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B pa6ote 10 JaHHBIM MOHUTODHHTA O30HA B IIPH3eMHOM cJioe Bo3ayxa B I. Tomcke u Ha Kapamare uccieny-
eTcsl U3MeHeHNe ero KOHIIEHTPAIUU NIPH BBIIAJeHUN OCAJKOB. BBIABIEHO, UTO 9TH M3MeHEeHUS MOTYT ObITb Kak IIO-
JIOKUTENbHBIMU, TaK ¥ OTPHIATeTbHBIME. HambosbInne CKauKK COeP:KaHHSI 030HA HAOMIOJAIOTCS NIPH BbINAJeHUN
(poHTATBHBIX 0CaJKOB. B ciTyuae BHYTPHMACCOBBIX OCAJKOB 3HAK U BeJIUYUHY M3MEHEHUS OLpeJessaeT CyTOUHBIH
XOJI KOHI[eHTPAI[IN 030HA. AHAJIN3 II0Ka3aT COBIaJeHIe POCTa KOHIIEHTPAUI 030HA B OCAJKaX C ero yBeJHdeHIeM
B CyTOUHOM Xofie B 59% caydaeB B Tomcke u B 63% — Ha Kapamare. CoBmajieHIe BOJHBI MAJ€HNS KOHIIEHTPAIIUN
B CYTOYHOM XOJie C ee yMeHblIeHneM B ocajikax emte Bbine — 85% B Tomcke u 79% na Kapagare. Ha ochose paH-
HBIX CaMOJIETHOTO 30HIMPOBAHUS MOKA3aHO, UTO B Psle CJAYYaeB HAGTIOMAETCS OCelaHIe 030HA M3 MOTPAHUYHOTO
CJI0SI TIPU TIEPEXOo/ie TEMMEPATYPHON cTpaTH(UKAIUN B OCaJKaX K HeHTpambHOIL.

Knwouesvie caosa: atmocdepa, ra3, BO3AyX, BBIMBIBAHUE, 030H, OCAIKU, IPUMeECH, yaajeHme; atmosphere,

gas, air, washout, ozone, precipitation, impurity, removal.

BBeaenne

O30H, OTHOCANINICA K MaJIbIM Ta30BbIM IIPUMECSIM
BO3/lyXa, He BBIOPACHIBAETCS TPUPOJHBIMU U aHTPOIIO-
TeHHBIMH HCTOYHUKaMU, a o6pa3yeTcs HelloCcpeICTBeH-
HO B aTMocdepe B Xoj/le (DOTOXUMUYECKUX IPOIECCOB
U3 Ta30B-TIPeNIecCTBeHHNKOB. MHOTroo6pa3ue Ta30B-
TIpe/IIIECTBEHHMKOB U CJIOKHOCTh MEXaHU3MOB TeHepa-
1NN 030HA oOlpeneseT ¢GyHIAMEeHTAIbHOE 3HAYeHUe
€ro uccjaeoBaHuil. A UX TpaKTHIecKass HeoOXOAMMOCTb
06ycJIOBJIeHa CBOWCTBAMU O30HA, HAIPHMEDP TeM, YTO
OH — cUJIbHeHIuil oKuc/auTe b, OKa3blBAOUUIl paspy-
mraforee JeiicTBe Ha OOBEKTHI OKPYSKAIOIIEH Ccpebl,
B GOJIBIMUX KOHIIEHTPAINAX — S, OTPaBJAIONIII 6WO-
cepy, paaaliOHHO aKTUBHBII Ta3, BHOCAIINN YeTBep-
TBIi TT0 3HAYUMOCTHY BKJIA]] B TAPHUKOBBIT 3(D(PEKT.

O30H oTHOCUTCS K Haubojee U3y4aeMbIM IIpUMe-
CsIM BO3/yXa: Ha 3Ty TeMy IMy6OIUKYIOTCS THICAIN paboT.
Tem He MeHee MHOTrHe (yHaMeHTAJIbHbIE BOIIPOCHI €ro
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o6pa3oBaHus 1 TpaHCHOPMAINH B aTMOC(epe OCTAIOTCS
MaJio WIH JaKe HeJOCTATOYHO M3y4YeHHBIMH.

B o630pe [1], cocTaBieHHOM MeKIyHAPOIHOI
TPYIIOHl YYEHBIX, OTMEYAEeTCsI, 4TO BAPUAIMH COJEpP-
JKaHUS 030Ha B Tpornocdepe OMpeessioTcs] B OCHOBHOM
€T0 TOCTYIUIEHHeM W3 cTpaTocdepbl M (HOTOXUMHYe-
CKUM 00pa30BaHUEM M3 Ta30B-TIPe/IIeCTBEHHNKOB B 3a-
BUCHMOCTH OT WX COCTaBa W KOHIIEHTPAIINU, TTPUTOKOM
COJTHETHOI pagualiiil U MeTeOopOJOTUIeCKUMH (haKTo-
pamu. OJHUM W3 MaJOU3yYeHHBIX METEOPOJIOTTUECKUX
(daKTOpoB, BO3/ENCTBYONNX Ha MPHU3EMHYI0 KOHIIEH-
TPaINIo 030HA, SIBJIAIOTCSA OCAIKH.

IIpotiecc B3amMOAENCTBUST 030HA W OCAIKOB OBLI
paccMoOTpeH TeopeTwdeckn B [2]. AHATHM3UPOBAJHCH
[Ba BapHWaHTa: aJcopOIis MOJEKYJ Ta3a Ha IOBEPX-
HOCTb YACTHUIIBI 1 XUMUYECKas PEaKId ¢ ee TIOBEPXHO-
cthio. CBesieHNiI 0 TTPOBEPKe 3TUX TEOPHUIl B JIUTEpaType
HaliTH He yAaloch, OJHAKO UMEIOTCS KOCBEHHBIE yKa-
3aHUSA Ha BO3MOKHOCTD CBSI3U MeXK/Iy OCAJKAMU U 030-
noM. Tak, B psiie paGoT MOKa3aHO, YTO B MYCCOHHBIN
Mepruo/l KOHIIEHTPAIUs O30HA YMeHbIIaeTcsl B 2 pasa
[3—6]. Ocagku BXOAAT B CTaTUCTHYECKHE MPOTHOCTH-
YecKrue MOJIeJTM 030Ha B KayecTBe Tpefukropa [7, 8].
CaMmble 6oJibIlIe KOHIIEHTPAIIUU 030HA HAGJIONAIOTCS
TP MUHUMAJbHOM KoJmdecTBe ocagkoB [9]. Tlo nam-
HBIM CaMOJIETHBIX n3Mepenuit B o61akax [10], comep:ka-
HUe 030HA TP WX TlepeceueHNN HEMHOTO YMeHbBITaeTcs
(3—4 mapa ). Tlo pe3yJbTaTaM HalluX U3MepeHHil KOH-
LEHTpAINs 030Ha B 06JIaKaX YMEHDIIAETCS B CPETHEM
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Ha 15 M]Ipl[_1 [11]. B pa6orax [12, 13] moay4dens! mpo-
MeKyTOuHble TIO0 oTHommeHuio k [10, 11] 3Havenus.
NMetotcst my6IKaIiy, B KOTOPBIX TTOKa3aHO, YTO OCa/l-
KU cJ1a60 BJIUSIOT Ha KOHIIEHTpaIluio o3oHa [ 14, 15].

TaxkuM o6pa3oM, B HacTosIIee BpeMs HET €IMHOTO
TIpeJICTABJIEHNS O BO3/efICTBUN OCAIKOB Ha TIPU3EMHYIO
KOHIIEHTPAIINIO 030Ha, MO3TOMY IIeJh HacTosAmlei pado-
TBI — aHAIN3 HAJNYAS WM OTCYTCTBUS W3MeHeHWi
conepskanusa O3 TPHU BBIMAIEHNTT OCATKOB.

[lannbie u paiioHbl uccje0BaHus

Jlig mcciie[oBaHUS KCIIOJIb30BAJINCH JAHHBIE MO-
HUTOPHUHIA COCTaBa BO3/lyXa B pailoHe TOMCKOro Aka-
Jemropofika ¢ nomoiibio TOR-cTaHIun, pacnooxeHmne
1 COBPEMEHHOEe COCTOSTHUE H3MEePHUTEJbHOTO KOMILIEKCa
KoTopoil omucanbl paHee B [16], W gaHHBbIe CTaHITHH
(oroBOro sKosOrMUecKoro MoHuToprHra (CDOIM)
«Kapagar» (44°55' c.ur., 35°14' B.1., 180 M Hazx yp. M.)
OI'bYH «KHC-II3 PAH». Ha CDOM no 20 mapra
2013 r. u3MepeHne 030HA IPOBOUJIOCH XEMUTIOMITHEC-
LIEHTHBIM METOOM C IIOMOIIbI0 aBTOMATHYECKOIO Ia30-
anammszaropa 3.02I1-A (OIITEK, Poccus). C ykasanuo-
TO MOMEHTA TI0 HACTosIlee BPeMS MOHUTOPUHT OCYIIECT-
BJISIETCSI  ONTUYECKUM METOJIOM Ta30aHaJIn3aTOPOM
APOA-370 (HORIBA, Japan). Ot6op mmpo6 Ipon3Bo-
JUTCA C UCIOJb30BaHUEM Te(pJIOHOBBIX TPYOOK HA BBI-
coTe 2 M OT MTOBEPXHOCTH 3eMJH. JlJisg aHaau3a mpuBJe-

KaJUCh MEeTEeOPOJIOTHYECKUE [aHHblE, IOJIy4YeHHbIE
¢ momoribio Meteoctarnnu WS-600 (Germany).

B pa6ore ncnoIb30BaINCh Pe3yIbTaThl N3MepPeHHil
3a 2013 u 2018 rr., xorma B ToMcke HabIIOIATNCH
MIHHMAaJbHBIE I MaKCUMAJTbHbBIE 32 TIOCJe/IHee JeCcATH-
JleTHe CpeHeToI0Bble 3HaueHWs 030Ha. /[ CHHXPOH-
HOCTH COTIOCTABJIEHUS JaHHbIE 32 3TH K€ TOIBbI B3dTHI
mnsa Kapagara. IlockonbKy Iespio paGoTHI SBISETCS
BBIABJIeHNE (DU3MUECKOTO MeXaHW3Ma B3aMMOENCTBUS
030Ha € OCaJKaMMU, BBIGOD Tepnojia He MPUHITHIIHAJEH,
TaK KaK MeXaHHI3M [JOJUKeH IIPOABIATHCA HE3aBICHMO
OT TepHuojia M TeorpadUyecKOTo TMOJOKEHUS MTYHKTOB
n3MepeHnit.

Pe3ybraTel aHAH3a M UX 00CYK/IEHHE

[lna nccnenoBanng 6bLM OTOGPAHBI AHU C OCAM-
KaM# ¥ IPOBe/leH aHAJIN3 M3MeHeHWs TPU3eMHOIl KOH-
IEHTPAIlNK 030HA B TIepUO/l UX BBINA/IeHNs. BbIsBieHo,
YTO HE3aBHCHMO OT BHU/Ia OCAJKOB COJepXKaHUe O30Ha
MOXeT KaK yMeHbIIaTbcs, Tak U Bo3pacTaThb. Ha puc. 1
IOKa3aHbl KOHKpeTHble ciaydan Aaa T. Tomcka m Ka-
pazara.

Ha puc. 1, @, 6 BUIHO, 4TO B MEPUO BbBIMAAEHUIA
0CaJKOB TIpM3eMHAs KOHIIEHTPAIUS O30HA YMEHBIITH-
nmack mHa 24 m 12 mxr/M® B Tomcke nm Ha Kapagare
cooTBeTcTBeHHO. Ha puc. 1, 6 mokasaH pocT KOHIIEHTPa-
NI 030Ha Ha 6 MKr/M® Bo BpeMsi ocalkoB B ToMcKe.

90 r. Tomck, 4.08.2018 r. 90 Kapagar, 14.03.2018 r.
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Puc. 1. VsMeHeHus npuseMHON KoHLeHTpanuu o3oHa B Tomcke (@, 6) u Ha Kapagare (6, 2); ropu3oHTaIbHON JMHMEH ¢ TOYKaMK
MOKa3aHbl MEPUO/Ibl BbIMAJEHUST 0CAJIKOB
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Ha Kapagare 15 cenrabpa 2018 r. (puc. 1, 2) goxap
IIeJ ¢ epepPbIBOM, IIPU 3TOM BO BPEMS NEPBOTO A0S
KOHIIEHTPAILlHs 030HAa BO3POCJa Ha 28 MKI/M°, BTOPO-
ro — ymana Ha 16 Mxr/m>.

AHaJIn3 I0Ka3ajl, YT0 MHTEHCHBHOCTb, BUJ U IIPO-
JIOJDKUTEJIBHOCTD OCAJKOB He BJHAIOT Ha H3MEHEeHHe
KOHIleHTpanuu o3oHa (puc. 2).
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Puc. 2. lsMeHeHue IIpH3eMHOII KOHIIEHTpAIUM 030Ha B ToM-
cke n Ha Kapamare B 3aBHCHMOCTH OT HHTeHcuBHoCTH (@),
Buga (6) U NPORO/KUTENHLHOCTH 0caKoB (6)

[ln1a mocTpoenus puc. 2, a uCHoJIb30BaHLI TaHHDIE
3a 16 u 29 mas, 3 uiondg u 3 centsa6psa 2013 r. ana Towm-
cka, 12 ¢eBpasis, 3 mapra, 28 utoJisa u 2 okTa6psa 2018 r.
nig Kapagara. BuHo, 4To Ipu MHTEHCUBHOCTHU OCATKOB
0,6 1 0,5 MM/u B ToOMCKe KOHI[EHTpALls 030Ha MOKET
uaMenntbess Ha 1,2 u 21,5 MKr/M® COOTBETCTBEHHO,
npu WHTeHcHBHoctH 8,5 u 8,4 MM/4u — Ha 3,4
u 25,8 Mxr/M°. Takasg ke HeOJHO3HAUYHAS KapTUHa
¢ukcupyercs Ha Kapazare: mpu Majoif ”HTEHCUBHOCTH
ocazkoB (0,4 u 0,2 MM/4) M3MeHEHHS 030Ha MOTYT CO-
craBisTh 2,0 u 22,0 MK/ M, yBeJIn4eHre NHTeHCUBHO-

ctv 110 4,4 u 3,7 MM/ 4 MO’KeT COIIPOBOKAATHCS U3MEHe-
HUeM KOHI[eHTpaIy Kak Ha 3,0, tak u Ha 14,0 Mkr/ M,
Taxum o6pa3oM, Ha pHC. 2, @ He BBISIBIEHO OJHO3HAY-
HOIl CBSI3U MEXK[y W3MeHeHHeM KOHIEHTPAIluU O030Ha
U1 UHTEHCHUBHOCTBIO OCAIKOB.

Jlg comocTaBiieHUs BEJIMYMHBI NU3MEHEHHS KOH-
[EHTPAIl 030HA B JIOJKJe W CHere OBLIN OTOOPAHBI
caydanm ¢ TpHUOIN3UTETHHO OJMHAKOBOH WHTEHCHBHO-
¢TI0 ocazikoB B Tomcke (puc. 2, 6). lina Kapaaara sty
Mpoleypy IPOBECTH HE YIAlI0oCh U3-3a HeGOJIBIIOrO
KOJIMYeCTBa CJIyYaeB BbIMaJieHus cHera. [lokasaHo, 4TO
O/THO3HAYHOI 3aBUCUMOCTH KOHIIEHTPAIIMH 030HA HU OT
BHU/Ia OCAJKOB, HH OT MX MHTEHCHBHOCTH He HabJoja-
eTcda. PasHUIly MeskIy KOHIIEHTpaIlieil 030HA B JOKIe
U CHere MOKHO OODBSICHHUTH OCOOEHHOCTSIMHU TOJOBOTO
X0/Ia 030HA, Y KOTOPOTO MaKCHMyM OGBIYHO (DUKCHUPY-
eTcsl BeCHOIl —JIeTOM, a MUHUMYM B KOHIIE OCEHU — Ha-
yaje 3uMbl [ 17].

He ynaercst takske 06Hapy:KUTb KaKOH-TH60 3aBH-
CUMOCTH Bapualluil cofiepsKaHus 030Ha B IMPH3EMHOM
cloe BO3[yXa OT TIPOJOJIKUTETBHOCTH OCAJKOB Ha
puc. 2, 6. [IJIs1 ero MOCTPOEHUsT MCIOJIb30BaHbI JaHHbIE
3a 23 ampesst, 11 uions, 25 aBrycra, 2 Hosi6pst 2018 .
aag ToMmcka u 3a 8 Mast, 6 mioss, 15 ceHTIOPs U 2 OK-
Ts16ps 2018 r. maa Kapagara. OtMetuM, uto Ha Kapamare
M3MeHeHUsI KOHIEHTPAIIMH 030Ha B OCaJKaX HECKOJIbKO
BbIIIIe. DTO MOKET OBITh 06YCJIOBIEHO TreorpadmdecKuMu
0COGEHHOCTSIMU PETUOHOB.

B 2013r1. B r1.ToMcke O6bUI0 3apUKCHPOBAHO
115 gHeit ¢ ocagkamu, a B 2018 1. — 88 (ta6u. 1). Ha
Kapanmare xosimdecTBO [IHell ¢ ocaKkaMu MeHBIe: 54
B 2013 1.1 57 B 2018 r. B 1abiu. 1 mocuuraHo KoJmde-
CTBO CJIy4aeB C OCAJKaMHU, MPU KOTOPHIX HAGJI0IAI0Ch
yBeJnYeHNe WId YMeHbIIeHne KOHIIEHTPAIUN 030HA.

Ta6auma 1

HOBTOpﬂeMOCTb CJIy4Ya€B poCTa U NnaJleHus1 KOHIEHTpaluu
o3oHa B ToMcke u Ha Kapa/:[are

Paiion Tox | Poct | Hamenme | Beero
Tonek 2013 45 70 115
2018 31 57 88
Kapajar 2013 19 35 54
2018 24 33 57

W3 mannpix Taba. 1 caexyer, urto u B ToMcke, n Ha
Kapapare najieHre KOHIIEHTPAIIMK 030HA B IIEPUO]T OCA/I-
KOB HaOJIo/1aeTcs dallle, 9eM pocT. MoKHO TIPeAToo-
SKHUTB, 9TO TIPU OCaJKaxX 6ojiee BEpOSATHO OUHIIEHIE aT-
Mocdepbl OT 030Ha.

Ha 3adukcupoBaHHOIl HECUMMETPUIHOCTH OCTAHO-
BHUMCS YyTh HIKE. 3/1eCh K€ OTMETHM, YTO BBIMBIBAHUE
030Ha B JIU BO3MOXKHO, TaK KaK 3TOT Ta3 OTHOCHTCS
K IJIOXO pacTBopuMbIM B Boje [18, 19]. Ilo-Buaumomy,
U3MeHeHUe KOHIIEHTPAIIMU 030HA MPOMCXO/IUT TIOM Jeii-
CTBHMEM HHBIX MEXaHU3MOB.

AHanm3 IUHAMUKHI KOHIEHTPAIIUN 030HA TIPU TIPO-
xokaennun ¢gpontoB [20] moka3bpIBaeT, YTO MOSIBJEHNE
0CA/IKOB TIPUBOJNT KaK K YMeHbBIIEHNI0, TaK U K YBeJI-
YEeHUI0 KOHIIEHTPAIUU 030Ha B cpexneM Ha 30%. IJtor
adekT 6bLT 06HAPYKEH U APYTUMH HCCIEI0BATESIMU
[21—24]. TIpu atoM, Kak moka3aHo B [25], comep:kaHie
030HAa BHYTPHU BO3AYIIHONH MaccChl JOCTATOYHO OJIHO-
POJIHO, a CKAYOK KOHIIEHTPAIIUHU TIPOUCXOINUT TIPH CMeHe

H3MeHeHne npu3eMHOil KOHIEHTPAL[MH O30HA NPHU BBINAJEHUH OCAAKOB 659



Macc. Poct mim majieHne KOHIIEHTpAIMM 3aBUCUT OT
TOTO, KaKasd BO3AyNIHAS Macca MPUXOAUT HAa CMeHY TIpe-
IbIIyIIelt B MecTe Habuofenuii. Ananus [25] BbIABMI,
4yTO B paitoHe ToMcka Han6OJIbIIAs KOHIIEHTPAIUS 030-
Ha Hab6JIoaeTcsl B TPOIMYECKON BO3AYIIHON Macce,
HaWMeHbIIas — B apKTHYECKOM, CJieJoBaTeIbHO, TPU
cMeHe yMepeHHO! BO3/YIIHON Macchl Ha apKTUYecKyIo
TIPOUCXOIUT YMeHbIeHne KOHIIEHTPAIN U Hao60pPOT.
BaxkHO INOAYEpKHYTb, 4YTO OIMCAHHAs BbIIe cXeMa
B peasbHOIT aTMocdepe paboTaeT He Bcerda. Kak oTMme-
yan eme C.I1. XpomoB B [26], GpOHTBI MOTYT CHUJIBHO
pasimdaThes Mesky co6oif, B HUX I0-pa3HOMY (opMu-
pyeTcs ToJie BePTUKAJIbHBIX ABIKEHIH, M0aToMy B 20—
25% ciydaeB HaGJIOAI0OTCS OTKJIOHEHUS OT M/IeaJIbHOiT
cXeMbl, 00YCJIOBJIeHHbIE 0COOEHHOCTSIMU TUHAMUYECKUX
mpoiieccoB Bo ¢poHTambHbIX 30HaX [20, 27]. Ilostomy
MBI UCKJTIOYHJIN CJIy4Yan ¢ (PPOHTATBHBIMHE OCATKAMU W3
paccMOTpEeHMS.

JTO, ¢ OJHOI CTOPOHBI, YMEHBIIIIO OOIIYI0 CTaTH-
ctuky. C Apyroil CTOPOHBI, IpU BHYTPHUMACCOBBIX OCA/l-
KaX acuMMeTpHs TIOBTOPSIEMOCTH pOCTa W TaJIeHUs
MpU3eMHOI KOHIIEHTPAIMN 030HA B TEPHOJ] X MPOXO-
JKIEeHUs He U3MEHWJIACh, YTO CBUAETENBCTBYEeT 06 MHOM
MexXaHm3Me M3MeHeHUsa cojepskannsa Oz B ocagkax. [lo
HalreMy MHEHUIO, TaKUM MeXaHU3MOM MOKeT OBITh CY-
TOYHBIN X0/ IPU3eMHOI KOHIIEHTPAIlUU 030HA, XOPOIIO
BBIpA)KEHHBIT B 060X pPacCMATPUBAEMBIX pPETHOHAX
[28—30].

C 1enbio TPOBEPKH 3TOTO TIPE/IIOJIOKEHUS Bce
CIy9an BHYTPUMACCOBBIX OCAQIKOB OBLIH pa3/ieleHbl Ha

r. ToMmck, 22.08.2018 r.
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Puc. 3. V3MeHeHMe npu3eMHOI KOHIIEHTPAIUT

oszona B Tomcke (a, ) u Ha Kapagare (6, 2) Bo BpeMsl BHyTPUMAcCOBBIX

nBe Tpynnbl. K mepBoit oTHecan ocajiki, HabiogaeMble
Ha BOJTHE POCTa KOHIIEHTPAIIUN 030HA B CYTOYHOM XO[IE,
Ko BTOpoil — Ha BoJHe Tanerusd. CorsacHo [28] BosHa
pocta konrentparuu Oz B ToMcke Habumomaetcs ¢ 9:00
1o 16:00 o MecTHOMY BpeMeHH B XOJIOAHBII IIepuoj
u g0 18:00 B Terblii, a BosaHa magenus — ¢ 17:00 mo
8:00 vacoB B xousionnbiii mepuon m c¢ 19:00 mo 8:00
B temrenii. Ha Kapamare [29, 30] Bosma pocra Habmo-
naercst ¢ 9:00 qo 18:00 mo MecTHOMY BpeMeHH, a Taje-
Hug — ¢ 19:00 go 8:00.

Takoe pasfesieHnie CyIIecCTBEHHO W3MEHUJO COOT-
HOIIIEHIEe TTOBTOPSIEMOCTU POCTA U TaJleHUsl KOHIIEHTPa-
LMK 030HA IIPU BbINAJEHIH 0CAAKOB, XoTs 1 He co 100%
pesyabTaTtoM. O6 3TOM MOKHO CYJHUTD M0 JAaHHBIM pHC. 3.

Ha puc. 3, @, 6 BuaHO, 4TO BO BPEMS OCAJKOB, Ha-
6JII0/TaeMBbIX Ha BOJIHE TIaJleHUsT KOHIEHTPAIUN 030Ha
B CYTOYHOM Xojle, (DUKCHUpYyeTcsl YMeHbIeHNe Co/eprKa-
HUs 030Ha Kak B ToMcke, Tak u Ha Kapagare. CoriacHo
puc. 3, 6, 2 pocT KOHIIEHTPAIlN! O30HA B 0OCAIKaX MO-
JKeT TIPOUCXOJNTh Ha TOI Ke BOJIHE MAJeHus B CYyTOU-
HOM XO/Ie.

Pe3ybTaThl aHAIN3a 10 BCEM CJIy4YasiM TPe/CTaBJIe-
Hbl B Tabu1. 2. Hamo oTMeTuTb, 4To U3-3a MaJIoil ocTaTou-
HOU CTAaTHCTUKK Pa36IeHIe TI0 TOaM He TIPOBO/IIIOCE.

[lannble Taba. 2 IeMOHCTPUPYIOT COBIIAJIEHUE YBe-
JINYEHNST KOHIIEHTPAIH 030HA TIPU BBINAJIEHIH OCAIKOB
C ee POCTOM B CYTOYHOM Xojie B 59% ciydaeB B ToM-
cke U B 63% ciayuaeB Ha Kapazgare. CoBmazeHue Ha
BOJTHE TIaJIeHNsT KOHIIEHTPAIU B CYTOYHOM XOJIe C ee

YMeHbIIIEHHEM BO BpeMs OCAJKOB ellle Bblie — 83%
80 — Kapagar, 9.05.2018 r.
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Ta6auma 2

IloBTOpsiEMOCTD ciy4yaeB yBeJIUYEHHS] M YMEHbUICHHS
KOHI[EHTPALH O30HA TNPHU BBINAJEHUH O0CAJKOB HA BOJHAX
pocta u naxenus konueHrpauu O3 B CyTOYHOM X0/€
B Tomcke u Ha Kapazaare

YBemruenne | YMeHblIIeHue Bcero
Paiion koHIeHTpanuu O3, cIyyaeB
uncyio caydaes (%) (100%)
Boana pocma
ToMmck 17 (59) 12 (41) 29
Kapasar 12 (63) 7 (37) 19
Boana nadenus
Tonck 7 (15) 39 (85) 46
Kapasar 4(21) 15 (79) 19

B Tomcke u 79% Ha Kapazgare. 9T moxasarein MOKHO
6bL7I0 OBl YIYYIIUTD 32 CYET WHIUBUAYATBHOTO O0T6Opa
U CIBUTA TEPUOJIOB TAJeHUS W POCTa KOHIEHTPAIHH
O3 B CYTOYHOM XOfle, OJHAKO TIPH 3TOM HEU36e’KHO
BJIUAHIE CYOBbEKTHBHOTO (paKkTOpa, MOITOMY OBLI COXpa-
HeH (POPMATBHBIN TOIXO.

TaxkuM o6pa3oM, ompeaesdioniuM (HaKTOPOM W3-
MeHeHHS KOHIIEHTPAIlMU O30HA BO BpeMs BHYTpUMAC-
COBBIX OCAJIKOB SIBJISIETCS TIePHO/] UX BblnaJeHus. Ecian
0CaJIKN HaOJI0JaloTCS Ha BOJIHE POCTa KOHIEHTPAIlHH
030HAa B CYTOYHOM XOJle, TO B OGOJIBIIMHCTBE CJIydaeB
(ukcupyeTcs m PoOCcT CoAepKaHUS 030HA B MPHU3EMHOM
cJioe BO BpeMA OCaKoB. Ecsim JOKIb MU CHET COBIA-
JlaeT MO0 BpeMeHW C BOJHOW TaJeHus KOHIEHTPaIh
B CYTOYHOM XOjle, TO B OCHOBHOM HAaGJIIOZAeTCS YMEHb-
meHune cogepskanus Os.

Takoit pe3yibTaT I03BOJIIET OGBSCHUTD U ACUM-
METPUYHOCTH TIOBTOPSEMOCTHU CJIyYaeB POCTA U MaleHUs
KOHIIEHTPAIINK 030Ha BO BpeMs ocaakoB. OH oTpaskaeT
BpeMs BBINAJIEHNSI OCAJKOB OTHOCUTEJBHO CYTOYHOTO
xXo/la 030Ha. Tak, TMepmo/i pocTa KOHIIEHTPAIUU O30HA
B CYTOYHOM XO[le COCTaBisgeT 7—9 4 B 3aBUCHMOCTH OT
BpeMeHH rojila UM peruoHa, a Iepuoi nageHus — 13—
15 4. Ecmm BeposATHOCTb BBITIAJIEHNSA OCAIKOB OJIMHA-
KOBa B JII060€ BpeMs CYTOK, TO TIOBTOPSIEMOCTb UX BBI-
MajleHus Ha BOJIHE CHIDKEHUs KOHIIEHTpallud O30Ha
B CYTOYHOM Xojie OY/JIeT 3HAYUTEeIbHO BbIIlIe N3-32 GOJIb-
el JJUTEJbHOCTH 3TOTO TepHoja. ITo U OBLIO OTMe-
YeHO B HavaJjle CTaTbU.

W3 mpuBeneHHBIX BBIMIE [JaHHBIX CJIEAYET, YTO
B 15—40% cay4yaeB HaGMIOMaeTCS OTKJIOHEHIE H3MeHe-
nug KoHreHTpaiuun O3 BO BpeMsS OCAIKOB OT OIUCAH-
Horo MexanuaMa. Ckopee BCeTO, 3TO 0OYCJIOBIEHO TeM,
YTO B CYTOYHOM XOjle MaKCUMyM (POTOXUMUIECKOTO 00-
Pa30BaHMA 030HA He Bcerja HAGMIOJAeTcd Y TOBEPXHO-
ctu 3eman. B [31, 32] 6bL10 TeopeTwyeckH MOKa3aHo,
YTO MakcuMyM doTtoxummieckoil revepanuu Oz 10KeH
HaG6JIIOIaThCSl BHYTPU TIOTPAHUYHOTO CJIOSI HA BBICOTE,
JIOCTHTaeMO!l 030HOOOPA3YIOIMUMI COeINHEHUSIMH, II0-
CTYHAIONINMHI C TIOBEPXHOCTH. JKCIEPHMEHTAIBHO 3TO
6BLT0 TIOATBEPKAeHO B [33—35].

B ocaakax majaromasi KallJid WJIM CHEKHHKa 3a-
XBaThIBAET HEKOTOPYIO TOPIIUIO BO3AyXa U IOCTABJSIET
ee K ToBepxXHOCTH 3eMJin [36]. B3amen mocTymaer Bo3-
IyX W3 HIDKeJeXKalluX cJaoeB. B pesysibTate Taxoro
JMHAMIYECKOTO TIpollecca MPOUCXOAUT BbIpaBHUBAHIE
KOHIIEHTPAIINK MTPUMeCceil 110 BePTUKAH, a TaKXKe TeM-

meparypHoil crparudukammu [37, 38]. B xome artoro
mpolecca pPacTBOPUMbBIE Ta3bl W a3PO30Jib BBIBOISATCS
n3 arMocdepbl, TeM caMbiM ounmias ee [39—41]. He-
pacTBOpUMBIE Ta3bl MepeHocsaATcss Jub60 BBEPX, JH60
Bau3. Tak, B [42] mokasaHO, YTO B MOAOOIAUHbBIH CJIOMH
MOCTYHAET OKCH/I YIJIePO/Ia, B IPU3EMHDIIT CJION — 030H,
€CJIM eT0 KOHIIEHTPAIIUsI B TIOTPAHIYHOM CJIO€ BBIIIIE.

[TokaskeM aTO Ha TpHUMepe JaHHBIX CAMOJETHOTO
30HMPOBAHNS, BBEITIOJTHEHHOTO 110 MapIipyTy MUpHBIi—
Jlenck—bpatck 8 centsabpsa 2006 r. Vcmosab3oBaHHOE
o6opynoBanue onucano B [43]. CuHomTueckas obcTa-
HOBKAa B TIepHOJ JKCIepUMeHTa IMOKa3aHa Ha puc. 4
(1B. BKJIaKa), JaHHBIE BEPTUKAIbHOW cTpaTuUKaInmn
Tpe/iCTaBJeHbl HA PHC. J.

Bsner u3 r. MUpHBIN OCYIIECTBJSLICS B yMepeH-
HOI BO3IYyIIHOII Macce, mocajika B T. JleHCke — B apk-
THYECKOU Tepe/l TPUGIMKAIONIIMCST TETIBIM (PPOHTOM.
OcaIkoB Bo BpeMd TIOCaJKu He HabJoganoch. 3a 1 yac
JI0 BBLIETA HAYAJICA MOPOCAIINN JOXKIb, B3JET MPOU3-
BOOWJICA B OCaJKaxX cpeaHell mHTeHCHBHOCTH. I[locie
nepecedenust Temaoro ¢ppoHTa ObLia c/esaHa MOCAAKa
B Bparcke.

[Ipodusu TemMneparypbl U OTHOCUTEJNBHON BJIAXK-
HOCTH Ha PHC. 5 OTPAXKAIOT XapakTep UX paclpejesie-
HUS B IIYHKTaX B3JIeTa M MOCAJIKH.

Ha puc. 5, @ BugHO, 4TO 1IpHU TOcajKke B T. JleHcKe
B HmwkHeM 400-MeTpoBOM cjioe BO3[yXa TeMIepaTyp-
Hast crparudukaiys atMocdepbl 6blia HEyCTOIYNBas,
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Puc. 5. BeprukanbHoe pacmpenenenue temmepatypbl (a)
U OTHOCHTEJIHHON BiaskHOCTH Bosayxa (6) 8 ceHrsiops 2006 .
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a Bobime atMocdepsl — ycroifunBasg. Bo BpeMs B3jera
TeMIepaTypHas cTpaTudukanng B ciaoe oT 200 mo
1000 M crasa HedTpanbHOIl, YTO NOATBEPsKAAET Pe3y.ib-
TaTbl, HOJay4YeHHble B paborax [37, 38]. HiskHss KpoMKa
06J1aK0B Haxo[maach Ha ypoBHe 850 M, BepxXHAS —
okoJ10 3000 M. ITo MOXKHO yBHJETh Ha pHC. 3, 0.

Kak mpu aToM m3MeHsIach KOHIIEHTPAIMsS 030HA,
BuaHO Ha puc. 6. Ilpnm mocazake KOHIlEHTpAIls O30HA
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Puc. 6. BeprukaipHoe pacrpejieieHre KOHI[EHTPAIMU O30HA
8 cenrsi6psa 2006 r.

B arMocdepe T. JleHcka 6bLTa HUKE, YeM B COCEIHUX
ropojiax. Bo BpeMs B3jleTa OHA 3HAUUTEJBHO BO3POCJIA
KaK B IPU3eMHOM BO3/yXe, TaK U B MOJOOJIAYHOM CJO€,
1 B pe3yJbTaTe 06pa30Bajcs MaKCHMyM KOHIIEHTPAIIUU
Ha ypoBHe 1700 M BHyTpm obJjaka. B ycioBuax meii-
TpPaJbHOU TeMIepaTypHOll CTpaTH(UKAINN W WHTEH-
CUBHOTO JIUHAMWYECKOTO TepeMeNTHBaHUs, CO3/aBIie-
rocs TIpU TaJleHUW Kameab [TOXKAd, O30H TOCTYIIT
B IIPU3eMHBIII cJI0il Bo3ayxa.

[Tono6ubrit ipotiecc 6bLT 3apUKCUPOBAH U Ha Tep-
putopun AMa3onku [44]. B ogHoM amm3oze, Kak 1 B Ha-
1IeM cJiyyae, OH COIIPOBOKJIAJICS POCTOM KOHIIEHTpa-
LU 030HA, BO BTOPOM — IaJleHUeM.

3akouenue

ITpoBesenHOe HccIe0BaHNe MTOKA3bIBAeT, YTO IIPHU
atMoc(epHBIX 0CaJKaX MOXKeT TIPOMCXOAUTH POCT
U TaJleHe TPU3eMHON KOHIEHTPAIINY O30HA HEe3aBU-
CIMO OT UX BH/A, MHTEHCUBHOCTH, MPOIOJIKUTENBHO-
CTH W paiiloHa U3MepeHNIt.

Hawubonbiie usMeHeHUsI CBSI3aHbI ¢ (DPOHTAD-
HBIMHU OCAJKaMH M OTPAXKAIOT «CKAYOK» KOHIIEHTPAIUil
030HA TIPU CMeHe BO3/YIIHBIX MacC.

Bo BHyTpHMacCOBBIX OcaJKaX 3HAK M3MeHEHUS CO-
Jlep>KaHusl 030HA 3aBUCUT OT IepUuoja CYTOK, B KOTO-
pBIii OHM BBIMagaoT. Ecam ocaakm HabIofanTcs Ha
BoJHe pocTa KoHIeHTparmu Oz B CyTOYHOM Xofe, TO
B GOJIBIINHCTBE CJy4YaeB COAep:KaHNe O30HA YBEeJIUYH-
BaeTcq. Ecum ke ocagkm MpHUXOATCS Ha BOJHY IIafe-
HuA KoHIeHTpannn O3 B CYyTOYHOM Xo/le, TO COJepsKa-
HIe 030HA YMEeHbBIIAeTCs.

[Ipn wu3MeHeHWn CTpPaTU(UKANAN TTOTPAHUTHOTO
cost atMocdephl B TEPHO 0CAIKOB MOTYT HAOTOAATh-
c POCT U TIaJieHNe KOHI[eHTPAI[NH O30HAa B 3aBUCHMO-
CTH OT TOTO, Ha KaKOil BbICOTe OHA GOJIbIIIE.

[Ipotiecc BBIMBIBAHUA O030HA OCAJIKAMU BBIIBUTH
He y/IaJIoCh.

ABTOpBI BBIpakaioT 6JaroJapHOCTb COTPYAHUKAM
Ja6opaTOpuyl KJINMATOJOTHH aTMOC(epHOTO cocTaBa
NOA CO PAH 3a gaHHbBIe IIPDOBEJEHHOIO UMM MOHUTO-
pHUHTA U COTPYAHUKAM CTaHINH (POHOBOTO 3KOJIOTHYE-
ckoro wMoumtopunra ®OIBYH «KHC-II3 PAH»
J.H. JaBunosuuy, JI.A. CrosgpoBy, B.T. Menseneny
u A.H. PonnoHoBy 3a o6eciievueHne ycTOWYNBOil paboOThI
mpuOOPOB U y4acTue B c6ope MepBUYHOI MHMOPMAIIH,
a takke B.IL TopGatenko (TIY), N.H.Kysueuosoit
(Tuppomereonentp PD) u C.B. Cmupuosy (IMKIC
CO PAH) 3a moMomIp B IOJYYeHHN apXUBHON METEOPO-
JIOTHYECKOH W CHHONTIYeCKON MH(POPMAIIHN.

MOHUTOPHHT cOCTaBa BO3/IyXa BBIIOTHEH B paMKax
rocynapcreenbix sagannii MOA CO PAH (Ne AAAA-
A17-117021310142-5) u ®OIBYH <«KHC-II3 PAH»
(Ne AAAA-A19-119012490044-3) t1pu  puHaHCOBOI
nogaepxke PODU (rpant Ne 17-05-00374).
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