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The results of study of primary biological aerosols (pollen and algae spectra) in the precipitation deposited on
the territory of the Altai Biosphere Reserve (Altai Republic, Russia) from July to October 2017 are presented.

In the analyzed samples, 28 taxa of pollen grains and algae were revealed. Using of the HYSPLIT model the
main regions-suppliers of pollen and algae on the area of Altai Biosphere Reserve for the specified period were
determined.
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MpeacTaBneHbl pe3ynbTatbl NCCAEA0BAHNT NEPBUUYHBLIX B10N0MNYECKMX a3p030ein (MblibLeBble CNekTpbl U
BOAOPOCAN) B aTMOChepHbIX 0cajkax, BolMajaBLUMX Ha TeppuTopun AnTanckoro brocdepHoro sanoBeAHm1Ka
(Pecnybnuka Antaii, Poccusa) ¢ mntona no okTsabpb 2017 roga. B nmpoaHannsvpoBaHHbIX MApobax 6b110
NHTepNpeTUPOBaHO 28 TaKCOHOB Mbl/bLIEBbLIX 3€PeH 1 BOAOPOC/Iel. AHaN3 0bpaTHbIX TPAEKTOPUIA ABVXEHMSA
BO34YLUHbIX MAacC, paccunMTaHHbIX C nMomMoLbo Mogenn HYSPLIT, nossonwna onpegennte OCHOBHbIE PErvioHbl
NOCTYNAEeHNS MNblNbLEBLIX 3ePeH WU BOAOPOCAEl Ha TeppmnTopuro AnTaickoro 6rnocdepHOro 3anoBegHrka 3a
YKa3aHHbIi MPOMEXYTOK BpeMeHW.

KnioueBble cnoBa: AnTalicknii 61nocpepHbIi 3anoBejHUK; OCaAKW; anbro-nblAbLEBON CrekTp; MepBUYHbIE
6ronornyeckme aspo3onu
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BBeaeHve

MepBUYHbIE BLonornyeckme asposonn (Primary biological aerosol particles - PBAP) npeacTaBnsaoT coboli rpynny vacTtuLy
pa3MepamMu OT HAaHOMETPOB A0 COTOM AOAN MWIIMMETPA, COCTOSILLYI0 M3 MWUKPOOPraHM3MOB (BOAOPOCIW, apXxew,
bakTepun), AMCNEPCHBIX YacTul, (Cropbl FPUOOB, MbiAbLA pPacTeHUA) K MPOYUX KOHKPeuui 61oiornyeckoro
MPOVCXOXAEHUS, UTPatoLLMX BaXKHYIO POnb BO B3aMMOZAENCTBUN MexXay buochepoli nm atMocdepolh 1 BANSHOLNX Ha
knnmat (Despres et al., 2012; Frohlich-Nowoisky et al., 2016; Li et al., 2017). PBAP BbICTynatoT sapamu KOHAeHcaumu,
KOTOpble CroCObCTBYeT pPasBUTUIO 061aYHOCTY, MnepepacrnpeseneHnio PaAnaLMOHHbIX MOTOKOB W YBeNVNYEHUIo
aTMOCdEepHbIX 0CaZKOB, YTO B 3HAUUTENIBEHOM Mepe MOXeT MOBANSATE Ha TMAPONOTMYECKNA N KNUMATUYECKUA LUKbI KakK
B rno6anbHOM, Tak U permoHanbHOM Maclitabe (Hoose et al., 2012; Sesartic et al., 2013; Prenni et al., 2013; Tobo et al.,
2013; Morris et al., 2014a; Matthew et al., 2017; Tanarhte et al., 2018). OgHako, Npu oLeHKe COBPEMEHHbIX N3MEHEeHUI
cTeneHb BANAHNA PBAP kak B aTMocdepe, Tak U Mpu X B3aUMOAENCTBMM C Ha3eMHbIMU U BOAHBLIMI 3KOCUCTEMaMWU,
y4nTbIBaeTCA He NoAHOCTLIO (Solomon et al., 2007; Stocker et al., 2013, Tanarhte et al., 2018).

MepBble paboTbl, NOCBALLEHHbIE NCCNef0BaHNI0 BMONOINYECKMX a3p030/eli IOKaNbHOro MPONCXOXAEHVS B BO3/YLLHOMN
cpege, bbinn onybankoBaHbl B Havane XIX sBeka, a HaunHas ¢ 1990-x rofoB, 3TV paboTbl NOAYUNAN NPUKNAZHON XapaKTep
N CTaNn NCNONb30BaTLCSA NPU PEKOHCTPYKLMAX KANMATUYECKMX YCNOBUIA OKpyKatoLLein cpeapl (McLeod, MacDonald, 1997).
Hanbonee Mn3y4yeHHbLIMU WCTOYHMKAMWM MOCTYMAEHUS OMONOrMYeckMX aspo3ofieil SBNAITCA Ha3eMHble 3KOCUCTeMb
(Fréhlich-Nowoisky et al., 2016). OfHako ropHble PpervoHbl, 3aHWUMaloLlMe YeTBepTb 3eMHOM MOBEPXHOCTU U
XapakTepusyloLwmecs KAMmaTnyeckum 1 61monornyeckumM pasHoobpasmemM Ha He3HauuTeNnbHO 6onbluelr TeppuTopun,
TpebytoT 6onee feTanbHOro mMsyyeHus. Mo cpaBHEHWIO C Ha3eMHbIMU UCTOYHMKaMU GOPMUPOBAHNA aTMOCHEepHOro
a3p030/15 BOAHbIE 3KOCUCTEMbI, C OAHOW CTOPOHbI, HAXOAATCSA MOA BAUAHNEM Ha3eMHbIX MCTOYHMKOB, @ C APYrOA — CamMu
ABNAOTCS MCTOYHUKAMM MOCTYMIEHNS a3P030/bHbIX YacTul, bronornyeckoro nponcxoxaeHus (Frohlich-Nowoisky et al.,
2016).

B A3uun ropHble cuctemsl 3aHUMaT 54% Tepputopuii (Mountain Ecosystems, 2019), 1 B LieHTpasbHOW ee 4acTun B
nepexoAHoOM 061acTh OT FYMUAHbIX K 6ofiee apuAHbIMX parioHaM pacrnofioXeHbl ANTanckme ropbl, OTAMYatoLMecs
BbICOKMM Bronornvecknm pasHoobpasmem (Kokorin, 2011). KnumaT TeppmUTOpUM MIMEET XOPOLLO BbIPaXeHHbIA CE30HHbIN
XapakTtep, Ha POpMMpPOBaHME KOTOPOro OKa3bIBaOT BAVSHME reorpapuryeckoe nojaoxeHne 1 pacieHeHHOCTb penbeda.
B pesynbTaTe B3aMMOAENCTBUSA MHOMMX (akTOPOB (TEPMUYECKUX, AUHAMUYECKUMX W oporpapuyeckmx), a Takxe
npeobnagaHnsa 3MMOo CMBUPCKOro aHTULMKIOHA, @ N1eTOM bapunyeckor genpeccnn KnnMaT TeppPUTOPUN XapakTepusyeTcs
KaK YMepPeHHO-KOHTUMHEHTaNbHbIA C XONIOAHON 3MMOM W TEMJbIM NeToM. B 3MMHWIA nepuoj rocnoAcTBYOT
npenMyLLeCTBEHHO KOHTUHEHTaIbHbIe apKTUYecke BOo3AyLLUHbIe MacChl, KOTOPble MPUHOCAT XONOAHbIN BO3AYX C HU3KOM
TemnepaTypoli, a B N1eTHee BpeMs BAUSHME OKa3blBaeT 061aCTb HU3KOMo AaBneHus, popMmmupyroLaaca Hag Asmneil.

B coBpeMeHHbIX YC/OBUAX FOPHble TEPpPUTOPUM, KaK W PaBHWHHbBIE, MOABEPralTCA Kak eCcTeCTBEHHOMY, TakK U
aHTPOMOreHHOMY BO34elCTBUI0. B AnTailckmx ropax HavMmeHee aHTPOMOreHHO HapyLUeHHOW TeppuTopuei ABaseTcs
ANTancKnin rocyfapCTBEHHbIN NPUPOAHBIA 6rochepHblli 3anoBeAHNK (34eChb U Aanee «ANTaNCKUIA 3anoBeAHMK») 06LLein
niowaabto 87120,6 kM? (B TOM 4KMC/le 3anoBejHas YacTb akBaTopun Teneukoro o3epa - 114,1 KM?), pacrnofioxeHHbI Ha
BblCOTax OT 434 o 3500 M Haz ypoBHEM Mops. ANTaliCKMiA 3anoBeAHNK BMeCTe ¢ TeneLKnm 03epom SBASETCH 06BEKTOM
BcemupHoro Hacnegusa FOHECKO, Bxogdwmin B cnmncok «Global-200» (WWF) — aeBCTBEHHbIX WM Mano WU3MeHEeHHbIX
3KOpPEernoHOB MUpPa, B KOTOPbIX cocpefoToveHo 90% 6ropa3sHoobpasva naaHeTbl, NPy 3TOM 3aHMMaloLWni OAHO ©3
nepBbIX MeCcT CpeAn POCCUACKMX 3anoBeAHWKOB MO 3TOMY MoKasaTento (ANTalickuMiA rocyfapcTBeHHbIN buochepHbIi
3anoBgeHunk, 2019). O3epo TeneLkoe, NONOBMHA aKBAaTOPUKM KOTOPOro BXOAUT B COCTAB 3aMOBEAHVKA, ABNAETCA CaMbIM
60/bLWIM MO MAOWAAN N FybMHE MPeCcHOBOAHbLIM 03epoM AnTasi, C YHUKaNbHOWM akocucTeMol. CocpeAoTodeHme Ha
TeppuTopun 6rocdepHOro 3anoBefHMKa Pa3HOOBPa3HbIX BOAHbLIX U HAa3eMHbIX 3KOCUCTEM MO3BONSEeT n3yyatb PBAP Ha
NX FPaHULe, YTO MOXeET 6bITb 3PPEKTUBHO NCMOIB30BaHO NPY CO34aHNN MPOrHO30B PervioHaNbHOro 3MeHeHUs KAMMarTa.
Taknm 06pa3oM, OCHOBHOW Le/bl0 HaCTosielr paboTbl CTano M3y4yeHne CropOBO-MbUIbLEBBLIX W anbrofiormyeckmnx
CNeKTPOB, OTOHBPaAHHbIX B COOTBETCTBUM C TPeOOBaHUSMU MeXAyHapoAHOM nporpammsl Pollen Monitoring Programme, n
aHanNn3 BANAHUSA CUHOMNTUYECKUX YCIOBUI Ha NOCTYMAeHME MblbLibl, CNOP 1 BOAOPOCAEeR ¢ aTMOCHepHbIMUM OCajKaMn B
yCnoBuAX ANTaCKOM rOPHOM CTpaHbl.

MaTepuansbl 1 MeToAbI

Pacnonaranace B CeBepo-BoctouHom Antae m vmea CoXHbIA penbed C nepenagamu BbicOT oT 434 po 3500 m,
pa3HoobpasHble KAMMaTU4eckme U eCcTecTBeHHO-UCTOpUYeckne YCoBUS, ANTancKuii  3amoBejHUK  OTANYaeTCs
3HauUNTeNbHbIM pasHoobpasMemM pacTUTeNbHOro NMokpoBa - 6osee 1500 BUAOB COCYAUCTLIX PacTeHUA, BCTpedaroTcs
penunkTbl N 3HAEMUKN. Hanbonee KpynHbIMU SBASOTCA CEMEeNCTBa CI0XKHOLBETHbIX — 192 B1Aa, 31aKoBbIX — 155, 0COKOBbIX
- 106, po3ougeTHbIX - 97, 6060BbIX - 85 B1A0B (Zolotuhin et al., 1986).

B rpaHuuax 3anoBefHvKa NpeACTaBAeHbl Pa3fiMyHbie TUMbl Ha3eMHbIX 3KOCMCTEM: CMBMPCKas Talra, 03epa, TaeXHble
CpejHeropbs W HW3KOropbs, cybanbnuiickue W anbnuiickme CpeAaHeropbs W BbICOKOrOpbs, TYHAPOBO-CTEMHbIE
BbICOKOrOpbS, TYHAPOBbIE CPefHEeropbs 1 BbICOKOropbs, MsLManbHO-H1BaNbHbIe Bbicokoropbs (Altajskij gosudarstvennyj
biosfernyj zapovdenik, 2019).
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Mpobbl 0T6Mpanu cornacHo TpeboBaHMAM MexayHapoAHol nporpammbl Pollen Monitoring Program (Pollen Monitoring
Program, 2019) B napaniensHo ycTaHOBNEHHbIE NOBYLLKM Taybepa ¢ ntons no oktabpe 2017 roga. OgHa rpynna noByLUek
bbla ycTaHoB/leHa Ha MeTeonnowagke CraHumm ®oHoBoro KomnnekcHoro MoHutopuHra fnto (COKM Siinto),
PacrnofioXXeHHOM Ha ANIMHCKON Teppace Ha BbicoTe 40 M Haj ypoBHeM O3epa Teseukoe Ha pacctosHum 500 meTpoB oT
ype3a Bogpbl (Puc.1). PacTutenbHOCTb AaHHOW TeppuTopuM MpeAcTaBfieHa Pa3HOTPaBHbIMU CEHOKOCHBIMWU fyramu,
$pYKTOBBIM CaZloM U 6epe30B0O-COCHOBO-KeAPOBOM pPacTUTeNbHOCTLIO. BTopas rpynna nosyllek 6bina pasmelleHa
HernocpeACTBEHHO Haj, BOAHOW MOBEPXHOCTLIO (2,5-3 MeTpa Haj NOBEPXHOCTLIO BOAbI) Ha PacCTOAHMK 2-3 M OT bepera 1
npnéansnTensHo B 50 KM OT MepBO B HanpaBAeHUW Ha tOro-BOCTOK, Ha TeppuTopun rugponocta KelrMHCKOro 3anvmBa
o3epa (Ha MocTuke rugponocta). MNpubpexHas 30Ha KbITMHCKOrO 3anvMBa TakXke MpeAcTaB/ieHa Pa3HOTPaBHbIMU
CEHOKOCHBIMW IyraMu € BKpanieHsMmn 6epe3oBo-COCHOBOM pacTUTebHOCTU.
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Puc. 1. PalioH nccnegoanus (1 - Ainnto, 2 KelrHCKWI 3a11B) (ANTaliCKnii rocyapCTBeHHbIN 61ocdepHbI 3anoBAeHNIK,
2019)

JIoByLLKM CHMMaNV B KOHLe BEreTaLMOHHOro Nepuoja, 3aMepsan ob6bem 0TobpaHHbIX MPob, moMeLLani B repMeTUYHbIe
KOHTelMHepbl C Lenbio NCKIYEHNs BTOPUYHOrO nonagaHuns PBAP. B kax bl KOHTeliHep ¢ npobamu fobasnanu 40%-Hbli
dbopManuH Ana npekpaweHuss pasBuUTUA MUKPOGAOPbl M COXPAHHOCTU 06BbekToB. OTobpaHHble obpasupl Oblin
focTaBneHbl B VIHCTUTYT BOAHLIX M 3konoruyveckmx npobnem (MB3M) CO PAH (r. bapHayn), rae B janbHeiiwem mx
dunbTpoBany yepes MeMbpaHHble GUABLTPLI ¢ guMeTpoM nop 0,45 MkMm. Mocne Yero npenapaTbl CMbIBanu ¢ GUALTPOB
NATB MUAAUAUTPAMU  AUCTUIMPOBAHHOM BOAbl ANS Aa/ibHeLero MUKPOKOMMPOBaHUA C MOMOLLBbH CBETOBOroO
mukpockona Nikon H550L npu yBennueHun B 400 pas. Ans yA06CTBa NCNOb30Banu CHeTHYH0 kamepy HaxoTTa o6beMom
0,5 M. TaKCOHOMMYECKYHO MPUHAAIEXHOCTL MblIbLEBLIX 3€PeH 1 BOAOPOCNEl onpesensnu ¢ MOMOLLLIO onpejenntenei,
aTtnacoe 1 MoHorpadwuin (Zabelina et al., 1953; Kupriyanova, 1972; Hartley, 1996; Dzyuba, 2005).
CymMmapHoOe cojepxaHune 6unonornyecknx 4actuy, (nbiabua W AnMaToMOBblE BOZOPOCAN) B OTObpaHHOW npobe
paccunTbiBanocb No ¢opmyne:

N =n x Vi x (V2 x V3)' x 1000
rae N - KonnuecTBo 61onormyeckx o6 bLeKToB B 0To6paHHOM Npobe, WwT. n7'; n - KoAnYecTBo 61MoNOrMYeckMx 06HLEKTOB
(MbINbLEBbLIX 3€peH) B CHETHOWM Kamepe, LWT.; V1 - 06beM KOHLEeHTPMPOBaHHOro 0bpasua, Mia; V2 - 06beM 0TObPaHHOM
npobel, /1; V3 - 06eM CHETHOM KaMepbl, M.
Ana 6onee AeTanbHOro aHanM3a NPo6bl BbICYLLMBAAN Ha CMeLManbHbIX «CTOMKAX AMAaMETPOM OKOO 1 CM, MOKPbIBaIN
30/10TO-NaNNAANEBON CMEChHO 1 MPOCMaTPMBaM C MOMOLLIbH CKaHWPYHOLLEro 3N1eKTPOHHOro Mukpockona Hitachi S-3400N
(inoHwms), uTo No3BONSIET HOoNEe TOUHO onpeAensTb Ka4eCTBeHHbI (TaKCOHOMMUYECKMIA) COCTaB.
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Pe3yanaTb| ncaeaoBaHma N nx o6cy>|<p,eHv|e

Mpy MUKPOCKOMMPOBaHMN MNpob, OToBpaHHbIX Ha MeTeonnowagke COKM Anno n B KbirMHCKOM 3anvBe, 6blin
naeHTMdMUMpPOBaHbl MblibLieBble 3epHa JApeBecHbIX (Pinus sylvestris, Betula sp., Acacia dealbata, Populus sp.),
TPaBAHUCTLIX (Carex sp., ceM. Asteraceae, Chenopodiaceae, Fabaceae, Poaceae, Ranunculaceae, Thalictrum, Brassicaceae)
pacTeHuii N KyCcTapHUYKOB (ceM. Ericaceae) (Puc. 2). HeobxoanmMo oTMeTUTb, YTO BCE UHTEPNPEeTUPOBaHHbIE MblbLEBbIe
3epHa MNpuHaanexatT aHeMOPUIbHbIM PacTeHUAM, MbUibLA KOTOPbLIX UMeeT psf MopposorMyeckux 0CobeHHOCTel
(Hannume BO3AYLIHbLIX MELUKOB, rnajkas 3K3MHa\MoBEePXHOCTb), YTO MO3BOJIAET UM MEPEeHOCUTLCHA Ha 3HauuTes/ibHble
paccTosAHNSA.

a b c

Puc. 2. MeinbLeBble 3epHa HEKOTOPbIX pacTeH W, BbISB/IEHHbIX B MPobax aTMOCPepHbIX 0CafKoB ¢ MeTeonnowaaknCeKm
Annto n rmaponocta B KblrMHCKOM 3anuBe. a - Betula sp., b - Pinus sylvestris, ¢ - Poaceae, d - ceM. Chenopodiaceae

B npobax, oTobpaHHbIX Ha MeTeonaowaake COKM §iinto, cyliecTBeHHO NpeBaaMpoBana MNblibLa 31akoBblX (Poaceae) -
35% 1 NOTUKOBBIX (Ranunculaceae) - 22,8%, 4To B NATb U TpU pa3a, COOTBETCTBEHHO, boAbLUe, YeM B Npobe, 0TobpaHHOM
B KbirmHckom 3anmBe (Tabn. 1). Mpu aToM B nociegHux npobax MbiibLa bepesbl COCTaBAseT MPUYMEPHO 4YeTBepTb
MblNbLEBOro CnekTpa, Toraa, kak B Npobe ¢ MeTeonnowagky COKM Annto 6binn 06HapyXeHbl efuHUYHbIE MblibLeBble
3epHa AaHHOro TakcoHa. MprMepHo B paBHOM KOAMYecTBe aeHTUGunLMpoBaHa Nblibla P. sylvestris, npescTaBuTeny cem.
Rosaceae v Fabaceae, a Takxe Thalictrum. MNbinbLeBoOR cnekTp Npob, oTobpaHHbIX B COKM Alinto, npescTaBieH MeHbLUMM
KOMIMYeCTBOM TakCOHOB W He BK/IIOYaeT B Cebs NbiNbLeBble 3epHa Acacia dealbata, Carex sp, Populus sp. v npeactasutenu
ceM. Chenopodiaceae, Torfa, Kak B npobax KbIrMHCKOro 3annea He 6bian onpejeneHsl NblibLeBble 3epHa npejcTasuTeneii
ceM. Brassicaceae n Ericaceae

Tabnnua 1. CocTaB 1 NPOLLEHTHOE COOTHOLLEHME MblNbLEeBbIX 3epeH B Npobax aTMOChepHbIX 0CaAKOB, OTOBPaHHbLIX Ha
ABYX TOUKax nputeneukon Tepputopumn B 2017 .

Table 1. The composition and rate of pollen grains in samples of precipitation, collected at two stations of the near Lake
Teletskoye territory in 2017.

Touka oTbopa, %

Takcon KbirmHckni 3anms COKM snnto

Acacia dealbata Link. 9,76 -
ceM. Asteraceae 7,32 12,28
Betula sect. Albae 24,39 1,75
ceM. Chenopodiaceae 7,32 -
Carex sp. 9,76 -
ceM. Fabaceae 4,88 5,26
Pinus sylvestris L. 7,32 7,02
ceM. Poaceae 4,88 35,09
Populus sp. 4,88 -
ceM. Rosaceae 9,76 7,02
ceM. Ranunculaceae 7,32 22,81
Thalictrum sp. 2,44 1,75
ceM. Brassicaceae - 3,51
ceM. Ericaceae - 1,75

MpuMeUaHmne «—» - He 06HapyXeHOo

Hapsaay ¢ nbinbLeBbIMY 3epHamMu NPY MUKPOKOMMPOBAaHWM Bblv 06HapyXeHbl BOAOPOC/IU 14 TaKCOHOB 13 CEMU OTAEN0B,
KPYMHbIX CUCTEMATNYECKMX eANHUL, MPUYEeM B ABYX Pa3HbIX TOUKaxX 0T6Opa 6b110 BbIABIEHO NOYTU OAMHAKOBOE YMCI0
TakCOHOB - BOCEMb U AecsThb (Tabn. 2).
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Tabnnua 2. CNMCOK TaKCOHOB BOAOPOCEl B aTMOCPePHbIX 0cajkaX, CobpaHHbIX Ha NpuTeneLkoii Tepputopun B 2017 T.
Table 2. List of algae taxa in atmospheric precipitation collected on the near Lake Teletskoye territory in 2017.

Touka oTbopa

TakcoH KbIrMHCKN 3an1B noc. finnwo
(rmpponocr) (MeTeonnowaaka)
CYANOBACTERIA
Aphanothece clathrata W. et G.S. West +
Gloeocapsa alpinaNag. emend. Brand +
G. minuta (Kitz.) Hollerb. +
Microcystis pulverea (Wood) Forti emend. Elenk. +

Heunss. L|,|/|aHo6a|<Tep|/||/| wapoBugHble
Heunss. L|,|/|aHo6a|<Tep|/||/| annnncongHble

CHRYSOPHYTA

Chrysococcus rufescens Klebs +
Uwncta Chrysophyceae + +
BACILLARIOPHYTA

Navicula sp. +

CRYPTOPHYTA

Cryptophyceae sp. +

EUGLENOPHYTA

Trachelomonas hispida (Perty) Stein emend. Defl. +

CHLOROPHYTA

Closteriopsis acicularis (G.M. Smith) Belcher et Swale +
Sphaerocystis planktonica (Korsch.) Bourr. +
XANTHOPHYTA

Botrydiopsis arhiza Borzi +
Hen3B. XxenTo-3eneHble LWapoBUAHbIe +
TMbl, CMOPaHIK 1 CMOPbI BOAHBIX TPUH60B + +
Bcero: 14 8 10

B npobe, oTobpaHHOM B KbIrMHCKOM 3anvBe, B OCHOBHOM Obliv npeacTaBfieHbl OAHOKNETOYHblE BOAOPOCN, TObKO
Microcystis pulverea n3 umaHobakTepmin OTHOCUTCA K KOOHWaNIbHLIM GOpMaM, HO KJETKN ero KOSIOHWA NMeIoT Manble
pa3mepbl (40 1 MKM), YTO MO3BOASET UM MEPEeHOCUTBCS Ha 3HauyuTenbHble pacctosHusA. Kpome M. pulverea 6binn
BCTPEeYeHbl 1 Apyrie LmaHobakTepuy 60bLLINX Pa3MepoB (40 4 MKM), HO ONpesennTb NX BUAOBYH MPUHAANEXHOCTb HaM
He yAanocb. M3 30/10TUCTBIX BOAOPOCAEN 6blav BCTPeYeHbl LWCTbl, WAM CTOMATOLUCTBl - MOKOSAWMecs CTagum
npeacTtaBMTenein 4aHHOro OTAeNa, WapoBUAHbIE C FNajKON MOBEPXHOCThO. M3 AnaTOMOBbLIX 6bl1a 0bHapyXeHa Bcero
Wb O04Ha CTBOPKAa MeNKOKAETOYHOW NeHHaTHOM dopMbl 13 p. Navicula, KOTOpyro B BOAHOM MpernapaTe He onpeaennTb
4O BuAa. BcTpeueHa ogHa xrytukoBas ¢opma KpunTodUTOBLIX BOAOPOC/IEN, OTMeYeH JoMUK Trachelomonas w3
3BI/IEHOBbLIX. B LLenom, MOXHO C 6onbluein JoNeil BepOATHOCTU YTBEPXAaTb, YTO BbiB/EHHble B OTOBPaHHbLIX Npobax
KbIrMHCKOro 3an1Ba BOAOPOC/IN MO/ Pa3BMBATHECS B HEGO/bLLMX MEIKOBOAHbIX BOJOEMAaX, KOTOPbIX MHOrO Ha 60/1bLLION
TeppuTopumn bacceliHa TeneLKoro o3epa.

CocTaB BOAOpOCEN, BbISIBNEHHbIN B 0CajKkax Ha Teppace At 3HaUNTeNbHO OTINYaeTCs OT Takoro B KbiIrMHCKOM 3anmBe.
M3 unaHobakTepuii 3geck b6b11n oTMeYeHbl Aphanothece clathrata, Gloeocapsa alpinawn G. minuta. Bce 3T0 KONOHWaNbHble
dopmbl, Takxke Kak n M. pulverea. Ho, ecnn y A. clathrata kneTkn JoCTaToOuHO Menkue, To y BUA0B Gloeocapsa anameTp
K/IeTOK B KOJIOHUW HECKONbKO 60/IbLLE, M HaCTO 3T KONOHWM UMEeT BUZ MIEHOK Ha Kaknx-nnbo cybcTpaTtax. B Bo3gyLuHble
Maccbl OHM MOTYT MOMacTb NPY OTPbIBE KYCOYKOB MJIEHOK OT MOBEPXHOCTU CKasl, UAW NPY 3aTOMAEHUM NPUBPEXHbBIX CKal
B Mepuoj naBogka 1 OTMbIBaHWM OT CybCTpaTa, nepexosa B NNaHKTOH 1 MOTOM NonagaHns B BO3AYLLHYHO cpeay C KanisMu
BoAbl. K LIMPOKO pacnpocTpaHeHHbIM BUAaM OTHOCUTCS G. alpine, KOTOpasi pasBUBAETCA Ha BAAXHbIX ckanax. Takue
YyCNOBMA BMOJIHE MOXHO HalTW B OKPEeCTHOCTAX Teneukoro o3epa M Ha Tepputopun ero bacceiHa. VIHTepecHO
obHapyxeHwne G. minuta, KOTopas yalle pasB1BaeTCA B MaHKTOHE 6010T 1 COIOHOBATLIX BOAOEMOB, pPeXe — Ha BAaXHbIX
ckanax (Ffonnepbax n gp., 1953). N3 3010TUCTbIX BOAOPOCAEN KpPOME LMUCT 6biAn BCTpeYeHbl LapoBUAHbIE AOMUKM
30/10TUCTOV Bogopocan Chrysococcus rufescens. 3TOT MeKOKNETOUHbIV BUA 06UTaeT B MaHKTOHE Pas/NYHbIX BOAOEMOB
Ha NpoTsxXeHUn Bcero roga (MaTtBmeHko, 1954). OTANYNTENbHOM ero 0CO6eHHOCTBIO ABMSETCS MacCcoBoe pa3BuUTME B
HeKoTOpble NepuoAbl roAa, BCIEACTBME Yero OH, BEPOATHO, MOXET yalle, YeM Apyrne BUAbl, 3aXBaTblBaTbCA C Kanasamm
BOZAbI 11 MePEHOCUTLCS MO BO34yXYy. IHTepecHo, UTo LMCThI BbI1M BCTpeUeHbl B 06enx Toukax NpnbpexxHon Tepputopun. B
CaMOM 03epe MOXHO HaliT1 pa3HoobpasHble MOPGOTUMbI CTOMATOLMCT 30/I0TUCTLIX BOAOPOC/IER, MO3TOMY 0BHapyXeHe
nX B aTMocdepHbIX 0CaZKax — BMOHe N0rmyHo. Kpome LMCT B aTMOCPepHbIX ocagkax v KbiIrMHCKOro 3an1ea, 1 noc. Annto
66111 06HapPY>XeHbl MHOrOUNC/IEHHbIE TUdbI, CMOPAHTM N CMOPbI BOAHBLIX TPUGOB, KOTOPbIE 3acennn BOAHYHO Cpeay
HaKoMUTeNbHbIX éMKOCTell. B npobe 6bin BbiSiBAEHbI HEOMpejeneHHble 40 BMAA BOZOPOCAN MPEeAnooXUTENbHO KX
oTAena XenTo-3efleHblX BOAOPOC/EN, 06pasylolmx O6LIMPHbIE KOMOHWUM B cam3n. B uenom, coctaB Bogopocneii B
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aTMochepHbIX 0cajkax, KoTopble 6bi1M cobpaHbl Ha Teppace noc. Ao, pa3HoobpasHee No cocTaBy. OB6HapyXXeHHble
BOAOPOCAN BMO/HE MOTYT 06UTaThb Kak B TesleLikoM 03epe, Tak 1 B BogOeMax ero BojocbopHOro bacceriHa, 4to MoXeT
CBUAETENbCTBOBATb O 3HAYNTENbHOM BK/IaAe MECTHbIX LUUPKYAALMOHHBIX MOTOKOB B MOMNafaHUN MUKPOCKOMMYECKMX
6ronornyeckx 06 beKToB B aTMOChepHble 0Casku.

CnepyeT OTMeTUTb, UYTO B Mpobax MPUCYTCTBOBaAM He TOMbKO OAHOKIETOUHble Me/KOpa3MepHble MpeacTaBUTeNn
BOAOPOCIEBOro HaceseHNss BOAOEMOB, HO KOJIOHMa/bHbIE U LeHobManbHble GOpMbl, KOTOpbIe B MPUHLMME He AOJIKHbI
nepeHoOCUTbCS € aTMOCEPHbIMIN OCaZKamMu BBUAY HOMbLUNX pa3MepoB. BeposaTHee Bcero, B Npo600TOOPHUKM nonanu
Kakme-TOo MHULMANbHbIE KETKM, N3 KOTOPbIX BMOCIEACTBUN N PAa3BUIUCL KOMIOHUN, LLEHOBUW 1 Ta/IoMbl, Tak Kak BOAa B
EMKOCTSIX bblna, HaBepHOe, Ha MPOTSXXEHUN BCero neproja 3KCNoHMPOBaHUA BBUAY H6ONbLLLIOTO KOMYeCcTBa 0CafKoB. B
JLOMONIHEHNN K BOLOPOC/ISAM B Mpobax Takxe 6bla0 BbIIBEHO 60/bLIOe KOANYECTBO rMdOB, CMOPaHIMEB U COP BOAHbLIX
rpr6oB. Bce 3To MOr10 pa3BmTLCA B EMKOCTU AN cbopa aTMOChepHbIX 0CafKoB Moc/ie nonajaHnsa B Hee Cnop rpvbos u
eAVHNYHbIX KeTOK BOZOPOCEA.

PacnpocTpaHeHVe nepBUYHbLIX BUOMOrMYECKMX a3p030Jieil, B YaCTHOCTX MblibLbl M BOAOPOC/EN, CBA3aHO B MepByko
oyepedb C METEOPONIOrMYecKMMM MNapameTpaMn. Kaxabli TakCOH BbICLUMX pPacTeHW MMeeT onpejeneHHbl puUT™M
NblNeHNS (CYyTOYHbIM, CE30HHbIN, FOA0BOM), KOTOPbIA MOXET BapbWpPOBaTbCA B 3aBMCMMOCTU OT MOrOAHbIX YCI0BWUI.
Hanpumep, KOHUEHTpauus NblAbLbl BO3pacTaeT Mpu AOCTaTOYHO BbICOKOM TemrnepaType, a KOAWYeCcTBO OCAaAKOB
CNOCOBCTBYET ee CHVXEHWHI, HO MPW 3TOM JaeT UMMYNbC Pa3BUTUIO BOAOPOC/IEN.

AHann3 MeTeoposIornMYecKnX yCaoBIUiA C Mons No okTabpb 2017 r. nokasan, uTo cpeHsas TemnepaTypa paccMaTprBaeMoro
nepuoga bbina B npegenax knamMatmyecko Hopmbl 1981-2010 rr. (Puc. 3). PasHuLa cpegHeMecsiuHbIX TemnepaTyp Ha 0,2°C
6blna OTMeYeHa ToNIbKO B CeHTAbpe. JaHHbIli GakT NOATBEPXAAeT TO, UTO MblIEHNE PaCTEHUA NMPOUCXOAMIO COrNacHO
beHonornyecknm dasam, xapakTepHbIM A5 AaHHOMO pernoHa. ObLee KOAMYeCTBO aTMOCHEpPHbIX 0CaAKOB 6bIN0 6o/bLLe
KAMmaTnyeckor Hopmebl (1981-2010 rr.) Ha 25% 1 C KOS NO CEHTABPL eXXeMecsuHo Bbinagano 6onblue Ha 4 MM. B okTabpe
aTMocdepHble 0CafKkoB 6bI10 B [jBa pa3a MeHbLUe HOPMbI, HO 60AbLIOE KOIMYEeCTBO BbiMaBLUMX paHee 0CajkoB MOMI0
CNOCO6CTBOBAaTbL HAKOMAEHUIO BOAbl B MPOBOOTOOPHKMKAX, UTO B AanbHellleM NpuBeno K pasBUTUIO KONOHUANbHbBIX U
LeHoburanbHbIX $opM, a TakxKe CopaHrneB 1 CNop BOAHbLIX FP16BOB.
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Puc. 3. MeTeoponorunyeckne ycnosus nepmoga otéopa npob ¢ noas no oktabpb 2017 r. n kanmaTnyeckne HopMbl 1981-
2010 rr.

PaHee 6bln0 YCTaHOBNEHO, YTO BbISB/IEHHblIE 06BLEKTbl 61MONOMNUYECKOro MPOUCXOXAEHMWSA (MblabLa, BOAOPOCAN) B
aTMochepHbIX 0cafkax ABASKOTCA HaAeXHbIMY MapkepaMu aTMochepHbIX mepeHocoB B pernoHe (Malygina, 2018). B cea3n
C 3TUM, U3yYeHre NX COCTaBa U KOMYeCTBa B aTMOCHEPHbIX 0CaZKaX MMeeT CyLLeCTBEHHOe 3HaYeHe Npu onpegeneHunm
OCHOBHbIX/NPEBaNNPYOLLX TPAEKTOPUA ABUMXEHUA BO3AYLLUHBLIX MAcC B TOT WU UHOW MOMEHT BpemMeHW. [pu 3ToM
N3yYeHne pacnpoCcTpaHeHns MbibLbl 1 BOAOPOCAEl B aTMOCPEpPHbIX 0CaAKax Ha JIOKaIbHOM YPOBHE MOXET CAYXUTb
JOMONHEHNEM K AaHHBIM MO M3yYeHUI0 aTMOCPEPHOro nepeHoca MUKPO3NEMEHTOB UV CYOMUKPOHHbIX a3PO30/1bHbIX
yactumy,

AN OLEeHKM pernoHanbHbIX 1 I0KaNbHbIX NCTOUHWKOB MOCTYMIEHNA 06 beKTOB BMON0rNYeCcKoro MPONCXOXAEHMS C UOAS
no okTA6pb 2017 r. 66V NOCTPOEHbI 06PATHLIE TPAEKTOPUN ABMXEHMSA BO3AYLLHbBIX Macc ¢ nomolybio HYSPLIT mogenun
(Puc. 4). TpaekTopumn 6bIAN paccumTaHbl € paspelleHnemM B 30 AHeN, KaXaas HOBas TPaekTopusa Ha AaTy BbiNajeHUs
0Ca/KOB CTPOMNACb Yepes 6 4acoB (ecnV MPOAOC/IKUTENbHOCTE OCAAKOB MpeBbIllana 3TOT BPEMEHHOM MHTepBasn) Ha
cpesHel BbicoTe 430 MeTpoOB.
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Puc. 4. ObpaTtHble TpaeKTopuUKn ABUMXKEHMA BO3AYLUHbIX MacC Ha KaXAbl Mecsal, HabaogeHunn (a - nonb, b - aBrycr, ¢ -
CeHTA6pb, d - OKTAGPL)

MocTpoeHHble 06paTHbIe TPAaeKTOPUM MO3BOUAN ONpPeAeNUTb HanpaBAeHHOCTb ABXXKEH NS BO3AYLLHbIX MacC A1 KaXA0ro
aHanM3npyemMoro MecsiLia C BblAeNleHHbIM MPOLEHTHbIM BKAaAOM (CM. wwKkany Ha Puc. 4). Hanbonee 4yacto B utone
BO3/AYyLUHblE MacChbl MeNV 3aMajHyto 1 oro-3anajHyro HanpaBieHHOCTb Ha PernoHasbHOM YPOBHE 1 CeBepo-3anajHyto
Ha /IoKaNbHOM. B aBrycte mecsue cyLlecTBeHHbI BKIaja BHOCUIN BO3AYLLHbIE MAcChl, MPUXOAdALLME C CeBepo-3anaga v
3anaga. Bknag roro-3anagHoi coctaBnstoLLell Ha pervoHanbHOM YPOBHE YCUIUACS B CeHTSAOpe, Ha doHe NnpeBanpoBaHms
ceBepo-3aMafgHoN cocTaBnstoLleln. Ha NoKaibHOM YPOBHE B OKTAOPEe BO3AYLLUHbIE MACChl IMEN FOXKHYHO U HOr0-BOCTOUHYHO
HanpaBleHHOCTb, Kak 1 Ha PerMoHanbHOM ypoBHe. B fanbHelillemM npegnonaraetca 0603HaUNTb 419 KaX0ro Mecsua Ha
NOKaNbHOM U PernmoHasbHOM YPOBHSAX BO3MOXHble TEPPUTOPUN, KOTOPble MOMAM Obl MOCAYXUTb WNCTOUYHUKAMM
NoCcTynAeHns 6oNOrMYecKnx aspo3osen Ha NccesyemMyro TeppuUTopuio.

BbiBOABI

1. MblbLEBOM CNekTp aTMOCPepHbIX 0CaAKOB, OTOBPaAHHbLIX C MOAA MO OKTA6pb 2017 r., NpeacTaBieH MblibLEBbIMY
3epHaMin ApeBeCHbIX, TPaBAHUCTbIX N KYCTaPHNYKOBbIX q)OpM BbICLUNX paCTeHI/II7I 13 14 TakcoHoB. Hannuwne MNbl1bLEBbIX
3€peH COOTBETCTBYET (I)eHOI'IOFI/IHECKVIM ¢a3aM Ce30Ha.

2. Anbronornyecknii coctaB oTobpaHHbIX 0CaAKOB NpeacTasnieH 14 TakcoHamMu BOAOPOC/en 13 ceMu OTAEN0B.

3. Ha ocHoBe aHann3a 06paTHbIX TpaeKTOpMIZ ABVXKEHNA BO3AYLUHbIX MAaCC 1 CMOPOBO-Mbl1bLIEBOro aHanm3a aTMOC(I)eprIX
0ocajgKkoB 6blnn onpeaeneHbl TEPPUTOPUN, KOTOPbIE MO MNOCNYXNTb WNCTOYHMKaMW NOCTynaeHnA 61oNIornNYecKmnx
aspo3oseli B UCc/iefyemblx Npobax.

4. B vtone BO34yLUHblE MacCbl HaMbosiee YacTo UMeNn 3anagHyo W ro-3anagHyto HanpaBieHHOCTb Ha PernMoHanbHOM
YPOBHE 1 CceBepo-3amnajHyo Ha JIokanbHOM; aBrycTte — ceBepo-3amnafHyto 1 3anajHyto; ceHTabpe - ceBepo-3anagHyro C
NoBbILLEHWEM A0/ t0ro-3anagHo Ha pernoHasbHOM YPOBHE; OKTAOPE - HXXHYH M HOro-BOCTOYHYK Ha 0KaAbHOM U
pernoHanbHOM YPOBHAX. B ganbHerwmnx nccneoBaHmsX nNpeanonaraeTca onpejennTbs TePPUTOPUN, C KOTOPbIX MO
nocTynaTtb 6uonornyeckie asposonm ¢ atTMochepHbIMN 0CagKaMy Ha TeppPUTOPUI0 ANTaiCKOro 3anoBeAHMKa, YTOo, Mo
MHEHWIO aBTOPOB, TaKOW MOAX0A MOXHO byAeT NPUMEeHSATb U B APYrX PermoHax, B TOM YNCAe U TOPHbIX.

bnarogapHocTu

CtaTba noarotoBneHa npw ¢uHaHcoBolM nogaepxke Asian-Pacific Network for Global Change npoekt «Climatogenic
Transformation of the Alpine Landscapes in Mongolian and Siberian Altai» (CRRP2017-05MY-Demberel). ABTOpbI BbipaxatoT
6narogapHocTb coTpyaHukam COKM Ainto n rugponocta B KbirMHCKOM 3annBe Teneukoro o3epa 3a MOMOLb Mpu
yCTaHOBKe 1 obecrneyeHn COXpaHHOCTM NPOH60OTOOPHMKOB B TeUeHre nccnegyemoro nepmoga 2017 r.
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