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dopmupoBaHue KIMMATHIECKON CHCTEMBI 3eMIn
U ee U3MEHEHUE OIPEleIsIeTCs] CJIOXHBIM B3aUMO-
feficTBUEM KOMIIOHEHTOB CHCTEMbI aTMOcepa—THj-
poccepa—nuTtochepa—kpuochepa—6mocdepa. Me-
TaH, SIBJSISICh BTOPBIM 10 3HAYMMOCTHU MMAPHUKOBBIM
ra3oM, OKa3bIBaeT CyIIECTBEHHOE BIIMSHME HA KIIH-
Mmat 3emiu. [1o cOBpeMEeHHBIM MIpefICTABICHUSIM [10-
7 MeTaHa B Pa3BUTUU NMAPHUKOBOTO 3deKTa co-
CTaBIISIET OKOJO 15% OT cyMMapHOTO BO3JIEHCTBHS
BCceX NMapHUKOBBIX Tra3os [1]. Pe3ynbTaTsl HabmIOAE-
HUI TOKa3bIBaIOT, YTO B HACTOSILIEE BPEMs CoflepKa-
HHE MeTaHa B aTMocdepe pacTeT ObIcTpee, YeM Yr-
JIEKUCIIOrO ra3a, M ero COBpeMeHHasi KOHIIEHTpaIus
MOXET yABOUThcs 3a nocnepyromue S50 net. Tak kak
BKJIaJ MeTaHa B Iiio0ajbHOE MoTemnseHue B 27 pa3
IpeBbIIIACT BKJIAJ YIVIEKHCIOrO ra3a MpH pPaBHBIX
KOHIIGHTpaILUsiX, POJIb MeTaHa B (POPMHPOBAHUM
MapHUKOBOTO 3heKkTa B OimsKameM OyayIieM Mo-
KET MPEB30UTH POJb YIIIEKUCIOro rasza [2].

PesynbraThl uccieqoBaHuMii MOKa3bIBAIOT, YTO C
TEeYEeHHEM BPEMEHH, ellle 0 Hayajla MHyCTpUasu3a-
1M, B aTMOC(hepe NPOUCXOUIIN CHIIbHBIE N3MEHEHUS
KOHI[eHTpanuu MeTaHa. Tak, u3 aHanmu3a my3bIPbKOB
BO37IyXa B KEPHAX MOJISIPHOTO JIbJA YCTAHOBIEHO, YTO
3a 420 TbIC. JIET IPOU30LLIO YePEAOBaHUE YeThbIpEX
KPYIHBIX KIMMATHYECKUX IEPHOJIOB, B TEUEHUE KOTO-
PBIX KOHICHTpAIMSI METaHa B aTMocepe H3MEHsIIACh
ot 320-350 ppbv (1 ppbv = 10~ mupa! mo o6bemy) o
650-780 ppbv [3]. B mepuopn ot 2000 go 200 neT Hazapg
KOHIIGHTpalusl MeTaHa B aTMocdepe yBeInyniach
ot 700 mo 800 ppbv u 100 neT Ha3am OHA JOCTUTIIA BE-
nnunHbl 900 ppbv [12]. TTocne Havana vHAyCTpHAIH-
3alMu cofiepkaHne MeTana B aTMocgepe craio Obic-
TPO YBEIWYMBATHCS, U IO pe3yjbTaTaM M3MEpeHUil
3a 1978-1988 rr. ero KOHUIEHTpalys B MPU3EMHON
atMocdepe Bo3zpocna ¢ 1520 go 1690 ppbv [4]. I1pu
3HAYUTENbHBIX BapHallsIX KOHICHTPAalUd MEeTaHa B
aTMocdepe B CPEflHEM CKOPOCTb €€ COBPEMEHHOI'O
pocta coctaBuia 17 = 1 ppbv/rog [4], 9To cooTBeTcT-
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BYyeT HPUPOCTY COfiepKaHusl MeTaHa B aTMocdepe
48 + 3 miH. T/rop. 3a nmocnenaue 40 JeT KOHIEHTpa-
1Yl MeTaHa yBenuuunach npumepHo Ha 30% u B Ha-
crosiee Bpemst cocrasisieT 1700-1750 ppbv mpu
[IOJIHOM COfIep>KaHuU MeTaHa B aTMocdepe Ipumep-
HO 4800-5000 muH. T [1].

[ns nydmiero NmOHMMaHMs (PYHKIMOHUPOBAHUS
KJIMMATUYECKON CUCTEMBbI 3eMJIU, a TaKXKe IS PO-
THO3WPOBAHUS €€ U3MEHEHNT HEOOXOANMO HCCIIEN0-
BaTh BKJIAJ Pa3IUYHBIX NPUPOAHBIX U aHTPOIOrEH-
HBIX UCTOYHHUKOB B I'TOOAJLHBINA ITIOTOK MeTaHa W B
CKOPOCTb ero pocta [5]. B Hacrosmeit pabote, onu-
pasicb Ha U3BECTHbIE pPE3YyJIbTaThl U3MEPEHUN KOH-
LEHTpallu METaHa, ONPEENsAeTCs ero raodaabHbIN
NOTOK B aTtMocdepy 3eMiy, KOTOPBI C y4eTOM
OKHCIUTENBHON CIOCOOHOCTH aTMocdepbl obecre-
YypuBaeT HaOJIoflaeMoe BBICOTHOE paclpefieieHue
KOHIIEHTpanuu MeTaHa. B atmocdepe 3emnn metan
He 00pa3yeTcs, ero BLICOTHOE paclpefiesieHe onpe-
[eNIeTCsl pABHOBECHEM MEXKAY pa3pylleHueM B o-
TOXMMHYECKUX MPOIeccaxX U MIEPeHOCOM BBEPX OT I10-
BepxHocTn 3emiun. [1oaTOMy B paBHOBECHBIX YCIIO-
BUSIX cCpegHuil Tno0albHbII NOTOK METaHa B
aTMocepe Ha BbICOTE /1 MOKHO ONPENIENNUTh U3 yC-
JIOBHSI, UTO MOTOK METaHa B paccMaTpUBaeMOM TOY-
K€ paBeH ero CTOKy B TOJIIEe aTMOc(ephl BBIIIE
ypOBH4 h:

®(h) = _[S(X)N(X)L(X)d(X), (D
h

rae o(x) — 00bEMHOE OTHOLIEHNE CMECH METAH—BO3-
IyX Ha BBICOTE X; N(X) — KOHIIEHTpaIUsl MOJIEKYJI BO3-
Ayxa Ha BbIcOTe X; L(x) — CKOpoCTb (pOTOXUMUUECKO-
ro pa3pylUIeHNus METaHa.

Paspymenne meTana B armocepe 3eMitn mpouc-
XOJUT B OCHOBHOM B pe3yJIbTaTe €ro OKUCIEHHUS pa-
mukanamu rugpokcmiia OH mo peaknum [6]:

CH,+OH — CH;+H,0,

_2500) 2)

3
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Puc. 1. BoicoTHasi 3aBHCHMOCTBH TJIO0AJbHOIO IMOTOKA
MeTaHa.

B cTpaTocepe fONOIHUTENBHO K peakuuu (2) y4u-
THIBAETCS] OKHCICHNE METaHa B PEaKIHsIX C BO3OYX-
IEHHBIM KHACJIOPOMIOM U XJIOPOM [6]:

CH, + O('D) > CH; + OH, k,=14-10"0cwm® ¢,
(3)

Ha MG3OC(I)€pHI)IX BbICOTaX OCHOBHBLIM IIpOLEC-
COM pa3pylieHus ME€TaHa SBJISICTCA €ro (bOTOJII/ICCO-
nyanusa COMHEYHBIM U3JTYyUYCHUCM!

CH, + hv — CH, + H,, CH, + hv — CH + H + H,. (4)

YunuThIBasg peakuuud OKUCIEHUs MeTaHa (2)—(4),
CKOpOCTB €ro (POTOXMMHUYECKOTO pa3pyIlIeHUs MOK-
HO IPEACTaBUTh B OOIIIEM BHUJIE:

L(x) = k;[OH] + k,[O('D)] + k;3[CI] + J, 5)

rne J — Koa(dunueHT ¢oroaucconmanu MeTaHa,
KOTOPBIN Ha Me30C(EPHBIX BhICOTAX OMPEeIIsieTCs
COJTHEYHBIM U3JIyYEHHEM U cocTaBsier 5 - 1076 ¢!,

BricoTHas 3aBUCHUMOCTE OO BEMHOI'O OTHOLICHUS
CMECH METaH-BO3[yX B Tpomnocdepe, rje MeTaH XO-
pOIIO NepeMeniaH, Ha OCHOBAaHUH NPSMBIX M3Mepe-
HUIl KOHIIGHTpAIMK B pacyeTax npuauManu o(x) = 1.7
ppmv (1 ppmv = 10° Mmun~! mo 06beMy) Ha BCeX BbI-
corax x < 12 kM. lllupoTHast 3aBUCUMOCTb KOHIIEHT-
panuu MeTaHa B Tponocdepe odeHb ciaabasi, U s ce-
BEPHOro nonyuapus B auanasone mmpot 0°—80° ona
3akiroueHa B pefienax 1.7 £ 0.1 ppmv B 3UMHee 1 J1eT-
Hee Bpems. l3MepeHusi copepxkaHusl MeTaHa Ha
cTpaTocepHBIX 1 Me30C(PePHBIX BHICOTAX MOKA3bIBA-
IOT, 4TO Ha BbIcoTe 12 < x < 50 KM ero KOHIIeHTpalys
najgaeT Kak

d(x) = 1.7exp[-0.075(x — 12)] ppmyv,

Ha BbIcOTax x > 50 kM d(x) = 0.2 ppmv. B pe3ynbrarte
BBICOTHAsl 3aBHCHMOCTh OO'BEMHOTO OTHOIICHUS

CH;+Cl - CH; + HCl, k3=1.1-10"c™’-c'.  cmecn merana B pacyeTax NpUHIMANACH B BIE:
1.7 ppmv, x<12 kM,
O(x) = {1.7exp[-0.075(x - 12)] ppmv, 12<x<50 KM, (6)
0.2 ppmv, x=50 kM.

M3mepenust konneHTpanuu rugpokcuna Cqy, Oc-
HOBHOT'O OKHCIIFIOIETO METaH peareHTa, NoKa3bIBa-
IOT €ro 3aBHUCUMOCTBb OT BJIAKHOCTH aTMOC(EpHI,
BPEMEHHU CYTOK U T.1. Tak, B COOTBETCTBUY C PE3YIIb-
TaTamMu padboThI [7] KOHUEHTpaLusa F’UPOKCcUia B 00-
nake paBHa Coy = 1.5 - 107 eM™, a 110 JaHHBIM 3TOM
pa6oThI BHe o6aka BesmunHa Cop =5 - 10% em~. Ha-
TypHbIe HaOIIOfeHusI B BepxHell Tponocdepe [8, 9]
narot 3Hauenue Coy =7 - 10 cm~. B crpaTocdepe u
Me3ocepe KOHIEHTpauus TUfpOKCUIa JEXUT B
npepenax or 5 - 106 em™ (h = 30 km) 1o 3 - 107 em?
(h =50 km) [10, 11]. CornacHo NpUHATHIM NpPECTaB-
neHusM [6] cpefHss KOHIEHTpalus THApPOKCHIIa B
Tponocepe paBHa 6.5 - 10% cM, uTo cooTBeTCTBYET
MTOCJIE[THAM 3KCIEPUMEHTANBHBIM pe3yibTaTaM [7-9].
YuuThiBas cyTouHble Bapuauuu KoHuenTpauuu OH,
B pacuerax npuauManu Coy = 3.2 - 10% em™. Do pas-
HOCHJILHO NPENNONIOKEHUI0, YTO OKUCICHHE METaHa
B aTMOc(epe MPOUCXOANUT TONBKO B THEBHOE BpeMs
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cyToK. HapexHble 3KcrepuMeHTaIbHbIE MaHHBIC
KOHILIEHTpALUil aTOMapHOI'o KUCIOPOJa U XJIopa OT-
CYTCTBYIOT, a TaK KaK WX POJIb B OKUCICHUU METaHa
Ha TponocepHbIX BBICOTaX HE3HAUUTENbHA (MEHEee
1%), To ux BKJIaJ] B CKOPOCTb IOTEPH HE YUNTHIBAJICS.
doroaucconuanyus MeTaHa 3aMeTHa TOJIBKO B Me30-
cepe, moaTomy B Tponocepe u crpatocepe yka-
3aHHBIN Npolecc He paccMarpuBaics. [IpunsiTeie fo-
OYIIEHNs] MPUBOST TOJBKO K 3aHMKEHHIO TOTEPh
MeTaHa B aTMoc(epe u B cooTBeTcTBUU ¢ (1) K 3aHU-
>KEHMIO BEIMYMHBI €r0 CPEIHEro Iri1o0albHOTO MOTO-
Ka ¢ noBepxHocTu 3emiu. BeicoTHble npounu Kou-
LUEHTpalM MOJIEKYJ Bo3fyxa N(x) U TeMneparypsl
aTMoc(epbl BBIOUPAIUCH U3 CHPABOYHBIX JAHHBIX IO
CTaHapTHOH aTMocdepe.

PesynbTaThl pacuyeToB BBICOTHOW 3aBUCHUMOCTHU
r100albHOTO MOTOKA ME€TaHa B Tponocgepe 3eMan
npeacTaBieHbl Ha puc. 1. BugHo, 4To 15 oOecneye-
HUS HaGJIIOIaeMOT0 BLICOTHOTO pacrpefesieHust KOH-
LeHTpauuii MeTaHa (6) BeJIuyuHa TiI00aNbHOrO IMO-
Tom 391

Ne 6 2003



IJIOBAJIBHBIN TIOTOK METAHA 815

TOKa METaHa OT MOBEPXHOCTU 3eMIIH JOJIKHA paB-
Harwes 2000 moH. T/rop. VI3 pacueTa TakKe CIemyerT,
YTO B cTpaTocepy u Me3ochepy IPOHUKAET METAHA
HeMHOTO OoJibile 1% Bcero noToka OT HOBEPXHOCTU
3eman. OTMETAM TaKXKe, YTO HAOJIOJaeMoe B IIO-
clieHUEe TOfbl BO3pacTaHue OOIIEro Cofep>KaHus
MeTaHa B aTMocdepe Ha 48 MIIH. T/rof] o0ecneunBa-
€TCsl yBEJIIMYEHUEM TII00aIbHOrO MoToKa Ha 1% B
rofi. IlosmydeHHast B pacyeTax OIeHKa IN100alIbHOTO
MOTOKa MeTaHa B 2—3 pa3a MpeBbILIAET U3BECTHbIE
73 JIMTEPATYPHBIX JIAHHBIX TOCTYIUICHWS METaHa B
at™Mocdepy (Tabu. 1).

Croyih 3HAUNTEILHOE pa3yinuue BO3MOXHO O0h-
SICHATH T€M, UTO JlaHHbIe Ta6.1 CyIIecCTBeHHO 3aHU-
SKEeHbI, TOCKOJILKY OHU YCTAHOBJIEHbI B OCHOBHOM IO
pe3yibTaTaM MOHUTOPHUHIa OUOTEHHBIX HCTOYHU-
KOB, PacMOJIOXEHHBIX Ha MIOBEPXHOCTH 3eMJIH, B TO
BpeMsl KaK MOTOKHM MeTaHa, UCTOYHMKH KOTOPOTrO
pacImoJioXKeHbl B HefipaX 3eMIlH, YUATHIBAIOTCS HE B
IIOJIHOA MEpE B CBSI3U CO C€lIa0Oi HM3yYEHHOCTBIO.
JleficTBUTENBHO, IO OLleHKaM paboTsl [14] 6uonoru-
YyecKre UCTOYHUKM (IPUPOJIHbIE U aHTPOIOTCHHbIC)
mocTaBisTIOT OT 440 mo 850 murH. T MeTana B rof (70—
80% oO0111ero nNoToka), aHTPONOreHHbIe NCTOYHUKHI
MPOMBIIIVIEHHOCT! U HEPreTHKH faroT oT 16 mo
210 M. T/Tof (~15%), Ha OO0 OKeaHa MPUXOIUTCS
ot 3 go 50 miH. T/rop, (He 6onee 5%). UcTouHuKHT Me-
TaHa, PACIOJIOXKEHHbIE B HeipaX 3eMJId, HEe paccMma-
TPHUBAIOTCS.

Takum 06pa3oM, MOIITHOCTY UCTOYHIUKOB METaHa,
MpEACTaBISIIONINX €ro MOTOK! B Tabu. 1, oka3anuck
HEOCTATOYHBIMH AJISI KOMIIEHCAIIMY [TOTEPh METaHa,
OKHCISAIOErocs B (POTOXMMUYECKUX PEaKIUsIX B aT-
Mocepe 3emun. s oObsicHeHUs HaOMrogaeMon
KOHILIEHTpALMN MEeTaHa B aTMOc(epe, e€e BBICOTHOTO
pacipefiesieHls] 1 TEMIIOB POCTa HEOOXOAMM MOMCK
NOTIOJTHUTENbHBIX HCTOYHUKOB, HE YKa3aHHbBIX B pa-
0otax u3 Tabu. 1. IlpencraBasgercs, 4TO IUKBUIAPO-
BaTh OTMEUYEHHBIN AeUIUT MOTYT UCTOYHUKHU aOHO-
FEHHOTO MeTaHa (3[lech M fanee Moj aOMOreHHBIM
METaHOM HOApa3yMeBaeTCsl METaH U3 aOWOTreHHBIX
HMCTOYHHMKOB, a HE aOMOTeHHBIN 1o reresncy). K ta-
KUM HCTOYHUKAM OTHOCATCS 30HbI CIpEuHra Hu
TPaHC(OPMHBIX Pa3IOMOB, THAPOTEPMANIbHbBIE CHC-
tembl COX, parouubie “cUmbl”’, MPOLECChl CepIIeH-
TH3alluu B 30HaX CyOyKIMU U MeTaMopdu3ma o ap.,
a Tak>Ke MECTOPOXJIEHus raza, He)TH U YIJs, 3ae-
KM Ta30THApaToOB Ha IIeabge M B KPHUOIHUTO30HE,
rpsi3eBble ByJKaHbl. 3anachkl aOMOr€HHOI0 MeTaHa B
9TUX F€0IOTMYECKUX UCTOYHUKAX B IPUPOJE UPE3BbI-
yaiiHo Benuku. Ilo gaHHBIM psifa paGoT (cM., Hanpu-
Mep, [5, 12]), B aurocdepe copepxurcst ~10° MuH. T
ME€TaHa, B TOM 4HCJI€ B MECTOPOKAECHUSIX TPUPOTHO-
ro raza 10°-10° mun. 1, Hedpru ~10* Murs. T, yroist 10%—
10° MuH. T, B 3ajiekax CyOMapUHHBIX M KOHTHHEH-
TaNbHBIX razoruaparos 10°-10° mun. 1. OgHAaKo pe-
TUCTpalysl TeOoJOTMYEeCKOr0 MeTaHa BBI3BIBAET
OOJIBIINE CIOXHOCTHU B CBA3H C PaCIpeNieIeHHOCTBIO
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Ta6muma 1. TTotoku MeTaHa B aTMOcepy 10 IUTepaTypHbIM
JlaHHbIM

IToToxk, MaH. T/TON, JlanHbIC
553 [12]
840 [13]
460-1100 (6]
990 [14]
500-800 [15]

€ro UCTOYHMKOB B MPOCTPAHCTBE, HEJOCTYMHOCTHLIO
psAna pafloHOB, HEPETYISIPHOCTHIO MCTEUYEHUs, BHE-
3aITHBIMHU BLIOPOCAMM, MHOTTIA HEBBICOKMMHU KOHIIEH-
TpalusiMi BbIXofia. BO3MOXKHO, HETOOLIEHEHbI TaKKe
B JJaHHBIX TabJ1. | MOIIHOCTH aHTPOTIOTEHHBIX NCTOY-
HUKOB METaHa, CBSA3aHHbIE C JOObIYEH, TPAHCIIOPTH-
POBKOI 1 TOTPeOIEHNEM METAHOCOAEPKAIIINX TOJIE3-
HBIX NCKOTIAeMBIX — I'a3a, He(DTH U KaMEHHOTO YTJISl.

Wcxopnst u3 noay4eHHON BEJIMYHUHBI TI100AIBHOTO
nmotoka MetaHa 2000 MuTH. T/TOfi, TIpefCTaBUM pac-
mpefiesieHNe ero MPUPOHBIX U aHTPOIOTEHHBIX HC-
TOYHUKOB TIO0 BKJIQJy B 9TOT MOTOK. Tak, mo pe3yib-
TaTaM 06001IeHus paboT [6, 12, 14] moTok GuoreH-
HOT'O METaHa MPUPOHOTO NMpoucxoxaeHns (0oaoTa,
TEPMUTHI, BIIaKHbIE MMOYBHI M TYHIPA) COCTABIISIET B
cpegueM 350 muH. T/rop (17.5% rnob6ansHOro noTo-
Ka) ¥ aHTPOMOT€HHOTO MPOUCXOXKJICHUs (JOMalTHUE
SKUBOTHBIE, PUCOBBIE TOJIS, CKUTAaHUE OMOMACCHI W
pasznoxeHue oTxofoB) B cpemHeM 500 MuH. T/rof
(25% rnobanbHOrO MOTOKA). BKiTag aHTpONOreHHbIX
ACTOYHUKOB MPOMBITIIIEHHOCTH W HEPreTUKu (I0-
ObIua rasa, HepTu, yriis, THAYCTpUaIbHbIe BHIOPOCHI
U TPAHCHOPT) C YYETOM COBPEMEHHBIX JJAHHBIX [5]
MOXKET OBIThb OlleHeH Beaum4yuHou 250 MIH. T/rop
(12.5% rnobanbHOrO MOTOKA). B pe3ynpraTe Ha mo-
JII0O T€OJIOTMYECKUX HCTOYHHMKOB, BKIIIOUasi OKEaH,
MPECHOBOJHbIE BOJOEMbI W BYJKAHBI, MPUXOJUTCS
900 mnH. T/rog MeTaHa (45% ri106albHOIO MOTOKA).
W3 npepcraBieHHOr0 pacnpefiesieHus CleyeT, YTo
[OJIST aHTPONOTEHHOT'O TIOTOKAa MeTaHa OT BCEX ero
HUCTOYHUKOB cocTaBiigeT npuMmepHo 40% rioGaabHO-
o IIOTOKA, YTO HAaXOAUTCS B COOTBETCTBUU C OTHOIIIE-
HUEM MaKCHMAaJIbHOHN KOHI[EHTpAIii MeTaHa B aTMO-
cpepe B gonHmycTpuanbHbiil nepuop (800-900 ppbv),
KOIjJjJa MCTOYHUKM AHTPONOTEHHOrO MeTaHa ObLIn
HE3HAYNTEIHbHBIMHI, K €r0 COBPEMEHHOM KOHI[EHTpa-
ouu (1700-1750 ppbv).

st panbHEWIero yTOYHeHUs KOJIMYeCTBEeHHBIX
OIICHOK 3MMCCHM aOMOTe€HHOrO METaHa W3 KOHKPET-
HBIX TPUPOJHBIX W aHTPOMOTEHHBIX MCTOUYHNKOB, B
TOM YHCJIE€ T€OJIOTMYECKOrO0 MeTaHa, HEOOXOIUMbI
crelnanbHble pernOHaJbHbIC HAONIONEHUS W JIO-
KaJIbHBIII MOHATOPWHT Ha KOHKPETHBIX MPUPOTHBIX
00bEKTax, MECTOPOXKICHUSIX, TPAHCIOPTHBIX CUCTE-
MaxX U MOTPEOUTENSAX C MOCIEAYIONUM 0000IIeHIEM
B I100aJILHOM MacIiTaoe.
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