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OMUCCUA METAHA C ITIOBEPXHOCTU
JIOJIMHHOTO MOXAMCKOI'O BOJIOXPAHUIUIIIA

Paccmompenvr npocmpancmeeHHo-8peMeHHble U3MEHeHUs IMUCCUU Memana ¢ nogepxHocmu Mooicatickoeo 6000xparuauma.
Ha ocnoge dannbvix nonesvix Habarodenuti 2015—2018 ee. ebiseaeHbl ce30HHble UMEHEHUs COO0ePICAHUS U YOeabH020 NOMOKA
Memana 045 pa3HviX MopghoaoeutecKux pationos eodoxpanusuwa. B caabonpomournom Moxcaiickom 600oxpanuiuiye codepoica-
Hue Memana 6 NOBEPXHOCIHOM U NPUOOHHOM CA05X 2AYO0K0B0OHbIX PALIOHO8 8 KOHUe nepuoda AemHell CmpamuuKayuu Moxcem
pazauuamocs Ha mpu nopsaoka. Ilo pezyrbmamam ycmanoeKu nAagyMux Kamep 6 UeHmpaibHOM patione 8000XPAHUAUWA C HA-
yana uroHs 00 KOHYa nepuoda npamoll cmpamugpukayuu (aecycm—ceHmsops), 00uuil NOMOK Memana yeeauuusadics om meHee
1 do 16 me C-CH,/(m?u). O0nospemennas nocmarnogka 08yX Munoé NAAEYHUX Kamep NO360AUAA 6bIAEUMb XAPAKMEPHDbLE
3HAYEHUS. COCMABASIOWUX NOMOKA MEMAHA U NPo8o0UmMsd U3MePeHUs 6 meverue ucciedyemoeo nepuoda. Boiseaeno, ymo 6 na-
yane nepuooa NAOMHOCMHO20 PAccAoeHus npeobaadaem Ouggysuonnsiii nomok, cocmasasiouuii 6 cpeonem 0,2 me C-CHy/(m2u).
Jlanvuetwuii pocm 3HaveHull 00ue20 NOMoKa CesA3aH ¢ yeeauueHuem e2o ny3vipvkoeoi cocmaeasrouieli. Ilo dannvim pacuema,
Oughy3ubiii nomok memana docmueaem HaUOOALUUX 3HAYEHUI 8 KOHYe Aema 6 MeHee 2n)y00K0B00HbIX 8epX08biX 6000XPAHU-
AuWa. Yemanoeneno, Ymo 3HAYUMEAbHbII POCM 3HAYEHUl 00wec0 NOMOKa Memana Habaoaemcs, K0e0a 6epxXHss epaHuya
0ecKucA0pOOHOU 30Hbl 00X00UM 00 HUMICHEl ePAHUUbl SNUAUMHUOHA. MaKcumanbhblx 3HA4eHUl y0eabHas nAoOMHOCMb NOMOKA
MmemaHa docmueaem nepeo paspyuieHuem npamoi cmpamuguxayuu. CpasHeHue pe3yibmamos noAegbix UMepeHuli ¢ aumepa-
MYPHbIMU OAHHBIMU NOKA3AA0, MO MACUWMAO IMUCCUU ¢ 8000XPAHUAULY, 3AME0NeHH020 600000MeHa YMEPEHHOU 30Hbl MOJICem
Obimb 3aHUdICEH NPU OUEHKAX 2A00AAbHOU IMUCCUU MEeMAHA.

KiroueBsie ciioBa: eudponoeuueckuii pexcum, 600000MeH, codepicanue Memana, pacmeopeHHblil KUcaopoo, naagyiue Ka-
Mepbl, 6ecKUCA0POOHbIEe YCA0BUSL.
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METHANE EMISSION FROM THE SURFACE
OF THE MOZHAISK VALLEY-TYPE RESERVOIR

This article deals with spatio-temporal changes in methane emission from the surface of the Mozhaisk reservoir. Seasonal
changes in the content and specific flow of methane were revealed for different morphological areas of the reservoir, based on field
observation data obtained in 2015—2018. In the low-flow Mozhaisk reservoir, the methane content in the surface and bottom
layers of the deep-water areas at the end of the summer stratification period may differ by three orders of magnitude. According
to results from measuring with floating chambers in the central area of the reservoir from early June to the end of the period of
direct stratification (August—September) the total methane flow increased from less than 1 to 16 mg C-CHy/(m? hour). Time-
coincident measurements with floating chambers of two types revealed characteristic values of the methane flow components and
their change during the sampling period. It was found that at the period of stratification the diffusive flux predominates with the
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mean values 0,2 mg C-CHy/(m?hour). A further increase in the total methane flux is associated with an increase of its bubble
component. According to calculations, the diffusive flux reaches its maximum values in late summer in the shallow zone of the
reservoir. It is established that a significant increase of the values of the total methane flux is observed when the upper boundary
of the oxygen-firee zone reaches the lower boundary of the epilimnion. The specific methane flux density reaches its largest values
prior to destruction of direct stratification. Comparison of field measurements with literature data showed that the magnitude of
emission from reservoirs with a slow water exchange in the temperate zone can be underestimated in estimations of global methane
emission.

Keywords: hydrological regime, water exchange, methane content, dissolved oxygen, floating chambers, oxygen-free condi-
tions.

BBEAEHUE

O1eHKa BHIOPOCOB TTAPHUKOBBIX Ta30B Pa3IMUHBIMU aHTPOIIOTEHHBIMM MCTOYHMKAMM, K KOTOPBIM OT-
HOCSITCSI ¥ BOIOXPAaHWIMIIIA, UMEET aKTyaJlbHOe 3HayeHue. [1o pa3MuHbIM olieHKaM, O0Ias TJIOIaab 1C-
KYCCTBEHHBIX Pe3epByapoB cocTaBisieT 205—250 Thic. KM2 6€3 yueTa 3aperyInpoBaHHBIX 03€p (YBEIMYEHUEM
MX IUIOLLAAM MPU MOBBIIIEHUH YPOBHSI M3-3a CTPOUTEILCTBA IVIOTUHEI HA COPOCHOM peKe MOXHO MpeHeOpeyb).
MHTeHCUBHOCTh BBIOPOCOB MAPHUKOBBIX [A30B 3aBUCUT OT MOP(OMETPUUECKUX MAPAMETPOB BOJOXPAHIIMILL:
MeTaH B 0OJIblIEM KOJIMYECTBE MOMNamaeT B atMocdepy U3 MeJIKOBOAHBIX YacTei aKBaTOPUM, YEM C LIIyOOKO-
BOIHBIX, M3-3a MEHbIIIET0 OKHCJIEHUSI B MEeHee MOIIHOM BOAHON Tojule [1], a TakKe Ie03KOJIOrMYeCKHUX
YCJIOBUI MX pas3MelleHMsT (IIPUPOIHOM 30HBI, JaHAIIA(GTHBIX YCIOBUI Ha BOZOCOOpE, TMAPOJOTMYECKOTO
pexuMa, ux Bo3dpacta u ap. [2]). B BomoxpaHuauiax MeTaH — 3TO MPOAYKT aHA3POOHOTO Pa3/IOXKEHUS Op-
TAaHWUYECKOTro BeIleCTBa, MOCTYIMAIOLIEro ¢ BOAOCOOpa U MPOAYILIMPYEMOro B BoIoeMe. YBeINYeHUE TeMIIepa-
TYpbl BOIBI MHTEHCUMDUILIMPYET NEeSATEIbHOCTh MUKPOOPTaHM3MOB, M 3MMCCHSI MeTaHa M3 BOMOXPAaHWIIMIIL
3aBUCUT OT 3TOro nokasatens [3]. B yMmepeHHOM mnosice yaeabHbIN MTOTOK MeTaHa ¢ BOAOXPaHWUJIUIL U3MEHSI -
erca ot 0,1 no 108,5 mr CH,/(m2-cyT), B cy6rponmueckoM — ot 9,9 no 75 mr CH,/(M2-cyT), B cy6aKBaro-
puanbHoM — oT 10 mo 1140 mr CHy/(m2-cyr) [4]. Pa36poc 3HaueHuMii yKa3bIBaeT HA TO, YTO KJIMMAT HE
SIBJISIETCST TOMWHUPYIOIINM (haKTOPOM, OTPEAEISIONINM YAEJIbHBIN MOTOK MeTaHa. OmHaKo B HU3KMUX
LIMPOTAX 3HAYEHMS YAEJbHOIO MOTOKA METAaHA CYILLIECTBEHHO OOJIbIlIE, YeM B BHICOKMX. MeTOAMKA OLIEHKU
r100aTbHON SMUCCUM METaHa C TIOBEPXHOCTU BOAOXPAHWJIUIIL TIpUBENEHA B [4] ¢ UCMIOIB30BaHUEM B KAaUueCTBE
ocHOBHI 0a3bl maHHBIX Global Lakes and Wetlands Database (GLWD) [5]. O0paiaer Ha cebsi BHUMaHUE
0OJIBILION pa3dpoc B 3HAYCHMSIX YIOCIBHOTO ITOTOKA METaHa C BOHOXPAHWWIMIL OOpeaJbHON U TPOIUYECKOI
30HBI, YTO MOXKET OBITh CBSI3aHO C HEAOCTATOYHOCTBIO HATYPHBIX SKCIHEAULIMOHHBIX JaHHBIX [6]. B coorBeT-
CTBUM C PEKOMEHIALMSIMM 110 M3MEPEHUIO YICIBHOrO MOTOoKa [1], Mg ameKBaTHOM OLIEHKU SMMCCHUU Iap-
HUKOBBIX Ta30B C ITOBEPXHOCTH BOJOXPAHUJIMII PEKOMEHIOBAHBI €XEMECIYHbIC U3MEHEHUSI, HO MPH 3TOM
HEKOTOPHIE OILIEHKM BBHIIIOJIHEHBI Ha OCHOBE 3IM30IMYECKUX IKCIEIUIIMOHHBIX HabmoneHuit. CiemnyeT oT-
METUTb TaKXXe U CJa0yl0 M3YyYeHHOCTh SMUCCUU MapHUKOBBIX Ta30B Mg BomoxpaHuiuil Poccuu [7], Gosee
70 % KOTOpPBIX MOP(OJOTUIECKN OTHOCUTCS K TOJMHHOMY TUIy. Llenb HacTosieit paboThl — OLIEHKa Tpo-
CTPAaHCTBEHHO-BPEMEHHON M3MEHYMBOCTM YIEJIBHOTO IOTOKA MeTaHa C MOBEPXHOCTU CJIAOOMPOTOUYHOTO
JIOJIMHHOTO BOIOXPAaHWJINILA M CPEIHETOJOBOTO 3HAYEHUsI IMTOTOKA 10 NaHHBIM M3MEPEHUH.

OBBEKTBI 1 METObI UCCIENJOBAHUA

OOBEKT UCCAENOBAHUSI — XOPOILIO M3YYEHHOE B TMAPOJIOTMYECKOM U TMIPOXUMUYECKOM OTHOILLIEHUM
Moxatickoe BogoxpaHwiuiile (puc. 1), pacrojio)keHHOE B BEPXOBBIX P. MOCKBBI. DTO Heboab1I0e MOP(PO-
METPUYECKU MPOCTOE CJIAOONPOTOYHOE MTOJMHHOE BOAOXPAHWIMIIE C OTCYTCTBUEM MHTEHCHBHOTO JUHAMM-
YeCKOro IepeMeLuBaHusa U ¢ KoshduumreHToM BogoodoMeHa 1,15 ron~!. JletoM u 3uMoii B HeM Habm04a-
ercd Tepmuueckas crpatudukanus [8]. O0beM NMPUIOHHOW BOAHOW MacChl C OTCYTCTBUMEM KMCJIOpOJa U
TPOOJDKUATETLHOCTD €€ CYIIIECTBOBAHUS CBSI3aHA C CUMHONITUYECKUMU YCIOBUSIMU KaXIOTO TOIAa U C YPOBEH-
HBIM peXMMOM BomoeMa. BomoxpaHwiuille UMeeT aCUMMETPUYHBIN MPOAOILHBIN MPODWIH ¢ YBEIUYEHUEM
MaKCUMaJIbHOU TIIyOMHBI palilOHOB B 3aTOTUIEHHOM pycyie p. MOCKBBHI OT 5—7 M B BepXxoBbsix 10 20—23 M y
MIOTUHBI. [JyOMHA 3aTOTIEHHOM MOMMBI Bo3pacTaeT oT 2—3 10 10—12 M COOTBETCTBEHHO.

W3mepeHus 3HaYeHUI yOEIbHOTO ITOTOKA METaHAa METOAOM IUIaBYYMX KaMmep Ipou3BOAMINCh B 2015—
2018 rr. B LIEeHTpaJbHOI YacTU BogOeMa B ITepHOI OTKPBITOI Bombl OT 4 1o 13 pa3 3a ce30H. TakxKe ocylecT-
BJISUICST PETYJISIPHBIN OTOOp P00 BOIBI U3 ITOBEPXHOCTHOI'O M MPUAOHHOIO TOPU30HTOB Ha PEilIoBOIl BEpTU-
kamu IV (cm. puc. 1) B KpacHoBunoBckom 1iece (10—20 pa3 3a ce30H) U NepUOAUYECKUE TUAPOJIOrO-TUIPO-
XUMMYECKHE ChEeMKU MO MPOa0JbHOI ocH BomoxpaHwiuiia (ot 5 o 10 craHumii 3—35 pa3 B ce30H) [9]. OT60p
Mpo0 BO BpeMsI ChbeMOK ITPOM3BOAMIICS Ha CTAHLIMSX, PACTIONOXEHHBIX HaJl 3aTOIJICHHBIM PyciioM (CM. puc. 1),
KOTOpbIE€ OTJIMYAIOTCS XapaKTepOM I'PYHTA U CKOPOCTbIO MoTpebaeHus kucaopoaa [10].
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Puc. 1. Cxema MoxxaiicKoro BOIOXpaHWJINIIA U PACTIONOXEHNE CTAaHIIAN THIPOJIOTMIECKON CheMKH HaJl 3aTOIT-
JIEHHBIM PYCJIOM p. MOCKBBI.

-V — cranuuu. I — myHKTHI 0TOOpa Mpo6; 2 — MyHKT MOCTAHOBKM IJIaBy4Yeil KaMepbl; 3 — HaCeJIeHHbIC MYHKTHI;
4 — 3arorjieHHas pycjoBasl CETh.

1t onipenesieHusT cofepkaHus MeTaHa B Mpo0ax BOABI M BO3IyXa UCIOJIBb30BAJICS METO (ha30BO-paBHO-
BecHoOM merasamuu [11]. Metogom mmapoda3Hoil 9KCTpaKIIUK BhIIeJeHHas ra3oBas (asa (006beM IpoOHI BO-
Iel — 40 M1, Bo3myxa — 20 MJI, BpeMsI BCTPSIXMBAaHUSI — 3 MUH) TIEPEeBOAMIIACE TSI TIOCIIEAYIOIIETO aHaIn3a
B CTCKJITHHBIC (DJTAKOHBI IIJI 1a00paTOpHBIX MccienoBanuii [12, 13]. KoHneHTpauy MeTaHa OINpeAcIsiIiCh
B JIBYX-TPEXKpPATHOIi TOBTOPHOCTH Ha Ta30BoM xpomMatorpade «Kpucramn 5000.2» (3A0 «Xpomarask», . Mom-
kap-0na) ¢ mIaMeHHO-UOHU3AIMOHHBIM JIETEKTOPOM.

VYIenbHBII MOTOK MeTaHa MU3MEPSUICS ITIaByYMMU KaMepaMu 110 METOIOJIOTMH, ormrmcaHHoi B [13]. Bpe-
Msl BKCIIO3uLMK cocTaisio oT 40 o 60 muH. TeMmneparypa Boabl M PACTBOPEHHBI B BOJE KHUCIOPOJ OIpe-
nensumch ogHoBpeMeHHO 30HIoM YSI ProODO (Xylem Incorporated, CIIIA) ¢ mOrpenHoCThio U3MEPEHUI
pacTBOpEeHHOr0 Kucjaopoaa u temmeparypsl Bonsl 0,1 mr/im u 0,2 °C cooTBeTcTBeHHO. 7151 pacueToB nuddy-
3MOHHOIO YIEJIbHOIO IOTOKAa METaHa MCIOJIb30BaHbI TaHHBIE O CKOPOCTH BeTpa C aBTOMATUYECKOM METeO-
cranuuu Davis Instruments (Davis Instruments Corporation, CIIIA), ycTaHOBICHHOI Ha IIaBy4ell ruiaTdop-
Me Ha ctaHuuu IV Ha BeIcOTe 2 M Haa MOBEPXHOCThIO BoAbl. IIpu mporyckax HaOa0aeHUN ObLIM UCIIOb-
30BaHbl JaHHbIE MEeTeOCTaHLIMU T. Moxkalicka, pacroyJIo(KeHHOM B 5 KM K I0T0-BOCTOKY OT ILJIOTUHBI. Pacyet
I1dhY3MOHHOTO YASIbHOIO MOTOKAa MeTaHa B aTMocdepy Ipou3BeleH METOAOM TOHKOIO MOBEPXHOCTHOIO
cinost TBL (Thin Boundary Layer, [1]) mo pa3HOCTH KOHLIEHTpaLlMM MeTaHa MEXIY ITOBEPXHOCTHBIM U MPU-
BOJHBIM CJIOSIMU C UCITOJIb30BAaHUEM TapamMeTpu3auuu KoadduimeHta oomeHa no [14].

PE3VYJIbTATBI 1 OBCYXIEHUE

[Ipexne Bcero cieayeT OTMETUTh Pa3IuiKsl B THAPOJIOTMYECKUM PEXMME BOIOXPAHWININA B UCCTIEyeMbIe
TOJIBI, KOTOPEIN OBLT OOYCIIOBJIEH TTOTOTHBIMU 0cOOeHHOCTIMHU (puc. 2). B 2015 u 2017 rr. Havajgo nepuoma
dopmupoBanus TipssMoil cTpaTuduKay OBIJIO TTPOXJIAJHBIM M BETPEHBIM — CPEIHME CKOPOCTU BETpA
JocTUTa 5—6 M/c, a B HEKOTOpbIe THU 7—8 M/c, TakKe He HaOIoIaloch Pe3KMX MepeMeH B U3MEHEHUUU
TEMIIepaTyphl BO3AyXa B KOHIIE BECHBI (CM. puc. 2, a, 6). M3-3a CI0XUBIIEICS CHHONITUYECKO 00CTAaHOBKH
BETPOBOE IMepeMeIIMBaHNE IPOIOJIKAJIACh HOBOJIBHO IOJITO, YTO MPHUBEIO K (POPMHUPOBAHHUIO MEHEe
ycTroiunBoii crpatudukanuu, yeM B 2016 r. 1 ocobenHo B 2018 r., Korma pa3HOCTb TeMIlEpaTyphl BOIBI Ha
ropu3oHTax 0,5 m 10 M mocTuraja CyleCTBEHHO OOJBIIMX BeJIUYMH (CM. puc. 2, 8). JJlaHHBIE OCOOEHHOCTH
TePMUUECKOTO peXruMa OIpeIe/IIN IUIOTHOCTHOE PacCIOCHME BOJOEMA M €ro KUCJIOPOIHBIN peXuM B
TUMOJUMHUOHE, KOTOPBIii B MaJIOMPOTOYHOM BOAOEME 3aBHMCHUT OT yCJIOBHMI mepeMemuBaHusg. B 2015 u
2017 rr. 6ecKucJIOpoaHbIe YCIOBUS B LIEHTPaJIbHOM pailoHe BOAOXPAaHWJIMILA, MO JAHHBIM PEryJsipHBIX
HabMoaeHU Ha peitnoBoii Beptukanu IV, obpasoBanuch Bo BTOPOI JeKane MIOHS U TEePBOi JAeKaae UIOJs
COOTBETCTBEHHO, a a’palMsl MpU pas3pyllleHUuU cTpaTUdUKallMd OTMedyallach B TpeThbell JeKaae aBrycra u
MepBoi AeKaae CeHTI0ps coorBeTcTBEHHO. B 2016 1 2018 rT. 6ecKMCI0pOIHbIE YCIOBUS HAOIIOAATNCH JOJIbIIIE:
CO BTOPOI1 A€Kaabl UIOHS IO BTOPYIO A€KaTy CEHTSIOPS M C IepBOii JeKaabl MIOHS MO0 MEPBYIO NeKamay OKTSIOpsI.
Ho npu 3TOoM BepxHss rpaHuiia 6€CKUCIOPOIHOM 30HBI mTOocTUrajga 7—8 M BO BCE MEPUOAbl, HO B pa3HoOe
BpeMsI B 3aBUCHMOCTY OT MUHTEHCUBHOCTU IlepeMelinBaHusl. JlaHHbIe 0COOEHHOCTH THAPOJIOTMYECKOIo pexxuma
OTPa3WIMCh Ha pexXrMe U3MEPEHMST COACPXXKaHWSI M SMUCCUM METaHa B rONbl, OXBaUeHHbIC HAOIIONEHUSIMH.

ITo pe3ysbTaTaM IMOCTAHOBKY IUIABYYMX KaMep B LEHTPAJbHOM paiioHe BOJOXpaHWIMIIA HA cTaHIuu 1V
B HayaJie eproaa U3MepeHuil (B UIOHE) BeTMYMHA CyMMapHOTro (AM(pdy3MoHHOTro U My3bIpbKOBOI0) yIEb-
Horo noroka He npesbiiaer 3 Mr C-CHy/(M2-4). K MOMEHTY OKOHYaHUS MEPUOIA JIETHEN CTpaTUhUKALUN
BBISIBJIEHO 3HAUMTEJIbHOE YBEJIMYEHUE 3HAYEHUI yIeabHoro moroka merana (1o 16 mr C-CH,/(m2u) B 2017
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a Puc. 2. IameHeHMne cpenHeAeKaaIHbIX 3HAUCHUI
temmnepatypsl Bozayxa (°C) (a), ckopocTn BeTpa
(M/c) (6) u cpegHero rpagueHTa TeMIIepaTyphbl BOIbI
B cioe 0,5—10 m (°C/M) (6) B 2015—2018 rr.

\/\—\ Tomer: 1 — 2015, 2 — 2016, 3 — 2017, 4 — 2018.

n 2018 rr. ¢ HauboJiee MPOIOKUTETLHBIMU psifa-
MM HaOJIOACHUI, Korma OecKUCIOpoaHas 30Ha B
6 MMPUIOHHBIX TOPU30HTAX ITOCTHUIIA HAMOOJBIIETO
o0beMa, a TaKKe YMEHBIIWIICS TpaIleHT TeMIIepa-
TYpBI BOAbI B BoAHOIM Tose. boiee 90 % obiuero
YIEIbHOIO IOTOKA Iepes pa3pyllieHUeM IIpsSIMOii
crpatudUKaLIMK COCTABJISIET MMy3bIPbKOBBIN YIe/Ib-
HBII ITOTOK, KOTOPBIMA OIPEAENISUICS IO Pa3HOCTU
obmero n M@ QGy3nOHHOTO YIEITbHOIO ITOTOKA.
B Hauase mreproma oceHHero nepeMeIImBaHus 3Ha-
YEHMST YICITHHOTO TTOTOKA MeTaHa YMEHBIIMIINCH Ha
nopanok (mo 3 mr C-CH,/(M24) B nepBy1o geKamsy
6 ceHts16ps1 2017 r.). B 2018 1. oT60p mpo6 ObLT Ipe-
pBaH 10 pa3pylleHus NpSIMOil cTpaTudUKALUU

M3-3a aBapuu Ha CyIHE.
B 2016 u 2018 rr. 3HaYeHUsT yOEIBHOIO IO-
TOKa MeTaHa 3a IMEePHMOA IMOCJie YCTaHOBICHUS
cTpaTudUKALUKA YMEHBIIWJINCH MO0 CPAaBHEHMIO C
— aHaJoTMYHbIMU Tiepuomamu 2017 r. (4—16 wmr
\ C-CHy/(M24): 3,5-5,5 mr C-CH,/(M24) B 2016 T.
u 1,2—6,5 mr C-CH,/(m2-4) B 2018 r. D10 CBA3aHO
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e e e cTpaTU(UKALIST U3-3a TTOTOAHBIX YCIOBHIT 00pa30-
— A A~ A A = A& en = Bajlach TO3HO, M MPUIOHHAS TeMIlepaTypa BOAbI
HroHb Hronn ABTL. CeHT. B KOHIIE aBrycra gocruria 16,5 °C, BepTUKaIbHOE
Mecsi u nexana pacnpeacjiCcHUC TCMIICPAaTypbl BOAbI ObLIIO OJHO-
2015 2016 2017 2018  POIHBIM C MaKCHMAaJbHBIM IDAIMCHTOM He boiee

0,5 °C/M, TI03TOMY OXJaXKIeHWE TTOBEPXHOCTHBIX
CJIOEB BOJIbl B LIMKJIOHMYECKYIO ITOrO/ly B KOHIIE aBrycTa IPUBEJIO K TIIyOOKOMY IepeMelINBaHUIO, YBEINYC-
HUIO COIepKaHUI MeTaHa B ITOBEPXHOCTHOM CJIO€ U ero motoka B atMocdepy. B 2016 u B 2018 rr. npumoH-
HbIIi TOPU3OHT ObUI M30JIMPOBAH IUIOTHOCTHBIM PACCIIOCHMEM, U K MEPUOLY OCEHHEro OXJIaXIECHUs IpOo-
rpesicst Bcero 0 14 m 12 °C coOTBETCTBEHHO, a MAKCUMAIbHBIN TPagUeHT TeMIIepaTyphl BOIBI JOCTUTANT 2 U
4 °C COOTBETCTBEHHO.
3HAYUTENILHOE YBEIMYEHNE 3HAYEHMIA yaeabHoro notoka merana (1o 16 mr C-CH,/(M2-4)) BbISBIEHO
02.09.2017 u 21.09.2018 B roasl ¢ HauboIeEe MPOIOKUTEIbHBIMU psilaMu HabaoaeHU. B mpeniiecTBytolye
nepuonbl (17—23.08.2017 u 31.08—08.09.2018) Habmromanoch «1iBeTeHNE» (DUTOIUIAHKTOHA, CBSI3aHHOE C M0~
CTYIICHUEM aBTOXTOHHOIO MUHepajbHOro (occopa, HaKOILJIEHHOIO B MPUIOHHBIX TOPU30HTAX 3a JIETHUIA
OECKUCIOPOIHBIN TEePUOJ, TIOCIe TPEIIIECTBYIONIETO TYOOKOTro MepeMEeNIMBaHus B IIMKJIOHUYECKYIO TO-
roay. ITo-BuauMoMy, MOCTYIUIEHUE TIOPIIMIA CBEXKETO JIeTpUTa Ha JHO OOYCIOBWIIO TTOBBIIIIEHWE €T0 COIep-
KaHUs B MpUAOHHOM cjoe 1o 3570 mxki/a 20.08.2017 u mo 4960 mxi/a 9.09.2018 (cMm. puc. 2, ), 4To MpH
MOCJICAYIOIIEeM OXJIAXACHUU U 3arIy0JIeHUM IepeMelMBaHMsI YBEIUUMIIO YACIbHBIN IOTOK METaHa.
3HaueHus1 1UPOY3MOHHOTO yIEIbHOrO MOTOKA MeTaHa, oIpele/ieHHble pacueTHBIM MeTogoM TBL Hag
PYCIOBBIMM CTaHLUMSIMU TI0 JaHHBIM cheMOK B 2015—2018 rr., mpuBeneHsl Ha puc. 3. IIpocTpaHCTBEHHO-
BpeMeHHasT U3MECHUMBOCTh TM(MDY3MOHHOTO YIEeIBHOTO IIOTOKA MEeTaHa MMEET CIICAYIONINe 3aKOHOMEPHOCTH.
[Tpu 00pa3oBaHUM TIPSIMOIM TEMITEPATYPHOU CTpaTU(PUKAINK 3HAYCHMST YASIHHOTO ITOTOKA METaHa COCTaB-
J10T B BepxoBbsax Bogoema 0,03—0,07 mr C-CHy/(M24), y mutotunsl — 0,02—0,04 mr C-CHy4/(M2-4). B 2015 .
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Puc. 3. Iudpdy3ronnslii yaenapHslii motok mMerana (Mr C-CH,/(M24)), paccuntaHHblii MetogoM TBL mo naHHBIM
ITMIPOJIOTUYECKUX ChEMOK Ha OMOPHBIX CTAHIIUSIX.

[—V — onopHble cTaHUUU.

1 ocobeHHo B 2017 r. BeIpaxeHO yBequueHue AUG@GY3MOHHOIO MOTOKA B TEUEHME JIETHErO Iepuoaa Ipu
HauOOJIbIIEM COIEPKAHUEM MeTaHa B MOBEPXHOCTHOM ciioe (Tab:a. 1, 2) u3-3a peryasipHOro BETpOBOTO Mepe-
MeIlIMBaHUS TIpU CJ1aboi cTpatrduKaimu. B miojie KOHIIEHTpAIMsT KUCIOpoJaa B BEPXHEH TOJIIE BOIBI T10
JTAaHHBIM ChEMOK ObLTa HamMeHbIel B 2017 1., B aBrycTe 3TOro roga HanmdoJjiee BEICOKO PACIIONIOKeHa BepX-
HSIsl IpaHuLa 0eCKMUCIOPOAHOM 30HbI (110 cpaBHeHUIO ¢ 2015 1 2016 rr. Ha 1—3 M). B 2016 1 2018 rr. Hau-
Gonbllne 3HaYeHNA yaeabHoro nmoroka (1o 0,3 Mr C-CHy/(M2-4) B BepXOBbAX) ObUIM XapaKTepHLI, HA000POT,
B IepByl0 ToJoBUMHY JeTta. B 2018 r. u3-3a HauboJjiee yCTOMUMBON M MPOAOJKUTEIBHON CTpaTU(UKALIUMU
BEpXHSIS TpaHUIla OECKUCIOPOIHOM 30HBI OblJIa TakXke pacroyioxkeHa Ha 7—8 M, kKak 1 B 2017 r., HO HU3Kas
TeMIlepaTypa BOIBI B IIPUBOIHOM CJIO€ TJTYOOKOBOMTHBIX OTCEKOB OOYCIOBMIIA MEHBIIIEe COmep:KaHNe MeTaHa
B IIPUIOHHOM TOpU30HTE 1o cpaBHeHMIO ¢ 2017 1. (B 1,5 1 2,5 pa3a Ha craHuusix IV u V), a cooTBeTCTBEH-
HO, 1 y noBepxHocTH (B 1,8 u 1,4 paza).

3HaueHust 1u@y3MOHHOTO yAEIbHOTO IMOTOKA MeTaHa OT BEPXOBbEB K IJIOTMHE YMEHBIIAIOTCSI M3-3a
YBEJIMUEHUST TOJIIMHBI a3pUPOBAHHOTO CJIOST BOJABI M COKPAIEHMST PACCTOSTHUS 0 MCTOYHMKA MeTaHa —
JIOHHBIX OTJIOXEHU. DTa 3aKkoHOMepHOCTh Haomonaetcst B 2015 u 2017 rr. ¢ MeHee BbIpaXXEHHOI CTpaTh-
duxkanumeit. B 2016 u 2018 rr. 3HauyeHus 11ud(GY3MOHHOTO YIEJIBHOIO ITOTOKA B TEUEHME JieTa CYILLECTBEHHO
HE YBEJMYMBAIUCh, U MIPOCTPAHCTBEHHbIE U3MEHEHUs BbIpaxke€Hbl TOJbKO B Hauaje jeTa. Takum oOpa3oM,
BeJIMYMHA 1UhGY3MOHHOTO YAEJIBHOIO MOTOKA (KOTOpask onpenensieTcs B 00IbIIONH CTENEHU ComepKaHueM
MeTaHa B ITOBEPXHOCTHOM CJIO€) CYIIECTBEHHO 3aBUCUT OT TJIYOMHBI CTAHIIUM U TEPEMEIIaHHOTO CJIOsI, TO-
JIOKEHUST BEpXHEW TpaHUIBI O0ECKMCIOPOMTHON 30HBI M COAECPXKAHMWS MeTaHa B IMPUAOHHBIX TOPU30OHTAX.
O00011IeHHbIE 3aKOHOMEPHOCTH M3MEHEHMST 3HaUCHU TUhGYy3MOHHOTO YIeJbHOTO IOTOKA MeTaHa IpUBe-
neHbl B Taba. 3. Mo maHHBIM McclenoBaHUs HEOOJbLIMX OOpealbHbIX 03ep ApXaHreabcKoil obiaacTtu [15],
3HAYUTEJIBHBIX ITPOCTPAHCTBEHHBIX U3MEHEHU AUDGY3NOHHOTO YISJIbHOTO ITOTOKA METaHa, B TIPOTHUBOIIO-
JIOXXHOCTbH JIOJTMHHOMY BOJOXPAaHWIMIILY, B HUX He 0OHapyXeHo. 3HaueHus AUdGy3NOHHOTO YAETbHOIO T0-
TOKa MeTaHa B o3epax TemHoe 1 CBemioe B BeCeHHUI nepuron oreHeHsl B ripenenax 0,05—0,1 mr C-CH4/(M2u).

[TonyyeHHbIe pe3yabTaThl COMIACYIOTCS € 0a30il JaHHBIX MO Pa3HbIM COCTABJISIIOLIMM WHTETrPajlbHOIO
IMOTOKA MEeTaHa ¢ BOJOXPAHUJIMII Pa3IMUHbBIX MPUPOIHBIX 30H, MPeACTaBIcHHOM B [16].
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Taonuma 1

XapakTepHble 3HAYEHHS MAPAMETPOB THIPOJOrMIECKOr0 peknMa BOIHOU ToJmu MoKaiiCKOro BOAOXpaHIIHIA
10 JAHHBIM ChEMOK

Temmepatypa Bogsl, °C

PactBopeHHBIN KMCIIOPOI, MT/J

[Hara CraHmus BEPXHSISI TpaHULIa
[IOBEPXHOCTh ITHO Makc. rpaji. | IOBEPXHOCTD IHO GECKUCIOPOIHOM
30HBI, M
1 2 3 4 5 6 7 8
09.06.2015 | 18,8 14,5 2,4 8,9 2,7 OTCyTCTBYET
11 18,6 14,6 3,5 8,9 2,3 »
111 18,8 11,7 2,4 10,6 1,3 »
v 19 11,1 2,3 11,4 1,0 »
\Y% 20,6 9,9 3,3 10,3 4,7 »
01.07.2015 | 22,4 15,8 1,8 8,8 0 4
II 22,6 16,2 1,1 8,8 0,3 4
111 22,4 14,9 1,2 9,7 0,3 6
v 21,3 12,8 2 12,1 0,4 8
\% 23,1 9,9 1,9 12,2 0 10
06.08.2015 | 21,5 19 1,3 9,1 4 OTCYTCTBYET
11 21,7 19,4 0,7 12,9 1,2 »
I11 23 18 2,2 19,1 0 7
v 23 16,5 1,3 14,9 0,3 9
\% 23,6 11,2 1,9 15,5 0,2 11
09.06.2016 I - - - - - -
111 14,7 10 3,1 8,9 3,6 OTCYTCTBYET
V — - — — - -
04.07.2016 I 26,9 16,3 4,5 11,4 0,4 5
111 26,1 13,5 2,7 11,2 0,3 5
\ 24,9 7,3 3,9 11,8 0,3 6
22.08.2016 | 19,8 16,3 1,2 9,7 5,7 OTCYTCTBYET
111 20,5 18 0,3 9,3 0 9
\" 21 8,8 1,7 9,8 0,3 10
18.06.2017 | 19,6 13,2 4,6 9,6 4,6 OTCYTCTBYET
II 17,9 13,5 1,4 9,1 4 »
111 18,5 11,7 3,3 11,4 1,4 »
1AY 16,5 11,5 0,9 9,3 1,8 »
\" 17,6 8 1,1 10,3 1 »
10.07.2017 I 16,6 13,6 0,9 7,7 3,3 »
11 16,5 15,6 0,2 7 6 »
111 17,1 14,4 1 8,5 0 9
v 17,3 13,8 0,9 9,3 0 12
\% 18,6 9,1 3,3 10,7 0 15
20.08.2017 | 24,6 19,3 1,6 16,3 2 OTCYyTCTBYET
I1 24,3 19,5 1,4 14,8 0,3 6
111 24,3 19,1 1,8 13,4 0,2 6
v 24,5 16,2 1,7 13,1 0,1 7
\% 24,1 9,8 1,7 11,3 0 8
19.06.2018 | 23,6 15,9 3,2 11,7 1,5 OTCyTCTBYET
11 22,9 14,8 2,7 12,9 0,2 6
111 22,6 12,6 4,3 14,2 0,2 8
v 22,6 9,2 2,5 14 0,1 10
\% 22,7 6,2 3,2 12,2 2,8 -
07.07.2018 1 21,1 17,7 1,3 10,5 1,5 OTCYTCTBYET
11 20,8 18 0,8 10 0,2 6
111 - - - - - -
v 20,1 10,1 1,9 10,1 0,1 9
\" 20,3 6,7 2,8 9,8 0,5 18
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OxoHyaHue Tabm. 1

1 2 3 4 5 6 7 8
19.08.2018 1 - - - - - -
11 21,3 19,6 , 11,3 2,8 -
111 22,3 15,9 1,1 12,5 0,3 6
v 22,5 12 3 10,7 0,2 8
\Y% 22,6 7,8 1,9 8,4 0,1 7
[Ipumeuvanue. 3nech ¥ B TabJ. 2: IPOYEPK — HET JAAHHbIX.
Tabnuma 2
Conep:kanne MeTaHa B Bojge MoxkKaiiCKOro BOIOXPAHIIAINA 1O JAHHBIM MHAPOJIOrHYecKnX cbeMoK B 2015—2018 rr.
CopnepxxaHue MeTaHa, MKJI/JI ConepxaHne MeTaHa, MKJI/J
Jara Cranuus Jara CraHuus
MMOBEPXHOCTh TTHO MOBEPXHOCTh TTHO
09.06.2015 I 2,57 7,75 18.06.2017 v 3,90 10,00
11 2,27 5,13 \'% 2,27 8,88
I - - 01.07.2017 I 22,61 14,14
v 1,48 6,41 I 11,06 284,94
v 0,98 2,06 11 4,21 23,67
01.07.2015 I 10,91 505,03 v 4,32 95,08
11 4,63 86,94 \% 4,86 274
I 2,98 683,16 20.08.2017 | 24,24 14,40
v 3,47 948,26 11 23,03 11,86
\" 2,25 702,51 111 15,89 1752,71
06.08.2015 I 14,59 202,57 v 11,98 3569,10
11 - - \'% 9,44 2508,98
I 8,45 1452,55 19.06.2018 I 13,4 26,4
v - - 11 6,5 141,1
v 4,59 2329,98 11 5,7 106,6
09.06.2016 I - - v 3,7 3,4
I 2,8 49 \% 2,6 6,7
\Y - - 07.07.2018 I - -
04.07.2016 I 12,36 453,05 I - -
111 8,89 948,43 111 - -
\Y% 3,8 63,32 v 4,8 215,9
22.08.2016 I 4,79 7,03 \% 4,2 5,8
111 5,41 2475 19.08.2018 I - -
v 4,42 - 11 - -
18.06.2017 I 9,30 10,30 111 9,0 =
I 6,35 18,56 v 6,8 2384,8
I 4,61 9,08 \% 1016,4
Ta6bnuua 3
XapakTepHble pacyeTHble 3HaYeHus AU (y3MOHHOrO yAeIbHOro MOTOKA MeTaHa
B Moxaiickom Bogoxpanumme (Mmr C-CH,/(M2-4) no ganueiv 3a 2015—2018 rr.
Mecsu
Paiion WIOHb WI0JIb aBIyCT
cp. MUH. Makc. cp. MUH. Makc. cp. MUH. Makc.
BepxoBbst 0,1 0,03 0,27 0,16 0,07 0,26 0,3 0,05 0,82
LleHTpaabHBII 0,1 0,04 0,19 0,16 0,05 0,29 0,21 0,05 0,57
IMpurioTUHHBIN 0,04 0,02 0,11 0,06 0,03 0,08 0,13 0,03 0,43
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SAK/IIOYEHUE

BriepBrie NpoBeACHHbIM KOMIUIEKC UCCICIOBAHUI MACIITA00OB SMUCCUM METaHa C MOBEPXHOCTU C1abo-
MPOTOYHOTO JOJMHHOIO MCKYCCTBEHHOI'O BomoeMa Ha IpruMepe MoxXkaiicKoro BogoOXpaHUIMIIA ITO3BOIII MO~
JIYYUTh XapaKTepHble 3HAUEHUST COACPKaHWS TaHHOrO rasa B TOJIIE BOJABI M €ro MoToka B atMochepy. Mc-
CJICIOBAHMS BHITIOJTHEHEI B COOTBETCTBUM C MPUHITHIMUA B MUPOBOI MPaKTUKE METOIAMHM, YTO 00eCTIcYMBaET
JTOCTOBEPHOCTH TTOJIYYCHHBIX PEe3yIbTaTOB. Pa3Imuns MOTrOMHEBIX YCIOBU B TOABI UCCIETOBAHNIA, TTOBIUSIBIIIIC
Ha 0COOEHHOCTH (DOPMHUPOBAHMS TUAPOJIOTHUECKON CTPYKTYPEI BOOOXPAHWIINIIA, TTO3BOJIWIN BBISSBUTH BIIVSI-
HHUE BHYTPUBOIOEMHBIX IIPOIICCCOB Ha Pe3yIbTUPYIONINI MMOTOK METaHa ¢ MOBEPXHOCTH BOTOEMA.

YcraHoBieHa CylIeCcTBEHHAsI MPOCTPAHCTBEHHO-BpEeMEeHHAsT HEOTHOPOTHOCTh 3HAYCHUI YICIHLHOTO IT0-
TOKa MeTaHa, O0YCIOBJICHHAS pa3IMIreM T'MAPOJIOTHUECKOIO peXXrMa €ro palioOHOB, OTIMYAIOLINXCST CPEeaHEeN
rnyouHoii. ComepxaHue MeTaHa B BOAOXPAHWIMILE ONpEAeiseTCs CUHONTUYECKOM CUTyalueil, 0COOeHHO-
CTSIMU IUIOTHOCTHOTO PAacC/IOEHMSI, TEPMUYECKOIO M KMCIOPOIHOIO PEXMMOB BOIOEMA B TOT WJIM MHOI IO/,
ITo naHHBIM HAOMIOACHMIT, HAMOOJIBIIMX 3HAYEHUI YISIbHBIN ITOTOK METaHa JOCTUTaeT Iepel pa3pylleHueM
npaMoii crpatuduxauyuu — 16 mr C-CHy/(M24). TIpu pacyeTte romoBoil SMUCCUU € MTOBEPXHOCTH BOAOXpa-
HWINIL HEOOXOAMMO HEMIPEMEHHO YYUThIBaTh IIPOCTPAHCTBEHHO-BPEMEHHYIO HEOAHOPOMIHOCTh pacmpeesie-
HUSI 3HAYEHUI yISIBHOTO ITOTOKA MEeTaHa, KOTOPOi OTJIMYAIOTCS BOMOXPAaHWJIMILA JOJMHHOTO THUMA (K HEMY
OTHOCHTCS OOJIBITMHCTBO NCKYCCTBEHHBIX BOTOEMOB Mupa). J1isg GoJiee IeTaabHOM OIEHKM SMUCCUN MeTaHa
C TIOBEPXHOCTH BOTOXPAHWIMII, OCOOCHHO B ClIydae HEMCCIEAOBAaHHEBIX BOIOEMOB WJIU TIPW HAJTWYUK HEpe-
TYJISIDHBIX SKCIIEAUIIMOHHBIX JAHHBIX, BO3MOXHO HCITOJIb30BaTh MaTeMaTHIecKre Momesn, HampuMep [17].

B KauecTBe TepCIEKTUB Pa3BUTHS MCCACHOBAHUS MOKXHO OTMETUTDH TaKKMe HAIIPABJICHUS, KaK N3yUeHUE
IIOTOKOB M€TaHa Ha TpaHUIIC «BOIa — JOHHBIC OTIIOXCHMS», OIICHKY BHIOpOCA ra3a 3a MepUOIbl BECCHHETO
W OCEHHEro IepeMeIINBaHMs, a TaKKe IOCTYIUICHHE C IMPUTOKOM M Aera3aluio Ipu cOpocax BOOBI 4Yepes
IJI0THHY. JIJIs1 IpOmO/KeHUsT U3yYeHUsT POCTPAaHCTBEHHO-BPEMEHHOM M3MEHYMBOCTHY ITOTOKA MeTaHa 3¢ dex-
TUBHO IPOBeAeHNE OJHOBPEMEHHOTO MOHUTOPUHIA MUHTEHCUBHOCTU MPOAYKIIMOHHbBIX IIPOLIECCOB, KOTOPHIE
MPUBOISIT K IEPECHILIEHUIO MOBEPXHOCTHBIX CJIOEB KMCIOPOAOM M YCUJICHMIO CEAMMEHTALIMU OPraHn4YeCcKo-
ro BeuectBa. [Ipy HaJIMYUU BBIPAXXKEHHOM CTpaTU(UKALIMM U OTCYTCTBMM KMCJIOpOJa y AHA (DAKTOPOM II0-
MepEeYHbIX U3MEHEHUI BEJMYMHBI ITOTOKA METaHA MOTYT OBITb CTOHHO-HAaroHHBIE SIBJICHMS, BBI3BIBAIOIIME
alBeJUIMHT XOJIOMHBIX, OOTaThIX METAHOM BOJ TMITOJIMMHHOHA.

Paboma evinoanena npu gurnancosoit noddepicke Poccutickoeo ¢onda pyndamenmanvhbix uccredoéanuli u
Pyccroeo eeoepapuueckoeo obwecmea (17—05—41095).
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