npouecca, cyas no auamerpy kparepos ([Tonuratickuit kparep — 100 km, ozepo Kymasikons — 4 km),
ObLI 3HAYMTENBHO MEHbINE. A €C/IM MBI MOMIEM Aajblie M YBEIM4MM Macitab 3TOro mpolecca Ha
HECKOJIBKO MNOPA/KOB, N0 TUIaHETAPHOro ypoBHA? PasBe He CMOTyT B TakoM mpouecce 06pa3oBaThes
anMasel ¢ Kynak BelnnynHOW? M uro 3mech mpoTuBOpeuMT 3akoHam (u3NUKK? DTH MPOLECCH MBI
HabmofaeM yxe oH-naiH. U, BO3MOXHO, 4epe3 Kakoe-To Hela/leKoe BpeMs (IPHUUEM 3Ta CTaThs B 3TOM
MOXET CBIrpaTh HE MOCIEJHIO POJib), CMOXEM y3HaTh, CKOJIBKO H KakKMX aiMas3oB 00pa3oBasioch H
JIEXKUT Ha mosepXHocTH IOnurepa nocine cronkHosenus ¢ komeroii Llymeiikepa-Jlesu B 1994romy,
KOTOpOE€ MpoJokanochk Heckosbko cyTok (http://cometasite.ru/kometa-schumeykera-levi/).

Criopsl 0 reHesnce «KMMOEPIMTOBBIX)» aIMa30B HE IPEKPAIIAIOTCA C MOMEHTA OTKDBITHSA
NepBbIX KUMOEPIUTOBBIX TPYGOK, M JI0 CHX MOp Y4&HbIE He NMPULUTH K OJHO3HAYHOMY OTBETY HA STOT
Borpoc. CpeaM CymECTBYIOIMX THIOTe3 00pa3’oBaHMs ITHX ajAMa30B KOCMOTEHHBIE TMIIOTE3bl
BOCNPHHHUMAIOTCA TIOKa KaK 5K30THKA, XOTd, B OTHOLICGHWH HEKHMMOEpIIMTOBBIX ajMa30B W3BECTHBI
paboThl MpHU3HAIOUWMX HMIAKTHYK MNpHpoxy KapGoHago [7]. OG6pasoBaHue MHKpO-aTMa3oB
MecTOpoXIeHHs KyM/IBIKo/ib, Kak pe3ysbTaT HaKIOHHOTO MajieHus HeGONBLIONH KOMEThI, PACCMOTPEH B
pabore [10]. KocmorenHoe HampaBnieHne, 0OBACHSIOLEE IPOMCXOXK/IEHHE KUMOEPIMTOBBIX aIMa3oB
NOCPECTBOM  JJICKTPHYECKHX Ppasps/ioB, CBA3aHHBIX C MMIIAKTHBIMM TIpoLECCAMH Ha 3emie,
npejacraeineHo B paborax [6, 12].

OCHOBHBIMHM KpUTEPUAMH [UTA (OPMHUPOBAHHMS TPUPOAHBIX ATMA30B IOBEMPHOr0 KauecTBa
ABJIAIOTCA: MCTOYHHMK yriepoaa, umnyibcHble P-T ycnosus ans obpa3oBaHHs anMasHBIX 3aTpaBok,
NIPOCTPAHCTBO /I HOPMAJIBHOIO POCTa, MOCTOSAHHAs MOANMTKA PACTYLIMX KPHCTAUIOB YINIEPOAHBIM
BellecTBOM Ipy onpeen&HHbX T u P s obecneuenns nocoifHOro pocta, a no 3aBepuIeHHIO pocTa —
YCTIOBHIA U1l COXPAHHOCTH 00Pa3oBaBIIMXCA KPHCTAIUIOB. DTH KPUTEPHH MOTYT GbITh PeaNu30OBaHbI B
pamKax OZIHOTO, IIUPOKO M3BECTHOTO B MPHpO/E, MpoLecca yAapHOro CTOJKHOBEHHS KOCMHYECKHX Tel,
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OJIHAKO /U151 06PA30BAHMA KPYMHBIX KPUCTAIOB 5TO IO/DKeH GbITh 04eHb MacIITaOHbIH npoLecc, TaKoH
KaK CTOJIKHOBEHHME TUTAHEThl ¥ ITMTaHTCKOM KOMETBI.

KocMoreHHasi THIIOTe3a TPOMCXOXK/IEHHMS aMa30B 3a NpelenamMy HalleH IIaHeThl BrepBbIe
6Gbia 03ByYeHa CPaBHMUTENbHO HefaBHO [16] W mpeamosaraer, 4TO OKOJIO 3.1-3.4 mnpn ner Haszaj B
npeaenax CosHe4HON CHCTEMBI MPOM30LILIA IPaHIMO3HAA KOCMUYECKas karactpoda — @asToH (aecaras
rranera CoOHEYHOM CHCTEMbI) CTOJKHYJICS C TMFAHTCKOM ralaKTHYecKol komeToi. Kak BapHaHT, 510
MOIJIO TIPOM3OHTH B OJIMH W3 MEPHOAOB MONajaHHs CoNHEYHOH CHCTEMBI B CTpYHHBIE IOTOKH
[anakTKy, KOTOpble noBropsiorcs Kaxapie 20-37 mun ser [1]. Poct anmasos nHawancs B MOMEHT
COMPHKOCHOBEHHS CTPYHHOIO MOTOKA C MOBEPXHOCTBIO PadsToHa BC/ICICTBUE PE3KOT0 CKayka JaBICHHA
¥ Temmeparypbl. AnMassl pociii B TypOyIeHTHOM cpelie 3a CYET MPUTOKA yriIEBOAOPOJHOIO BEIIECTBA
KOMETbI, MOCTYMAIOUIEro ¢ OTPOMHON CKOpocThiO K mnoBepxHocTH PasrtoHa. Tak obpasoBanach
OCHOBHAs Macca anmaszos ¢ msotonHsiM coctaBoM 813C (ot —1 1o —10 %), koTOpble B HacTosllee
BpeMs HaXO/AT B MeTeOpUTax H KumOepaurax. AiMasbl STOH rpyNibl OTJIH4aeT oaHooOpasue, KpynHble
pasMephl ¥ BHICOKOE Ka4eCTBO. Y YMTHIBASA COCTAB KOMET (H20, CO2, CH4, NH3, C3, C2, CN, CH, OH,
NH, NH2), naxogut jorudyeckoe oOOCHOBaHWE HCTOYHMK YriepoAa A obpa3oBaHusl YriMCTBIX
XOHJIDUTOB, YPEWIUTOB ¥ alMa30B. Macca H IIOTHOCTH S/Ipa KOMET HE3HAYUTENIbHA, a TMHA UX XBOCTA
JOCTUraeT MHOTMX COTEH MMJJIMOHOB KAJIOMETPOB.

B pesyuibTate cTonkHOBeHus DasToH GbLT CMELIEH CO CBOel OpOHTEI M B30PBAJICS, PacTaBIIKCh
HA OrPOMHOE KOJMYECTBO (PPArMEHTOB, COCTOAUIMX M3 INEPEeMElIaHHOro B PasHBIX MPOMOPLHMAX
MaTepuana MiaHeTsl (MaHTHM W sapa) WU BEIIECTBA rajakTHdeckoi kometbl, Hekoropele W3 3THX
060oMKoB HecyT B cebe anmasel. OfHa 4acThb 00JIOMKOB, cpasy rocie karacTpodsl, oOpa3oBana mosc
acTepou/I0B Ha Mecte opGutel PasTona mMexay Mapcom u OnuTepom. [lpyras yacTe mnomnasna B roie
npUTSHKeHUs coceanux mianer (Mapca, FOnurepa u CatypHa) M CTaja UX CIIyTHHKAMH. TpeThst 4acTh
MOJBEpI/Ia MHTEHCHBHOM METEOpUTHOH OomOapAMpoBKe KpYMHbIE KOCMHMYCCKHE Tena Conne4Ho#
cucTeMsl B Omwkaiiliee 3a karactpodol Bpems (MHTEHCHMBHAsA METEOPHTHAs 6ombapaupoBka 3emiid B
apxee) [5]. Y, nHakoHel, ueTBEpTas 4acTh OO/IOMKOB, HauMHas C MOMEHTa KaTacTpo(bl BpaILAKOTCA
Bokpyr CoMHu@A 10 CBOMM 3JUTMITHYECKMM OpOHTaM, STTH30/IMYECKH CTAIKHUBASACE C 3eMnéit U ApyruMu
nnaHeramu ConHeuHoii cuctembl. K HacTosuieMy BpeMeHH M3BecTHO okono 1700 TakuX acTepounos
nuameTpoM Oonee 1 kM.

TaxuM 06pa3oM, GONBIIMHCTBO MajbiX KOcMU4eCKUX Tesl CONHEeuHOH CHCTEMbl — aCTEpOHIEL,
KOMETBI, METE€OPHUTHI Pa3HOOOPa3HOro cocTapa (JKEJE3HBIE, JKENe30-KAMEHHBIE, YIJIMCTBIC XOHAPUTEL U
AXOH/PUTBL; U AIP.), IO CYTH, SABJIAKOTCS MPOM3BOJHBIMU OJJHOTO TpoLecca. [TpearmnonoxeHHe 0 TaKOM
MEXaHM3Me TPOMCXOXKIEHHS KOMET TOATBEP)KIAOT J@aHHble M3YYEHMs KOMETHOIO BEIICCTBA,
cobpanHoro kocmuueckum anmaparom Stardust ¢ komerst Wild 2 B Hauane 2004 ropa. Oka3sanock, 4TO
B KaJ0oM 4eTBEPTOM W3 W3YYEHHBIX YACTHLl NPHCYTCTBYIOT "BBLICOKOTEMIIEPATYpHEIE" MHHEpaIbl —
dopcTepHT, ONMBHH M KalbLMEBO-AIIOMMHHEBBIE BKIFOYCHHA (CAIs), kotopele (HOPMHPYIOTCS IPH
TeMrepaTypax Bbillle ThICA4HM rpamycos mo Llemscuio (http:/galspace.spb.ru/index349.html). Ipuuém
YIMBIIeHHE YYEHBIX BBI3BAIIA Cpasy /iBa MOMEHTa: MPHUCYTCTBUE BELIECTBA, Goree XapakTepHOTrO s
rosica aCTEPOM/IOB, H OTCYTCTBHE OKH/IAEMOTO BELIECTBA M3 BHELIHEH 4acTH ConHeYyHOM CHCTEMBI, YTO
BIOJIHE 0OBACHMMO B CBETE OMMCAHHOrO Bhillle MpolLecca.

Tpoliece CTONKHOBEHHS KPYIHBIX KOCMHYECKHX OGBEKTOB MOXHO YC/IOBHO MPEACTABUTE KaK
PHFAHTCKYIO KOCMHMUECKYIO «(pabpuKy» (C OrpoMHbIM HaGOPOM HCXOJHOTO BELIECTBA H IIHPOYAHIIIUMU
papuauusimMu PT-yciopuii) no cuHresy pa3HOOOpasHeHIIMX HEOPraHWYeCKHMX M JaXe CIIOKHBIX
OpPraHUYeCKHX COEJIMHEHHH, «TOTOBYIO IpPOIAYKIIMIO» KOTOpPOM Mbl BHJAMM, H3ydasd COCTaB
METEOPUTHOrO M KOMETHOTO BEIIeCTBA, M, KOTOPBIE B TOCIEACTBMH, BO3MOXHO, TMOCTYMHMITH
MePBOMCTOYHHKOM DOXICHHS OPraHMYEeCKOH XU3HH Ha 3emie. B kauyecTBe HarIAAHOro NpHMepa
MOYKHO MPHBECTH PE3y/IBTATHI H3y4eHUs HeOONbLIOro pparMeHTa METeopuTa Mapuucon (Murchison), B
koTopoM 6bu10 0GHapyxeHo okonmo 14 000 Teicsay (1) opranuueckux coenunenuit [20]. bonee Toro,
MHTEPIIONMPYA TIOTy4YeHHbIE Pe3ybTaThl Ha BeCh 00BEM METEOPHT, YIEHbIE NPE/INONOKHIIIM, YTO B HEM
JOJKHBI COAEPKATHCA MAJTHOHEI (!) pasTHYHBIX OPraHMIeCKHX BEIICCTB.

Tak kak oOpa3oBaHHe alIMa30B B ONMCHIBAEMOM MPOLIECCe MPOUCXOIMIIO TTIaBHBIM ofpa3om B
06MACTH HEMOCPENCTBEHHOr0 KOHTAKTAa CTPYMHOTO TIOTOKa C BepXHeil MaHTHeH ®asToHa,
MOJAB/SIONIEe KOTMUECTBO a/IMa30B JO/DKHO OBITh CKOHLIEHTPHPOBAHO B METEOPUTAX M aCTepOMaX,
06pa3oBaHHBIX HMMEHHO W3 OTOM ero 4acTW. OTH acTepoMibl W SBWIMCE /i alIMa30B
“KOHCepBHPYIOLIEi” U TPaHCTIOPTHPYIOLIEH CPe/IOH, I03BOMBIICH MM COXPaHHMTHCA B KOCMHHECKOM
MPOCTPAHCTBE HA NMPOTHKEHUH MUILUTHAP/IOB JIET.
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KumOGepnutoBeie TpyOkM M pHaiiku obpasyroTcs npu ONM3KMX K BEPTHKAIbHBIM Yyjapax
actepousioB o 3emmo [16]. Ilpu sTOM riaBHy0 poab urpaer ¢gopma (pOHTANBHOH MOBEPXHOCTH
acrepouza. ACTepoM/Ibl MMEIOT HEpPOBHYIO, M3PHITYIO BMaJAMHAMH W KpaTepaMH (KpaTepUpOBaHHYIO)
nopepxHocTb. IloMumo 3TOro, Bo Bpems a’poOJHHAMHUYECKOrO paspylleHHs B IUIOTHBIX CJIOAX
atMoctepsl 3emnu B acrepoune obpasyrorcs TpemiuHel. VIMEHHO 3TH BMajMHbl M TPEUIMHBI Ha
IOBEPXHOCTH acTepouja B MOMEHT €ro COINpPUKOCHOBEHHs C IIOBEPXHOCTBIO 3€MIH CO3JaloT
KyMynaTuBHeIH 5¢dext. OH BbIpakaeTcs B BO3HMKHOBEHMH CBEPXCKODOCTHBIX CTPYH cxKaToro
BelllecTBa actepou/a (B clyyae BHaJMHbI — B BHUJAE Iy4Ka, a B Cllydyae TPELIWHHl - B JOpMe TOHKOMH
TJIACTHHEI), POXKHTAIOLIMX MOBEPXHOCTH 3eMian M obpasyroumx B Heil Tena B opme TpyOOK U aaek.
O6pa3Ho roBops, KMMOepJIHUTOBOE IMOJie — O3TO TO3UTHB OTNEYaTKa (POHTAILHOH TMOBEPXHOCTH
acrepouza, rae TpyOKe COOTBETCTByeT BhaauHa (kparep), a Jaiike — packpeitas HaBcTpeuy
nmoBepxHOCTH 3emun TpeumHa. Ilopoael, 3anmonHsroue TPYOKH W Haliku, TNpeACTaBIAIOT coOoi
KAMOEpIUT — CMech paciyIaBleHHBIX M pa3fpobieHHBIX MOpOJ AacTepoMa M 3eMHBIX [OpOoJ,
oOpa3oBaHHBIX B TIpoliecce YAapHOro kparepooOpasoBanus. Tak Ha3biBaeMble «TIyOMHHBIE»
KCEHOJIUTBl B KMMOEpIMTaX — 3TO He 4TO HHOe, KaK COXpaHMBLIMECH B Npolecce (hOpMHPOBaHHSA
KAMOEpJIUTOBBIX Tesl (parMeHThl MOpoj MaHTHHM, HO He 3emun, a @astona. Ilpu sTom, B cumy
ONMUCAHHOTO0 MEXaHW3Ma MPOMCXOMKAEHMs, KaxJ0e KMMOepIUTOBOEe TeNno XapaKTepHU3yeTcs CTpOro
MHMBUIyalbHOM MOP(OJIOTHel U COCTaBOM.

IToka wu3BecTHO TONBKO 2 mpollecca, KOTOpbleé MOTYT €O3[aTh B TBEpPAOH MOpPOJE MOIOCTH
TpyOOUYHOro THNa — pas3psja MOMHUM ((DyNbrypuThI) U KyMyIaTHBHbIH 3¢ ekt (oTBepcTHe B OpoHe OT
KYMYJATHBHOW cTpyH). [Ins peanusauuu KyMyJIATHBHOTO ¢ ¢eKTa NpH CTOJKHOBEHHH KOCMHYECKHX
TeJl Hy’)KHa TOJIKO CKOPOCTh M MOJIOCTh (KpaTepupoBaHHas MOBEPXHOCTh), MMEHHO OHHM CO3/ai0T 3TOT
3G (eKT «CXJIONbIBAHUA», B pe3ysibTaTe KOTOPOro MOsABISETCS CBEPXCKOpPOCTHas crpysd. Omnmcanue
3TOro mnpouecca (npasda, moivko 6 OMHOULEHUU CIMPYIIHBIX 8bIOPOCOE NPU NO020M YOape acmepouoa)
npuBeneHo B pabore Mesowa [8].

Belume Mbl KacanMch BOMpOCa HEBO3MOXKHOCTH 00pa3oBaHMs KOHCTPYKUMM — Jjaiika,
nepexonfiias B TPYOKy, NpH Te4eHMH Mpolecca MO HANPaBICHUIO CHHU3Y BBepX (M3 MaHTHM K
nosepxHoctd 3emiu). [lpy M3MeHeHMH HampaBieHWs [Ipoliecca Ha IPOTUBOIOJIOKHOE, 3Ta
KOHCTPYKLMA J1erko o0bacHuMa. KymynaTusHas cTpys npoOMBaeT TONILY 3eMHBIX FOPHBIX NOPOJ M Ha
HCXONle OJHeprud, J/ubO TOCTENeHHO 3aTyXaeT B MOHONMTHBIX TMopojax, oOpasys B HTOre
BBIKJIMHMBAIOLeecs C ryOUHO# reosioruyeckoe Teso ciokHOH (Gopmsbl, 110 pasrpyxaercs B J00yro
ocnabneHHy!o 30Hy (TpeLIMHy H/WIH CHCTEMY TPEILHH) B TPEIIWHOBATHIX MOPOJaXx.

IIpy HaKJIOHHBIX y[apaX aTMa30HOCHLIX aCTEPOM/IOB MPOMCXOIUT PacCeMBaHKe alMa30B Ha OOLMpPHOH
TEPPUTOPHH C Mocheayromum obpazoBaHueMm pocceineid [17]. BmocnenctBum 3TH anMasel MOTYT
KOHLIEHTPHPOBATHCA B POCCHINAX Pa3IMYHOTO THIA.

Jpyrue, HekUMOEPIUTOBbIE aIMasbl, NPUCYTCTBYIOIIME B PAa3/IMYHBIX OTJIOKEHHAX M MOpojax
BEPXHEN YacTH 3eMHOH Kopbl, 06pa3oBanuch B Mpoliecce yAapHBIX CTOJKHOBEHHH KOCMHUECKMX Tejl €
3emieli Ha NPOTSAXKEHUM BCeH €€ MCTOPMM HENOCPEICTBEHHO HA HAllled IUIaHeTe 3a CUET passIMuHbIX
HCTOYHHMKOB YIjiepo/ia MHUILIEHH W/UIH yIapHHKa.

ViapHas runoresa He NPOTHUBOPEYUT (PM3MHYECKMM 3aKOHaM, B HeH 4YeTKO MNpoCieXHBaeTcs
MPUYMHHO-C/IE/ICTBEHHAs CBA3b, HAa4YMHas C MOMEHTa o0o0pa3oBaHHA aJMa30B M KOHYAsd WX
SMU30UYECKUM TOSBIICHHEM Ha 3emiie B Pa3HOBO3PACTHBIX POCCHINAX W TPYyOKax B3pHIBa, TIPH 3TOM
OHa JlaeT peajibHOe 000CHOBAaHHE BCEM KPHTEPHAM HEOOXOAMMBIM s anMasoobpasosanus (Tabn.1) u
JAPYTHM COITYyTCTBYIOLIMM MPUPOHBIM ABJICHHUAM M MpOLIECCaM.

B 3akmouenue xorenock 6b1 00paTHTh BHMMaHHE Ha OJHH IOKa3aTelbHbIH MOMEHT. XOTs Ha
caMbleé OCHOBOIIOJIAraroL{e BOMPOCH! MPOUCXOMIEHHUA NMPUPOJAHBIX a/IMa30B OTBETOB JI0 CHX TMOp He
HaH/IeHO, MOABJIAETCSA BCe MEHbILE W MeHbIle paboT, MBITAIOIUXCS XOTh KaK-TO 00BACHUTH MEXaHU3MBI
3TOro Ipouecca, a MojaBifgoWad Macca MyOnuKanuii moceslleHa (GAaKTHYECKOMY HW3YUeHHIO
XMMHYECKOr0 ¥ M30TOITHOIO COCTaBa KUMOEPIMTOB, KCEHOIMTOR U BK/IOYEHMH B anmasax. Ho, BoT uto
BHYLIAET ONPE/ICIICHHbIA ONTHMU3M M, BO3MOXHO, SABJIAETCA €II€ OJHUM IOATBEPHKACHHEM
MPaBHIBHOCTH BBICKA3aHHOM BbIIE yaapHOH koHuermumu. Ecmu B Takux crateax yOparh
«MaHTPUYECKHE 3aK/IMHAHMA» O MAHTHH, a B TEKCT, TMOCe ONMMCaHMUA (paKTHUeCKOro Marepuana M
pe3ynbTaToB pabor, BBECTH CleAyomyto (pasy: «A Tak Kak B XOHJApHUTax (METEOpUTax) BCTpevaeTcs
TO K€, 4TO ObUI0 0OHApyKeHO (BBISBIECHO WK ONMHCAHO) B HACTOALIEH paboTe, TO 3TO CBUIAETENBCTBYET
06 MX KOCMOTeHHOM (ceivac nuuiym — MaHmuiiHom) MpoUCXoxIeHun». PaKThl MEHATH He Ha/lo, HaJ0
W3MEHHUTh WX MHTepnpeTalnuio. JT0 Kak B XopoiueM aerekTuBe. DakThl OJHH U Te e, a B UTOre
OKa3bIBaeTCs BEPHO# camas HeOJKMaHHas BepcHs. M Bce cpa3y BCTaeT Ha CBOM MecCTa.
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Tabnuua 1. CpaBHuTEIbHAS XapaKTEPUCTHKA BO3MOXKHOCTH PeaH3allii OCHOBHBIX KPHTEPHEB
aaMa3000pa3oBaHKs B pAMKaX KOCMOT€HHOM W MaHTHIfHOM rUrmoTes.

Kpurepuii Kocmorennas runoresa MaunTuiinas runoresa
Hctounuk yraepona | Yriaesoaopossl " apyrue | JIocTOBEpHO HEU3BECTEH.
yrinepojcojepkaiue rasel B cocrase | [Ipeanaraercs MHOro BapHaHTOB OT
KOMETBI IOBEHMJIEHOI'O yriepoja 1o

K&pGOHaTOB H YniesoaopoaoB, HO
caMO0 HX TIpDHCYTCTBHE B MAaHTHH
BECbMa CIIOPHO

PT-ycnoeus pocra HmnynecHele (IMHaMU4HbIe) yenoBus | CTaTUuHbIE YCIOBHS
Moryt OBITH peanuzopansl | HTHP
nocnenosarensHo 2 npouecca: UHP u
CVD

Croboanoe Kpucrannusauus npoucxoaur B 3o0He | OTcyTcTBYeT
NPOCTPAHCTBO  JUIA | KOHTAKTa TBEpAOro Tela  W/WIH
HOPMAaJILHOIO pocTa | paciulaBa ¢ ra3oBOH COCTaBIIAIOLIEH B
TypOy/neHTHOii cpene '

Mexanusm 3a cuer pacTAHYTOr0 Ha MHOrue JIOCTOBCPHO HEH3BECTCH.
MNOONHTKH MHIIJTHOHBI KM rasoporo XBOCTa HPC,ILIIOH&I‘H.ETCH li]J'iI'DH)],HBIﬁ
KOMETEI MEXAaHH3M, KO’I‘Opblﬁ B COCTOAHHH

C)KaToro rnojg OrpoOMHBIM [1aBJIEHHMEM
BEUIECTBA NPAKTHYECKH HEBO3MOIKEH

B MaHTHH
Vcenosus B KOCMHYECKOM npoctpaHcTee | JlonroppemenHas COXPaHHOCTh
COXPaHHOCTH KPUCTA/Ibl ajiMa3a MOTYT XPaHHTbCS | HEBO3MOJKHA, TaK Kak [POLECe
KPHCTAILJIOB Ha | GECKOHEYHO /10T MOXET HMATH Kak B OJAHY, TaK M B
NPOTHKEHUH JIPYTYIO CTOPOHY (pacTBOPEHHME).

MHJLIHAP/IOB JIET

PS. B HOBOCTSX HayKH MOSABMIOCH COOOLIEHHE, YTO KUTakIbl coOupatores k 2025 roay Hayath
nporpaMmy o OCBOEHHIO acTeporoB. Heyxkenu onate no3poskM cebs onepeuTs.
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