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Ha ocHoBe gaHHBIX ceTu MOHUTOpUHTA MAapHUKOBBIX razoB JR-STATION, anomanuil nmpuseMHOIl TeMIIepary-
pot (AT) u xpurepues Gaoknposanus, npeaaoxennpix Tibaldi S. u Molteni F. (TM), uccienosanbl n3aMeneHus
KOHIIEHTPAINK MeTaHa B mepuoibl arMocdepHoro GjokupoBanust Haja 3amagnoir Cubupbio. IIpoaHanmn3upoBaHb
snerHue ce3onbl ¢ 1 mions mo 31 asrycra ¢ 2005 mo 2013 r. Karanor 6sokupoBaHuii, moJy4eHHbI B paboTe, CO-
nepxut 13 co6bITHii, 0TOOpPaHHBIX HA OCHOBAHUH aHAIN3a M3MeH4YnBOCTH Kputepust TM, a Takke MPOIOIKUTETb-
vbix AT, paccunranHbiXx Ha ocHOBaHuM JaHHbIX peanasn3a ECMWF Era-Interim. [lyist Bblje/ieHHBIX COOBITHI HC-
CJIeIOBAJIICH HAJIMYKME OYaroB IMPUPOIHBIX MOXKAPOB U IPeAIIeCTBYIONMe OJIOKIHTY aHOMaJIIH 0CaJKoB. Bce cobbI-
THSI pasjieJieHbl Ha [[BE IPYIIbI 10 MPOCTPAHCTBEHHOMY oXxBary (rpaHudHble GJIOKHHTH, 3aXBATBIBAIOIINE TOJBKO
vacth 3amaguoii CubupH, 1 CeKTOPHbBIE, MOJHOCTHIO OXBATHIBAIONINE TeppUTOpnIo 3amaanoit Cubupu) u Tpu rpyn-
bl 110 BpeMenu crannonnpoBanus (5—6, 7—9 u >10 ameit). BoisicHeno, uto npaktuueckn Bce cOOBITUSA GJIOKUPO-
BaHUsSI BJMSIOT HA NOBBINIEHNE KOHIEHTPAIMU MeTaHa, He3aBUCHMO OT BPEMEHM CTAIMOHMPOBAHMS U TPOCTPAHCT-
BEHHOTO OXBaTa, HO CTEIeHb BJMSHUS 3aBUCHT OT Xapakrepa OJOKUHTA M CONMYTCTBYIOUIMX €My YCJOBH. IJTO IMO-
3BOJIJIO BBIIEJNUTD YETbIPE OCHOBHDbIE TPYIIbI, XapaKTePU3YIOIINe CBsI3b <«OJOKUHT — KOHIIEHTPAINS MeTaHa»:
«MacIITaGHbIA-INTETbHBIA  GIOKUHT / OGIIMPHbBIE TT0XkKapbl» (MaKCUMaJIbHO BIMSAHUE GIOKUPOBAHUI), <«Macuiral-
HbBIH- /T TENbHBIH GJOKMHT / aHOMAJbHbIE OCAAKM [0 GIOKMHTA / JIOKAJIbHbIE MOKapbl» (BTOPas MO CTENEHN BJIMS-
HUsA), «KOPOTKHIT GIOKUHT /Ge3 fom. ycaoBuil» (Tperbsi), «CeKTOPHbBIH-AMUTENbHBIH GIOKUHT / JTOKAJbHbIE T0Ka-
pbi» (MUHUMAJIBHOE BJIMSHUE).

Kniouegvie carosa: xaumar, MeraH, NAPHUKOBbBIE ra3bl, KOHIEHTPalsi, atMocdepHoe GIOKUPOBaHKE, aHOMA-
JIMU TIPU3EMHOI TeMIlepaTypbl BO3/yXa, NPHUPOJHbIE moxapbl, armocdephbie ocajku; climate, methane, green-
house gases, concentration, atmospheric blocking, surface air temperature anomalies, natural fires, precipitation.

Bseaenne

Atmocdepnbiii Metan, Hapamy ¢ CO,, saBisercs
BAKHEHITNM NAapHUKOBBIM Ta3oM. BimsiHne MeTaHa Ha
KJIUMATUYECKYIO CHUCTEMY OCYIIECTBJISIETCS Yepe3 €ero
CIIO0COGHOCTD TOTJIONIATh U3JayueHne 3eMyn B uHpa-
KpacHO!l 06JIaCTH CIIEKTPa, a TaKXKe ero y4acThe BO
MHOTHX (POTOXMMHYECKUX peakImsax B arMocdepe. Pa-
JMUAITMOHHBIN (POPCUHT MeTaHa, COCTABJAIONIMI B Ha-
cTosmiee BpeMs okoso 1 Br/M?, cpaBHUM ¢ (pOpCHHTOM
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yraekucsoro rasa (oxoso 1,7 Br/ M%) [1]. Konmnenrpa-
nug MeTana B atMocdepe ompejessercs 6aJIaHncoM ero
SMUCCHM C TIOBEPXHOCTH 3eMJIM M Pa3pylIeHUs B pe-
aKIMHA C THIPOKCHIBHBIM paankagoM OH. Vcrounmkn
SMUCCHN MeTaHa BKJIOYAIOT aHTPOITOTE€HHBIE — CBSI3aH-
Hble C AeATeJIbHOCThIO uesnoBeka (MCIOIb30BaHHE HUC-
KOIaeMOro TOIJINBA, BBIpANUBAHUE pHCA, KUBOTHO-
BOJICTBO, CBaJKa U 00paboTKa OTXOIOB, CKUTaHUe
6UOMacchl) ¥ eCTeCTBEHHbIe, TaKie KaK BOIHO-G0JI0THBIE
TEPPUTOPUU, TEPMUTHUKK U OKeaHsb [1].

CytiecTBeHHOE BJIMSAHNE Ha TJOOATHHBIN GasaHc
MeTaHa OKa3bIBAIOT 3KOCHCTEMBI BBICOKUX U CPEIHUX
mpoT [2]. 3HaumTesbHAS YACTh AMUCCHN MeTaHa
31ech cBsi3aHa ¢ GorarbiMu TopdoM 6osoTaMu, HAXO-
JSIAMUCS B OTHOCHTEIbHO Y3Koi Tosoce oT 50 10
70° c.mm. [3], B OCHOBHOM COCPEIOTOYEHHBIMH HA Tep-
putopun Poccun. [[1a 6omor 3amaguoit Cubupnu 3amac
yriepoja oreHnBaetca BeqmunHoit 70 I'tC [4], a cywm-
MapHble 3MUCCHHM MeTaHa IO PA3JUYHBIM OIEHKaM CO-
crasasior or 1 1o 20 MTCH,/roz [5, 6].
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O6namas TUTAHTCKUMHU 3amacamu yriepozaa, Cu-
6UpHh WTPAET CYIIECTBEHHYIO POJib B €ro TrI06aJIbHOM
61okere. OIHAKO ee 9KOCHUCTEMBI YS3BUMbBI MPU TJIO-
6aIbHOM M3MEHEHUU KJNMATa BCJIEJCTBUE HAPYIIEHUS
Gamamca MeX/Iy TEPBUYHBIM IIPOM3BOJCTBOM YTJIEPO/A
U [IbIXaHUEM, BBICBOOOXKIEHHEM YyTJepoJa IIPU TasSHUU
BEYHOII MEpP3JIOThl M YBEJMYEHHEM YUCJIA JIECHBIX I0-
JkapoB Tipu 6osiee TeryoM kiuMmate [7]. Pexum 6oJor
U B I1€JIOM TPHUPOJHBINA IIMKJ METaHa 3aBUCAT OT PETHO-
HaJIbHBIX U TJIOOAJbHBIX U3MEHEHHI KJuMaTa M, B CBOIO
ouepe/b, BIUAIOT Ha HUX [7—9]. C Toukm 3peHus Me-
TaHOTeHe3a HamboJjiee 3HAUYUMBIM SIBJISIETCSI JIETHUIN Tie-
PHUO, a BayKHEHIINMU TIEPEMEHHBIMHE, OMPEAE/ISTIONIMI
MOTOKM MeTaHa, — TeMIepaTrypa U BJArocoep:KaHue
nouBsl. Tak, B Mozenn ectectBeHHbIxX amuccuit CH, u3
BJIAJKHBIX 9KocucreM, ucnosb3yemoit B UDA PAH [9],
TOJIHBIN TTOTOK MeETaHa OIPEe/EJSIeTCs TeMIepaTypoii,
YBJIQKHEHHOCTBIO U COJeP’KaHUEM YIJIepoia B IIOYBE.
Kpowme Toro, yumTbiBaeTcsi, 4TO MeTAaHOTEHe3 B TMOYBe
BO3MOKEH TOJHKO B aHAIPOOHBIX YCJIOBUSX TIPU TIO-
JIOSKUATEJNBHBIX TEMIIEPATYPAaX U XAPaKTEPU3YETCs IKC-
MOHEHIIMAJBHON  3aBHCUMOCTBIO  OT  TEMIIEPATYPDI.
Takxe sMuccus MeraHa JUHEHHO 3aBUCUT OT BJIAroco-
JlepoKaHMUsT TTOYBBI.

Krnumartuveckue Bapualuy TeMIEPaTypPHO-BIAXK-
HOCTHOTO PEeXXUMa OTIENbHBIX PETMOHOB, B TOM YHUCJE
3anaguoit Cu6UpH, ONMPENENIIOTCS OIPOMHBIM YHCJIOM
daxTopoB. Baxkuelinmmii 13 HUX — HM3MEHYNBOCTDH TIO-
BTOPSIEMOCTH CUTyaluii atMocepHOro OJOKUPOBAHUS
(60kmuroB) [11, 12]. Pesyabrarsl, nomydennsie B [12],
JIEMOHCTPUPYIOT, 4YTO OJOKMPOBaHWE HAJ 3araHoi
Cubupbio BHOCUT OKOJIO TIOJIOBUHBI B OOIIYIO U3MEHYH-
BOCTb IUPKYJSIMU CpejiHeil Tponocdepbl B 3TOM pe-
THOHE, O YeM CBU/ETENbCTBYET PA3JIOXKEHHEe HA eCTeCT-
BEHHBbIE OPTOTOHAJIbHBIE (QYHKIMH TMOoJiell TeonoTeH-
nuana 500 rlla. Kpome toro, aBropamu [11] 6bLI0
YCTaHOBJIEHO, YTO KOI(P@PUINEHT KOPPEAINN KOJIuJe-
cTBa arMocEepPHBIX OCAJKOB U TIOBTOPSIEMOCTH OJIOKWH-
roB B 3amaanoit Cubupu AJist JETHUX MECSIIEB JI0BOJIb-
HO BbicOK u jpocturaer 0,6—0,7. PesysbraTnl psga Ha-
YUYHBIX PabOT CBHU/ETEJIbCTBYIOT, YTO, MO MOJEJbHBIM
onlenkaM, B XXI B. oxuzmaercss yBequyeHue IOBTOPsie-
MocTH OJOKMHTOB B EBPO-ATIaHTUYECKOM CEKTOPE
n B 1esoM B CeepHoM momymapun [13]; poct umcna
G6JIOKMHTOB OXKM/JAeTCSI W Ha TEPPUTOPUU A3UU B JIET-
nuit mepuoj [14]. Vsmenenne xapakrtepa GJOKHPOBa-
HUSI JIETOM BO BHYTPHKOHTHHEHTATbHBIX paiioHax EB-
pasuu B CTOPOHY YBEJUYEHUS TIPOJOIKUTETHHOCTH
MOJKET TPHUBECTH K H3MEHEHUIO TeMIepPaTypHO-BIaXK-
HOCTHOTO PEKMMa 3KOCHUCTEM BBICOKUX U CPEIHUX IIHU-
POT, TasgHUIO MEP3JIOTHI, YBEJMYEHHUIO YHCJIA MOXKAPOB.
B pa6ote [10] npoaHasn3upoBaHO BJIHSHUE OCHOBHBIX
napaMeTpoB arMoc(epHOro BO3IEWCTBUS HA IMUCCHH
MeTaHa. ABTODBI PE3IOMUPYIOT, YTO C PAa3HUIEH B MpH-
HOBEPXHOCTHOII TeMueparype B 3anajaHoii Cubupu 1o
pacueraM ¢ Pa3JUYHBIME MOJEJSIMH B HanGOJbIIEN
CTETNeHN CBs3aHa PA3HUIA B 3HAUEHUSIX HMUCCHI MeTaHa.

K coxasenuio, Takoil BaKHBIII BOIPOC, Kak
BJIMSTHUE GJIOKMHTOB Ha cocTaB arMocdepbl (POHOBBIX
paiioHOB, OKa3bIBAaeTCS BECbMa CKYJHO OCBEIIECHHBIM.
ITomuepkHeM, 4TO peub AT UMEHHO O BJIMSHUU Ha
€CTECTBEHHYIO 9MUCCHIO MeTaHa, a He 00 yBeJIWYeHWH

AHTPOTIOTEHHO! cocTaBgonieil. B cBoo ovepennb, 6e3
MMOHUMAHUSI CTEIIEHN BJUSHUS OJIOKUHTOB HA 3MUCCHU
MeTaHa TMPUPOJHBIMUA  IKOCHUCTEMAMHU  HEBO3MOKHO
CTPOUTDH KaKue-T160 IPOTHO3bI HA OCHOBE PA3JTHMYHBIX
crieHapueB Oyaymux uaMenenuit 6;10xkuHroB. I[lombita-
eMcad chOpMyIMpOBaTh, B YEM Ke 3aKJII0YaroTCs OC-
HOBHBIE CJIOKHOCTU BBISBJCHUS TOJOOHBIX CBs3€il.

B mesoMm pexxnM 6JOKHPOBAHUS MOXKHO OMICATDh
KaK KBa3MCTAIMOHAPHBIN IpoIlecc, XapaKTepu3ylo-
muiicss HaawdneM OapOTPOITHOTO AHTHIMKJIOHA OO0JTh-
[IOIT aMILTUTY/IBl U «PACHIEIIEHNEM» 3aIIa[HOTO TIepe-
HOCA BOB/IYIIHBIX MACC HA [[BE JHEPTETUYECKU PABHO-
3HauHble BeTBU [15, 16]. B smeTHuit mepuosa momo6HbIH
PEXKUM IUPKYJISAIUI XapaKTePU3YeTCs:

1) NOBBIIIEHUEM NPHU3EMHOIT TeMIepaTypbl BO3/IyXa
B 06JIaCTH aHTHIMKJIOHA IO Mepe ero (popMHpOBaHUSA,
KOTOpoe dYale TpnoOpeTaeT y:Ke 3KCTPeMasbHBIN Xa-
paKkTep K CTaJUM 3allOJHEHUSA aHTUINMKJIOHA. IJTOMY
CrOCOGCTBYIOT KaK aBEKIUsT BO3AyXa M3 CyOTPOIH-
KOB, TaK U IIOCTYIJIEHHE COJIHEYHOU paauaiuu B OT-
cyrcrBue ob6iayHoctu. IlopaBieHNI0O KOHBEKTHBHOM
06J1a4HOCTU  CIIOCOOCTBYET ~ YMEHbBIIIEHUE T'PAJUEeHTa
TEMIEepPaTypbl 110 BBICOTE, COMPOBOXKAIONIEE PA3BUTHE
6JTOKUPYIOIIEr0 aHTUINKJIOHA,;

2) 3aMKHYTBIM ~THUIIOM /[BHXKEHHSI — BO3/YLIHBIX
Macc, TPH KOTOPOM Bce Ta30Bble M a3pPO30JIbHBIE CO-
cTaBygone arMochepbl HAKAIIMBAIOTCSA B OTPaHH-
YeHHOM OJIOKMHTOM TIPOCTPAHCTBE.

OueBH/HO, YTO PEXUM OJOKMPOBAHUS OKA3bIBAET
3HAYMMOE BJIMSIHUE HE TOJHKO HA AHOMAJIMH TeMIlepa-
TYPBbI ¥ OCAJIKOB B PErvMOHe, HO M HA SMHUCCUU MeTaHa.
Ho ampmopu cI0KHO TPeaNooKUTb, KaK MEHSeTCs
kounenrparusa CHy B mepmon 6soxkupoBanust. [maBHas
CJIOKHOCTD 3aKJI0YAETCSI B TOM, YTO 3MUCCHS MeTaHa
3aBUCHT HE TOJBKO OT TEeMIeparypbl BO3/yXa, HO
U, B 3HAUUTEJbHON CTEIIeHU, OT YCJIOBHIl yBJIAKHEHHO-
CTH, T.e. HAKOIUIEHWS BJaru B OOJIOTHBIX CHCTEMaX,
KOTOpOe TIPEINIeCTBOBAIO OJIOKWHTY ¥ MOBBINIECHHUIO
teMieparypol. Takum o6pa3oM, GJOKHPOBAHHE ITPOSIB-
Jsiercsi B 3amagHoil Cubupu 1MO-pasHOMY B 3aBUCHMO-
CTU OT KOH(MDUTYPAIMH 1 TIPOJIOIKUTETbHOCTH CUTYAIHH,
U TIPU 3TOM €My MOTYT IIPEIIECTBOBATb aGCOMIOTHO Pa3-
HbIe YCJIOBHUSI 10 OCAKOHAKOILIEHUIO. YUHUTBIBAsI 3TH
(hakTpl, HEOOXOINMO WCCIEOBATD TIEJIBINH DS PA3IHY-
HBIX CUTYaIWii /IS TOHMMaHWS BIMSHUS GJIOKMPOBAHHS.

CymecTByeT ele OJMH BaKHBIN (PaKTOp, O KOTO-
poM He cJjefyeT 3a6bIBaTh. VI3BECTHO, YTO TPOJOJIKH-
TeabHble cobbitia OmokmpoBanmsa (CB), Takme Kak
geromM 2010 r. [17, 18] Ha eBpOMEHCKOW TEPPUTOPHUM
Poccun wimm 2012 r. B Cubupu [19], conmpoBoxaaioTcs
JIECHBIMU U TOP(SHBIME TOXKapaMu. A, KaK H3BECTHO,
ropenne 6GMOMACChl TAK)Ke SIBJISETCS 3HAYMMBIM HCTOY-
HUKOM sMuccun Merana [1]. 11 Ha JaHHbBIE MOMEHT He
SICHO, COTIPOBOXKAAIOTCS JIM Bce 60Jiee WM MeHee -
tenbuple CBb mag 3amagmoit Cu6uUpBIO TPHPOIHBIMU
MO’KapaMy WJIM 3TO KAacaeTcsl TOJIbKO PEAKNX CJIydaeB
CBEPXIKCTPEMaTbHbIX cOObITHil THa 2012 rT.

enpio HAIIEro MCCIEMOBAHUS SIBJSIETCS MU3y4YCHUE
U3MEHEHUs KOHIIEHTPAIMN METaHa B MepUojbl GJIOKH-
pPOBaHUs, aHAIHU3 YCJIOBUII YBJAKHEHHOCTH ¥ OYaroB
BO3TOpaHMs, COIYTCTBYIONINX 3THUM TIepHOJaM, I
JeTHuX ce30HOoB ¢ 2005 mo 2013 r.
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MeTtoanka u JaHHbIE

Ammocpepnuviit meman u memnepamypa
6030yxa (na cmanuusx)

Teppuropust 3amagaHoit Cubupnm — 3TO €IMHCT-
BeHHDBIN pernoH B Poccuu, rie mMeercs pacrpejeseH-
Hast ceTb (POHOBOrO MOHHTOPHHTA MAPHUKOBBIX Ta30B.
B nepuox ¢ 2002 mo 2008 r. MOA CO PAH u Ha-
IIMOHAJIBHBI WHCTUTYT WCCJIEJOBAHNS OKPY’Kafollei
cpeznpt (NIES, SoHus) BBeM B 9KCILUIyaTalUi0 BOCEMb
aBTOMATHYECKNX M3MEPUTEJbHBIX TTOCTOB JJIsI HabJIoe-
HUS 32 IPU3EMHBIMH KOHIIEHTPAIMSAMU MeTaHa U yTJe-
KHCa0ro rasa B (poHOBBIX paiionax Cubupu (IIpoexT
JR-STATION) [20]. HaxoluieHHble K HACTOSAIIEMY
BpEMEHHU YHHKAIbHbIE CBEJCHUS IMO3BOJISIOT MPOBECTH

MTOJTHOI[EHHOE HCCJIEeZIOBAaHNE BO3/EHCTBUSA CHHOITHYE-
CKHX TIPOILIECCOB HA TIPOCTPAHCTBEHHO-BPEMEHHYIO WU3-
MEHYNBOCTb YKAa3aHHBIX Ta30B B (POHOBBIX YCJOBHSX.

Bapunarnuu KoamyectBa MeTaHa AHAIU3UPYIOTCS
C WCIOJB30BAaHMEM J[AaHHLIX W3MepeHHmil Ha IOCTax,
JIOCTATOYHO PABHOMEPHO PACIHPE/ETEHHBIX IO TeppH-
topun anannoii Cubupu (puc. 1). Koopaunars 1o-
CTOB TIpuBe/ieHbl B Tabu. 1.

Wsmepennst Ha mocTaX BeAyTCS KPYIJIOCYTOYHO
U KpyryaoroanyHo ¢ uHtepsBaioM 1 4. Buaromaps opwu-
THHAJIbHOH cucTeMe KaJnOpPOBKH MOBEPOYHBIMU Ta30-
BBIMH CMECSIMU TIOTPENIHOCTb U3MEPEHUil KOHIIEHTPA-
nun CHy we mpesbimaer 5 ppb. [lJist OlleHKY BIIMSIHILS
Cb or6upanuch manubie ¢ 13 10 17 4 MecTHOTO Bpe-
menu ¢ 2005 o 2013 r.

Ta6nuna 1

XapakTepUCTHKH H3MEPUTEIBHBIX OCTOB CETH MOHHTOpPHHTa B 3anaaHoii Cubupu

IToct Havano namepennit Pacnososkenne Inpora [Honrora Boicora BHCOIa
H.y.M., M | ypOBHeil, M

BRZ Despasb 2002 Bepesopeuka, Tomckast 06.1. 56°09” c.1m. 84°20) B.1I. 150 5, 20, 40, 80

KRS Uionp 2004 Kapacesoe, 58°15 c.1. 82°25’ B.n. 50 35, 67

Tomckast 06.1.
IGR Cents6pp 2004 Wrpum, XMAO 63°12" c.. 64°25 B.1. 25 24, 47
Uionp 2013

NOY Wionb 2005 Hosi6pbck, AHAO 63°27" c.m.  75°46 B.1. 100 21, 43

DEM Uionb 2005 Ilembsanckoe, Tiomenckasa o6, 59°47’ ¢, 70°52 B.1. 75 45, 63

SVv [lexa6pb 2006 CaBymika, Antaiickuii kpait ~ 51°20’ c.m. 82°07’ B.x. 400 27, 52

[lexa6pb 2013
AZV Jlexa6pp 2007 As0B0, OMcKast 06.1. 54°42" c.1. 73°2" B.1. 100 29, 50
VGN Mionn 2008 Baranoso, Yensabunckas o61.  54°30 c.mi. 62°19" B.11. 200 42, 85
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Puc. 1. PacnosioxxeHne ctaHIil MOHUTOPHHTA IIAPHUKOBBIX Ta30B Ha Tepputopun 3amagHoit Cuéupn

Bumsinue armocdepnoro 6noxkupoBanus B 3anaanoii CuGMpU Ha M3MeHeHHe KOHIEHTPAlM MeTaHa B JeTHuil mepuon 395



Ammocpepuvie 610Kun2U

VccnenoBanue MUPKYIAIMU aTMOchepbl TpoBe/e-
HO Ha OCHOBE J[JaHHBIX EBpomeiickoro peanamsa
ECMWTF Era-Interim (c cerxoii 1,5x1,5) [21]. B ka-
YecTBEe OCHOBHOTO OOGBEKTHBHOIO KPHUTEPHUS JJisi 0OHa-
pyxxeanst u anammu3a CB ObLT MCHOIB30BAH KPUTEPHid
Tibaldi m Molteni (TM) [22]. Cornacno TM paccun-
THIBAIOTCA CJIEAYIONIME TPAAUEHTHI T'€OMOTEHIIMATbHBIX
BBICOT:

GHGS = M; 1)
©®o — Ps

GHGN = M’ )
®n — Qo

rae Z — Boicota uzobapuueckoir nosepxuoctu 500 rlla
(2500); @, =80°cm. £+ A, @y=60°cm. +A, ¢ =
= 40° c. + A, A=0°, £4,5°, +3°, £1,5°.

Baokupyromeil cunraercs cutyanusi, Ipu KOTOPOi
GHGS > 0, GHGN < —10 M/rpasayc mmporst (GHGS —
gradient of geopotential height (south), nanee B Tek-
cre GS). TlepBoe ycioBHe TOKasbiBaeT Haaumdne oGpa-
IMeHns MepuanoHAIbHOTO Tpaamenta Z500, xapakrep-
Horo st GJOKuUpylomieid cutyaruu. Bropoe yciaoBue
03HAYAET, YTO K CeBepPy OT OJOKUHTA JJOJIKEH CYIIeCT-
BOBaTh CWJIbHBINA 3alaJHbI TMOTOK; TaKMM 06pa3oM H3
«KaTayiora GJOKMPOBAHUSI> HMCKIIOYAIOTCS CJAy4Yau aHO-
MaJbHOTO CMEIIEHNsI Ha IOT CTPYHHOrO TEYeHHs yMe-
peHHbIX HMpoT. B pabore [23] 6bLIO MMOKa3aHO, YTO
yeaosue (2) BBINMOJHSIETCS [ TMOJABASIONIEr0 GOJIb-
MIWHCTBA COOBITHI GJOKMPOBAHUS IUTENBLHOCTBIO 60-
aee 5 cyt (asa 3anagroit Cubupn).

B Bumy psima ocoGennocreii [23], cBsi3aHHBIX
¢ o6HapyskeHueM OJIOKWHTOB B JIETHUI TI€PHOJ HaJ
3anaanoit CuOUpPHIO, UCHOJb30BAHKE JIUIIb OOBEKTHB-
HOTO KpuTepusi 06Hapy KeHust 6JIOKUPOBAHUI SIBJISIETCS
HellocTaTOUHBIM. Pasymeercs, 3TO KacaeTcss TOJBKO
BBIGOPKK OTAeabHBIX CB /i penieHus mpuKJIaIHbIX
3ajla4, a He ABTOMATUYECKOTO TOJICUeTa CpeaHell To-
BropseMocTr. [lockosbKy GmokupoBanue B atMocdepe
MPE/JCTABJISET JJisI HAC MHTEPEC C TOYKHU 3PEHHS] aHO-
MaJIiil TEMIIEPATYPHOTO PEKUMA, [JIsl YTOYHEHUS pe-
3yJIbTaTOB OOGDBEKTUBHOTO aHaInW3a Mbl HCCJIE0BAIN
TaK}Ke aHOMAJIUM TEMIIEPATYPHOTO PEXKUMA [/l JIETHUX
CE30HOB Ha OCHOBE JIOJITOTHO-BPEMEHHBIX [HarpaMM,
KOTOpBIe OBLIN TIOJTyYEHBI CJIEAYIONNM 006pa3oM: I
kaxxnoro roga ¢ 2005 nmo 2013 paccyuThIBAIUCH CPeE-
HEMIMPOTHBIE 3HA4YeHMsT TeMreparypbl (B IMUPOTHOM
cektope 50—70° c.1m.) [/ KaskAoH JOJTOTBI B MHTEP-
Basre 50—100° B.1. m Kaxkaoro aHsA ¢ 1 wiond no 31 as-
rycra. IJTH K€ 3HAYEHWS NPEIBAPUTENHBHO BBIYICJIS-
JIUCh IS CPeTHEMHOTOJIETHUX TeMmnepatyp ¢ 1979 mo
2013 r. [lanee paccuuTbIBasach Pa3HOCTb TeMIIEPATYP
KOHKDETHOTO TOjla M CPEIHEMHOrOJIETHErO MOKa3aTelst
(mmpora, JeHb).

Bce o6napy:xennpie CBb 6bumm kaaccudunmpona-
HBI [0 BPEMEHHOMY M TIPOCTPAHCTBEHHOMY MPH3HAKAM.
Onn ObLIN pa3/iesieHbl Ha TPU TPYIIIbI 10 BPEMEHU: S—
6, 7—9 n >10 gHeil, 1 ABe MO IPOCTPAHCTBY: CEKTOP-
uble (oxBaT GJIOKMHIOM BCeil MCC/IemLyeMOl TeppuTo-

pun) u rpanuunbie (Gosbliasg 4yacTb GJOKMHIa HaxXo-
JUTCSA B COCEAHEM PEruoHe).

ﬂono./mume./tbubte xapaxkmepucmuxku

Jlist toro 4uto6bl TONYyYnTHh OOJIee AMEKBATHYIO
KapTUHY, COTJIACHO ITOCTABJIEHHOW BO BBEJEHUU 33/a-
4ye, anamu3 BaugHuss CB mpoBesien ¢ ydeToM cBeJeHMI
06 aHOMasusAX aTMOCQEPHBIX OCATKOB, IPE/IIECTBYIO-
mux OJOKMHTY, a TaKKe O BO3HUKHOBEHUHU II0KapOB
B mepuon O6jaokupoBanus. /lyist 3TOro ObLIN OTOOGPAHBI
CBEJIEHUST O CMOTOBBIX CHTyalusax (AbIM OT MOKapoB,
Mria, ¢uKcupyeMble B paiioHe CTaHIUI W3MepeHUs
MeTaHa, OT ABYyX M GoJjiee AHel) U3 apXmBa rpS.Tu.

Pasymeercst, 111 KOMILIEKCHOI OLEHKU BJIMSTHUSI
Takoro (axkTopa, KaK YBJIAKHEHHOCTb, HEOOXOINMbI
leTajabHble HMCCJIELOBAHUA JaHHBIX 00 OOBOAHEHHOCTU
60JIOTHBIX TeppuTopuil. B HameMm ciaydae Heo6XomamMa
XOTsI ObI KOCBEHHAs1 MHTETPAJbHasI OIEHKA KOJUYEeCTBa
MOCTYIUBINEHl BJaru [0 MOMEHTa HACTYIJIeHUsi 6J0-
kuHra. Jlyisg 5TOI e Mbl MOCTPOMJIN CPEIHEMECSd-
HbIe KapThl PACHpPeIeJeHNs] aHOMAIHl aTMOChepHbIX
ocagkoB (AO) no gmannsiM GPCC Deutscher Wetter-
dienst [24]. Kpome toro, mjiss BbIOpaHHBIX U3 Oa3bl
GPCC cayuaeB misg psija CTaHIMI CHETaHBl OIEHKH
CYTOYHOI AWHAMHUKHU aTMOC(EPHBIX OCAIKOB C UCIIOJIb-
30BaHUEM JaHHBbIX [25].

Pe3yJbTaThl pacueToB

Ha opuc. 2 (BKIagka) TOKaszaHbl JOJIOTHO-
BpeMeHHbIe JMArpaMMbl aHOMAJIUN TEMITEPATyp BO3.Y-
xa (AT) ans Bcex setHux cezonos ¢ 2005 nmo 2013 1.,
a Tak)Ke 3HAYEHUS MEPUIMOHAJIHHOTO TPAJMEHTa Teo-
noreriana (GS, ycmosue (1) [22]). Ha amarpammax
TOJTY>KUPHBIMU JIMHUSIMU TTOKa3aHbl BeanunHbl GS > 0,
a ToHknMu GS > —2, yTO MO3BOJIgET JeTaJbHee B3IJIsS-
HYTb Ha TPUPOJY TaK HA3bIBAEMBIX «BOJH TeIJa» HaJ
Cubupbio B JerHuii mepuona. Kpome rtoro, Ha puc. 2
npoJieMoHCTpupoBanbl caydan GS < —10, xkoropble,
HaMpOTUB, JO/UKHBI XapaKTEPW30BaTh AHOMAJIBHO XO-
JIOJTHbIE TepUoAbl JieToM. llpuBe/eHHBIE aUArPAMMBI,
C OJTHOHM CTOPOHBI, JJOCTATOYHO XOPOIIO WILIIOCTPUPYIOT,
HacKoJbKO cuiabHO AT mnpuseMHOro Bo3JyXa B yMe-
PEHHBIX HIMPOTaX 3ABUCIT OT MEPHIUOHATBHOTO Ipa-
JIUEHTA TeONOTEHIMANA, C JPYroil CTOPOHBI, IOKA3bI-
BaIOT, YTO /ISl HEKOTOPBIX COOBLITHII 3Ta CBSI3b HE CTOJb
oueBHHA. B mepBylo ouepeab, 3TO KACAETCS TIOJOKH-
teabHbix AT. Bepogrnee Bcero, jeso 3ak/odaercs
B ToM, 4Tto Kputepuii TM [22], pa3paGoTanubIil /s
EBpo-ArianTiueckoro peruona, rae rpaaneHTsl GS
JTOCTATOYHO BBICOKM, HECKOJIbKO MHAa4ye paboraer B 3a-
nmagaoit Cubupu. Hag Asueil leToM TpagleHThl TOPas/io
MeHee BBIPaXKEHbI, modroMmy mpu Bbigesernu CB Mbl
OPUEHTHPOBAJIUCL KaKk Ha mokasarejab GS, Tak u Ha
Beanunny AT. Xots, 6e3yc/OBHO, 3TOT BOIPOC HYK-
JlaeTcs B JleTaJIbHOM aHaju3e. B Tabu. 2 TpuBeleHbBI
JlaThl COOBITUIT GJIOKMPOBAHWIA, BBbIJIEJIEHHbIE HAMU Ha
OCHOBe JaHHBIX, TIOKA3aHHBIX Ha puc. 2. PaccMoTpuM
6osiee OAPOGHO COOBITHS, TPEACTABIEHHDbIE B TaOI. 2.

B nepByio ouepe/p OTMETHM COOBITUS, C UJAEHTH-
(ukarmeir Kotoppix npobseM He BO3HUKIO. [l HUX
XapakTepHO Xxopoliee coBraenne nokazareas GS u AT.
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Ir1o Grokmarn mionst 2005 r. (puc. 2, @) u wmons
2006 r. (puc. 2, 6). B mone 2007 r. nabaoanuch asa
CEKTOPHBIX  COOBITHS C  HEOOJBIIUM  [E€PEPHIBOM
(puc. 2, 6). Ha ocnoBarun AT MBI OTHECJH 3TO COGBI-
THe He K 6—8-IHEeBHBIM COOBITUSAM, a COOBITUSAM [IJIA-
TembHOCTBIO Gostee 10 mueii. B 2010 r. 3aduxcupoBan
CEKTOPHBIN OJIOKMHT, COIMPOBOKIAAIONNNCS CUIbHBIME
oJIokUTeAbHBIMU AT B KOHIE HIOJsS—Haudajle aBrycra
(puc. 2, ). Hemnoxoe coorsercreue mnokasatens GS
oTMedeHo /i GjaokupoBaHus Kouia wuionsg 2011 r.
(puc. 2, &) u cobbrtnii nrons, moasa 2013 r. (puc. 2, w).

Ilnsa xoporkux (5 gHeil) rpaHUMYHBIX COOBITHI aB-
rycra 2005 u wmions 2008 r. He BBISABIEHBI CUJIbHBIE
nosoxkuteabHbie AT, moaTomy, HeCMOTpS Ha TO YTO
ycaoBue GS > ( BBINONHAJIOCH B TeueHWe S JHell, MbI
He BKJIOYMJIN 9TU COOBITHS Ha JaHHoM atame. 11o106-
Hag CUTyalus SBJSETCS CKOpee WCKJIIOUeHWeM, a He
MPAaBUJIOM, TaK Kak dYalle Mbl HaGJofanu 0O6paTHYIO
CUTYAIMIO: JJIsI CUJIbHBIX MOJOKUTEIbHBIX AT B Teue-
Hue 5 u 6osee aHell Kputepuit GS MOKa3bIBaI HATUYHIE
O6JIOKMPOBAHUsI MeHbIell TPOAOIKUTENbHOCTH, 3adac-
TYI0O MeHee 5 [Hell, 4TO He II03BOJIAJIO BKJIIOYUTH €ro
B KaTajor. B OCHOBHOM 3TO ObLIO XapaKTepHO s
coObITHII B WIOHE W aBrycre. Tak, OPHEHTHPYSICH
B Gospineii cremenn Ha AT, MbI oTOGpasu B KaTajor
cobprtug wions 2006 r., asrycra 2009 r., Havasa UIOHSA
2011 r., a takxke mong 2012 r. OxgHo u3 stux Cb —
ATO caMOe M3BECTHOE COOBITHE JIETHETO OJOKMPOBAHUS
B 3amagnoit Cubupu. Peub uger o coObITHH HIOHI—
utosiss 2012 1., CPOKM KOTOPOTO TPUIIJIOCH HECKOJIHKO
CKOppeKTUpoBaTh (IpUYeM Kak B MIOHE, TaK U B HIOJE)
Ha ocHoBe AT. Ha puc. 2, 3 Xopoiio BUJIHO, 4TO, He-
CMOTPSI HA TO YTO AHOMAJUU TEMIIEPATYPBI XapaKTep-
Hbl M A 3amagHoit wactum (cr. Baramoso, Mrpum),

371eCch ycyoBHe GJOKMPOBAHMS HE BBIOJHSETCS BOBCE.
ITosToMy A1 3amagHBIX paitoHoB B mioHe 2012 T. MBI,
B KavecTBe UCKIIOYEHUS, OPUEHTHPOBAJINCH TOJBKO Ha
AT. TlomuepkHeM, 4YTO c/eTaHO 3TO WCKIIOYUTETHHO
13-32 XOPOIIO HM3BECTHOU OGYCIOBIEHHOCTU OGJOKUPO-
BaHUEM aHOMasuii Temieparypsl B uione 2012 r. [23].
Takum o6pazom, aiast 2012 r. MBI TTOJTYYUTH HECKOJBKO
OTJIMYAIONIIECS AaThl OJOKMPOBAHWS B 3allaJHbIX U
BOCTOYHBIX paifoHax. B manpHeiimeM aTi paitoHbI 6y-
YT PACCMOTPEHBI OTIETBHO APYT OT Ipyra.

[laTel ctarmmonupoBanusg Cb B Tabu. 2 mpuBeeHbr
COBMECTHO CO CBEIEHUSIMH O BO3HHUKHOBEHUH TPUPOJI-
HBIX TI0JKApOB, €CJIM TaKOBble (DUKCHPOBANUCDH B TIE€PH-
on Gaokumnra. Kpome toro, uccienoBaHue TOBEIEHUS
aTMOCQEpPHBIX OCA/IKOB /0 MOMEHTa HACTYIJIeHus 6JI0-
KHPOBAHUS MMO3BOJIUJIO CJeJIaTh TIPeJBAPUTEJbHDIE BbI-
BOJIbI 06 YBJIAKHEHHOCTH, TIPE/IIECTBYIONIEN GJIOKHUHTY.
B pesysbrare okazasoch, YTO CyIIeCTBEHHBIE TIOJIOMKU-
TeJbHbIE aHOMaaMn arMocepHbIx ocaakos (puc. 3)
JIeHCTBUTEIBHO TIPeAIIecTBOBAMN (MM COIPOBOK AN )
HeKoTopble coObiTusT OyokupoBanusi, a CB B wuiofe
2007 r. npejiiecTBOBAIM 2 MeC C HMOBBIIIEHHBIM KOJIU-
YEeCTBOM OCA/IKOB.

Ha ocHoBe CBOAHBIX JaHHBIX O JJIHTEIBHOCTH U OX-
Bare coObiTuii 6j0kupoBanus B nepuon 2005—2013 rr.,
TEMIIEPATYPHO-BIAJKHOCTHOM PEKUME, COIYTCTBYIONIEM
3TUM COOBITHSIM, U TPH3HAKOB OYaroB BO3TOPAHUS
B 1mepuoja OJOKMHTOB ObLia cleiaHa KiaacCubuKaims
CcOOBITHI GJIOKHPOBAHUA TIO CTEIEHN BJINSHUS Ha KOH-
nenrpauunio Metana (ta6n. 3). [lannas knaccuduranms
BKJIIOYAET MSATb TPYII, OObEINHEHHDbIX IO PSAy MpH-
3HakOB. Ha ocHOBe mpoBeneHHOI KiaaccudpuKanuu
NpeIaraloTcs JabHEIe aJropuTMbl UCCJIEIOBAHUS
MTOBE/IEHUST MeTaHa BO BpeMsi GJIOKMPOBAHUII.

Ta6nauma 2

CoGbITHsI GIOKUPOBAHUS M HX XapPaKTEPUCTHKH

Tun CB no npogosskurenpuoct (1Hu)

5—6 7-9

>10

06.2006: 2—7.06
08.2009: 14—19.08, 21—-25.08

CekTOpHbBIE

07.2005: 22—28.07
(apIM oT MOKApOB
26.07—12.08 IGR,' NOY,
28.07 KRS)

07.2006: 10—18.07
(apmM ot noxkapos 22—23.07
NOY, 18-23.07 KRS, 21—

22.07 BRZ)

07.2007: 02—07.07, 11—16.07
(mpiM ot moxapos 15-17.07 IGR)
06.2012: 9—16.06, 28.06—03.07
07.2012: 17-21.07
(apiM ot moskapos 22.06—29.07 NOY; mria, AbIM OT
noxkapoB noHb—uioab KRS, 20.06—30.07 DEM,
19.06—29.07 BRZ)
07.2013: 16—27.07
(apmm ot moxkapos 22—26.07 IGR, 21—-31.07 NOY;
mraa 25.07—10.08 KRS, 28.07—10.08 DEM)

Tun CB mo Macurra6y

06.2011: 23—28.06

06.2013: 22.06—5.07 (ocaabie-
nue 28—29.07)

I'pammanbre

08.2010: 27.07—7.08
(apiM ot moskapos 2—13.08 VGN, 2—8.08 AZV)

06.2011: 1—10.06

! 3ech 1 pasee B Tabuuile HA3BAHMS CTAHIIUIL cokparenb! (110/IHbIe Ha3BaHUs IPUBEAEHDbI B Tab/1. 1).
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HN3menenue KOHIEHTpallui Me€TaHa A/ coObITHI aTMOC(l)e])HOI‘O 6JIOKI/Ip0BaHI/[ﬂ

Ta6auma 3

CHgev Mecst, ppb AT (CB), °C CHy4ev (CB), ppb
T Cb |C I
pymna| - Jlatei A e | monn |asryer| CB1 | Cb2 | CB3 | Cb1 | Cb2 | CB3
1 2 3 4 5 6 7 8 9 10 11 12 13
B | —41 —27
BRZ H 53 —15
B 12 —10
DEM — m 2,9 —
2006 T. B —4 -5
v 10—18.07 IGR = 1 58 —1
B | —22 —30
NOY
| =21 43 —4
PRB |— - 3,1 -8
H - —7
B —47 —1 -3
I
GR H —44 -9 >,6 -7
B —7 4 21
Y —
v 2010 . NO " -9 13 0.5 37
27.07—7.08 B 8 | —17 —14
PRB H 1o -6 | 1 —13
B —27 2 4
VAG = —20 4 >4 10
Ortkionenns B.y. = [—3; 4], mean = 0,5; u.y. = [—7; 10], mean = 1,5*
B | -3,8 —14
IGR : 3,0
2006 T. H 1,4 ' -9
2-07.06 NOY — 6,9 —
PRB — 5,2 —
B 0 —13
BRZ H —4 - —17
B 17 22
IGR 3,4
2009 T. 1 15 ' 2
14—25.08 B 19 2
PRB  — 5 5,0 50
B 5 —13
VAG — - 1,8 —
B 23 15 —
BRZ (— = - - - —
B 6 36 -3
IGR
- H 12 73 4 54 —4
T.
111 1:1-09.06 | Noy 2 =17 9,5 7,4 —20 —32
2: 23-28.6 B | 19 —6 | —20
PRE P 11 ~ B 2 15
H 11 6 13
B | —24 —37 —15
VAG | ———- —2,2 —1,0 — —
B 39 39
BRZ H 15 B 20
B 5 -5
DEM  — . 1,5 —
B 40 39
IGR
2013 r. H 36 2,1 37
22.06—5.07
NOY P 20 1.0 14
H 31 —
B 4 -3
PRB  — - —2,7 —
B 77 84
VAG = 71 0 80

Otkaonenus B.y. = [—32; 39], mean
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OxkoHnuyanue Tabu. 3

1 2 3 4 5 6 7 8 9 10 11 12 13
201232510%}{) s | 26 0 63 51 18
99,061 07 IGR 10,4 7,5 2,8
1120 07 H 20 3 60 45 20
B 11 10
. BRZ — > - 5
B 32 13
DEM 4,9
2007 r. H 32 ’ 10
2-16.07 B 49 106
IGR
H 60 6,8 117
B 43 36
PRB
H 45 44 43
Ortkaonenus B.y. = [13; 106], mean = 47,8; u.y. = [10; 117], mean = 49,1
B 67 437
I
2005 T. R — 8,7 —
22-28.07 B —1 —18
BRZ H -9 B —17
B — — 17 57
AZV
H — — 18 72
DEM | 20 - 10,7 9,1 9,8 - -
2012 . 1 19 — - -
1: 9—16.06 B 18 — 21 —
2:23.06-3.07 | NOY 20 - 12,4 B - 18 — -
3: 17-21.07 B 29 — 35 37
PRB
| H 39 — 8,0 2,2 8,0 50 66
B —1 —16 4 6
VAG | — 5 — 1,6 1,5 4,2 m o
B 0 23 -9 63
DEM =0 —6 21 >8 —17 60
B 45 — 95 —
IGR 5,7
2013 r. H 42 — ’ 95 -
1: 16—28.07 B 14 | —10 -3 18
2:25.07—14.08| NOY 0 1 1 | 193 o m
(110 nosapam) B 2 47 12 76
PRB
H 4 56 49 19 86
B 79 — 93 —
VAG | — 3 — —1,1 o —

Ortkionenus B.y. = [17; 93], mean = 46,5%; n.y. = [18; 95], mean = 56,51

[lpumMevanus: h — ypoBHu uaMepenust (/11 BceX CTarHauuii B — BePXHUI, H — HIDKHUI cormacHo Tabr. 1, ais cran-
i BRZ — wwxnmit 3, Bepxuuii 2); CHjgey — OTKIOHEHNE KOHIEHTPAIIMKM MeTaHa B MECAI GJIOKHPOBAHUS OT €T0 CPEJHETO 3Ha-
wenus1 B 910T Mecsn 3a mepuog 2005—2013 rr.; AT (CB) — orkmonenue temuepatypbl Bo3ayxa (cpeanee st ABYyX ypoOBHE) st
orgenbubix CB or cpeanemecsunoro snadenus 3a nepuoj 2005—2013 rr.; CHyger (CB) — OTK/IOHEHUE KOHLEHTPALMKE MeTaHa I
orzenpipix CB ot ero cpeanero suavenust B atoT Mecsit 3a nepuoq 2005—2013 rr. IomyskupubiM 0603HAYEHBI KJIIOYEBDbIE CBE/IE-
HUSI, HA OCHOBE KOTOPBIX PAaCCUMTBIBAETCS JaJbHeilnas pe3y bTupylomas uHdopmaius 1o kaxzaoil rpynmne Cb: mMakcnMaibHble
n MuHnMasbHble oTkIoHeHus: CHy (B cko6kax), a takxke cpearee (mean) Bcex orkmoHennit CHy s Kask0r0 U3 ABYX yPOBHEN.
* — pacuer 1pousBesieH 6e3 yuyeTa aHOMaJbHOI BesamyuHbl B uioje 2005 r.

V. Co6bitue 10—18 mionga 2006 r. orHeceHo B OT-
JIEJIbHYIO TPYIIy. DTO eJMHCTBEHHOE COOBITHE, BO BPEMsI
KOTOPOro He 6buio 3a(hUKCUPOBAHO YBEJUYEHUS KOH-
IEeHTpaIlMM MeTaHa HU Ha OAHON craHimu. HecMmorps
Ha TO YTO B ITIEPHUOJ, CJIEAYIONINil 3a GJOKMpPOBAHHEM,
Ha BocToke 3amaanoii Cubupu (Hos6posck, ITapaGes,
Bepesopeuka) sauKCHPOBaHbl NPU3HAKH MOKaPOB,
BO3HUKIINX B Pe3yJbTarTe [JUTEJIbHON 3aCyXH, TIPe-
HIeCTBYyIOIIell OJOKMHTY, a B 3amaJHbIX paiioHaX, Ha-
mpoTuB, mepen GJOKMpOBaHMEM 3a(UKCHPOBAHA IOJIO-

Buusinne armocdeproro Gaokuposanus B 3anaaHoii CuGupy Ha u3MeHEeHHe KOHIEHTPAIMH METAHA B JIETHAN MEPUO/L

JKUTeIbHasg aHoMasns ocaakos (Mrpum) (pucyHOK He
npuBoauTca). MoKHO 6bLIO OKUAATH HOBBIIIEHHS
KOHIIEHTPAIIMK MeTaHa B TepuoJi OJOKMHTa XOTS Obl
B OJHOM CJydYae: CJIy4yae II0KapoB [T BOCTOYHBIX
CTaHIUi JIM60 [IT KOMOWHALIMKM BOJIHBI TEIUIA, CJIEIYIO-
meil 3a aHoMaJauell OCaJKOB, /IS 3allaJHbIX CTaHIIU.
B Ta6n. 3 mpuBenennl cBefieHud 06 OTKJIOHEHHSIX KOH-
IEHTPAINKA MeTaHa OT HOPMBI B MepPHO, OJIOKHPOBAHUS
uiosnst 2006 . BugHo, 4YTO KOHIIEHTpalUMM MeTaHa
B nieproj 6JOKHpOBaHus ObLIN OO0 OJU3KH K HOPME,
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an60 HIKe HOPMbI. [IpUYMHBI OTCYTCTBUS OTKJIHMKA
MOTYT 3aKJII0YaThCsl B HEYAAYHOW KOMOWHAITMH YCJIO-
BUH, COIYTCTBYIOIUX OJIOKHPOBAHUIO, WJIM K€ B He-
ydeTe HEKOero TpeTbero (akTopa. ITOT BOIPOC HYX-
JIAeTCST B JTAJIbHENIIEM aHaJI3e.

IV. B pannyio kareropuio 6bLIO OTHECEHO COODI-
THEe KOHIA miorsi—Hadasa aprycra 2010 r. — rpanuy-
HOe coObiTHE [auTebHOCTBIO 6osiee 10 cyrt, compoBo-
JKIAfoIIeecsl CYNIECTBEHHBIM TIOBEMOM TeMIIePaTyphbl
Ha 3amajie permoHa W HEeCYIIeCTBEHHBIM BJIMSHHEM Ha
yBeJUUeHne KOHIEHTPAIlUd MeTaHa B II€JIOM [IJIST Tep-
puropun 3anaguoil Cubupu (cM. Tabu. 3). Orkioe-
HUe KOHIIEHTPAIUU METAaHA OT HOPMbBI [JIS 3amajHbIX
craHIimii coctaBuio B cpeamneM ot 0,5 g0 1,5 ppb mas
BEPXHEr0 U HUKHEro YpOBHeil coorBercTBeHHO. /[lnst
3TOTO COOBITHS XAaPAKTEPHO HAJIMYKME JBIMOB OT IOKa-
poB Ha IokHbIX craHiuax (Baranoso, AsoBo) 6e3
TIpe/IIIeCTBYIONIell aHOMAJINU aTMOC(MEPHBIX OCAIKOB.
ITo rpaduky, mpuBeJeHHOMY I CTaHIMH BaraHoBo
(puc. 4, a), BUAHO, KaK B KOHIIE MIOJNS HAYMHAET BO3-
pacrath KOHIIEHTpAIUsl MeTaHa, a /i mepuoga 6Jio-
kunra B nesoM (cM. ta6si. 3) XapakTepHbl XOTb M He
60JIblIINe, HO IOJIOXKUATEJbHbIE OTKJIOHEeHHsS. Oco6eHHO
3aMeTeH POCT KOHIEHTPAIIUU MeTaHa I0 CPaBHEHHIO
C NMOHMJKEHHBIMM 3HAYEHUSIMH B HMIOHE U Wiojie. 110BbI-
nieHne MeTtaHa He 3aUKCUpOBaHO Ha craHimu Wrpmm,
HaXOMAIENCs, Cyd MO0 OTKJIOHEHWSAM TEMIIEPATYPbI OT
HOPMBI, TaK Ke Kak u BaraHoBo, B 30He BJusSHUS 6J0-
kunaTa. [IpmymHOil Takmx pa3auyuil MOXKET SIBASATHCS
OTCYTCTBUE MOKAPOB HA 9TOU CTAHITHU.

III. /lannass  kareropusi OGBEAWHSIET COOBITH
6JIOKUPOBAHUS MPOIOJIKUTENBHOCTBIO B CPEIHEM S—
8 cyT, Bce 3TH COOBITHSA MPIYPOYEHDI K HAYAJTY W KOH-
Iy JIETHETO ce30HA. B mepuozabl 6I0KMpOBaHUl JaHHOI
Ipynnbsl He ObLIO 3aUKCHPOBAHO CBH/IETEIBCTB BO3-
HUKHOBEHHMS TT0KapoB (cM. Tabm. 2), 1 3TUM COOBITUSAM
He TIPEeAIIeCTBOBAIN TMEPHOABI BBIMAJAEHUs OOJIBIIOrO
KOJMYECTBA 0CAAKOB (32 MCKIIOUEHHEM OJHOTO COOBITHS
BTOpOi mosioBunbl uions 2011 r. (puc. 3, 6, BKaajKa,
4, 6)). OTKJIOHEHMs KOHIEHTPALUU METaHa OT HOPMBI
cocraBusin B cpeaneM 7,4 u 11,5 ppb aus Bepxuero
U HUKHETrO0 YPOBHEH COOTBETCTBEHHO. VI3MeHYnBOCTH
KOHIIEHTPAIUU MeTaHa /st coObituit IV rpymnibr BIos-
HE MOJKHO ObLIO OBl OTHECTH K <4HCTOMY» 3(DdeKTy
BOJIH TeILIa, CBSI3AHHBIX ¢ GyiokupoBaHueM. [leTanbHbIit
AHAIN3 Pe3YJIbTATOB, MPUBEIEHHBIX /IS 9TOW TPYIIIIbI
cOOBITHII, TIOKA He TIO3BOJIIET C/eJaTh OJHO3HAYHBIX
U YETKUX BBIBOJOB OTHOCUTEJNBHO BJIMSIHUS TEPHOI0B
AHOMAJIBHO BBICOKUX TEMIIEPATyp Ha KOHIEHTPAIUIO
Mertana. Tak, mJsg MHOTUX COOBITHH OJIOKHPOBAHUS,
JIeWCTBUTEHHO, OTMEYEHDI MOJIOKUTEIbHbIE OTKJIOHEHUST
CH; ot cBoeit MHoroJieTHelr HOpMbI. Ho ecth u wuc-
kioveHusi. Hanpumep, B 1epHoj aHOMAJBHOU TeMIie-
parypst mions 2011 r. va cranuun Hosi6pbck, Harmpo-
THB, KOHIIEHTPAIUSI MeTaHa ObLTa HIKe HOPMBI. Tax:ke
TOKa He sICHA POJIb BEJMYMHBI OTKJIOHEHWS TeMIeparty-
PBbI OT HOPMBI, XOTSI B 3TOM BOIIPOCE BCE OYEHD CUIHHO
3aBUCUT OT crioco6a pacueta AT 3a mepwoa GJOKWHTA.

II. B kateropuio otneceno cobbitue uiong 2007 r.,
a Takke cobObitusa uoHg, uoaa 2012 r. gug craHmuu
Wrpum, Tak Kak 34ech TeMIepaTypHO-BJIAKHOCTHBIHI

pekuM B mepuo]; GJOKMPOBAHUS CKJAAbIBAJICS MHAYe,
4YeM B OCTANbHBIX paiioHax 3amagHoil Cubmpn JeToMm
2012 1. (eMm. puc. 2, 3, 3, 2, 4, 6). CobbiTua JaHHOl
KaTeropuu — 3TO KPYIIHbIE CEKTOPHBbIE COOBITHS [JTH-
TeJTbHOCTbIO 7 [HEHl U BbIllle, XapaKTepH3YIOIInecs
CYIIECTBEHHBIMU aHOMATHAMU aTMOC(EPHBIX OCAIKOB,
MIPeIIeCTBYIONMMU OJIOKUHTY. XapaKTep BO3HUKHOBE-
HUS TOXKapoB B TMepHoJi GJIOKWHTOB 3TON T'PYIIBI J0-
BOJBHO CBOeOOpa3eH, 4YTO 3aTPyAHSET OIIEHKY €ro
Braaga. Hampumep, mas cobbrtuss 2007 r. mpusHaku
MIO3KAPOB OTMEYEHBbI TOJBKO IS TPEX JHEHl Ha CTAHIUU
Urpum, a B 2012r., Ha cranuuun Urpum,
B ormune oT octaabHbiX (cM. Ta6a. 2), He GbLIO 3a-
¢uxcupoBano apmMoB. Ho 6e3 mccireoBaHUS TPaeKTo-
puil TepeHoca BO3AYIIHBIX MacC HEJIb3d OJHO3HAYHO
UCKJIIOYUTD 3TOT (DAKTOP /I TaHHON CTAHITUH.

CytecTBeHHOE TIOBBITIIEHNE KOHIIEHTPAINN MeTaHa
JUIS COOBITUI 3TOI KaTeTOpUW BUHO JOBOJBHO OTYET-
mBo (cMm. Tabm. 3) m cocraBiaser B cpexmeM 47,8
u 49,1 ppb 1151 BepxHero u HIDKHETO YPOBHEH COOT-
BeTCTBEeHHO. l13-3a coueTaHust HeCKONbKUX (HaKTOPOB
st takux CB crioxxHee Bcero onpeziesnTh CTENeHb MX
BJIUSAHNA. MOXKHO JIUIIb TOJNBbKO c(HOPMYyINPOBATH He-
Koropble npejnoJyokeHus. Ciydyail IOBBINIEHHBIX I10-
ToKOB MeTaHa JietoM 2007 T. 6bLI J€TaTbHO PACcCMOT-
pen B pabore [26] na nmpumepe craniwmii /leMbsiHCKOE
u KapaceBoe. B kauecTBe OCHOBHOI TPUYMHBI BBICO-
KUX 3MHUCCHII aBTOPBI TIPEANOJOKUIN AHOMATIbHO BbI-
cokmne ocagku B Mae, mione 2007 r. (cMm. puc. 3, a, 6).
Mpr 661 XOTeT O6pPATUTh BHUMaHUE HA BapHUallUd Me-
Tana Ha cranmun Wrpum (puc. 4, 2), rae npesblenne
KOHIIEHTpAIlud B mepuoj OJOKWHra ObLIO BBIIIE, YeM
Ha CTaHIMSIX, paccMaTpuBaeMbix B pabore [26],
cr. Kapacesoe n /Jlembsinckoe. Ha cranuuun KapaceBoe
(puc. 4, 2) B 9T0T 1€pUOJ CHAYAJIA MPOUCXOIUT POCT
KOHIIEHTPAIINU METaHa, K CepelnHe WIOJS KOHIEHTPa-
1UsT TajaeT, 3aTeM HAYMHAET CHOBAa PAaCTH, HO YiKe
nocje cHukeHus temieparypbl. Ha cranmum WMrpum
yBeJIMYE€HNE KOHIEHTPAIMH MeTaHa [POIOJIKUIOCDH
B TeueHne Bcero CB. It passmuns Moryt 6bITh 006Y-
CJIOBJIEHBI TIOKapaMH, KOTOpbIe (PHKCHPOBATHCH TOJIBKO
B paifone cranuuu Urpum (cm. Tabu. 2). Kpome Toro,
CTOUT OTMETUTH, YTO paiioH cTaHimu WTpuM MOJIOXKH-
TeJbHAS aHOMAJUST OCAJKOB YACTHYHO 3aTPOHYJA TOJHKO
B Mae, a B HIOHE KOJMYECTBO OCAAKOB ObLIO GJIM3KO
k nopme (cM. puc. 3, @, 6). Takum o6pasoM, GJIOKHPO-
BaHHe OIpe/IeIeHHO BJIMsET Ha TOBBINICHHE KOHIIEHTPA-
UM MeTaHa [JIsi COOBITHII 3TOW T'DYMIIBI, OJHAKO eIlle
TIPEICTOUT YETKO OIpeNeSuTh BKJIAA (PAaKTOPOB, CBI-
3aHHBIX C GJOKWHTOM: «YUCTOTO» BJIUSHUSA BOJH TeTlia
U TI0JKapOB.

I. K aroit kareropum orHecenbl cektopHbie CbH
INTENbHOCTBIO 7 1 Gojee pHeli: moab 2005 1., H0Hb—
utoab 2012 r. (g Bcex CTaHIMI, 32 MCKJIIOYEHUEM
crantmu WUrpum), mons 2013 r. (em. puc. 4, 0, e). Co-
OBITUST XapPaKTePU3YIOTCS OGITHUPHBIM PACTIPOCTPAHEHN-
€M 0YaroB BO3TOPAaHUS W CYIIECTBEHHBIMU TOJIOKH-
TEJbHBIMU AHOMAJIUSIMU TEMIIEPATyPbl it Bcell 3a-
naguoit Cubupu. Ilpuyem B TedyeHHe BCEro TeEpHOJA
0Ca/IKOB BBINA/IAeT KpaiiHe Maio. JTO He YMBHUTEJbHO,
mst ceBepa 3amagHoit Cubupm jernme mepuoabt 2012
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Puc. 4. Bapnaumu xonnenrpaunn Merana (CHy) m temmepatypsr Bozayxa (T) na cetm JR-STATION (cm. rta6a. 1, puc. 1)

¢ 1 monst no 31 asrycra: ¢ — Baranoso, 2010 r.; 6 — Wrpum, 2011 1.; ¢ — Urpum, 2012 r.; 2 — Kapacesoe, Urpum, 2007 r.;

0 — Urpum, 2013 r.; e — Kapacesoe, [lembsiickoe, 2013 1. TeMHBIMI TOT0CaMi 0603HAYEHBI TPAHUIIBI COOBITHIT GJIOKMPOBAHMS;
B.Y. — BepXHUIl ypOBEHb, H.y. — HIDKHUN YPOBEHDb

n 2013 r. craju OAHMMU W3 CAMBIX JKAPKUX 3a TIO-
caennue 70 ger [panasie NCEP/NCAR, http://cci-
reanalyzer.org/Reanalysis_monthly /tseries.php]. s
cOOBITHII 3TOH TPYNIBI XapaKTepHO CYIIECTBEHHOE
yBeJInYeHne KOHI[EHTPAI[MH MeTaHa: CpeJHHe IMOKa3a-
TEJN COCTABJAIOT 46,5 w 56,5 /I BepXHETO W HIKHE-
TO yPOBHeil COOTBETCTBEHHO.

HekoTtopble BOTIPOCHI BO3HUKAIOT IIPU  aHAJI3€
JaHHpIX Tabm. 2 puast CBb wmons 2013 r. Ha nepsbrit
B3IJISIT MOMKET IOKA3aThCsl, YTO yBEJUYEHHE KOHIEH-

TpalluK 3HAYMTEJbHO TOJbKO Ass cranuuu Mrpum. Ho
€CJIM TOCMOTPeTb TpadUKU HM3MEHEHUs KOHIEHTPAIUU
(cM. puc. 4, ) m cBA3aTh WX C AMHAMMKON TIOKapo-
OIIaCHOI OOGCTAaHOBKHU, BCE CTAHOBHUTCSI Ha CBOM MeECTa.
B aHHbBIX, IIpUBEIEHHBIX Ha puc. 4, d, e, BUJHA He-
KOTOpasi 3a/lepKKa MeX/y HM3MeHeHHSIMM Ha CTaHINH
Urpum (cMm. puc. 4, 0) n cranumax Kapacesoe n [leMb-
anckoe (cM. puc. 4, €). 31ech, BEpPOSTHO, CKa3aloCh
BJINSIHHUE TIOXKAPOB, TaK KaK HA4yalo CUTYallUu JbIMHOI
Mribl Ha cranmuax KapaceBoe u JleMbsiHCKOE OBLIO

Buusinne armocdepHoro 6okupoBanusi B 3anaaHoii CuGHpH Ha M3MeHeHHe KOHUEHTpaluu MeTana B Jjernuil mepuox 401



3a(PUKCUPOBAHO IMO33KE, YeM IS OCTAJIbHBIX CTAHIMIA,
M CHTyalusl COXpaHslach A0 cepeauHbl abrycra (cM.
Taba. 3). YCTOWYMBOMY COXPAHEHUIO II0KapOOMNACHOI
OGCTAaHOBKHU CITIOCOOCTBOBAJIO OTCYTCTBHE JOXKIEH Ha
ceBepe 3amagnoii Cubupu ¢ Havama jgera. Takum 06-
pasoM, st COOLITUN PAacCMaTPUBAEMON TPYIIIBI TIPE-
CTOHT OIIPE/IEJNTh BKJIA/ B yBeJMYEHUE KOHIIEHTPALUU
CH, ornenbHbIX (PaKTOPOB, CBA3AHHBIX C GJIOKUHTOM,
T.€. <YHCTOTO»> BJIUSHUS BOJIH TEILIA U MOKAPOB.

3akouenue

Ha ocHoBe maHHBIX CETH MOHUTOPUHTA MAPHUKO-
BbIX Ta3oB JR-STATION, anomamuii mpuseMHOH TeM-
neparypol peananusa Era-Interim, xpurepueB 6J0Ku-
posanus, unpeaioxkentuoix Tibaldi S. u Molteni F.,
MCCJIeIOBaHbl MI3MEHEHNUsI KOHIIEHTPAIMN MEeTaHa B Ie-
puozanl atMocdepHoro OGJOKMPOBaHHMS HAJ 3anajHoil
Cubupnio. B pa6ore 6bn poaHATU3MPOBAHBI JICTHHE
cesonnl ¢ 1 mong mo 31 asrycta ¢ 2005 mo 2013 r.,
B pe3yJbTaTe B KaTaJor OJIOKMPOBAaHUSA OBLIN BKJIIOYE-
upl 13 coObITHiA.

Oxasasoch, uto mpaktudecku Bce CB compoBok-
JIAIOTCSI TIOBBINIEHUEM KOHIIEHTPAIMU MeTaHa, He3aBu-
CHMO OT BPEMEHM CTAI[MOHMPOBAHUS M IIPOCTPAHCTBEH-
Horo oxBara. Ognako crenenb Bansgaug Cb orimyaercs
M 3aBUCUT OT Xapakrtepa GJIOKHHTa U CONMYTCTBYIOMINX
eMmy ycaoBnit. Ha ocHoBanum atux passmdnii B pabore
BbI/[eJIEHbI YeThIPe OCHOBHbIE TPYIIIbI, XapaKTepusyio-
e CBsi3b «OJOKUHT — KOHIIEHTpAIss MetaHas. llep-
Bas TPyNa — 3TO CEKTOPHbIE OJOKUHTU [IUTEJbHO-
cTbio 7 cyT u 6ojiee, B OCHOBHOM CEpEIUHBI HIOJIS.
OTUM COOBITUSM TPEIIIECTBOBAIN 3aCYILIUBbIE TT€PHO-
Ibl, a B mepuoj; 6JOKMHra ObLiH 3aDUKCHUPOBAHBI 006-
mupHble ovarn mnoxapoB. CpejHee yBeinueHue KOH-
HEHTPAIM MeTaHa /Ui COOBITUN MepBON TPYIIbI CO-
craBisier 46,5 u 56,5 ppb mis BepxHEro u HUKHETO
ypOBHEIl cooTBeTcTBEHHO. BTOpas rpymnma — a1o B oc-
HOBHOM CEKTOPHbBIE COODBITUSI WIOHSI, HUIOJIsI, HTPOHCXO-
JiSAIie ¢ HeOOBIINM TIePEPhIBOM U 0OMIeH ATUTETHHO-
ctbio 6ostee 10 cyT. ITUM COOBITUSM TPEIIIECTBOBAIN
MepUo/bl MHTEHCUBHBIX [OXK/IEH, a [JIsS MCCIeayeMbIX
CTaHIUI TIPU3HAKM MOXKAPOB 3a(UKCUPOBAHBI TOJBKO
B oaHOM cayuae. CpeHee yBejqndeHne KOHIEHTPAIUH
MeTaHa BO BpeMsi COOBITUI BTOPOH TPYIIIbI COCTABJSIET
47,8 n 49,1 ppb s BepxHero M HUKHEro ypOBHEl
COOTBETCTBEHHO. TpeTbsi TpyIla NpejicTaBleHa CeK-
TOPHBIMU U TPAHUYHBIMU COOBITHSIME HAvaja M KOHIA
JIETHETO CE30HA, WHOT/A IPOUCXOJSIIUME C ITepepbl-
BOM. 3a HCKJIIOUYEHHEM OJHOTO CJydYasi, 3THM COOBITH-
SIM He TPEIIeCTBOBAJIN AHOMAJIbHBIE YCJIOBUS YBJIAK-
HEHHOCTH, He 6bLIN 3a(PUKCHPOBAHBI MOXKapbl. [1oBBI-
IIeHre KOHIEHTPAIMY MeTaHa B CpeIHEM COCTABJISIET
7,4 u 11,5 ppb ans BepxHero m HUKHETO YPOBHeN
COOTBETCTBEHHO. UeTBepras rpyIiia — 3TO TPAHUYHBIE
GJIOKMHTH  JUtiTeIbHOCTBIO  Gostee 10 cyT, KOTOPBIM
[PE/IIIEeCTBOBAIN 3aCYILJINBbIE EPUO/bI, a B HEPUO/L
6JIOKUPOBAHUST (PUKCHPOBAINCD IPU3HAKKU IO3KAPOB.
[IpyyeM Bce aTH ycjaoBuUsS HAGMIOZANNCH TOJBKO Ha
TEepPPUTOPUH, TOJBEPKEHHON O6oKupoBanuio. I[loBbI-
IIeHre KOHIEHTPAIM MeTaHa /JIsi COObITUII 4eTBepTOil
rpymnmnsl coctaBmio B cpeaneM 0,5 1o 1,5 ppb.

TakuM o6pa3oM, MaKCUMAJIbHO BJIMSIHUE HA KOH-
neHTpanu MeTaHa okasbiBaior Cb mo Ttumy «mac-
MITAGHBIH-JTUTEJBHBIN  OJIOKUHT / OGIIMPHBIE TOXKAPbI»,
BTOPBIMHU 10 3HAYNMOCTH SBJSIOTCS OJOKUHTH THIIA
«MaCHITaGHBIH-IJIUTENbHBII GJIOKUHT / aHOMAJIbHBIE OCA/l-
Ki /10 GJOKUHTA / JIOKAJIbHbBIE MOXKAPBI», TPEThsl TPYIIIa
OJIOKMPOBAHUN — <«KOPOTKUH OJOKHHT HadyajIa-KOHIA
siera,/ 6e3 JION. YCJIOBHiA», YeTBEPTas — <CEKTOPHbII-
JUIATEJIbHBII GJIOKUHT / JIOKAJIbHBIE TI0Kapbl».

[anbueiimme nccsaenoBanus OyXyT HaIPaBJIEHBI
Ha JeTaau3aiuio JaHHON KJaaccu(UKAIUU, YTOUYHEHUE
BKJIQJIA PA3JUYHBIX UCTOYHWKOB B (POPMUPOBAHUE TIO-
BBINIEHHOI KOHIIEHTPAIlMM MeTaHa B MepHoji OJOKUPO-
BaHWs, B YAaCTHOCTH Ha BBISICHEHNE OJIN BKJaja SMIC-
cuil OT TOXKapoB U GOMOTHBIX aKocucTeM aiass Cb mep-
BOTO M BTOPOTO THIIOB, a TaKXXe aKKyMyJupyloliei
POJIN «3aMKHYTO» HUPKYJISAIMU IS VINTEJNbHBIX CEK-
TOPHBIX OJIOKMPOBAHUIA.

Pa6ora BbIMOTHEHA TIpW  TOJJEPXKKE TpaHTa
POOU Ne 17-05-00119, KowmmirekcHo# TporpaMMbl
(byHnmaMeHTaNbHBIX HAayYHBIX ucciaenoBanuii  Cubup-
ckoro oraenenusi PAH Ne I1.21T «urerpaius u pas-
Butre» Ha 2017 r., nmpoekra 1X.135-6 «MccaenoBanue
U3MEHEHU KOMIOHEHT Bo3ayXa CuOGUpPCKOTO PEruoHa,
OTIPEJEeNISIIONINX JUHAMUKY PaJMAllMOHHO 3HAUYUMBIX
XapakTepucTuk arMmocepbl», @OoHma TI06ATHHBIX
uccaeoBaHuil okpyskawomeil cpeapl aas HanmoHasb-
HBIX WHCTUTYTOB MWHHCTEPCTBA OKPYKAIOMIENH CpPe/IbI
Snonun.
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We estimated a change in the methane concentration during the periods of atmospheric blocking observed
in summer time. Methane concentrations have been derived from continuous measurements carried from 2005
to 2013 in Siberia at Japan-Russia Siberian Tall Tower Inland Observation Network (JR-STATION). The
blocking events were identified in accordance with Tibaldi and Molteni criteria and surface temperature anoma-
lies with the use of the Era-interim reanalysis data. The events lasting more than five days have been included
in the blocking event list (13 in total). All found events are separated into two groups by spatial coverage (bor-
dering and sector) and three groups by duration (5—6, 7—9, >10 days). We analyzed these events for natural
fires and precipitation anomalies before them. It was found that almost all blocking events selected caused
an increase in the methane concentration independently of the duration and spatial coverage. The degree of im-
pact differs depending on the blocking characteristics and concomitants. On the basis of these differences, four
main groups are distinguished, characterizing the “blocking—methane concentration” connection: “large-long
blocking /extensive fires” (maximum impact), “large-long blocking /abnormal rainfall before blocking/local
fires” (next in degree of impact), “short blocking / without additional conditions” (the third), and “bordering-

long blocking /local fires” (minimum impact).
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