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AHHOTanMs. AKmMmya/sHOCMb UccleJOBaHUA 00yc/I0BJIeHa He0O6X0JUMOCTbIO 3K0JIOT0-TeOXUMUYeCKON OLleHKH 0COGeHHO-
CTel NOCTYNJIeHUsl PTYTH B IpeBeCUHY COCHBI /ISl BbIsIBJIeHUsI paKTOPOB, ONpee SOIUX aKKyMYJISILIUIO 3J1eMeHTa JpeBe-
cvHOM. Ilesb: KoMYeCTBEHHAs! OLeHKA CO/lepXKaHUsl PTYTH B IOZIOBBIX KOJIbLIAX COCHbI 0OBIKHOBEHHOH (Pinus sylvestris L.)
Ha TeppuTopuu TOMCKOro paloHa, a TakXKe BbISIBJIEeHHE T€03KOJIOTUYeCKUX U KJIMMaTHYeCKUX (PaKTOPOB, OKa3bIBAIOLIUX
BJIMSIHME HA aKKyMYJIALMIO MOJJIIOTAaHTa. O6%eKn: ro/loBble KOJblld COCHbI OObIKHOBEHHOH (Pinus sylvestris L.), upoko
UCI0JIb3yeMble B MUPOBBIX Hay4HbIX MCC/IEJOBAHUAX JJI MOJy4eHUs] MHOOPMAIMU O 3arpsi3HEHUH OKpY’Kalollel cpeJibl
XMUMHUYECKUMHU 3j1eMeHTaMU. Memodul: oT60p Mpo6 KepHa COCHBI, BBICYLIMBaHHWEe 06pa3loB NpYW KOMHATHOH TeMIlepaType.
OnpezeseHue KOJMYECTBA, LIMPUHBI F'OJOBBIX KOJIEL] M IPUPOCTa ApeBecHHbl Ha npubope LINTAB (nporpamMMHoe obecre-
yeHHe TSAP-Win u LIGNOVISION) B UHCTUTYTe MOHUTOPHHIA KJIMMAaTHYECKUX U aKostorudeckux cucteM CO PAH (r. Tomck).
OnpezesneHue KOHIEHTPALUHM HAa PTYTHOM aHaau3aTtope PA-915+ MeTo0M aTOMHOM abcop6uuu (MeTo A Nuposin3a) Ha 6ase
WHxeHepHOM LIKOJIbI IPUPOAHBIX pecypcoB TOMCKOI0 MOJUTEXHUYECKOr0 YHUBepcUuTeTa. PacyéT 3K0J10ro-reoXuMu4ecKux
noKasaTtesied: K03pPUIMEeHT KOHLEHTPAlMY, BpeMEHHO A0MyCTUMasl KOHIleHTpalys, Ki1apK Hoocdepbl, HOPMUPOBaHHUE 110
B. Markert, ¢axTop ob6orameHus. OLeHKa KJIMMaTHYeCKOTr0 OTK/IMKA HAaKOMJIEHUs] PTYTH JlepeBbSIMH 110 CpeJHECYTOUHBIM
JaHHBIM 110 MeTeocTaH MU I'. Tomck ¢ 1933 no 2021 rr. Pe3ys1bmamubl. [losiydyeHbl JaHHbIE O BaJIOBOM COJIEPKAHUU U Teo-
XUMUYECKHUX 0COOEHHOCTSIX HAKOIJIEHUs] PTYTH APEBECUHON COCHBI 06BIKHOBEHHOU Ha TeppuTopuu ToMckoro paiioHa. Pe-
3yJIbTaThl Pac4eTOB OCHOBHBIX I'€03KO0JI0TMYeCKUX [T0Ka3aTe/leld PTYTHOM Harpy3KH CBU/I€TEJbCTBYIOT O NIPEeBbILIEHUH KOH-
LeHTPaLUH 3/leMeHTa OTHOCUTEbHO (OHA, CpeJjHero JJisi Ha3eMHbBIX PACTeHUH, a TakKe 060raleHbl 10 pe3yJbTaTaM HOp-
MHPOBAHUSA M0 CKaHJUIO. BelfiesieH mepuoj NMOBBILIEHHOM KOHLEHTPALUMM PTYTH B JpeBecrHe cocHbl (1941-1974 rr.)
BCJIEICTBHUE BJIMSIHUS NPOMBIIIJIEHHOCTHA TOpoJa. BeIABIEeH NOX0XUM XapaKTep aKKyMyJ/ISLLMM NOJIIIOTAHTa B MHTepBaJje
1970-1986 rr. Ha TepPUTOPHUH HCCIeL0BAHUSA C MpeBbilieHHeM B 1,6-1,8 pa3 0OTHOCUTENbHO cONpesiesIbHbIX cpef (1Mo4Ba,
TBepAbIi 0CaloK CHera, XxBosl, MxH). Ha HakomnieHHe PTYyTH ApeBeCUHON BJIHUSET CyMMa 0Ca/IKOB, KaK 3a I'0Ji, TaK U B TeYeHUe
BereTalMOHHOTO epUO/a U B IEPHO/J C MOJIOKUTEJbHBIMU TeMIIepaTypaMH, a TaKXKe NPOA0LKUTEbHOCTb 0CA/IKOB B Teue-
HUe roJia ¥ BereTallMOHHOI0 epuo/a.
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Abstract. Relevance. The need for an ecological and geochemical assessment of the mercury intake characteristics into pine
wood in order to identify the factors determining the accumulation of the element by trees. Aim. Quantitative evaluation of
mercury content in the annual rings of Scots pine (Pinus sylvestris L.) in the Tomsk region, as well as identification of geoeco-
logical and climatic factors affecting the accumulation of pollutant. Object. Annual rings of Scots pine (Pinus sylvestris L.)
widely used in world science to obtain information about environmental pollution by chemical elements. Methods. Pine core
sampling, samples drying at room temperature. Determination of the number, width of annual rings and growth of wood on
the LINTAB device (TSAP-Win and LIGNOVISION software) at the Institute of Monitoring of Climatic and Ecological Systems
SB RAS (Tomsk). Determination of concentrations on the mercury analyzer RA-915+, by atomic absorption (pyrolysis meth-
od) on the basis of the Engineering School of Natural Resources of Tomsk Polytechnic University. Calculation of ecological
and geochemical indicators: concentration coefficient, temporal allowable concentration, noosphere clark, normalization
according to B. Markert, enrichment factor. To assess the climatic response of mercury accumulation by trees, the average
daily data for 1933-2021 from the Tomsk weather station were used. Results. The authors have obtained the data on the
gross content and geochemical features of mercury accumulation by Scots pine wood in the territory of the Tomsk region.
The results of calculations of the main geoecological indicators of the mercury load indicate an excess of element concentra-
tions relative to the background, the average for terrestrial plants, as well as according to scandium rationing data. The paper
highlights the period of increased mercury concentration in pine wood (1941-1974) as a result of the influence of the city
industry. A similar pattern of pollutant accumulation for 1970-1986 was revealed in the study area, with an excess of
1.6-1.8 times relative to adjacent environments (soil, solid snow sediment, pine needles, mosses). Hg accumulation by wood
is affected by the precipitation amount, both per year and during the growing season and during the period with positive
temperatures, as well as the duration of precipitation during the year and the growing season.

Keywords: mercury, wood, pine, dendrogeochemistry, Tomsk district, nature-manmade ecosystem, geoecological and cli-
matic factors
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BBeaeHue

Pryts (Hg) — cepeOpucTo-Oenblil xuaxkuif MeTal
nepBoro kjacca omnacHoctu [1-3]. C yyerom camoro
BBICOKOTO ITOKa3aTeysl TOKCHYHOCTH JUISl )KUBBIX Opra-
HU3MOB CPEIH APYTUX DJIEMEHTOB U IIMPOKOTO CIICK-
Tpa MHpPOSIBICHUS HEraTUBHOIO BO3AEUCTBUS 0co0oe
3HAUEHHE NPUOOpPETaeT W3YUCHNUE pacIpeaeiICHUs
JTAHHOTO 3JIEMEHTa B KOMITOHEHTAX OKpYXaromel cpe-
nbl. PaccMmaTpuBas mocTyluleHHE PTYTH B OKpYKaro-
IIyI0 CPedy, Pa3iuyaioT IBE OCHOBHBIC TPYIIBI HC-
TOYHHMKOB: MPHUPOAHbIE U TexHoreHusie [4]. [Ipupon-
HBIE MPOLECCH ONPECIAIOT II100aIbHbIH KPYrOBOPOT

PTYTH, JIOKAaJIbHBIA W PETHOHAIBHBIN TEXHOT'CHE3, BE-
JyIlie K 3arpsi3HeHnIo okpyskaromen cpeast [1]. Tlo
OLICHKAM CIICIHAJIFICTOB, YMHCCHUSI PTYTH B OKPY)Kaio-
LIyI0 Cpelly OlleHMBaeTcsi koindectBamu oT 6500 mo
8200 1/rom, W3 KOTOPHIX HA JIOJIO €CTECTBEHHBIX BBI-
OpocoB npuxoautcsi ot 4600 mo 5300 1/rox [5]. He-
CMOTpsI Ha TO, YTO OOBEMBI MOCTYIUICHHS PTYTH B
OKPY’KaIOIYI0 CPEAy €CTECTBEHHBIM ITyTEM U3 3€MHOMN
KOpBI U IyOWH MHUPOBOTO OKEaHa MPEBBINIAIOT 00BE-
MBI, TIPOM3BOANMBIC AHTPOTIOTEHHBIMA HCTOYHUKAMH,
e MpPOMBIIUICHHAs COCTABJSIIONIAsi 0ojee CKOHIICH-
TpUpOBaHAa M pachpeneicHa BONM3HM HMCTOYHHKA 3a-
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rpsi3HEHHs. BbICOKas TOKCHYHOCTh BCEX COEIMHEHUH
3TOTO METajla ONpEeJeNsieT aKTyallbHOCTh U HE00XO-
IUMOCTh M3YUCHUS paclpelesicHus W HakorwieHus Hg
B MPUPOJHBIX KOMIIOHEHTAaX OKpPYXKAIOIIEeH Cpelbl
[2, 3, 6-8]. Ha teppuropuu Tomckoii obsactu npose-
JICHBI UCCIICOBAHIS 110 U3YUCHHUIO COICPKAHUS PTYTH
B kepHax Tornoiis (Populus balsamifera L.) (94 ur/T) n
COCHBI 00bIKHOBEeHHOU (Pinus sylvestris L.) (80 HI/T)
[6]; TBepmom ocamke cuera (201 Hr/r) [8]; JUCTBAX
toniosst (25 Hr/r) [4], mouBax (56 Hr/r) [9], Mxax
(27-90 wr/r), numaiinukax (35-337 Hr/r), rpubdax
(1562367 ur/r) [6] u aAp. DT HCCIICIOBaHUS JAOT
TpeCTaBICHHE 00 OCHOBHBIX aHTPOIOTCHHBIX HCTOY-
HUKaX TOCTYIJICHUS PTYTH B OKpPYXKAIOIIYI0 Cpemy
r. ToMcKa, K KOTOPBIM OTHOCSITCS: TPAHCIOPT, MEYHOE
OTOIUICHUE, TEIUIOBBIC AJICKTPOCTAHIINH, a TaKKe IIe-
MEHTHBIE 3aBO/JIbI [4, 6—8].

HaubGomnsuryio aKTyaJbHOCTb B 9KOJIOTO-
TCOXUMHYECKUX HCCICIOBAHUAX MMEIOT METOIBI, KO-
TOpBIE IO3BOJIIOT OIIEHUTH HE TOJBKO (PAaKTHIECKOE
HAKOIUICHUE PTYTU B JAHHBIA MOMEHT BPEMEHH, HO U
YCTAaHOBUTHh TUHAMUKY €€ mocTyIureHus. K Takum me-
TOJaM OTHOCHTCS IECHIPOTCOXUMUS. [leHaporeoXxumu-
YECKUH METOJ MCCIEeNOBAaHUS MaéT BO3MOXKHOCTH IO-
TYYIATH WHPOPMAIMIO O 3arpsi3HEHUH OKPYKAroUIeH
cpeIbl METaJUIaMU, PAJAUOHYKIUIAMH U IPYTUMH XH-
MHUYECKHUMHU 3JICMEHTAMH, a TaKKe MX COCIMHCHHSIMHU
MyTeM H3y4YeHUS OCOOCHHOCTEH CTPOEHHS M BelIle-
CTBEHHOTO COCTaBa I'OJOBBIX KOJIEIl APEBECHBIX PacTe-
Huit [7, 10-13]. Meron mo3BOJISIET OTCIEAUTH U3MEHE-
HUSI HAKOTIJICHUSI PTYTH 3a JOCTATOYHO OOJBIION TPO-
MEXYTOK BpeMeH:. OH MalOTpaBMaTHICH ISl I€PEBb-
€B, He TPeOyeT JOPOTrOCTOAIIEr0 000PYIOBAHUS U CIIe-
LMaJbHBIX HaBBIKOB [9]. JlaHHBIE, MOIy4YeHHBIE NPHU
MOMOIIY M3Y4EHUs BEIIECTBEHHOTO COCTAaBA JIPEBECH-
HBI, TIO3BOJITIOT BBIIBUTH HM3MEHYHBOCTH TOJOBOTO
MIPUPOCTa APEBECHUHBI, YCTAHOBUTH XPOHOJIOTHIO COOBI-
TUH, BIUSIOMUX HA TPUPOCT APEBECHBIX DPACTCHUIM,
BOCCO3/IaTh YCJIOBHUS BHEIIHEH Cpenbl, a Takke olle-
HUTb DKOJIOTHYECKYI0 OOCTaHOBKY TEPPHTOPHH HCCIC-
noBanus [12, 14-17]. YueHble LIUPOKO HCIOIb3YIOT
METOJ JCHPOTCOXPOHOJOTHH ISl TONYydeHHsT UHPOP-
Mallid O COJACPKAHWU XHMHUYCCKHX DJICMEHTOB, HC-
TOYHHMKAX MX MOCTYIUICHUs, (GaKTOpax, BIMSIONINX HA
AKKYMYIDIIHIO TOJUTFOTAHTOB JIPEBECHBIMUA PACTCHHS-
Mmu [7, 18-20]. U3BecTeH ONbIT NPUMEHEHHUsT JAaHHOTO
MeTOo/a Ui OIEHKHM BBIOpocoB Hg oT xmopHo-
1IesI04Horo 3aBoja B 3anaanoit Espone [21]. JLII. Pu-
XBAHOBBIM M JIp. ObLIa CeJaHa IepBas MOIMBITKA U3Y-
YeHHSI yPOBHS HAKOIUICHWS ICIIIIUXCS DJICMEHTOB B
TOZOBBIX KOJIBIAX JIEPEBhEB B 30HE BiusHus CuOmp-
CKOTO XMMHUYecKoro komoOunara. [Ipu sTom merTomom
OCKOJIOUHOH (f) pamuorpaduu ObUIO OOHAPYKEHO TIPH-
CYTCTBHE M30TONOB PTYTH, KOTOPHIC HAKATUTUBAJIICH B
OIIPEIICIICHHBIC BPEMECHHBIC HHTEPBAIBI U OTUYCTIIHBO
(UKCHPOBANIN HANPABICHIE OCHOBHOW «PO3BI BETPOB)

B padioHEe MPEANPUATHS SACPHOTO TOILUTUBHOTO IHKIIA
[11]. CoBpemeHHbIE HCCIEIOBAaHMS MMOKA3bIBAIOT, YTO
€KETroTHO 00pa3yIoIuecs TOAMYHBIC KOMbIIA IEPEBHEB
SIBISIFOTCS «HAKOMUTENIEM» PTYTH B MOMEHT acCHMHU-
msiiui.  KoMOWHAIuMST TOJIEBBIX HMCCIICIOBAHUI U WC-
CIIeIOBaHUH B TabopaTopusIX MOKa3bIBaeT, uTto Hg mo-
CTYIIaeT B TOJUYHBIC KOJIBIIA ICPEBHEEB B OCHOBHOM M3
atMoc(epbl, Yepe3 JHCTBY/XBOK aCCUMHIUPYETCS B
JIPeBECHYIO TKaHb [12, 22-24]. OTaensHO CTOUT OTMeE-
TUTH BIUSHHUE TIPUPOAHBIX (PAKTOPOB, TAKUX KaK Peib-
e, reoxummuyeckas OOCTaHOBKA U KJIMMaTHYECKas
XapaKTepUCTHUKa pailoHa uccienoBanus [25-27].

Lenp nccnenoBanus — KOJTHMISCTBEHHAS OIIEHKA CO-
JepyKaHUsI PTYTH B TOMOBBIX KOJBIIAX COCHBI OOBIKHO-
BeHHOI (Pinus sylvestris L.) Ha Tepputopun ToMcKoro
paifoHa, a TakKe BBIIBICHHE T'€OIKOJIOTHYECKUX W
KIIMMAaTHYCCKHUX q)aKTOpOB, OKa3bIBAOIIMNX BJIMSAHUEC HaA
AKKYMYJIAIUIO TOJUTFOTaHTa APCBECHBIMU KECPHAMU.

MartepuaJibl U METO/bI

B xonme uccrnenoBaHus ObIIM OTOOpaHBI 0OpA3IIbI
TOAWYHBIX KOJIEIl COCHBI OOBIKHOBEHHOW  Pinus
sylvestris L. (namee cocHa). YCTOWYHBOCTH K BO3ICH-
CTBHIO HEOJIArOMPHITHBIX (PaKTOPOB MO3BOJIIET OTHE-
CTH XBOHWHBIC BHIBI JICPEBHEB K HAMOOJIEE ITOIXOS-
UM B JCHAPOTEOXMMHUYECKUX HCCIeNOoBaHUAX [9].
Br10op KepHOB COCHBI B KauecTBE MHAMKATOpa 00y-
CIIOBJIEH HIMPOKUM apeanoM e€ paclpoCTpaHEHHs, YTO
MO3BOJIICT CPABHUTH MOJIYYCHHBIC PE3yIbTaThl C JaH-
HBIMHU paHHEe MPOBEAEHHBIX HCcenoBanuii [6, 7, 11].
Kak mpaBunio, roquyHbIe KOJIbIA COCHBI TPECTABICHBI
YETKO, I03TOMY U3MEPEHHE MIUPHUHBI KOJIEL] BO3MOKHO
C I0CTaTOYHO BBICOKOI TOYHOCTBHIO.

Touku oTOOpa MPOO MPEACTABIAIOT COOOM pazIny-
HbIE CLEHAPUU AHTPOIOIEHHOIO BO3JCHCTBUS, Takue
Kak: OBITOBOE 3arpsi3HEHHE, KyCTapHbIe IPOMBICIEI,
MIPOMBIIUICHHBIC 30HBI U TPAHCIIOPTHBIE CHCTEMBI T'O-
pona. Becero B uccienoBaHuu ObLIO 3a]€iiCTBOBAHO
4eThlpe TOYKM oTOopa mpod. [lepBble aBe TOUKHM:
c. [Mammuo («Ilamuaoy) n Mxp. Tumupszeso («Tumu-
pSI3€BO»)  UCHBITHIBAIOT ~ MMHUMAJbHOE  BIIUSIHHUE
r. ToMcka coriacHO mpeo0siaiaronieMy MHOTOJIETHEMY
HaTpaBICHUIO BETpa, T. K. PACIIOJIOXKCHBI 3amaHee
ropoaa. IlosTomy ObUTH Ha3BaHbBI YCIOBHO (DOHOBBIMH.
JBe apyrue TOuku BOJNU3U MCCIEA0BATENbCKOTO SAEp-
HOTO peakTopa HayJHO HCCIEIOBATEIHCKOTO TOMCKOTO
TIOJIMTEXHUYECKOTO  yHHUBepcutera («Peaktop») u
BOommu OO0 «TomckuepTexum» («Hedprexum») nc-
TBITHIBAIOT BO3CHCTBHE CEBEPHOTO MPOMBIIIIICHHOTO
y3ia (CITY) r. Tomcka.

O16op mpoO OCYIIECTBISUICS B COOTBETCTBUH C
TpeOOBaHUSIMH, KOTOPbIE TNPEIBABIAIOTCA K OTOOpY
00pa3noB JpeBECHHBI B JCHAPOXPOHOJOTHMYECKUX U
JEHIPOKINMATHYECKUX uccieaoBanusax [9]. Ha nzyua-
eMOi NPOOHOM IUToMma/IKe BEIOMPATIOCh MPSIMOCTBOIb-
HOE JepPEeBO, BHEIIHE HEMOBPEKACHHOC (HE IOABEp-
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raBiieecsi IMoKapy, CHUJIbHOW BETPOBOM U CHEroBOM
Harpyske, pyoke). [Ipu aToM U3 ycinoBuii MeCTonpous-
pacTaHus JKeJaTeJbHBIM SIBISUIOCH MOCTOSIHCTBO MOY-
BEHHO-TPYHTOBBIX YCIIOBH (OTCYTCTBHE MPOIIECCOB
3a00Na4uMBaHusl, WCCYIICHUs, CMbIBA) W POBHAas IIO-
BEPXHOCTb. KepHBI 0TOHMpaIy ¢ WCIONB30BAHAEM BO3-
pactHOTO OypaBa Haglof ¢ 3anmamHoif wim BocTOUHOU
CTOPOHBI JIepeBa, Ha BBICOTE 1,3 M OT OCHOBaHUS CTBO-
na. C 0JIHOTO YYEeTHOTO JiepeBa 0TOMpaioch 1-2 kepHa
IpeBecHHBL. TpaHCTIOPTHPOBKA 0OpPA3IOB JIPEBECHUHBI
OCYILIECTBIISIIACh B TBEPAOH Tape (TyOyce), 4ToOBI HC-
KITIOUUTH WX TONOMKY. [locie B3sTHS 00pasisl apeBe-
CHUHBI TOJBEPrajluCh CYLIKE 10 IOCTOSHHOW Macchl
mpu KOMHATHON Temrmieparype. [IpoObl oTOupanu B
KOHIIe BereTaloHHoro nepuoxaa (asryct 2021 r.), B
CE30H HU3KOW (PM3HOIIOTHUCCKON aKTHBHOCTH JEpeBa.
Ecnu mo3Bonsier muyimHa 6ypa, TO AEPEBO IPOCBEPIUBA-
€TCsl HACKBO3b W 3a OJIMH IpHeM OepeTcs oOpaserr 1mo
JIBYM IIPOTUBOIIOJIOKHBIM pajguycam [9]. 3BneueHHbie
pOOBI TOMEIIAIUCH B OyMaKHBIC ITEHATBI C YKa3aHH-
€M HOMepa TOYKH, JepeBa U CTOpOHBI cBera. [Ipodo-
MOJTOTOBKA O0OpasloB K aHAIN3y BKJIIOYANa B CeOs:
BEICYIIIMBAHUE IIPH KOMHATHOW TemIiepaType B Oy-
Ma)KHBIX TIeHaJlaX, 3a4YUCTKY M NUIH(GOBKY KepHa, Ja-
TUPOBAaHUE U MApPKHUPOBKY KOJIEIl, pa3JesieHue KepHa
10 TOJUYHBIM KOJIBLIAM U UX U3MEJIbUEHHE.

OrnpeneneHue KOJIU4ecTBa ¥ MIMPUHBI TOJIOBBIX KO-
Jien B KepHax COCHBI poBoawin Ha npudope LINTAB
¢ TOMOIIBIO TporpaMMHOro obecnedenust TSAP-Win
u LIGNOVISION c¢ Touynoctsto 0,01 MM B jabopato-
pUM IMHAMMKH U yCTOWYMBOCTH 3KocucteM MHcTUTyTA
MOHHMTOpPUHIA KIMMAaTHYECKUX M HKOJIOTMUYECKHX CH-
crem CO PAH (r. Tomck).

JlaHHBIE IO BaJOBBIM KOHIICHTpPAIUSM PTYTH B
KEepHaX COCHBI MOJY4YeHbl Ha PTYTHOM aHalM3aTope
PA-915+ MeromoM aTOMHOW aOCOPOIMU C MOMOIIBIO
npuctaBku [IMPO-915. buonoruueckyio wmatpuily
poObI paziarajid METOJ0M MUPOJIM3a IpU TeMIepaTy-
pe B ieuun 850°C. Ilpenen oOHapy)eHUST PTYTH 5 HI/T,
TOYHOCTb OMNPEACTCHUsI 5 HI/T, KOHLEHTPAaLUH dJie-
MEHTa paccuuTaHbl Ha | r cyxoro BemiecTBa [28]. AHa-
JUTUYECKUE HCCIEOBAHUA TNPOBOJWIN B Yy4eOHO-
Hay4YHOH Jaboparopuu Ha Oa3e MHXKEHEpHOW IIKOJIBI
npuponusix pecypcoB HU TITY. Beero Oput0 mpoana-
n3upoBaHo 337 mpoo.

Meronuka 00pabOTKH Pe3yiIbTaTOB BKIIFOYAIa pac-
YET IKOJIOTO-FEOXMMHUYECKUX TI0Ka3aTeIen:

e Kc — x03h(duIMeHT KOHIEHTPAUN OTHOCHUTEIHHO
¢oHa:

Kc=Cyy/Coh,

rae Cy, — KoHueHTpanus Hg B npobe, nr/r; Cd —
¢donoBas xoHueHTpaus Hg, ur/r (8,4 ur/r) [25];

e BJIK (TPC — temporarily permissible concentration)
— BPEMEHHO JIOIyCTHMasi KOHIICHTPAIIHUSL:

BJIK=C;,/2C,

rae Cyg — KoHUeHTpauus Hg B npobe, nr/r; Ch —
¢donoBas xonuentpauus Hg, ur/r (8,4 ur/r) [25];
o Ky — KiIapk HOOC(EpHI:

KN:CHg/ KNHga

riae Cyg — koHneHTpanus Hg B poGe, Hr/r; Kypg —
knapk Hg B Hoocdepe (180 Hr/r) [29];

o K\ — KO3pPUIHEHT KOHIIEHTPAIUH OTHOCUTEIIEHO
CPEITHETO JUTSI )KUBOTO BEIIECTRA!

Kim :CHg/ CLMHga

rae Cyg — koHnenTpanus Hg B npo6e, Hr/r; Cprvpg —
cpenHee coiepkanne Hg B )KMBOM BelllecTBe, HI/T
(50 =r/r) [30];

o Kip — K039QPUIHUEHT KOHIEHTPAIIMH OTHOCUTEIBHO
CpEIIHETO JUIsl HA3eMHBIX PACTCHUM:

KLP=CHg/ CLPHg,

rae Cyg — konuenTpanus Hg B npo6Ge, Hr/r; Cppyg —
cpennee comepkanne Hg B Ha3eMHBIX pacTCHHSX,
Hr/r (15 ur/r) [7];

e Ky — K03 dHIMEHT KOHIIEHTPAIIMH OTHOCHTEIBHO
B. Markert [31]:

KM:CHg/ CMHga

rie Cyg — koHueHTpanus Hg B npode, HI/r; Cypg —
conepkanue Hg B cyxom BemiecTBe pactenuii o B.
Market (100 ur/t) [31];

e Fe — daxTop oboramienns (HOpMUPOBaHUE 1O Sc):
Fe:(CHg/KHg)/(CSc/KSc),

rae Cy, — koHueHTpauus Hg B npobe, Hr/r; Ky, —

kiapk Hg cyxom Bemectse pactenuit (100 Hr/r, mo

Markert) [31]; Cs. — KOHIEHTpanus Sc B mpooe,

mr/kr [7]; Ks. — conepxanne Sc (0,02 mr/xr mo

Markert) [31].

J1 OLIeHKM KITMMAaTUYeCKOr0 OTKJIMKA HAKOIIJICHUS
PTYTH JIepEBBSIMH HCIOJIB30BAM CPEIHECYTOUHBIC
JTAaHHBIEC TI0 MeTeocTaHuu T. ToMmcka B niepuoy ¢ 1933
mo 2021 rr. (89 ner). OueHuBaau CBSI3b HAKOIUICHUS
PTYTH JPEBECHBIMH KEPHAMH C TEMIIEPaTypoOd BO3IY-
Xa, KOJMYECTBOM W MPOJODKUTEILHOCTBIO OCAJIKOB,
HaIpaBJeHUEM BETpa B TEUEHHUE I0J1a, BEreTallMOHHOTO
nepuoaa, TPH TONOXKUTEIBHBIX W OTPHUIATEIBHBIX
TEeMIIepaTypax.

Crartuctryeckass 00paboTKa pe3ylbTaTOB HCCIIEIO0-
BaHUS TIPOBONMIACH C WCIIONB30BAHMEM TIaKeTa
STATISTICA 6.1.

Pe3y/ibTaThl U 06CYKAEHHE

Pacnipenenenne comepxaHusi pTyTH B KepHax cOC-
Hbl Ha TEPPUTOPHH ONPOOOBAHMS HOCUT HEpPaBHOMEP-
HBIA XapakTep, YTO IOATBEPXKIACTCS pe3yIbTaTaMu
pacuera koaddurmenta Bapmanuu (Cv 104-222%)
(Tabm. 1).

CpenHue KOHLEHTpAalMU PTYTH B KEpHAaX COCHBI
W3YUYCHHBIX JIEPEBLEB BAPBUPYIOT B Mpezenax 3—99 Hr/T.
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Hawnmenbmiee copepxkanue Hg oTmeuaercss B Touke
«Peakrtop», Haubonbinee — B Toukax «Hedrexum» u
«TumupsizeBo» (B TIpelernax OMUOKH H3MEPEHUH).
B kepHax HCCIIeIOBaHHBIX JEPEBhEB conepxanue Hg
MPEBBIIAET KOHICHTPAIIMK DJICMEHTa, OTMCUYCHHBIC B
paHee TPOBENEHHBIX HA TEPPUTOPHUU HCCIIEIOBAHUIX
[6, 7], 3a ucxmouenneM Touku «Peaktop». Cremyer
OTMETHTh, YTO TEPPUTOPUAILHO TOCTymieHne Hg B
KEePH COCHBI 3HAUNMO HE pa3InvacTcs B 3aBUCHMOCTH
OT PACIIOJIOKEHHUS 110 OTHOIICHUIO K TOPOAY C YIETOM
peoOIaAatoIero HampasieHus: BeTpa. VIckmroueHne
COCTABIISIOT JJAHHBIC B TOUKe «PeakTopy.

Ta6auya 1. Cmamucmuveckue nhapamempbl COOepPHCAHUS
pmymu 8 kepHax Pinus sylvestris L. Ha meppu-
mopuu Tomckozo palioHa (6e3 ypazaHHbIX 3HA-

yeHuli)
Table 1. Statistical parameters of mercury concentration
in Pinus sylvestris L. cores on the territory of the
Tomsk district (without hurricane values)
KonuenTtpanus Hg, Hr/r g =
Hg concentration, ng/g z 55
£S| 8¢5
5 i :
Q
s £ Sc|Eg| 28
HIHEE
- () -
oint S| CPEAHEC T in | max <= g = E 5
o < average EQ5| 5©C
= g5 %€
=588
5| &S
o
Haunirio 80 | 863+21,6 1088| 17,7 [191,6 | 222
Pashino
Tmupaseeo| 59 | 956471 6 635 | 453 |141,0| 143
Timiryazevo 5
Peaicrop 89 | 33838 137 | 248 | 351 | 104
Reactor
Hedrexum
Neftekhim 81 99,8+19,7 982 | 29 |176,4| 177

HNHTepecHO OTMETHTh CHUHXPOHHOCTH XPOHOJIOIMH
noctymienuss Hg Bo Bcex Todkax OMpoOOBaHUS
(puc. 1), Taxke 3a UCKIIOUYEHHUEM TOUKH «PeakTopy.
KpaTHOCTb npeBbIlIeHNs CPETHEr0 3HAUEHUs B TIEPUO/T
¢ 1941 no 1974 rr. B Toukax «[lammuo», «Tumupsze-
Bo» U «Hedrexum» cocrasnsier 15,5; 7 u 5,1, coorBet-
CTBEHHO. J[ng miumocTpanuu Moy4yeHHbIX MEPUOIOB
MOBBIIICHHBIX KOHIIGHTPAIIMH PTYTH B KEpPHAX COCHBI
OBLTM TIOCTPOCHBI CTOJIOYATBIC JTUATrPAMMBI, JIEMOH-
CTPUPYIOLIME JBa MEPHOAa CO 3HAYUMO OTIMYAIOIIH-
MHUCSI CPEOHHMH CcoaepkaHusMH Hg B KepHax Bcex
WCCIICJIOBAaHHBIX JIepeBbeB (puc. 2). Peskwii pocT co-
Jiep>KaHusl pTYTH B apeBecuHe ¢ 1941 r. oObsicHseTcs
sBakyauueil okosio 30 MPOMBIIIICHHBIX MPEeNNpPUATHN
B niepuoj Benmukoii otreuecTBeHHOM BOHBI (1941-1945
IT.) U3 eBporeiickoit yactu Poccun B 1. Tomck. Cpeaun
HUX — SIPOCIABCKUH «DIEKTPOMAIINHOCTPOUTENbHBIN
3aBO/I»; MOCKOBCKHE 3aBO/bI: «Manometpy, «llepBbiit
MOAIINITHAKOBBIN 3aBOI», «INEKTpOIpoBoay, «Moc-

kabenby, «DIeKTpoIaMIIOBbIN 3aBoy, «KpacHblil 60-
raThIpby; JEHUHTPaJCKUe 3aBoabl: «Panuct» u «2nek-
Tpocuna» u ap. [32].

B Touke «PeakTop» BBIIEIWIN ABa MEPUOJIA MTOBbI-
LICHHBIX KOHIEHTparui snemenrta: 1936-1966 rr.
(61,647 ur/r) m 1995-2007 rr. (44,3+11,8 HI/T). Mex-
ny aHuMu ¢ 1970 mo 1994 rr. «mepemieex» ¢ MUHH-
MaJbHBIM COJIEp)KaHUEM MOoJUTIoTaHTa — 9,7+1,8 HI/T.
KpatHoCTh TIpEeBBIICHHUST B TEPHONBI TTOBBIIICHHBIX
KOHIICHTpAIii pTyTH coctaBisieT 6,3 u 1,4, cooTBeT-
CTBEHHO. B mepuoj; MakcMMaibHOTO CPEIHEro CoJiep-
xanust (1936-1966 1r.) Ha Tepputopum T. Tomcka
HAUYMHAIOT TPOM3BOACTBCHHYIO NESITENbHOCTh KapaH-
namiHasi, oOyBHasi, TaOauHas (aOpUKH U XUM3aBOI.
C nauana 50-x rr. XX B. OTMEYAETCs] POCT CTPOUTEIIb-
cTBa rocyaapctBeHHoro xxuibd. [lo 1961 r. cymecrBo-
Bana ToMckas xenesHas jpopora [32].

JluHamuKa HAKOIUIGHHUS PTYTH B JPEBECHHE BCEX
HCCIICIOBAaHHBIX JIEPCBHEB CBUICTCIBCTBYET O CHH-
YKEHUH MOCTYIUICHUS mmosutioTanTa ot 1933 k 2021 rr.,
YTO TOATBEPKIAIOT T'paduKu JHMHEHHBIX TPEHIOB
(puc. 1).

OOmmM XapakTepoM aKKyMYJISIIHHA PTYTH KepHAMU
Pinus sylvestris L. otrmeuatorcsi Touku «llammHo»—
«TumupsizeBo» (r 0,32 mpu P=0,05) u «TumupszeBo»—
«PeaxTop» (r 0,22 mpu P=0,05). Cratuctudeckas 3Ha-
YUMOCTh TOJIYYCHHBIX OIICHOK OIpeesaiach ¢ MOMO-
b0 JIBYCTOPOHHETO t-KpUTEpHUsi HYJIEBOW THIIOTE3BI,
IIPY OTIPEIEIICHUH JTOBEPUTEIBLHBIX HHTSPBAIOB KOA(]-
(DUIIMEHTOB KOPPEJSIIIMK UCIIOJIb30BAJICS YPOBEHb 3Ha-
gumoctH 0,05. Kputndeckoe 3HaueHne KodpuImeHTa
Koppersiiuu it Beioopku 80 sret cocrarisieT 0,22 mpu
P=0,05. BausHus HaxkoIjieHUss PTYTH Ha LIUPUHY TO-
JINYHBIX KOJIEI] BCEX HMCCIICIOBAHHBIX JIEPEBHEB BBISB-
JIEHO He ObLIO.

[To maHHBIM pacueTa T€03KOJIOIMYECKUX IOKa3aTe-
neit (Tabu. 2) OB BBISBICHBI TPEBBIICHUS COIEpKa-
HUS PTYTH OTHOCHTEIFHO ()OHA U, KaK CIEICTBUE, pac-
yetHoro napamerpa BJIK, cpennero s xuBoro Be-
[IecTBa U Ha3eMHBIX PACTCHUH, 32 MCKIFOYCHUEM TOY-
ku «PeakTtop». JlaHHBIE pacyeTOB TaKKE MOJITBEPK/Ia-
0T O0OramieHue KepHOB JJIEMEHTOM IO Pe3ylIbTaTraM
pacuéra Fe (HopmupoBanus mo ckanmmio). Hopmupo-
Banue o B. Market (1991) noka3sbiBaeT OTCyTCTBHE
HAKOIUICHUS] TIOJUTIOTAHTA JePeBbAMHU BCEX HCCIEI0-
BaHHBIX TOYeK. [loyryueHHbIE COepKAHUS TAKKE HIKE
KJIapka Hooc(hepsbl.

CpaBHHBasi BaJOBOE COAEp)KaHHWE PTYTH B JpeBe-
cuHe cocHbl TOMCKOro paiioHa ¢ KOHLEHTPalUsSMH B
COMpENeNbHBIX cpeaax (puc. 3), clueayer OTMETHTh
MIPEBBIIICHHE IO BCEM MPEICTaBICHHBIM Ha PHUCYHKE
cpenam B: TouBbl 1,2-2.7; TBepIblii OcCaloK CHera
1,6-1,8; xBos 6,1-13,3; mxu 1,2-2,5; rpudsr 1,1-1,2;
npesecuHa cocuel 1,6—1,8; npeBecuna Tomomnst 1,4-1,6
pas, 3a UCKIIIOUYEHUEM SMU(UTHBIX BUIOB JIUIIAHMHUKOB

[6].
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Ta6auya 2. I'eoskos02udeckue nokazameu pmymHoul Hazpys-
Ku Ha meppumopuio TomMckoz20 pationa no daHHbIM
usyueHusi kepHa Pinus sylvestris L. 8 nepuod ¢ 1941
no 2021 ze. (6e3 ypazaHHbIx 3Ha4eHull)

Table 2. Geoecological indicators of mercury load on the
territory of the Tomsk region according to the
study of Pinus sylvestris L. in the period from
1941 to 2021 (without hurricane values)

Touku BAK
Points Kc TPC Kn Kim Kip Km Fe

Hauirio 91 | 46 | 05| 17 | 56 | 08 | 42

Pashino

Tamupaseso | 400 | 50 | 04 | 15 | 51 | 08 | 38

Timiryazevo

Peaicrop 38 | 19 [ 02| 06 | 21|03 16

Reactor

Hedrexum

Neftekhim 10,7 53 0,5 1,8 6,0 0,9 4,5

Ipumeuanue: pazdesn mamepuansl U Memookbl.
Note: section materials and methods.

B touke «Peakrop» cpenHee colepikaHue pTYTH B
JPEBECHHE HIDKE TAKOBOI'O B TBEPJOM OCAJKE CHETa
[8], mpeBecune ToMONS U COCHBI [6] HA TEPPUTOPHH T.
Tomcka u Tomckoro paiiona. Kpome Toro, BbIsSBICH
MOXO0XKHH XapaKTep B aKKyMYJSALHUH MOJUTIOTAHTa JIpe-
BECHHOH COCHBI B Toukax «Peaxtop» u «Sp» (r —0,56;
P=0,05) B nepuon 1970-1984 rr., a Takxe «Camycb» B
nepuoa 1971-1986 rr. (r 0,4; P=0,05). Kpurnueckoe
3HaueHHe KOd()(DUIMEeHTa KOPPEISAIUU UIT BBIOOPOK
25 («Sp») u 16 ner («Camycby) cocrasiuser 0,5 u 0,4
pu P=0,05, cooTBeTcTBEHHO.
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Fig. 3. Mercury content in environmental objects in the

Tomsk region [5, 6, 9, 26]

B pesynbrare npoBenEHHOTO KOPPEISIHOHHOIO
aHaJM3a JIMHEWHash 3aBUCUMOCTbH BBIABICHA MEXIY
KOJIMYECTBOM OCAJIKOB IPU OTPHULATEIbHBIX TEMIIEpa-
Typax ¥ COAEpkaHUEM PTYTH B FOJOBBIX KOJIbLAX COC-
HBI BO BCEX TOYKax uccienosanus. [Ipeobiamarommmu
BETPaMU B TEYEHME BCErO I'0Jla, OKa3bIBAIOIIMMU BO3-
JIEHICTBME Ha IMOCTYIUIEHUE PTYTH B KEPHBI COCHBI Ha

TEPPUTOPUH  HCCIECIOBaHMSA,  SBISIIOTCS  CEBEpO-
BOCTOYHbIe M toro-3amagnbie (r 0,22 mpu P=0,05).
IOro-3amagnpie BeTpa Takke 3HAYUMEI B TEUCHHE Be-
TeTallMOHHOTO TIEPUOJIa, TIPU MOJOKUTENBHBIX U OTPU-
naTeabHbIX Temneparypax (r 0,22 npu P=0,05).

J71s TonTBEepIKACHUS BIHSHIS METEOapaMeTpoB Ha
MOCTYIDICHHE JJIEMEHTA B JPEBECUHY NPUMEHIIH KIla-
CTEpHBIIl aHAIN3 M MOCTPOMIM JCHAPOrPaMMYy Koppe-
JSIIAOHHOW MaTpHUIIbl KOHIeHTparmu Hg n meTeomapa-
MeTpoB (puc. 4). AHAIU3 IEHIPOTPAMMEI TTOKa3hIBALT,
YTO B MEPBYIO OYepelb Ha MOCTYIUICHHE JJEMEHTa B
JPEBECHHY COCHBI BIHSIET CyMMa OCaIKOB, KaK 3a TOJI,
TaK W B TSUCHHE BETCTALIHOHHOTO IIEPUOa M B TICPHO]T C
MOJIOKHUTENILHBIMU Temrepatypamu. Kpome Toro, Baxk-
HBIM SIBIISIETCS] KOTMUECTBO JHEH C OcaJikaMi B TEUCHUE
ro/ia ¥ 32 BETeTallMOHHBIN TIepuol. BiusiHue Ha Berera-
IIUFO OKa3bIBACT HAKOIUICHHBIM B TEYCHUE 3MMHETO TIe-
puona cuer. KoinuecTBo AHel ¢ TemreparypaMmu >0°C
U CyMMa TeMIIepaTyp 3a 3TOT IMEPUOJ TAKIKE BAKHBI IIPH
HCCIIEIOBAHUY TIOCTYIUICHUS PTYTH B A€PEBBSL.

PesynbTaThl (hakTOpHOTO aHanM3a MOATBEPKIAIOT
MOTyYEHHBIC paHee 3aBUCHMOCTH. BBImenmsioTcs nBa
OCHOBHBIX (DaKTOpa, CyMMapHOE€ BO3ICHCTBHE KOTO-
peix coctaBusieT 52,1%. «®akrop 1» (32,3%) ykasbl-
BaeT, YTO TIIaBHBIMU METEOMapaMeTpaMH, BIHSIOIIIMHA
Ha HakomeHne Hg B npeBecuwHe, SBISIOTCS OCAIKU
npu Temmeparype >0C ¥ HPOLOIKHTEIBHOCTD JaHHO-
ro nepuofa. Cieayromuii mo 3HaauMocTi «Paktop 2»
(19,8%), KOTOpBIN BBINETIIT OCAJKH, KaK B TCUCHUE
KalleHIApHOTO TOja, TaK ¥ 3a 3UMHHUH MEPUOJ, B TOM
9HCIIe U MpeapLayniero roga. Bee 3aBucuMoct xapak-
TEPU3YIOTCS TOJIO0KHUTEIBHBIM 3HAKOM.

To ecTh C MOBBILIEHUEM TEMIIEPATypbl U yBeJIHYE-
HHEM KOJIMYECTBA OCAAKOB COJEp)KaHHE PTYTH B JIpeBe-
CUHE COCHBI Bo3pacTaeT. [loydeHHble 3aKOHOMEPHOCTH
COIJIaCYIOTCSl C JAaHHBIMH, NPHUBEICHHBIMU [UI XBOU
cocHbI [6] Ha TeppuTopuu Tomckoii odnactu u Cubup-
CKOro perroHa B 11esoMm [26]. IIpu noBblLIeHUH TeMIle-
parypsl BO3[yXa Mapbl PTyTH C MOJACTHJIAIOLIEH TMO-
BEPXHOCTH CTAHOBATCS 0oJiee aKTHBHBIMH Hapsily C
OMOJIOTMUECKMMA W OMOXMMHUYECKUMH  PEaKIHsIMHU
OKpYIKaroIeH cpeibl, KOTOPhIE CIIOCOOCTBYIOT OMOXH-
MHYECKOW KHHETHKE PAaCTEHHMsI, YTO MMOJITBEPIKIIACT CIIO-
COOHOCTh HAaKaIlJIMBATh AJIEMEHT pacTeHusMu [17, 27].

B nepuox ¢ 1933 mo 2021 rr. HabIr0maeTCs MTOBBI-
LIEHHE TeMIIEPaTyphl, KaK 3a Tofl, TAK U B TEYCHUE Be-
TCTAI[MOHHOTO TEpPHOAA. YBEIWYMBACTCS HE TOJIBKO
TeMIieparypa BO31yXa, HO U MPOJOJHKUTENBHOCTD IIe-
puoJia ¢ MOJOKUTENbHBIMU Temreparypamu. Konmnue-
CTBO OCaIKOB HA00OPOT CHMKAETCS. OTHENBHO CTOUT
OTMETHUTb, YTO BO BPEMEHHOM HMHTEpPBaJie C MOBBIILICH-
HBIMH KOHIICHTPALUSIMH PTYTH B JPEBECHBIX KepHAX
(1941-1974 rr.) oTMmeuaercs HaWOOIbIIAs CymMMa
0CAaJIKOB B TCUCHHE KAK BETETAIIMOHHOTO MEPHOAA, TaK
u 3a rox. JlaHHasi TeHACHIMS OTOOpakeHa B pacderax,
MPEACTABIICHHBIX Ha puC. 4.
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Puc. 4. /lendpozpamma KoppeasyuoHHOU Mampuybl 8AUSHUS KAUMAMUYECKUX NApAMempo8 Ha nocmynJeHue pmymu 8 20-
dosvle koavya Pinus sylvestris L. Ha meppumopuu Tomckozo patioHa (1-Pearson r=0,21), nokazameau: Temnepamypa:
Tz - cpedHezodosas; Tse — cymma 3a 200; Ten - 3a sezemayuoHHbIl hepuod; Tsen — cymma 3a eezemayuoHHbIl hepu-
00; T>0; T>0s - cymma nosoxcumenbHbix memnepamyp; T>0np - npodoxcumesbHOCMb nepuoda ¢ NOA0HCUMENAbHbI-
mu memnepamypamu; T<0; T<0s - cymma ompuyameavHvix memnepamyp; Ocadku: Ose - cymma 3a 200; Onp - Koau-
yecmeo OHell ¢ ocadkamu 8 meyveHue 2oda; 0sen - cymma 3a eezemayuoHHblli nepuod; 0>0s - cymma npu NOA0KHCU-
me/bHbIX memnepamypax; 0<0s - cymma npu ompuyamenbHulx memnepamypax; 0>0np - koauvecmeo dHell ¢ ocad-
KaMU npu NooxcumeasHblx memnepamypax; 0<Onp - koauvyecmeo 0Hell ¢ 0cadkaMmu npu ompuyamebHbIX memne-
pamypax
Fig. 4. Dendrogram of the correlation matrix of the affect of climatic parameters on mercury flow into the annual rings of

Pinus sylvestris L. in the Tomsk region, indicators: Temperature: Te - average annual; Tsz - amount for the year; Ten -
during the growing (vegetative) season; Tsen - amount for the growing season; T>0; T>0s - sum of positive
temperatures; T>0np - duration of the period with positive temperatures; T<0; T<0s - sum of negative temperatures;
Precipitation: Ose — amount for the year; Onp - number of days with precipitation during the year; Osen - amount for
the growing season; 0>0s - sum at positive temperatures; 0<0s - sum at negative temperatures; O>0np - number of

days with precipitation at positive temperatures; O<Onp — number of days with precipitation at subzero temperatures

PesynbraThl pacuera KOPPEJIALHOHHOIO aHaln3a
BBISIBIJIM BJIMSIHUE Ha AKKyMYJSIIHIO PTYTH CEBEPO-
BOCTOUYHBIX W FOT0-3aIIaJHBIX BETPOB B TCUCHHE T'OAA.
IOro-3amaznHbie BeTpa WIPAlOT BaXKHYIO pOJIb B I10-
CTYIUICHHU 3JEMCHTA B TCUCHUE BETCTAIlHOHHOTO IIe-
pHOMa, IPH MOJIOKHUTEIFHBIX TEMIIEPAaTypax U B Teue-
HUE 3UMHero nepuoza. KimactepHslii aHamu3 moaTBep-
JIAIT Tipeo0IIaIatoNIy 0 poiib B aTMOC(EPHOM TIepeHoce
PTYTH FOXKHOTO, BOCTOYHOI'O U 3allaJHOTO BETPOB 32
TOJ, B TCUCHHUE BETETAIMOHHOTO MEPHOAA, MPH IOJIO-
KUTEIFHBIX W OTPHUIIATEIBHBIX TEMIICpaTypax, a TaKkKe
UX TPOJODKUTEIBHOCTh. UTO COBMAmaeT ¢ Jojel BeT-
POB ATHX HAIPaBJICHUI, O YeM CBUICTEIHLCTBYET PO3a
BETPOB KaK 3a BECh NEPHOJ HCCICAOBAHUS, TaK U B
MIEPUOIBI MTOBBIIICHHBIX KOHIICHTPAIHH (pHC. 5).

3akI04eHne

Cpennue copepkanuss Hg B KepHaxX COCHBI MPEBBI-
[IA0T paHee MOJyYeHHbBIE KOHIIEHTpauu st ToMcKo-
ro paifona. Kpome toro, pe3yabTaTbl pacdeToB I'€03K0-
JIOTUYECKHUX TIapaMEeTPOB CBHJIETEIILCTBYIOT 00 oOora-
LIEHUH IEMEHTOM JPEBECUHBI COCHBI HAa TEPPUTOPUHU
ToMckoro paiioHa 1Mo CpaBHEHHUIO ¢ (DOHOM, CPEITHUM
JUIS Ha3€MHBIX PACTeHUH, a TaK)Ke MO JaHHBIM HOPMH-
pOBaHHUs IO CKAHAMIO.

Crnenyer OTMETUTb CHHXPOHHOCTH MOCTYILUICHUS
MOJUTIOTAHTa B JPEBECHHY Ha TEPPUTOpPUU TOMCKOro
paiioHa. BeineneH mepro]] MOBBIIIEHHBIX KOHIIEHTpa-
uuit pryru ¢ 1941 no 1974 rr. B apeBecuHE COCHBI
TpEX NEPEBBEB M3 UEThIpeX. BO3MOXKHO, 3TO CBSI3aHO ¢
9BaKyalMell NPOMBILUIEHHBIX MPEANPUATHH B TOAbI
Benukoii oreuecTBeHHOI BOWHBI.
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Puc. 5. Po3a eempog no daHHbIM MemeocmaHyuu 2. Tomcka
Fig. 5. Wind rose according to the weather station in Tomsk

B toukax «Peaktopy, «Sp» u «Camycb» B nepuop
1970—-1984 rr. BbIABIEH MOXOXHUK XapaKkTep aKKyMy-
nauun nojuntotanta. OJHAKO CpeaHHe CoIepKaHUs
PTYTH IPEBBIIIAIOT paHee NodydeHHble B 1,6—1,8 pas.
OOumM XapakTepoM HAKOIUICHHS PTYTH APEBECHHOMN
Pinus sylvestris L. otmeuatorcsi Touku «[lammHoy,
«TumupsszeBo» u «Peaxkrtop».

OCHOBHBIMHM METEOTapaMeTpaMH, BIUSIONIMMU Ha
HakoruieHne Hg npeBecMHOMN, ompeneneHsl cyMMa
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