AHaTonun bupwepTt
I'Ipomcxo>K,1:|,eHV|e MeCTOpO)K,EI,eHVIVI MOJ1e3HbIX NCKOMaeMblIX

Moa nonesHbiIMKM MUCKOMaeMbiMW MOHMMAKTCA NpupoAHble (T.e. obpasoBaBLlUMecH
6e3 BMellaTenbCTBa YenoBeka) CKOMMEHNA MUHepanoB B 3€MHOW Kope, KOTopble MOryT
ObITb MCNONb30BaHbl B cdepe MaTepuanbHOro npomssBoacTBa. CKoOMMeHuss NpUMpOAHbIX
ncKkonaemblx 00pasyldT MEeCTOPOXAEHUS, Cpeau KOTOPbIX MOXHO BblAENUTb TPYNMbl
MECTOPOXAEHUN MeTasnsioB, HEMETansoB, a Takke roprymnx nckonaemoix. K nocnegHum
OTHOCATCA HEdTb, MOPHYUIN ra3, KAMEHHbIN N BypbIn Yrofb, roproYne cnaHubl, Topd.

M3BecTHO, 4YTO Hawa 3emna COCTOMUT W3 pacnnaBfeHHOW maTtepun (Marmbl),
HaxoadaLencs BHYTPU T.H. 3eMHOW KOpbl. 3eMHas Kopa, Ha BHELIHeW NMOBEPXHOCTU KOTOPOW
Mbl OoBuTaeMm, MMeeT OBYXSPYCHOE CTpOeHue. HWXHUIA spyc CROXEH U3 KpUcTanindeckux
ropHbIX nopoa (6asanbTbl M rpaHUTbl) MOLLHOCTbIO (T.e. TonwmHon) ao S50km nop
KOHTMHeHTaMmn 1 0o 10km nog okeaHamu. BepxHuin sipyc, HasbiBaeMbli 0CaLO4HbIM YEXITOM,
CMNOXeH M3 OCafloMHbIX MOPOA: Necka, WU3BECTHsSIKA, MWHbl. MOLWHOCTL 0CadoYHbIX Nopoa
aocturaet S5KkMm, a ee cpefHee 3HayeHuMe Mo BCeMy 3eMHOMY Lapy coctasnaeTt 2200Mm, ¢
CyMMapHbiM 06beMom okorlo 900 MnH. km3. BHyTpM ocafouHoil nopogbl [J0CTaTOYHO

XaOTUYHO pa3MelleHbl MeCTOPOXOEHUA NOJ1IE3HbIX UCKOMNMaeMbIX.

Mopoaa, Ha3biBaemasi Neckom, COCTOUT B OCHOBHOM (8o 90% wn Gonee) ua yactuy,
kBapua (SiO;). Hactuubl necka nmetot pasmep ot 0,1 4o 1MM, MHOrga B UX cocTaBe Kpome
SiO, NpUCYTCTBYOT U OpYyrMe OKUCHbl U BellecTBa, KOTOpble MpuaaroT MeCcKy XapaKTepHbIn
uBeT (KpacHbIN, YepHbIn, 6enbii 1 1.4.).

Bonee cnoxHbIi cocTaB uMeeT nopoaa, HasbiBaemas rmnHon. [nHa, Kak U Necok, Takke
COCTOMUT M3 YacTuL, HO 3TU YacTuLbl, BO-NEPBbIX, HE OAHOPOAHbI NO COCTaBy, @ BO-BTOPbIX —
nx pasmep He 6onee 0,01mm. B coctaB muH BXoAdaT Yactuubl kBapua SiO; (30-70%) wm
kopyHaa Al,Osz (10-40%), a Takke Boga (5-10%). Hanuune B rmvHe BOAbl NpuaaeT 3TOM
nopofe onpeaeneHHyto NNacTUYHOCTb.

N3BecTHSAK — 3TO 0cagoYHasa nopoaa, cocToswas U3 Yyactul, kanbumTa (CaCoOs).

Ecnn B3aTtb pe3ynbTaTbl 6ypOBbIX pa60T no BCeéM permoHam, To MOXXHO caeraTb BbiBOA,
YTO OCafo4HbIN Yexon 3eMnn Nog HaWKMK HOraMn Ha BCEX KOHTMHEHTaX, a Takke nog AHOM
Mope|7| N OKeaHOB CIIOXeH U3 4epeayruimnxcda croeB B OCHOBHOM crneayrlmnx oCadoYHbIX
nopona: rnHbl, Necka n N3BeCTHAKa. JInHenHble pa3mepbl 3TUX CIIOeB OT HECKOJIbKUX MEeTpPOB
0O HECKOJIbKMX KWJITOMETPOB, MOLUHOCTb KaXXaoro crioa oT aonen MeTpa OO0 HEeCKOJIbKMX
OECATKOB METPOB. OTKyLI,a Xe B3sN1Cb 3TN CroW necka, rMuHbl U n3BecTHaKa? [eonorndeckast
HayKa yTBepXaaeT, YTO NecCoK U rmMHa B 0Cago04YHOM 4exne Halen nnaHeThbl o6pa30|3an|/|0b B



pesynbTaTe ANUTENbHOrO NpoLecca paspyLleHUs KOPEHHbIX MarMaTUYeCcKMX nopon, OCHOBHas
N3 KOTOPbIX — FPaHWT.

paHnT (No-UTanbsHCKM granito o3Ha4aeT 3epHUCTLIN) — Hanbornee pacnpocTpaHeHHas
B 3€MHOWN KOpe KOHTUHEHTOB KUCMasi NOSIHOKpUCTann4yeckass marmatudeckasi ropHasi nopoaa,
cocTosias B OCHOBHOM M3 kBapua (SiO;) n kannesoro noneBoro wnaTta (anomocunukaTsl
kanusa). HauvHaa ¢ OpeBHWX BPEMEH M OO0 HaWWX OHEW rpaHUMT MCNOoNb3yeTcsl B KayecTse
CTPOUTENBbHOrO Matepuana.

Monpobyem oueHUTb 3HepreTuyeckue 3aTpaTtbl, TpebyemMble 418 pasMenbyeHns Takon
OrFPOMHON Macchl rpaHuTa, koTopasi Heobxoauma Ansi nonyyennst 900 MnH. km® (M 9.10%
cm®) necka W rnuHbl. [ns NpocToTbl 6yAeM cuuTaTb, YTO U3 OOHOrO O6bema rpaHuTa
obpasyloTca ABa o6bema necka W MuHbl, T.e. Ans nonydernss 9.10% cm® necka u rnuHbI
HY>XHO ucTepeTb 4,5.10%° cm® rpannTa.. CornacHo aaHHbIM Hukonasi BacioTuHa, nposesLuero
PEKOHCTPYKUMIO CBEprieHnst KamHA B apeBHem Ervnte [1], cTpouTenu nupamug TpaTunum Ha
nctmpaHue 1 cm® rpaHuTa B necok v rmuHy 224 k[x (4Ns cBepneHus rpaHuTa CTpouTenu B
apeBHeM ErvnTte mcnonb3oBanu mMegHyto TpyOKy, Bpallaemyl BpPYYHYH TETUBOW fyyka; B
npouecce CBeprieHUss Mexay rpaHMToM M TOpLOM MeaHOM Tpybku Bce Bpems noacbinarncs
KBapLEeBbI/ NECOK 1 nognveanack Boga).

BepHeMcsl ellie pa3 K BO3MOXHOCTSIM npupoasl no nepepabotke 4,5.10%° cm® rpannTa B
necok un rmuHy. Ecnn 66l npupoaa cmorna ucnonb3oBaTtb APEBHEETUMNETCKYH TEXHONOIMIO, e
npuwnocb 6bl NOTpaTUTb Ha 3Ty ONepauuio SHeprmw B obObeme 1,008.10%° k[Ox. Mpwn
MCMNOMNb30BaHUN COBPEMEHHOW TEXHONOMMM 3aTpaTbl aHeprum Gbinv Gbl NpuMepHo B 5 pas
MEHbLUE, HO KTO cmor Obl nMpegocTtaBuTb nNpupoae GecunmcrneHHoe MHOXECTBO aliMasHbIX
OypOBbIX KOPOHOK UNN MeAHbIX CBEPNUMbHbLIX TPYOOK? 3aMeTnmM, YTO Ha U3roTOBMEHNE ITUX
WHCTPYMEHTOB TOXe TpebytoTcsa aHepro3atpatbl. Ckopee Bcero, npupoga npu nepepaboTke
rpaHuTa B NECOK U MMWUHY Nofnb3oBasnack 6bonee NpocTon, a 3HauuT 1 bonee aHeprosaTpaTHOM
TEXHOSormen, gaxe no CPaBHEHMIO C TOW, KOTOPYHO MCMOMb30BaNu ApeBHNE ErvnTsHe.

Utobbl 60Onee nNOMHO OLEHUTb BO3MOXHOCTM MNpUpoAbl MO nepepaboTke rpaHuTa,
NMOCMOTPUM, KakKUMU 3HEPreTUYecKMMM MOLLHOCTSIMWU pacnonaraet Hawa 3emns. M3BecTHO,
4YTO 9Hepruns, noctynarwLlas Ha NoBepxHOCTb 3emnu, Ha 99,98% onpenensieTca nanyvyeHMem
CornHua. MoLWHOCTb CONMHEYHOrO U3NyYeHusl, JocTuratowero 3emnu, coctasnseT 2.10% Ox/c.
Ecnu BCo 3Ty MOLLHOCTb MOXHO 6bi10 6bl NOTPaTUTL Ha pasmon 4,5.10% cm® rpaHnTa B necok
W AVHY, NPMPOAE NPU NCNONb30BaHUN OPEBHEErMNEeTCKON TeXHONormn (UM nogobHon en no
9HeprosaTtpaTtam) notpebosanock 6bl 16 ThIC. NeT.

OpHako npupoda He Morma notpatWTb Ha pasmon 4,5.102° cm® rpanuTa Bceil
nonydaemon ot ConHua 3Heprun. ITa IJHEPrus HyXHa Npexae BCero Ha nogaepxaHve
cpeaHeln TemnepaTypbl MOBEPXHOCTM 3eMnum Ha ypoBHe +12°C. W3ameHeHne noToka
nonyyaemon 3Heprum Ha +10% OT HOMMHaNbLHOW BeNUYMHbI ABTOMAaTMYECKU NPUBOOMUT K



M3MEHEHUIO cpedHel TemnepaTypbl NoBepxHocTM 3emnn Ha +6,5°C. Tak 4To Ha pasmon
4,5.10% cm® rpaH1Ta B Necok W rMWHY Npupoaa Morna notpatuTh He 6onee 1% nonyyaemoit
3emnen aHeprum, 4YTo yBeENUUMBaeT ANNTENbHOCTb pa3moria Ao 1,6 MnH. ner.

Ho Bce geno B TOM, 4YTO Npupoaa He Morfa UCnonb3oBaTth 4SS pasMeribYyeHns rpaHiTa
HW COBPEMEHHOW, HU ApeBHeernneTckon TexHonormn. OHa ucnonb3oBana Ang 3TOro CBOK
crneumduyeckyto TEXHOMOIMIO, 3aknovalrowyoca B crnegywowem. Jletom B camyto 60nbLuyto
Xapy oTkpbiTag K ConHuy NOBEpXHOCTb rpaHnTa B psiae MecT (B CpefHuX MU aKBaTopuanbHbIX
LUIMPOTaX) MOXET HarpesaTbca A0 Temnepatypbl okono 100°C. Ecnu Ha ropsyyto NoBEPXHOCTb
rpaHUTa nonajalrT Kannu JeTHero [oXAOs, MOBEPXHOCTb KaMHA B MEPBYK Xe CeKyHay
NOKpbIBaeTCA OT TepMoydapa CeTKOM MuKpoTpewumH. B cnegywowme netHMe ce3OHbl 3TU
MUKPOTpPELUMHbI pa3pacTtarTcs. HakoHel HacTynaeT MOMEHT, Korda B CpefHuUX LuMpoTax B
MeXCce30Hbe Monaslwasd B MUKPOTPELUMHbI AoXAeBas BoAa 3aMep3aeT BO BpeMs HOYHbIX
3aMOpPO3KOB, OTYEro MWKPOTPELLUHbI paclnpaTca  (3aMOpo3knm MOryT ObiTb TOMBKO B
CpeaHVX U CeBepHbIX WnpoTax). Tak NoCcTeneHHo, rog 3a rogom, NPOUCXOANT eCTeCTBEHHOe
paspylleHe rpaHuTa, npyyeM HenocpeacTBEHHO NPOLECC aKTMBHOMO paspyLlUueHusi rpaHuTa
npoucxogut He 6onee 365 cekyHO B rod, T.e. C COBPEMEHHOM TOYKM 3PEHUS OOCTaTOYHO
HeaPPEKTMBHO.

Mpu WChoNb30BaHWM ApEeBHEErvineTckol TexHormorvu Aans pasmona 4,5.102° om®

rpaHMTa B MECOK W [MWHY NpU HenpepbiBHOM Mpouecce, Kak OblNo nokasaHo Bbille,
notpe6osanoch 6bl 1,6 mMnH. neT, unu 5.10'° cekyHa. Ecnu Ha pasmon rpaHuTa B Necok U
rMUHY Npupoda morna BbiaenaTs He 6onee 365c¢ B rog, TO Torda Aaxe npu MCnonb30BaHUU
ApEeBHeernneTckom TexHonorm (a Ha camMom pJene B npupoge npouecc Obin 6onee
NPUMUTUBHBIN), Ha nonyyeHne 9.10%° cm® necka v rmuHbl ywno 6l 1,38.10' net. U BoT 3aech,
KaK HaM KaXeTCs, Mbl MOAXOOUM K MOMEHTY UCTUHbI — TakUM NepuogoM BpeMeHn 3emns He
pacrnonarana, nockornbky ee Bo3pacT coctasnsieT 4,5.10° neT, a nuK rpaHMTOOGpa3oBaHUS!
MMen MecTo B NPoTepo30e, NpubnuantensHo 2,5.10° net Tomy Hasag,.

Takum obpasom, yTBepxaeHue O TOM, YTO MEeCOK W rfMHa OCaJO04YHOro 4exna Halueu
nnaHeTbl obpasoBanucb B pesynbTaTe AMMTENbHOro npouecca paspylleHuss rpaHnTa, BepHoO
TOMbKO OTYACTW, He Gornee YeM Ha 3,26% (4,5x10° net : 1,38x10™ net = 0,0326 =3,26%).
Kakum xe obpaszom obpasoBanncb B BEPXHEM CIO€ OCaAO04YHOro 4exna octanbHble 96,74%
necka u rmuHbl? [Ing oTBeTa Ha 3TOT BONPOC HaM NpuaeTcst 06paTUTbCs K TeOpMmM KaTacTpod,
KOTOpyl BblABUHYN B 1812r (ppaHuysckuin ectectBoucnbiTatens Xopx Kioebe. CornacHo
KioBbe, wuctopmsi 3emnu cocTouT W3 psiga nocrnegoBaTerbHbIX 3TanoB  CMOKOWMHOMO
3BOSIIOLMOHHOIO pasBuTUS, pasgeneHHblX OypHbIMU KaTacTpodamm, pe3ko N3MEHSIOLLMMN FINK
3emnu.

B kayectBe OOHOM M3 OCHOBHbIX MPUYMH CKAYKOOOPa3HbIX M3MEHEHU NpUpPoabI
COBpPEMEHHasi Teopusa KaTacTpod cumtaetr nepuoguyeckne 6ombapaupoBkm 3emnu
komeTamn. KomeTbl SBASAOTCA MarbiMW KOCMUYecKMMn Tenamu (pasmepom ot 0,5 go



100km), coCTOAWMMM W3 CMecu 3ameps3linx [0 TBEepAoro arperatHoro COCTOSAHUSA
pasnU4YHbIX rasoB M MNapoB, MepeMeLUaHHbIX C T.H. KOCMUYECKOW Mblfibio — TBEpAbiMU
yacTuuamm pasMepoMm MeHee 1MM pasHOro XMMWYECKOro cocTaBa: CUIMUKaTbl, OKUCHbI,
conn meTtannos, xnopugbl n T.n. CoctaB nbaos komeT (H,O, CH4 NH3, CO, n gp.)
nokasblBaeT, YTO TemnepaTypa koMeT He Bbiwe MuHyc 200°C. B npuHumMne kocmuyeckas
Nbiflb KOMET MOXEeT coaepXaTb Bce anemeHTbl Tabnuubl [O.M. MeHgeneesa, HO cocTaB
KaXkOOW KOHKPETHOW KOMETbl 3aBUCUT OT BPEMEHU U MeCTa ee 3apOoXAeHus, Bo3pacTa u
opouThl.

B HacTosiee Bpemsi yCTaHOBEHO, YTO MEPBOOCHOBOW KOMET CryXaT OCKOSKM
B30pBaBLUMXCA 3Be3[, BblOpacbiBaeMblX U3 T.H. CTPYMHbIX pykaBoB [anaktuku [2]. OTn
pykaBa kaxpgble 305 MnH. net nepecekaeT ConHue, ABMXYyLLEECA MO KPyroBon opbute
BOKpYr [@anakTukn BmecTe CO BCEN CBOEN CBMTON M3 NiiaHeT, TYMaHHOCTEN U acTepPOULHbIX
nosco. OCKONKu 3Be34 OCTbIBAlOT, W, NPOXOAA 4Yepe3 raso-nbifieBble TyMaHHOCTU
KOCMWYECKOrO MPOCTPAHCTBA, HaMOpaXnBakT Ha CBOK MOBEPXHOCTb CMECb Pa3fnUYHbIX
rasoB M napoB, NepemellaHHbIX C KOCMUYEeCKoW Mbifbk. YacTtb KoMeT u3 [anakTuku
pocturatot ConHeyHon cuctembl. [Moatomy ConHue, 3emns u gpyrme nnaHeTbl U UX
CnyTHUKKN 4vepe3 kaxable 3015 MnH. neT noaesepranucb paHee n GyayT noaBepraTbCs B
Oyaywem 6GombGapavMpoBKam —ranakTMdeckMmm kometamu. [nuMTenbHOCTb  KaXKAaoro
bombapanpoBoyHoro umkna — go 500Tbic. NeT, Nnpu 3TOM B KaXdoM uukne Ha 3emnto
00pyLUMBaNUCL OECATKN N JaXe COTHMU ThICSY KOMET.

3a Bpems cBoero cyulectsoBaHus (4,5 mnpa. net) 3emns ucnbitana He MeHee
155425 UuknoB KOMeTHbIXx 6oMOapaMpOBOK. 3aMeTUM, YTO HE BCE KOMETbI, AOCTUrne
CornHeYyHon cucTembl B KaxkgoM 6omMBapaAnpoBOYHOM LMKIe, y4acTBYHOT B bombapampoBke
3emnun, ConHua n apyrmux nnaHet ConHeYyHoM cuctembl. HekoTopoe (04eHb OrpaHNYeHHOE)
YMCNO TaKMX KOMET CTaHOBATCA YneHamu ConHeYHon cucTemsbl, nx nponet okono ConHua
MOXHO Habniogatb BpemMsi OT BpemeHu ¢ 3emnu. B kadecTBe npumepa Ha30BEM KOMETY
[Fannes, nepMoandHOCTb NporieTa kotopon Bonuan ConHua coctaBnseT okono 76 ner.

Korga pacnnaeneHHass 3emnsi ewe He mmena rpaHuTHo-6asanbToBon 060M0OYKM,
KOMEeTbl Takke 6ombapaupoBanu Hauwy nnaHeTty. B 3TO Bpemsi KOMeTbl, AOCTUraBLune
NOBEPXHOCTN 3eMin, MOrNIM BHOCUTb CBOW BKNag TOSIbKO B MOHMXEHNE €€ NOBEPXHOCTHOMN
Temnepatypbl, B yBeNMYeHne ee pasaMepoB 1 B UBMEHEHNE XMMUYECKOro COCTaBa BEPXHMUX
CNoEeB Marvbl.

Jlerko npencrtaBuTb, YTO MOCKIE€ nonagaHuna B XXUOKYKO MarmMy KOMETbl C 6onbwmnm
cogepXxaHnem MeTaHOBOro Jibaa, MEeTaH CHa4alla nepexoauint n3 TBepaoro arperatHoro
COCTOAHUA B ra3006pa3Hoe, nocne 4ero MoJeKkysibl MeTaHa nona AEeNCTBNEM BbICOKOW
TeMneparypbl pacnagajimcb Ha CoOCTaBndwwne — yrnepoa un Boagopona. Ecnn atomebl
BOA4OpOAda B cuny cBoeu NeTy4ecT MOrmun BbINTM U3 MarMbl N paccesiTbCA B KOCMUYECKOM
NnpocTpaHCTBEe, TO artoMbl Yyrnepoga, OKa3aBlwunecd B Marme, UMenn BO3MOXHOCTb



BCTyNnaTb B XMMWYECKYID peakumio C OKCugamum MeTansnoB, KoTopble Gnarogapsi cBoemn
Marnoun yaernbHOW macce OOMKHbl Bblnn HaXoAUTbCS B NPUNOBEPXHOCTHBIX CMOSX MarMbl.
Hanpumep, morna umMeTb MecTO peakuus yrrepoga C OKCWMOOM KarbUus, C MOMOLLbO
KOTOpPOM B Halle BpeMs nonyyaroT kapbug kanbuus (4na 3Toro CMecb oKcuaa Kanbums ¢
KOKCOM MpoKanuBaloT B anekTponeyax npu temnepatype ot 1900 go 1950°C). MpumepHo
Takve ycrnioBusi okosio 4,5 mnpA. net Hasag uMenu MecTo B MPUMNOBEPXHOCTHbIX CIOSX
Marmbl. Tak 4YTO Mbl MOXeEM paccyuTbiBaTb, YTO B TeX TOYKax pacrnnaBneHHON
noBepxHOCTM 3emninM, B KOTOpble MonaganM KomeTbl C OBonbliMM  coaep)KaHuem
METaHOBOro sbAa, AOMKHbl Obinn obpasoBaTbCa BKpanneHus Kapbugos pasnnyHbIX
meTannoB. Kpome Toro, kapbuabl MOIMM HakannMBaTbCA B MPUNOBEPXHOCTHbLIX COAX
MarMbl U 3a CYeT TeX PecypcoB yrnepoga, KoTopble C MOMEHTa 3apOXAeHWUs MMaHeThb
3emnsa BXxogunn B ee CocTaB.

Takum obpasom, nepen obpasoBaHWeM TrpaHUTHO-6a3anbToBOM 0OONOYKM B
NPMNOBEPXHOCTHOM Cf0€ Marmbl HEMoOCpPeaCTBEHHO MNepea ee 3aTBepAeBaHWeEM Obin
CO30aH 3afen COeAMHEHWUN, KOTopble MPUHANKM B nocriegylwem yyactne Bo hromaHo-
WHTPY3MBHBLIX MNpoueccax, T.e. B Mpoueccax BblHOCA pPyAHbIX KOMMOHEHTOB W3
MarMaTM4yecKkoro pyaoHOCHOro ovara B 0CagouHbIA YEX0ST C NOMOLLbI ra3000pasHbIX Unn
XNOKNX pacTBOPOB.

B npouecce panbHenwero OCTbIBAHWSA HaleEW nNfaHeTbl HACTynuma  MOMEHT
obpasoBaHna ee rpaHUTHO-0a3anbLTOBOM OBOMOYKM, U3 KOTOPOW KOMETbl CHOopMMpoBanu
MaTepukn n okeaHckoe AHo [2]. MNocne aToro npu BCTpeye KomeT ¢ 3emnen BogsHoOW ren u
KOCMMYeckas nbiflb M3 KOMET HEeNoCPeACTBEHHO nonajanu Ha TBepAayk pPaHUTHO-
6as3anbToBY NOBEPXHOCTb HALUEW NnaHeTbl. Ha OTHOCUTENbHO TENMoM NOBEPXHOCTN 3emnu,
He MOKPbITON €LLe MANKMM OCafOYHbIM YEXIIOM, BOASHOW Nned Tasn, u nosiyyeHHasi npyu 3Tom
BOO4A C NPUMECHIO XIOPUAOB LLENOYHbIX METannoB wWwna Ha obpasoBaHue rugpocdepbl
3emnun. OcTtanbHble negeHUCTble KOMMNoHeHTbl aaep komeT (CH4 CO2 u gp.), He mnmes
BO3MOXHOCTM 3ahmKkcnpoBaTbCa Ha TBEPAON MOBEPXHOCTMU, MOCHE BO3rOHKN yNneTy4mMBanuch B
atmoccepy. bombapauposku 3emnn kometamu ObinNM CTOMb WHTEHCUBHBIMU, YTO YXe B
nepson 4yeTBepTn apxesa (T.e. 4 mnph. NeT Hasag), MMPOBOW OKeaH MOKPbIS MOYTU BCHO
NMOBEPXHOCTb HaLLEN NMnaHeThl.

Monagass B ganbHEWWeM Yyxe B BOAbl OkeaHa, KOMETbl BCMMbiBanM Kak OOblYHbIE
NbAVHbI 1 HAYMHaNM TasaTb, BbICBOOOXAAA COAEPKaBLUYOCA B HUX KOCMUYECKYH Mbifb. YacTb
KOCMWYECKON MbININ KOMET, B TOM YUCNE OKUCIbI KPEMHUSI U arntoMUHUS, KOTOpble He
pacTBOpPSiNNCb B BOAE, Kak 3TO MPOM3OLWSIO C XMOpMAAMU LUENOYHbIX MeTansoB, nocne
BbICBODOXAEHNA M3 NEeJOoBOro nreHa, dyayum Tskenee BoAbl, OMyckanucb Ha AHO OKeaHa B
COOTBETCTBUM C 3akOHOM Apxmmega. [1pn 3TOM B COOTBETCTBMM C 3aKOHOM MApPOLMHAMUKN
npoucxoguna cBoeobpasHas cenapaumsa 4YacTUYeK KOCMMYECKOW nbinn: Gornee KpynHble
yactTuubl onyckanucb ObicTpee 6Gonee wmenkux. Takmm o6pa3oM, Ha [He OkeaHa
nocnegoBaTenbHO OTKNagbiBanucbL 0Oonee unM MeHee OOHOPOAHble MO COCTaBy Criou



N3BECTHSIKa, CIon necka, 1 cnou rmuHbl. Yepes HekoTopoe Bpems, B naneosoe (o1 570 go 235
MIH. NneT Hasaj), okeaH OTCTYNuN C MOBEPXHOCTU COBPEMEHHOMN CyluM, U YepeaytoLlimnecs
nnacTbl M3BECTHsIKA, MNecka W [MWHbl B OCAd04YHOM Yexrie eCTeCTBEHHO nepewrnu B
HacneacTBO COBPEMEHHbIM KOHTMHEHTaMm. 3ameTuMm, 4To npu POPMMPOBaHUM OCaL0YHOro
yexna TOMbKO 3a CYeT MNPOAYKTOB pa3pyLlUeHWUs FPaHWUTHbIX MOPOA, HUKAKOW CrOMCTOCTU
0CafloyHOro 4Yexna He 6bino 6bl. B aToM crnyyae ocagouyHbi Yexon Obini 6bl CNOXeEH 13
OOHOPOAHOW MaccChl, COCTOsILLE B OCHOBHOM 13 paBHOMEPHO nepeMeLlaHHON CMecu necka u
MVHBI.

CoBpemMeHHasi Hayka npusHaeT, YTO B OCafOYHOM 4exrie 3eMnn OAuH CINOW [IvHbI
(MowHocTElO OT 1 A0 6 CM) MMeeT KOCMUYecKoe MpoucxoxgeHue. OTOT CrOW [MUHBbI,
0b6pa3oBaBLUMICS Ha CTbIKE OTIIOXEHUM ME303051 U KaNHO3049 NpUMEpPHO 65 MNMH. NeT Hasag,
BnepBble oOHapyxun B Wtanuum B 1977-80rr amepukaHckum reosior Yontep AnbBapec.
XapakTepHoe OTnu4Me 3TOro TOHKOrO Crosl MMnHbI, 3aPMKCMPOBAHHOIO B HACTOSLLEE BpeMs
NMOYTM Ha BCEX KOHTUMHEHTaX — noBbiweHHoe B 30 pas cogep)kaHue npugusi no CpaBHEHUIO C
cocefHMMUN CroSIMM  U3BECTHSIKA, MexXay KOTOpbIMM OH HaxoguTtca. A vpuaun, no
COBPEMEHHbIM MOHATUSIM, MOI MONACTb B OCAA04YHbIN Yexon 3emMnn TONbKO N3 KOCMUYECKOro
NPOCTpaHCTBa.

Ecnn mbl npuHMmMmaem, 4YT1o nMerinecd B oCago4HoM 4exrie Crion necka, n3BeCTtHAKa n
MWHbI UMEKT KOMETHOE MPOUCXOXOEHUE, TO TaKoe XXe NpoucxoxgeHme [OOJNKHbl MMETb
OONbLUNHCTBO MGCTOpO)K‘D,eHVIIZ KakK MeTariioB, Tak U HemMeTalloB. |_|p00TO OnAa co3gaHnda 3Tux
MGCTOpO)K}J,eHI/IIZ KOCMMYeCKada nMblJib B onpe/:l,eneHHon KomeTe OorkHa 6bina cogepXxXaTb
KpoMe necka, UN3BeCTHAKa WU MTNHbl TakKXXe U Kriactepbl OKUCIIOB WUIN CONen TeX WNU WMHbIX
MeTannoB. To XXe camoe OTHOCUTCA U K MeCTOopOXOEHNAM HEMETAaIJ10B.

lMocne obpasoBaHus y Hallen nnaHeTbl rpaHUTHO-6a3anbLToBOM 0BOMOYKM, OKeaHa n
HayanbHbIX CIOEB 0CadoYHOro 4Yexna, opmMMpoBaHMe MECTOPOXAEHUIA MNONEe3HbIX
MCKOMaeMbIX MOIf10 NATU Kak MMHMMYM MO Tpem nyTam. Bo-nepBbix, 3TO y)Xe ynomMuMHaBLLMECS
GNONOHO-UHTPY3MBHbIE MPOLIECCHl BblHOCA pPYAHbIX KOMMOHEHTOB W3 MarmMaTu4yeckoro
PYAOHOCHOrO o4ara B OCagoOuYHbI 4Yexorn. Bo-BTOpbIX — HenocpeacTBEHHasi MMMNNaHTauus
KOMET B OTHOCUTENBbHO MATKUA 0Caf04YHbIN Yexon. B TpeTbux — obpaszoBaHne MeCTOpOXAEHUI
C NOMOLLIbIO 0Ca0O4HON TEXHOSOMNN.

Mpn aTOM Kaxabi cnocod OpMUPOBaAHUS MECTOPOXOEHWIA OAET XapaKTEPHYIO TONbKO
ans Hero cdopmy pygHoro Tena. Npu dnongHo-UHTPY3MBHOM cnocobe pyaHoe Teno nmeet
NH3000pasHyto opMy C YTOMLWEHNEM B LeHTpe. [lpu HenocpeaCcTBEHHOW MMMNaHTaumm
KOMET B OCafO0YHbIN YEXON pPyAHOE TErl0 MMEET U3OMETPUYECKYID (hOopMy, pasMepbl PyaHOro
Tena npuv 3TOM MNPUMEPHO PaBHOBENUKME MO BCEM Tpem KoopauHaTam. HakoHeu, npwu
obpasoBaHUM MeCTOPOXOEHUS OCadO4YHbIM CMOCOOOM pygHoe Tenio WUMeeT  MSOCKYH
(nnactoobpasHyo) dopmy, Korga ero pasmvep B OAHOM HanpaBfeHMM MHOIM0 MeHbLue
pa3MepoB B ABYX APYrux HanpaBneHusx.



MepBble gBa nyTM GOPMUPOBAHUA MECTOPOXAEHUM MOME3HbIX UCKONAEeMbIX U3BECTHbI
AaBHO [3 - 6], NO3TOMY Mbl paCCMOTPUM 34€eChb TOSNbKO NpoLiecc 0b6pasoBaHMs MECTOPOXOEHUN
MeTannoB M HeMeTannoB C MOMOLLbI0 OCagoyHOW TexHonoruu. [Mpu nonagaHuM B OKeaH
KOMETbI, coAepXallen KpoMe M3BECTHSKA, Mecka WM MMyHbl U Apyrve Knactepbl, CNOCOOHbIe
CTaTb OCHOBOW MECTOPOXAEHWI METansioB UM HEMETAnmoB, 3Ta KOMeTa HEKOTOPOe Bpems
Haxogunacb Ha nnaBy, MeasfleHHO Apendys Noa OEWCTBMEM BETPa M OKEAHCKUX TEeYEHWUMN.
MoaBoaHast YacTb KOMETbI, COCTOsLWAa M3 CMeCWU fbAa C KOCMWUYECKOW NblNblo, HavMHana
TaaTb. [Mbinb, BbICcBOOOXKAAOWAACA NPU 3TOM U3 NeAdHOro nreHa, onyckanacb Ha AaHo. Mpu
9TOM, KaK 1 B crniydae obpasoBaHMsa CNOEB Necka, N3BECTHSIKA M MMWHbI, Ha OHE OKeaHa nop,
KOMETOM-4OHOPOM 06pa3oBbiBarncs Crnown NonesHoro nckonaemoro [7].

K coxaneHuto, n3-3a HebonbLUOW pasHuLbl B yAerbHOM NIIOTHOCTU U pasMepax YyacTul,
obpasyolmx ocafoyHylo nopody (necok W [hUHY) U Mone3Hble UCKOMaemble, YeTKOW
cenapaumm Mexay 3TMMW COBEPLLEHHO pasHbIMW MO XMMUYECKOMY COCTaBy YacTuuamm Mormo
N He npoucxoamnTb. MoaTomy B GONbLUMHCTBE CrydYaeB pearibHble MeCTOPOXAEHUS NOMe3HbIX
MckonaembIX B TOW UM UHOW CTENEHW 3anosiHeHbl U 0CafoYHbIMM NopoAaMu. ATU 0Caf0YHble
nopoabl Npy Jobbiye 1 nepepaboTke MECTOPOXAEHUIA UAYT, ECTECTBEHHO, B OTBATbI.

B panbHenwem obpasoBaHHble Ha OHE OKeaHOB METOAOM OCadoYHOW TEXHOSorMu
CKOMMEHNSA MONE3HbIX MCKOMAEMbIX 3acbiNanucb NECKOM U MMHOW M3 apyrmx komet. [locne
OTCTYNSIEHNSI OKeaHa C MOBEPXHOCTU MATEPMKOB B MX Heapax OocTaBanMCb MECTOPOXOEHMUS
Nofie3HbIX UCKOoNaeMblX, METasNI0OB U HEMETASNOB, UMEKLMX NnacTtoobpasHyto opmy.

bonee cnoxHbln Npouecc MOr MMETb MECTO npu obpas3oBaHUN MECTOPOXAEHWUN
rOpYMX UCKONaemblX, B KOTOPOM OMNpedeNnieHHyld poflb UrparwT T.H. KnaTpaTHble
coeanHeHus. B 1948r anrnuiicknin yderbin C.d.[Nayann npeanoxun knaTpaTHyO MoAernb
CTPYKTYpbl BoAbl. Knatpatamu oH Ha3Ban obbedunHeHne MOMeKyn BoAbl Nog OeACTBUEM
BbICOKOrO AaBfleHUss W  HU3KOW TemnepaTypbl B KrhacTepbl — MHOrOrpaHHuKM,
HanomMmuHawwwme no dopme pyTboNbHLIN MAY. BHYTPEHHSIs NONOCTb KnaTtpaTta cpaBHMMA
MO BENMYMHE Kak C MOfeKynamu BoAbl, TaKk U C MOSIEKyNlaMu HEKOTOPbIX ra3oobpasHbix
BELLLEeCTB, B TOM Yucne MeTaHa.

Ecnu BHYTpb KnaTtpaTa, CoCTosILLero Kak MUHUMYM 13 7 monekyn H,O, npoHuKHeT
ogHa wmonekyna CH4 o6pasyetcs KkpuctannormgpaT MeTaHa. YpgenbHad Macca
Kpuctannormgpata MeTaHa HemHoro 6onblie yaenbHoMm Maccbl Bodbl. [loaTtomy
Kpuctannormgpartbl MeTaHa nexaT Ha AHe MOpeW M OKeaHOB, a Takke Ha [He
rnybokoBoAHbIX 03ep. MMeHHO co gHa o3epa bawnkan poccunckas rnybokoBogHas
akcneguuma netom 2008r nogHsna obpasubl 3TUX KpucTannormgpatoB. Ha Bug 3T1o
BELLLECTBO HAaNOMWHAET MOKPbIW CHET UITM MOKPYHO COJSlb.

CnoxHocTb 006pa3oBaHWsl ras3oBbiX (METaHOBbIX) MECTOPOXOEHUN 3akni4vanacb
ewe n B cneaywowem. Ona dpopMmmpoBaHna ocagodHbiM MeTOLOM PYAHbLIX U HEepyAHbIX
MECTOPOXAEHUA  MOMEe3HbIX UCKonaemblx d¢opmMa nogowsbl nnacta  6Gyayuwiero
MECTOPOXAEHNA Morna ObiTb NoOOM — NAOCKOW, BOTHYTOW BHWU3 WM BbIFHYTOW BBEPX



(dbopma nopowBbl NnacTa 3agaetca penbeoMm gHA TOM 4YacTu OKeaHa, rae B BEePXHUX
cnosix BoAbl Taana komeTa. Ho pgnsa  HagexHoro dopMMPOBAHUA  METaHOBOrO
MECTOPOXAEHNA MNOAOLIBA 3TOrO0 MECTOPOXAEHUNS A0SHKHA UMETb TONMbKO BbIMYKIY BBEPX
dopmy. TONbKO B 9TOM Cliyd4ae MOSEKyrbl MeTaHa, TEM UM MHbIM cnocobom nonasLuve
BHYTPb OCAZO4YHOrO 4exna, npu CBOEM [OBWKEHMM BBEPX OKa3blBaliMCb B JIOBYLLKE.
JloBywka ansa razoobpasHoro metaHa obpasoBbiBanacb ABYMSA 65IM3KO pacnofioXXeHHbIMU
ra3oynopHbIMMU CrOSIMU OCagoYHOM MNOpOAbl, UMEILMX BbIrHYTYH0 BBepx copmy. [Mpu
Apyron oopMme nofoLwBbl METAHOBOrO MECTOPOXAEHUSA — MITIOCKON UMW BOTHYTOW BHU3 —
MOMEKyrbl MeTaHa He MOINM OOSIT0 COXPAHATLCS BHYTPU OCagoOYHOM MOPOAbl, MOCKOMbKY
MMENN BO3MOXHOCTb MOCTENEHHO AndyHaAMpPOBaTL Yepe3 rpaHuLbl MeCcTOpPOXAEHMUS
CKBO3b CIlIOM Necka BBeEpX B aTMocdepy 3emnu, a oTTyga — B KOCMUYECKOE NPOCTPAaHCTBO.

TeM He MeHee W3BEeCTHO, 4YTO BHYTPM OCALO4YHOro 4exna 3emMnum uMerTcs
AOCTaTOYHO ConuAHble 3anacbl ra3oobpasHOro MeTaHa, COXpPaHWMBLUMECS C OEBOHa A0
Halmnx AHen (OEeBOH — 4eTBepTbii MO APEBHOCTM reoNorMYecknin nepmos naneo3omncKom
apbl, 3TOT nepuogd anunca ot 408 go 360 mnH. net Hasaad). Kakum e obpasom y Bcex
CYLLIECTBYIOLLUMX METAHOBbIX MECTOpOXAeHu obpasoBanacb BbirHyTasi BBEPX NogoLlusa?
OTBeT QOCTaTOYHO NMPOCT — BbIrHyTasd BBepX nogowBa obpas3oBbiBaniacb €CTECTBEHHbLIM
obpasom HenocpencTBEHHO B npouecce obpasoBaHMS METAHOBOrO MecTopoXaeHusi. B
camMoM fere, Npu TasHUM NnaBaloLlen B okeaHe KOMEThbI, CoaepXallen B T.4. MEeTaHOBbLIN
nepn, Npexaoe BCero Ha OHO U3 KOMETbl OnycKancsi Mecok, KOTopbid obpasoBbiBan Ha
NMOCKOM [HE OKeaHa BbINyKyl0 BBEPX AOHHYH MOBEPXHOCTb, HANOMUHAIOLLYK MIOCKUN
xonM. CBepxy 3TOT XONM M3 Necka npucbinancs Croem YacTuy, rMuHbl. Beinyknasa Beepx
CTPYKTYpa U3 necka morrna n He obpasoBaTbCsl, €CNU NepBoHaYanbHOe AHO oKeaHa nop,
TalLlen KOMeTon npeacrtaBnano cobon JocTaTtovHO rnybokyo BnagvHy, Ans 3anosiHeHUs
KOTOpPOM Yy OaHHOW KOMeTbl He XBaTano 3anaca necka. B aTtom cnyvae Henb3a Obinio
paccunTbiBaTb Ha 00pa3oBaHMe MECTOPOXKAEHNSA MeTaHa.

PaccmoTpum, 4TO Xe NpoMCXOoamno Aanblle B BEPXHUX CMOsIX OkeaHa Hapg TONbKO
YTO CO34aHHOM Ha AHE HEBLICOKMM XOSIMOM W3 MecKa, MPUCbINAHHOIO CIOEM [fVHbI.
Haxogsuwasca Ha nnaBy KOMeTa, cogepallas B T.4. METAHOBLIW fneq, npogosnkana TasTb,
NMOCTENEHHO HauyMHan TadATb M MeTaHoBbi ned. [lpu 3TOM co3gaBLIMECs YCNoOBUS B
oKpyxatoLweM KOMeTy crnoe BoAbl (BbICOKOE AaBfeHMe Ha YPOBHE AEeCATKOB aTMocdep u
TemnepaTtypa Ha ypoBHe 0°C) cnocobcTtBoBann o6pa3oBaHUIO KpucTanmornapaTos
mMeTaHa. bygyun Tskenee BoApbl, KpucTtannorngpaTbl MeTaHa OnycKanucb Ha OHO OkeaHa,
3acbinas BMECTe C NeckoM TOSIbKO YTO CO3[4aHHbIN Ha QHEe XOSIM, KOTOpbIA ByaeT CnyXuTb
NnoLoLBON Nnacrta opMUpyemMoro MectopoxaeHns metaHa. M nocnegHee — nerwuvm Ha
nogowBy CNOW KpucTannorngpata MeTaHa, NepeMellaHHblii C NeckoMm, 3acbinarncs
YactTuyamu mMuHbl (U3-3a MarnbiX pasMepoB BPEMSI OCaXAEHWS Ha OHO 4YacTul, TNUHbI
6onee yem B 10 ThicaAY pa3 Gonblue BPEMEHN OCaXOEHUSA YacTul, necka). AT YacTuupl
rMWHbI 00pa30BbIBaNM T.H. MOKPbILLKY ra30BOM 3anexMu.

N3-3a XaOTUYHOIrO pacnonoXxeHus B sape KomeTbl 06pa3oBaHU METAHOBOIO Nnbaa,
Ha OHe oKkeaHa Mornv obpasoBaTbCs HE OAWMH NacT KpucTannorngpaTtoB MeTaHa, a [Ba



unn paxe Oonblle, HannactoBaHHble Apyr Hag Apyrom. [lpu cnegyrowmx uUmknax
B6ombapanpoBok 3eMnun kometamm o6pa3oBaBLUMINCA paHee Ha AHE OKeaHa MHOTOCIOMHbIN
MAPOr C HAYMHKOW M3 OAHOr0 WM HECKONbKMX CII0EB KpucTanmnornapatoB MeTaHa
NMOCTENEHHO 3acbinancad MneckoM, W3BECTHAKOM, T[JIMHOW W [axe CrosiMu  COIMW,
NPUCYTCTBOBaBLLEN B KakoW-riMbo KOMETe M He CyMEBLUEN MOSIHOCTbIO PacTBOPUTLCS B
OKeaHCKOM BoJe 13-3a ee HU3KOoW TemnepaTypsbl. [locne oTcTynneHns okeaHa B 0Caj04HOM
yexre MaTepukoB M MX wWwenbda AO0MKHblI ObiMM OCTaTbCA KOMMAKTHble 0Opa3oBaHUA
KpuctannormgpatoB MeTaHa, norpebeHHble nog CcrnosiMM  OCafoYHOW  MOpPOAbl,
BbINOJSTHSAIOLLLEN POSb MOKPLILLKN 3anexu.

Mog mQencTtBMeM MNOSMOXUTENBHOW TemnepaTtypbl B Heapax 3emnu, paBHOMEPHO
nosbiwatowenca Ha 30°C no mepe yrnybneHnss OT MOBEPXHOCTU K LEHTPY Ha Kaxabln
KMNOMeTp, MOr HayaTbCa Mpouecc pacnaga KpucTannorMapatoB MeTaHa Ha Bo4y M MeTaH.
Ob6pasyowminca BHYTPWU BbIMYKOW BBEPX CTPYKTYpbl MeTaH Mpu CBOEM CTPEMIIEHUN
BblpBaTbCA Ha MNOBEPXHOCTb MNonagan B JOBYLLKY, OOpa3OBaHHYK BbINYKNOW BBEPX
MOKPLILLIKOW 3anexu u3 cnos rmuHbl. Tak MornM obpa3oBbiBaTbCA MECTOPOXAEHUSI FTOPHOYMX
rasos.

Uto kacaetca obpasoBaHus HedpTM U3 KpucTanmnormgpaTtoB MeTaHa, 3aMeTum
cnegywouwee. B ocagoyHom 4vexne 3emnu Ha rnybuvHe S5KkM TemnepaTtypa cOCTaBnseT OKOSo
+150°C, a pasneHne — okono 1000atM. BO3MOXHO, 3TUX YCNOBUW [OCTATOMHO A4S
npeBpalleHnss MeTaHa W3 pachaBlIMXCA KpucTannormgpatoB B Oonee  CrioXHble
yrneeogopoapbl, 0CO6eHHO ecnv NnepBoHavanbHO B METAHOBOM JbA€ KOMETbI MPUCYTCTBOBANM
cneunduyeckne Gaktepum, a Takke katanusaTtopbl (MENKOAUCMNEPCHbIE COEANHEHUS HUKENS
N BaHagus), VMHULUMUPYOLLUME 3TOT OprcuHTe3. Kpome Toro, MectopoXgeHusi HedpTn mornm
obpasoBaTbCH 1 B pe3ynbTaTte HENOCPEACTBEHHON UMNMNAHTaLMM METAHOCOAEPKALLMX KOMET
B OTHOCUTENbHO MSANKUM ocadoudHbii yexon 3emnu [4]. KuHeTunyeckas aHeprus KoMeT npu
9TOM npeBpallanacb B TENSOBY — TemMnepaTtypy n gasneHne. OTMeTUM, 4YTO Temnepartypa
MeTaHa npu WMNAaHTauunm KOMeT MoBbilWanacb Ha HEKoTopoe BpeMsa [0 YPOBHS,
CYLLLECTBEHHO MpEBbILAOWY0 TeMnepaTypy MeTaHa B criydae ero BHeApeHus B 000NouYKy
3emMnu nocpeacTBOM OCaA0YHON TEXHOMNOMMMN.

PaccmoTpym Tenepb ©onee BHMMATENbHO pPoOfb KapbuaoB, OKasaBLUMXCS MNOCe
paspyleHnsi KoOMeTaMu [BYX TpeTeh MNOBEPXHOCTU MOMOoAOW rpaHUTHO-6a3anbTOBOM
00O0OMNOYKM Ha HWXKHEM SIpyce OCaAO4vHOro 4exrna naneoKOHTUHEHTOB [2]. M3BeCTHO, 4TO
60onbWMHCTBO KapbnaoB MeTannoB Npy B3aMmMogencTBumn ¢ Bogon obpasytoT okucnbl (Mnu
rMOPOOKNCIIbI) MeTannoB C BblAEMNEHWEM pasfnuyHbIX YyrneeBogopoAdHblx (YB) rasos —
auetuneHa C,H,, metaHa CH,4, atunena C,H,4, a Takke Bogopoaa. bnarogapsi Tomy, 4to
Kapbuabl HaxXoO4ATCS Ha LOCTAaTOMHOW rnybuHe OcagovHOro yexna, Boda [0 HacTodAwero
BpPEMEHM cKopee Bcero He ycnena npopearnposaTb cO 100% kapbugos, NpUCYTCTBYHOLLMX
B OCagO4YHOM Yexrne.
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Mpouecc obpasoBaHua YB rasosB B rnybuHax 3emnun nexut B OCHOBE KapObuaHown
Teopun npoucxoxaeHuss HedTn, BbliaBuHyTOM O.U. MeHnpeneeBbiM B KoHue XIX Beka.
OpHako B 60-e rogbl XX Beka 6b1s10 yCTaHOBMEHO, YTO cocTaB YB rasos, obpasyroumxcs
npwn rmgponuae kapbugos, N0 CBOEMY COCTaBY CYLLECTBEHHO OTnu4vaeTcs oT YB cocTtaBa
HedTK.

Tem He MeHee, Mbl HE MOXXEeM MOMHOCTbI0 oTKasaTbea oT uaen .. Menpeneesa. Ecnu
NPUHATb, YTO HePTb 0BpasoBarnack B pesynbTaTe UMNIIaHTauum MetTaHocoaepXallmx KomeT B
0Cafo4HbIN Yexorn 3emnu, Npy KOTOPOM MeTaH B NPUCYTCTBMM KaTanv3aTopoB noaseprasncs
BO3OENCTBMIO AaBfeHus U TemnepaTtypbl, TO Ha Jono YB rasoB, BblAenswoWUXcs Mpu
rmgponunse kapbugos, octaetca cnegyowee. Bo-nepBbix, nonagas B ropsyne cron Hedtw,
MOMEKYIIbl 3TUX ra3oB MOryT NPUCOEANHATLCA K Moriekynam HedTu. Bo3aMOXHO, 3TK peakumm
nexat B OCHOBe T.H. npouecca MOMOMIHEHNS 3anacoB HedTn, Habnwgaemoro npu
3KCnnyatauum HeKoTopbIX MecTopoxaeHun. Bo-BTopbix, YB rasel ot rmgponusa kapbugos
MOryT NMBO MOMOMHATbL 3anacbl CYLECTBYIOLWMX [a30BblX MecTopoXaeHun, nmbo
06pa30BbIBaTb HOBbIE ra3oBble MecTopoXaeHund. B-tpeTbux, ¥YB rasbl oT rugponusa kapbuaos
MOTYT MPOCTO BbIpbIBATbCA B aTMocdepy 3emnu. HakoHeu, BblAENAACh B BOAHYIO cpeay Ha
bonbwunx rnybuHax, YB rasel OT rugponusa kapbwugoB Moryt obpasoBbiBaTb  T.H.
Kpuctannornapartbl MeTaHa, aueTuneHa, aTuneHa.

O3HaKOMMBLUMCH C BbILIEN3NOXEHHBIM y4acTMeM KOMET B 06pa3oBaHMM HEPTAHbIX
N ra3oBbiX MECTOPOXAEHUN, YnTaTeNb €CTECTBEHHO MOXET 3a4aTb BOMPOC: a Cbirpanv nu
Kakylo-HMOyab porib KOMeTbl B 06pa3oBaHMM MECTOPOXOEHUN MCKOMAeMoro (KameHHOro)
yrns? C TOYKM 3pEHMSA aKTyanucTOB — NMPOTUBHUKOB CTOPOHHUKOB TEOpUW KatacTpod —
MCXOAHBIM NPOAYKTOM Anisi o6pa3oBaHMsA MCKOMAeMoro yrrs Chyxun Topd M3 OpeBHUX
6onoTt geBoHa (npumepHo 400 MnH. neT Hasag). YTobbl nonyyuncs yronbs, NnacTt Topdga ¢
NMOBEPXHOCTN 3eMnn AOSKEH Oblfl 3aXOPOHEH NOA4 HAaHOCaMW Ha AOCTAaTOYHYK TyOuHy.
Tam npu BbICOKMX TeMnepaType 1 AaBneHnn B OTCYTCTBUM KMCNopoada Topd Tepsn BOAY U
rasbl, MOCTENEHHO NPeobpasysch B yrofb.

[lnsa nony4yeHns aHTpauuTOBOro nyacta MOLWHOCTLIO 1M NO pacyeTam akTyanucToB
cHavana TpeboBanocb 3arnybuTtb 20-MeTpOBbIN Cron Topda BHYTPb 0CAg0YHOro Yexna Ha
rmybuHy 6 KM, 3aTemM MOoCrne BbIAEPXKM Ha 3TOM MyOMHE B TEYEeHUEe HECKONbKUX
MUNANOHOB JfieT obpa3oBaBLUMACSA METPOBLIM MNMACT aHTpauuTa 3a CYeT MNOABUXKEK
0ocafo4HON nopofbl OOMKeH 6bin nogHAaTbes fo rmybuHsl oT 1200 go 800 meTtpoB OT
nosepxHoctn 3emnu. C atux rmybuH n Begetcsa gobblda aHTpaumTa, CaMoro nydLwero
copTa MCKonaemoro yrrsi.

CnoXHOCTb M OOCTAaTOMHO CMernble AOoNyWeHus O Murpaumm Topda no BepTukanu
BHYTPU OCafOYHOro Yexna, 3asdBndemble akTyanuctamu B UX Teopun yrrneobpasoBaHus,
3acTaBnseT Hac Mo Apyromy B3rfsiHYTb Ha 3TOT npouecc. bonee ectecTBeHHbIM, Kak
npeacTaBnsaeTca aBTopy AaHHOMW cTaTbu, byaet cneaytouwee. VimMeHHo B aeBoHe, 400 miH.
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neT Hasaj, B okeaH 3eMnu Bpe3anucb KOMETbl, coAaepalume BOOHbLIN nef B CMecu C
Knactepamu yrrnepoga. B pesynbTaTe paspyweHuss 9TUX KOMeT nNpu WX TasHuU
cogepXumoe KoOMeT ocBoboOXaanocb M3 negdHoro nneHa. byaoyyun Tskenee Boabl,
KnacTepsbl yrnepoga onyckanvcb Ha AHO okeaHa, obpasys Ha AHe NoA KOMEeTOW-AOHOPOM
B6onee nnn MeHee conuaHbli cnoi. B nocnegytowem cnon Knactepos yrrnepoaa Mor 6biTb
3acblnaH NeckoMm, N3BECTHAKOM U MUHOWN. [locne oTCTynfeHnst okeaHa B 0OCafloMHOM Yexrie
MaTEepUKOB, B TOM 4ucne u B uX wenbde, OOMKHbl Obinn octaTbca Gonee nnn meHee
KOMMNaKkTHble obpas3oBaHua yrnepoga, norpebeHHble Mo4 MOLHBbIM CrOEM OCag04YHON
nopofbl. og OeNCTBMEM BbLICOKOrO OaBfieHUsI OT BEPXHUX CMOEB OCaAo4HOM Mnoponbl
KOMMNaKTHble 06pa3oBaHuna yrinepoda CrnpeccoBbiBanvcb B NMnacTbl yrns, B 6onblien unm
MEHbLLEN CTEeNneHN 3aCOPEHHOr0 KOCMUYECKOM MNbISb0 U MaTepmanoMm 0cagoyHOM Nopoabl,
a Takke 3aras3oBaHHOrO MeTaHOM (ecnv MeTaHOBbLIM Jfief NPUCYTCTBOBan B S4pe
«yrnepogHonm» KomeTbl). Tak, Ha Haw B3rMs4d, MOMMUM BO3HUKHYTb MECTOPOXAEHUS
nckonaemblx yrrnenm, B ToM uucne ¢ 6onbwmmu n ceepxbonbwumn (4o 300 meTpoB)
MOLLHOCTSIMM MNacToB.

B nepeuyHe roptoymx McKonaeMbliX HEPacCMOTPEHHbIMM OCTalTCs ewe Topd u
roptoyme cnaHubl. Yto KacaeTca Topda, To npouecc ero 06pasoBaHNSA U3BECTEH KaXKOoMy
BbIMYCKHUKY CPEAHEWN LUKOMbl, NO3TOMY Mbl He Byaem nogpobHO OCTaHaBMBaTbLCA HA 3TOM
Bonpoce. bonee MHTEpPECHbIM SBMSIETCA HanuMune B OCAA0YHOM Yexne CTOfMlb MOAHbLIX
cenyac MeCTOpPOXAEHMI TroprYmMX cnaHueB. [optoune crnaHubl — 3TO CMEeCb OCafa04HOM
nopodbl (Necok, rnvHa, W3BECTHSIK) C OpraHM4YeckMM BELLEeCTBOM CanponeneBoro unm
ryMycoBo-canponeneBoro npovcxoxaeHusi. OcHOBa roplyux crnaHueB — nwbas u3
pa3HOBMAHOCTEN OCaA04HON NopoAbl B BUAE NnacTta, KoTopasi A4oNroe BpeMsi Haxoaunacbh
B BOOE Ha OHe Hernybokmx npubpexxHbix 4YacTern MOpCkMx BGaccenHoB, rge aTa nopoga
Cnyxuna «noyBon» ANA MWUSIMOHOB MOKOMEHWn Bogopocnen. Bnocnegcrsum ocHoBa
roproumnx criaHueB Obina 3acbinaHa HOBbIMU CIOSIMU OCaA0YHON MopoAbl, NPUHECEHHbIMU
cnegyrowmnmm kometamn. ocne MoHMXKEHUS YPOBHSA OKeaHa MEeCTOPOXAEHUS TOpHYMX
CnaHUeB okas3anucb B 0CAA04YHOM Yexsie MaTepUKoB.

EcTtectBeHHO, 4TO nepsoHa4yaribHO B COCTaB MeCTOpO)K,EI,eHI/lIZ roproymnx craHues
BXOOMNU B KQ4eCTBe COCTaBHOM 4YacTu U Kpuctannormgpatbl MeTaHa. B HacTosiwee BpeMA
HEKOTopble MeCTOopOXOEeHUA TopyYnx CcliaHueB 3afencTBoBaHbl AN nony4vyeHuna
ra3006pa3Horo MeTaHa, npun 3TOM [O5nA U3BNneyYeHnA MeTaHa W3 KpuctamnriormapartoB
MCNOoJ1b3YyIKOT BbICOKOE AaBlieHe BOAbl, HarHeTaemown B nnacTt roprymnx cinaHuenB
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