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1. HapHHKOBbIe ra3pl 1 KJiuMat 3emMJiu

B nocneanue necsatunerus (1981-2010 rr.) cpeaHeromoBas IiioOalibHas
MIPUIIOBEPXHOCTHAsT Temreparypa coctasisuia okosno 14°C wim 287K (Jones,
Harpham, 2013). Ilaneoknumarnyeckue IaHHbIE W JIaHHBIE MOHUTOPHHTA TJIO-
0anbHOr0 KJIMMaTa, OCHOBAHHBIE HAa pe3yJibTaTaX CHCTEMaTHMYECKUX WHCTPYMEH-
TaJBbHBIX U3MEPEHUH THUIPOMETEOPOJIOTUYECKUX MapaMeTpOB, YKa3bIBAIOT Ha TO,
YTO 3Ta BEJIMUMHA HE SIBJSICTCS HEM3MEHHOM. OHa MEHsUIach Kak Ha HCTOPUUYECKUX
BpeMeHax, Tak M B HoBeiiliee Bpems. B mepuon 1880-2012 rr. oHa BbIpocia Ha
0,85 rpanyca (IPCC, 2014a). B yem xe npuuuHa 3TUX U3MEHEHHH?

W3BecTHO, YTO OCHOBHBIM MCTOYHUKOM dHepruu Ha 3emiie siensieTcst CoiH-
Lle, 1 U3MEHEHUS TIOTOKA COJTHEUYHOM HEPIUH, MPUXOAALIETO K 3eMJie, OKa3bIBAIOT
BJIMSTHHE HA €€ TePMUYECKHI PEIKUM.

Cy1ecTBYIOT ecTeCTBEHHbIE (PaKTOPbI, KOTOPbIE BCET/1a OKA3bIBAIM BIMSIHUE
Ha MOTOK COJIHEYHOW SHEpIruu, NOCTYHAIONIINH Ha BEPXHIOI IPAaHUILy aTMOChEepHI.
OT0 — acTpoHOMHYECKHE OpOUTalbHbIE (akTOphl: (opMa M IOJIOKEHUE 3EMHOMN
OpOUTHI MEHSETCS; MOJIOKEHUE 36MHOM OCH OTHOCHTEIBHO TIOCKOCTH 36MHOM Op-
Ooutbl Mensercs. Takue n3MeHeHUs! SIBIAIOTCA LUKIMYECKUMHU M HEHAIPaBJICHHbI-
mu. CoriacHo Teopun MmunankoBnya (MwunankoBud, 1939) Takume u3MeHEHUs
MPUBOIAT K LUKINYECKUM K€ W3MEHEHHUSIM MOTOKA COJIHEYHOI'O M3JIyueHHs, IO-
CTYTAIOUIETO K HalIeH IIaHeTe, YTO U SIBISCTCS] IPUUYMHON MUKINYECKUX W3MEHe-
HUW 36MHOTO KJIMMaTa (B TOM YHUCIe oJeeHeHnii). HecMoTps Ha HEKOTOpbIE Ceph-
e3Hble Bo3paxkeHus (bonbrmakos, 2015), aTa Teopusi B HACTOSIIEE BpEeMs SBIISETCS
JoMuHHpYTomiei. [Ipyu 5ToM THIHYHBIN BpeMeHHOW MacTad TaKuX SBICHUN — Je-
CSITKW U COTHH TBICSY JIET, M HA MPOTSDKEHUH KU3HHU OJHOTO TOKOJICHHUS JTIOACH UX
IIOCJIEACTBUS Ha 3eMJle HE 3aMETHBI.

[TomMuMO HHX, CYIIECTBYIOT M BeCbMa KOPOTKOIEPHOAHBIE KOJIEOaHUs MOTOKA
COJIHEYHOI'O M3JTyU€HUs], BbI3BaHHbIE LIMKIMYECKUMHU N3MEHEHUSIMUA CaMON CBETHMO-
ctu Connua. Hanpumep, cymectsyer 1 1-netauii ki (uukon [Babe). toT nponecc
CKa3bIBACTCsl Ha NPUIIOBEPXHOCTHOM TemrepaType 3eMild, HO KpaiiHe He3HauuTellb-

HO, IIOCKOJIbKY kojieOanus ceerumoct ConHia B 11-1eTHemM IHUKJIC COCTABJIAIOT BCC-
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ro okoj0 0,1% oT ero MHOTOJIETHETO CpeaHero 3HayeHusl. COOTBETCTBYIOLINE U3ME-
HEHHUSI TPUTTOBEPXHOCTHON Temriepatypsl 3emin — okojio 0,07°C wim MeHsble.

Opnako, CyIIECTBYIOT U MHbIE NPUYMHBI U3MEHEHHs 3€MHOTO KJMMaTa, He
CBsI3aHHBIC C M3MEHEHHUEM TIO0TOKa COJIHEYHOH SHEPTHH, MPUXOAIIEro K 3emre, a
CBSI3aHHBIE C N3MEHEHUSIMH CBOICTB aTMOC(ephl U 3eMHOU MOBEpXHOCTH. pyrumu
CJIOBAaMH, CKJIaJ(bIBAIOIIUIICSI TEPMUUECKUN PEKUM 3aBHCUT HE TOJIBKO OT TOTO,
HACKOJIbKO MHTEHCUBHO CBETST Ha MPEAMET, HO M OT CBOMCTB 3TOT0O MpEIMETA.

3TO MOXKHO MPOWJLTIOCTPUPOBATH clieAyoupM obpaszoM. Ecnu Ol y 3emin
He Ob110 aTMOc(epsl (M, TEM CaMbIM, B YaCTHOCTH, Ha 3emJie He ObUIO ObI BOJIBI), TO
3eMHOM MOBEPXHOCTH JIOCTHTAII ObI TOTOK COJTHEYHOT'O M3IIy4eHus B cpesiHem 341,3
Bt m? (Trenberth, Fasullo, Kiehl, 2009). B cocTosHuM TepMOAMHAMHUYECKOTO PaB-
HOBECHs 3eMHast TOBEPXHOCTh M3JTydaia Obl CTOIBKO jke. Takum 00pa3om, corjacHo
3akoHy Credana-bonpiimana, Temreparypa 3eMHOH MOBepXHOCTH Obuta ObI 287 X
(341,3/396)%2% = 277 K, uto Ha 10 rpamycoB MeHbIIE COBPEMEHHOIA.

ATMOcdepa oka3bpIBaeT BIHAHUE HA (POPMUPOBAHUE TEPMHUUECKOTO pEKUMA
TpPEeMsI Ty TSIMHU:

- 4acTh II0TOKA COJIHEUHOI'0 W3JIyYEHMsI pacCeUBAETCsl U NE€pPEeHaIIPaBIIsIETCs
00paTHO B KOCMOC;

- 4aCTh MMOTOKA COJTHEYHOT'0 M3ITy4YEHUS MOTIoImaeTcs arMmochepoii;

- 0oJIbILIAs YACTH MOTOKA HH(PPAKPACHOTO U3ITyUEHHsI 36MHOH MOBEPXHOCTH U
aTMOC(EpHBIX CI0EB 3aXBATHIBACTCS HEKOTOPBIMU ra3aMM M YaCTUYHO NIepeHaIpaB-
nsieTcst 00paTHO K 3¢MHOM TTOBEPXHOCTH (TTapHUKOBBIHN 3 deKT).

3aMeTHM, 4TO JOMHUHMPYIOIIHNE COCTABISAIOIINE aTMOC(EpPHOro BO3AyXa —
a30T, KUCJIOPOJI, aproH — B MOCJIEHEM IIPOIiecce HE YYacTBYIOT, IOCKOJBKY C MH-
(bpakpacHbIM M3Iy4eHHEM IPAKTUYECKH HE B3aUMOJEHCTBYIOT. DTO B3auUMOJEH-
CTBUE 00ECleYnBaIOT Ta30BbI€ COCTABISIONINE, IPUCYTCTBYIONIME B aTMochepe B
HECpaBHEHHO MEHBIIHX KonyecTBax — BojsiHoM nap (H20), yrnekucnstii ras (CO»),
meraH (CHy), 3akuch azora (N20), 030H (O3), mepdpTopyriepoasl, TuapoPpTOpyrIiIe-

poJibL, TekcaTOpUA Cephl U pyTre. B cOOTBETCTBUY € TIPOU3BOAUMBIM dPHEKTOM,



TaKye Tasbl MOJYYMIH HAa3BaHUE MAPHUKOBBIX. [IOMHMO MapHHUKOBBIX Ta30B C MH-
(hpaxkpacHbIM U3TyYCHHEM B3aUMOJICHCTBYIOT TaKXKe HEKOTOPBIE a3p030JH (HApH-
Mep, CaXKEBbIE).

C Havana MHIYCTpUAIbHOU 3pbI (yciaoBHO, ¢ 1750 T.) BCiencTBHE XO3sH-
CTBEHHOH JAEATEIbHOCTH YeJIOBEKa COJIEp)KaHUE MApHUKOBBIX ra3oB B aTMocdepe
CYIIIECTBEHHO BO3POCIIO (KpOME BOJSIHOTO Napa, POCT COJIepKaHMsI KOTOPOTro He3Ha-
YHUTEJIeH). DTO YK€ CKa3aJl0Ch HA TEPMUUECKOM PEKUME IPUITOBEPXHOCTHOTO CIIOSI.
Ha puc. 1.1 npencrapieHna nHbopMaius, OTpaXkaromas BKJIAIbl Pa3IUIHBIX PaKTo-
poB B m3MeHeHHe rinodanpHON Temmepatypsl B 1951-2010 rr. (IPCC, 2014a).
MOoXHO BUETD, YTO BKJIAJ ITAPHUKOBBIX I'a30B (3€JICHBIN 1[BET) 3HAYUTEIICH U OMH-
30K K 0,9 rpagyca. @akTuueckoe U3MEHEHUE (YEPHBII LIBET) HECKOJIBKO MEHBIIIE,

MOCKOJIbKY €CThb U OXJIAXKAAI0IIUC q)aKTOpI)I.

HABJIOJAEMOE NOTENNEHWE

apHukoBbIe rasml

I 1 [pyrve aHTponoreHHble BO3AEACTBUA

CyMMapHO aHTpONoreHHsIe BO3AeACTBNA

F—t— Ecrecraessie soanericrana

I——I EcrecteeHHan BHYTPEHHAA U3MEHYMBOCTH

(R | Sy )

-0,5 0.0 05 1,0

Pucynok 1.1 - BeposiTHOCTHBIE TpaHULIbI (TOPU30HTAIbHBIE HHTEPBAJIbI) U CPEIHUE
3HaueHMs (LIBETHBIE MTPSIMOYTOIBHUKH ) OLIEHOK YCTAaHOBJIEHHOI'O BKJIa/1a Pa3HBIX
(axTOpOB B JIMHEHHBIN TPeHT HAOIIOABIIET0Cs I00ATBHOTO MOTeTuIeHus B 1951-

2010 rr. (IPCC, 2014a).
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WMGHG - Halocarbons

Other Anthrop.

Total Anthrop.
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-2 -1 0 1 2 3 4
(W/m?)

Pucynox 1.2 - PamuanmonHoe Bo3ielicTBUe 0CHOBHEIX (pakTopoB B 2011 roxy mo

CpPaBHEHUIO C HA4YaJIOM MH]IyCTPUAJIbLHOM 3Bl - YCI0BHO, 1750 1.

Mo ocu abcmuce — pagnannonHoe Bo3aelicTeue (Bt M), TI0 ocH Op/VHAT TIOKa3aH BKJIa]| pa3-
HBIX ()aKTOPOB (TPSAMOYTONEHIUKAMHU PA3IMYHBIX [[BETOB): XOPOIIO ITEPEeMENIaHHbIX aHTPOTIO-
TeHHBIX TAPHUKOBBIX Ta30B (WMGHG); npyrux aHTpONOTeHHbIX GaktopoB (Other antrop.);
CYMMapHOTO aHTPONOTreHHOTo Bo3aeicTBus (Total antrop.) u ecTeCTBEHHBIX (PaKTOPOB
(Natural). Topu3oHTaJIbHBIC OTPE3KH 03HAYAIOT CTEIICHb HEOMPEACICHHOCTH (MHTEPBAIIBI 5-
95%). «Ipyrue anTponoreHHsle (HJaKTOpbD» BKIIOYAIOT H3MEHEHUsSI a3PO30JILHOTO COCTaBa, OT-
paXaIOIIMX CBOHCTB 36MHOM IMOBEPXHOCTH (BCJICACTBUE M3MCHEHUH B 36MJICTIONIB30BAHUH) U CO-
Jep>kaHus 030Ha. «EctecTBeHHBIE (haKTOPBD) BKIIOYAIOT 2P ()EKT H3MEHEHUsI TOTOKA CONHEYHON

paauaiuu u Biusaue ByJkaHoB (IPCC, 2014a).

B cymmMapHOM BO3JIEHCTBHM NMApHHKOBBIX T'a30B Ha COBPEMCHHBINA KIUMAT
BKJIJl METaHa SIBISICTCSI HE JIOMHHUPYIOUIUM, HO 3aMeTHBIM. OCHOBHBIM (haKTO-
pPOM, KOHEUHO, SIBJSIETCS POCT KOHIIEHTPALUK YTIAEKUCIIOro ra3a - cM. puc. 1.2. Ha
PHUCYHKE BHJIHO, YTO 3PPEKT METaHA SBIISETCS BTOPBIM IO BKJIAJy ITOCIE YTICKUC-
JIOTO Ta3a Cpelii pacCMaTPUBAEMbBIX TAPHUKOBBIX Ta30B.

Cy1ecTByrompe MexX/IyHapOIHbIC COTJIAIIICHUS, HANIPaBJICHHBIC HA OrpaHrue-
HHUE POCTa KOHIICHTPAIIMi MAPHUKOBBIX I'a30B B aTMocdepe JIsl CIEpKUBAHUS TJIO-

OanpHOrO noreruieHus: — Pamounas konpenuuss OOH 00 n3MeHeHunu kiumara (aajiee



- PKHK OOH), Kuotckuii mpotokod, [lapmkckoe cornamieHie — peainusyor, Ipex-
A€ BCEro, MEPLI 1O OrpaHNUYCHUTIO O6OFaHIeHI/ISI aTMOC(I)epLI YIJICKUCJIBIM T'a30M.

Onnaxo, ¥ mpoOiieMa MeTaHa y)Ke B 3HAYMTEIBHOW CTEIIEHH OCO3HACTCS MU-
poBbIM coobriectBoM. Tak, B 2012 roay OblI0 OOBSABICHO O HOBOH II00AIbHOM
WHHUIIATHBE 7151 OOpPHOBI C M3MEHEHUEM KJIMMaTa, 10 YIIy4YIIeHUIO KauyecTBa BO3-
JlyXa W 3allUThI 3JI0POBbs HaceneHus - «Koamuuu 3a KJIuMaT 1 YUCThIA BO3AYX»
(Climate and Clean Air Coalition). JlesiTenbHOCTh 3TOW OpPraHM3aLlMU HaIlpaBlieHA
Ha CHIDKEHHE COJIEp)KaHUs B arMocdepe Tak Ha3bIBAEMBIX «KOPOTKOXKHMBYIIUX
(axTopoB u3MeHeHus KiuMartay'. Tak Ha3bIBAIOT BEMIECTBA C HEOOJIBIIMM BpPEME-
HEM XHU3HH B atMocdepe, mopska 10 getr u menee. [lomumo mMetaHa, K HUIM OTHO-
CHTCSl YEPHBIA yIIepo]] 1 MHOTHE TUAPO(TOPYTIEPOIbl, KOTOPHIE B LIEIOM, OTBET-
CTBEHHBI TIPUMEPHO 3a TPETh COBPEMEHHOro riobanbHoro notemieHus. [lo cpas-
HeHnto ¢ CO», HEOOBITIOE BpeMs )KU3HU TAKUX BEIIECTB B KIIMMATHYECKOW CHUCTE-
Me 3emin criocoOcTByeT d(h(HEKTUBHOCTH MEP MO OTPAaHUYCHUIO UX COJCPKAHUS B
aTMoc(epe — CHIDKEHHE TII00aIbHOTO BEIOpOCca yxke B 0003puMomM Oyaymiem (me-
CSATHIICTHS U MEHBIIIE) IPUBOJUT K HY)KHOMY dPQEKTY.

B nanHoli paboTe KOMIUIEKCHO paccMmarpuBaeTcs npoliemMa MeTaHa B ac-
[EKTE €r0 POJIi B COBPEMEHHOM HM3MEHEHWH TI00aTbHOTO KIMMaTa U BO3MOKHO-

CTeH OTpaHUYCHHS AHTPOTIOTCHHBIX BRIOPOCOB B aTMOC(hepy.

2. MexayHapoaHble HOpMaTHBHBIE JOKYMEHTBI, peryJIMpylonue BbIOPochl

MAPpHUKOBBIX ra3oB

B Hacrosmumii MOMEHT M3MEHEHHME KJIMMATA SIBISETCS OJHOM M3 BEAYILIHUX
MHPOBBIX MPOOJIEM, PEIICHHE KOTOPOH BO3MOXKHO TOJIBKO MPH BBICOKOM YPOBHE
COTpyJHHUYECTBA MeXAy cTpaHamMu. OCHOBHbIE TTAPHUKOBBIE Ta3bl SBISIOTCS «XO-
pomo nepememaHubIMI» (well-mixed) B atmocdepe. D10, B 4acTHOCTH, O3HAYAET,
YTO OTPaHUYCHUE UX COJIepKaHusl B arMocdepe — He NokansHas npobiema. Kakas-

nubo cTpaHa, Jaxe obnaaaromas OONbIION TEPPUTOPHEH, HE MOXKET PELIUTh ITY

! N KOPOTKOKXHUBYIUX KIIMMAaTHYCCKUX 3arpA3HAOMNINX BCIICCTB.



npobJieMy CaMOCTOSTEIILHO MyTEM OrpaHHYEHUs BHIOPOCOB MAPHUKOBBIX ra30B HA
HAallMOHAJIbHOM YPOBHE. HeCMOTpH Ha BCC YCTAHOBJICHHLIC OTPAaHUYCHUS, OHA 6y-
JIET MOJy4aTh MAapPHUKOBBIC ra3bl M3 TI00AJBHOrO Iyna, T.€. 32 CYET BBIOPOCOB
Ipyrux ctpad. Takum o6pa3oM, €TUHCTBEHHBIM IIYTEM PEIICHUS MPOOJIEMbI SIBIIS-
€TCsl MeXKAYHAPOJIHOE COTPYIHUYECTBO.

DTOT MpoIecC MOXKET OCYIIECTBISTHCS HA CAMBIX Pa3HBIX YPOBHSX, Kak Ha
ypOBHE 00beMHEHUH cTpaH (B ToM uncie B pamkax OOH, ODCP, BPUKC?, Apk-
TUYECKOTO COBETa W JIip.), TaK M HA YPOBHE MapTHEPCTBA MEXIY OTACIbHBIMU
YYaCTHUKAMH, BKIIOYasi MPAaBUTEIbCTBEHHBIE U HETPABHTEILCTBECHHBIE OpPTraHM3a-
UM, MEXyHapOHbIE MPOMBIIIJICHHbIE Kopropainuu. CaMo peryiupoBaHue Bbl-
OpOCOB MapHUKOBBIX ra30B MOKET MPOBOAUTHCS PA3IMUHBIMU CHOCOOAMH, KaK B
BUJIE YKECTOUEHUS TIOJIUTHUKH MO0 OTHONICHUIO K aHTPOIIOTEHHBIM BBIOpOCAaM, TaK U
MyTEM CO3JIaHUs OJAaroNpHUATHBIX YCIOBHHA U MEXaHU3MOB Il BHEAPEHHS HU3KO-
YIIEPOAHBIX TeXHONOTUH. [Ipyu 3TOM MpHUHATBIE TUMU OOBEAMHEHUSIMHU KIMMATH-
YeCKHe WHHUIMATHBBI MOTYT MUMETh KaK OO0s3aTeIbHBIH, TaK M JTOOPOBOJBHBIA Xa-
pakTep Ui MX yYacTHHMKOB. PoccHsi, Kak rocynapcTBO, MPUHUMAET PEIICHHE O
NPUCOEANHEHNN K TaKUM MEKAyHApPOIHBIM MHUIIMATUBAM MCXO/S U3 CBOMX HAllM-
OHAJILHBIX PUOPUTETOB BO BHYTPEHHEW 1 BHENIHEH noauTuke. [lanee KpaTtko pac-
CMOTpEHBI OCHOBHBIE MEXIyHApOAHBIE COTJIALICHUS W WHULIMATHUBBI, HAIIPABJICH-
HBbIC Ha PETYJIMPOBAHNUE KaK BHIOPOCOB MapHUKOBHIX Ta30B B IEJIOM, TaK U METaHa
B YaCTHOCTH, B KOTOPBIX Poccust mpuHUMaeT mim codupaeTcs NpuHsTh yyacTHe.

OCHOBHBIM MEXAYHAPOJHBIM JOKYMEHTOM, PEryJHPYIOIUM TI100albHOe
AHTPOIOTeHHOE BO3JICHCTBHE HA KIUMaT, sBisieTcst Pamounas kouseniust OOH o6
n3menennu kinumara (PKHMK OOH wmm UN Framework Convention on Climate
Change, UNFCCC). Ona Oblia mpHHATa U OTKpbITA K ToAnucanuio 9 mas 1992

rona u BcTynuia B cwiry 21 mapta 1994 ronma. Oto cornamienne 00 oOIUX MPUH-

2 Opraumsanus O6beaunennbix Harmit (OOH), Opraausanus S5KOHOMHYECKOTO COTpYIHHYE-
ctBa u pazsurus (OOCP), rpynna u3 nsatu crpan: bpasunus, Poccust, Unaus, Kuraii, FOxHo-
Adpuxanckas Pecriyonuka (BRICS, npunsitas pycckas ab6pesuarypa - BPUKC).



LUIaX COBMECTHBIX JCHCTBUM JUIsl CACPKUBAHMS MPOLIECCOB M3MEHEHUS KIMMaTa
Ha rma”ere. Ero nens chopmynuposana B crathe 2 (OOH, 1992):

«Koneunas yenv nacmosaweu Koneenyuu u 6cex c643aHHuIX ¢ Hell NPasosbix
00KyMeHmos, komopule moxcem npurame Konghepenyus Cmopon, 3axnovaemcs 8
moMm, umoobl 00OUMbCA 60 UCHONHEHUe cOOMEemcmeyiowux nonodxcenui Kongen-
yuu cmaduruzayuy KoHYeHmpayuii NapHUKOGuIX 2a3o8 8 ammocgepe HA MAaAKoM
Ypo6He, KOmMopblil He 00onyckanl Obl ONACHO20 AHMPONOLEHHO20 B030eUCmBUs Ha
Kaumamuyueckyro cucmemy. Taxoil yposeHs 0ondicer 6bimb 0OCMUSHYM 8 CPOKU, 00-
cmamoyHble Olsl ecmecmeeHHOl a0anmayull SKOCUcmem K UMEHeHUI0 KIUMamd,
no380AI0WUe He CIABUMb NO0 Y2po3y NPOU3E00CME0 NPoO008OILCMEUs U 0becne-
yusarowue oanbHeliuee dKOHOMUYECKOe Pa3eumue Ha yCMouiugol OCHOBeN.

Obmas 3agaua PKUK OOH npu 3ToM 3akirodaercsl B CJIEpKUBAHUH POCTa
o0beMa aHTPOIOTEHHBIX BHIOPOCOB MAPHHKOBBIX T'a30B, COTJIACOBAHHOM CHIDKE-
HUU B pPaMKaxX MEXIYHapOAHO-3aUKCUPOBAHHBIX 0053aTEIbCTB JOJIH OT/IEIbHBIX
CTpaH U OpPTraHU3alUH CHEIHUATbHBIX MEPONPUATHH, YBETUUYNBAIOIINX UHTECHCHUB-
HOCTb MOTJIONICHUS OTACIBHBIX Ta30B HA36MHBIMH 9KOCUCTEMaMHU.

Poccus ssusercs yyactaukom PKUK OOH ¢ 28 mapra 1995 rona (dene-
panbHBbIi 3ak0H, 1994). B HacTosimee Bpems oHa patuduuuposana 1973 rocynap-
CTBaMH, KOTOpbIe, corinacHo KOHBEHIMH, pa3eseHbl Ha TPU OCHOBHBIE TPYIIIIbL:

- ctpansl [Ipunoxenus I: wnenst OOCP - mpoMBIIUIEHHO pa3BUTHIE CTPaHBI,
a TaK)e CTPaHbI C NePeXOoHON HIKOHOMUKOM (B ToM uncie Poccus), mpunsBIine Ha
cebs 0coOble 00513aTeNbCTBA 110 OTPAHUYCHHUIO BEIOPOCOB;

- ctpansbl [lpunoxenus I (uckmountensno wienst OOCP), npunsBIINE Ha
cebs ocoOble 00s13aTeNbCTBA (PMHAHCOBOTO XapaKTepa MO MOMOLIN Pa3BUBAIOIINM-
Csl CTpaHaM U CTPaHaM C IEPEXOAHON SIKOHOMUKOM;

- pa3BuBaromuecs ctpansl U Kuraii.

3 Jlaunsle Ha denpans 2018 1. ¢ odurmansHoro caiita PKMK OOH unfecc.int.
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Briciinm opranom PKHUK OOH, omnpenensiomum MexaHU3Mbl €€ AeHCTBUS
N OTCJIC)KHBAIOUIMM XOJ BBIIIOJTHCHHA IMOCTABJICHHBIX 3aJa4, SABJISICTCA C€XKETOoJHas
Kongepenuus cropoH.

B nexabpe 1997 roaa Ha 3-ii Kondepenuuu cropon B Knoto ObUT MPUHSAT
Kuotckuit nporokon k PKMK OOH (Kongepenuus cropon, 1997), o0s3piBaromumii
pa3BUTHIE CTpaHbI - CTOPOHKI [IpoTokona (B Tom umcie Poccuio) cokpaiath BbI-
Opochl MAapHUKOBBIX I'a30B M MPEIyCMaTPUBAIOLINI pa3iuuHble (PUHAHCOBBIE Me-
XaHMU3MBI 7151 9Toro. [locTaBieHHbIE B HEM IIENU - COKpAalIeHHe CYMMapHOTO BbI-
Opoca MapHUKOBBIX T'a30B (METaHa B MX YHCIIE) MO KpaiHed Mepe Ha 5% OT ypoB-
Hert 1990 rona B mepuoa ¢ 2008 o 2012 rr. JlokymeHT BeTynwi B cuity 16 deBpa-
151 2005 ropa.

Yyactaukamu Kuotckoro nporokona ssistoress 192* rocymapersa. Ilocne
OKOHYAHHSI TIEPBOTO TIEPHOA BBITIOIHEHHUS 0053aTEIECTB OBIIO MPHHATO PEIICHNE
0 peanm3aiuu Broporo neproja ¢ 1 saaps 2013 roga no 31 nekadps 2020 roxa.
IIpunsrtas B xonme 2012 roga B [loxe mompaBka k Kuorckomy mporokony (Kon-
depenmus cropoH, 2012) BKIrOYaeT HOBBIC 0053aTEIbCTBA JIJIST TeX CTOPOH Kuot-
CKOTO MPOTOKOJIA, KOTOPHIE JOTOBOPHIUCH B3SITh 00s3aTENhCTBA HA BTOPOU TEpH-
oJ1 AeHcTBUS 00513aTeNbCTB. PatnduiimpoBanu 3TOT TOKyMEHT TOJNBKO 83 CTpaHbl.

Hamra crpana parudunmposana Kuorckuii mpotokon B konHme 2004 rona
(Denepanbubiii 3akoH, 2004), 4TO U 00ECIEYMIIO BCTYIUICHUE B CHIIY 3TOTO MEXK-
nyHapoaHoro cornamienusi. CormacHo emy, Poccusi jomkHa Oblla COXpaHHTH
cpenneronoBsie BbiOpockl B 2008-2012 romax Ha ypoBHe 1990 roma. B pamkax
BTOpOro nepuona Kuorckoro mporokona Poccusi, kak 1 MHOTHE JApyTH€ CTpaHbI,
OTKa3ayach MPUHUMATD Ha ce0s Kakue-In0o 00s3aTenbCTBa.

Pemennem 21-ii Koudepenuuu cropon PKUK OOH ot 12 nexabps 2015
rojga ObLT MPUHAT HOBBIA KIMMaTHUeCKUW aoroBop - Ilapmxckoe cormamenue
(Koudepenuus cropon, 2015 r.). DTOT 10KyMEHT yxe paTnduuuposan 174° crpa-

HaMU U BCTYNHJI B AeiicTBue 4 HosiOpst 2016 rona.

4 JTanuble Ha despans 2018 1. ¢ opumuansHoro caiita PKMK OOH unfccc.int.

5 Jlannsle Ha denpans 2018 1. ¢ odurmansHoro caiita PKUK OOH unfecce.int.
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I'maBuas nens Ilapmkckoro cornameHus 3aKiiO4aeTcs B YCHJICHHH TJIO-
OanmpHBIX Mep Mo Oopb0e C M3MEHEHHWEM KiuMmaTa JUlsl YJepXKaHHS TOBBIIICHHSI
IOOAIBEHON TEMIIEpaTyphl B 3TOM Beke B mpesenax +2 °C 1Mo OTHOIICHHIO K JIOWH-
JyCTpHaIbHOMY YPOBHIO M TPUJIOKECHUN YCHIIMH MO CHHKEHHIO TOTO TOKa3aTels
naxe mo +1,5 °C.

s 9TOrO CTpaHBI-y4acTHUIBl ONPECISIOT CBOU BKIAABI B JIOCTHKCHHE
JIEKJIApUPOBAHHOW OOIIEH IeJH B WHAWBUAYATHHOM TOPSAKE W MEPEeCMaTPUBAIOT
uX pa3 B 1Atk JeT. B ommune ot Knorckoro npotokona, [lapmwkckoe cornamienue
HE IpeAayCcMaTpuBaeT 00s3aTENbCTB 110 CHUYKEHUIO BHIOPOCOB MAapHUKOBBIX T'a30B,
U IpYHUMAaeMbIE B €r0 paMKax Ka)Joi crpaHoil HanumoHankHbie cTpaTeruu mno co-
KpAIICHHUIO TAPHUKOBBIX I'a30B UMEIOT JOOPOBOJIBHYIO OCHOBY. Poccust moanucana
[Tapmxckoe cornamenue 22 anpens 2016 roga (IlpasurenscrBo PD, 2016a, MIJ]
PO, 2016), Ho moka He patudummpoBana ero. B Hacrosmee Bpems B Poccum
YTBEPKAEH TJIaH MOATOTOBKH K patudukanuu [lapmkckoro cornameHusi, coriac-
HO KOTOPOMY DPELICHHE O €ro IeIeco00pa3sHOCTH IUaHupyeTcs HpUHATH B 2019
roay (IIpaButensctBo PD, 2016b).

PerynupoBanne BHIOPOCOB MAPHUKOBBIX I'a30B, B YACTHOCTH, UX OCHOBHOTO
KOMIIOHEHTA — YTJIEKHCIIOTO ra3a, CTAIKUBAETCS ¢ TOM MpoOJIeMOM, YTO BpEMsI ero
JKU3HU B aTMocdepe 3eMiin I0cTaTouHO BesrKo - okono 100 ner. Kak crnencreue,
Mepbl, HalpaBJeHHbIE HA COKpalleHue aHtponoreHHoH smuccun COz, naxe npu
BBICOKOM HMX YCIHEIIHOCTH, CKXYyTCS JIMIIb 4Yepe3 HECKOIbKO AECATHICTUH WU
no3aHee. B 3Tol cuTyanuu B HacTosIee BPeMsl aKTUBHO MpEAiaraeTcsl ujest co-
KpaleHus: BBIOPOCOB KOPOTKOKUBYIIMX (haKTOPOB BO3ACHCTBUS HA KIIMMAT, B TOM
Yyclie METaHa, Ybe BO3/JCHCTBHE HA PaJUAlMOHHBIA PEXHM M Ha KIUMAT TOXE
3HAUYUTENILHO, HO BpeMs IpeObIBaHus B aTMOC(epe CyIeCTBEHHO MEHBIIIE.

Tax, Ha 38-if BcTpeue nuaepoB ctpaH «boibmoit BockMepku» (Group of
Eight, nanee - G8) B 2012 roay, Oblja BRIIBUHYTA MPUHIIUITHAILHO HOBAsE MEKIY-
HapoAHAas MHUIUATHBA, MOJJIepKaHHask aOCOTIOTHO BCEMH YYaCTHUKAMU CaMMHTA,

B ToM uncie Poccueit — «JleiictBust G8 B cepe sHEpreTHKN M M3MEHEHUS KIIMMa-
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Tay. Peusr B Hell mu1a 00 ydere U KOHTPOJIE KOPOTKOKUBYIINX (PaKTOPOB aHTPOIIO-
TEHHOTO BO3JICHCTBYSI HA OKPYIKAIOIIYIO CpeJly, B TOM YHCJIe MeTaHa.

[Iporpamma OOH mo okpyxaromieit cpexe (United Nations Environment
Programme, nanee - FOHEIT) 16 depans 2012 r. 00bsiBHIIa O CTapTe HOBOM MEXK-
IyHapoaHOW WHUNHATUBBI — «Koamumuu 3a ximMar u 9ucThiii Bo3myx» (Climate
and Clean Air Coalition, nanee — Koamumust). Ee co-ocHOBaTensiMu SIBISUTUCH
banrnagem, Kanana, ['ana, Mekcuka, CIIIA n [IBenwms. Koanumus neiicTByeT Ha
ocHOBe «PaMOYHOro corjameHusi O CO3JaHHH KOATUIMH TI0 COBMECTHBIM JIei-
ctBusim» (Framework for the climate and clean air coalition to reduce short-living
climate pollutants) (CCAC, 2014). Onpenensier cTpaTeru0 padOThl U PYyKOBOJI-
ctBo Koanuuueit Accam6iiest BBICOKOTO ypOBHSI, IPOBOAUMAS €KETOHO.

Henpro Koanumuu siBrisieTcst peanuzaiusi UJeu CHUKEHUST BBIOPOCOB KOPOT-
KOKMBYIIMX KIMMAaTHYECKUX 3arpsi3HSAIONIMX BELIECTB. DTO HOBBIM LIar MUPOBOTO
co001IIeCcTBa B JieJie CHU)KEHHUSI aHTPOMOTEHHOTO BO3JICHCTBHSI HA KIIMMATHUECKYIO
cucremy. B Koanumuu cBou npruoputeTsl 1 Mephl Kaxas CTpaHa Onpenesiser uc-
KITIOYUTEIIHHO JJOOPOBOJIBHO U caMocTosiTenbHo. [1o dopme cormamenne o Koanu-
[IUU HE SBISICTCS FOPUAMUECKU 0053aTEIbHBIM JOKYMEHTOM, B COOTBETCTBHHU C KO-
TOPBIM CTPaHbl JIOJDKHBI MPEANPHUHITH T€ WM WHBIE JCHCTBUS WU BBIACIATH
ompenenennble cpeacrtsa. OnpHako, Gopmar JOKyMEHTa MpEeNeibHO YETKUH U
HaleJIeHHBIA HA MPAaKTUYECKYIO EATENbHOCTh. B HacTosee BpeMst 4eHaMu Koa-
TUIWH SBISIOTCS: 58 cTpaH; 63 HerocyaapCTBEHHBIX 00BEINHEHHM, B TOM YHUCIIE
17 mexxnynapoaabix (B yacTHocTH, Beemupnsiii 6ank, FOHEIL [Iporpamma pa3su-
tig OOH, Opranuzanusi 5KOHOMUYECKOTO COTPYIHUYECTBA U Pa3BUTHSA),  TAK )Ke
Oonee 90° pasnMUHBIX OTHAENBHBIX OPraHM3alMil, KaK TOCYJapCTBEHHBIX, TaK M
yacTHbIX. Poccus siBisiercs wienom Koanunuu ¢ 2014 roga (CCAC, 2014).

Ha Cammute OOH no knumaty 2014 roga B Hbm—ﬁopxe, CIIA, no uHULH-
atuBe Koanmumuu TpaHCHAIIMOHANIbHBIC HE(TSHBIC U TA30BbIE KOMIIAHUH OOBSIBHIN

O pCHICHUN O6’B€I[I/IHI/ITI> CBOM yCWJIMA C MPAaBUTCIBCTBAMU W MCKIAYHAPOJIHBIMHA

6 Jlannsie Ha despans 2018 1. ¢ odurmansHOTO caiita Koamumuu http://ccacoalition.org.
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9KOJIOTUYECKMMH OPTraHU3alUsIMU C TeM, 4TOObI COKpaTUTh BHIOpOCH MeTaHa. B
ITHX HeNsx Obuto co3mano «HedrerazoBoe maptaepctBo mo merany» (Oil and Gas
Methane Partnership), Bomemmee B Koamuuuio (CCAC, UNEP, 2014). B nero
BOLIJIM KaK He(bTeFaSOBBIC KOMITaHUHU, TaK W PA3JIMYHBIC 3KOJOI'MYCCKHUE OpraHu-
3auuu. K nHUIIMAaTHBE Takke NMPUCOCAMHUIINCH KPYIIHbIe HE(Te- U Ta30400bIBat0-
HIMe CTpaHbl, B TOM uncie Poccun.

Bo Bpems nposenenus 22-it Kondepenunn cropon B Mapokko 14 Hos0ps
2016 rona Koanunueri 6bu10 nipeacrasieHo Mappakenickoe kommionnke (CCAC,
2016), npunsitoe Ha 8-i1 ceccun Accambien BBICOKOro ypoBHsA. B Hem oHa 00bsB-
JISIET O HAMEPEHUH TPUHSITH MEPhI MO0 COKPAIICHUIO KOPOTKOKUBYIINX (PaKTOPOB
BJIIMSIHUS HAa KJIMMAT M MPHU3BIBACT BCE CTPAHBI MPUHATH dPPEKTUBHBIC MEPHI IS
TOT0, YTOOBI 3aMEJIUTh POCT TEMIIOB M3MEHEHHUsI KinMmaTa. Jlo HacTosmero mMo-
MeHTa Poccust k MappakenickoMy KOMMIOHUKE HE IPUCOEAMHUIACK.

Ceifuac BO MHOTHX CTpaHaX, OCOOCHHO Pa3BHUTHIX, HAOIIOAETCsl TEHCH-
Usl K Y’KECTOUCHHIO OTHOUICHHS K BHIOpOCAM MapHHUKOBBIX Ta30B M POCTY WH-
Tepeca K HU3KOYTJIEPOJHBIM TEXHOJOTHSIM, B TOM YHUCJIE NIPU BHEAPEHUH MPUH-
[MIIOB yCTOWYMBOTO Pa3BUTHS W TOBBIMICHUS SHEProdGdeKkTuBHOCTU. DTOT
Ipoliecc, HECOMHEHHO, CKakeTcss Ha (OPMHUPOBAHWU HOBBIX MEKIYyHApPOIHBIX

HWHUIUATUB U IIPOTrpaMM.
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3. PerpocnekTHBa KOHLIEHTPALUIi MeTaHa B aTMoc(epe

Copepkanne MeTaHa B aTMocdepe OIMpeJensieTcsi COOTHOIICHHEM MOTOKOB
ero nocrymieHus B atMochepy (3MHUCCUSIMHU) U BBIBEICHH (CTOKA), a TAKKE 3aBU-
CHUT OT X M3MEHYMBOCTH BO BpEMEHH. DMHCCUN (POPMHUPYIOTCS KakK 3a CUET ecTe-
CTBEHHBIX OMOXMMHUYECKUX U T€OXMMHUYECKUX MPOLIECCOB, TAK U 33 CUET aHTPOIIO-
reHHBIX. BriBeneHne mertaHa u3 atMocepbl (CTOK) OMNpENeNsIeTcs COBOKYITHOW
CKOPOCTBIO €r0 XMMHUYECKOT0 pa3pylleHUs] B aTMocepe U MOTJIOMIECHUS TOYBOI
(cm. pasnen 4).

B npouutom kimMat 3eMin He ObUT MOCTOSTHHBIM. [laneoknmumaTuyeckue uc-
cle/IoBaHusl B AHTapKTHJE, a UMEHHO, OypeHHe aHTapKTUYECKOro JibJla Ha CTaH-
nuH «BocTok» M aHaIM3 MOJy4YeHHOI O JIEAOBOTO KEpPHA, JAlOT BO3MOKHOCTh B Ka-
KOH-TO CTENEHU YCTAHOBHTH, KaK KIMMAT MEHsUICS B pa3iinyHble doXu. Pesynpra-
TBI 3TOTO UCCIIEIOBAHUS OBUTH OITyOJIMKOBAHBI MEKIYHAPOIHOM TPYIIION aBTOPOB
(Petit et al., 1999; Barnola et al, 2003; Jouzel et al., 1987, 1993, 1996). B paGore
OBUTH PEeKOHCTPYMPOBAHBI 3HAUEHHS TEMIIEPATYpPhI 33 IIPOMEKYTOK BPEMEHH TPHU-
MepHO 420 000 net. Pe3ynbratel npuBeeHs! Ha puc. 3.1.

Kak BugHO Ha pucynke, koHueHtpamus CH4 mensercs nukianuecku. [Ipu-
MEPHO KaXKbl€ CTO THICAY JIET OHA JOCTUraeT MHHMMyMa - 0K0j0 350 ppb’. Drtu
MUHUMYMBI TPUOITH3UTETFHO COOTBETCTBYIOT 10 BPEMEHHU BEJIMKUM OJICICHEHUSIM,
KOTOpBIE PeryisipHo NMoBTOpsoTcs. [locine AoCTHKeHUs] TOUKH MUHUMYMa TPOHC-
XOJUT OBICTPBIH TobeM KoHIeHTpanun CHs no Benmuunn 700-800 ppb B TeueHue
npuMepHo 10 000 net, a 3aTeM UAET MOCTENEHHOE, XOTSI U HE MOHOTOHHOE MOHU-
JKeHHe KOHIeHTparuu. Kak BUJIHO Ha PUCYHKE, 3TO CBOWCTBEHHO U KOHIICHTPAIIUU
yriekuciioro raza CO;. CX0oaHO C MOBEJACHUEM KOHIICHTPAIMK BEJIET ce0sl TeMIIe-

parypa. CornacHo teopun M. MunankoBuya (MunankoBuy, 1939), xonebanus

7 PactpocTpaHEHHBIMH CIMHUIIAME U3MEPEHHUs COJlepKaHUe Ia30B B aTMoc(epe SBIAIOTCS pas-
HOBHJIHOCTH «0OBEMHOTI0 OTHOIIEHHs cMeck» (volume mixing ratio): Mapa™ — yacTu Ha MIILITH-
apx (ppb, parts per billion), maa™' — gacTu ma MumIHOH (ppm — parts per million) u T.11. B anrio-
SI3bIYHON HAYYHOM JTUTepaType MHOTAA BCTPEYatTcs ppbv. ppmv H T.I., 9YTO MOJYEPKHBACT HC-
MOJBb30BaHHE MMEHHO OOBEMHBIX (Volume) BETMYHMH Uil XapaKTePHCTHKH COJCPKAHUS Be-
IIECTB.
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TeMIepaTypbl OOBICHSIOTCS OPOUTAIBHBIMU (PaKTOpaAMH — HUKIMYECKUMHU H3Me-
HEHUSIMH CBOWCTB 3€MHOH OpPOMWTHI M TOJIOKEHUS 36MHOH OCH OTHOCHUTEJBHO
IJIOCKOCTH 3€MHOW opOuThl. Jlonronepruonnsie (pa3BUBAOIIUECS HA BpEMEHaX B
JIECSITKM M COTHU THICSY JIET) KOJieOaHUsl KOHIEHTpAIMM MeTaHa (M YTJIEKHUCIOro
rasa) - CJeICTBUE 3TUX U3MEHEHHUH TeMIepaTyphl.

B nacrosimee Bpemsi Takue NaneopeKOHCTPYKIIMH CIIETaHbl yKe JUIsS TIPOMe-
KyTka Bpemenu npumepHo B 800 000 ner. AHanu3 razoBOro cocTaBa My3bIPHKOB
BO3/yXa U3 JIEIOBBIX KEPHOB, OTOOpaHHBIX B AHTapkTuje u | peHnananu, mo3Bo-
JIWJT TIPOCTIEINTh HBOJIIOLUIO KOHIEHTPAIMi MeTaHa B aTMoc(epe, a Takke TemIie-

patypsl. PesynbTarel npuBenenst Ha puc. 3.2 (Loulerlegue et al., 2008).
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Pucynok 3.1 - M3meHeHus TeMnepatypsl (kpachas kpueasi) U aTMOCHEPHBIX KOH-
uentpauuit CH4 (conyoas kpusas) u COz (vepras kpusas), moydeHHBIE TIO Pe-
3yJIbTaTaM aHAJIN3a AaHTAPKTUYECKHUX JIETOBBIX KEPHOB Ha CTaHIMU «BocTox»

(Barnola et al, 2003).

ITo ocu opAMHAT: clIeBa — KOHIEHTPALMHU YTIIIEKUCIIOro rasa (ppmv) u MeTaHa (ppbv), cripaBa —
M3MEHEHHE TeMIepaTypbl OTHOCUTENBHO coBpeMeHHoro yposHs (°C). ITo ocu abcrucc - Bpems B

TBIC. JICT 1O HACTOSAICTO BPEMCHHU.
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Pucynok 3.2 - I3meHenus conepkanusi merana B armocdepe 3a 800 ThIC. et

(Loulerlegue et al., 2008).

ITo ocu opaunat npuseieHa kouueHtparus CHa (ppb), o ocu abciyice — Bpemst B ThIC. JIET. 3a
Hayvajao 00paTHOro oTcyeTa BpeMeHH (JIeBbIi Kpaii mikaibl) B34t 1950 ron. Bepxruil epagux -
KOHIICHTPAILIMK METaHa M0 JIAHHBIM JICOBOTO KepHa co cTaHnuu «BocTtoky, Antapktuaa. Cpeo-
HUl epagux - IO JaHHBIM KepHa ¢ Kyrosa «Cy», AHTapKTuia (YepHble mouKu — TaHHbIE JPyTOH
rpynnsl ucenenopareneid (Spahni et al., 2005), kpacubie - pe3ynbrathl ananuza B [ penoodie, cu-
Hue - B bepue). Huoicnuil epaghuk - conepkanue aeirepus (IMMKU COOTBETCTBYIOT MO IbeMaM
TemIiepatypsl). Ha epeske 66epxy cnpasa - NeTallbHO PACCMOTPEHHBIE JTaHHBIC 32 MeproJ 650—
800 ThIC. IET HA3AM: 8epXHsA Kpu6as - COICPKAHNE NEHTepUs B MOPCKHX OCaJIKax (IToKa3aTelb
TEeMIIEPaTyPbl OKEaHa); CpeoHss Kpusds - COJCpIKaHUe MeTaHa B aTMoc(epe; HIKHSIS - Coziep-

JKaHUC ﬂeﬁTepHH BO JIbAY C KYyTIIOJIa «Cp». BI/II[Ha O4YCHb XOpouIas CONPsKEHHOCTh 3HAYCHUH.
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OtmetumM, uto KoHUEeHTpanus Metana 3a 800 000 et HUKOrJa He MpEeBbIIIa-
na 800 ppb 10 uHIyCTpUaIbHOM 3pkI (YeioBHO — 10 1750 r.). [Tockoabky 10 TOTO
MHTEHCUBHOCTb XO3SIICTBEHHOM NEATEIbHOCTH YesIOBeuecTBa Oblla HE3HAUUTEIb-
HoM, koHleHTpanus CH4 obecreunBanach TONBKO €CTECTBEHHBIMH TPOIECCAMU
(Loulerlegue et al., 2008; baxwun, 2010).

Konnentpanus CHs, Kak ¥ JBYX OCTaJIbHBIX TJIABHBIX «aHTPOMOTECHHBIX)
napHUKOBBIX Ta3a — CO2 u N2O — MeHsieTcsl CXOHO B Pa3IMYHBIX TOYKAX reorpa-
¢uueckoro mpoctpancTBa. Ha puc. 3.3 mpuBeneHbl KOHIICHTpallMd MeTaHa Ha
cranuusix Jloy-Zloym B Antapkruzae u B ['pennanguu ¢ 1000 r. Otu gansasle — pe-
3yabTaT pabotel rpynnsl uccienosareneit (Etheridge et al, 2002; Etheridge et al,
1998). Ha puc. 3.3 BugHO, uTO, BO-NIEPBBIX, pa3nuuus B KoHueHTpauusx CHs B
AmnTapkTuae u ['peHnanInu HeBEeJIMKH, U, BO-BTOPBIX, 10 Hadajla WHIYCTPHATbLHON
9pBI OHH KoJiebanuch B mpenenax 625 - 675 ppb, a, Hauunas npumepro B 1750 T,
BBIIIUTM M3 3TOTO UAaNa30Ha W Hayalld CUCTeMaTWdecKu pacTu. OHHM JOCTHUIIIN K
KoHIy XX Beka ypoBHs pumepHo 1500 ppb.

B nacrosiee Bpems rno0anbHble KOHIIGHTPALWK METaHa B IPUIIOBEPXHOCT-

HoMm cioe pocturim 1800 ppb u 6onee (Nisbet et al, 2016).

1600

o Antarctic

1400 o Greenland

1200

¥

£

£

1000 i
e & W o B BT

goo

CHs MIXING RATIO {ppb)

1000 1200 1400 1600 1800 2000
AIR AGE (YEAR AD)

Pucynok 3.3 — CpaBHUTEIBHBIN X0/ KOHIIeHTpanuy MetaHa ¢ 1000 r. B An-

tapkruzae (pomowor) u I'pennannuu (keaopamet) (Etheridge et al, 2002).

ITo ocu abcuuce — To/Ibl, IO OCH OPJAMHAT — COJIePIKaHUe MeTaHa B ppb.
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4. I'nodanbHbIi OI01KeT MeTaHa B aTMochepe

Copepkanne MeTaHa B atMocdepe OnpenessieTcs ero MocTyIIeHHEM B atT-
Mocdepy 1 cTokoMm u3 atMocdepbl. HamomuanM, uto cornacHo 1. 9 crateu 1 PKUK
OOH (OOH, 1992) «uCTOYHHK» O3HAYACT 000U Npoyecc Uil U0 OesimenbHoO-
cmu, 6 pesyabmame KOmopo2o 6 ammocgepy noCmynaronm napuuKosbvlil 2as, aspo-
30716 UaU npekypcop® napnukosoeo 2azay. 31ech U aajiee, KCTOK» - JIFo00# mporecc
WIN BUJ JIESTEIBHOCTH, B PE3yJIbTaTe KOTOPOTO MAPHHUKOBBIN Ta3, adpo30ib WU
MPEKypCcop MapHUKOBOTO ra3a yJaJIsioTCs U3 aTMOC(hephI.

B Hacrosiee BpeMs MpakTUKYIOTCS 1Ba METOAA OLIEHKUM MCTOYHHUKOB/CTOKOB
MIAPHUKOBBIX Ta30B: «CHU3Y BBepX» (bottom-up) u «cBepxy BHU3» (top-down).

Merton «cHuU3y 86epx» - eCTECTBEHHBIN 1 Hanboiee xenatenbHbId. OH CBO-
JUTCSI K TOMY, YTO MPH ONpeAeTICHHH CYMMapHOTO BbIOpoca B aTMOocdepy WIIH Ke
yHaleHuss U3 arMoc(ephl M3yd4aeMOro BEIIeCTBA, XapaKTEpHOTO IS KaKOW-TO
000011eHHOH Teorpaduueckoil WM XO3IHCTBEHHOW €IUHHIIBI (PETHOHA, CEKTOpa
HKOHOMHUKH) TIPOBOJUTCS HM3MEPEHHE/OIIEHKa W TMOCJIEAyIonee CyMMHUpPOBAHUE
3HAYCHHUU JJISl €€ COCTABIISIONINX.

K coxanenuro, 3T0 He Bcerja pemaemasi 3ajada B CHIY pa3HOOOpa3HBIX
NPUYHH — OTCYTCTBUS JICTATM3UPOBAHHBIX JAHHBIX, HHCTPYMEHTAIBHBIX METO/IOB
u T.1. [ToaTomMy Takxke yrmoTpeOIIsieTCsl METOM «C68epXy 6HU3Y, KOTa pernaercs 00-
paTHas 3a7jauya — KOHCTPYUPYETCS MaTeMaTH4ecKast MOJIeNb Mpoliecca, MO3BOJISIO-
masi mo HabOJI0AaeMbIM M3MEHEHHUSIM KOHICHTpaluu (KOTOpbIE MU3MEpSTh CyIile-
CTBEHHO TIPOIIE, YeM MOTOKH BEIIECTBA) KOJMYECTBEHHO OLIEHUBATh W3MEHEHUS
BXOJISIIIIUX M MCXOJISIINX TMOTOKOB BellecTBa. EcTecTBEHHO, MOTydYaeMble OIEHKH
3aBHCAT OT KJIacCa U OCOOCHHOCTEW MCIOIb3YyEeMOM MOJENN M 4acTO 3aMETHO pa3-
JUYAIOTCS Y Pa3HBIX aBTOPOB.

Tak kak mocTyruieHue MeTaHa B aTMoc(hepy MOJHOCTBIO ONMpeAessieTcs Io-
TOKaMH € 3€MHOW TOBEPXHOCTHU, TO MPH NMPUMEHEHUH METO0J]Ia OIEHKH «CBEPXY-

BHU3)» YCTAHABJIMBACTCA CYMMApPHOC 3HAYCHUC BI)I6pOCOB B HUCCIICAYCMOM pCru-

8 «IIpexypcop» - mpeecTBeHHUK, TPAHCIMTEPAIUs aHTIL, «PIecurson.
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oHe. Mcronp30BaHue AOMOJHUTEIBHBIX JAaHHBIX, HAPUMED, H30TOIHBIX HUCCIIEA0-
BaHHﬁ, IMO3BOJIACT CYAUTh O MOIIHOCTU BBIGpOCOB OT OTACJIBbHBIX KJIACCOB HUCTOY-
HUKOB. Ha rno6anbHOM ¥ KOHTMHEHTAJIbHOM MacIiTabax Takue OLUEHKH CUUTAIOT-
CA AO0CTAaTOYHO HaACKHBIMH. HellOCTaTKI/I 3TOT0 IIoAXoJa CBA3aHbI C KaY€CTBOM
JAHHBIX METEOPOJIOTHYECKUX HaOIIOACHUN U MOJENIeH, a TaKKe C HEBO3MOXKHO-
CTBIO JIOCTaTOYHO TOJPOOHO paccMaTpuBaTh OTAEIbHBIC BUJBI UCTOYHHKOB, OCO-
OCHHO aHTPONOTCHHBIX.

[Tpu oreHKe K€ SMUCCUI METOJIOM «CHH3Y BBEpPX» HETOJHBIH y4eT MUCTOY-
HUKOB MOXET NPUBOAWTH K OHIMOKaM IPU PACCMOTPEHUH NPOCTPAHCTBEHHO-
BPEMEHHOW M3MEHYHMBOCTH MOTOKA U COOTBETCTBYIOIIMUX OIICHOK. DTH JBa MOJXO-
Ja MOTYT OBITh TIPUMEHEHBI JUIS JIIOOBIX MEPUOJOB BPEMEHH (B TOM YHCIE IS
MIPOTHO3HBIX OIIEHOK) KaK B PaMKax OJJHOT'O PETHOHA, TaK W JJIsl BCei 3eMITu.

[Ipu 3TOM 3HAYEHUs, NOJYUYCHHBIE METOIOM «CHM3Y BBEpX», AJIS IJ100ab-
HOTO 00IIIer0 BEIOpOCA MeTaHa BCET/1a HeCKOJIbKO 3aBhIIMICHBI (CM. Ta0i. 4.1), B oc-
HOBHOM H3-32 BCE eIIe 00Cy»/1aeMOro BOIIpOca O BO3MOKHOM IepeoreHke BKIaa
re0JOTHYECKUX W BOJHBIX MCTOYHHKOB. CIlelnyeT OTMETUTh, YTO, K COXKAJICHHIO,
HEKOTOPBIE TPOIIecChl, BeayIue K Beiopocam CHy, emé cna6o uzydensr. [Tpu sTom
OHHU YacCTO OTJIMYAIOTCS BHICOKOM BPEMEHHON M TEPPUTOPHUATILHON N3MEHUYNBOCTHIO
U 3aBUCAT OT MHOXecCTBa (DaKTOPOB, YTO B UTOT'€ MOXKET NMPUBOAUTH K 3HAYUTEIb-
HBIM PAcXOKACHUSM B OLIEHKAX.

K Hacrosimemy BpeMeHH ITPOBEIEHO MHOXKECTBO OTJCIBHBIX HCCIIETOBAHUI:
- BBITIOJTHEHBI M3MepeHHs (KaK Ha3eMHble, TaK M CIIyTHUKOBBIE) pacIpeesneHuit
koHnentpanuii CHs4 B armocdepe (cM. pazzien 6.2), ero NMOTOKOB, CBS3aHHBIX C
pa3IMYHBIMA MCTOYHHKAMU M CTOKaMM; MOJYYEHBI M MPOaHAIU3UPOBAHBI Ta-
JeOKIMMaTHYEeCKHe JaHHble (CM. paszen 3), a TakkKe JaHHbIE O OMOreoXuMude-
CKOM IIMKJIE METaHa M €ro M30TOMHOM cocTaBe. OHAKO, TOJBKO CBEIIEHHE ITOM
uHpoOpMaIMK B €IUHBIA OI0/DKET METaHa 32 COOTBETCTBYIONIHMI BPEMEHHOM TIepH-
0]l ¥ CpaBHEHHE C HAOJII0JaEMBIM POCTOM €r0 KOHLEHTPAK B aTMochepe Mmo3Bo-
JSIeT CYAUTh O KOPPEKTHOCTH OIPEeNICHUs MHTEHCUBHOCTH TPOLIECCOB €ro obpa-

30BaHMsI, SMUCCUU B aTMOC(Epy U YIaJICHUS U3 HEe.
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B cBs3u ¢ Takum paszHooOpaszuem MHGOPMAaLKH, B KaUeCTBE MCTOUYHHUKOB
JAHHBIX JIJIS HACTOSIIEH KHUTH ObUIM BHIOpaHBI MaTepHasbl, OMyOJINKOBaHHbBIC
HECKOJIbKMMH TPU3HAHHBIMH HAy4HbIMU Tpynnamu (B Ttom uncie MIDOUK,
AOOC CHIA u GCP?), 3anuMaromumMucs pa3paboTKON M CBEJECHHEM TIII00ab-
HOTO OrojKeTa MeTaHa. JlaHHbIE, HCTIOJIBb30BaHHbBIE HAMU JJIs1 COCTABIEHUS TJI0-
OanpHOTO coBpeMeHHOro Oamanca metana (B nepuoj ¢ 2000 r.) ¢ npuMeHeHHEM
PasIMYHBIX TOAXO0NO0B, MpuBeaeHbl B Tabn. 4.1'°. Mcropuueckue nanubie U pe-
KOHCTpYKIMU BoIOpocoB CH4 mpuBenens kak B Tabxn. 4.1, Ha puc. 4.1, 6.15 u
6.16). IIporao3upoBaHue €ro YMUCCHI Ha HECKOJIBKO JACCATHICTHH BIEpea pac-

CMOTpEHO B pazzeine 6.3.

? MenpaBUTeIbCTBEHHAS TPYTINA FKCIIEPTOB MO U3MeHeHHo kaumara (MIUK) uiu Intergov-
ernmental Panel on Climate Change (IPCC); AreHtcTBO 1Mo oxpane okpyxkaromiei cpeasl CILIA
(AOOC CIHA) unu United States Environmental Protection Agency (US EPA); I'moGanbHbrii
yrnepoanstiit npoekT (I'YII) mm Global Carbon Project (GCP).

10 Tanee B TekcTe B KauecTBE UTOrOBBIX HU(pP COBPEMEHHBIX BHIOPOCOB METaHa MCIONb3YIOTCS
nmarasie MI'OUK (3a 2000-2009 roxer) (Ciais at al., 2013) kak HanOoIee MIMPOKO UTHPYEMBIC B
JauTepaType.
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4.1. Ocnoénvie ucmouyHuKU Memana

XVUMUYECKHM IyTeM MeTaHa B aTMocdepe MpakTuuecku He oopasyercs. [1o-
sToMy armocdepHbie ncrounuku CH4 MOXXKHO HEe paccMaTpuBaTh U CUMTATh, YTO
MOCTYIJIEHHE MeTaHa B arMocdepy MOJHOCTHIO OMpEACIsieTCs] ero MOTOKaMH C
3emHoil moBepxHocTH (Kapons, Kucenes, 2004).

Meran 1o npoucxoxjaeHuto Moxket ObITh (Ciais at al., 2013; Kirschke et al,
2013; EPA, 2010; baxun, 2010):

- OakTepHuaIbHBIN, 00pa3yeTcsi B pe3yibTare AesITeIbHOCTH aHadPOOHBIX Me-
TAHOTCHHBIX OaKTepuii, KOTOpPbIE pa3jaraloT OPraHUYECKOE BELIECTBO KaK B JIOH-
HBIX OTJIOKEHHUSAX OOJIOT M JPYTUX BOJOEMOB, TaK U B KEIyJIKaX >KUBOTHBIX, a
TaK)Ke Ha CBAJKaX OTXOJIOB;

- TIUPOTEHHBIN, 00pa3yercsi MpHU TOPEHUH OPTaHUKH HE MCKOMAaeMOro MpPOHUC-
xoxaeHus' '

- TEpPMOTCHHBIN, BO3HUKAET MPHU XUMHUYECKON TpaHC(OpMaI OpraHuuecKoro
BEILIECTBA OCA/I0YHBIX MOPOJ B MCKONAEMOE TOIUIMBO B YCJIOBUSIX BBICOKHX TEMIIEpa-
Typbl M IaBIIEHKs Ha ITyOuHax 3-10 kM (3T0 KpaiiHe MeIeHHbIH mporecc)'?.

CoriacHoO ero COBpeMEHHOMY IPOMCXOXJICHHIO METaH B aTMocdepe Kiac-
CUGUIHMPYIOT KaK OMOTeHHBIH - BOSHUKAIONIUI B pe3yJibTaTe OaKkTepruatbHbBIX MIPO-
[IECCOB PA3JI0KEHUs] OPraHUKHM WIM €€ COKUTaHUs, U aOMOTEHHbIH - 00s3aHHBIN
CBOHM ITPOUCXOKICHUEM MCIIOIB30BAHUIO HCKOIAEMOT'0 TOILINBA.

ITo pesynbpraTaM OlEHKH 00BEMOB O0Opa30BaHUS METaHAa CPEIU €ro MCTOY-
HUKOB MPEOOIaJaloT MPOLECChl C yYacTHEM aHa’dpOOHBIX METAaHOTCHHBIX OakTe-
pHii, KOTOPBIE MOTYT OBITh BBIPAXKEHBI PE3YJIBTUPYIOLUIUM YPaBHEHHEM PEaKINH:

CO;, +4H, —CH4 + 2H,0O

! Brisiesienne MeTana B polEcce CHKUTAHUS HCKOMAEMOTO TOIUTMBA OOBIMHO OTHOCAT K TEPMO-
TeHHBIM IIPOLECCaM M3-32 HPOMCXOXKACHUS TOILUIMBA, HO B HEKOTOPBIX JIMTEPATYPHBIX HCTOUHH-
Kax oHo oTHeceHO Kk muporeHHBIM (Kirschke et al, 2013).

12 Bo3smMoskHO Takske 06pa30BaHHE METAHA B PE3yJIbTATe PEaKIuil HEOPrAaHUYECKUX COEIMHEHHI,
KaK B MPOMBIIIICHHOCTH, TAK M Ha OONBINNX TIyOWHAX B MaHTHH 3emid. B mocrientem ciydae
BO3MOXKHBIM €0 HCTOYHHKOM MOJKET OBITh PEaKIusi OJMBHHA C BOJOW B IPHCYTCTBUH YIICPO/IA.
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MosnexyJIIipHBIA BOJIOPOJ Uil MIPOTEKAHUS 3TOM peakuuu BblaesseTcs Oak-
TEepUSIMU, HE TEHEPUPYIOUTUMHU METaH, HO Pa3BUBAIOLIUMUCS B TOM ke caMoil cpe-
ne (Kapoxs, Kucenes, 2004).

HcTounnku metaHa OOBIYHO JIEJSAT Ha JBE OOJNBIINE TPYNIbI: €CTECTBEH-
HbIe (T.€. IPUPOJAHOIO MPOUCXOKIACHHUS) U aHTPOTIOTEHHBIE (T.€. 00pa3oBaBIINeE-
csl B XOJIe JIeATeILHOCTH YelloBeka). HexoTopas 4acTh HCTOYHUKOB MOYKET OBIThH
CMELIaHHOTO THIIA.

[Tpu ompenenennn cymmapHoro xonmuectBa CHi, moctymaromero B at-
Moc(epy OT KaKJ0ro U3 MCTOUHHUKOB, OLIEHKH Pa3HBIX aBTOPOB 3aMETHO pa3iiu-
yatorcs. [IpuHImMn knaccuukanum oTIeIbHBIX UCTOYHUKOB U UX 00beMHEHUE
B TPYNIBI TAKXKE UMEET 3HAYCHUE U MOKET OTJIMYAThCS JJIsI Pa3HbIX HCClIe0Ba-
Huii. Kpome TOro, MHTEHCUBHOCTH BbIOpocOB CHs4 M3MEHsETCs CO BpeMEHEM.
Takum 00pa3om, paccMaTpuBaTh 3HAYEHHUS €r0 3MHUCCHH ClelyeT NpPUMEHH-
TEJIBHO K OTJEJIbHBIM BPEMCHHBIM MEPUOJIaM U C yUYE€TOM HCIIOJIb30BaHHBIX Me-
TOJIMK W 0XBaTa UCTOYHHUKOB.

HauGonpmnii pazdpoc riao0aibHBIX OLEHOK OTMEUCH IS TPUPOAHBIX HC-
TouHukoB CHa, B ToM 4mcne Takux BaxHBIX It Poccum, kak 3a00j04eHHBIC
TEPPUTOPUU U apKTHUUECKHE MOPsS. AHTPONOTCHHbIE MCTOYHUKHA HM3yYCHBI He-
CKOJIBKO Jy4IIIe.

JIOMUHHUPYIOIUM €CTeCTBEHHBIM MCTOYHHKOM METaHa B HACTOSIIEE Bpe-
Ms ABISAIOTCA 3a001049eHHble TeppuTopun. OHu naroT 10 32% (nanasie MI'OUK
2000-2012 rr., cM. Tabiu. 4.1) OT BCeX ero BEIOPOCOB M MPHU 3TOM OTIWYAIOTCS
BBICOKOH BpPEMEHHOW H3MEHYMBOCTHIO U 3aBHCHUMOCTBIO OT KIMMAaTHUYECKUX
(hakTOpOB.

Ha nonto aHTpPONOTEeHHBIX BBIOPOCOB MPUXOJUTCS, MO PAa3HBIM OIICHKAM,
ot 50 10 60% rinob6anpHOro BRIOpOca CH4 (mamnasie MI'OUK 2000-2012 rT., CM™.
Tabmn. 4.1). B aToM r1106abHOM BBIOpOCE YacTh, CBSI3aHHAS C CEILCKUM XO3SH-
CTBOM U OTXOJaMH, COCTaBJIsIeT npuMepHo 60%, a ¢ UCIONb30BaHUEM HCKOTIae-

MOTI'0O TOIIJIMBA - 0K0J0 30%.

26



4.1.1. Ecmecmeennvie ucmoynuxku

EsxeromHo U3 ecTeCTBEHHBIX HCTOYHHUKOB B aTMOC(hepy MomaiaeT, o pa3HbIM
orerkaM, ot 220 g0 350 Mt merana (manueie MIDUK 2000-2012 rr., cm. Tabm.
4.1). Cpeaun Hux HauboJiee HHTeHCHUBEH MOTOK CH4 ¢ moBepXHOCTH 3a00JI0YCHHBIX
TEePPUTOPH, cocTaBstroui 10 80%.

OCHOBHBIMH €CTECTBEHHBIMH HMCTOYHHKAMH METaHa SBISIOTCS CIEIyIOIIne
(baxwun, 2010; EPA, 2010):

- 3abonouennvie meppumopuu (6 mom uucie 6010mMa u MepPMOKAPCH).
VYBia)KHEHHBIE TTOYBBI, COAEPIKAIIME OOJIBIIOE KOJIUYECTBO OPTaHUKU M CO3AI0-
1€ aHadPOOHBIEC YCIOBUS, CIIOCOOCTBYIOIIUE ACATEIBHOCTH METAaHOTCHHBIX OaK-
TEpUH, SABJSIIOTCS 3HAYUTENBHBIM UCTOUHMKOM MeTaHa. M3 Hux Hanbomnee moul-
HBIM UCTOYHHKOM 3TOTO Ta3a SBISIOTCS 00710Ta (0COOCHHO TPOITMYECKHE), TaK KaK
OHH OTJINYAIOTCS OOJBIION OMOMPOIYKTUBHOCTBIO. MeTaH MOKET BBIICIATHCS U3
TaKWX MOYB MTyTeM MOJEKYISIPHOH MU y3un U TOCPEICTBOM ITy3bIPHKOB.

- [losepxnocmuule 600HblE 0OBEKMbL (6 MOM yucie o3epa u pexu). O0pazo-
BaHUE METaHa B MPECHOBOIHBIX BOJOEMaxX MPOUCXOTUT B JOHHBIX OTJIOKEHHSIX
TEM JK€ MyTEM, UYTO Ha 3a00J04YeHHBIX (YBIXKHEHHBIX) TeppuTopusix. Hanbonee
AKTUBHBIM UCTOYHMKOM METaHa CUMTAIOTCS 03epa, MPH ITOM 10 CPAaBHEHHIO C 00-
J0TaMH UX OMONIPOIYKTUBHOCTH MPUMEPHO B 10 pa3 Huxke.

- [loowcapwi. ITpu ropernn metan oOpasyeTcs B pe3ysIbTaTe HEMOJIHOTO CTo-
panust 6uonornyeckoro mMarepuaina. OCHOBHOM BKJIaJ B YMHCCHIO METaHa JAr0T
HOKaphl B CABAaHHAX U TPOITMUYECKUX JIeCax.

- JKsaunvie scugomuuie. OHM SBISIFOTCSI JOCTATOYHO WHTEHCUBHBIM UCTOY-
HUKOM BBIJICJICHUs] MeTaHa Ojaronapsi mpoiieccy OaktepuaibHOU (hepMeHTaIu,
MPOTEKAIOLIEMY B JKEITYAOYHO-KUIIEYHOM TPaKTE.

- Hacexombie. MeTaH MOXKET BBIIEISTHCS B PE3yJIbTaTe MPOLIECCOB MHILE-
BapeHUsl y HA3eMHBIX HACEKOMBIX, CIOCOOHBIX K TITyOOKOH OMOXUMHUYECKOH mepe-

pa60TI<e kinetdaTku. K Taknm HAaCEKOMBIM, ITPEKIAE BCETO, OTHOCATCA TEPMUTHI.
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- Mops u oxeanvl. ICTOUHUKOM BBIOPOCOB METaHa B MOPSIX U OKEaHax SB-
JISTFOTCS JIOHHBIE OTIOXEeHHS (10 OOJbIIEeH YacTH JJIsi OKEAHCKOTo Mienb(da U Mell-
KOBOJIHBIX 3aJIMBOB) U caMa BOJAHAs KojoHHA. CyIecTBYIOT pa3in4yHbIE TEOPHH
MeXaHM3Ma TakuxX BbIOpocoB. [lo Goipliell 4acTH OHM CUUTAIOTCS MPOUCXOIS-
IIMMH TIPH aHa’pOOHOM OaKTepuaibHOM pasiioKeHHH opraHuku. Kpome Toro, B
OKEaH MOTYT IOCTYNaTh BHIOPOCHI METaHA OT I'€0JIOTHYECKHX MCTOYHHKOB, pac-
MOJIO’KEHHBIX IOJI €r0 THOM, U OT METaHTHIPATOB.

Creztyer OTMETHTb, YTO 3a00JI0YEHHBIE TEPPUTOPHH, 03€pa, TOKaphl M )KUBOT-
HBIE MOT'YT OBITh AJIEMEHTAMH KaK PUPOAHOTO KOMILIEKCA, TaK U XO35IMCTBEHHOTO.

[ToMumMO OOBIYHBIX HMCTOYHMKOB METaHa — MEPMAHEHTHBIX HCTOYHHKOB
SMHUCCHH - CYIIECTBYIOT TaK K€ €ro MpUpPOAHbIE Pe3epByaphl, colepKamme 60b-
I10€ KOJIMYECTBO ATOTO ra3a, HO B OOBIYHBIX YCIOBHUSX HE JAIONINE 3aMETHBIX BBI-
OpocoB B atmocdepy. OHaKo Ha U3MEHEHHE YCIIOBHUH, B TOM YHCIIe Ha U3MEHEHUE
KJIMMaTa, OHU MOTYT pearupoBath BbIOpocamMu MeTaHa B atmocgepy. Takumu uc-
TOYHUKAMU SIBISIOTCS, Hanpumep, metanruapatel (baxun, 2010; Kapons, Kuce-
nes, 2004; EPA, 2010):

- Mnuoconemuss mepsnoma. MHOTOJIETHEMEP3IIBIE TOPOJIBI COAEPKAT Me-
TaH B COCTAaBE BO3AyXa BO BMOPOXKEHHBIX B JIeJ Iy3bIpbKax BO3/1yXa, a TaKKe B
BHJIE THIPAaTOB MeTaHa (cM. Huxe). Ero comepikanue B 3TUX MHOTOJIETHEMEP3JIBIX
noponax cocrapisieT B cpeanem 2,3 mr/kr (baxun, 2010). Takue mopos! cojiep-
XKaT Takke OOJBIIOE KOJIMYECTBO OPraHMYECKOTO BEIIECTBA, MOTYIIETO CIIYKUTh
MaTepHajoM sl 00pa30BaHUS METaHa B MPOLECCE KU3HENEATEIbHOCTH METaHO-
TeHHbIX OAaKTEepHil TP MOJIOKUTEIBHBIX TEMIIEPATypax, a B HEKOTOPBIX CIyYasx -
U TIPH OTPHLIATEIbHBIX.

- Memaneuopamel. I'unipaTel METaHa MPEACTABISIOT COOON TBEpJbIC XH-
MHUYECKHE COCAMHEHHS (KJIATpaThl) METaHa C BOAOI, YCTOWYMBBIE TOJIBKO B OIpe-
JICJICHHOM JlMana30He HU3KUX TeMIIepaTyp M BBICOKOTO AaBiieHus. B ogHOM Ky6o-
METpe THApaTa METaHa COAEPKHUTCS SKBUBAIECHT OKOIO 164 M> 06BIMHOIO ra3o006-
pasHoro MeraHa. Takue cCOeMHEHUS] MeTaHa ObuIM OOHApPY)KEHbI U HA KOHTUHEH-

TaX, HO OOJBIIMHCTBO MECTOPOXKIICHUH HAXOSTCS Ha IIeNb(e OKeaHOB.
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- Mecmopooicoenus eaza u negpmu. llpupomasie Tasel, copepkamue CHa,
OOBIYHO MOAPA3ACNAIOTCS HAa TPH TPYIIIBI: IPUPOAHBIHM I'a3 YUCTO Ta30BBIX MECTOPOXK-
JICHUM, Ta3 TA30KOHJICHCATHBIX 3aJIe’Kel U TIOMyTHBIN HeTAHOHU ra3. MeTaH mpu 3ToM
MOXKET BXOJJUTh B COCTaB Ta3a U Ia30BOr0 KOHJEHCATA, OBITh PACTBOPEH B IIACTOBBIX
BOJIaX WJIM HE(TH, HAXOMSAIIMXCS MO JaBJICHUEM Ha Ooybnmx riryomHax. Hamboss-
1Iee KOJIM4ecTBO Takoro Merana (10 90-97%) comepKuTcst B ra3e ra3oBbIX MECTOPOXK-
nenuit. Boigenenne CH4 ecTeCTBEHHBIM TyTEM M3 TAKUX MCTOYHHMKOB MOXKET IMPOUC-
XOUTh Onarosiapsi A y3MOHHBIM ¥ CTPYHHBIM MTPOIIECCAM.

- Yeonvuvie mecmopooicoenus. MeTaH COIEPKHUTCS B YIIsX B pa3iny-
HBIX (popMax, B TOM YHCII€ B BHJI€ PAaCTBOPOB, B CBOOOJHOM COCTOSIHHH, a TaK-
’Ke B copOupoBaHHOM BuJe. OH Takke COAEPKHUTCS B MOPOJAX, COMPOBOK/IA-
IOLUX YTOJIbHbIE IJIACTHI.

- [lpyeue enybunnvie ceonocuveckue ucmoyHuku memarna. Beinenenue
MeTaHa M3 36MHBIX MMOPOJ MOKET MPOUCXOIUTH TaKXke Oyaromaps pasHooOpas-
HbIM TI'€OXMMHYECKMM IIPOLECCaM: BYJIKAHUYECKasl HEATENbHOCTb; IPsI3EBBIH
BYJIKaHM3M; BbIJCJICHUE BMECTE C BOJAAMU MUHEPAJIbHBIX U T€0TEPMaJIbHbIX UC-
TOYHUKOB; B (popMe CHIMOB M3 MaHTHH 3€MJIM; B BHJIE CTPYHHBIX TEUCHHH
BJIOJIb PA3JIOMOB 36MHOM KOpbI. Takue nmpoueccsl akTHBU3UPYETCs B palOHAX C
BBICOKOHM CEMICMMYECKON aKTUBHOCTBIO.

H3MmeHeHne NpUPOAHBIX JAaHAMA(TOB M SKOCHCTEM BCIEACTBUE Jes-
TENbHOCTH YeJIOBeKa MPUBOJIUT K M3MEHEHHUIO MOTOKOB MeTaHa oT Hux. Kpome
TOT0, IOBBIIICHUE TEMIIEPATypPhl MIJIAHETHl CKaKETCSI HAa BO3PAaCTaHUM 3MHCCUU
CH4, Tak Kak M3MEHEHHE TeMIIepaTyphbl Ha OAWH I'pajyC MEHSET WHTEHCHB-
HOCTH €TO BBIJICNICHUS B MHUKPOOMOJIOTHUECKHX Ipoleccax npumepno Ha 10%

(baxwun, 2010).
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4.1.2. AumponocenHvle UCMOUHUKU

ExeroiHo oT aHTPONOTeHHBIX HCTOYHUKOB B aTMOC(epy ToraaaeTt okoio 330-
335 Mt CH4 (mannbie MI'OUK 2000-2012 rr., cm. tabn. 4.1). Pacnpenenenue 3tux

HCTOYHHKOB 10 00beMY BBIOPOCOB METaHa M 1O TOJIaM NPUBEICHO B Ta0. 4. 1.

Tabnuua 4.2 - BeiOpocsl MeTaHa OT aHTPOMOTEHHBIX UCTOUYHUKOB 3a 1990 u 2005
rozbl (MCIOJIB30BaH MOIXO0/ «CHU3Y BBEPX»), a TaK JK€ MPOTHO3UPYEMbIE BEIOPOCHI

Ha 2030 rox (cuenapuii «Business-as-Usual»), Mt (CHs) (EPA, 2012).

Karteropuun ucToO4YHUKOB/TO 1990 2005 2030
Duepzemuxa, 6cezo

8 mom quciue: 105,1 118,4 166,2
JloObiua u mepepaboTka HeTH U Ta3a 60,9 73,5 100,6
Jo0brua yris 25,2 24,8 37,3
CyKUraHMe UCKOIIAeMOTI'0 TOILIMBA 10,5 10,7 17,3
Cokuranue OMOMacchl 8,4 9,4 11,0
IIpomvluinennsvie npoyeccol 0,4 0,4 0,3
CenbcKoe x0331icmeo, 6cezo 142,1 144,5 166,9

6 Mmom vucie:

JKBadHbIC )KUBOTHBIC 84,0 90,2 110,5
PucoBoncTBo 229 23,9 243
OOpaiiieHre ¢ HABO30OM 11,1 10,4 12,0
CoxuraHue TpaBbl B CaBaHHE, CEIbCKOXO03HCTBEH- 24,1 20,0 20,0
HBIX OCTaTKOB, BEIOPOCHI OT MAIIHU

Omxoo0wl, 6cezo 51,0 61,2 75,4
6 mom uucine:

3aXOpOHEHHUE TBEPJIBIX OTXO/I0B 33,6 37,8 45,7
OOparienue co CTOKaMu 16,8 22,7 29,0
JIPyTHE CIOcO0bl 00paObOTKH OTXO/I0B 0,6 0,7 0,7
Hroro: 298,5 324,6 408,8

B xauectBe JOIIOJTHUTCIIBHOI'O HMCTOYHHKA JaHHBIX 00 aHTp0HOF€HHOﬁ
OMUCCHHN MCTaHa B Hay‘lHOﬁ JIUTepaTypc M B I[aHHOfI KHUT'C HCIIOJIL3YIOTCA pC-

3ynbratel, nonyuenHsle AOOC CILA (tabinuua 4.1, EPA, 2012). Ha sroii padote
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OCHOBaHBI W Pa3IMYHBIC TPOTHO3HBIE Mojenu BeiOpocoB CHs 10 2030 roma, xak
JUIT OOCHKKW U3MCHCHHA KJIMMaTa, TaK W I 06OCHOBaHI/IH NMPpUMCHCHUA pPa3JIny-
HBIX TEXHOJOTHH COKpAIIEHUS BEIOPOCOB U WX OIEHKH B JICHEKHBIX CIUHUIIAX (CM.
pasnensl 6.4 1 9, (EPA, 2013)).

B menom, anTpOnoreHHbIe BRIOPOCHI METaHA B KAKON CTPaHE 3HAUYUTEITBHO H3-
MEHSIFOTCSI CO BPEMEHEM M 3aBUCSIT OT TaKUX OCHOBHBIX (haKTOPOB, KaK YUCIIO YKHTE-
JIeH, YPOBEHb Pa3BUTHSI DKOHOMHKH U OTJEIBHBIX TEXHOJOTHHA. AHTPOIIOT€HHBIE HC-
TOYHHKH MOTYT OBITh KJIaCCH(HIIUPOBAHBI [0 COOTBETCTBYIOIIUM CEKTOpPaM SKOHOMH-
KU DPHEPTETUKA, IPOMBIIIICHHBIE ITPOIIECCHI, CEIhCKOE XO3IUCTBO U OTXOMBL. CiemyeT
YYUTBIBATh, YTO COCTaB MCTOYHHMKOB, OTHOCUMBIX K KaXJIOMYy CEKTOPY, U MX KJIACCH-
(uKaIys 1o OTPACIAM y Pa3sHBIX aBTOPOB YaCTO HECKOJBKO OTIMYACTCS, YTO MOXKET
MIPUBOJIUTH K JIOTIOJTHUTEITLHBIM PA3JIMUUsIM B UTOTOBBIX JIAHHBIX.

B HacTosmiee BpeMst HanboJiee 3HAUNTEIIbHBIMEA COCTABIISIOIIMMU aHTPOIIO-
reaHoi amuccun CHy gBIIsIIOTCS BBIOPOCH! OT CENBCKOTO XO03siicTBa - 0K0JI0 60%.
Ha BTOpOM MecTe 0 MHTEHCHBHOCTH BBIOPOCHI OT OTIEPAIIHiA C UCKOITaeMbIM TOTI-
nuBoM, narorue 10 30% aHTPONOTreHHBIX BEIOPOCOB (YTO MPUMEPHO CPABHUMO C
BBIOPOCAMU OT JKBaYHBIX JKUBOTHBIX B CEITLCKOM XO3SIHCTBE).

OCHOBHBIMHM aHTPOTIOTCHHBIMA HMCTOYHHKAMH METaHA SIBJISIFOTCS CIICIyO-
e (baxkun, 2010; EPA, 2012; Ciais at al., 2013):

- Homawmnue xcusommuvle. Tak ke, KaK U JUKHEC KUBOTHBIC, JOMAIITHUE
JKUBOTHBIE, OCOOCHHO KBawHbIE, SBISIOTCA McTouHMKamu CHa, oOpa3yemoro B
Mpoliecce MUIICBapCHHUS.

- Pucossie nons. PucoBble Mo SBISIOTCS CYIIECTBEHHBIM HCTOYHUKOM
METaHa, TaK KaK OHHM 3HAYUTEILHOE BPEMS MOKPBITHI BOJIOW, YTO cO37aeT Oyaro-
MIPUATHBIC YCIIOBUS JUISL PA3BUTHs aHA3POOHBIX METAaHOTEHHBIX Oakrepuil. Cunra-
€TCsl, UYTO METaH IMOCTynaeT B aTMocdepy B OCHOBHOM '"Omarojaps’ pacTeHUsIM,
Tak Kak 0e3 HUX aHAJIOTHYHO 0O0pa0OTaHHBIE OIS JAOT MOTOK METaHa TIPUMEPHO
B 50 pa3 meHbIII€.

- Omxo0vl. Pa3MenieHHbIC Ha CBAJIKAX OTXOJBI SBJSIOTCS 3aMCTHBIM HC-

TOYHHUKOM METaHa, TaK KaK OHH COACPKAT JOCTATOYHO MHOTI'O BJIA)XHOI'O OpraHU-
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YeCKOr0 MaTepHaja, a BHYTPH HHX CO3JAIOTCS aHadpPOOHBIC YCIIOBHS, CIIOCO0-
CTByIOIIME ero oOpa3oBaHuIO ¢ ydactueMm Oakrtepuid. [lpu mcrnons30BaHUM METO-
JIMK KOMITOCTUPOBAHUS, B TOM YHCJIC HaBO3a, TaK )K€ BBIACISCTCS 3HAUYUTEIHHOE
koinuectBo CHs. KonmmyecTBo BhIzEIsieMOro MeTaHa yMEHbIIAeTCS PU PUMEHe-
HUH CHEIUATBHBIX TEXHOJIOTUH €r0 YIaBIMBAHUS U yTUIIN3AIHH.

- Cmounvie 600vt. OOpabOTKA MPOMBIIUICHHBIX U OBITOBBIX CTOKOB B OHO-
JIOTHYECKUX OYUCTHBIX COOPYKCHHUSX MM OTCTOMHHMKAX, TJEe MMEKOTCS aHadpoo-
HBIE YCIIOBHUS Ul Pa3BUTHS METAHOTEHHBIX OaKTEepHii, MPUBOIUT K BHIOpOCaM Me-
taHa. KomMuecTBoO BBIIENSEMOTO METaHa YMEHBIIACTCS MPU MPUMEHEHUH CIICIH-
QJIbHBIX TEXHOJIOTUH €r0 YJIaBIMBAHUS U YTHIIN3AINH.

- Yeonvnas npomviunennocms. Ilpu no0bue yriast U3 MECTOPOXKICHUH B
aTMoc(epy OoCTynaeT MeTaH, BBIICIAIONIMIACS KaK HETIOCPEICTBEHHO MPU J00bIue
yIJIS U TOCJEAYIONIeM OOpAIlleHUH C HUM, TaK M MPH Jiera3allid YroJbHBIX I1a-
CTOB, a TaK)KE U3 LIAXT, I'7Ie J0ObIYa yKe nmpekpamieHa. KoanuecTBo BeIIEIIEMOro
METaHa MOXKET ObITh YMEHBIIICHO IPH MPUMEHEHUH CHCIIUATBHBIX TEXHOJIOTHI JIJIs
€ro W3BJICUCHUS M YTHIM3ALUH.

- Topenue 6uomaccol u monausa. 1Ipu HENOIHOM CrOpaHUN OPTraHMYECKHX
BEIECTB KaK TP UCTIOIH30BAHNH TOIUINBA, TaK U TIPH CKUTAHUH CeTIbCKOXO03SHCTBEH-
HBIX OCTATKOB U JIPYTHX OPTaHMYECKHX OTXOJIOB, BbIIENseTCss MeTaH. OCHOBHOM TJI0-
OaJIbHBIN HCTOYHUK TAKMX BBHIOPOCOB HaxomuTcs B AQpuke, Tae IHUPOKO MPAKTHKYET-
CsI CKMTaHUE COJIOMBI TIPH TTOJITOTOBKE ITOYBBI JUISl HOBOTO YPOXKasi.

- Hegmeeasosas npomvlutiennocms. 3ametrabie 00beMbl CHy BBITEISIOT-
Csl IPU BCEX OMEPAIUSIX C MPUPOIHBIM ra3oM U HE(THIO (B TOM YHCIIE TIOMYTHBIM
He(TSHBIM Ta3oM): OT UX Pa3BEAKH, JOOBIYM Ha MECTOPOXKICHUSIX U JI0 Iepepa-
0OTKHM Ha 3aBOJIaX M mepenavyd MoTpeOuTensMm. McTouHMKaMu MeTaHa MpH ITOM
SIBIISIFOTCS YTEUKU OT 000PYIOBAaHHSA M TEXHOJIOTUYECKUE MPOITYBKH, a TAK)KE BO3-
MOYKHBIC aBapUHHbBIC CUTyallMH Ha PAa3JIUYHBIX dTarax TEXHOJIOTMYECKUX IMpPOIlec-
COB, CONPOBOXKIAIOIINECS CTPABIMBAHWEM MeTaHa. KoIMYecTBO BBIIEISEMOTO
CH4 ymeHbIIaeTcsi npy NMPUMEHEHUU Mep MPOTHB yTEYEK M TEXHOJIOTUI yTHIIN3a-

LMY MIOIYTHOTO HE(TSHOIO Ta3a.
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Hcropuueckasi peKOHCTPYKIUS TI00AIBHBIX aHTPOIIOTeHHBIX dMuccuii CHa
ObLia BeINOJIHEHA B padote (Stern, Kaufmann, 1998) nns nepruona Bpemenu 1860-
1994 rr. OueHkr OBLTN BBITOJHEHBI JIJISI CIICAYIOIINX UCTOYHUKOB: CKUTAaHUE TI0-
MyTHOI'O M TEXHOJOIMYECKOro rasza, ra3ocHaO)keHue, Jo0blua YIJisl, COKHTaHue
OroMacchl, J)KHBOTHOBOJICTBO, PUCOBOJICTBO M 3aXOPOHECHUE OTXOJ0B. Pe3ynbTaThl
9THX OIEHOK MPUBEJACHBI HA puC. 4.1. Ha HeM 4eTko BHIEH TPEH[ Ha MOBBIIICHHE
cymmMapHbIX BbIOpocoB CHy ¢ 1900 r., 3HaunTenbHO ycunusmuiics nocie 1950 ro-
na. Bkimaa prcoBOACTBa M )KMBOTHOBOJACTBA B MCTOPHUECKUI MEPHOI, TaK K€, KaK

U cervac, - JOMUHUPYIOIIUIA.
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Pucynok 4.1 - I'mo6ansubie anTponoreHHsie BeIOpockl CHyB 1860-1994 rr.,
Mt(CHa4)"? (Stern, Kaufmann, 1998).

HcTouHMKN BBIOPOCOB: CYKUTAHHUE ITOITYTHOTO U TEXHOJIOTHYECKOTO Ta3a (KpacHas nunust), Ta3o-
cHaOxeHue (orcenmast), 1oObIYa YT (3e1enast), CAKUTaHne OMOMAcChI (201y0ast), JKABOTHOBOJICTBO
(cunsis), pUCOBOJICTBO (p0306asi) ¥ 3aXOPOHEHHE OTXOAOB (cune-3enenast). CyMMapHBIH BEIOPOC —

uepnas aunus. Ock OpIMHAT - TooBast dMuccrs Metana M1(CHa), ock abermce - rofsl.

3 Tr(CH4) = 1 M1(CHa4)
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4.2. Cmok memana

VYnanenue (cTok) MeTana u3 aTMoc(hepsl MPOUCXOAUT €CTECTBEHHBIM MTyTeM
BCJIE/ICTBUE XUMHUYECKUX (B aTMochepe) 1 OMOXMMHUYECKUX (B MTOYBE) MPOLECCOB.
C ocaakamu ynanenne CH, n3 atMocdepsl IpakTHUECKH HE MPOMCXOANT, BCIEI-
CTBHE €r0 MajJOl pacTBOPUMOCTH B Boze. JlaHHble 00 00beMe CTOKa MeTaHa ¢ yue-
TOM pa3HbIX €r0 MEXaHW3MOB MPUBECHEI B Ta0I. 4.1.

Mounekynslt CH4 TOBOJIBHO yCTOWYUBEI B aTMOCcdepe U B3aUMOACHCTBYIOT
JIMIIb C OYE€Hb aKTHMBHBIMH BEIIECTBaMH. JTO - TUApOKcHi-paankan OH, aTomsbl
xaopa Cl u Bo30yxkaeHHbIe aToMbl kucnopoga O('D). Paspymenue MeTana npu
peakuuu ¢ pangukanamu OH mporcxoauT nmpeuMyiecTBEHHO B Tponocdepe, a ¢
aTOMaMu XJIOpa U Kuciopoaa - B ctpatocdepe. [Ipu moriomennn MoJIeKys1 me-
TaHa W3 BO3/JyXa MOYBEHHBIMH MUKPOOPraHU3MaMH OH Pa3pyllaeTcs OMOXUMU-
YECKUM IyTeM B CPABHHUTEIHHO HEOONBIINX KOJIWYECTBaX. DTOT MpoOIecc, B OC-
HOBHOM, TPOMCXOJUT B CYXUX MouBax JyiecoB u cremnein (baxwun, 2010; EPA,
2012; Ciais at al., 2013).

['maBHBIM TIPOIIECCOM CTOKAa METaHa SIBISIETCS €r0 XMMHUYeCKas Peakius C
ruapokcui-pagukaiom OH - 90% obmero oobema croka (Ciais at al., 2013). bo-
Jiee moApoOHO 3TH MPOIIECChl PACCMOTPEHBI B pasjede 5.

B kauecTBe aHTPOMOTEHHOTO «CTOKa» (yJaJeHUs METaHa W3 aTMOCQepsl)
MOXKET PaccMaTpUBATHCS MPUMEHEHHUE TEXHOJOTUH YJIaBIMBAaHUS M YTHIHM3ALUN
CHa4 oT aHTpONOTEHHBIX MCTOYHHKOB, OJIHAKO MHTEHCHBHOCTH TAKHX MPOLIECCOB

celuac HEBEJIUKA.

4.3. Ceoonvie oannwie 0 co8peMeHHOM 0100)ceme Memana

B 1abn. 4.1 npencrasieHsl CBOJHbBIC JaHHBIC TTI00ATBHOTO OFOJKETa METaHa B
armocepe. IlpuBeneHbl TOTOKH, XapaKTepU3YIOIIME €CTECTBEHHBIE M aHTPOIIOTEeH-
HbI€ HCTOYHMKH, CTOKH, a TAK)K€ €ro HaKkoIuieHue B arMocgepe. OLeHKN MPUBEICHBI
i nepuogoB 1990-1999, 2000-2009 n 2003-2010 roxos. [IpencraBineHs! OTAEIBHO

OLCHKH, IMOJYUYCHHBIC C IIOMOIIBIO METOAOB «CBEPXY BHU3» U «KCHU3Y BBEPX».

34



CooTHolIeHNEe UHTEHCUBHOCTH MPOIECCOB IMHUCCHUU U CTOKA METaHa OIpe-
JIeJIsIeT BO3MOJKHOCTh €0 HAaKOIUICHHUsI B aTMocdepe, U, B UTOre, M3MEHEHHE ero
KOHIIeHTpauuu B atMocdepe (cM. Tadi. 4.1 u 4.3, pazgenst 3 u 6.2.).

[IpuBencHHBIC AaHHBIE COOTBETCTBYIOT HAOIH0aEMOMY POCTY TJI00JILHOTO
CoJZIep)KaHMsI MeTaHa B arMocdepe, Tak Kak ero MocTyIIeHHe B aTMocdepy mpe-
BOCXOUT ynaneHue. [Ipu 5ToM cuntaeTcsi, 4TO CBSI3aHHBIC C KIMMAaTOM KoJeOaHus
BbIOpocoB CH4 M3 ecrecTBEHHBIX 3a00JI0UEHHBIX TEPPUTOPHUI SIBISIOTCS OCHOB-
HbIM (haKTOpOM, OOYCIIaBIMBAIOIIMM HaOIIOAaeMyI0 TI00ATbHYI0 MEKIOJ0BYIO
U3MEHYMBOCTH BEIOpOcOB CH4. B 9TOM OTHOIIEHHM TaKKe HTPAIOT OTPEIEICHHYIO,
HO MEHEEe 3HAYUTEIbHYIO POJib, CXKHTaHHEe OMOMAacChl B TOJIbI, KOTJIa HAOII0JaUCh
obmmpHbie noxapsl (Ciais at al., 2013).

Hecmotpst Ha ommcaHHbIe BBIIIE CIOKHOCTH C MOJYYEHHEM JaHHBIX O CO-
CTaBISIOIIUX TJI00aTbHOTO Oro/KeTa MertaHa, ormedaercs (Ctokep m ap., 2013)
BEChMa BBICOKasl CTETNICHb JIOCTOBEPHOCTH TOTO, YTO yBenudeHue coaepkanusi CHy
B aTMoc(epe ¢ Hagajia WHIYyCTPHATBHOM APBI 0 HACTOSIIETO BPEMEHH IPOU30IILIO0

B pE3YyJIbTATC ACATCIbHOCTU YCIIOBCKA.

Tabnuna 4.3 — 'mobanbHbIN OromkeT MeTaHa 3a 2011 101, OLIEHEHHBIH METOIOM

«cHH3y BBepx» (Saunois at al., 2016).

Karteropus PazmepHocTh 3HaueHue
O6uee conepxkanne CH4 B atmocepe Mt (CHa) 4954410
Ctoxk u3 atMocdeps! Mr (CHa4) ron’! 542+56
W3menenue comepkanus B atmochepe Mr (CHa) ron’! 14+£3

OMuccus U3 BCeX HCTOUHUKOB, B TOM YHUCIIE: Mr (CHa) ron’! 556+56
U3 AHMPONO2EHHbIX Mr (CHa4) ron’! 354445
U3 NPUPOOHBIX Mr (CHa) ron’! 202435
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5. Ouenka «BpeMeHH KM3HH» MeTaHa B aTMoc(depe 1 (GaKkTOpbI, €ro ornpese-

JAI0Ine

Kax MBI BUMM, METaH MOCTyTaeT B aTMOC(Epy B OCHOBHOM C 3€MHOI TIOBEPXHO-
CTH, TJIe PACIIONIOKEHBI €T0 CTECTBEHHBIC M aHTPOIOTeHHbIC NCTOYHUKU. OH repemMe-
LIAeTCsl BEPTUKAJIBHO 32 CYET, B OCHOBHOM, KoHBeKuuH. B ctpatocdepe CH4 «noruda-
eT» B X0/ XUMHYECKHX M (JOTOXUMHUYCCKUX PEAKIIUH, T.€. IIPOUCXOAUT OE3BO3BPATHOE

€ro yAajeHue u3 atMochepsl.

18 -
16 TN

KoHueHTpauwua CH,, ppm
|_\
o

06 - \
04 - \

02 - \..__

0,0 7 i i . . . .
0 10 20 30 40 50 60 70 80 90 100 110 120

BbIcOTa H.y.M., HM

—
_-\.__-_

Pucynok 5.1 - Tunn4yaoe BepTUKAIBHOE pacipeiesieHue COIep:KaHusl MeTaHa.

ITo ocu opaunar — koHueHTpaus CH4 (ppm); 1o ocu abcuuce — BbICOTa HaJl YDOBHEM MOPS, KM

(U. S. Standard Atmosphere, 1976).
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Takas «cynp0a» MeTaHa COrjacyeTcs ¢ XapaKTepoOM €ro BEPTHKAIbHOTO
pacmpeneneHusi B arMmocepe. TunuuHoe Takoe pacrhpejeieHue — Mo aMmepu-
KaHCKOW «crtannaptHoi atmocgepe» (U. S. Standard Atmosphere, 1976) —
npuseneHo Ha puc. 5.1. B Tponocdepe, 10 BeicOTH TpuMepHO 10 KM, KOHIICH-
tpauus CHs, BelpakeHHass 00beMHBIM OTHOIIEHHEM cMmecH (volume mixing ra-
tio, nanee - VMR %), mano mensiercs. IIpoueccsl, IpuBoasIye K THOETN METa-
Ha B Tporocdepe, NPOTEKAIOT CYLUIECTBEHHO MeJIEHHEEe BEPTUKAIBbHOTO (QU3H-
YeCcKOoro nepeMemuBanus. B Tpomnomayse, B cTpaTocdepe u BbIIIE COOTHOIIE-
HUE 3THUX CKOPOCTEH MHOE, YTO BBIPAXKAETCS B 3aMETHOM YOBIBAHHHM €r0 CO-
nepxanust (VMR) ¢ BbICOTOI.

Ynanenue CH4 u3 atmocdepsl npoucxoauT, B OCHOBHOM, XMMHYECKHM
MyTeM B peakiusx ¢ rugpokcui-pagukanom (OH), aromapusim xsmopom (Cl) u
BO30yKIeHHBIM aToMapHbiM kuciaopogom O('D). IlpuBenem cOOTBETCTBYHO-

mue peaknuu (baxun, 2000; [[3100a, Enucees, Moxos, 2012):

OH + CHs — H20 + CHs ;
Cl+ CHs — HCl + CH; ;
O('D) + CHs — OH + CHs;

(wm O('D) + CHs — CH3;0H; O('D) + CHs — CH,0 + Ha).

B xone xumnueckux peakuuit ¢ eudpokcun-paduxkarom OH u3 armocheps
yaansercs npumepao 90% obmiero croka (Kucenes, Pemernukos, 2013; Kiselev,
Karol, 2000; 2002).

OcHOBHO# UcTOUHUK TUApoKcHiI-pagukana OH B atmocdepe 3emnu — B3an-
MoJeicTBrE BO30ykaeHHoro atoMa kuciopoaa O('D) ¢ Bomoii:

O('D) + H,0 — 20H.

4 B xauecTBe eIMHUIl OOBEMHOI'0 OTHOIICHHUSI CMECH JIIsi aTMOC()EPHBIX T'a30B Yallle BCEro yrnorpeo-
JISTIOTCSI IIPOLIEHTHI (YacTH HA COTHIO - %), MpOMWLIE (YacTH Ha THICAYY - %o), YACTH Ha MIJUIMOH
(parts per million - ppm), wacti Ha MuHapA (parts per billion - ppb), gacTi Ha TpULIHOH (parts per
trillion - ppt).
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Bosoyscoennvie amomwt kucnopooa O('D) obpasyrorcs npu (GoToauc-
COIIMAIIMH 030HA!

O3 + hv (A <310 am) — O('D) + O..

Eciu ata peakiust TpeOyeT J0CTaTOUHON HHTEHCUBHOCTH MOTOKA YIIbTpadHoIe-
TOBOTO WK 00JIee )KECTKOTO U3JTyUYCHHUs], @ TAKXKE JOCTATOYHOM KOHIICHTPAIIUU 030Ha,
41O B OOJNBINIEH CTEMEHH MMEETCs B BepXHEH arMocdepe, TO I MPOTEKAHUS TPEIbI-
JyIIei peakiuu TpedyeTcs HaImdue BOJASHOTO Mapa, COJACPIKaHUEe KOTOPOTO C BBICO-
TOM pe3ko yoriBaeT. CodyeTaHue AEHCTBHS 3THX JBYX pPa3sHOHANPABICHHBIX (HAKTOPOB
MIPUBOIUT BCE JKE€ K TOMY, UTO B BepxHel atMochepe conepxanrie OH Beie.

Ha puc. 5.2 mpeacrtaBieHo TUIUYHOE paclpeeiieHue CoAepKaHusl TUIPOK-
CWJI-paJIMKaia 10 BBICOTE HAJ[ YPOBHEM MOPs, COOTBETCTBYIONIEE aMEPUKAHCKOMN
crangapraoii arMocdepe (U. S. Standard Atmosphere, 1976)'°. Dtu nannsie npu-

MEPHO COOTBETCTBYIOT 45° c.11I.

KoHueHTpauyua OH, PPb

1 ‘/\/\
0
0 20 40 60 80 100 120
BricoTa H.Y.M., KM

Pucynoxk 5.2 - Tunu4Hoe BepTUKAIBHOE PACIPEIEICHUE COAePKAHUS THIPOKCHII-
paaukana.

ITo ocu opaunar — konuentpanus OH (ppb); nmo ocu abcuucc — BpicoTa HaJl YpOBHEM MOPs, KM

(U. S. Standard Atmosphere, 1976).

15 http://www.digitaldutch.com/atmoscalc/; http://www.spectralcalc.com/.

38



Paspymienne merana B peakuusix ¢ amomapuoim xaopom Cl npoucxoaut, B
OCHOBHOM, Ha BbICOTax Bbllie 35 kM. B dopmupoBaHuu ypoBHEH colep:kaHus
atomapnoro xjopa Cl B atMocdepe Benuka pojb €ro MpeanieCTBEHHUKOB aHTPO-
noreHHoro npoucxoxaeHus (Tijani, 2004). 3To xsopdTOPYyriIepoibl, Ha3bIBACMbIE
Takxke ppeoHaMH. DTH BElIECTBA UCIOIb3YIOTCA B KaUueCTBE XJIaI0areHTOB B XO-
JIOJTMIIBHBIX YCTAHOBKAaX M B MPOU3BOJICTBE cripeeB st dddekra pacnbuieHus. [Tox
BO3/IeCTBHEM YNIbTPa(HOIeTOBOrO UM 00Jjiee MKECTKOro M3JIyuYeHHUs] OHHU JTUCCO-
UUPYIOT ¢ 00pa30BaHUEM aTOMapHOIo XJIopa.

Hamnpumep,

CF2CL + Av (A <214 am) — CF,Cl + Cl;

CFCls + hv (. < 214 1m) — CFCly +CL

ATOMapHBIA XJIOpP MOXET TMOSBJISATHCS B aTMOC(epe W MO eCTECTBEHHBIM
npuarHaMm. Hampumep, Mopckast BoJa, ByJKaHHYECKass akKTHBHOCTD M JIECHBIE TIO-
JKapbl MOTYT ObITh UCTOYHMKamMH dMuccuu xsopmerana CH3;Cl. Dto BemectBo
cnocoOHo k pexombunaruu Ha CH3 n CL.

Bkia moYBEeHHOTO MOTJIONIECHUSI B 00LIEM CTOKE METaHa U3 aTMoc(hepsl
HEBEJIHK.

Bce ot mporiecchl onpeAensroT BpeMs jKU3HU MeTaHa B atMocdepe. Co-
TJIaCHO COBpeMEeHHbIM olieHkaMm 310 8-12 ner (Kapons, Kucenes, 2004), 8-15 ner
(I3r00a, EnuceeB, Moxos, 2012), 9,1+0,9 ner (Prather et al., 2012; Ciais et al.,
2013, p. 509), 8-10 ner (Kirschke et al, 2013), 9,3+0,9 ner (Voulgarakis et al,
2013). O6o6marorast onenka MI'OUK — 12,4 rona (IPCC, 2013).

MeTaH SIBISETCS CHJIBHBIM MapHUKOBBIM T'a30M (€ro «IapHUKOBas» 3(¢-
(EeKTHBHOCTH B pacueTe Ha €IUHUILY YBEIUYCHHS COJICPKAaHUS B aTMocdepe Ha
MOPSIAOK TTPEBOCXOIUT d(PPEKTUBHOCTh YTIIEKUCIOTO Ta3a, cM. pazaen 7). Ox-
Hako, mporeccel BeiBeaeHus: CHs 3 atMocdephl, B CBOIO oYepesb, 3aBUCAT OT
knumata. B pabGore (/I3t00a, EnuceeB, Moxos, 2012) mokazaHo, 4TO BpeMs
Ku3HU MeTaHa B atMochepe ¢ 1900 mo 2005 rr. cokpaTuiaoch BCIEACTBUE MO-
TeIIeHus kinMarta npumepHo Ha 3%. B pabore (Voulgarakis et al, 2013) npu-

BOJNUTCS OOJbIee 3HA4YeHUE CcokpameHus i nepuoxa 1980- 2000 rr.:
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4,3£1,9%. D10 MOrio cnocoOCTBOBAaTH HEKOTOPOMY 3aMEJICHUIO pPOCTa CO-
JiepkaHusl MeTaHa B KoHie XX Beka — Havane XXI Beka (ompejeieHHOE 3a-

MeuieHue HaOmroanock ¢ kounrma 1990-x mo 2007 r.) (cm. paszaen 6.2).

6. MexaHu3M BJIMSIHUS MeTAHA HA KJIUMAT

6.1. Ocnoewi

['1aBHBIM UCTOYHMKOM SHEPTUM B 3eMHOM cucteme'® sBnsercs Connue, 1m0-
TOKHM HM3JIy4eHHsS KOTOPOTIO JOCTHUTAlOT BEPXHEW IpaHUIIbI 3eMHON aTtMocgepsl U
Jasiee MPOHUKAIOT Yepe3 Hee K 3eMHOM MOBEPXHOCTU. DTOT MOTOK COJHEYHOTO U3-
JydeHus K 3emiie paBeH B cpendem 341,3 Bt M Ha BepxHell rpanuiie atMochephl
(ycmoBHO — Ha BeIcoTe 200 kM). YacTh MOTOKA COTHEYHOTO U3ITyYCHUS OTPAKACTCS
aTMoc(epoil u 3eMHON MOBEPXHOCTHIO 0OpPaTHO B KOCMOC, a MOIJIOLIAETCs Mpu-
MepHo 70%. CpenHuii reoTepMaibHbBIN MOTOK TEIUIA Yepe3 3eMHYIO MOBEPXHOCTh

pasen 0,06 BT M, T.€. Ha YETHIPE MOPSIKA MEHBIIIE.

025

0,20

o
@

CnekTpanbHas ApkocTb, BT om? mkm™!
o
B

005 |

[AnuHa BONHbI, MKM

Pucynox 6.1 - Pacnipenenenre comHeYHOT0 U3IIy4eHHS (CIIEKTpaTbHAas TNIOTHOCTD)

Ha BepxHel rpanuie atMocheps! o anuHe Bonubl (Matsees, 2002, c. 133).

16 «(3emmas cucteMa» - oT aHri. «the Earth’s systemy», 03HauaeT COBOKYITHOCTh BCEX 0OBEKTOB B
aTMoc(epe, Ha 3eMHOW TIOBEPXHOCTH U B 36MHOM TOJIIIIE M UX B3aUMOJICHCTBUS, B TOM YHCJIE Y-
TeM 00OMEHa MacCOi U IHEPTHUCH.
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CnexkTpanbHOE pacipeeieHue MOTOKa COJTHEYHOTO U3IyUYCHHUs Ha BEpX-
Hell rpaHulle aTMocdepsbl MpecTaBleHo Ha puc. 6.1. BunuMslii cBeT — yacThb
3TOT0 MOTOKa. MOHOXPOMATHYECKUE KOMIIOHEHTHI 3TOTO U3JIYYEHUS UMEIOT
JnnuHy BosHBI 0,4-0,7 MKM.

Ha puc. 6.2 npuBeneH coBpeMeHHbIN I100ambHBINA OIOJKET SHEPTUU B 3EM-
HO# cucteme 1o padore (Trenberth, Fasullo, Kiehl, 2009).

ConHeyHOE H3Yy4YEHHE HArpeBaeT 3€MHYIO IOBEPXHOCTb M, B IoOpas3io
MeHbIlel crerneHu, atmocdepy. Kak mroObie Tena, oHM M3My4aroT sHepruio. Ho
3HAYEHUS TEMIepaTyphbl Ha 36MHOW MOBEPXHOCTH U B aTMOC(EPHBIX CIIOSX HEBE-
muku (oxono 300 K u MeHee) 1o CpaBHEHHUIO C TeMIEpaTypod Ha MOBEPXHOCTU
Comana (okono 6000 K). [TosToMy 3eMHasi TOBEpXHOCTh M aTMOC(EpHBIE CIION U3-
Jy4aroT B COBEPIICHHO WHOM JIMana3oHe JUTMH BOJIH - HHPPAKpaCHOM JIHana3oHe.
Ha puc. 6.3 n300pakeHO pacdyeTHOE CHEKTpaTbHOE paclpeesieHne H3TyIeHUS

3eMHOM MTOBEPXHOCTH IIpH cpeHel ee TemrepaType 288,15 K.

102\ Orpamennoe connemoe 341 ! 239 I0IAmes
NIy ueHHE Haryuenne, MpHYOIMes ATHHHOEO.THOBOE
10191 Brar? X GOz InayucHie
J 341 3. Bra? 2385 Brar?

Orpaxaerca
obnakaurn Ay
aTMochepoil 40 mmr:t@epnoe

79

17 80 T—— 333

Toraomaercs Tepamkn JBanoTpanc x
u_nn'epmomlo - mrpa[uurzg WOBEPXHOCTH  JloraomaeTcs

TIOR €PXHOCTRIO

Herto-
09 MOTI0MEHTE

Pucynok 6.2 - IToroku sueprun (Bt M) B cucreme «atmocdepa + 3eMHast 1o-

BepxHocTh» (Trenberth, Fasullo, Kiehl, 2009).
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Kak BumHo Ha puc. 6.2, atmocdepa mpomyckaeT B KOCMOC TOJBKO OKOJIO
10% wuH(pakpacHOTo M3TydeHUs] 3eMHON MoBepxHOCTH. OcTanbHas 4acTh Ha He-
KOTOPBIX BBICOTax MOTJIOMAETCS aTMOC(HEPHBIMH CIIOSIMH. DTH CJIOM H3ITy4aroT
«BBEPX M BHU3Y», MPAKTUYECKH [EIUKOM B MHPpaKpacHOM jauanaszone. B nemnowm, uz
noroka 396 Bt M™%, n3myuaeMoro 3eMHOI MOBEPXHOCTHIO, 333 BT M nepenanpas-
JisieTcss aTMocepoli 00paTHO K 3€MHOM MOBEPXHOCTU. DTH CBOMCTBA 3¢MHOH aT-
Mocdepsl co31at0T 3P(HEKT «IapHUKa», BCICICTBUE YE€T0 TEPMUUECKUE YCIOBHS B
MPUIIOBEPXHOCTHOM CJIO€ JIOCTaTOYHO KOMGOPTHBHI. [10SICHUM «IapHUKOBBIH 3¢-
(hexT» Ha MPOCTOM MJUTIOCTPATHUBHOM IPUMeEpE.

Ha puc. 6.4 n3o0pakeHbl MOTOKU M3ITyYEHUS IBYX THIIOB — KOPOTKOBOIJHO-
BbIil (COJHEYHBIH, YCJIOBHO - C JUIMHOM BOJHBI A < 3 MKM) M JJIMHHOBOJIHOBBIM,
uH}paKpacHbli (M3TyYeHHE 3eMHOM MOBEPXHOCTH U aTMOC(EPHBIX CIOEB, YCIOB-
HO C JUIMHOM BOJHEI A > 3 MKM). Cunraercs, uto oT CoJHIIa TPUXOJNUT TOJIBKO KO-

POTKOBOJHOBOC M3JTYy4YCHHEC, @ 3EMHOC U3JTYyYCHHEC — BCC JJIMHHOBOJIHOBOC.

09

08

07

06

05

04

03

Pacnpegenenne uanyyeHns
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Pucynok 6.3 - PacueTHoe pacripe/ielieHue H3IydeHus: a0COIOTHO YePHOTO Telia 0
JUTMHAM BOJIH MpHU TeMmIeparype nmosepxuoctu 288,15 K (3emiist) B 109X MaKCH-

MAJIbHOW CIIEKTPaNbHOU MIIOTHOCTH.
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m e -  Armocdepa
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3emHasi IIOBEPXHOCTH |
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PucyHnok 6.4 - UnnroctpaTuBHAs pajidalliOHHast MOJIeNTb TAPHUKOBOTO dddeKTa.
IosicHeHUs: 3eMHas TOBEPXHOCTh MOJHOCTHIO IOTIIONIACT BCE MOTOKU U3JIy4YeHUs (KOPOT-
KOBOJIHOBOH S — COJIHEUHBIH, JUIMHHOBOJIHOBOH L1 — n3inyuenue arMmocgepsl), a atmocdepa

Mpo3pavyHas JIJIsi COJTHEYHOTO, KOPOTKOBOJIHOBOI'O H3Iy4eHHs (MOTOK S), HO COBEPIICHHO
HeTpo3payHast JUist 3MHOT'0, JJTMHHOBOJIHOBOTO H3iIy4eHus (moTok Lo). Ilpu Hamu4uu Ta-
KOl aTMOCdepsl paBHOBECHAs TEMIIEpaTypa 3eMHOW MOBEPXHOCTH OOJIbILE TOH, YTO ycTa-

HaBJIMBACTCA B OTCYTCTBUEC aTMOC(l)CpLI.

Ha neBoii manenu a) armocepa orcyrerByer. [loTok conHeyHol sHEprun S
OeCnpensITCTBEHHO JOCTUTAeT 3€MHOI MOBEPXHOCTU W HAIEJO €10 MOTJIONIAeTCs.
Omn pazorpeBaer ee 10 TemnepaTypsl 7o, IpU KOTOPOH MOTOK JYIMHHOBOJIHOBOTO
W3JTy4eHus 3eMHOM moBepxHocTH Lo = o7To* (3akon Credana-bonbumana) craner
PaBHBIM MOTOKY S, T. €. IPH PaJMAMOHHOM paBHOBecHH S = 670",

Ha npaBoit manenu 6) nzo0pakeHa Takas xe CUTyalus, HO IPH HATUIUHU
«TOHKOHM aTMoc(epbl», KOTOpas Haleslo NOTJO0MIaeT JJIMHHOBOJIHOBOE U3Jyde-
Hue. «ToHkas» O3HayaeT, 4TO U3JydyaeMble €10 IOTOKM JUIMHHOBOJHOBOH pa-
nuanuu L1 OAUHAKOBBI B 00€ CTOPOHBI — K 3eMHOW TOBEPXHOCTH U B KOocMOC. B
COCTOSIHUM PaJMAallMOHHOrO paBHOBecus Li = S, MOCKOJBbKY CHCTEMa ‘3eMHas

MOBEpXHOCTh+aTMOcdepa’ He HATPEeBaeTCAd M HE OXJIAKTAaeTcs. A 9ToOBI TeM-
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rneparypa 3eMHOM MOBEPXHOCTH OblIa MOCTOSIHHOM, HEOOXOAMMO COOJIIOICHHS
ycnoBusi: L1 + S = Lo. CnenoBaTenbHO, Ha MPaBO MaHETU JOJDKHO OBITH BbI-
nosnHeHo Lo = 2S, T. €. Ipu pagnanuoHHoM paBHoBecuu 28 = o To*.

Takum 00pa3om, NpU HATHYUHA TOHKOK aTMocdepsl, MPO3pavyHol s KO-
POTKOBOJIHOBOTO M3IyYEHHS M HETPO3PAYHON IS JITMHHOBOJIHOBOTO H3ITyde-
HUS, B COCTOSIHUM PaJUallHMOHHOTO PaBHOBECHS MOTOK JJIWHHOBOJIHOBOTO W3-
Jy4eHUs OT 3€MHOH MOBEPXHOCTH BJABOE OOJbIIE, YEM B OTCYTCTBHE aTMoc(e-
pel. B cootBercTBHE C 3aKoHOM Credana-bonabimana aGcostoTHast TeMIepary-
pa B mepBOM cliydae OoublIe, 4eM BO BTopoMm, B (2)1* = 1,2 pasa. D10 u ecThb
NapHUKOBBIA 3P eKT B paccMaTpuBaeMOil WILTIOCTPATUBHONW MOJIEIH CHUCTEMBI

«3€MHasi TOBEPXHOCTbTaTMocdepar.

So
A MO
JT(M)
S M
JY(M)
¥ So
0

3eMHas ITOBCPXHOCTDb

Pucynox 6.5 - UnmroctpatuBHas paguaiioHHas MOJelb, B KOTOPOM rOpU30HTaIb-
HO-0JIHOpPOJIHAs aTMOC(epa UMEET HENPEPHIBHOE PACIIPEICIICHUE 110 BEPTUKAIIM;

CHUMBOJIbI ITOSICHCHBI B TCKCTC
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Ha camom pnene, atmocdepy 3eMiM HeENb3s CUMTATh «TOHKOW». Ee
CBOICTBA CYIIECTBEHHO MEHSIOTCS ¢ BbhicoTOM. Ha puc. 6.5 npuBenena ummito-
cTpatuBHas panuanuoHHas monenb (Cemenos, Ilomos, 2011; Cemenos, 2012;
CemenoB, 2015), B KOTOpOH TOpPU30HTAIBLHO-OJHOPOJAHAS aTMocdepa Hempe-
PBIBHO pacmpejiesicHa N0 BEPTHUKANIM, T. €. SBJISETCS «TOJCTOM». Bce mpuBe-
JICHHBIC HA PUCYHKE MEPEMEHHBIC — B CPEJIHEM JJIsS €AUHMIIBI 36MHOM MOBEPX-
HOCTH: So — HUCXOJSAIIUN MOTOK COJTHEYHOTO, KOPOTKOBOJIHOBOTO W3JIYUYCHUS,;
My — monuHas macca ctoaba atmochepsl; M — nmepeMeHHas BBICOTHI, BRIPaKEH-
HOM Maccoil HuKesexamero sosayxa; JY(M) u J'(M) — COOTBETCTBEHHO HUC-
XOIAIIUA U BOCXOASIINN MOTOKH JJIMHHOBOJHOBOI'O, 3¢MHOT'O M3JIyYEHHs Ha
«BbicoTe» M. Kak u paHee, cuMTacMm, YTO COJHEYHOE W3IYyUYCHHE TOJBKO
KOPOTKOBOJHOBOE, aTMocdepa s HEro COBEPIICHHO Mpo3payHa, ¥ OHO
HaIleJI0 TOTJIONIAETCS 36MHOW TOBEPXHOCTHIO. 3eMHAs IOBEPXHOCTh W
aTMOC(EpHBIC CJIIOM U3Iy4YaloT TOJIBKO IJIMHHOBOJHOBOE M3JIyYCHHE, NMPUYCM
nomnajas Ha 3¢MHYIO TIOBEPXHOCTh OHO HAIleJIO MOTJIONIAeTCS.

Bocxoasuuit ¥ HUCXOMAIIMA MOTOKH JJIMHHOBOJHOBOTO H3JIyYCHHS Ha
«BBICOTE» M YACTUYHO TOTJIONIAIOTCS aTMOC(HEPHBIM ciioeM Macchl dM ; w(M) —
KO3 PHUIMEHT TOTTIOMEHUS. DTOT MPOIECC OMUCHIBAIOT MEPBbIC WICHBI B MPABBIX
4yacTsSIX TPUBEACHHBIX HIDKE JIBYyX YpaBHeHHMH. B cocTosHuM paBHOBecus
MOTJIOIICHHAST JHEPrusl M3IydYaeTcsl BBEPX W BHHM3 B PAaBHBIX JONAX. OTO

OIMCHIBAETCS BTOPBIMU YJICHAMH YPAaBHEHU.

dJ (M) . . )
d-M) w(M)J*(M)+0.5w(M)(J* (M) +J (M)),
1

Ipu 5T0M S, +J*(M)=J" (M)~ BBINOIHSETCSA YCIOBHE PABHOBECHS TOTOKOB

JYYHUCTOM dHEPTUU Ha «BBICOTE» M (T. €. TO, UTO HAXOAMUTCS HUXKE ITON BBICOTHI,

HE HarpeBaeTcs W He OXJIaxnaaercs), a J (M 0) =0 — JIMHHOBOJIHOBOC HU3JIy4YCHHEC
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HE MPUXOAUT K 3€MHOHU aTMOC(I)epe HW3BHE. JTa cUcTeMa ypaBHeHI/II\/’I HUMECT CJIC-

AYIOLIUC PCIICHUA:

J'(M)=5,(1+0.5 j w(x)dx); JY(M)=0.585, j w(x)dx.

BOCXO}IHHII/Iﬁ IMMOTOK AJIMHHOBOJIHOBOI'O U3JIYUCHUSA 3aBUCUT OT «BBICOTLI» M
U CpeaHero (CpeJHEB3BEIICHHOTO 10 Macce) Koadduuuenta mnoriomenus W(M)

Ha «BBICOTaxX» OT M 10 Mo ClIeyroIM 00pa3oM:

J(M)=S,(1+0.5 j w(x)dx) = S,(1+0.5(M, — M)W (M)).

B nauHoit Mozienn Ha BepxHel rpanuie armochepst (M = My) norok J'(M)
BCET/Ia paBeH Sy — 3eMHas CHCTeMa B 11eJIOM He HarpeBaeTcsi M He OCTHIBACT.

B mpocreiimem ciaydae, koraa Ko3GpGUIUEHT W MOTJIONICHNS HE 3aBUCHUT OT
«BBICOTB (W = w = const), motok J'(M) Bo3pacTaer JIMHEWHO ¢ MaCCON BBILIENE-
xarero cinosi atMocdepsl. [Ipu yBenudenuu cpeanero kod(d(GUIMeHTa moriolie-
HUSI OTOT IPAJAUCHT CTAHOBUTCS Kpyde — CM. puc. 6.6.

Puc. 6.6 nimoctpupyer ycuiieHre napHukoBoro 3ddexra npu odoranieHnn
«TOJICTOW», paclpeesICHHOW MO BBICOTE aTMOC(Ephl MAPHUKOBBIMU Ta3aMH, 6
mom uucie Memanom, — Beib IpH TaKOM 00OTalleHuH 3HaueHHe KOdPPUIIMEeHTa
TIOTJIONICHNUS YBEITMYUBACTCS, M MIPUITOBEPXHOCTHAS TeMIieparypa Bo3pacraet. [1o-
CKOJIbKY MapHHUKOBBIC BEIIECTBA, MPUBHOCHMBIE YEIOBEKOM B atmocdepy, — Ma-
Jbl€ €€ COCTaBIIAOLIME, TO 00IIas Macca cTosdba atmMocdepsl Mo Ipu pacueTe CUu-

TaJlach HEM3MEHHOM.
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Pucynok 6.6 - IzmeHeHue BOCXOSIIEero NOTOKA JIMHHOBOJIHOBOI'O U3JTYUYEHHUSI B

3aBUCHMOCTH OT «BBICOTBI» M ¥ KOA((HUITUEHTA TIOTIIOMICHUS W.

Ycunenne nmoryomeHns WHPPaKPacHOTO M3IyUYeHUSI aTMOC(HEPHBIMH CIIOS-
MU TIpu oboraieHny atMmoc(epbl METaHOM CIIEyeT U3 TOTO, YTO OH 00Ja/1aeT BbI-
paXeHHBIM CBOMCTBOM TOTJIONIATH M3NTy4YeHHE B Auamna3one 6,3- 8,3 MkM (cM. puc.
6.7), a U3JIyuyeHHe 3TOro AMana3oHa 3aMETHO IPEJICTABICHO B OOLIEM IIOTOKE M3-
Jy4eHUs 3eMHOU TTOBEPXHOCTH — CM. puC. 6.3.

OueHky, npeacTaBIeHHbIC HA pUC. 6.7, TIOTYYEHBI, UCXOs U3 JAHHBIX MEXK-
JlyHapOJTHOW CIIEKTPOCKOMUYECKON 0a3bl dKCIepuMeHTanbHBIX JaHHbIX HITRAN
(The HITRAN..., 1998) B ee Bepcuu 2008 1.7

B Ttakux sKkcmepuMeHTax IOTOK MOHOXPOMAaTHYECKOro usiydeHus Io
HaIpaBIIIETCSl HA MPO3PAaYHYI0 EMKOCTb, COJAEPKAILYIO ONPEACIICHHOE KOJInYe-
CTBO HCCIEAYEMOro rasa, W, 3aTeM, u3MepsieTcs Boixonaumuil notox /. Koag-
(ULHMEHT MOTJIOMICHUSI OLEHUBACTCS 3HAYCHHEM, MPONOPUHOHANBHBIM [—In(/ /
Io)]. OObIYHO, HOPMHUPOBAHUE MPOU3BOAUTCS MyTEM ACJIECHUS ITOr0 3HAYCHUS
Ha TOJUIMHY €MKOCTH (110 HaImpaBJEHUIO Jy4da) U KOHLIEHTPALHUIO UCCIETyEeMO-

ro rasza. 3HaueHHsI K03 uIMeHTa NOTJIOLIeHUS i1 MeTaHa Ha puc. 6.7 mpu-

17 [laHHBIE KCTIEPHMEHTOB IPUBE/ICHBI Ha TopTane http//www.spectralcalc.com.
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Benensl B ppb lem!. TIpu pacuerax ObLIM MCIIONB30BaHbI JJAHHBIE DKCIIEPUMEH-
TOB, B KOTOpbiX nasienue Ovimo 1013,25 rlla, abcomioTHas Temmeparypa
288,15 K, xonnenTpanus merana B eMxoctu 0,01 ppm, TommuHa eMKOCTH (110
HanpaBjaeHuto jgyda) 0,1 cM.

MeraH 005a7a€T BEIP@XEHHBIM TIOTJIOMICHUEM U B IPYTHUX YaCTAX CIIEKTPaA -
BOm3u 1,7, 2,2 u 3,3 mxMm. OiHaKo, J0Js 3TOTO U3JIyUYCHHUS B OOIIEM TOTOKE M3-
Jy4eHHs! 36MHOM MMOBEPXHOCTH CPABHUTENIBHO Maja — CM. puc. 6-3.

Ha puc. 6.8 (Cemenos, Ilomos, 2011) mpencraBieHbl pe3yJibTaThl pacyera
paauaIioOHHO-PaBHOBECHON TEMITepaTyphl 36MHON MMOBEPXHOCTHU TMPHU PASITUIHBIX
KOHIIEHTPAIMSIX MeTaHa (OCh aOCIUCC, ppm) U TOM COCTaBe aTMoc(epsbl B OTHO-
[IEHUU OCTAIBHBIX COCTABISIONINX, KOTOpPBIH cooTBeTcTBYyeT 1970 r. Hyms mo
IKaue TeMIepaTypsl — OChb OpPJIMHAT — COOTBETCTBYET PAaCUETHOM Temreparype
1970 r. Kak BuzmHO Ha puc. 6.8, ponp MeTaHa B (hOPMHPOBAHUH PATHALUOHHO-
PaBHOBECHOH TeMIepaTypbl 3¢MHON MOBEPXHOCTH B JHAana3oHe KOHIEHTPAIMA OT
0 10 3HaYeHWi, HA MOPSJOK OOJbIIE COBPEMEHHBIX, 3aMETHA, HO CPaBHUTEIILHO

HEBEJIMKa — ero Bkjiaj He npessimaet 1°C.

CI'IEKTp nornoweHA MmeTtaHa
0,020
0,015
0,010
0,005
0,000 =
5 6 7 8 9 10

Pucynok 6.7 - KoaddumueHT nmornomeHnst MeTaHa: 1mo ocu adCcImce — JyInHa BOJI-

HbI (MKM); TI0 OCH OpAMHAT — Koo duiment nornomenus (ppb'em™).
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Pucynox 6.8 - I3meHeHne paaualiioHHO-PaBHOBECHOH CpeHEl TeMIepaTyphl
3eMHOM MOBEPXHOCTH (0Ch opArHAT, °C) B OTBET Ha U3MEHEHHE KOHIICHTPAINH
MeTaHa (TOpPU30HTANIbHAS OCh, PPM) IIPU YCIOBUH COXPAHEHHUS cOCTaBa atMmocep-
HOTO BO3/yXa M0 OCTAJIbHBIM KOMIIOHEHTaM HEU3MEHHBIM U COOTBETCTBYIOIINM
cocrostauio 1970 r.

3a HyJIb OCH OpJIMHAT NIPUHATA pacueTHas paJuallMOHHO-paBHOBECHas Temnepatypa 1970 r.

3amMeTHM, 4TO OIEHKH, MPEJCTABICHHbIE Ha puC. 6.8, MOIy4YEeHBI B paMKax
paZMaMoOHHOW MOJENH. Y4YeT WHbBIX, HEepaJHallHOHHBIX (DaKTOPOB, MOXKET H3Me-
HUTB 3TH oleHKH. Cpean Takux (akTopoB - BOSMOKHASI aKTHBHU3ALUS KOHBEKTHB-
HOTO OTTOKA TeIUIa OT 3eMHOH MOBEPXHOCTH B BEPTHKAIHLHOM HAIpaBICHUH W HH-
JTYLUPOBAHHOE MOTEIUIEHHEM o0oramieHne aTMocqepsl BOASHBIM IapoM U JAPYTH-
MU MTapHUKOBBIMH ra3zamu. Hampumep, yBelnndeHue couepKaHus MeTaHa CIoco0-
CTBYET POCTy KOHIEHTPALUH JAPYroro NapHUKOBOTO ra3a — 030HA, Kak B TPOIO-
ctepe, Tak u B crpatochepe (Kapons, 2004; Kucenes, 2013). Onnako, 3¢dexT co-
BOKYITHOTO JICHCTBHSI BCeX 3THX (DaKTOpOB Ha TeMmepaTypy MOKa He SICeH, Jei-

CTBHC UX BO MHOT'MX CJIy4dasaX pa3sHOHAIIPaBJICHHO.
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6.2. Ouenka coepemennOll KOHYEHMPAYUU Memana 6 ammocgepe u ee usmeHne-

HUIl 8 UHOYCIPUATILHYIO IPY

Kak yxe panee Obl10 0TMEUEHO (cM. paszen 4.2), KOHIIEHTpalys MeTaHa B at-
Moc(epe B 11eJIOM 3aBUCUT OT COOTHOILEHUH MHTEHCUBHOCTH MPOLIECCOB €r0 MOCTYII-
nieHust B atmocdepy 1 yaaneHus u3 Hee. [Ipu 3tom HaOmogaemple 3HAYSHUSI STUX KOH-

LCHTPAIMI OTIINYASTCS CE30HHOM M IIIMPOTHOM BapruadenbHOCThIO (puc. 6.9).

Tabauma 6.1 - KoopanHaTel HEKOTOPBIX cTaHInii MoHUTOpHHTa poekta AGAGE.

Ctpana Ha3zBaHue cTaHIMM MOHH- HIupora Joarora
WU TeppUTOpHUS TOPHHTa

Asctpanust, Tacmanus Cape Grim 41° 10110 145° B 1.
Wpnannus Adrigole/Mace Head 52°/53° ¢ 1. 10° 3.1,
CIIA, Operon/ Cape Meares/
Kanmupopuus Trinidad Head 457417 cm. 124 3.1,
Bapbanoc Ragged Point 13° c.i. 590371,
Awmepukanckoe Camoa Cape Matatula 14° ¢ 171° 3.1,

X0/ cpemHeroI0BbIX KOHIEHTPALUii MEeTaHa B MPUIIOBEPXHOCTHOM CIIoe (a
3HAYUT, U B Tporocdepe BCIEJACTBUEC BEChMa MajOi M3MEHUYHMBOCTH €0 COJepKa-
HUS, BEIpakeHHOTO B VMR, 10 BBICOTE) CXO/I€H B Pa3iIWYHBIX (POHOBBIX YCIIOBH-
ax!8. Ha puc. 6.9 npejacrapieHo Mu3MeHEHHE KOHIEHTPAMu MeTana (ppb) B BecbMa
OTHAJICHHBIX JIPYT OT JApyra TOYKax reorpauueckoro MpoCTPaHCTBA, I/Ie Pacmo-
JIOKEHBI CTAHI[MM MOHUTOPWHTA, HA KOTOPBIX MPOU3BOJMINCH CUCTEMATHYECKHE
n3mepenus (Prinn et al, 2000, 2016). Ouu pacnonoxenst B Upnangun, B CLIA
(Operon/Kanudopnus), Ha bapbanoce, Ha Camoa, B Tacmanuu (tadu. 6.1). M3me-
penust mpoBozsTcs B pamkax npoekra Advanced Global Atmospheric Gases Ex-

periment (nanee — AGAGE)!", xotopslii BeImosHseTCS 1pu moanepxke Harmo-

18 ®onoBBIE yCIIOBUA XapaKTepU3yIOTCs TEM, YTO yPOBEHb COIEpKaHMs rasa, HabIIoJaeMbli
TaM, CKJIQJIBIBACTCSl HE TIOJ] BO3JICUCTBHEM KAaKOTO-TO ONMPEACICHHOr0 JIOKAIbHOTO HCTOYHUKA, &
OIIpeessIeTCs MPOLECCaMU INI00ATLHOTO MepeHoca U epeMEeInBaHusI B aTMocdepe.

19 http://agage.eas.gatech.edu/
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HAJBHOTO YIIPABJICHUS IO a’POHABTHKE M HCCIICAOBAHHUIO KOCMHYECKOTO IIpPO-
ctpanctBa CIIA (National Aeronautics and Space Administration - NASA).
[IpencrasnenHsiit Ha puc. 6.9 xo1 (OHOBHIX KOHIIEHTpAIMH METaHa IMOKa-
3bIBAET, YTO:
- KoHUEeHTpauuu B CeBepHOM MOyIIapruu HECKOJIbKO npeBocxoadr (Ha 100-
200 ppb) 3HaueHus1, HabmrOMaeMble B FOkHOM mosTyIapuu;

- B 2000-2007 rr. HaOnroganack may3a B pOCTe KOHIICHTpAIUH, W OHU ObLIH

CTaOWIIBbHEI.
http://agage.mit.edu/
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Pucynox 6.9 - CoBpeMeHHOE H3MEHEHUE CPEeTHEMECIYHBIX KOHIIEHTPAlluii MeTaHa
(B ppb) B mpumoBepxHOCTHOM cJio€ 1o rojaam 1o aanHeiM npoekra AGAGE (Prinn
et al., 2000, 2016): nanubie uamepenuit B Mpnanauu, B CLIA (Ope-
ron/Kamudopnus), vHa bap6anoce, Ha Camoa, B Tacmanum.

[To ocu opaAMHAT NpUBEIEHBI KOHIIGHTPAMK MeTaHa (B ppb), Mo ocu abCIUCC — roJIbl.
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[lepBoe MOKHO OOBICHUTH TEM, YTO OCHOBHBIE €CTECTBEHHbBIC M aHTPOIIOTCH-

HBIC UCTOYHUKH METaHa HaXOIATCA Ha KOHTHHCHTAX, a OKEaHCKUH BI)I6pOC CpaB-

HUTEIHHO HeBeNWK (cM. Tabm. 4.1). U, mockonbky B CeBEpHOM IMOMyIIAPUA OIS

3eMHOU MOBEPXHOCTH, MPUXOAAIIAsICS HA CyIy, 0ojbie, ueM B FOxHOM, TO U oH
MeTaHa TaM HECKOJIBKO BBIIIIE.

[Tepuon cTaOmIbHOCTH T00AIBHBIX ypoBHel mertana B 2000-2007 rr.

MOKET OOBSCHATHCSI HATMYUEM OOpaTHOM CBA3M MEXIy TEMIepaTypol M mpolec-

camMH pOXJeHus ¥ rubenu MeTana. B 3TOT mepuoja BPEeMEHH TEMIIbI POCTa TJo-

OanpbHON TeMIlepaTypbl CyIIECTBEHHO CHU3MJIMCH, AK€ HACTYIINWJI HEKOTOPBIH Iie-

pYOJ HEHaNpaBJIEeHHOW M3MEHUYMBOCTU - cM. puc. 6.10. Ognaxo, mocie 2007 r.

pocT rI00aJIbHOM KOHIEHTPAIMY METaHa BO300OHOBHIICS — M. pHc. 6.11.

HadCRUT4 — GISS
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Pucynok 6.10 - AHomManuu cpeaHei Ta00albHOM TeMIepaTypbl (M300pakeHbl TPH
pasnuuHbIX psiga nqanaeix Habmoaenuin — MLOST, HadCRUT4 u GISS) B mpurio-
BepXHOCTHOM cioe B 1850-2012 rT. 10 OTHOLIEHHUIO K CpelHEMY 3HAYECHHUS 32

1961-1990 rr. (IPCC, 2013, p. 193).

ITo ocw OpAMHAT TIPHBEACHB BennurHb! anoManwii (B °C), Mo och abeImce — Fob!.
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Pucynok 6.11 - U3MeHeHue cpeiHeMeCsYHbIX TI00aIbHBIX 3HAYeHUH KOHIIEHTpa-
uu CH4 B mpunoepxuoctaom cioe (Dlugokencky et al., 2005, NOAA/ESRL?;
Nisbet et al., 2016).

ITo ocu opaMHAT IPUBEACHO Co/IEpKaHKe MeTaHa (B ppb), IO 0cH a0CIMCC — TObI; YepPHAs JIH-

HUS — CPEAHCTOAOBBIC 3HAYCHUA, KPACHBIC TOYKU — CPEAHCMECAIYHBIC 3HAYCHUA.

Ha pwuc. 6.12 mokaszanbsl TeMnbl pocta cojaepxkanus CHa B atmocdepe B
nepuoa Mexnay 1984 u 2014 rr. nmo nanHeiM QoHOBBIX m3Mepenuit (Nisbet et
al., 2016). C cepeaunst 1980-x mo 1991 roa koHIEHTpalus MeTaHa Bo3pacTaia
ooupiie uem Ha 10 ppb B roa. [ToTom, mpuMepHO Ha JeCATUIETHE, POCT 3aMe/l-
JIAJICST U COCTaBys He Ooiyee 3 ppb B roa. B mepuoa mexmay 2000 u 2007 ro-
namu koHnentpanus CHs B atMochepe crabunuzupoBanack. OHaKO HaYHHAS
¢ 2007 rona, ona BHOBb Hayasa pactu, u 10 2013 roga temn ee pocTa cocTaB-

75171 0Kouo 5,7 ppb B rox, a k 2014 r. — okoio 15 ppb B rog.

20 www.estl.noaa.gov/gmd/ccgg/trends_ch4.
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d(CH,)/dt (ppb yr™)

1985 1990 1995 2000 2005 2010 2015
Yeor
PucyHnok 6.12 -Temnsl pocTa cojiepkanusi Mmerana B armocdepe B 1984-2014 rr.,
(Nisbet et al., 2016).

Io ocu opamHar — Temn pocta konuentparmu CHa (ppb rox™), mo ocn abetmcee — romst. Tlpe-

PBIBUCTAsA JIMHUS MMOKA3bIBACT CTAHAAPTHOC OTKJIOHCHUE.

Ha puc. 6.13 uzo0pakeHo W3MEHEHHE TII00aTbHOW KOHICHTPAIUH Me-
tana 3a nociueguue 800 000 met. DT AaHHBIE MPEACTABICHBI ATEHTCTBOM IO
oxpane okpyxarei cpeapl CIIA?! n aBas0TCA pesynbTaTaMu NaaeopeKoH-
CprKHI/Iﬁ C HCIIOJIb30BAHUEM PA3JIUYHBIX JICAOBBIX KCPHOB, a4 TAKIXE HUHCTPY-
MEHTAJIBHBIX (OHOBBIX HM3MepeHuil. Ha pucyHke BUIHO, YTO B TIOCIJIEIHHE
800 000 met, uckaOYas UHAYCTPUATBHYIO 3Py (ycinoBHO — ¢ 1750 r.) KOHIIEeH-
Tpanuu Metana MeHsuuch B npenenax 300-800 ppb (cMm. neByr maHelb puc.
6.13). B uHnycrpuanbHy 3py HaOJIOJAICS POCT KOHICHTPAIUH, KOTOpas K
HacTosmeMy BpeMeHnu gocturiia 1800 ppb u mpes3onuia 3TOT ypoBeHb. Takum
00pa3oM, pOCT KOHIICHTpAIMK MeTaHa cocTaBui Oojee 250% (cM. Tak ke pas-
nen 3). HamomMHuM, 4TO poCT KOHIIGHTpAIMU YIJIEKHUCIOTO ra3a 3a COOTBET-

CTBYIOLIMN TEPUOJ COCTABUI JUIIb 0K0y0 40%.

2 https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-
concentrations-greenhouse-gases
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Pucynok 6.13 - EcrecTBeHHBIE KOJI€OaHUS TJI00ATEHON KOHIICHTPAIIMU METaHa B
nocneanue 800 000 JeT U €€ POCT B MHLYCTPHATBHYIO 5py-2.

ITo ocu opamHat npuBeneHa koureHnTpanus CHa B ppb, o ocu adcimce — rofpl (Ha JIeBoi ma-

HCJIM Ha OCH a6cuncc OTPULATCIIBHBIC 3HAUCHUA — BPEMS 10 H.3).

Ha puc. 6.14 npencrasieHbl JaHHBIE O XOZ€ B MHAYCTPHAJIbHBIA Nepuos (¢
1750 . mo HacTosiiee BpeMsi) CPEIHETOOBBIX TJIO0ATBHBIX KOHIIGHTPAIUH Tpex
TJIaBHBIX aHTPOIIOTEHHBIX MAapHUKOBBIX Ta3oB — CO, CHs m N>O. Ha pucyHnke
BUJHO, 4YTO HauOojee CYHIECTBEHHOE OTHOCHTEIbHOE YBEIUYCHUE MPUCYIIE

HMCHHO MCTaHy.

2 https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-
concentrations-greenhouse-gases
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Pucynoxk 6.14 — 13menenue rnobanbHbIX KoHIeHTpanuii CO2 (ppm, 3enenuviil
yeem), CHa (ppb, opanoiceswiti ysem) n NoO (ppb, kpacHulii ysem) B UHITyCTpHU-
aJbHBII IEPUOI.

JlaHHBIE PEKOHCTPYKIMH 110 JIEJOBBIM KEPHAM U PE3yJIbTaThl HHCTPYMEHTAIbHBIX U3MEPEHUI;

0 OCH OpAMHAT — KOHIIEHTPAINH ra30B, o ocu abermce - roxast (IPCC, 2014).

Cy1ecTByeT BecbMa BbICOKAsl CTENEHb JIOCTOBEPHOCTH TOT'0, YTO TAKOE YBE-
JUYEHUE COJEpKaHMsI MeTaHa B aTMoc(epe B MHAYCTPUAIBHBIN MEpUO] MPOU30-
[IUTO B PE3yJbTAaTe XO3SMCTBEHHOW AESITEILHOCTH YeoBeKa (cM. pasnenst 3 u 4.1,
4.3). Ilo onenkam MI'DUK (IPCC, 2013) nmpumepno 48-65% rinobanpHON COBpe-
MeHHoH s3muccun CHy B mepuon 1990-2009 rr. npuxoauanuch Ha aHTPOIIOT€HHBIN
BBIOpOC (rmu okosio 50-60% mis nepuoga 2000-2009 rr., 0 JaHHBIM, TPUBEACH-

HBIM paHee B 3TOW KHHTE B pazzeine 4).
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6.3. Cymiecmeyroujue nooxoovl K MOOEIUPOSAHUIO U RPOZHO3Y IMUCCUU U KOH-

ueﬂmpauuﬁ memana

Urto0bI cCOCTaBUTH MpEACTaBICHNUE O OyAyIINX KOHLEHTPAUsIX MeTaHa, He00-
XOJMMO 3aJI0KUTh OTPE/ICJICHHbIC MPEACTABICHHUS O €ro II00albHOM BBIOpOCE B
aTtMoc(epy U mpoueccax ero yaajaeHus U3 aTMoc(ephl.

O06e cocrapnsitonue riodaibHOro Beiopoca (amuccun) CHs mporuosuposath
JIOCTATOYHO CJIOKHO B CHIIY HEONPEAEIIEHHOCTEH pa3Hoil mpupo sl (cM. pazaen 4).

['mobanbHas ecTecTBEHHAs! HIMUCCHUS MTOJIBEPIKEHA BIMSHUIO KIMMATHUECKUX
ycnoBuii. [Ipu ee omeHke, BOoOIIEe TOBOPs, HEOOXOIUMO YUYHTHIBATH OOPATHYIO
CBsI3b C KiIuMaToM. [Ipw TMOTernyieHuM W yBEIMYEHHWH BJIAXHOCTH €CTECTBEHHAs
SMHCCHS METaHa C TOBEPXHOCTU CYIIM YBEIHYMBAETCS, YTO MOXET NMPUBOIUTH K
POCTYy €ro KOHIIEHTpaluu B aTMocdepe. DTO HEOJHOKPATHO MPOUCXOAMIO B IO-
CJIeTHUI MUJUTHOH JIET — cM. puc. 3.1.

I'moGaneHas antponorennast amuccust CHs cBsi3aHa ¢ X035HCTBEHHOU €S-
TEJIBHOCTHIO, C MUPOBBIM SKOHOMHUYECKHM pPa3BUTHEM. JlenaTh MPOTHO3bI 3KOHO-
MHUYECKOTO Pa3BUTHsI, B OyKBAJIBHOM CMBICIIE CJIOBa, HA KIMMAaTHYECKHE CPOKU —
Ha JIECATUIICTHS — HE PEaTMCTUYHO.

B cuiy Bcex 3TUX MpUYUH XOJ BHIOPOCOB M KOHIEHTpAIMii MeTaHa B Oyay-
IIEM MOKHO OIMCATh TOJBKO B paMKaX HEKOTOPBIX MOJICJIBHBIX MPEACTABICHUN O
Mpoleccax 3MHUCCUU €ro B atMocdepy U yaaneHust u3 arMmocdepsl. OCHOBOH st
onucaHus OyAyIuX ri00anbHBIX BHIOPOCOB SIBIISIOTCS TaK HAa3bIBA€MbIE CILICHAPUU
MUPOBOro pa3BuTus. [IpuBeseM onpeneneHne NOHATUS «CLIEHAPUN», KOTOPOE AaeT
MI'DUK B [larom oueHOYHOM A0KiIaae BO BKiuaae PaGoueii rpymmsr 12 (IPCC,
2013, Glossary): «lIpasdonodobnoe onucanue 06yoyueeo pazeumusi, 0CHOBAHHOE

HA CO21ACOBAHHOU U GHYNMPEHHE Henpomueopequeod COB0OKynHoCcmu npednwzoo;ce—

2 3amerum, uto u PaGouas rpynna I1, u Paouas rpynna Il MI'DUK npusepKUBauch TOro xe
onpenenenus: A plausible description of how the future may develop based on a coherent and
internally consistent set of assumptions about key driving forces (e.g., rate of technological
change, prices) and relationships.
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HULL 0 KTIOYEBbIX OBUNCYWUX CULAX (Hanpumep, memMne mMexHOI02UYeCKo20 Pa36u-
Must, YeHax) u 3a8UCUMOCHISIX.

CrieHapuHM MOTYT UMETh Pa3JIUUHBIA BPEMEHHOW TOPU30HT — OBITh KPaTKo- U
cpeaHecpouHbIME (Ha cpok 10 2030 roga) wim goiarocpounsie (Ha cpoku mocie 2030
roia). B HEUX 3aKIaJbIBAIOTCS MPEANOIOKEHUS MO IUPOKOMY HAOOpy MapaMeTpoB,
oIpeeIsoIuX AnHaMUKY BbIOpocoB CHy. CrieHapuy MOTYT paziindaroTcs HOAX0I0M
K JIOJITOCPOYHOMY MOJICTTHUPOBAHUIO (ONITUMU3AIMOHHBIE ¥ UMHUTAIIMOHHBIC MOJICIIH),
CTEMEHBIO ICTAIM3AIINH ITPOLIECCOB, COMPOBOKIAIOIINXCSA BEIOPOCAMH METaHa, THOKO-
CTBIO OTpaKEHHsl HAbOPa MEP 110 KOHTPOJIIO 32 BEIOpOCaMu™*,

K xapakTepucTHKaM TaKuX CIIEHAPUEB MOXKHO OTHECTH AeMOrpaduuecKue H
9KOHOMMYECKHUE TTapaMeTphl (HacelIeHUe, [IeHbI Ha SHEPrOHOCUTENH, 00BEMBI JIOOBIYN
YTIICBOMOPOIOB H T.I1.), MEPHI IT0 KOHTPOITIO BHIOPOCOB U MOCIICICTBUS MX MPUMCHEHHUS
B Pa3NMYHBIX OTPACIIX SKOHOMHUKH, & TAKXKE BHEJIPEHHE HOBBIX TexHoyorui (banma-
koB, Mermak, 2013; Kirtman et al, 2013; IPCC, 2013). B cuity 00beKTUBHBIX TIPUYHH
(TIporiecchl aHTPOTIONEHHON AMHUCCHUM METaHa eIlle HE MOJHOCTHI0 M3YUCHBI, a TAKKe
MOJIBEPIKEHBI BITUSIHUIO MHOYKECTBA MEHSIIOIINXCS BO BpEMEHH (haKTOPOB), TIOCTOBEPHO
YCTAaHOBUTH TIApaMeTphbl OYIYIIEro COIHATbHO-YKOHOMHUYECKOTO Pa3BUTHS HE TIPEI-
CTaBJIACTCS] BO3MOYKHBIM. BCIieICTBIE Yero coCTaBIsAeTCs Ceprisi BO3MOXHBIX CIICHAPH-
€B — OT «HauxXymmx» 1o «Haumydmmx» (Houghton et al, 1990; banvakos, Mbimak,
2013; Kirtman et al, 2013; IPCC, 2013).

3auacTyro MOJICTUPOBAHKE W MPOTHO3ZUPOBAHKE MPOU3BOISTCS OTACIBLHO 110
KKJIOMY CEKTOPY SKOHOMHUKH, JTUOO PETHOHY € MOCCAYIOIIUM CYyMMHPOBAHUEM
pesynbratoB (Mueller, Bartsch, 1999; EPA, 2012).

B 3aBucumoctu 0T 3(PPEKTUBHOCTH MPETIONAracMbIX K MPUMEHECHUIO Mep
[0 CHW)KEHHUIO BBHIOPOCOB MAPHUKOBBIX Ta30B, B YACTHOCTH METaHA, B Pa3IMUHBIX
CEKTOpax 3KOHOMHKH MOYKHO BBIJICITUTh OCHOBHBIC KJIACCHI CIICHAPUEB — MOJICIICH
skoHoMuueckoro pazsutus (Houghton et al, 1990; Jlyrosoit u np., 2014; EPA,

2012):

24 http://institutiones.com/strategies/252 1-zatraty-vygody-realizacii-strategij-nizkouglerodnogo-
razvitiya-rossii.html

58



o BASE (6azosbiii). Ha npakTuke B 3KOHOMHUYECKHUX CEKTOPaxX BCeria
UMEIOT MECTO HEKOTOpPhIE M3MEHEHUs: OOHOBIICHHE OCHOBHBIX CPEJICTB M PACIIU-
peHHe MPOU3BOJICTBA, TEpeHANpaBICHUE MHBECTUIIMI B HanOojee COBPEMEHHBIC
JOCTYIHBIE TEXHOJIOTUH, SIBIISIOIIMECs Oonee 3 pekTuBHEIMU U npodee. CreHa-
puii BASE He yuuThiBaeT mojgoOHBIX M3MEHEHUH, BCIACACTBUE YETrO OH JaJIeK OT
peanbHOM 3KOHOMHUYECKOM cuTyanuu. [1osTomMy cueHapuid SIBISETCS UCKYCCTBEH-
HBIM, a €ro IIeJlb - HAlIAHO OTPa3UTh MOTEHIIMAT YHEProcOepeKeHUs 3a CUeT Iie-
pexojia Ha HOBBIE TEXHOJIOTHH.

e Business-as-Usual (BAU) - criieHapuii «ob6wviunozo xooa oen», WHEPIIN-

oHHbIld. OH He npeamnojaract JOMOJHUTCIbHBIX MCP IO CHUXXCHUIO BBI60pOB 1o

CEKTOpaM IKOHOMHUKH, KPOME TeX, YTO YK€ PeaM30BaHbl HA MOMEHT COCTaBJICHUS
nporuo3oB. BAU sBnsieTcsi cueHapueM MUHUMAalbHBIX H3aepkek. OH yamie uc-
HOJb3yeTcs JUIsl OCTPOeHHsI 0a30BOM JMHUHM BBIOPOCOB MPU OIIEHKE BO3MOKHO-
CTeH COKpalIeHHs BEIOPOCOB.

e [Ipoyne cueHAPUM TNPEANONATAIOT PEAIN3ALUIO CHELUAIBHBIX MeEp,
HaNpaBJICHHBIX Ha OrpaHHuYeHHe BHIOPOCOB MeTaHa. COOTBETCTBEHHO, MPOTHO3HI,
BBIIMIOJIHEHHBIE HA OCHOBE JIaHHOW TIPYMIIbI CLIEHAPHUEB, OYIyT XapaKTepHU30BaThHCs
0oJiee ONTUMUCTHYHBIMU PE3YJIbTaTaAMU.

OTaenbHO CTOUT BBIAEJIUTH JOJITOCPOUYHBIE CLIEHAPUHM BO3MOXHOI'O COLM-
ANbHO-9KOHOMUYECKOTO Pa3BHUTHUS, MpPEACTaBICHHbIE MeKNpaBUTEIbLCTBEHHON
rpymnmnoil 3xcneproB mo usMenennto kiaumara — MI'DOUK (IPCC SRES, 2000;
Kirtman et al, 2013; IPCC, 2013). MI'DUK karanusupoBana pa3paboTKy MHpPO-
BBIM Hay4yHBIM COOOIIECTBOM IPYMIIbl CLIEHAPHEB M OLEHKY COOTBETCTBYIOLIMX
TPAECKTOPUI aHTPOIOTCHHBIX IMUCCUN KIMMAaTUYECKH aKTUBHBIX BEIIECTB, PEXK/IC
BCEro, NapHUKOBBIX ra3oB. OHAKO 3TH CLIEHAPUU IPEAHA3HAUYEHBl HE CTOJIBKO AJIS
MCCIICZIOBaHUSI U3MEHEHHH BEIOPOCOB MAPHUKOBBIX ra30B B OyAyIlIeM, CKOJIBKO JIJIs
KOMIUIEKCHOM OILIEHKH OyIyIINX BO3MOXKHBIX U3MEHEHHH KIMMaTa. JTH ClieHApUU
0oJjiee CIIOKHBIE M YYUTHIBAIOT OoJiee MIMPOKUHI HAaOOp BXOJIHBIX MAapaMeTpoB IO

CpPaBHCHUIO C YIIOMAHYTBIMH BBILIC.
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IlepBoe CEeMENCTBO JIOJATOCPOYHBIX CLICHApUEB COLMATBHO-
skoHOMHUYecKoro pa3Butus (IS92), Ha 0OCHOBE KOTOPBIX TOJIYyYEHBI MEPCIEKTHB-
HbIE OLICHKH aHTPOIIOIC€HHBIX BHIOPOCOB MapHUKOBBIX I'a30B, B TOM YHUCIIE METa-
Ha, ObulM pa3paboTaHbl MHUPOBBIM HAy4YHBIM COOOIIECTBOM W OOOOIIEHBI
MIDUK B 1992 rony (Leggett et al, 1992; Pepper et al, 1992)%. CemelictBo
BKJIFOYAET MIECTh CIIEHApWEB, OCHOBAHHBIX HA IUPOKOM CIEKTPE MPEAnookKe-
HUN OTHOCUTEIBHO 3HAYEHUHN PsAsla COUMATBHBIX, YKOHOMHUYECKUX U 3KOJIOTHYE-
CKHX MMapaMeTpOB, KOTOPHIE BIUAIOT HA BHIOPOCHI MAPHUKOBBIX Ta30B, B YaCTHO-
CTH, METaHa. DTH CLIEHAPUHU HE BKJIIOYAIH B ce0s MEp OrpaHUYCHUsI BHIOPOCOB,
JOTIOTHUTENBHBIX K CylIecTBYIOIMM. [IpeamosnoskeHus, KOTopble OBbLIN 3a510-
KEHBI B ATUX CLEHAPUX, 10 OOJbIIEH YacTH OBLIM B3ATHI U3 MyOIMKaLUN Ipo-
(UITBHBIX MEXKIYHAPOJAHBIX OPTaHU3ALUN.

B cuenapusix 1S92 npeanonaraercss pocT MUPOBOTO HapOAOHACENEHUS A0
11,3 mapa k 2100 rogy nipu cpeanem 3a XXI Bek pocTe MUPOBON 3KOHOMUKH B
2,3% B rox. [Ipu 3ToM OyayT MCTIOIB30BATHCS U TPATUIIMOHHBIE, 1 BO3OOHOBIIS-
€Mble UCTOYHHUKH SHEPTUU. DTH CLIEHAPUHU IIUPOKO MCIOJIb30BAINCH BO BTOpom
ornienoyHoMm goxiage MI'OUK (cm. pestome — (IPCC, 1995)).

B 2000 r. 6bu1 BeIMymied CrenuanbHbIA JOKIA] 11O CIIEHAPUSIM BBIOPOCOB
(Special Report on Emission Scenarios, nanee SRES) (IPCC, 2000). B nem OblI-
JIW TPEeJJIOKEHbl 4 «OCHOBHBIC CIOKETHBIE JUHUU» (storyline), B KOTOpbIX Oy-
OyIUA MUpP KaueCTBEHHO OIMCHIBAJICS IO-pa3HOMY (Jajlee - «OCHOBHBIE JIHU-
HUWY»). DTHU YEThIPE OCHOBHBIC JINHUU TIOPOJMIIN YEThIPEe CEMEHCTBA CIICHAPHEB:
Al, A2, Bl u B2. Onumewm ux kpatko, cnenys (IPCC, 2000, pp. 4-5).

AI. OcHOBHAs IUHUS U CUEHAPHH ITOTO0 CEMEHCTBA MpEIoaraloT ObICT-
PBI 9KOHOMHYECKHUH POCT, OBICTPOE BHEJPEHUE HOBBIX (D PEKTUBHBIX TEXHOJIO-
TUH, a TaKKe pOCT HapoJoHacelleHus 10 cepeanHbl XXI croneTus u mocieny-
Ioliee ero ymeHslienne. OCHOBHBIMH YepTaMM pa3BUTHUA OynyT: COMMKEHUE pe-

TMOHOB, CYIICCTBCHHOC YMCHBIICHUC PCTUOHAJIbHBIX pasnnqnﬁ B JO0XO0JaxX Ha

25 http://sedac.ipcc-data.org/ddc/is92/
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QIyIly HaceleHUs, YCHUJICHUE KYJIbTYPHBIX W COLMAIbHBIX B3aHMMOJCHCTBHM, a
TaK)Ke CO3/1aHHEe HOBBIX BO3MOKHOCTeH. ClieHapuu 3TOro ceMelcTBa JAeNsaTcs Ha
TPU TPYNIBL, pa3indarolinecs 1Mo 3HepreTudeckoMy «akueHty»: A1FI - unren-
CHUBHOE HUCIOJIb30BAaHUE UCKOMaeMoro Tormsa, A1T - HHTEHCUBHOE HCIIONB30-
BaHME MHBIX BUAOB TOIUIMBa, A1B - cOamaHcupoBaHHOE HCIOJb30BaHUE BCEX
BHJIOB TOTUIHMBA.

A2. OcHOBHas JIMHMUS U CLUEHAPUH HTOTO CEMEHCTBA OIHCHIBAIOT BEChMa
HEOJHOPOJIHBIN Mup. PernoHsl (1 cTpaHbl) OPUSHTUPYIOTCS Ha CBOM CHJIBI, Ha
COXpaHEHUE MECTHBIX 0COOCHHOCTEH. TeMITbl POKIAEMOCTH B Pa3JIMUHBIX PErH-
OHax COJNMXKAIOTCS OYEHb MEIJIEHHO, YTO HPUBOJUT K COXPAHEHUIO pOCTa IJIO-
0arbHOTO HAapOJOHACETCHHS. DKOHOMHYECKOE pa3BUTHE OyJeT B OCHOBHOM pe-
TMOHAIIbHO OPUEHTUPOBAHHBIM, & POCT MOAYLIHOTO JI0X0Ja U TEXHOJIOTHUYECKUE
u3MeHeHus: OyayT Oosiee (parMEHTHPOBAHHBIMH, YeM IS JIPYTHX CEMEHCTB
CLICHapUEeB.

B1. OcHOBHas IMHUS U CLIEHAPUHU 3TOI'0 CEMENCTBA ONKCHIBAIOT TAaKOM e
W3MEHSIOLIUICS MHUP C TaKOH K€ JMHAMHUKON HapoJlIOHACEICHHS, KaK U OCHOB-
Has TuHUS cemeiictBa Al. OHAKO MPU ATOM MPEATNONAraroTcss OBICTPhIC U3Me-
HEHHUs B DKOHOMHYECKOHW CTPYKType B MOJb3Yy OOCIy>KMBaromero u mHpopma-
LIUOHHOI'O KOMIIOHEHTOB IIPU COKpAallleHMM MaTepUalO€MKOCTH U IpU BHEIpe-
HUW YUCTBIX M pecypcocOeperarommnx TeXHOJOrui. Ynop Oyaer aenatbcs Ha
r100agbHBIX PEIIEHUSX YKOHOMUYECKUX M COIHAIBHBIX MpoOieM, Ha moaaep-
JKaHUW OKpyKaromeil cpeabl B yCTOMYMBOM COCTOSIHUM, BKJIIOYAs MEPBI IO
YJIy4ILIEHHUIO TOJIOKEHUS B 00J1IacTH paBHOIIpaBus (PeruoHoB, cTpaH). [Ipu 3Tom
HOBBIX MHULMATHUB B 00JACTH PETYJIMPOBAHUS KIIMMATA HE MPEI0IaracTcs.

B2. OcHOBHas JUHUS U CLIEHAPUU 3TOI'0 CEMEICTBA ONUCHIBAIOT MUP, B KO-
TOPOM yIOp JeiaeTcsi Ha JIOKAIbHBIX PEIIEHUSX B 00JacTH MOAAEpKAHUS
YCTOMYMBOCTH SKOHOMHUKH, COIMAIbHON cepbl U okpyxkariel cpensl. [1o-
OanbHOE HapojgoHaceJIeHUue OyJeT HEYKIOHHO BO3pACTaTh C TEMIIOM MEHBIINM,
yeMm ais A2. Temn pa3BuTusg 3KOHOMHUKHU OyjaeT cpeqHuM. M3MeHeHus B TeXHO-

JoTusX OynyT Ooyiee MEIJICHHBIMH u 00Jiee pa3HOOOpa3HBIMU, YEM JIJIi OCHOB-
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HBIX JUHUN cemelcTB Bl m Al. XoTtsa cueHapuu 3TOro cemMencTBa TakkKe OpUEH-
TUPOBAaHBl Ha 3allIUTy OKPYXalollel cpelbl M COLMAIbHYIO CIpPaBeIJINBOCTb,
OHU OPUEHTUPYIOTCS B ’TOM OTHOIIEHUN HA PETMOHAJIBHBIE YPOBHHU.

Ha ocHOBe 5THX KayeCTBEHHBIX, CJIOBECHBIX OMHCAHMHA OyaylIero Mupa
LIECTHIO IPYIIIIAMHU CIIELHAIUCTOB B 00JIACTH MaTEMaTHUYE€CKOTr0 MOJIECIUPOBAHUS
OblTM pa3paboTaHbl COPOK CIICHAPUEB, JAIOIIMX Pa3HbIE TPACKTOPHUH IMHCCHHA
KIMMaTHYECKH aKTHBHBIX BEIIECTB B arMocdepy. Pa3paboTunku cumTaior, 4To
BCE 3TH CLICHAPUU SIBIAIOTCS OJIMHAKOBO 0OOCHOBAHHBIMU.

OTO - Tak Ha3bIBaEMbIE «MJUIIOCTPAaTUBHBbIE cueHapuu». OHU BKIHOYAIOT
cueHapumn-mapkepsl (marker scenario), oTpaskaroiire OCHOBHBIE YePThI YEThIPEX
rpynn cuenapueB A1B, A2, Bl u B2, a Takxe 1Ba JOMOTHUTENBHBIX IS TPYIIII
A1FI u AIT. Canenyer 3aMeTUTh, UTO TEPMHH "WIIIIOCTPATUBHEIN", HE OUYEHBb
yIa4HbIN 3/1€Ch B €r0 PYCCKOM 3HAaY€HMM B KOHTEKCTE CLIEHApUEB 3MUCCHM, HE
HaJ0 BOCIPHHUMATh, KaK «HCKYCCTBEHHBIN». HampoTus, WIIIOCTpaTUBHBIE
CLEHApUHU KOJIMYECTBEHHO BBIPAXAIOT CaMylO CYThb TE€X IPEAINOJIOKEHUN, KOTO-
pble ObUIM clleJaHbl MPU CIOBECHOM OMUCAHUU OCHOBHBIX «CIOKETHBIX JIMHHI
COOTBETCTBYIOIIMX I'PYII CLIEHAPHUEB.

Ecau Ob1 kaxknoMy U3 3THX CLiEHapueB ObUla MPUIKCAHA, MYCTh CYyOBEK-
THBHO, BEPOSITHOCTh €T0 pPealu3allii, UX MOXKHO OBIJIO Obl UCMOJIB30BAThH IS
ITOCTPOEHUS BEPOSTHOCTHOTO MporHo3a kiaumMara XXI Beka. OMHaKO HUKAKHX
KOHKPETHBIX BEpOSITHOCTEW ompeseneHo He Obuio. [loaToMy paszdpoc omeHok
SMHCCHH, a - MOCIIe COOTBETCTBYIOIIETO MOAEIBHOTO MEPECUETA - U KOHIIEHTpa-
UH ¥ IapaMeTpoB KiuMaTa B OyaylieM, HeBO3MOKHO UHTEPIPETUPOBATH B Be-
POSITHOCTHBIX TEPMHHAX, B YACTHOCTH, TOBOPUTH O CKOJBKO-HUOYIb HAJE)KHOM
MIPOTHO3E.

Cuenapun SRES ucnosnp3oBanuchk npu noaroroske Tperbero n Yersep-
TOro oueHo4YHbIX nokiaanoB MI'OUK, kotopsie Boiniu B 2001 u 2007 romax co-
OTBETCTBEHHO.

3a Bpems moaroToBku llstoro onenoynoro mokmaga MI'OUK (2009-2014

IT.) MHUPOBBIM Hay4HBIM COOOIIECTBOM OBLIM pa3paboTaHbl HOBBIE CIICHAPUU
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COIIMAIbHO-?)KOHOMHYECKOTO pa3BUTHA. B pamkax 3Tux cueHapueB ObUIM OIpe-
JICJICHBI TaK Ha3bIBaCMbIC PEIIPE3CHTATHBHbBIC TPaeKTOpUK KoHIeHTpanuii — PTK
(representative concentrations pathways — RCP) (Kirtman et al, 2013; IPCC,
2013). CemelicTBO cocTouT U3 4YeThipex crieHapueB: RCP2.6, RCP4.5, RCP6.0 u
RCP8.5. Onn mapkupoBasbl (CM. yucia B KOHIE CHMBOJIA CLIEHAPUS) U3MEHE-
HUSIMHU paJIMallMOHHOTO Bo3xekcTBus (radiative forcing), KOTOpbIE TOCTUTAIOTCS
kK 2100 romy mo cpaBHEHHUIO C AOWHIYCTPUAIBHBIMHU 3HauYe€HUSIMH (+ 2,6, +4.5,
+6,0 u +8,5 BT m? cootsercTBenno) (Weyant et al, 2009; IPCC, 2013).
HeBo3moxxHOCTh ocymiecTBieHus noiarocpodHoro (Ha 100 mer m Gomee)
MPOTHO3a COIMAIBHO-I)KOHOMHYECKOTO pPa3BUTHA (B OyKBallbHOM TOHMMAaHHH
TEPMHHA IIPOTHO3») M, KaK CIIEICTBUE, TPACKTOPHUHA SMHUCCHH KIMMAaTHYECKU
AKTUBHBIX BEIICCTB, MPHBEJIa K BBEJCHUIO B HAyYHBIH OOMXOJ TEPMHUH «IIep-
CIEKTUBHAs OICHKA» HIIM «IIPOEKIHs» (B aHTIIOSN3BIYHON JHTEpaType - projec-
tion). Ilo cymiecTBy, 3TO - YCIOBHBIN MPOTHO3, T. €. MPOTHO3 MPHU OMPEIETECHHBIX
MPUHSTBIX YCIOBUSAX, MPHU ONPEJCICHHOM CIEHAPUH YCJIOBHI B Oyjaymiem, B
paMKax KOTOPOT'0 MPOMCXOAUT U3MEHEHHE MPOTHO3UPYEMON nepeMeHHo#. Pa3-
JTUYHBIE TPOCKITUHU TII00aTLHOTO aHTPOIOTCHHOTO BHIOpOCa MeTaHa B aTMocge-
py st XXI Beka U COOTBETCTBYIOIIME MOCIEACTBHS 71l YPOBHEH COEpKaHUS

MeTaHa pacCCMOTPEHBI B CIEYIOLIEM pa3Jiee.

6.4. Cuyenapuu usMeHneHUs IMUCCUU U KOHUCHMPAYUIL Memana

Ha puc. 6.15 npencraBieHbl PETPOCHEKTUBHBIC OLICHKA AHTPONOTCHHOU
smMuccuu Metana 3a nepuoj 1990-2005 rr., a Takke MPOTHO3HBIE OIIEHKU €T0 BBI-
OpocoB it mocneayromux et g0 2030 roga ¢ marom B 5 neT. [IporHo3s! BhITOIN-
HeHbl AOOC CIIIA c ucnonb3oBanuem cuenapust BAU. D1oT cuenapuil sisnsercs
OTHOCHUTEJIBHO KPAaTKOCPOUYHBIM JISl LeJiel MPOrHO3UPOBAHUS U3MEHEHHSI KIIMMa-
Ta, OJTHAKO, €ro JeTajbHasi pa3paboTaHHOCTh B IUIAHE BKJIaJla OTIECIBHBIX aHTPO-
MOTEHHBIX MCTOYHHKOB IO3BOJISIET pacCMaTpUBaTh MPUMEHEHUE Pa3IHMYHBIX MEp

MO0 CHM)KEHHUIO BEIOPOCOB OT HUX, CM. paszzen 9.
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Pucynok 6.15 — Ouenku riio0anbHBIX TOAOBBIX aHTPOIIOTEHHBIX BEIOPOCOB MeTaHa
B Mt (CHa4) (opanoiceswiii yeem) no 2030 rona ¢ BeIJCIICHHON joel Poccuiickoi
Denepannu (corydoil ysem).

Juarpamma cocrasnena o nanasiM AOOC CIIA (EPA, 2012).

100% —
TR B
80% e N—— —_—
70%
60%
50%
40%
30%
20%
10%
0%
1990 2005 2030

Pucynok 6.16 — I'no6anbHble ro/10BbIE aHTPOIIOT€HHBIE BEIOPOCHI METaHa B
MT1(CH4) B 1990, 2005 u 2030 rogax ¢ qeTanu3anuei Mo OCHOBHBIM CEKTOpaM
9KOHOMHKH - HCTOYHUKAM SMHUCCUH METaHa.

BxJ1aziel CeKTOPOB MOKa3aHBI PA3INIHBIMY [IBETAMI: SHEPTETHKA (20/1y0biM), CETECKOE XO3SHCTBO (3e-

JIeHbIM), OTXOIIBI (cupeneswim). Anarpamma coctasiena no ganaeiM AOOC CIIA (EPA, 2012).
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Ha pucynke BuzHO, uTo BeIOpOCHI nocie 2005 r. yBeIMYUBAIOTCS PAKTHUECKU
pPaBHOMEPHO, C MOCTOSHHBIM TemrioM, U K 2030 roxy nocturarot 3HaueHust 408 Mr.
ITpu sTom, Bkian Poccnu B cpeHeM 3a Bech miepros He mpeBkimaet 8%. Ha puc. 6.16
MPEJICTABIICHBI BKJIA/IbI PA3JIMYHBIX CEKTOPOB 3KOHOMHUKH B 3TH SMHUCCHH.

CornacHO TaHHBIM, IPUBEIEHABIM Ha pHc. 6.16, B 2030 roly OCHOBHBIE BKJIA/IBI
B IIOOATBHBIN aHTPONOTEHHBIN BBIOPOC MeTaHa OyIyT MPHUXOAWUTHCS Ha SHEPreTHKY
(rmaBHBIM 00pa3oM, Ha HE(TEra3oBbI M YrOJBHBIM CEKTOpa), CEJILCKOE XO3SHCTBO
(pepmenTanMS TPY MHTIIEBAPSHUH KUBOTHBIX M PUCOBOCTBO) U OTXOJIBI (TBEP/IBIC OT-
XOJIbl U CTOYHBIE BOAbI). Ha 3TOM OTpeske BpeMeHH COrfIacHO IaHHOW MEePCHEKTUBHON
OLICHKE OTHOCHTEIbHBIC BKJIA/IbI CEKTOPOB SKOHOMHKH B CYMMApPHBIN aHTPOTIOr€HHBIN
BeIOpoc CHs octanyTcst mpakTriecku 0e3 U3MEHEHWH B CPAaBHEHUH C TEKYLIMMH 3Ha-
yeHussMHU U cocTaBsT 39,0%, 39,6% u 21,4% COOTBETCTBEHHO /ISl CEKTOPOB SHEPTETH-

KM, CEIIBCKOI'O XO3SIMCTBA U OTXOI0B.
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Pucynok 6.17 — ['mo0anbHbIe TOI0BbIE aHTPOIIOTEHHBIE BBIOPOCH METaHA B

Mt (CH4) mo 2100 roma, moctpoeHHbIe Ha 0a3e ciieHapueB [S92.

CocrasieHo mo maHBIM padot (Leggett et al, 1992; Pepper et al, 1992).
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['mobanpHBIe aHTPOMOTeHHBIE BEIOPOCHI METAaHa, COOTBETCTBYIOILIUE IIECTH CLIS-
Hapusim cemelictBa [S92, ommcansl B pabotax (Leggett et al, 1992; Pepper et al, 1992).
Onwu nipezicTaBiensl Ha puc. 6.17°°. Kak BugHO Ha pucyHke, B cemeiictse 1S92 B 0THO-
IIICHUM BBIOPOCOB METaHa MOYKHO BBIJICIIUTh «Hauxyamue» ciueHapuu (IS92e u [S92f)
u «Hawtyummey» cueHapud (IS92c u 1S92d) . Camsbie Bricokue BbiOpockl CHs B KOHIIE
HAIIIETO CTOJICTHSI COOTBETCTBYIOT clieHaputo IS92f, KOTOpEIiA, cpeiu MpoUrx JIOITyIIe-
HHH, COueTaeT BBICOKHI POCT HACENIeHUs Ha ()OHE CPAaBHUTEIILHO HU3KOTO SKOHOMUYE-
CKoro pocta. Beibpockl MeraHa mpu gaHHoM crieHapuu npeBbicaT 1100 Mt (CHas)
koHIy XXI Beka.

s cuenapuer [S92¢ u 1S92d npenmnonaraercs, 4to HaceJICHUE BHAYajIe pac-
TET, a 3aTeM K cepenuHe XXI cToneTHs CoKpalaeTcs,, JKOHOMUYECKU POCT HU3KHUM,
CYIIECTBYIOT Cepbe3HbIC OrPaHUYCHHS Ha MOCTABKY MCKomaeMoro Tormsa. [Ipu atom
AHTPOIIOreHHbIE BEIOpOCH MeTaHa B cepequne XX Beka Ha Kakoe-TO BpeMsi HECKOJIb-
Ko nipeBbicaT ypoBerb 600 Mt (CH4) B ro1, HO B 1IeTIOM OYIyT HUKE ATOTO YPOBHSI.

OTaenbHO CTOUT BBIAEIUTD “NPOMEKYTOUHBIN creHapuid [S92a, koTopblii mu-
POKO HCTIONB3YETCsl IO HACTOSILETO MOMEHTA JIJIsl COTIOCTABIICHHUS C pe3yibTaTaMu 00-
Jiee COBPEMEHHBIX B KauecTBe cTanaaptHoro. B 1S92a 3amoxken poct HaceneHus 10
11,3 mipa. yenosek k 2100 rogy, a SKOHOMUYECKUIA POCT B CpeAHeM cocTaBisieT 2,3%
B roa Mexxay 1990 u 2100 romamMu ¢ UCTIONB30BaHUEM TPAIUIIMOHHBIX U BO30OHOBIISI-
embIx rctouHnkoB dHeprum (Leggett et al, 1992; IPCC SRES, 2000; Kirtman et al,
2013; IPCC, 2013). CornacHo [1S92a yposenb BbiOpocoB MeTana k 2100 rogy He3HAUH-
tensHO peBbicutT 900 Mt (CH4) B rog1.

Tpaekropuu BEIOPOCOB MeTaHa, W300pakeHHbIe Ha puc. 6.18, COOTBETCTBY-
oT (kpome [S92a) cuenapusM, npencraBieHHbIM B CrienuanbHOM JIOKJaze
MIDUK o cruenapusix Beiopoco (IPCC SRES, 2000). «Hawmnydmue» cuieHapun
JEMOHCTPUPYIOT POCT 00beMa BBIOPOCOB 10 CEPEANHBI CTOJIETHUS C TOCTETYOIINM
ciagoM. [Ipu «HanxyAmmx» CleHapuu NPOUCXOauT pocT oobema BriOpocoB CHa B

TeueHue Bcero nepuoaa 1990-2100 rr.

26 CooTBeTCTBYIOIINE TAaHHBIC pa3MeIIeHsl Ha caifte http://sedac.ipcc-data.org/ddc/is92/.
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Pucynok 6.18 — 'mobanbHbIe TO/I0BBIE aHTPOIIOTEHHBIE BBIOPOCH MeTaHa B 1990-
2100, cootBeTcTBYyIOMME pa3HbiM ciieHapusim SRES u 1S92a (IPCC, 2000).
)27

ITo ocu opauHat npuseaeHsl BeIOpockl Metana (B Mt (CH4))~’, mo ocu abcuuce — rofsl.

Pazbpoc onenok Ha puc. 6.18 mocrarouno Benmk. K 2100 r. amuccun, cooT-
BETCTBYIOIUE Pa3HBIM CIIEHAPHUSM, MOTYT OTIMYATHLCS B Pasbl, a TO U HA TOPSIIOK
n Oonee. Takue 3HAUMTENBHBIC PA3IMYUS B TPACKTOPHIX SMUCCHI METaHA HEU3-
OC)KHO TIOPOXKIAIOT CYMIECTBEHHOE PACXOXKJICHUE TPACKTOPUH KOHIICHTPAIUH,
0COOCHHO, B KOHIIE paccMaTpuBaeMoro nepuoja Bpemenu - B 2100 r., 4To, B CBOIO
ouepe/ib, MPUBOJUT K Pa3IMUUsIM B OIlEHKaX OyylIero KinMara.

Ha puc. 6.19 npuBenensl COOTBETCTBYIOINE TPACKTOPUU KOHLEHTPALIUH
CHa4. 3ameTuM, 4TO J1a’ke B paMKax caMoro >KeCTKOro cieHapus A2 cemeiicTBa
SRES rnobanpHas koHIeHTpanus MeTaHa B koHie X XI Bexa (oxono 3750 ppb)

Oyner mpeBocXouTh coBpeMeHHYI0 (0koi0 1800 ppb) He donee, uem 6dsoe.

27 | Tr(CH4) = 1 M1(CHa)
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Pucynox 6.19 — Xon rimodansHoi konneHTparun CHs B XXI Beke B yCIIOBUSAX
cuenapueB SRES u [S92a (IPCC, 2001a, p. 65).

Io ocu opaMHAT IpUBEICHBI INT00ATBHBIC KOHIIEHTpaIy MeTana (B ppb), a rmo ocu adc-

oUCC — roasbl.
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Pucynox 6.20 — ['mo0anbHble roJ0BbIE AaHTPONOTEHHBIE BHIOPOCH METAHA COTJIac-

HO pa3NUYHBIM clieHapusim cemeiictBa RCP.

CoctasineHo 1o ganHbeiM pador (Kirtman et al, 2013; IPCC, 2013).
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B Ilatom onerounom noxiane MI'DOUK, koropsiid Bermen B 2013-2014 1r.,
ObUIH 0000IIEHBI COOTBETCTBYIOIUE OLIEHKH, C/CTAaHHbIC B YCIOBHAX CIICHAPUEB
cemeiicta RCP (IPCC, 2013). Pe3ynbraTsl OlleHKH T7T00ANTBHBIX aHTPOIIOTEHHBIX
9MHCCHUH, COOTBETCTBYIOIINE DTHUM CIICHApUSIM, IPUBEIACHBI Ha puc. 6.20, a cooT-
BETCTBYIOLIUI X0/ TI00aIbHBIX KOHLIEHTPAMil MeTaHa — Ha puc. 6.21.

Kak BumHO 13 puc. 6.20, B ycnoBusix cuenapueB RCP rmobanbHbIe aHTpOIIO-
rexHble BbIOpockl CH4 Heckonbko Ooliee ymMepeHHbIe, YeM MU peau3aluu oonee
panHux cueHapueB. «Haumyummity crenapuit RCP2.6 neMoHcTpupyeT IiaBHOE
CHIDKEHHE 5MHCCHMM METaHa Ha BCEM pPacCMaTpUBAEMOM MEpUOJE BPEMEHHU 10
npumepro 150 Mt (CHa) x 2100 rony. «Hauxymmmii» cuenapuit RCP8.5, nampo-
THUB, MIPeAIoaraeT poct BpiOpoca Merana 10 yposHs 900 Mt (CH4) k koHIy cTO-
netusa. OctanpHble ABa creHapus cemeiictBa RCP - RCP4.5 u RCP6.0 - pator
MPOMEXXYTOUYHbIE NEPCIEKTUBHBIC OLCHKH. TeM He MeHee, OHM BCE K€ JIEMOH-
CTPUPYIOT CHMKEHHE TJI00abHBIX aHTpONOreHHbIX BeIOpocoB CHs x 2100 rony,

XOTs 1 0oJiee MCIJICHHOC, YEM IIPU «HAWJIydIIEM) CHCHAPHU.
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Pucynok 6.21 — Xon rno6ansnoit konnentpauuu CHy B XXI Beke B yciaoBusax
paznuunbix ciieHapueB RCP (Clarke et al, 2010; van Vuuren et al, 2011).

Caets0-cephlii LIBET NOKa3bIBaeT 98%-i1 JOBEpUTEIIbHBII HHTEPBA, & TEMHO-CEPBIi - 90%-i.

[To ocu opMHAT MPUBEICHBI 3HAYCHHS KOHLICHTPALMK MeTaHa (ppb), 1o ocu abCIMCC — FOJIbL.
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Xox ri100aibHON KOHIIGHTPAIlMU MeTaHa, IPUBEACHHBIN Ha puc. 6.21 nus
paznuunbIx ciieHapueB RCP, takxke mpeanosiaraer 6ojee yMEpEeHHBIH POCT MO
cpaBHeHuto co cueHapusiMmu SRES (cm. puc. 6.19). B ycnoBusx Tpex u3 4eThl-
pex cuenapueB konneHTpamus CHs HaunHaet yosiBaTh yxe B XXI Beke, He /10-
CTUTHYB 3Ha4ueHuit 2250 ppb.

Ha puc. 6.22 npuBelleHbI IEPCIEKTUBHBIC OIIEHKH TI00ATBHBIX aHTPOIIO-
TEHHBIX BBIOPOCOB METaHa B yCJIOBHUSX HECKOJIBKHUX CLIEHApHEeB BCEX TpeX ce-
MmeiictB — S92, SRES u RCP mis wintiocTpaliuy CTENeHU UX COTJIACOBAaHHOCTHU
(Kirtman et al, 2013; IPCC, 2013).

OTMeTHM Takke, YTO TNI00aIbHBIN aHTPOIIOTEHHBIH BBIOPOC METaHa B yCIIO-
BUSX cpeaHecpouHoro cuenapus BAU, pazpadorannoro AOOC CILA (paccmot-
peH B Hayajie 3Toro pasjeia) Ha otMeTke 2030 roga conocTaBuM CO 3HAUCHUSMU B
YCIIOBUSIX «HAUXYIINX) JOJTOCPOUYHBIX CLIEHAPUEB Pa3HbIX ceMeicTB - [S92a, B1,
RCP8.5 u 3ameTHO mpeBbIIIaeT NPOMEXKYTOUHbIE BapUAHTHI MEPCIEKTUBHBIX OIle-

HOK U1 ceMelicTBa ciieHapueB RCP.
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Pucynok 6.22 — ConocraBieHne TI00IBHBIX TOJIOBBIX aHTPOIIOTEHHBIX BEIOPOCOB

metana B 2010-2100 rr. B ycJlI0BHUSX CLIEHAPUEB PA3IUYHbIX CEMEHUCTB.

I'paduk cocrasner no nanueM (IPCC, 2013).
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7. HOK333Te.]'ll/l, OLlCHMBAKIIME BJIAUAHHUE ME€TaHA HA UHTCHCUBHOCTb NMapHHU-

KOBOro 3¢ pexra

7.1. Ilomenyuan 2n06aibHO20 NOMENICHUA

Jlns XapakTepUCTHKU BO3MYIIIEHUS TIOTOKOB SHEPTHH B CHCTEME «arMocde-
pat3emMHas MOBEPXHOCTH», B YACTHOCTH, BCIEACTBUE U3MEHEHNUS ra30BOT0 COCTABA
atMoc(epsl, Yalie BCero MCHOb3yeTCs MOHSTHE «PAJAMallMOHHOE BO3JICHCTBHEY»
(radiative forcing). Ono ompeaensiercst caeaytommm obpazom (IPCC, 1995, p.
169): «paduayuonnoe 6o30elicmeue Ha cucmemy «Kmponocgepa - 3eMHas NOGepPX-
HOCMbY (8credcmeue, CKaxiceM, UsMeHeHus KOHYeHmpayuu Kako2o-muoo napHuKo-
6020 2a3a) ecmb uzMeHenue nHemmo-nomoka (Bm m?) nyuucmoti snepeuu na wi-
come mpononaysvl nocie YCMaHo8IeHUsl HO8020 MEPMOOUHAMUUECKO20 PABHOGe-
cua 8 cmpamocghepe, HO NPU HEBOIMYUWEHHOM pAChpedeNeHUU meMnepamypsl 8
noocucmeme «Kmponocghepa - 3eMHAas NOBEPXHOCHIbI Y.

[Ipu sTOM MMeeTcs B BUAY, UTO TEPMOJMHAMUYECKOE PaBHOBECHE B CTPaTO-
cdepe ycTaHABIMBAETCS CYIIECTBEHHO OBICTpee, YeM B CHCTEME «Tporocdepa -
3eMHasl IOBEPXHOCThY». Benb B MepBOM cilydae SHEPTUsl paclpOCTPaHSAETCsS OYEHb
OBICTPO ITyTEM U3ITy4EHHUsI, MOTJIOIIEHHS U TIepen3IyyeHus], a BO BTOPOM Cllydae B
MpoLece Nepeaud YHEPTUU BOBJICUEHBI TaKKeE JOBOJBHO MEJJIEHHBIE MEXaHNU3MbI
- KOHBEKILUS M aJIBEKIHs B Tporochepe u okeane. B mpuBeaeHHOM BbIlIe onpese-
JIEHUU HETTO-TIOTOK €CTh PA3HOCTh HUCXOJIALIETO U BOCXO/SIIETO MOTOKOB.

[Ipu mpoBeleHUM MOJEIBLHBIX PACYETOB M3MEHEHUS CpeHEl TriodambHON
MPUIIOBEPXHOCTHOM TemmepaTypbl AT B OTBET Ha 33JjaHHOE PaJHallMOHHOE BO3-
neiictBue AF Tipu TIOMOIIM paJIMalliOHHO-KOHBEKTUBHBIX MOjIelieil OblJIo 0OHapy-

JKCHO, YTO OHU MMPUMEPHO IMPOIMOPLHMOHATIbHBI:

AT =), AF,

npuyem Ko3(puunent npornopiuonansHocTu A = 0,5 °K/(Bt M%) Masio 3aBUCHUT OT

npuunnbl u3meHerns AF (IPCC, 2001, p. 354). Orotr koapdUIMEHT TPONOPIHO-
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HaJbHOCTH HA3bIBACTCS «UyBCTBUTEIHHOCTHIO KIMMaTay - «climate sensitivity».
HIMeHHO B CBSI3U C DTHM TIOHSTHE PAJMAIMOHHOTO BO3ACUCTBUS MOTYUYHIIO HIHPO-
KO€ pacrpoCTpaHeHHE B MPUKIIATHBIX HCCICIOBAHHAX, CBI3aHHBIX C BKJIAZIOM pa3-
JIUYHBIX aTMOC(EpHBIX Ta30B W JPYTHUX BEIIECTB B BO3MOXKHOE aHTPOIIOTEHHOE
yCHWJICHUE MTAPHUKOBOTO (P PeKTa.

Jlis KONMYeCTBEHHOW XapaKTEpPUCTUKU CIOCOOHOCTH Kakoro-aubo Belle-
CTBa MPOM3BOJUTH PAIMAIMOHHOE BO3/ICHCTBHE HAa CUCTEMY «Tporochepat3emMHas
MMOBEPXHOCTH» HCIIOJIb3YETCsl TMOHATHE TMOTEHIMANa TI00albHOTO TOTEIUICHUS
(global warming potential, nanee - GWP). AOCOTIOTHBIN MOTEHIHAT TI00aTHHOTO
noteruieans (AGWP - Absolute Global Warming Potential) onpenensercs kak
CyMMapHO€ paJIMalliOHHOe BO3JICHCTBHE, KOTOPOE 3a ONPEICICHHBIN POMEKYTKA
Bpemenn TH (time horizon - BpeMEHHOH TOPU30HT) BBI3OBET OJHOKPATHAS IMHC-

cusi B atMmocdepy | KT JaHHOTO BEIIECTBA B HAYaJIe 3TOTO MPOMEXKYTKA BPEMEHHU:
TH

AGWP = [aQ(t)dt,
0

31IECH ¢ — BpeMs, IIPOIIIEAIIee C MOMEHTa SMUCCUH;, () — KOTUYECTBO JaHHOTO
BeIlleCcTBa B aTMocdepe, ellie OCcTarolIeecss K MOMEHTY #; a — KOA(Q(QUIMEHT MpornopIy-
OHAJBLHOCTH («panuaronHas >(GQeKTuBHOCTEY - radiative efficiency, Br m? kr!).

[To cmbIcy 3TOTO OMpeeneHusl, abCOMOTHBII MOTEHIIUAI TI00aTBHOTO M0~
TETUICHUS /ISl 33JaHHOTO BEILECTBA 3aBUCHUT OT €r0 PaJAHMAIIMOHHON 3P EeKTUBHO-
CTH ¥ CKOPOCTH BBIBEJICHUS M3 aTMOC(epHI (B Cllydyae KHHETHKH |-TO MopsiaKa — OT
BPEMEHH XKM3HH B aTMochepe).

[HoTenumnan rinobansHOrO MOTEMJIeHUs sl Kakoro-nmuoo Beniectsa (GWP) u
BPEMEHHOT0 I'OPU30HTA OIpEeNseTcs, KaK OTHOIIEHHE 3HAuYeHHH abCOIIOTHOTO
MOTEeHITMANIa TI00aThbHOTO TOoTeIUIeHus qaHHoro BemectBa AGWP u HekoTtoporo
stanonHoro (reference) Bemecrsa AGWP, :

AGWP

GWP = 2"
AGWP,
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GWP - 6e3pasmepHas BennuunHa. /st aranonnoro Bemectea GWP = 1 mpu mrobom
BBIOOpE BPEMEHHOT'0 TOPU30HTA ISl OLIEHKH BO3JEHCTBHs. B kauecTBe 3TaloHHO-
ro BemectBa npuaUMaercs CO».

Haubonee coBpeMeHHbIC OIIGHKM BPEMEHHW >KWU3HHU, PaJUaAlMOHHON I(dek-
TUBHOCTH M MOTEHIHAIOB INI00AIILHOTO MOTETUICHHS [T Pa3IMYHBIX MapHUKOBBIX
ra3oB npusenieHb! B [1sToM onenounom goknage MI'OUK (Myhre et al, 2013). B
TabJ1. 7.1 MBI IPUBOJUM YacTh 3TONH MH(POPMALMU IJIsl YTIIEKUCIOro ra3a, MeTaHa U
3aKMCH a30Ta. [Ipy 3TOM MOTEHIMAN TI00aTbHOTO MOTEIUICHUS JaeTCs I IBYX
BpeMeHHbIX Topru30HTOB — 20 u 100 ner.

Kospduments: GWP?® ncnons3yrorcs, B 9aCTHOCTH, Ul IPMBEIEHHUS BbI-
OpOCOB OCTAJBHBIX MAPHUKOBBIX Ta30B, kpoMe COa, k BeiOpocam CO». Vimes B Bu-
NIy SKBHBAJCHTHOCTh BO3HHMKAIOLIETO PaJMAIMIOHHOTO BO3JCHUCTBHS, COOTBETCTBY-
Iollasi elMHUIa u3MepeHus: BeIOpocoB HasbiBaeTcst CO2-3KBHUBAJIEHTOM (Janee -
COz-5.). Hapumep, (cm. Ta6ut. 7.1) 1 MT(CH4) = 28 MT (CO25¢2.), a2 1 MT (N20)
=265 MT (CO2-5.). OTH 3HaYEHUS TTOKA3BIBAIOT, YTO PAJAUAINIMOHHBIC TTOCIIE/ICTBUS
BbIOpOCa B arMocdepy eanHuIbl Macchl (ckakeM, 1 T) CO2 Ha MOPSIOK MEHbIIIE,
4yeM IS MeTaHa, U Ha JBa MOps/iKa, 4eM Ul 3akucu asorta. Omnako, CO: Bce ke

0CTaeTCsi CaMbIM Ba)KHBIM aHTPOIIOTEHHBIM TAPHUKOBBIM Ta30M B CHITY

ropaszo OoJbIINX 00HEMOB COBPEMEHHBIX BHIOPOCOB.

28 Tlo yMOJTUaHUIO HCTIONB3Y€ETCs BpeMeHHOI ropu3oHT 100 JeT, eciiu He OrOBOPEHO HHOE.
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7.2. [lomenyuan usmenenus 2100aibHoill memnepamypol

«ITorennman n3menenus: riaodansHol Temmepatypb» (Global Temperature
change Potential, nanee - GTP) — meTpuka, KOTOpas 10 CBOEMY 3aMbICITy IPU3BaH-
Hast urpath OOJBIIYIO POJb B MPHUKIAIHBIX OIIEHKAaX BO3JCHCTBUN MO CPABHEHHIO
¢ GWP (Shine et al., 2005).

«AOCOTIOTHBINM TOTCHIIMAJI U3MEHEHUsS TJI00aIbHOM TemriepaTypbl» (Abso-
lute Global Temperature change Potential, nanee - AGTP) ectb: «uzmenenue cpeo-
Hell 2100aIbHOL meMnepamypsl 8 3a0aHHbIL MOMEHN 8peMeHU | 8 Omeem Ha eou-
HOBPEeMeHHbIll 8bIOPOC eOUNHUYbl KOIUYeCmed eeuwecmea ¢ ammocgepy 6 Kakoli-
nubo momenm epemenu s3%.

i Kakaoro MapHUKOBOTO BELIECTBA, KaK M B CiIydae IMOTEHLHUANa IJIo-
0abHOTO MOTEIUICHHUSI, PACCMATPUBAIOTCS JIBE XaPaKTEPUCTHKU:

- «a0CONIOTHBIM MOTEHLMANl M3MEHEHHUS IJI00AIbHOM TEeMIEpaTyphl» - CM.
MIPUBEJICHHOE BBIIIE ONpEACIeHHE, 1

- COOTBETCTBYIOIIAsi OTHOCHUTENIbHAs BEJIMYMHA, «IIOTEHIMAd H3MEHEHUs
rI00aIBHON TeMITepaTyphl», KoTopas siBisiercs otHomeHneM AGTP mis paccmart-
pHBaEeMOro BelecTBA K €ro 3HA4YEHHUIO JUIsS STaJoHHOro BemiecTBa (reference

matter), B KQ4YC€CTBE KOTOPOro 0OBIYHO HCIIOJB3YIOT er'IeKI/ICJ'IHﬁ ras:

GTP = AGTP / AGTP:.

B 10 Bpems kak AGWP (1 GWP) onieHnBaeT mociie/icTBUEe BEIOPOCa €IUHUIIBI
Macchl BEI[ECTBA B Ha4daJbHBIH MOMEHT HEKOTOPOro IMpoMexyTka Bpemenu [0,
TH], ucxons U3 MHTETPAILHOTO JIJISI BCETO ATOT0 MPOMEXyTKa d(deKxTa — BO3HU-
Karorero paauanuonnoro posneictsusi, AGTP (u GTP) onenuBaer nocnenctaue

TOJIBKO JIJISl TEMIIEPATyphl B KOHEUHBII MOMEHT BpemeHu TH.

30 MowmeHT BI)I6pOCEl § MOXKET NpeANICCTBOBATL MOMCHTY t, A KOTOPOT'O ACJIa€TCs OLICHKA, WIN
JKC COoBIIagaTh C HUM.
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Kak u mns GWP, merpuka GTP npemnasHaueHa Juisi TIOJMyYeHUs OLEHOK
SMHUCCUH pa3INYHBIX MApHUKOBBIX razoB B COz-skBuBanenre. Kak u B ciydae
GWP, cooTBeTcTByIOIIME BECOBBIE KOY(DPUIIMEHTHI CYIIECTBEHHO 3aBHUCST OT HC-
10JIb3YEMOI'0 BPEMEHHOI'O FOPU30HTA — BPEMEHH, MPOIISAIICI0 OT MOMEHTA BbI-
Opoca 10 MOMEHTa, JJII KOTOPOTO OIIeHUBAETCs 3PPEKT.

Bnocnencreuu B padote (Shine et al., 2007) Obuia npeuioxkeHa MoAUQpUKa-
nus koHnenuu GTP, opueHTHpoBaHHAsS HA UCIOJIB30BaHME IS OLIEHKH HEIpe-
PBIBHBIX SMuccuil. B mpeanonoxkennu o aunerHoctH, AGTP ymno06HO mcnonb3o-
BaTh JJIsl OTICHKH W3MEHEHHsI TI100aIpHOM TemriepaTypsl A7(f) BO BpeMeHH MpH 3a-

JAHHOM CIIEHApUH IIT00AbHBIX SMHUCCHIA Ei(f) MApHUKOBBIX BEIECTB:
t
AT(¢) = Z f E;(s) AGTP;(t — 5)ds.
- 0
L

35ech i — HOMEp MapHUKOBOTO BEIIECTBA, / — TEKYIIMA MOMEHT BPEMEHH, § — MO-
MeHT smuccuu (Berntsen, Fuglestvedt, 2008; Peters et al., 2011b; Shindell et al.,
2011). B Tabn. 7.2 npuBeACHbI OLIEHKH MOTEHIIMAII U3MEHEHUS TTI00aNIbHON TeM-
Iepartypsl s YIJIEKUCIIOro ra3a, MeTaHa U 3aKUCH a30Ta JUIsl pa3jIMYHbIX BPEMEH-

HBIX TOPU30HTOB.
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8. Kinumarunueckas POJb AaHTPOIMOT€HHBIX BblﬁpOCOB METaHa 1Mo CPaAaBHEHUIO C

APYrMMH NAPHUKOBBIMH ra3aMu

Cpennss riobanbHasi KOHUEHTpAIHsl METaHa B IPUIIOBEPXHOCTHOM CJIO€ aT-
Mochepsl B 1750 r. onenuBaercs kak 722425 ppb (Etheridge et al., 1998;
Dlugokencky et al., 2005), a B 2011 r. ona gocturia 1803+2 ppb (Hartmann et al,
2013, p. 167). C BBICOKOH JOCTOBEPHOCTHIO 3TO YBEJIWYCHHE KOHIICHTPAIIMH —
CJIE/ICTBHE aHTPOIIOT€HHBIX SMUCCUI B XOJI€ XO3A1CTBEHHON JESATEIBHOCTH.

B 2011 r. mo otHomenuto k 1750 r. paguaiiioOHHOE BO3JCHCTBUE METaHa CO-
crauwio 0,48 BT M-2 , a COBOKyNHOE pauallMOHHOE BO3ACHCTBUE BCEX XOPOILO
nepeMenianueix razos (well-mixed gases) cocraBuino 2,83 Bt m-2. (Myhre et al,
2013, p. 677, section 8.3.2).

Takum 00pa3zom, K HACTOSIIEMY BpPEMEHHM Ha JIOJI0 MeTaHa MPUXOAMUTCS
npumepHo 17% cyMMapHOTo paguandoOHHOIO BO3ACHUCTBUS, CBSI3aHHOIO C aHTPO-
MIOTEHHBIM YBEJIIMYCHUEM COJCPIKAHUS XOPOIO MEPEMENIaHHbIX MapHUKOBBIX Ta-
30B B atmocepe. Ha puc. 8.1 mpejcraBicHbl 3HAUCHUST PATUANIMOHHOTO BO3JCH-
ctBusg CO2, CH4, N2oO u apyrux Xopouio nepemMelIaHHbIX MapHUKOBBIX T'a30B B
1850-2011 rr. B Hacrosiiiee BpeMst MeTaH siBisieTcst BTOpbIM tocsie CO2 B psiay 1o

S3HAYCHUIO paaualluOHHOT'O BOBﬂeﬁCTBHﬂ.

T sl All Anthropogenic Gases,

é L

g\ :

£ 1,0f

S

[0 L

2 0,5

A i N

E 3 s / N0 1
0,0 — 1

1850 1900 1950 2000

Pucynoxk 8.1 - Paguanmonnoe Bozaeiicteue CO2, CHa, N2O u apyrux xoporo me-
pememanHbIx ra3os B 1850-2011 rr., Br M (Myhre et al, 2013, p. 677).

COz — xpacHas muaust, CHa — 3enenas nuaust, N2O — roy6ast IMHUS, TPOYHE — OpaH)KeBast JIH-

uud. [1o ocw abenyice MpuUBeEHO paIHalHORHOE BO3ICHCTBHE, 110 OCH OPJJMHAT — FOJIBL.
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Pucynok 8.2 - Bkianbl paznuuHbix napHukoBsix BeecTB — CO2, CHy, N2O, O3,
JIPYTUX MTapHUKOBBIX Ta30B M a3pP030Jiei — B CyMMapHOe paJinalliOHHOE BO3/IEH-
creue (Bt M%) ¢ Havana uHIyCTpUaIbHOM 5pbl 10 2100 I. B yCIOBUAX YETBIPEX

cuenapueB RCP u B 2010 r (Meinshausen, 2011; Collins et al, 2013, p. 1046).

Bepxwsist manens — abCOMOTHBIE BETMYUHBI, HIDKHSS MTAHETb — MPOLEHTH (%) OT CyMMapHOTO

pasuaiOHHOTO BO3/IEHCTBHS
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Ha pwuc. 8.2 mpencraBieHo pamuarmoHHoe Bo3neiicTBue B XXI Beke,
CBSI3aHHOE C AaHTPOTIOTCHHBIMH DMHUCCHUSIMU YTIIEKUCIIOTO Ta3a, MEeTaHa, 3aKHCH
a30Ta, 030HA, JAPYTIUX NAPHUKOBBIX Ia30B M a3p0o30Jieil ¢ Hayana WHIYCTpUAIb-
HOH 3pbl (Meinshausen, 2011). PacueTsl BBIMONHEHBI B YCIOBHSIX YETHIPEX
cuenapueB RCP s 2100 r. u moist 2010 .

3amMeTuM, YTO COBPEMEHHBIN BKJIaJ METaHa OICHUBAeTCS MPUMEPHO B
23%, 9TO HECKOJIPKO BBINIE MPUBEACHHON paHee oneHkH B 17%. OmgHako, 3TO
0oOBsICHSIETCS, B TOM YHCIIe, Pa3HBIMU 0a30BbIMU IU(paMu: B MPUBEACHHOU
BBIIIE OIeHKe Oa3oBas mudpa He BKIOYATA a’pO30JIH, KOTOPBIE OKa3bIBAIOT
oxJiakaaromuii 3¢ dexr.

Bo Bcakom ciyuae, ounenku s 2100 T. mokaspIBalOT, YTO B YCJIOBHUAX
cuenapueB RCP B oTHOCHTENBHBIX €IMHHUIIAX POJIb METaHa B OyAyIlIeM He BO3-
pacraet, a ocraercs NpUMEpHO Ha ypoBHEe Hauana XXI Beka uMiaM HECKOJIBKO
MEHBbIIIE.

Jns nmpubnu3urtenbHoi oueHku Bkiaga CHs B yBenmmuenue rioOanbHOU
temnepatypsl B XXI Beke MOXKHO BOCMOJIb30BaThCsI MPUMEPHON MPOMOPIIHO-
HaJbHOCTBIO 3TOr0 YBEJIUUYEHUS U paJlallMOHHOIO BO3EHCTBUS

B 3akmioueHnue 3TOro pasjaesia mpuBeIEeM H3MEHEHHUsI CpellHEeH TemIiiepa-
TYpBI B IPUIIOBEPXHOCTHOM cioe (cM. Tabi. 8.1), oxxuaemMblie B YCIOBUSAX pas-
nnyHblX cueHapueB RCP. Cuwnrtas n3meHeHue TeMmreparypbl MNPOMOPLUHUOHAIb-
HBIMU pajuanuoHHoMmy Bo3zjeicTBuio (AT - A AF, cm. paznen 7.1), a Takxke
MpUHMAMAsl BO BHUMaHHE OIICHKH BKJIaJla METaHa B paJualliOHHOE BO3JCHCTBHE
B koHlle XXI B ycnoBusx cienapueB RCP, MOXHO 3aKITIOYUTh, YTO BKJIAJ Me-

TaHa B U3MEHEHHE I100aIbHON TeMIepatypsl OyaeT B mpeaenax 1°C.
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Tab6muma 8.1 - Anomanus AT cpemueit Temnepatypsl (°C) I0 OTHOIIEHUIO K CPeI-

Hemy ypoBHIO 19862005 rr. B ycnoBusx cuenapueB RCP — rmobanbHo u A71s He-

KOTOpBIX obnacrelt reorpaduueckoro npocrpanctsa (Collins et al, 2013, p. 1055).

HpI/IBO)lI/ITCSI MCKMOACIbHOC CTAHAAPTHOC OTKIIOHCHHUE C U - B CKOOKax — HUHTEP-

BaJl, COOTBeTCTBYOIIHA 90%-My noBepuTenpbHOMY HHTepBay (5%, 95%) s

HOPMAJIbHOTO pacCiipCacICHuA.

Perunon

Cuenapuii

RCP2.6

RCP4.5

RCP6.0

RCP8.5

I'moGansHO:
2046-2065
2081-2100

1,040,3 [0,4-1,6]

1,4+0,3 [0,9-2,0]

1,340,3 [0,8-1,8]

2,040,4 [1,4-2,6]

1,0+0,4 [0,3-1,7]

1,8+0,5 [1,1-2,6]

2,240,5 [1,4-3,1]

3,7+0,7 [2,6-4.8]

Cymra:
2081-2100

1,240,6 [0,3-2,2]

2,4+0,6 [1,3-3.4]

3,040,7 [1,8-4,1]

4,8+0.9 [3,4-6,2]

OxeaHn:

2081-2100

0,8+0,4 [0,2-1,4]

1,5+0,4 [0,9-2,2]

1,940.4 [1,1-2,6]

3,140,6 [2,1-4,0]

Tponuku:

2081-2100

0,940,3 [0,3-1,4]

1,6+ 0,4 [0,9-2,3]

2,0+0,4 [1,3-2,7]

3,3+0,6 [2,2-4,4]

ApkTuka:

2081-2100

2,241,7[-0,5-5,0]

4,2+41,6 [1,6-6,9]

5,241,9[2,1-8,3]

8,3+1,9 [5,2-11,4]
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9. BO3MOKHOCTH COKpallleHHsl BLIOPOCOB MeTaHa B aTMocdepy OT aHTPOIO-

IF'€HHbIX HCTOYHHUKOB

OneHkr TI00aTBHBIX AHTPOTIOTEHHBIX BBHIOPOCOB MAapHUKOBBIX Ta30B B
IPOIIIOM U Pa3IMYHbIC CIleHApHH UX BbIOpocoB B XXI Beke MOKa3bIBAIOT, YTO
0e3 IpHUHATHS CIEeIHAIbHBIX Mep, BEHIOPOCH MeTaHa C TEUEHHEM BPEMEHHU MO-
I'yT 3aMETHO Bo3pacTu (cM. Tabiu. 4.2 u pasuen 6). s ux cokpalieHus pac-
CMaTPHUBAETCs BO3MOXXHOCTH Pa3pabOOTKH M TPUMEHEHHUsS CIEHUaTbHBIX MeEp
COKpalieHus BEIOPOCOB, BKITIOYAIONIUX:

- CHIDKEHHUE YTJIEPOJOCMKOCTH SKOHOMHUKH IyTEM pPa3BUTHUS aHAJIOTHY-
HBIX HU3KOYTJICPOJHBIX CEKTOPOB (MJIM TEXHOJOTHI), HAPUMED, JJIs 3aMEHBI
YTOJBHBIX AJIEKTPOCTAHIIMN HA BETPOBBIC WM ATOMHEIE;

- TOBBIINICHHE SHEProdHEKTUBHOCTH M CHUIKEHHUE PECYpPCOSMKOCTH
SKOHOMUKH, UYTO MPHUBEAET K CHIKCHUIO BBIOPOCOB OT McTOuHUKOB CH4, cBSI-
3aHHBIX C 3TUMHU pecypcaMmu (Hampumep, yTrieBOJIOPOJIHOI0 UCKOTIaeMOT0 TOT-
TVBA) UIW OTXOJAMU;

- WCIOJIb30BAaHUE CIEUIHATBHBIX TEXHOJIOTHH U MEPONPUATHN, CHIKAIO-
X BEIOPOCHI METaHa B CYNIECTBYIOIIMX HA HACTOSIINH MOMEHT MpOIIEccax.

Hanee mocnenHuii MyHKT MEpPONPHUSATHN OylneT paccMOTpeH Oosee Mmo-
IpoOHO Ha OCHOBE CIEAYIOIIHX JHUTepaTypHbIXx uctouHukoB (IPCC, 2007;
IPCC, 2014; GMI, 2015; EPA, 2013).

Bueapenue pasnuuHbIX CrIOCOOOB CHMIKEHHUSI BEIOPOCOB TpeOyeT 3Hauu-
TEIHHBIX JKOHOMHUYECKHX 3aTpaT, MPU ITOM PEalbHOE COKpAIleHHWE IMHUCCUU
NapHUKOBBIX Ta30B MOXKET OBITh HE3HAUWUTEIbHBIM. [103TOMY WX BHeApeHHE
SIBJISIETCSI HE BCETJla BOBMOXKHBIM U 11esiecoo0pa3HbiM. OHAKO, TaK KaK COKpa-
meHue BeIOpocoB CH4 MOXkeT 000HTHCH OTHOCUTENBHO HEAOPOro MO CpaBHe-
HUIO CO CHIKeHHeM BBIOpocoB CO:, B Hacrosiliee BpeMsi HEKOTOPBIE TaKue
MPOCKTHI aKTHBHO 00CYKJAIOTCS U PEANTM3YIOTCS B PA3HBIX CTpaHaXx.

Kak yxe o0cyxkpaanoch B NpeabAYLIMX pas3jenax, COKpalleHHe BBIOpO-
COB TaKUX OTHOCHUTEIHHO KOPOTKOKUBYIINX MAPHUKOBBIX BEIIECTB, KAK METaH,

MOXKET S(b(l)CKTI/IBHO npenATCTBOBATH UBMEHCHHUIO KJIMMATa. HpI/I 3TOM H3 BCCX
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takux BemecTB, CH4 oOnamaer HamOOJBIIMM MOTECHIIMAIOM CHIDKEHUsS. J[is
HEro CYIIECTBYIOT dKOHOMHUYECKH A(D(PEKTUBHBIC TEXHOJOTUS CHUKCHHS BbI-
OpOCOB /JIsl Pa3TUYHBIX AHTPOTIOTEHHBIX UCTOYHUKOB.

MeTonuka OllCHKH, UCIIOIb30BaHHAS IS MOJYYCHHS TaKUX JaHHBIX, OC-
HOBaHa (32 MCKJIOUEHHEM CEJIbCKOr0 XO35HCTBA) HAa MPOTHO3aX BHIOPOCOB Me-
TaHa OT aHTPOINOreHHbIX MCTOUHHMKOB 710 2030 rona cepuu BAU (cMm. pasnmen
6.4), coctaBnennberx AOOC CIIA (EPA, 2012).

B ananuze uccienoBanoch NPUMEHEHHE PA3JIMUHBIX TEXHOJOTHH CHUXKE-
HUs BIOpocoB CHy4 B KaXXZIOM CEKTOpE M UX UTOTOBBIN 3(h(PEeKT B cpaBHEHUU C
paHee paccunTaHHBIMHU nporHo3amu Ha 2030 r. (cm. tabdn. 9.1). Kpome Toro,
JUTSE K&KIOW M3 TaKMX TEXHOJIOTHH M UX COBOKYITHOCTH OblJa MPOBEICHA OLEH-
Ka CTOMMOCTH WX BHEIPEHUs M OlpejieieHa TaK HaszbiBaemas cpefHss «0e3-
yObITOuHas yriuepoaHas ueHay» (break-even price) B mommapax®! 3a 1 T COa-
sxs.>2, KOTJIa 3aTPaThl Ha IUIATy 3a BHIOPOCHI MAPHUKOBBIX TA30B M PACXOMbl Ha
UX CHIDKEHHE COBMAIAIOT.

AHTpONOTeHHbIE UCTOYHUKH BEIOPOCOB METaHa JIOBOJBLHO Pa3HOOOpa3HBI
(cMm. Tabn. 4.1 u 4.2). CoOTBETCTBEHHO, MYTH W BO3MOHOCTH COKpAIICHHUS
BbeIOpOcOB CH4 st HUX OyayT oTnmuarbes. Jlasee paccMOTpeHBI TOJIBKO OT-
paciy, OTMEYEHHbIE BBICOKMM MOTEHIMAIOM COKpAIIeHHs BBIOPOCOB MeETaHa,
KOTOPBI MOXHO peajnu30BaTh CO CPABHUTEIHHO HEOOIBIIMMH 3aTpaTaMu
(GMLI, 2015; EPA, 2013). Texau4ecku ITOCTHIKUMBIH MOTEHIIMAN COKpANICHUS
BbIOpOcoB CH4 1 3aTpatsl Ha ero BHEApPEHUE JIsl pa3HbIX OTpaciield 9dKOHOMUKE

npuBeieHsbl B Tabm. 9.1.

31 3npech u ganee «aomnap» o3Hadaet gouiap CLIA.

32 B pacuerax (EPA, 2013) Hcronp30BaH MOTEHIHAT II00aIbHOrO MOTEILIEHHs IS METaHa,
paBHblit 21, T.e. Ha 1 T CO2-5s. ipuxoautcs okoito 0,05 T CHa.
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Tabnuua 9.1 - CymmapHbIl IOTEHIMAI COKpAILleHUs] BBIOPOCOB MeTaHa B % OT
BBIOpOCOB, paccunTanHbix s 2030 roga (6a30BbIi ypOBEHB), B 3aBHCUMOCTH OT

yraepoanoit uensl (GMI, 2015; EPA, 2013)

CekTop 3arpartsl B pacuere Ha 1 T Bui6pocsl| O6uuii moTeHmmalsn
CO2.5ks., mou1apb1 CIIIA* B2030r.,| cokpameHnus (Ipu
0 15 30 45 60 Mrt CH4 TMOOBIX 3aTparax)
Hedts n ra3 35% | 42% | 44% | 45% | 47% 101 58%
Jlo6brua yris 10% | 56% | 59% | 59% | 59% 37 60%
Cenbckoe xo3siictBo | 0% | 3% | 10% | 13% | 15% 18 28%
BrITOBBIE OTXO/IBI 12% | 26% | 31% | 32% | 32% 46 61%
CrtouHBIE BOJIBI 1% | 3% | 5% | 7% | 8% 29 36%
IIpumeuanue:

* - IIpu nepecuere 6611 ucnionb3oBan GWP anst metana, paBubii 21, T.e. Ha 1 TCO2-5s. IPHUXO-

nutcst okojio 0,05 TCHa.

Cenvckoe xo3siicmeo (oopawenue ¢ Hago3om). OOINIA TTOTSHIIUATT COKpaIIIe-
HHS BBIOPOCOB OT 3TOTO ceKTopa coctasiser 28% ot 6asoBoro yposns 2030 roma. 3a-
TpaTbl Ha CHI)KEHHSI BBHIOPOCOB B MpoMexyTke oT 3 10 10% cOCTaBISIIOT COOTBET-
crBeHHO 0T 15 10 30 nomnapos 3a T CO2sx.. OfHAKO, B JAHHOM CEKTOpE IPHUMEHEHHE
Ooee moporoctosmux Mep (ot 60 momnapoB 3a T COz.ok.) HE AT 3HAUUTEIBHBIX JI0-
MIOJIHUTENBHBIX PEUMYILECTB B COKPAIIIEHUH BBIOPOCOB, TaK KAK JIA€T JOTIOTHUTEILHO
MeHee 5% COKpallleHus] BRIOPOCOB.

Hegmezazosan npomvluieHHOCHb. ITOT CEKTOP MPEIOCTABIISIET HANOOIBIIIHE
OBICTPO peann3yeMble BO3MOXKHOCTH B TUIaHE COKpareHus BeiopocoB CH4 ¢ moTeHIu-
aJIoM CHIDKEHHS dMHCcCHi B 35% B pe3ynbTaTre MEpONpHsTHI, He TpeOYIOIINX 3aTpar.
['mobanbHbIM OTEHIMA COKPAILEHHS BEIOPOCOB B CEKTOPE MOKET COCTaBUTH 10 44 1
49 Mt (CHa) B 2020 1 2030 rogax, COOTBETCTBEHHO (4TO cocTaBisieT 58% ot obiero
o0bema BbiOpocoB B cricHapr BAU 3a kaxwiid ron). [Touru 70% 3Toro noreHrmana
MOJKHO JIOCTHYb TIpH TieHaX Hike 5 poimtapoB CLIA 3a T COzaw. Kpome Toro, Gomnee

61% coxparenust (30 Mt (CH4) B 2030 rozy) 3KOHOMHUYECKH BBITOAHO IPU TEKYILINX

84



LIEHaX Ha YHEPrOHOCHUTEIH, T.C. MPAKTUYECKH He MOTpeOyeT TONOIHUTENBHBIX 3aTpar.
Yeemuenue 3atpat ot 15 10 60 mommapoB CIIA Ha T CO2-56. MOXKET JATh JTOTIOTHU-
TenbHbIe 5% COKpAILEHHUs] SMUCCHH, a JOCTIKeHUe octaBuxcs 11% amst momyueHus
MaKCUMAaJIbHOTO 3HAa4YeHHsl COKparieHusi TpeOyer 3atpar cBbiie 60 momtapos CIIIA.
OCHOBOI AJ1s OLIEHKH 3aTPaT YISl 3THX PACUETOB MOCITY>KIIIH MEPHI 10 CHIYKCHHUIO BbI-
OpocoB MeTaHa, 3ajJl0KyMeHTHpoBaHHbIe mporpammoit US EPA Natural Gas STAR.
Pesynbrarel pacueToB (PMHAHCOBOM MPUMEHMMOCTH PA3HBIX TEXHOJOTHM CHIDKECHHS
BBIOPOCOB METaHa JIjIsl pa3HbIX CTPaH M PETMOHOB U MX 3((eKT npruBeieHs! B Tab. 9.2.

Yeneoooviearowmas npomviwinennocms. O0MMIA TOTSHITNAI CHUKSHUS BBI-
OpOCOB B ATOM CeKTOpe (il TOJA3EeMHON JO0OBIYM YIJIsl), COCTaBISIET MPUMEPHO
60% ot Bcero o0bvema exerogHsix BeiOpocoB B 2030 roay. MakcumanbHBIN 1O-
TEHIIMAJI COKpaIIeHHs BEIOPOCOB B oTpaciii cocrasisieT 19 u 22 Mt (CH4) B 2020
rony u 2030 roxy, coorBeTcTBeHHO. CBBIIIE 56% BCErOo BO3MOKHOTO COKPAIICHUS
BBIOPOCOB (YTO COCTaBJISIET MOYTH BECh BO3MOXKHBIA TMOTEHIMAN COKpAIICHHS)
MO’KHO JAOCTHYB NpH yBesndeHuu uensl ot 0 1o 15 nomnapos 3a T COz.ow. [locne
9TOTO BO3MOKHOCTH CHIKEHHS OYIyT MPOJOJKAaTh OCTaBaThCSl HA OJIHOM YPOBHE,
HECMOTpSI Ha YBEIHMUYEHHUE CPEJICTB Ha MpoBeJcHHe Takux Mep. Kpome Toro, mpu-
ommm3uTennbHO 4 Mt (CH4) cokpateHuid SIBASIOTCS 3KOHOMUYECKU 3P HEKTUBHBIMU
MIPH TEKYIIUX [IeHaX Ha SHEPTHIO (T. €. 0e3 JIOTIOJHUTENBHBIX 3aTPaT).

Omxo0b1. I'o0anbHBIN TOTEHIMAT COKPAIICHUs BHIOPOCOB METaHa B CEKTO-
pe 3aXOpPOHEHUS TBEP/IBIX OBITOBBIX OTXOJOB COCTABIISIET MPUOIM3UTENHHO 28 MT
(CHy) B rox x 2030 roxy (wmm 61% ot 3Tux 06a30BBIX BEIOpOCOB). B maHHO# OT-
pacnu Gosiee 25% COKpaIIeHHsT MOKHO OCYIIECTBUTh C MHHUMAJIBHBIMH 3aTpaTa-
MU, cocTaBisitomumu 15 gomnapoB 3a T COz... [anee npu pocte 3arpar ux 3¢-
(DEKTUBHOCTH B OTHOILIEHUM COKPAICHHs BHIOPOCOB OyJeT YMEHBIIATHCS — IMPH
pocte 3atpaT B pacuere Ha MT (COz.) Ha 10% BBIOpOC OyIeT coKpamaTrbes Ha
1%. Onnako, c¢ 3arpatamu 6osee 60 gomnapoB 3a T COz.s. CYIIECTBYET BO3MOXK-
HOCTh JJOOUTHCS COKpAIEHUSI BBIOPOCOB MOTOTHUTENBHO eme Ha 30%. Kpome To-
ro, CcyIlecTByeT npudausnutensHo ot 3 10 4 Mt (CH4) cokparenuii, KOTOpbIe SIB-

JIAOTCA SKOHOMHWYCCKHU S(I)q)eKTI/IBHLIMI/I 10 TCKYUIUM LICHAM Ha DHCPIrOHOCUTCIIN.
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Cmounsie 600b1. Q0N MOTEHLIMAT COKPAIICHUsI BBIOPOCOB METaHa B CEK-
TOpE OYUCTKHU CTOYHBIX BOA— 36% oT 6a30Boro ypoBHs BeiOpocoB 2030 r., 4TO co-
craBut 10 Mt (CHa4). Jloporocrositre Mepbl 10 CHIKCHHIO BEIOPOCOB METaHa B
9TOW OTpaciiu CICPKUBAIOT YPOBEHb MX CHIDKEHHUSI, BKJIAJ KOTOPOTO MOXKET OBITh
MeHee 5% mpu neHax Ha yriepona A0 30 mommapoB 32 T COz.e.. [Ipu 3aTpaTax 60
n10J11apoB 3a T CO2-5s. MOKHO TIOJHATH 3Ty HUPPY 10 8%. B 3TOM cekTope MOXKHO
JOCTUYb TOJBKO 1% cokparienus: BBIOpOCoB 03 JONOJHUTEIbHBIX 3aTpar.

Bce 3Tu orieHKH TIO pa3HBIM CEKTOpaM 3KOHOMHKH OCHOBaHBI Ha MPOTHO3E,
r7ie B OTCYTCTBHM NPHUMEHEHHS ONMHCAHHBIX TEXHOJIOTHH CHIIKCHHUS BBHIOPOCOB B
nepuoa ¢ 2015 mo 2020 rr. cymmapusie BeiOpockl CHs 0T oOparnienust ¢ HaBo3om,
OUYMCTKHU CTOYHBIX BOJI M OOpallEHUs! ¢ OTXOJaMH yBeJIn4arTcs npuMepHo Ha 6%, a
BBIOpPOCHI OT yriie/io0bIBatoleil 1 HedTerasoBoil MPOMBIIUICHHOCTH BO3PACTYT,
COOTBETCTBEHHO, Ha 14 1 10% (cM. Tabm. 9.1).

B 1nienom mo BceM 3TUM OTpaciisiM MOTEHIIMAN COKpaIlleHUs] BLIOPOCOB MeTa-
Ha OT ypoBHS BeIOpocoB 2030 roga 6e3 JONMOTHATENBHBIX (PUHAHCOBBIX 3aTpaT CO-
craBisieT npuMepHo 45 Mt (CHa). Ilpu yBenuuenun 3atpat g0 60 mosuiapoB 3a T
COz-5xs. OH MOKET OBITH YJBOEH, UTO cocTaBisieT 6onee 70% BO3MOXKHOTO COKpa-
HICHUS] BO BCEX ATHX MATH ceKTopax. KpaTkoe omucanue nmpejiaraeMbiX TEXHOJIO-
I'Mii ¥ IOJIXO/JI0B K CHIKEHHUIO BBIOPOCOB METaHa NMpHUBEACHbI B Ta0I. 9.3.

CrnemyeT OTMETHTD, YTO B HACTOsAIIEe BpeMs pa3paboTka HEOOXOAUMBIX MEp
OTpaHUYCHUS U KOHTPOJIS BEIOPOCOB METaHa, BKII0Yasi IPUMEHEHHUE CIICIIMATbHBIX
TEXHOJIOTUHN JJIs CHU)KEHHUSI YMUCCHIA, BEACTCS MPABUTEIHCTBEHHBIMHA OPraHU3ally-
SMH W HAyYHBIMH MHCTUTYTaMHM, a TaKXKe HEMOCPEICTBEHHO NPOMBIIIJICHHBIMU
KOMIaHuAMHU. VX BHeApeHHE MOKET MPOU3BOJAUTHCSA KaK HA YPOBHE CTpaH, Tak U
Ha YpOBHE OT/EJIbHBIX KOMIAHUN WM UX 00ObEAMHEHHUH, U BKIIOYaTh Kak J00po-
BOJIbHBIE, TaK U 00s13aTEIbHBIE JJIS1 BBIMOJIHEHUS MEPBI, a TAKKE CTUMYJINPOBATHCS
9KOHOMMYECKH Ha pa3HbIX ypoBHAX. CiemyeT oTMeTuth, 4to oriaumuneMm CHs or
JIPYTHUX NApPHUKOBBIX Ta30B SIBJSIETCS €r0 OTHECEHHE B HEKOTOPBIX CTpaHax (B TOM
yucie B Poccun) K 3arpsi3sHUTENSAM BO3/yXa, YK€ BKIIOUEHHBIM B CYIIECTBYIOIIYIO

CUCTCMY MOHUTOPHHTA U CHUKCHUS BBIGpOCOB, a TAKKC BOBMOKXHOCTD IMOJIYUCHUA
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JIOTIOJIHUTENIbHBIX SKOHOMUYECKHX BBITOJ] IIPH COXPAHEHUH €ro KakK [EHHOT'O TOII-
JIMBHOTO pecypca Ui XUMHUYECKOTO ChIPhS.

MHorue U3 UMEIOUINXCS B HACTOSIIIEE BPeMsi BO3SMOKHOCTEH CHMKEHUS! BbI-
OpOCOB MeTaHa CBS3aHbI C MOJYYEHHUEM COMYTCTBYIOUINX BBITOJ. Hexoropeie Tex-
HOJIOTHU CHIDKCHHSI BEIOPOCOB BKITIOYAIOT €r0 PEreHeparfio M MCIOIb30BAHUE B
Ka4yeCTBE TOIIMBA KakK JUIsl IPOM3BOJICTBA 3JIEKTPOIHEPIHH, TaK U JIJIS TPAHCIIOPTA.
Kpome toro, CHs siBiisieTcs OCHOBHBIM 3JIEMEHTOM MPHUPOIHOTO rasa, Mo3TOMY €ro
cOOp W yTHIIM3AlKs JaeT ellle OJMH IEHHBIH M HKOJIOTUYECKH YHCThIN (TIpu rope-
HUM) 3HeproHocurenb. K ToMy e MeTaH, yTHIN3UPOBAHHBIA B CEIBCKOM XO35i-
CTBE B Mpoliecce nepepadoTKH HaBO3d, U CBAJIOUYHBIH METaH SIBJISIIOTCSI BO3OOHOB-
JIsileMBbIM UCTOYHUKOM 3Hepruu. [IpomsBoactBo sneprun u3 sroro CH4 nmaer Bo3-
MO>KHOCTbh OTKa3aTbCsl OT MPUMEHEHHUs JPYrHX SHEPTrOHOCUTENEH C BBHICOKOM cTe-
reHbi0 BIOpocoB CO: u 3arps3HSIONINX BEIIECTB, TAKUX KaK JIEPEBO, KAMEHHBIN
yrosib 1 HeTb. Kpome Toro, cOop 1 yaaneHue MeTaHa U3 yrojdbHBIX MIAXT MOXKET
TaKXe YJIyYLIUTh MPOU3BOACTBEHHYIO 0€3011aCHOCTh, IMOCKOJBKY MPH 3TOM CHHU-
JKAeTCs OTMTACHOCTh BO3HUKHOBEHHS B3PBIBOB.

Jlnst 03HaKOMJICHHS € CYIIECTBYIOIIMMHU BO3MOKHOCTSIMH CHMD)KEHHSI BBIOPO-
coB CH4 m mpenmonaraeMplMM MX BapHaHTaMu B OyJyIIeM, MOXKHO 0OpalaThcs
KaK HETMOCPEACTBEHHO K pa3padoT4nKaM, Tak U B O0ObEANHEHHUS, B TOM YHCIIE MEX-
IyHapojHble, uccienayomue 3p(OEeKTUBHOCTh X MPUMEHEHUS W TPOJBHIaloIINe

ux npumenenue B mupe (GMI, CCAC, WRI, UNECE, Natural Gas STAR?? u zip).

33 Global Methane Initiative (GMI), Climate and Clean Air Coalition (CCAC), World Resource
Institute (WRI), United Nations Economic Commission for Europe (UNECE), US EPA Natural
Gas STAR Program (Natural Gas STAR).
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10. 3axarouenue

B XX Beke macmtad aHTPOMOTEHHOTO BO3JICHCTBUS HA KIMMATHYECKYIO
cucteMy 3emMiu ctal rio0aibHbIM. PazBuTHe MUPOBOTO X035HMCTBA, 0COOCHHO
BO BTOpOH mojoBuHe XX BeKa, MPHUBEJIO K CYIECTBEHHOMY O0OOTalleHUI0 aT-
Moc(epbl TapHUKOBBIMH Ta3amu (yriekuciabsiM razom COz, meranom CHy, 3a-
kuchio a3ota N2O u Jip.) BCJIeICTBHE X BBIOPOCOB B aTMOcdepy B X0Jie XO03s1i-
CTBEHHOH pesTenbHOCTH. OOoramenue armocepbl MAPHUKOBBIMU Ta3amMu
YCUIIMBAET €CTECTBEHHBIH MAapHUKOBBIA A (eKT, 4TO MPUBOAUT K MOTETICHUIO
B MPUIIOBEPXHOCTHOM CJ0€ aTMOoc(hepsl U K APYTUM H3MEHEHHUSIM Kiumara. B
nepuon 1880-2012 rr. Temmnepatypa B MPUIOBEPXHOCTHOM CJIO€ BBIpOCia Ha
0,85°C, u GompImast 4acTh ATOrO MOTEIUICHUS CBs3aHA C aHTPOIMOTEHHBIM yCH-
JeHWeM NapHUKOBOro 3¢ dekra. ITo MoTenjaeHne HepaBHOMEPHO: Ha CYIIe OHO
IPOUCXOIUT OoJiee aKTUBHO B CPABHEHHWH C OKEaHOM, a HEKOTOPBIE yYaCTKH
CyIIM, B CBOIO OUepe/lb, TEILICIOT CUJIbHEE, UeM cymia B cpeaneM. [locneacTBus
TaKkoro MOTEIUICHUs  CKa3blBalOTCS Ha  NPUPOJHBIX U COLHUAIBHO-
SKOHOMHMYECKUX CHCTEMax, a TaK¥Ke 3JJOPOBbE HACEJICHHS, YTO BBI3BIBAET 0Oec-
MOKOCHHOCTh B OOIIECTBEHHBIX, HAYYHBIX U MPABUTEIbCTBEHHBIX KPyrax MHO-
TUX cTpaH. B 0co0eHHOCTH BBI3bIBAET TPEBOTY, 4TO K KOHIY XXI Beka oxuja-
eTCsl yCUJICHHE TJI00aIbHOTO MOTEIICHHUS — J]0 HECKOJIBKUX I'PagycoB IO CPaB-
HEHHIO C YPOBHEM KOHIIa XX BeKa B 3aBUCHMOCTH OT MyTEH pa3BUTHSI MUPOBO-
ro X035CTBA M pPeann3aiuyi Mep CACPKUBAHUS TII00ATbHBIX BEIOPOCOB MapHU-
KOBBIX T'a30B.

Cpenu Tpex OCHOBHBIX MapHUKOBBIX ra3oB — CO2, CHs u N2O — B pacue-
T€ Ha PaBHbIE KOJWYECTBA BEIOPOCOB KaXKJOTO BEIleCTBA HAMOObIIEE BIUSIHUE
Ha KJIMMaTHYECKYI0 CHUCTEMY OKa3bIBaeT 3akuch azora N2O, craedyrowjuii no
yppexmy — meman CHy, u nanee yrinekucineiii ta3 COz. M mo BIusHUIO Ha
CPEIHIO TeMIepaTypy B IPUIOBEPXHOCTHOM CJIO€ 3aJaHHOI'0 MaJIOro J0JITO-
BPEMEHHOI0 yBEJIWYEHUsI KOHLEHTPAMK MapHUKOBOTO raza B aTrMmocdepe (B
eIMHULAX 00BEMHOTO OTHOLIEHHSI CMECH, MJIH |, HApUMEp) - Ha MEPBOM Me-

cte N2O, 3amem CHy, 3atem COs.
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OnHako B aOCONIIOTHOM BBIpaKEHUN HanboJee BaXKHBIM MAPHUKOBBIM Ta-
30M SBIIICTCS U CKopee Bcero OynaeT ocraBathes B XXI Beke CO» mo Tol mpu-
YHWHE, YTO POCT O0BEMOB €r0 TI00aTbHONW SMHUCCHH HAMHOTO IMPEBOCXOIUT
POCT BBIOPOCOB JIBYX APYTHX Ta30B. M B yke MPOU30IIEAIIEM TapHUKOBOM IT10-
TEIUIEHNH, U B OKHJaeMOM B TeueHHe XXI Beka, «IepByl CKPUIIKY» HUTpaeT
JIUOKCHUJT yriepoaa. MeTaH UMeeT MEeHbIIIee 3HAUCHHUE, HO BCE KE MOCIICACTBHS
YBEJMYCHUS] €r0 TIIO0ANbHBIX KOHIICHTPAUHMH Il KIUMaTHYECKON CHCTEMBI
3aMmeTHbl. B 2011 1. paguannoHHOe BO3JCMCTBUE OCHOBHBIX MAPHUKOBHIX a30B
Ha KJIMMaTHYECKYI0 cucTemMy 3emin cnenyromee: CO; 1,82 (1,63-2,01) Br m 2,
CH4 0,48+0,05 Bt Mm%, N,O 0,17+0,03 Bt m 2. CymmapHOe paaMalHOHHOE
BO3JEiCTBHE BCEX NMAPHUKOBBIX ra30B cocraBmio 2,83 (2,54-3,12) Br m2. Ha
JIOJII0 METaHa npu »ToM npuxoautcs 17%.

CoBpeMEHHBIN €CTECTBEHHBIH TIIOOANBHBI BBIOPOC MeETaHa COCTABISET
220-350°* Mt (CH4) rox™!, mpuuem ot 60 10 80% - Bkiaj 3a0010YE€HHBIX TEPPHU-
Topuii. Er0o OCHOBHBIE UCTOYHHMKH: 3a00JOUYCHHBIC TCPPUTOPUH, PA3IUIHBIC BOJI-
HbIe 00BEKTHI (03epa, PEKU, MOPSI M OKEaHbI), TTOKAPHI, PEPMEHTAIIUS KOpMa B Ke-
JyAKE JUKUX JKBAYHBIX XKUBOTHBIX M HACEKOMBIX, OTTAaWBAIONIas MHOTOJETHS
MEp3JI0Ta, METaHTHUIPATH, MECTOPOXKICHUS YTICBOJIOPOIOB, HEKOTOPBIC APYIHE
[IyOWHHBIE TEOJIOTUYECKHE NCTOUYHUKH.

CoBpeMeHHBII aHTPOTIOTCHHBIHN TJI00aTBHBIN BIOPOC METaHa OLICHUBACTCS B
330-335% Mr (CH4) rox’!, 4To cocTaBisieT 0OKOJIO TOJOBUHBI OT €r0 OOIIEN dMHC-
cuu B arMocepy. OCHOBHBIMU HCTOYHUKAMH ITHX BHIOPOCOB SIBIISFOTCSI YKBAYHBIC
CeJIbCKOXO03MCTBEHHBIE JKUBOTHBIE, OTXOJIbI U CTOYHBIEC BOJIbI, & TAK)KE MUCIOIbB30-
BaHHE UCKOITAeMOT'0 TOTLINBA.

[Ipu aToM ciexyeT OTMETUTh, YTO, K COXKAJIEHHUIO, MHOTHE TIPOIECCHI, BEIY-

e KaK K €CTCCTBCHHBIM, TaK U aHTPOIIOTICHHBIM BI)I6pOCaM CH4, emé HeaocTa-

34 TManmsie MITDUK (IPCC, 2013) mma 2000-2009 IT. Ipu OEHKe METOJIAMH «CBEPXY BHH3» H
«CHH3Y BBEpPX)».

35 Tanmsie MITDUK (IPCC, 2013) mma 2000-2009 IT. Ipu OEHKe METOJIAMH «CBEPXY BHH3» H
«CHH3Y BBEPX)».
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TOYHO U3Y4YCHBI M 3aBHCAT OT MHOTHX ()aKTOPOB, YTO B UTOTE MOYKET IMPUBOJIUTH K
3aMCTHBIM PACXOXKACHUAM B OLICHKAX Pa3HbIX aBTOPOB 3a Pa3HbIC I'O/IbI.

Bpewms xxu3an metana B atmocepe cocrasisier 12,4 roga. O 6e3B03BpaTHO
pacxomyercs TJIaBHbIM 00pa3oM B peaklUsAX ¢ THAPOKCUIOM (B OCHOBHOM B TpO-
nmocdepe) U aToMapHBIM XJIOpOM (B OCHOBHOM B cTparocdepe). HazemHbIil cTOK
MeTaHa U3 aTMoc(epsl He3HaunTeNleH. PeamucTHuHON TEXHOIOTHYECKOH BO3MOXK-
HOCTH YCKOPUTH CTOK METaHa U3 aTMOC(EpHI IIOKa HE CYIIECTBYET.

Takoe HeOOIBIIIOE, TIO CPABHEHHIO C YTIIEKUCIBIM ra3oM, BpeMs >ku3Hu CHy
NPUBJIEKAET B TOCIIEAHEE BpeMs K HEMY IOBBIIICHHOEC BHHMAaHHE TPHU PELICHUU
npo0IeMbl PeryJIMpOBaHMs BHIOPOCOB MAapHUKOBHIX I'a30B. Benb Mephl o cokpa-
IICHUIO aHTPOIIOTEHHBIX BHIOPOCOB METaHa 3aMETHO CKa)KyTCsl Ha YPOBHE €r0 CO-
Jep>kaHusl B atMoc(epe yke B TeUeHHe OJHOro-ABYX necstuietui. I[Ipu paspa-
0OTKe MMOTOOHBIX Mep CIIeyeT HMETh B BUAY, YTO BCE )K€ OCHOBHOW PUYNHOH CO-
BPEMEHHOTO TJIO0ATBHOTO MOTEIJICHHs siBJsieTcss yriekucibldi raz COaz, a MeTaH

CHy urpaer 3aMeTHY10, HO JIMIIb BTOPOCTEIICHHYIO POJIb.
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