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Cy1iecTByeT 3HaUNTETbHAS HEOPEIENEHHOCTh B OTHOIIEHUN MaciiTaGoB SMIICCUN MeTaHa U3 MOpeil apKTide-
ckoro menbda. [IoTokn MeTaHa B 3TOM PeTrHOHE MOTYT ObITh HEOOIIEHEHBl U UTPATh 3HAUUMYIO POJIb 13-32 GOJIb-
moro oObeMa rasa, KOTOPBIH COAEP;KUTCS B JOHHBIX OTJOKEHHUSIX B CJ0O€ MHOTOJETHEMEP3JbIX IOPOJ U Ta3s0BbIX
rugpaTtoB. [IpoBeieH aHATN3 YYBCTBUTEILHOCTH MOJE/I HMUCCHH MeTaHA K IapaMeTPH3alluil MPOIecCcOB razoobMe-
Ha Ha IIOBEPXHOCTU MOpPSI HAa OCHOBE Pe3yJIbTaTOB UHCJEHHOTO MOJEINPOBAHUS IEPEHOCA PACTBOPEHHOTO MeTaHa
B MOpAX ApPKTHKH. MoJenb IepeHoca PacTBOPEHHOTO MeTaHa BKJIOUEeHAa B (Ga30BYIO MOJENTb OKeaHa M MOPCKOTO
appa SibCIOM, paspaborannyio B8 UBMuMI' CO PAH. Ornenkn sMuccny MeTaHa B aTMOC(epy BBINOJHEHBI Ha
OCHOBe PAa3JIMYHBIX COOTHOIIEHWIT [T MapaMeTpH3alliyl IIpollecca ra3oo0MeHa B CHCTeMe <«BojJa — arMocdepas
u «Boma — Jex — atMocdepas ¢ ucmob3oBaHmeM MaHHBIX peaHann3a NCEP/NCAR. HeomnpememeHHOCTh OIEHKI
rOOBON SMUCCHE MeTaHa cocTaBmaa 6—12% ¢ yd4eToM pasJNYHBIX 3aBHCHMOCTell KoadduimenTa ra3zoo6MeHa
ot BeTpa. Dolee BbIpakeHHOe BJIISHIE IIPU PAcUeTe TOTOKA OKa3bIBaeT CXeMa yUeTa Jie[OBOTO MOKPOBa — HeoIpe/Ie-
JeHHOCTh yBesmumiach 10 50—130%. IlapamMerpusaliusi B3aMMOCBSI3H MEK/Y JI€[OBBIM TIOKPOBOM ¥ Ta3000MEeHOM
MOJKeT OKa3bIBaTh GOJIbINOE BJIMSIHIE Ha pacuyeTHble MOTOKH MeTaHa U IPUBOIUTH K HEIOOLEHKe ero 3MUCCUU
13 Mopeii apKTHYeCKOTo mIeTbda.

Knwouesvie crosa: smuccus MeTaHa, IIepeHOC PAaCTBOPEHHOI'0 MeTaHa, I‘aSOOéMeH, ApKTI/IKa, YHCJIE€HHOE MO/Je-

suposanre; methane emission, dissolved methane transport, gas exchange, Arctic, numerical simulation.

BBeaeunne

Metan (CH,) sBisieTcss BasKHBIM TTAaPHUKOBBIM
ra3oM IS KIUMATUYecKoil cucrteMbl 3emin. Ero KoH-
IeHTpaIms B atMocdepe eXeroHo yBeamynBaercst [1].
ITorenmmanpubiil Bkaag CH,; B r1io6ajibHOE IOTEILIE-
une 3a 100 meT mpmMepHO B 25 pa3 60JbIle, YeM yTJe-
KHUCJIOTO Ta3a. BKIas okeaHWYeCKNX WMCTOUYHUKOB Me-
tana (2—40 Tr/Toa) HeBeMK IO CPaBHEHHIO C Ha3eM-
HBIMH HCTOYHUKAMHU, TaKUMU KaK BOHO-GOJIOTHBIE
yrogbss (153—227 Tr/Tom) u cejabCKoe XO3siiCTBO
(178—206 Tr/rox) [2], u cocraBiaster 1—13% oT Bcex
ecTecTBEHHBIX BBIOpocOB. OKeaHMYecKue IMOTOKH Me-
TaHa B ApPKTHKe MOTYT OBITb HEJOOIEeHEHBI W UTPaTh
3HAYNMYIO POJIb M3-32 GOJBIINX 00BEMOB Tas3a, KOTO-
pble HaXOJATCA TOJ MOPCKUM JTHOM B CJIO€ MHOTOJIET-
HeMep3JbIX TOpPOJ U B 30HE CTAOMIBHOCTH Ta30BBIX
ruapatos [3, 4].

ITotoku MeTana u3 Mopell apKTHYeCKOro miejbda
SIBJISIOTCS TIPEJIMETOM 3JKCIIEPUMEHTATBHBIX U Teope-
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THYECKUX WUCCJEOBAHUN W3-32 CBSA3M C TJI06AJbHBIM
n3MeHeHWeM KanMaTa. /[aHHbIe M3MepeHHUil TTOKa3bIBa-
10T yCUJIeHne 3MUCCHH MeTaHa B aTMocdepy ApKTHYe-
CKOTO PEeTHOHAa B pe3yJbTaTe [eTPaJaIliiil ¥ YBeJH-
YeHUs TMPOHUIAEMOCTH CyOaKBAJIbHBIX MHOTOJIETHE-
Mep3JbIX TOPOA, a TakKe BBICBOOOXKIEHNS Ta3za W3
MEJTKOBO/IHBIX MIeJb(OBBIX Ta3oruaparoB [S]. OreHkn
aMmuccuii Merana c¢ menabda CeBepHoro JlegoBuroro
okeana (CJIO) B atMocdepy, OCHOBaHHBIE Ha HaTyp-
HBIX U3MEPEHUSIX, XapaKTepU3yIOTCsl 3HAYNTEeIbHOI He-
oTIpe/ie/IEeHHOCTBbI0. B dYacTHOCTH, BbBICOKas TIPOCTPAH-
CTBeHHas HEOTHOPOJHOCTH TIOTOKOB MeTaHa M3 JOHHBIX
OTJIOXKEHWH B MOPCKYI0 BOAY W Jajee B aTMocdepy
B COYETAaHNH C HEeJOCTATOUYHOIl MPOCTPAHCTBEHHO
TJIOTHOCTBIO TIPOBOJIMMBIX W3MEPeHWi MPUBOIUT K He-
OIIpe/IeJIEHHOCTH OIleHOK it Boctouno-Cu6upckoro
menbda [5—8]. B mureparype (cMm., manpumep, [5—8])
orlenkn BBIOpocoB CH; ot wMopeit Bocrouno-Cu-
6upckoro menbda B atMocdepy Bapbupyiorcs ot 0
1o 17 Tr/ron.

OI1leHKH 5MUCCHU MeTaHa MOTYT OBIThb IMOJTy4YeHBI
C MCIIOJTb30BaHNEM YHCJIEHHBIX Mojesieii okeana [9—11],
KOTOpBIE TI03BOJIAIOT OMPEJEJNTh BRI PA3THIHBIX
IpoIleccOB B OKeaHe, BJNAIONINX Ha IIepeHOC MeTaHa
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13 JIOHHBIX OTJIOKEHWI B BOAY M aTMocdepy, a TakiKe
M3MEeHYNBOCTh 9TUX IPOIECCOB BO BpeMeHu. [Ipm To-
JIy4eHUN KOJIMYECTBEHHBIX OI[EHOK IOTOKA Tra3a B CHC-
TeMe «OKeaH — aTMocdepay YUNTbIBaeTCs K03 UIHeHT
ra3oo6MeHa, KOTODbIl sBisgercs (YHKIHEl CKOPOCTH
BeTpa. B 3aBUCHMOCTH OT HUCIOJb3YeMOil MapaMeTpu-
3aiu  KoadduimenTa razoo6MeHa IOJy4YaeTcsl pas-
6poc B OIlEHKAaX, TPUBOJAIINI K HeOolpee eHHOCTH
B paccunTaHHOM HoToKe mopsiaka 10—30% [12].

Bemmumaa koadduiientTa razoo6MeHa B obiac-
TAX, TOKPBITBIX MOPCKUM JIBJOM, 3aBHUCUT OT JIOJIH
oTkpbITOil Bozbl [9, 11, 13]. IIpeamosaraercss, 4yTo Bce
THUIIBI JIEJIOBOTO TOKPOBA JIEHCTBYIOT KaK Oapbep [/
ra3oo6MeHa B TeueHUEe BCEro Tojla U BeTep BJHseT Ha
JMINHAMUKY TIOBEPXHOCTHOTO CJIOSI BOJBI B YacTH, CBO-
60/IHOIT OTO JIb/la TaK Ke, KAaK U B OTKPBITOM OKeaHe.
Ha ocHoBe naHHBIX H3MepeHHiT B psge paboT OBLIO
TIPOZIEMOHCTPIPOBAHO, YTO B3aMMO/IefiCTBIE MOPCKOTO
JbJa U BOJBI MOKeT KaK IOoAaBaATh [14, 15], Tax
n ycuanBath Tazoo6meH [13]. B pa6ote [16] Ha ocHoBe
JIAHHBIX ¢ Jpeiidyioleli Je0BOil CTaHIMK TOJYYeHO,
410 K03(pDuImeHT razoo6MeHa MMeeT HeHyJIeBble 3Ha-
YeHUs Tpu criodenHoctu jbga mourun 100%. Ha ocuo-
Be HATYPHDBIX U3MePEHUil U JaHHBIX JAUCTAHIIMOHHOTO
3ouaMpoBanus [17] mokasana BakHOCTb yueTa Mopdo-
MeTPHYECKNX CTPYKTYPHBIX HEOTHOPOTHOCTEH MOPCKO-
TO JIb/Ia TIPH MOJEJNPOBAHUH B3aNMOJAENHCTBUS C aTMO-
cepoit. Penxne mamepenns B 006JacTAX, TOKPBITBIX
JIBZIOM, T HeJIOCTAaTOYHOE MOHMMAaHNe BINSHUS MOPCKO-
ro Jibjla Ha Ta3000MeH MeKIy MOpPEM U BO3YXOM BHO-
cAT GOJIBIIYIO HEOTIPe/IeJIEHHOCTh B MOJIEH ra3000Me-
Ha B MOJISIPHBIX PErvoHaX.

Ilenp paGoTbl — aHAMN3 YYBCTBUTENBHOCTH MOJIe-
JIN OMUCCHU MeTaHa K IapaMeTpU3allui MPOIeCCOB
razoo6MeHa Ha TIOBEPXHOCTH MOPS B 3aBUCHMOCTH OT
CXeMBbI y4eTa CKOPOCTH BeTpa M KOHIIEHTPAINU JIbJA.
AHamm3 TpoBelleH HAa OCHOBe UHCJEHHOII Moesn
SibCIOM [18] mmss Mopeit apKTHYeCKOTO Ireabda
C YyYeToM BKJa/la OKeaHUYeCKUX HCTOYHUKOB MeTaHa,
CBSI3aHHBIX C Jlerpajialiueil MoIBOIHON MepP3JIOThI B Iie-
puoxa 1970—2019 rr.

1. Merto/bl uccJie0BaHusI

1.1. Hucaennasa moodeav neperHoca
pacmeopennozo memana

WccnenoBanne oCHOBAHO Ha pe3yJIbTaTaX YHCJIEH-
HOTO MOJIeJIMPOBAaHNS IlepeHoca PACTBOPEHHOTO MeTaHa
B MopaxX ApKTHKH. Mojesab mepeHoca pacTBOPEHHOTO
MeTaHa BKJIOYeHAa B 6a30ByI0 MOJeJb OKeaHa W MOp-
ckoro Jspga SibCIOM, paspaGorannyio B UMHcruryre
BBIYHCJIUTENbHOIl MaTeMaTHKU W MaTeMaTH4ecKOl Teo-
¢usukn CO PAH [18, 19]. IlpocrpaHcTBeHHOE pa3s-
pelieHne BBIOPaHO PaBHBIM 1 x 1°, 4TOo Ha PENPOEKTHB-
Hoil ceTke obecrmeunBaeT ceTounbrii mar 30—50 kM
B CJIO. Ilo Bepruka/abHONl KOOpAUHATE YUUTHIBAIOTCS
38 ropn30HTOB, TIPU 3TOM B IIOBEPXHOCTHOM CJIOE MOPS
mar ceTKH II0 BepTHKATH cocTaBigeT 5> M. OxeaHude-
CKasl MOJIeJib TIOCPEJICTBOM JIOTIOJIHUTEIHHOTO OJI0Ka,
¢opMupyIOIIEro MOTOKN MeXKAYy OKeaHOM U aTtMocde-
poif, B3auMOENCTBYeT € MOJEJbI0 MOPCKOTO JIbJa,

B KadecTBe KOTOPOIl TpUMeHSAETCSA dJIacTHYHAs BA3-
romnactmaHasgs Monenb CICE [20]. [lna moaenmpoBsa-
HUS aTMOC(HEPHOTO BO3/EHICTBUA HA JIeJOBOTH/IPOJIOTH-
yeckue ycaousg CJIO u moTokn MeTaHa B aTMocdepy
ucnosibdyercst  apxuB jganabix  NCEP/NCAR [21],
BRJIIOYAIOIINH  HEeoOXOANMBIN HaG0p XapaKTepUCTHK
HIDKHell aTMocdepbl, CKOPOCTb BBIMAJEHUS OCATKOB
U TOCTYTAIMYI0 HUCXOAAIIYI0 [JIUHHO- W KOPOTKO-
BOJTHOBYIO PaJIMaIliio, ¢ MPOCTPAHCTBEHHBIM pa3pelie-
HueM 2,5 x 2,5°.

Pacripesieienuie pacTBOPEHHOTO MeTaHA B MOPCKOIt
BOZle paccMaTpUBAETCsS KaK pelleHne aJBeKTUBHO-
nudby3MOHHOTO YpaBHEHUS JJISI NPHUMECH C y4eTOM
CTOKa MeTaHa 3a cdeT ero okucieHnd [11]. Oxwucie-
HHe MeTaHa B TOJIIE BOJBI, YYHTBIBaeMoe B MOJEJH,
COOTBETCTBYeT KHHETHKe TIepBoro mopsaaka [9, 22].
Wcmonp3oBasach MOCTOSHHAS CKOPOCTh  OKWCJEHU,
moJiydeHHasg Ha OCHOBe JaHHBIX B Mope bodopra,
Aunscka [9], koTopast cooTBeTCTByeT 107 ¢, wm Bpe-
MeHU JKM3HU MeTaHa puMepHo 100 cyr.

PacTBopeHHBI MeTaH MePEHOCUTCS OKEaHMYeCKIMI
TEUEeHUSIMH, /I KOTOPBIX XapaKTepHa HeGOIbIIas CKO-
POCTh BePTUKAJIHHOTO TepeHoca OT AHa /10 TTOBEPXHO-
ctu. OgHako TIPH  MOJAEJUPOBAHWH  YUUTHIBAIOTCS
U TIPOIIeCChl BEPTUKAIBHON KOHBEKITHH B BOIHOM CTOJI-
6e, TIe BepTUKAJbHBI OOMeH BO3pacTaeT Ha HECKOJIb-
Ko mopsiakoB [11].

B mozesnbrOM pacuere s nepuoga 1970—2019 rr.
Ha HIDKHeIl TpaHWIle OKeaHa MPHW HaJUYUU MHOTOJIET-
HEMEepP3JIOTO CJIoSI B JIOHHBIX OTJIOKEHUAX Tenbda 3a-
nan guddysnonnbii motok Mertana 30 mr/(M? - cyT),
COOTBETCTBYIONIUHN CPEHUM 3HAUEHUAM, IOJyYeHHBIM
Ha OCHOBe pe3yJsbTaToB uaMepenuii [5]. Cpexnne cko-
poctn Bhixoga Merana (3—30 mr/(M?-cyT)) ompese-
JIFIOTCS  MeTaHOTe€He30M B COYETAHWH C YaCTHYHBIM
BBICBOOOSK/IEHIIEM TIPeIBAPUTETHHO 06Pa30BAHHOTO Ta3a
U3 PEeNUKTOBBIX TUAPATOB, COXPAHUBIIUXCS B MeP3JO-
te [5, 23]. TIpoTszkeHHOCTh 06JAaCTH, TAe HaXOMATCS
UCTOYHWKN MeTaHa, OXBaTblBaeT 4YacTh bapeHIiieBa
un Kapckoe mope, Mope JlamreBbix, Bocrouno-Cubup-
ckoe, UykoTckoe Mopsd m 4actb Kamanckoro rmrerbda.
Jra o6jacth orpaHmdeHa Tay6mHO# Boapr 120 M.
[Tnomaap pacmpocTpaneHnss cyOaKBaJTbHONH MeP3JIOTHI
B JIOHHBIX OTJIOJKEHUAX TeTh(OBBIX MOpPeil cocTaBJsger
2,5-10°km®. Mpbr paccMmatpuBaeM Toabko auddy-
3HOHHBIN TIOTOK MeTaHa B TOJIINLY BOJBI, ITy3BIPHKO-
BoIil Bbi6poc CH; W3 JOHHBIX OTJIOJKEHWIl He YYHTBbI-
Baercd [11].

1.2. lomox memana 6 ammocgepy

Pacyer moTtoka MeraHa Ha IpaHHUIlEe «BOJa — aTMO-
cepay» poBoANTCSA IO MeToMKe [24], ocHOBaHHOI Ha
IKCIIEPUMEHTAIBHO YCTAHOBJIEHHBIX ITapaMeTPH3aIIAX
11 MUpPOBOTO OKeaHa.

[Totok MeraHa B artMocdepy pacCYUTLIBAETCS IO

dopmy.e
F = k(Cy — C)(1 - &Ko), (1)
rae Cy, — KOHIIEHTPAIHd PAcTBOPEHHOTO MeTaHa B IIO-

BEPXHOCTHOM CJioe BOZbI, HMOJIb/ J; C, — paBHOBeCHast
¢ armocdepoil KOHI[EHTpAIlMs MeTaHa, HMOJIb/ JI;
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k — xoaddunment razoo6MeHa Ha TpaHHUIle BoJa —
BO3/yX, c¢M/4ac; Ki, — CIUIOYEHHOCTDb JibJia B sueiike
OoKeaHMvecKoil ob6sacTh; € — KoaUImenT AId mapa-
MeTPHU3aIH BJINSHUS JIb/A.

PaBHoBecHas ¢ atMocdepoil KOHIeHTpalus MeTa-
Ha, KOTOpYyIo uMes 6bl atMochepHbIil MeTaH B MOPCKOIt
BoJle TIPU 3aJaHHBIX TeMIlepaType, COJEHOCTH U aTMO-
cepHOM JaBIEHNH, PACCUNTHIBAETCS 110 MeTomKe [25].
Jlng ApKTmdeckoro permoHa OHa COCTaBUJIa OT 3 10
4,5 uMoJib,/ 1. KoHIleHTpanm MetaHa B MOPCKOW Bo/le,
MIPEBbIMIAIONINEe PAaBHOBECHDbIE 3HAuYeHUsI, OYIyT CIIO-
co6cTBOBATh TOTOKY MeTaHa B aTMocdepy. CKopocTb
mepeHoca Taza Mek/Jy okeaHoOM u aTtmocdepoit k =
= K,(Sc,/660)77. Koadpdurment raszoo6mena K., sB-
agercsa Gyukuueil ckopocru Berpa U (M/c) Ha BbicoTe
10 M.

[Tpu Beruncaenun unciaa [Imuara S ucnonb3yercs
napametpusaius [26]:

Sc = 2101,2 — (131,54(T, - 273,15)) +
+ (4,4931(T,, — 273,15)) —
- (0,08676(T, —273,15))° +
+(0,00070663(T,, — 273,15))", 2)

rae T, — TeMmeparypa IIOBEPXHOCTHOTO CJIOSI MOPCKOi
Bozpl, °C.

Jlnst KoJIm4ecTBEHHOI OIEHKN YyBCTBUTEIBHOCTH
IOTOKA MeTaHa B arMocepy K IapaMeTpH3allii ra3o-
o6MeHa, IoJaydYeHHOro B aKciepuMmentax (or 1 mo n),
MBI ICII0JIb3yeM K0a(PUIHEeHT Heolpe/ieIeHHOCTH

. Ty .
R =|max; F, - min, F,| / [;Zkﬂij&OOA. 3)

2. OneHka cujbl CBSI3U MOTOKAa MeTaHa
B atMocdepy ¢ APYrUMHU XapaKTepPHCTHKaMU
Mo/iein

IIpeaBapuTesbHO TIPOBE/IEH aHATIN3 JAaHHBIX pPac-
YyeTa SMUCCHU MeTaHa B aTMocdepy M3 Mopeill apKTide-
ckoro menbda ang 1970—2019 rr. [11]. HawubGomee
CUJTbHBIE TIOTOKH TOJIyYeHBbI ¢ akBaTopun Mops Jlamre-
BBIX T BocTouHo-CHOMPCKOTO MOPS €O 3HAYUTETbHBIM
yBesmuenneM smuccuu mocyae 2000 r. /g usyueHus
BJIMSHUSA TTapaMeTPH3allui ra3oo6MeHa Ha ITOTOK MeTa-
Ha B atMocdepy UCHOJb3YeTcsl TOAX0/ /IS olipeielie-
HUSI CHJIBI TIPUYUHHO-CJEJCTBEHHON CBSI3U MEXIY
MOTOKOM MeTaHa W JAPYTUMU XapaKTepPHCTUKaMU MOJe-
JIM, OCHOBaHHBIN Ha asroput™e [27]. [laHHBI MeTOx
peam30BaH B MPOTrpaMMHOM OGeCTieYeHIH ¢ OTKPBITHIM
ncxoaHbiM kogoM Tigramite [27]. Tlpotmenypa momcka
CB43eil 1 OIeHKH WX TPOYHOCTH JEJUTCS Ha /IBa JTala.
Ha mepBoM ompeNessdioTcsl COOTBETCTBYIONINE TIPH-
YUHHO-CJIE/ICTBEHHbIE CBA3U [JII KaJKJIOTO BPEMEHHOTO
psaaa. Ha BropoMm arare OIlleHMBaeTCs CHJIa 3THUX
CBsI3€il.

AHamm3 CBSI3U MeXKIy ITIepeMeHHBIMH BBINOJHEH
st nepuosa 2000—2019 rr., XapakTepHOil 0co6GeHHO-
CTBIO KOTOPOTO SBJISAETCS YBeJMYeHHe MO/EeJbHBIX IT0-
TOKOB MeTaHa. /|71 aHa/im3a WMCIOTh30BAJINCH CpeiHe-
MecSaJYHble JaHHble, OCpPeJHEeHHbIe 10 aKBATOPUU MOPS

JlanreBoIx n Bocrouno-Cubmpckoro Mopst ¢ TIy6uHON
menbire 100 m: F, Ty, K, comenocts (S), Momy/b
ckopocT Berpa B mpusemuoM ciaoe (U) m ToammHa
(H,..) mbpa. PaccMaTpuBaInch MTHOBEHHBIE CBSA3H [
neta (mioHb—ceHTsA6pH) U 3uMbl (HOsA6pb—Maii). Tlo-
JIOJKUTETbHOE 3HAUeHNe CUJIbI CBS3U O3HAYAeT, YTO TPU
VBEJIMYEHUN OJIHOI TTepeMeHHOil yBeTMYnBaeTCs] U CBSI-
3aHHas ¢ Heli, a oTpHIlaTeJbHOE — HA060POT, YMEHb-
nraeTcs.

[Tpu paccMoTpeHNN XapaKTePUCTHK, BIUIIOMNX Ha
motok CH; B atMocepy u3 MeskoBogHOI wacTu Boc-
touHO-CubupcKoro iienbda, yCTaHOBIEHO, YTO OJHOM
U3 CAMbIX CHJIbHBIX MTHOBEHHBIX CBSI3€il SIBIISIETCS CBSA3b
C TOJIIMHOI ¥ KOHIEHTpAIell Jbla KaK JIeTOM,
tak n 3umoii (puc. 1, uB. Bkaajgka). B Mope JlanTeBbix
aTa CBA3b CHJIbHee B JeTHuit mepuon (puc. 1, 6). Tak-
’Ke B 9TO BpeMs YCUJIMBAETCS MIHOBEHHAS CBI3b MeXK-
Jly TIOTOKOM MeTaHa M MOJyJieM CKOPOCTH BeTpa U Me-
JKIY TIOTOKOM MeTaHa U TeMIIepaTypoil TOBePXHOCTHOTO
ciosi Mopckoit Boabl (puc. 1, 6). 3uMoii cylectByer
obOpaTHast MTHOBEHHAsI CBSI3b MEKIY COJIEHOCTBIO IIO-
BEPXHOCTHOTO CJIOST BOJBI W TIOTOKOM MeTaHa I 060-
uxX Mopeii.

TakuM o06pa3oM, CKOpPOCTb BeTpa, TeMIeparypa
BOJIbI U KOHIIEHTPAIUsI JIeJJOBOTO TOKPOBA SIBJISIOTCS
HanboJslee BaKHBIMU (DaKTOpPaMHU, OIPeIeJISTONNUMI T10-
TOK MeTaHa MeXIy OKeaHOM M aTMocdepoii.

3. PeayJsbTaThl MOIeTUPOBAaHUS

ITorok CHj 3aBUCHT OT CKOPOCTH BeTpa yepe3 KO-
appunment razoobmena. Ilpu olleHKe TOTOKA MeTaHa
u3 okeana [10, 14, 22] B coorHomenun (1) xoadpdu-
IHEHT Ta3000MeHa Ha TPaHUIlEe «BOJa — BO3AyX» vallle
BCErO 3aJlaeTcd KBAJPAaTUYHOI 3aBHCUMOCTBIO OT CKO-
poctu BeTpa [24, 26]. B pa6ote [28] ycranoBieHO, 4TO
TIpN Pa3pyIleHnd BOJH W BBIXO/le TY3bIPHKOB 3HAUN-
TETbHO YBEJIUYMBAIOTCSI TOTOKM Ta3a B aTMocdepy.
Wcnosb3ya pannble nabmopenns GasEx-98, B [29]
MIPOJIEMOHCTPUPOBAHO, YTO yBesnueHne K., CBI3aHHOE
C BBIXOJIOM IIy3BIPBKOB, MOKeT OBITh OIMICAHO KyOude-
CKOIl 3aBUCUMOCTBIO. BimsgHMe BceX TPOIECCOB Ha ra-
3000MeH MCCIEJOBATOCH € MOMOTIBIO THOPUIHON Moie-
su [12]. HeomnpesieleHHOCTb B OIleHKaX MOTOKa MeTaHa
BO3HUKaeT M3-3a HeOIpe/le]IeHHOCTENl B CKOPOCTH Ta30-
oOMeHa 4yepe3 T'PAHUILY «BOJa — BO3AYX», MOJIYYEeHHOI
M3 Pa3JMYHBIX 3aBUCUMOCTEl OT CKOPOCTH BeTpa
(puc. 2, uB. BKJIaaKa).

Jlna pacdera K, ObLIN HCMOJB30BAHBI YeThIpe Ta-
paMeTpu3aIuu 1 TPOBe/IEHbl COOTBETCTBYIOININE JKCIIe-
pumentsl F1—F4, onucanubie B TabJnile.

OnucaHne 4HCJEHHbIX 9KCIIEPUMEHTOB

Crienapwii K €
F1 [26]: K, =0,31U" 1
F2 [24]: K, =0,24U? 1
F3 [30]: K, =3,3+0,026U° 1
F4 [12]: Ky =3+0,1U +0,064U%+ 0,011 U? 1
F5 [26]: K,=0,31U? 0,9
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Kax y:xe 6bLTIO OTMEYeHO, OHOIl M3 CaMbIX CHJIb-
HBIX MTHOBEHHBIX CB3eil SABJSIEeTCS CBA3b MOTOKA Me-
TaHa C TOJIIIMHON M KOHIlEHTpaIWell Jbja Kak B JeT-
Huil, Tak U B 3uMHuili nepuona. /[leficrBurenbuo, mMop-
CKOIl JIeOBBbIIf TMOKPOB WTrpaeT 3HAYUTETBHYIO POJIb
B IMKJe MeTaHa. 3UMOH OH CHJIBHO OTDAHUYMBAET
aMHCCHIO Ta3da B atMocdepy, 3aJepKuBas ero, cJeo-
BaTesJbHO, YBEeJINYHUBAETCS BpeMs OKHCJEHWS MeTaHa
B Mopckoil Boje. B cootHomennu (1) yuurbiBaercs
3aBHCHUMOCTD TOTOKa MeTaHa oT K. B BH/e JHNHEIHOI
3aBUCUMOCTH OT (PpaKImu OTKPBITOH Bozbl. C oHOI
CTOPOHBI, TpPEANOJIaraeTcss, YTO IIPU HAJIUYUU JIbJA
MeTaH He moctymaeT B arMocdepy. C apyroil CTOPOHBI,
Kak MmokasaHo B pabore [30], Hanmume JibIa cosjmaer
JIOTIOJTHUTETbHOE TlepeMeliiBanne ¥ TYpOYJIeHTHOCTD
B OTKDBITOIl BOAHOIl 4acTH TOKPBITOTO JHJIOM OKeaHa.
OTU TIPOTIECCHI OTJIMYAIOTCS OT TeX, KOTOPble BO3HIKA-
10T TIPU TOH K€ CKOPOCTH BeTpa, HO MPU OTCYTCTBUH
JbJla BO Bceil paccMaTpuBaeMoil 06/1acTH.

ITo amamormm c [31] MBI yunTbiBaeM Koa(umm-
eHT /I TapameTpusaiun BiusgHug Jbga 0,9 <eg < 1.
B akcnepumentax F1—F4 mupenmnonaraercs, uto Jjen
TTOJTHOCTBIO GJIOKUPYET Ta3000MeH MesKIy MOPeM W aT-
Mocepoii (e = 1), a B F5 nomyckaeM, 4To yepes Mop-
ckoil sreyt ieperocures 1o 10% rasza qu6o Jeq ycusm-
BaeT 3TOT TIPOIECC B YACTH SYEHKHM C OTKPBITON BOIOI
(e =0,9) [31] (cM. Tabmmiy).

TemriepaTypa BOJbI HeJTMHENHHO BJMsSEeT HA MOTOK
MeTaHa uepes unciao IMImmara (2), a1 KOTOPOro
B JIaHHOM WCCJIEJOBAaHUU WUCIOJIb3yeTcsl OGHOBJIEHHAS
napametpusaius [26].

[lepBorit unciaeHHblii skcrepuMment F1 mosropsier
pacder, o/ [po6HO onucaHHbi B padore [11]. Paccun-
TaHHBIE TIOTOKH MeTaHa B aTMocdepy MO pe3yJbTaTaM
akcnepuMenTa F1 mug 2007 r. mpesacraBiennl Ha puc. 3
(1. Braagka). HecMOTpst Ha y4eT NMOTOKOB MeTaHa M3
JIOHHBIX OTJIOJKeHUI 71 Bceli obiactu Tmenbda, Te
Jlerpaupyet Mepasora, nepenoc CH; K ToBepXHOCTH
MPOUCXOMUT TOJBKO B pailloHax, TI/le B COOTBETCTBUU
¢ JIUHAMUKOII BOAHBIX Macc (OPMHUPYeTcs IHPKY.JIs-
s, croco6ceTByomas AngdysnoHHOMY W KOHBEKTUB-
HOMY IlepeHoCcy MeTaHa 110 Bcell BoJHoIT kosioHke. YacTb
MeTaHa HaKaIIMBaeTcsd B HIDKHEM CJIOe BOJBI M3-3a
YCTONUNBOI cTpaTHUKAIINY BOAHBIX Macc W TOBepra-
€TCsl OKHUCJIeHUI0. 3uMoil MOPCKOIl JieJi orpaHuYnBaeT
aMuccuio raza B atMocdepy. OpHaKo OTKpPBITas BOjA
TIPUCYTCTBYET B apKTHUYECKOM MOPCKOM JIbJy B TeueHIe
Bceil 3UMBI B BH/Ie TPEIIH U TIOJIbIHEN, Yepe3 KOTOpble
ra3 MOKeT BBIXOJHUTDH B atMocdepy.

CpaBHeHIE Pe3yIbTaTOB MO/IETHPOBAHUS C TAHHDI-
M HabmofeHuii [6] moATBep:KIaeT BBICOKYIO M3MeH-
YUBOCTb U HEOTHOPOJHOCTH TIOTOKOB MeTaHa Ha apKTU-
yeckoM mienbde. Otmenkn cpeaneii smuccun CHy 1o
9THM JaHHBIM cocTaBmn 4,6; 1,7 u 0,14 mr/(m*- cyT)
B JleTHuUil mepuoj B Mope JlamnreBpix, BocTtouno-
CubupckoM u UYKOTCKOM MOpPSIX COOTBETCTBEHHO.
V3mMeperns mpoBe/leHBI B 0OJAacTH CpeIHETO0 W BHeII-
Hero mresnbda TaybnHoi 6osee 35 M. ITH CpeHIE TIO-
TOKH XOPOIIO COTJIACYIOTCS € MOJEJbHBIMU OTIEHKAMT,
TOJTy9eHHBIMH 7T Tefbga Taybunoit Gojee 35 M
U TIPE/ICTABIEHHBIMI B HACTOSAIIEM WCCJIEJOBAHNUN
(puc. 3, 6).

[lamee 6bLM paccYNTaHBI MHTETPATbHBIE MOTOKH
MeTaHa I Bcell 06JacTH MOJeNpPOBAHUS, COOTBETCT-
BYIOIIIE BPEMEHHOMY TIepHOJy OT Mecdlla 10 Toja.
CyMMapHbIii TOTOK MeTaHa B aTMocdepy KaK CJeCT-
BHe Jerpajaiuu cy6akBaJbHOH Mep3JOTbl B HaleM
nccregoBarnn  coctasun 0,7—2,0 Tr/ron (puc. 4, a,
1B. BKJIaAKa). IlojydeHHAs cymMMapHasi SMHCCHsI MeTa-
Ha B atMocdepy COOTBETCTBYET OIleHKaM, TPe/IOKeH-
opiM B [6—8]. Cokpalmenne IJIOMAAN JbJa TIOCTe
2004 T. B MOpsAX ApPKTUKN TPUBOJIUT K yBeJIUYEHUIO
amuccun CHy B atMocdepy (prc. 4, a).

HeompeneneHHOCTh B paccCYNTaHHOM IOTOKE Me-
TaHa BO3HWKAeT W3-32 HEOIPeJeJeHHOCTH KaK caMoil
CKOPOCTH BeTpa Ha M3ydaeMoil TeppUTOpPUH, TaK U W3-
32 WUCIOJb3YEMBIX 3aBUCUMOCTEHl MeXIy CKOPOCTHIO
BeTpa W CKOPOCTBIO IlepeHoca Ta3a depe3 TPaHUILY
«Bofia — Bo3ayx» (cM. puc. 2). TIpoBejeHo cpaBHeHUe
pe3yJIbTaTOB, IOJyUYeHHBIX B CIIEHAPHBIX pacyerax
F1—F4 ¢ pasinyHbIM ydeTOM IIpollecca Ta3000MeHa.
[Ipn pacyere TOZOBOTO TIOTOKA MeTaHA Pa3JIHYU
B OIIEHKAaX C WCIOJIb30BaHWEM KBAJPATUYHONH W KyOU-
YecKkoifl (DYHKIIMM HEe3HAUYHTEJbHBI W He IIPEBBLINIAfoT
0,03 Tr/rox (cMm. puc. 4, a). Bojee Huskuil moTok
CH, mousyuen mo pesyiabratam F4. Pazamunga B oleH-
kax 1o pesyapbrataM F1 u F4 He mpeBbimaoor
0,14 Tr/ropx.

[lng 3amaHHOI CKOpPOCTH BeTpa TpHMeHEHHe pas-
HBIX COOTHOIIeHuit Ky, /aeT oTJamunsg B MOTOKAX MeTa-
Ha 6—9% (cM. puc. 4, 6). Pacupezenenue IOTOKOB Me-
tana B artMocepy mo Mecsmam (puc. 5, @, 6, 1B.
BKJIaJKa) TOKa3aJo, 4To Mpu GoJiee CHJIBHBIX BeTpax
(ocenbl0) MCHONb30BaHNE KyOMYECKOH 3aBHCHMOCTH
(F3) naer Gosee BbICOKME 3HadeHUs. 3UMOH M BeCHOIl
6oJiee BBICOKHE 3HAYeHUsI Y IMOTOKOB, PACCYUTAHHBIX
c ydyeroM KBajparuunoii ¢yukimu B F1. I'mbpuanas
3aBHCHMOCTb B 39KcrepuMeHTe F4 TPUBOIUT K TOBBI-
IeHuio motoka mpu V < 3 M/¢, 4TO XapaKTepHO st
MIOJIS U aBTYCTa, TOTJa Kak MpH Gojiee CHJIBHOM BeTpe
B OCeHHe-3UMHUII TIepuoJl PACCUNTAHHBIH  MOTOK
YMeHbIIIaeTcsl 10 CpaBHeHHIO ¢ 3kcnepuMmeHtamu F1
u F3 (puc. 5, a, 6). Dosee BbICOKass TyBCTBUTEb-
HOCTh F K WCTOTh3yeMoli mapaMeTpu3a I Ta3oo6Me-
Ha XapakTepHa I oceHn u 3uMbl (puc. 5, 6, 2).
B 3T0 BpemMs HeompesieieHHOCTb B OIIEHKAX MOJKET
coctaButh 15—28%, u4TO, IIpexkje BCEro, CBA3AHO
C ycuJeHHeM CKOpPOCTH BeTpa. TakuM o6pasoM, IIpu
cpenneit ckopoct Betpa (4—6 M/c I permoHa IIo
nauubiM peadainza NCEP/NCAR) pasiuuus B oleH-
KaxX TOJOBOTO TIOTOKAa MeTaHa € WCIOJb30BAaHUEM OITN-
CcaHHbIX (PYHKIWH He3HAYNTEJbHBI W OTPAHWYEHBI KO-
addunuentom Heotnpeenennoctn R < 8%.

B sxcmepumente FS mpexmosiaraercs, 4UTo e
6JIOKUpYeT TOTOK He moJHOCThio, a Ha 90%. Takoii
MOJXO/I TPHUBEJ K POCTY TOJOBON IMHUCCHU MeTaHa
npumepHo B 1,5 pasa (cM. puc. 4, a). OueHka cyM-
MapHOTO TIOTOKA MeTaHa B aTtMocdepy B pe3yJbTaTe
nmerpajganun cy6akBaJabHOII Mep3yoTel coctaBmia 1,6—
2,9 Tr/ron (cMm. puc. 4, a). CrenoBaTenbHO, YBeJIH-
YIIach W HEONpeeJeHHOCTh B TOJYYEeHHBIX OIleHKaX
10 50—130% (cMm. puc. 4, 6). CokpalieHue JeJ0BOrO
MOKPOBa TIOCJIe[IHUE [[BA JECSATUJIETHS CIIOCOOCTBYET
pPOCTy TOTOKA MeTaHa W CHIKEHUIO HeoTpe/eIeHHOCTH,
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Kak U ToKa3aHO B akcnepuMeHTax F1—F4. Pacnpene-
JIeHNe TI0TOKa raza no Mecsiam (cM. puc. 5, @) JeMOH-
CTPUPYeT 3HAYNMOe YyBeJNUeHUe dMUCCUH, MTOJy4YeHHOi
B FS, B 3uMHUe U oceHHue Mecsibl. B cBoio ouepesnb,
3TO TPUBOANUT K cHUKeHuio noroka CHy nerom. /[leii-
CTBUTEJIbHO, YCHUJIEHHe KOHBEKTHBHOIO IlepeMellBa-
HUS, KOTOpOe HAYMHAeTCs OCeHbIo, IPUBOJUT K POCTY
koHuenTparuun CH; B BepxseMm cioe Bozabl. Dopmu-
poBaHIe JIeJJOBOTO TIOKPOBa OGJIOKMPYeT BBIXOA Ta3a
B armMocdepy. YBenndeHnue razo00MeHa B IMOKPBITHIX
JIBJIOM 06 acTAX TIPUBOJAUT K 3HAUUTEILHOMY BBIOPOCY
rasa B 3UMHHe MeCsIlbl KaK CJe/CTBHE BbICOKMX KOH-
LeHTpalllii MeTaHa IO/0 JIbJIOM U YCHUJIEHUS BETPOBOTO
BO3/leficTBUS. ITO XOPOIIO COIJIACyeTcsl ¢ HATypPHBIMU
MaHHBIMEI. DBenmkasg Cubupckas TOJBIHBS, KOTOpas
ocTaeTcsl OTKPBITOIl Ha TIpaHHlle pasjesa <«Ccylla —
mpumaii> B Mope JlanTeBnix n Bocrouno-CubmpckoM
Mope, paccMaTpuBaeTcd KaK OCHOBHOH ITyTh BBIXOJA
CH, B atMocdepy 3uMoii [S].

3akouenne

[Torydennbie TPOCTPaHCTBEHHBIE paCpe/leeH s
noroka CHy; B atMocdepy MOKa3bIBAIOT, YTO OCHOBHOI
BBIXOJl MeTaHa MPOUCXOJUT U3 MEJKOBOJHOI dYacTh
apkTuyeckoro Treabda. CyMMapHBII MOTOK MeTaHa
B arMocdepy BCJIeJCTBUE Aerpajaiui cy6akBaJbHOI
MepasoTbl  coctaBua  0,7—2,9 Tr/rox, dTo JIEKHUT
B Anama3oHe nMerontnxcda orenok [5—8]. Cokparrenne
IJIOIAZN JIbJJa B MOPSIX ADKTUKH TPUBOIUT K POCTY
KOJIMYECTBA MeTaHa, KOTOPBIII MOJKET BBIUTH B aTMO-
cepy B oceHHme W 3UMHHE MecAIlbl. B pesyJbraTe
MOJIY4eHO ycTollunBoe yBenumdeHue smuccun CHy
B suMHuil nepuon (Haunmuag ¢ 2004 r.) 1Mo mpUYMHE
COKpAIeHus JIeJIOBOTO TTOKPOBA.

BoisicHeHno, 4To Tpu cpeHeil cKopocTn BeTpa 4—
6 M/c musg JaHHOTO perroHa pasjndds B OIEHKax
C WCIOJIb30BAaHUEM OIMCAaHHBIX 3aBHCHMOCTell He3Ha-
quTeabHbI. [Ipu olleHKe aMuccHil MeTaHa I KasK/I0TO
Mecsdlla HeOTPeeIeHHOCTb, CBSI3aHHASA € Pa3JMYHbIMU
mapaMeTpu3anusaMn  Koadduimenta razoo6MeHa, MO-
skeT jocTuraTh 6osee 20% /I OCEHU U 3UMBI BCJEICT-
BUN YCUJIEeHUs cKopocTn BeTpa. OHAKO pa3imymus
B PACCYNTAHHBIX TOJOBBIX TOTOKAX MeTaHa M Bceil
o6mactu tmesbda cocraBuiu 8%, wim 0,09 Tr/To.

JloTIOTHUTEIbHBII 5KCTIEpUMEHT € YCHJIEeHHeM Ta-
3000MeHa B 06JTacTH, TOKPHITON JibgoM Ha 10%, moKa-
3aJI, YTO HMUCCUS MeTaHa MOKET 3HAYUTEJIbHO YBeJH-
ynTbesd. l'ofoBoil moTOk MeTaHa B arMocdepy BbIPOC
¢ 0,7-2,0 no 1,6—2,9 Tr/rox 3a cuyer pocra BBIGpOCca
rasa B 3UMHIe W OCeHHIe Mecsibl. HeolpeeeHHOCTD
OTIEHKH! TOJIOBOTO MOTOKA MeTaHa TPU Pa3JNIHBIX CXe-
Max ydeTa Jie/loBoTo 1okpoBa cocrasmia 50—130%.

B3anMocBg3b MeXKIy JeJJOBBIM TMOKPOBOM M Ta30-
0O6MEHOM B TIOKPBITBIX JbJIOM pPETHOHAX MOKET OKa3bl-
BaTh O6OJIbIIOE BJANSAHHE Ha pacdeTHble moTtokn CHy
7 TIPUBOJUTH K HEIOOIEeHKe MOTOKAa MeTaHa M3 Mopeii
apkrnueckoro tmenbga [11]. /l1sg yMeHbleHus Heol-
peesIeHHOCTH, CBSI3aHHOII ¢ HeJIOCTAaTOYHBIM TIOHUMA-
HHeM ydeTa Koaddmuimenta razoob6MeHa B 006JacTAX,

TIOKPBITBIX JIB/IOM, HeOéXOI{I/IMbI HaéOpr JaHHbIX O IIO-
TOKaX Tra3a B 9TUX pErmoHax.

@uuancupoBanue. Pa6ora BBINOJIHEHA TIPU MO/~
nepskke PHD (mpoekt Ne 20-11-20112).
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seas to the parameterization of the gas exchange process.

There is considerable uncertainty about the methane emission from the Arctic shelf seas. Methane fluxes in
this region can be underestimated and play a significant role due to the large volume of gas contained in bot-
tom sediments in the permafrost and gas hydrates. We have analyzed the model sensitivity to the parametriza-
tion of gas exchange processes on the sea surface. The study is based on the numerical modeling results of the
transport of dissolved methane in the seas of the Arctic. The dissolved methane transport model is included
in the basic model of the ocean and sea ice developed at the Institute of Computational Mathematics and
Mathematics, Siberian Branch, Russian Academy of Sciences. Estimates of methane emissions into the atmos-
phere were made with various parametrization of the gas exchange process in the ”water —atmosphere” and
"water — ice — atmosphere” systems using NCEP/NCAR reanalysis data. The uncertainty of the estimate of an-
nual methane emission amounted to 6—12% when considering different dependencies of gas exchange on wind.
The scheme accounting the ice cover has a more pronounced influence on the flux: the uncertainty increased to
50—130%. Parameterization of the relationship between ice cover and gas exchange can have a great influence
on the calculated methane fluxes and lead to underestimation of its emission from the seas of the Arctic shelf.
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Puc. 1. Cua cBA3M IIOTOKa MeTaHa, paccuuraHHag aiag mopsa Jlanresbix (a—e) u Bocrouno-Cubupckoro mops (2—e): 3a Bech
rog (a, 2); okra6pb — Maii (6, 0); utonb — centa6ps (6, €)

100 -
g0 | — 33+0,026U°
— 3+0,1U +0,064U%+0,011U°
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— 0,23U2+0,1U
60 F — 0,22202 +0,333U
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Puc. 2. 3aBucumoctu KoadduinenTa ra3oo6MeHa 0T CKOPOCTU BeTpa

F, mr/(™* - cyT)

max(F) = 16 max(F) = 118 max(F) = 60 max(F) = 73

Puc. 3. IlpocrpaHcTBeHHOe paclpejeneHne IIOTOKa MeTaHa B arMocdepy, HOIydeHHOe B YMCJIEHHOM 5KClepuMeHTe F1
s Mapra (a); mas (6); uwong (6); oxkrabpsa (2) 2007 r.
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Puc. 4. V3MeHeHNs BO BPeMEHM: d — TOJOBOTO MOTOKa MeTaHa B aTMocdepy, CyMMHPOBAHHOTO TI0 Bcell 061acTh, IOJTyIeHHOTO
B YHCJEHHBIX dKcnepuMenTax F1—F5; 6 — HeomnpeaeeHHOCTH OlEHKH MOTOKa, paccuuTanHoro no (3) ansa skcrnepumentos F1—F5
(cunsaa xpusag) u F1—F4 (uepnasg xpusas)

F1 1F2 IF3 1F4 IF5

I II III TV V VI VIIVIII IX X XI XII I IT IIT TV V VI VIIVIII IX X XI XII
a 6
30 - 30 -
25
20
< s
84
10
5
0 1 1 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 1 1
I II III Iv. v VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII
Mecar Mecan
8 2

Puc. 5. Tlotok MeraHa u3 okeaHa B arMocdepy, paccuntanubiii ais 2007 (a) u 2019 rr. (6) mo MecsaM B YKHCJIEHHBIX dKCIIEPH-
Menrax F1—F5; Heonpe/e/leHHOCTb OLEHKHU IIOTOKa A1 aKciepuMentos F1—F4 B 2007 (6) u 2019 rr. (2)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


