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[IpencraBiieHbl OIEHKN Ce30HHO 3aBUCHMBIX MHOTOJIETHUX TPEH/I0B MAacCOBOI KOHIIEHTPAIIUHU IIPU3EMHOTO a9po-
30J151 HA 3BEHUTOPO/ICKOl HayuHoll craHimu MucrutyTta ¢usuku armocdepst uM. A.M. O6yxoBa PAH 1o pe3syub-
tataM usMepeHuit 3a 1991—2018 rr. AHaju3 BbINOJHEH MeTOJOM MHOXKeCTBEHHOIl JIMHeHHOl perpeccuu ¢ y4eToM
aBTOKOPPEJISAINNI JaHHBIX Ha 60JBIINX BpeMeHHbIX MacimTabax. /[ uarepBaro 1991—2002 u 2013—2018 rr. mouy-
YeHBbI CTATHCTUYECKH 3HAYMMble OTpPHIATETbHbIE TPEH/bl B BeCEHHUIl M JIETHHI IIePHOJBI COOTBETCTBeHHO. OGCYy:X-

JTAI0TCA BO3MOJKHBIE TPUYUHBI TPEH/IOB.

Knwouesvie caoea: aspo3onb, MaccoBas KOHIEHTpAIMs, JUHENHbI TPeH, MHOKeCTBEHHAs JMHENHas perpec-
cusl, aBTOKOppeJISANUs JaHHbIX; aerosol, mass concentration, linear trend, multiple linear regression, autocorrela-

tion of data.
BBeaenune

ATMocdepHDBIif a9p030Jib 0KAa3bIBAeT 3HAYUTETHbHOE
BJIUSHIE Ha KJIUMaT, KaueCcTBO aTMOC(epHOTO BO3IyXa
1 3/I0pOBbe Jiofleii. B 1mociennee mecsatusierne omy6Jm-
KOBaHBI pabOTBI O JOJTOBPEMEHHBIX TPEH/IaX a3PO30JIsd
Ha OCHOBe [AHHBIX M3MepeHUil ero pa3jMyHbIX Xapak-
TEePHUCTUK Ha3eMHBbIMU MeTO/laMU U €O cIyTHUKoB. Ham-
6oJiee NIUHHBIE PSABI JAaHHBIX OTHOCATCS K a3PO30JIb-
Holi onrruyeckoit Tomme (AOT). B nenom o6HapysKeHO
ymenbiieHne AOT B 1990-x u 2000-x 1T. HaJ OKeaHaMH,
B 3amazanoil EBpone u CeBepHoil AMepuKke U yBeJsiue-
Hue HaJ OTJeJTbHBIMU pailoHaMu I0KHOM W I0TO-BOCTOY-
Hoit Asuu [1-3].

PeryngapHble u3MepeHuss TPU3EeMHON KOHIEHTpA-
1IMU a3po30Jist 66l HavyaThl B 1990-X IT. B OTAEIbHBIX
Ha3eMHbIX IIyHKTaX. B HacTosliee BpeMs B OCHOBHOM
BBIIIOJIHAIOTCS M3MEepeHHs MacCOBOW KOHIlEHTpalluu
a3po30JibHbIX YacTull (particulate matter) ¢ aspoaumamu-
yeckuMu guamerpamu 10 2,5 u 10 mxm (PM, 5 u PMy).
B 60op1mImHCTBE pETHOHOB, T/e TIPOBOATCS MHOTOJIETHIIE
M3MepeHusT MAacCOBOIl KOHIIEHTPAIINH, 3a(pUKCHPOBAHO ee
yMenbinienne. M3mepenus B [IBeiimapun B 1991—2008 rr.
BbIIBUJIM yMeHblleHne PMjy Ha craHiusax, pacroJso-
JKEeHHBIX B pasHoil MecTtHoctH [4]. OTpuiiaresabHble
Tpeuabl PMys 1 PMyy B 1998—2010 rr. moJryyeHbl
B [5] mna Gosnee obmmpHON TeppuTOpuUM 3araHOM
EBpombl, pu a3ToM TpeHA rpyboauctepcHoil gppakuui,
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PM;y—PM,; 5, okazasics HaMHOTO cjabee TpeH/]a TOHKO-
quctepcHoit dpakimn PM,s. B 2000-x T. oTMedeHO
yMeHbIienne PM, 5 Ha (POHOBBIX CTAHINAX B CEKTOPE 3a-
nagHoro CpeauzeMHoMopbs [6] u PMyy Ha o-Ba Masib-
OpKa B 9TOM >Ke peruoHe [7] mo mpuvitHe yMeHbBIEHNUS
00111ero YPOBHS 3arpsi3HeHus Bo3ayxa B Espore. B [8, 9]
COO6IIAETCS O 3HAYNTENbHBIX OTPHUIIATEIbHBIX TpPeHAaX
PM, s, PMyy u PM;—PM, 5 B rycronaceseHHoll fou-
He p. Ilo B Utanmuu no fanHbIM u3MepeHuii 3a ~ 10 ser.
IIpuuuHOil coy:XUT majseHue d3MUCCHIl NMEPBUYHOTO He-
OPTraHNYeCKOTO a3P030Jis M PeAIeCTBEHHUKOB BTOPUY-
HOTO HEOPTAaHWYECKOTO a’P030JisI, B OCHOBHOM IIPUITH-
CBIBa€MBIX aBTOMOOIJIBHOMY TPAHCIIOPTY.

B [10] comocTaBieHbl TpeHIIBI MacCcOBOI KOHIIEH-
TPaIUU aspO30JiA B PA3TMYHBIX pErMoHaxX B IIpeesax
1992—2011 rr. (HO 3a Ppa3JUYAIOIIMEC TIEPHOIbL).
Cxopoctb ymenbiiennsi PM;, B 3amagnoit Espore
3a ~20-meTHuil nepuoy cocrasuia 5—6% B roj, 8 CIITA —
okoJio 4% B rog, B Kanage u Kurae — okono 1 u 2%
B roji cootBeTcTBeHHo. CHmxenne PM, s (3a Gosee Ko-
poTkuii nepuoj) 6bL10 MeHbime. OTMETHM, 4TO OTPHUILA-
TenbHBIN TpeHa PMy, B EBpome, mo omenkam [10], cy-
MEecTBEHHO cuyibHee, yeM TpeHAbl A1 1991—-2008 rr.,
TpuBeieHHbIE B [4, 5].

Tpenast PM, s B Kutae ornenenst B [11] no cmyT-
unkoBbM gaHHBIM AOT (mpu6op MODIS). Ocpen-
HEeHHoe 110 Bceil Tepputopuu 3HaueHne PM, 5 yBeanun-
Basoch B 2001—2005 rr., a B mocJjenyoue JecsTb JeT
YMEHBIIAJIOCh ¢ Bo3pacTalolieil ckopocTbio. OIHAKO Ha
BOCTOKe U Ioro-Boctoke Kuras konueHTpanus PM, s
3a 2011—2015 rr. He n3MenmmIach. O6 YMEHBIIEHNN KOH-
nenTpannu asposons B nentpe Ceyna (I0xuas Kopes)
B 2004—2013 rr. coobutaerca B [12].
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PeryngpHble MHOroJleTHHE a3PO30JIbHbIE U3Me-
penus B Poccuu BbBINONHAIOTCA Ha 3BEHUTOPOACKOI
Hayunoil crauiuun Wuctutyta Quanmkn arMocdeps
uM. A.M. O6yxosa PAH (c 1991 r.), pacnosioskeHHOIt
B JIECUCTOI cesibcKoit MecTHOCTU [logMockoBbs B 50 KM
K 3amaJgy oT MOCKBBI, 1 Ha a?p030JibHOI cTaHuuu MH-
crutryta ontukn atMocdepst uM. B.E. 3yesa (M1OA)
CO PAH pazom c¢ 1. Tomckom (¢ 1997 r.). B [13, 14]
TpeJICTaBJeHbl OIeHKN TPEHJO0B MacCOBOI KOHIIEHTpA-
I cCyOMUKPOHHOTO a’dpo30Jii W 4YepHOTO YIJIepoja
(caxn) B cocTaBe a3pO30JIbHBIX YaCTUII Ha a9PO30JIbHOM
craniun MOA. [Ina 20-neTHero nepuofa U3MepeHUi
ToJTy4YeH OTPUATeJbHBIN TpeH I KOHIIEHTPAIIUU YepPHOTO
yriepoja, cocrasisionuii —2,3% B rox [14], oxmako
CKOPOCTb €e yMeHbBIIeHNUs B IepBoe JeCATUIeTHe ObLIa
<1% B 1oa [13]. CraTucTHYecKH 3HAYUMBIH TPEH.
KOHIIEHTPAIUN a3po30Jsa 3a 20-eTHUi 1epuo/| He BbI-
SIBJIEH; M3BECTHO, YTO OH HMeJ HeOOJIbIIOe TTO0JI0KH-
TeJIbHOE 3HaueHNe B IepBoe Jecatuierne. TakuM o6pa-
30M, JJI1 06eMX KOHIEHTPAIUil MOKHO OTMETHUTH CJ[BUT
TPeH/la B CTOPOHY OTPUIIATETbHBIX 3HAUEHUII.

B Hacrogieit pa6oTe MbI TIpeJCTaBJIsIeM TepBbIe
pe3yJIbTaTbl HCCJeJOBaHUS TPEHI0B MacCOBOW KOH-
IEeHTpalUK MPU3EMHOTO a3p030Js1 Ha 3BEHUTOPOICKOM
Hayunoil crammuu WHctutyta ¢Gusukum atMocdeps
uM. A.M. O6yxoBa PAH.

XapakTepucTHKa /IaHHbIX

Peryngapuble m3MepeHHS MacCcOBOW KOHIIEHTpA-
1IN TIPU3EMHOTO a3PO30Jia Ha 3BEHUTOPOJACKON CTaH-
mnn Hadathl B 1991 r. /Jlo 2003 r. OHU BBIMOIHSINCH
B.H. CuznopoBbeiM Ha mpoTouHoM Hedemaomerpe [15],
B 2001—2012 rT. — HAMU C MOMOIIBIO CIEKTPOIOJISIPH-
MeTpa, PEruCTPUPYIOLIETO MOJSIPU3AIIMOHHBIE KOMIIOHEH-
ThI MHIMKATPUCHI PaCCETHUST TOJ| YIJIOM 45° Ha JIIMHE
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BostHBI 0,54 MKM. Amnmapatypa, ee KaamOpoBKa U Me-
ToauKa u3MepeHWil ommcanpl B [16—18]. C 2012 r.
TIPOBOJATCS M3MepeHUs Ha cepuitHoM npnbéope DAH.
ComnocTaB/ieHrie U B3aNMHAs TIPUBI3KA JAHHBIX, TOJY-
YEeHHBIX HA PA3JNYHBIX NMPUOOPaX, CAeNaHbl 10 MHTEP-
Basam nepekpbitust 2001—2003 u 2012 rr.

Maccosas xoHuentpanuss (M) aspo3o/is oleHnBa-
JIACh TIyTeM YMHOKeHUS M3MEPEeHHOTO IO YTJIoM 45°
Koa(PuimenTa HaMpaBJeHHOTO cBeTopaccessHusa Dyq
Ha K03 UINEHT, KOTOPBIH B HAMIUX IPeIbIIYIINX pa-
6otax mosarasucga paBabiM 3000. OgHAKO comocTaBJIeHTE
pe3yJIbTATOB HAIINX u3Mepenuit Dy ¢ pe3ybTaTaMu U3-
MepeHuit PM, s Ha mocty MoOCSKOMOHUTOPHHIA, pac-
MOJIOKEHHOM Ha 3BEHUTOPOJICKOI CTAHIINH, MOKA3aJo,
4YTO 3HaUeHNe 3Toro Koaddummenta pasuo ~2000. Omno
1 TIPUHATO B HacTosAMmel paboTe. ExxeiHeBHbIEe 3HAUEHIA
MOJIYYeHHOH TaKuM 06pa3oM MacCOBOH KOHIIEHTPAIuu
aspososig B 1991—2018 rr. mokazanbr Ha puc. 1, a;
Ha puc. 1,6 TpuUBeIEHBI COOTBETCTBYIOINIHE 3HAUEHIUS
necsituudoro Jjorapudpma M. ITlepuox 1991—-2003 rr.
npejicTaBJieH JaHHbIMU HedesnaoMerpa, 2004—2012 rr. —
JMIaHHBIMH cnieKTponoJisspumerpa, 2013—2018 rr. — man-
ubiMn OAH.

Psag HeoTHOPOZEH MO CTENEeHHW OCpelHEeHHsS KOH-
nenTparu. JlaHHble TMPOTOYHOTO HedemoMeTpa TIpel-
CTaBJEHBl CPeJHECYTOUYHBIMU 3HAUYEHUSMHU, JaHHbIe
CIEKTPOTIOIIPUMETPA — CPEeIHUMU 3HAYEHHSIMU B Te-
yeHne yaca B ~9:00 mo MecTHOMYy BpeMeHH, a [JaHHbIe
DAH — ToueuHBIMH 3HAUEHUSMU B 3TO JKe BpeM:l.

[Tepuoa ¢ 2003 mo 2012 r. xapakTepusyercsl dac-
TBIMU CHJIbHBIMU aHoMayuusiMu M. OHHM MOTYUHSIOTCS
onpejieleHHbIM 3aKoHOMepHOCTAM [ 18, 19], onHako ux
MpUYNHA TI0KA HE YCTaHOBJIeHA. MBI MCKIIOYaeM 3TOT
MePUO/T M3 JaJbHENIIero aHaTn3a.

[ITTpuxoBble NpsMble JUHEHHOI perpeccun Ha puc. 1
VKa3bIBAIOT Ha TEeH/[EHIINN TMOHIWKEHWS KOHIEHTPAIUN
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Puc. 1. MaccoBas koHieHTpanus asposons (a); ee mecarmunbiii jgorapudm (6); Gesble WTPHXOBbIe NPsAMble — JHHEHAas
perpeccust
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aspososg B 1991—-2002 u 2013—2018 rr. Oguako amug
aHa/IN3a TPEH/IOB U OIEHKN WX JOCTOBEPHOCTH MBI IIPH-
MeHHUM MeTO/I MHOKeCTBEHHON JIMHEeHHON perpeccuu.
B pa6ore ucHo/b30BaHBl TaKKe JaHHBIE peaHa-
muza ERA-Interim (http://apps.ecmwf.int/datasets,/)
U JaHHbIe aspoJormdeckoro songuposanug (http://
weather.uwyo.edu/upperair/sounding.html). Asposo-
rUvecKue JaHHble ObLIN TO/BEPTHYTHI TIPOIEIype CTa-
TUCTUYECKON 0TOPaKOBKH, omucanHoit B [20].

Metoa anaausa

AHaJI3 BBITOJIHEH C TTOMOIIBIO MOJETH MHOKECT-
BeHHOiT inHeiHO perpeccun. 3anuieM ee B Bue [21]:

Y =Xp +¢g @))

riae Y — BekTop HabJoieHuil pasmMepoM n (aHau3upye-
MbIii psia); X — MaTpuna npeankTopoB (He3aBHCHMbIX
[epeMeHHbIX) pa3MepoM (1 x p); p — YUCIO TPEIUKTO-
POB; B — BeKTOp HemsBecTHBIX Koadduuumentos (mc-
KOMBIX KO03(D(PUIMEHTOB Perpeccuu) pasMepoM p; € —
BekTop onm6ok (ocraTkoB) AmHOI 7 (OcTaTOUHbIH pPsL).
B Hamem ciay4yae B KauecTBe psjia HaOMIOJEHUIl BBI-
CTYTIAIOT MAcCcOBas KOHIIEHTPAINSA aspo3ossi M uim ee
gorapudm 1gM. Eciau psa € He KOppeJupoBaH U MOJ-
YIHSIETCSI TayCCOBY paCIpPeIeJEHNI0, TO OMMOKU HCKO-
MBIX K03(D(UINEHTOB HAXOASITCS MPU PENIEHUH CHCTe-
MbI (1) cTaHZapTHBIM METOZIOM HAaNMEHBIITHX KBaJpaToB.
OpnHako ecau psil € KOPPeJIUpoBaH, TO HEOOXO/IMO
BHECTH TIONPaBKHU B OMIMOKN K03(hQUINEHTOB perpec-
cum [21]. B [22, 23] HamMu TpelIoKeH MeToJ ydeTa
aBTOKOPPEJISIIINU OCTATOYHOTO psijila € B GOJIBIIIOM JiHa-
Ma3oHe BpeMeHHBIX MaciiTaboB. OCTaTOYHBIA pPsij
MIPeJICTABJISIETCS] B BHJIE IIPOIlECCA aBTOPETPECCUH, TI0-
PSAIOK KOTOpoil k Mo)keT ObITh HaMHOTO O6oJibiine 1.
Temiepb MBI TPUMEHWM 3TOT METOJ /IS aHAIN3A A3PO-
30JIbHBIX TPEHJIOB.

B kauectse mnpeaukropos B (1) y4uThIBalOTCA Ie-
peMeHHble, BJIUIONINE HA W3MEHYMBOCTH a3P0O30Jid.
B 3amavye o TpeHIax 0COGEHHO Ba)KHO y4yecTb (DaKTOPBI
MEe’KTOZIOBOI M3MEHYMBOCTH B aTMocdepe, HampuMep,
dnab-Hunabo n CeBepoatiaHTiueckoe kKosebanue. OHa-
KO PacyeTsl MOKA3aJld, YTO OHM TPAKTUYECKU He BJIUS-
10T Ha TPEHJBbI a’pP030Jid U COOTBETCTBYIONINE WM KO-
apPurmentsr perpeccun, Kak MPaBUJIO, CTATHCTHYECKH
He3HAUWMBbI. B WTOTE B KayecTBe NMPEANKTOPOB B Mo/le-
mu (1) ucrnosb3oBaHbl KOHCTaHTa, JUHeHHas (yHKIHsT
(JIMHeR DI TPeHI) U reonoTeHIMal Ha H306apiHaecKoli
noBepxHoctu 500 rlla, ocpemaHeHHBIH TIO apKTUYECKOM
o6stactu (ceBepHee 70° c.1I.) B MOCKOBCKOM JIOJITOTHOM
cektope 30—45° B.n1. lcmosb3oBaHue TeonoTeHITHAA
B KayecTBe MPeJNKTOpa 0G0CHOBAHO pe3yJbTaTaMU pa-
6otnl [19]. ExkexHeBHble 3HaYeHUs TeolOTEHIHAJNA I10-
JydeHbl u3 faHHbIX ERA-Interim.

3Hadenns K0a(pGUINEHTOB B B peTPeCCHOHHON MO-
JleJTN TIpe/ICTaBIeHbl B BU/le Pa3iokeHNI B pag Dypbe
10 TIapaM CHHYC-KOCHHYC, COOTBETCTBYIONIUM TO/IOBOI
U MOJIYTOJI0BOl TAapMOHMKAM, C I[€JIbI0 y4eTa TOJ0BOTO
xofa M ¥ ce30HHOI 3aBUCUMOCTH TPeH/0B. B pe3ysib-

TaTe YMCJI0 Hem3BecTHBIX Koadduimentos B (1) cocra-
Bwio 15. 3ajgava pemajach Ajas uHTepBasoB 1991—
2002 n 2013—2018 rr.

PeByJIbTaTbI AaHaJnu3a U UXxX 06cy}1</1eH1/1e

I'ictorpaMMbl  OmIMOOK KOHIIEHTPAINH  a3PO30JII
u ee JjiorapudmMa npuBeieHbl Ha puc. 2. CepbiM IIBETOM
MOKA3aHbI THCTOTPAMMBI OCTATOYHOTO PSJa € JJIsl JABYX
BPeMeHHBIX MHTEPBAJIOB PN aHA/IN3e KOHIleHTpaIn M
u ee jorapudma. I'mcrorpamMmer ang M oTIMYaroOTCS OT
rayccoBa pacIpejieleHusI, TOra KaK TUCTOTPaMMbI JIJIst
jJorapudma M [OCTaTOYHO XOPOIIO YIAOBIETBOPIIOT
emy. IloatoMy mociemyfommii aHaMm3 6yaeT IpoBeieH
s morapugma M.

Ha puc. 3 npeacraBieHbl rpadukn 3aBUcHMOCTell
TOJIOBBIX OIEHOK JINHEeITHOTO TpeHaa Jorapudma M n ux
95% MOBEPUTEJNHHBIX WHTEPBAJIOB OT MOPSIAKA aBTOPEr-
PECCHOHHOTO TIpoliecca k, allmpoKCUMUPYIONIEro 0CTaTOY-
HbIl pan € B unrepBatax 1991-2002 u 2013—2018 rr.
OrtnenpHble 3HAYeHNA Ha TrpaduKax, YCIOBHO COOTBET-
crByforue k = 0,5, moydeHbl 6e3 yueta aBTOKOpPpPeJIs-
I[UM OCTaTOYHOTO psifia (T.e. CTaHAAPTHBIM CIOCOGOM).

CrieKTpbI OIIMO0K OTIEHOK TPEH/IOB JJISI PAcCMaTpPH-
BaeMbBIX BPEMEHHBIX MHTEPBAJIOB MOKA3aHBI HA PHC. 4.
Cepble KpuBbIe COOTBETCTBYIOT CIIEKTPaM OCTATOYHOTO
paga . Xapaxrep crekTpoB (Hajauune HaKJIOHA) yKa-
3bIBaeT Ha CBSI3b MEXK/IYy BapHalUsMH € Pa3HBIX Bpe-
MEHHBIX MacITaboB, T.e. HA HaJWuWe MaMATH, W 3HAa-
4YeHNd € He SIBJAIOTCA He3aBHCUMBIMU. Kak ciexyer mu3
puc. 3, y4eT 3aBUCHMOCTH TOJIBKO COCETHUX 3HAYEHUN €
(mpu k& = 1) IPUBOANT K 3HAYNTENBHOMY IIOBBINIEHUIO
omm6ox Tpenia. C pocToM k omubKy Mpo/0/IKAIOT yBe-
JIMYUBATBCS W 3aTeM CTaOMIN3UPYIOTCS B OKPECTHOCTH
k = 70. IIx yBeinueHue oTpakaeT HaJNYUe CBI3U He
TOJBKO COCEIHUX, HO U Gojiee JajJeKuX 3HAYEHWIl €.
Jlanbueiimuii poct k BefeT K yMEHBIIEHWIO OIMHGOK
OIIEHOK TPEH/IOB, TIPU 3TOM OIeHKH TPEHOB W3MEH:-
I0TCSI B CTOPOHY ycuseHusi. IToT Hakt Tpedyer oObsic-
HeHud.

UepHbIMU KPUBLIMU Ha PUC. 4 MOKA3aHbBI CIIEKTPBI
HEKOPPEJIHPOBAHHOI OMTMOKU, aCCOIIMPOBAHHOI ¢ KOP-
peJupoBaHHOl onubKol € (HeKoppenpoBaHHas Omus-
Ka paccuuTana, corjacHo [21—23], mpu k = 400). Cuexk-
TPl KOPPEJMPOBaHHBIX OMKOOK €& (cepble KpHUBbIE)
UMEIOT MaKCUMYMBI B OKPECTHOCTH 2,5-JIeTHETO MePHO-
71a, a B CHEKTPaX HEKOPPEINPOBAHHBIX OMNOOK OHH OT-
CYTCTBYIOT. MaKCUMyMBbI MOTYT OTPa’KaTh KBa3W/BYX-
JIETHIE BapHUAINN KOHIIEHTPAITMH 2a3P030Jisd. BbIcokmii
MOPSIJIOK aBTOperpeccun k = 400, 1mo-BUIUMOMY, TTO3BO-
JIWJ HesABHBIM 06pa3oM (6e3 BBeJeHUS COOTBETCTBYIO-
IEr0 Perpeccopa) y4ecTb 9TU Baphallid, UCKJIIOYNB MX
13 HEKOPPEJTNPOBAHHOI ONTHOKH, YTO IPUBEJO K YMEHb-
TIEHUIO UCIIEPCHN € W, CJIeI0OBATeIbHO, K YMEHBIIECHHIO
JIOBEPUTETbHBIX UHTePBATOB. CIIEKTpbI HEKOPPEINPO-
BaHHOW OIMMOKM Ha pHUC. 4 He MMEIOT HAKJIOHA, YTO
COOTBETCTBYET CIIEKTPaM CJy4ailHOro rayccoBa IIyMa.
OTMeTHM TIpH 3TOM, YTO THCTOTPAMMBI KOPPEJNPOBAH-
HOW ¥ HEKOPPeJUPOBAHHOI omu6ok Ha puc. 2, 8, 2
6/TU3KU MeKTY COOOii.

MHoroJieTHHE TPEHABI MacCOBOIl KOHIEHTPALUH IIPH3EMHOTO a3p030Js Ha 3BEHHTOPO/ICKOIl HAyYHO! CTaHIH... 959
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Puc. 3. 3aBHCHMOCTb TO/IOBOH OIEHKH JUHEHOro TpeHaa JorapudmMa KOHIEHTPAIUKM a3po30/s U ee 95% J0BEPUTENbHOTO MHTEp-
BaJla OT TIOPSI/IKA ABTOPETPECCHOHHOTO MPOIIECCa, alllPOKCHMMUPYIONIEro BPEMEHHOH Pl KOPPeJMPOBaHHON OMIMGKH [/l HHTEPBAJIOB
1991—-2002 (a); 2013—2018 rr. (6); cM. Takke o6bICHEHUE B TeKCTe
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Puc. 4. CnekTpbl KoppeaupoBaHHOH (cepble KpuBbIE) M HEKOpPPEIMpPOBaHHON (4epHble KpHBbIe) OMMMGOK /I WHTEPBAJIOB
19912002 (a); 2013—2018 rr. (6); HekoppenpoBaHHasl ommbKa cooTBeTCTBYeT R = 400
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V3MeHeHIEe OIeHOK BeJIMYMHBI TpeHaa mpu k > 400
Ha puC. 3 MOXKeT ObITb CBSI3aHO C TeM, 4YTO BpeMeHHbIe
UHTEpBaJbl, B KOTOPLIX OlEHUBAIOTCSI TPEH/bI, MOTYT
COZIEP’KaTh JIMIh HEOOJIBIIOE YUCJIO KBAa3H/BYXJETHUX
Bapuauuii. Crenyer ormeruts, urto Juab-Hunbo n Ce-
BepoaTIaHTHYeCKOoe KosleGaHHe COAEp’KaT KBa3UIBYX-
JIeTHUe KOMIIOHEHTBI, BJMAION[Me Ha M3MEeHYHBOCTDb
atMocdepsl B cpeHUX mupoTax [24], HO UX y4eT He
OTpa3m/Ics Ha pe3yJbTaTaX aHAIN3a TPEHOB.

lTomoBble, MecA4YHBle W Ce30HHBIE OIEHKW JWHET -
HOro TpeHja Jorapudma M u ux 95% J0BepHTENbHbBIE
uHTepBasibl A TnepuogoB  1991—-2002 wu 2013—
2018 rr., paccunranuble npu k = 70 u 400, npuBegeHbI
Ha puc. 5, @, 6. Tpenzibl st 060UX TEPUOJOB CE30HHO
3aBUCHMBI, HO B IIeJIOM JJOMAHHIPYeT YMeHbIIIeHITe KOHIIeH-
Tpaiuu aspo3osd. OTpHllaTeslbHble CTATUCTHYECKH 3Ha-
YuMble TPeHbl HabmofaioTcsa BecHoir B 1991—2002 rr.
U ¢ KOHI[a BeCHBI 1o cepequHy jgera B 2013—2018 rr.
MaxkcumanbHblii o MoayJaio TpeHa B 1991-2002 rr.
nocturaeT —2% B rof B ampesie, a B 2013—2018 rr. —
yke (=5+-6)% B o/ B HIOHe. 3UMON U OCEHbIO TPEH-
Al jorapudma M craTHcTHYecKH He3HAyUMBbL. [ojo-
Bble OIIEHKH TpeHJa OTPHIATEeJbHBI U COCTABUJIN
(-0,4+-0,6)% B rox B 1991—2002 rr. u (-1,4+-1,8)%
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B rog B 2013—2018 rr. (mociexnuii Ha Tpanuue 95%
cTaTHCTUYeCKOH 3HaummocTn). Kparkasg cBoAKa TpeH-
JIOB IIPUBE/IEHAa BO BTOPOM CTOJIOIIE TaOJIUIIBI.

Ha mpaBbIx ocax puc. 5, @, 6 yKazaHbl T'OJOBbIE
U3MeHeHUs KOHIIEHTpAIlN a’po3ossgs AM, COOTBETCT-
ByIOIINe JHHEITHBIM TpeHAaM jorapudma M. HIkambr
[IpaBbIX Ocell HeslMHeHbIe.

Anayornyno Jorapucdmy M ObLT NpoBeleH aHa-
JIN3 TPEHJI0B KOHIIEHTPAINN 2a3P030JisA. [mcTorpaMMbl
HEKOPPEJIUPOBAHHBIX OMIMOOK Ha puc. 2, a, 6 JJII 3TO-
TO cJIy4dast HECKOJIBKO OTJIMYAIOTCS OT THCTOTPAMM KOp-
PEeMPOBAHHBIX ONIMOOK B CTOPOHY JIYYIIEro X COOT-
BETCTBUSI paclipefle/ieHnio [aycca, HO TeM He MeHee
He COOTBETCTBYIOT eMy. IloaToMy JoBepuTesbHbIE WH-
TepBaJbl TPEH/IOB, OIleHEHHbIE B MPEANOJOKEHIH Ta-
yccoBa pacmupefiesieHHs oMmu6oK, cJelyeT CYUTATh MpH-
6nusutenbHbIMU. Tpenabl M npuBeneHbl HA PHC. S, 6, 2
1 BBIOOPOUYHO — B Tabimile. XapaKTep Ce30HHOII 3aBH-
cumoctu TpeHga M B 1991—2002 rr. Takoii ke, Kak
s tperga lgM. TomoBoe 3Havenue coctaBuio —1,8%
B 1o (OTHOCHTEIbHO CPeAHEro 3a HTOT MEPHO 3Haue-
Hug M), a anpeabcKuil TpeH[ JOCTUT 3HaYeHUA —8%
B Toi, win okoao —0,34 u —1,5 MKr-M™ B roJ CooT-
BETCTBEHHO.
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Puc. 5. Tomosas (Touka ciesa), Mecsunble (KpuBble B IEHTPa/bHOIl YacTn) U ce3oHHbIe (KPHBbIE CIpaBa) OLEHKH TPEeH/a Jora-
pudMa KoHIleHTpaIu asposos (@, 6) 1 KoHleHTpauu aspo3od (6, 2) 1 ux 95% moBepuTeJbHbIE HHTEPBAJIbI IPU MOPSIIKE aBTO-
perpeccun & = 70 (cepoiit user) u k = 400 (uepubiii user) B unrepsasax 1991—2002 (a, ¢) u 2013—2018 rr. (6, 2); o6bacHeHUE

npaBoﬁ BepTI/IKaJII)HOIjI OCH CM. B TE€KCTe

Aspo3sobHble TpeHapl AJs nepuoaos 1991—2002 u 2013—2018 rr.

O1leHKU TPEHIOB
ITo 3uauenusm 1lgM Ilo 3nauenuam M
ITepuon
Tpeun 1gM, | AM, AM, Tpenn M, Tpeun M,
%,/ TO] %/Ton | Mxr - M /Ton| %/Tom | Mkr-M°/Tox
1991—-2002 rr., rox -0,5 -1,3 -0,20 -1,8 -0,34
1991—2002 rr., BecHa -1,7 4,5 -0,67 -6,7 -1,30
1991—2002 rr., ampeab 2.1 -5,5 -0,82 -8,1 -1,50
2013—2018 rr., rox -1,6 -3,7 -0,40 -6,7 -0,94
2013—2018 rr., JeTo 4,3 -9,6 -1,00 -9,3 -1,30
2013—2018 rr., uioHb -5,6 -12 -1,30 -2,0 -1,70
2013—2018 rr., oceHb — — — -13 -1,90

MpHuorosietTHne TPEH/AbI MaccoBO KOHIEHTpalUi IIPU3EMHOI0 aspo30.Jid Ha 3BOHI/II‘0p0llCKOﬁ Hay'moﬁ CTaHIIUU...

961



XapakTep Ce30HHOW 3aBUCHUMOCTH TpeHaa M
B 2013—2018 rr. (puc. 5, 2) c cepeANHbI 3UMBI IO KOHEI
JleTa T0/I06eH XapakTepy 3aBHCHMOCTH TpeHJa JioTa-
pudma M (puc. 5, 6). OgHako oceHbIO MOAO6HE OTCYT-
crByeT. ['ogoBoe 3nauenue tpenga M B 2013—2018 rr.
coctaBuyio —6,7% B TOJl, MIOHBCKOE 3HaYeHHEe OBLIO
-12% B TOA, a B HOsA6pe TPeH[ JJOCTHT 3HAYEHUS
-16% B rox, uau B a6CcoOMOTHBIX eamHnmax -1, —1,7
1 —2,3 MKT - M B TOJi COOTBeTCTBeHHO (cM. Tabmuity).

ComnoctaBuM olieHKH TpeHA0B M 1 jorapudma M.
W3 puc. 5 u TabJUIBI CIeyeT, YTO TIPU UCTIOTb30BAHNN
gorapudpma M orHocuTenbHbie (B MPOLEHTAX) TPEH/IbI
3HAYNTEIbHO, OOBIYHO B HECKOJIBKO pa3, cjabee OTHO-
cutenbHbIX TpeHaoB M (cp. croabust 2 u 5 B Tabuau-
ne). M3MeHeHusi aGCOJIOTHBIX 3HavyeHUil TpeHaoB M
TOXe pasjmdaiorcsa. IIpn TeX BeqWYmMHAX TPEHIOB, KO-
TOpDbIe TOJy4YeHBI B HacTodmleil paboTe, TOIOBbIe M3Me-
HeHWs KOHIIEHTPAIH a3p030Ji, COOTBETCTBYIONIHE JIH-
HellHBIM TpeHzaM Jorapudma M, MeHbIe M3MeHEHHIl,
COOTBETCTBYIOIMNX JNHEHHBIM TpeHAaM caMoil KOHIIeH-
Tpauun asposons (cp. cronbupr 4 u 6 Tab6muisr). OueH-
KU TPEH/IOB KOHIIEHTPAITNH ICIBITBIBAIOT 60Jiee CHIbHOE
BJINSIHIE BBIOPOCOB C BBICOKMMH 3HadeHmaMu M. Ot-
MeTHM TIpH 3TOM, YTO 3HA4YeHHS TPEH/IOB, OIeHEHHBIX
110 BpeMEHHBIM psZaM, COCTaBJIEHHBIM N3 MHHIMYMOB
7 MaKCUMyMOB M, B TIPOIIEHTHOM OTHOIIEHNH OJIM3KI.
ITo CcIpaBeINBO U [T TPeH/I0B Jorapudma M.

OrpuiatebHble TPeHAB TPH3EMHOTO a3PO30JII
Ha 3BEHUTOPOCKOIL CTAHIIMK YKJIAJbIBAIOTCA B KapTUHY
YMEHBITIEHNST CoJepKaHmsA a’spo30Js B OOJBIINHCTBE
reorpadudeckux pernonos (cM. Beenenue). Comocra-
BUM HaIllN OIIEHKW TPEH/OB C TPeHJaMU MaccoBOil KOH-
IeHTpaIny aspo3osisd B EBpome, mcmosb3yd JaHHBIE
puc. 5, 2, 0 W ABYX TMOCJHEIHAX CTOJOIOB TaGJIHIIBI.
TonoBas oumenka Tpenga M B 1991—-2002 rr. Bnosxe
COOTBETCTBYET TOJIOBBIM OIleHKaM TpeHJaM PMyy B ¢o-
HOBBIX paifoHax [lIBeiinapuu 11 nepuoga, BK/IIOYAIO-
mero Ham 12-metHuit mepmoa [4], HO 3HAYUTETHHO
Membine (110 MOAYJII0) OlleHKH TpeHaa PMy, mosydeH-
noit s EBpormst B [10]. CBenenuii o TpeHIaX KOHIIEH-
Tpauuu aspo3ossa B EBpore nocie 2012 r. Mbl He nMe-
eM. Hapamy c stuM ykaskeM Ha yCHJIeHHe CO BpeMeHeM
OTPHIIATETbHBIX TPEH/IOB Ha 3BEHUTOPOICKON CTaHIINI
7 TOXOXKYT0 TeH/EeHIINIO M3MEeHEHIS a9PO30IbHBIX TPeH-
noB B 3amagHoii Cubmpu.

ComocTaB/isid HAIlN OIlEHKW TPEHOB [T Iepuo-
108 1991—2002 n 2013—2018 rr., oTMETUM 3HAYUTETD-
HOe yBeJW4eHHe CKOPOCTH YMEHBIIEHUS CO/ep:KaHud
aspososig B 2013—2018 rr. Pasnuiia rofoBuIX OIEHOK
TPEHIOB JIOCTHTaeT TPEXKpPaTHOH BeJnmdnHbI. OTimdnsg
SKCTPEMAJIbHBIX 3HaYeHUil TpeHI0B (BecHOil u JieToM),
GoJIbIIINE B OTHOCUTENBHBIX eananiax (B 1,5—2,5 pa3za),
B a6COJIIOTHBIX €IMHUIAX OHU WMeT OAWH MOPSI0K
BeJTMYIHBI.

BaxHoe ob11iee cBOHCTBO a3pO30IBHBIX TPEHIOB AT
JIBYX BPEMEHHBIX IePHUOJ0B — OHH TIPOSBIAIOTCS TIpe-
HMYIIeCTBEHHO B OIlpe/le/IeHHbIe ce30HbI. PaccMoTpuM
BO3MOJKHBIe TIPHMYMHBI TPeHJOB. VI3MeHeHHe aMmccuit
A3PO30JIbHBIX YACTHIl ¥ WX Ta30B-IIpe/IeCTBeHHUKOB,
TIOBJINSIBIIIEe HA KOHIIEHTPAIINIO a3po30Ji B 3amagHoil
Espone (cM. BBenenue), mo-BUANMOMY, He OTPa3WIOCh
Ha a3p030JIbHBIX TPeHaX Ha 3BEHNTOPO/ICKON CTAHITIH.

B npotnBHOM ciydae MOXKHO 6BLTO GBI OKHIATh TIPOSB-
JleHe TPeH/I0B B 3WMHUII mepnoj. Bo3Mo:kHO, yMeHb-
IIeHNe SMICCHIl B pe3yJIbTaTe JAerpaJaliiyl TPOMBIIIIeH-
HOCTH YPaBHOBENIEHO MX yBeJNYEHNEM 3a CYeT aBTO-
TPaHCHOPTA.

[lpyrag BepoATHag IPUIMHA TPEHIOB — M3MeHEHIe
KJIMMaTa, BIHIoNlee Ha aTMoc(epHBI TepeHoc I mapa-
MeTpbl OKpy:Kalolllell cpe/ibl. MHOrojleTHUEe U3MeHeHUs
mepeHoca Tpe6YOT CHeNNATbHOTO aHAIHN3a, KOTOPBIi
37iech He IpoBoautcs. Elle oAMH BasKHBIN IPUPOIHBII
dakTop coaepkaHUSA a3po30J — TeMiepaTypa. B gact-
HOCTH, MHOTOJIETHUIT TPEH/I TeMIIepaTyphbl BeCHOH MOXKeT
oTpakaTbcd Ha TasSHUH CHEKHOTO IIOKPOBA 1, KaK CJIe/l-
CTBHE, BIUATb HAa BBIHOC B aTMocdepy aspo3ossd Mod-
BEHHOTO TIPONCXOXeHNA. TeMIepaTypHBIil TpeH/ B e~
PHOJ BeTeTallny MOT 6BI MOAYJIMPOBATh KOHIIEHTPAIINIO
a3p030711 OGHOJIOTHIECKOTO TIPONCXOKAeHNA. JlomomHn-
TEJbHBIM (PAKTOPOM, OIpeesIoNM GHOTeHHYIO0 CO-
CTaBJIAIONIYIO a3p03071 B MOCKOBCKOM pernoHe, MOXKeT
6BITh yCBIXaHHe eJbHUKOB. B okpecTHOCTH 3BEHHTO-
poia oHO OBLIO, IO HAMWM HaGJIOEeHNAM, Hanbosee
cubHbIM B 2000-x 1 2010-x rT.

MBI OIeHHJIN MHOTOJIETHHE TpeHAbI IpH3eMHOMH
TeMIlepaTypbl B MHTepecylomue Hac ce3oHbl 1991—-2002
u 2013—2018 rr. 1m0 ocpeHEHHBIM 32 CE30HBI JaHHBIM
A3pPOJIOTHYECKOTO 30HAMpOoBaHUSA U JaHHbIM ERA-
Interim. Vcnosnbp3oBan mnpocreifmuil Meron JuHeilHON
perpeccun 6e3 yueTa (paKTOPOB MeKTOIOBOI M3MeHUN-
BoctH. IloydeHHDIE OIEHKN TeMIepaTypHBIX TPEHIOB
UMeoT cJabyio CTATHCTHYECKYIO JOCTOBEPHOCTb W MO-
TYT CJIYXUTH JIAIIb yKa3aHWeM Ha BO3MOKHOCTb TpeH-
na. B nanpHefimeM oHM MOTYT OBITH PN HEOO6XOINMO-
CTH YTOYHEHBI.

TeMmmepatypHBIil TPEH[ 110 a3POJTOTHYECKNM JaHHBIM
ansg Becen 1991—2002 rr. He BBIABJIEH, a IO JAaHHBIM
peaHasm3a MOJIy4eHO cjaboe yBelWdeHHe cpeaHel
[0 IEeHTpaIbHOMY peruoHy (BKIo4aioeMy MOCKOB-
CKyI0 06J1acTh) TeMIepaTypbl co ckopoctbio ~0,1 °C
B roA. Ecim 3To ToTemsIeHNe COOTBETCTBOBATIO AEHCT-
BHUTEJBHOCTH U €CJN B pe3yJbTaTe CXOJ CHEXKHOTO TIo-
KpoBa W HaYaJo BeTeTaIllil CMEeCTIUINCh Ha 6ojlee paH-
HHUe JaTbl, TO CJIeZIoBajo 6B B 3TOT TEPHOA OKIIATDH
He YMeHBIIeHNs, Kak Ha PHUC. 5, d, 6, a yBeJNUEHHI
KOHI[EHTPAIINT a3p030Js. Y ChbIXaHHe elN ToKe BPs JIn
MO’KeT CJIYyKUThb CYLIeCTBeHHOH NpUYMHOI yMeHbIlle-
HUA KOHLeHTpamuu asposonst B 1991-2002 rr., mo-
ckombKy B 2013—2018 rr. Becenumuit acdekT yMeHD-
IIeHHs. TPOSIBUJICS HEJOCTaTOYHO YeTko (puc. 5, 6, 2).
Mpr mpmxXoamM K BBIBOAY, YTO JJIS WHTEpIpeTaInu
TpeHZ0B aspo3ossa B 1990-x rr. Heo6XOANMM aHATIH3
N3MeHeHU! MUPKYJIAIIH aTMoc(ephl.

I[lo pgaHHBIM a’pOJIOTHYECKOTO  30HIMPOBAHUSI
B Jlomronpyanom (ceBepHBI mpuropos MOCKBBI),
Cmostercke (320 kM Ha 3amaj-oro-3arnaji 0T 3BEHUIO-
poma) m Hmwxnem Hosropoge (450 kM Ha BOCTOK-
CeBEepPO-BOCTOK) it JieTHuX Tepuogos 2013—2018 rr.
TOJIy4eHbI OTpHIlaTeJbHbIe TPEHABI MPHU3eMHON TeMIe-
patypsl, mpubamkaonmecs B Cmosencke k —0,3 °C
Brof. B 1o ke BpeMs tpena B Pasanu (220 kM Ha toro-
BOCTOK) He BbISIBJIEH. YMEHbIIeHHe CPeHeJeTHEeld TeM-
nepatypbl B 2013—2018 rr. moarBepskJaeTcs [1aHHBI-
mu ERA-Interim. OHo mposiBUIOCH TIPU OCpeHEHUU
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mo MockoBckoMy pernony. [Ipn ocpeanennu mo o6.ac-
TH C pa3MepaMH 4° IMUPOThI M S° JOJTOTHI C IEHTPOM
B 3BeHuropoie oo cocrasuio —0,1 °C B rog.

YcraHOBIEHO, YTO 3MUCCHST GMOTEHHBIX JIETYUnX
OpraHMYeCKNX COeJIMHEHUN — BasKHBIX Ipe/liecTBeH-
HUKOB GMOTEHHOTO a3p030JiS JIETOM — JMeeT BBICOKYIO
YYBCTBUTEJIHHOCTb K TeMIlepaType B JUANa30HE ee JeT-
HUX 3HaueHWi [25, 26]. IloaToMy sreTHee TIOXOJI0AaHTE
B 2013—2018 rr. MOr/IIO IPUBECTH K YMEHBIIEHUIO G1O-
TeHHOI COCTaBJIFIONIEH MPU3eMHOTO a3po3oJid. Jlomos-
HUTEJbHBI BKJIAQJl B 3TOT TPEHI MOXKEeT OBbITh CBSI3aH
C YCBIXaHWEM U BBIPYOKOIW eJBbHUKOB, KOTOpBIE B CO-
CTaBe XBOWHBIX JIECOB CJIy’KAT HMCTOYHUKOM MOHOTED-
neHos [27].

TakuM o6pa3oM, a3po3osbHbIE TpeHa B 2013—
2018 rr. MoxeT OBITh, IO KpafiHell Mepe YacTHYHO,
06yCJIOBJIEH JIETHUM MOXOJOaHNEM U THOEJIBIO eJTOBBIX
J1ecoB B MOCKOBCKOM pernoHe.

3akouenue

B paGote mosyueHBl OLEHKU CE30HHO 3aBUCUMBIX
MHOTOJIETHUX TPEH/0B MAacCOBON KOHIEHTPAIUU TIPH-
3eMHOTO a3p030Jig W ee Jorapudma Ha 3BEHUTOPO.-
CKOIf HaydYHOIl CTaHIIUU MO pe3yJbTaTaM W3MepeHwil
B 1991—-2018 rr. KosmuecTBeHHbIe 3HAUYEHUS TPEH/OB
KOHIIEHTPAIINM U JioTapudMa KOHIEHTPAIINH CYIIeCT-
BEHHO PA3JIMYAIOTCS BBUY €e JJOTHOPMAJBHOTO paciipe-
neneHusa. OgHako B 060MX CJIydasdX IOJyYeHBI CTAaTH-
CTUYECKU 3HAYNMble OTpHIlATeIbHbIe TPEH/IbI B BECEH-
HUIl W JIeTHUN mepuoabl A1 nHTepBasioB 1991—2002
n 2013—2018 rT. COOTBETCTBEHHO. IJTU CE30HBI TaK:Ke
OIIpe/IesISII0T MHOTOJIeTHee yMeHbllleHle KOHIIeHTpalluu
a’po30Jid B 1eIoM 3a ToJ. JleTHee yMeHbIeHNE KOH-
neHTpamu  a’po3oasa B 2013—2018 rr. MokeT OBITH
YaCTUYHO CBSI3aHO C JIETHUM TIOXOJIOJJaHUEM B PErnoHe
U yCbIXaHUEM U BBIPYOKOU eTbHUKOB. BeposiTHas mpu-
ynHa BeceHHero TpeHza B 1991—2002 rr. 3akiovaeTcs
B JIOJITOBPEMEHHbBIX U3MEHEHISIX aTMOC(epHOro mepeHoca.
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