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AkmyansHocme uccriedosaHus obycrosneHa Heobxo0UMOCMbIO pa3gumus eeoakonnozuyeckux nodxo0os K oueHke kayecmea 8030yxa
ypbaHu3uposaHHbIX meppumopuli U ebisierieHus 8kada ebIbpocos omaAernbHbIX NPOMbILIEHHbIX UCMOYHUKO8 8 06Wee mexXHO2eHHOoe
3aepsAsHeHuUe 20p00ck020 8030yxa.

Lenb: onpedenumb MeXHO2EHHYH a3pO30NbHYI0 Ha2py3Ky U aspo3onbHoe ebinadeHue Th u U e okpecmHocmsix nmu KpynHbIX npo-
MbiwneHHbIx npednpusmud e. Hogocubupcka.

O6BeKmbI: NbiNeaspo30sbHbIe Yacmulbl, HaKON/EHHbIE 8 CHE2080M nokpose okpecmHocmel TAL-2, TAL-3, TOL-5, Hosocubupckozo
onosokombuHama u Hogocubupckozo 3a800a XUMUYECKUX KOHUEHMPamoe 8 medeHue 3uMHe2o nepuoda. TexHoeeHHas paduoakmugHas
cocmaensiowas 8 aspo3onsix e. Hosocubupcka u e20 okpecmHocmell paHee 8 omkpbImol neyamu nodpobHo He paccMampueanacs.
Memods1: ombop kpynHoobbeMHbIX npob cHe208020 nokposa (o 400 dm3) Ans ebideneHus nymem bunbmposaHusi docmamoyHol st
aHanu308 Hasecku meepdbix 83seceli U3 masoeo cHeaa; onpedesieHue NOMHOCMU CPEOHECYMOYHO20 8binadeHusi aspo3onell (cpedHecy-
MOYHOU a3po30sbHOU Hagpy3KU) nymem pacyemos Yepe3 OMHOWEHUE Macchi meepdbix 83secel, NomydeHHbIX U3 npob marnoeo cHeea, K
nnowadu ombopa U Koiu4ecmsy Cymok CyuiecmeogaHusi CHe208020 NOKPOsa (Co OHs (hopMUPOBaHUS CHE208020 Nokpoga Ao ombopa npo-
6bi); onpedeneHue codepxaHusi caxu 6 adposonsx nymem osoneHus npu 550 °C, onpedeneHue codepxaHus Th u U peHmeeHo-
¢hryopeceHMHbIM MeEMOOOM Ha CUHXPOMPOHHOM U3fTyHEHUU U MaCcC-CheKmpoMempuUYECKUM MemoOOM Ha UHOYKMUBHO-C8si3aHHOU nnasme.
Pe3ynbmambi. Ha ocHoge OaHHbIX NOMHOCMU CPeOHECYmMOYH020 8binadeHusi aspo3oneli 8 npedeniax 0CHOBHbIX OPEOIO. 8bI6POCO8
npombIweRHbIX npednpusmuti e. Hogocubupcka nposedeHa oueHKa 3aepasHeHus 8030yxa 20podckoli cpedbl. OnpedeneHo codepxaHue
8 asposonax Th u U u nmomHocmb ux ebinaleHusi Ha NOBEPXHOCMb 3eMIU emecme ¢ aspo3onsaMu. Haubonee 8bicokoe codepxkaHue
ypaHa ycmaHo8eHo 8 aspo3ossx, omobpaHHbIx 8 npedeniax opeona 8bibpocos Hosocubupckoao 3asoda XUMKOHUeHMpPamos. Bbiserne-

Hb1 ocobeHHocmu nocmynnerusi Th u U ¢ ebibpocamu TOL npu cxueaHuu 6ypo2o u kameHHo20 yaned.

Knroyesble crnosa:

[MpombiLineHHbIe 8bI6POCHI, a3P030sTbHbIE 8bINAOEHUS, MEXHO2EHHbIE a3PO30IU, CHE2080U NOKPO8,

paduoHyknudbl, mopud, ypaH, Hosocubupck.

BeepeHune

3arpsA3HeHne BO3yXa MEramnoiiucoB, IIPOMBIIIIEHHBIX
IIEHTPOB SBISAECTCS aKTYalbHOH T'€0IKOJOTHIECKOH Ipo-
OneMoH, KOTOpO# 3aHUMaeTcs Bce OOJbIIIEe HCCIIe0BaTE-
Jieid ¥ 9ucIo myOauKaiuii o 3TOM TeMe ¢ KaKIbIM TOI0M
pacter [1]. [Ipu moucke Mo KIFOUEBBIM CJIOBAM «POWET
station, emission, pollution» B KopHEBOW 0a3e HaHHBIX
Web of Science Ha 19.12.2019 r. Haiineno 186 omy0uu-
KOBaHHBIX paboT. To, uTo OONbIUas MONOBHHA W3 HHUX
IpeJCcTaBIeHa aBTOpaMy U3 YeTlpex crpa: 33 — u3 Ku-
Ttad, 23 — u3 Poceun, 23 — u3 CIIA, 21 — u3 Mugun, xoc-
BEHHO TOATBEPXKAAET, YTO IpobiieMa a’spo30JbHOTO 3a-
TPS3HEHHS TPU3EMHOTO BO3IyXa 0CO00 OCTPO CTOHT B
TeX CTpaHax, rJe HaOMIOArTCs OONBIIME TEMIIB TPO-
MBIIIIEHHOTO pocTa, kKak Kutail [2], u B cTpaHax, rae
JIOMUHHpYET yrojbHas JHepreTuka, kak Poccus [3], roe
67,7 % omnexTposHepriun BeIpadatbiBaeTcs Ha TOL| (Ha
01.01.2019 r.) [4]). bonbmioe BHUMaHWE NpHUAAETCS U3Y-
YEHUIO0 a3pO30JbHBIX dacTull MeHpine 10 u 2,5 MkM B
CUIly UX BBICOKOH OMONOTHYECKON NOCTYMHOCTH H, Clie-
JI0BATENbHO, MOBBILICHHBIX PUCKOB Ui 3J0POBbS YEno-
Beka [5].

PanmoakTBHAS COCTaBISAIOMAS A9PO30JBHBIX BHIIA-
ICHHWH B OCHOBHOM H3YYaeTCs ¢ TOYKH 3PCHHUS OLCHKH
TIIOCIE/CTBUN SNIEpHBIX HCIbITaHud XX B., aBapuil Ha
®yxycume u YepHoObuibekoir ADC: 14 u3 21 Haiinen-
HBIX ITyOJNMKAIHii 0 KIFOYEBBIM clioBaM «aerosol, fallout,
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uraniumy TOCBSMICHBI KIMEHHO 3THM TIpoOJieMaM pajiuo-
3KOTCOXUMHH UCKYCCTBEHHBIX Pafuon30TONnoB. OcoOblil
MHTEPEC BBI3BIBAIOT OOBEKTHI AAEPHO-TOILIMBHOTO LHKIIA
(STL), ¢ BBIOpOCAMH KOTOPBIX B OKPYKAMOIIYIO CPEIy
MOCTYIIaeT 00OTaNIeHHBIH YpaH ¢ MOHMKEHHBIM SuPU
ortHomeHueM [6]. I'mobanbHOCTh MacIuTaboB TEXHOIEH-
HBIX BBIOPOCOB B MPU3EMHOM CJIO€ aTMOC(epsl MposiB-
JANCA B YCTaHOBIEHHH B a3pO30JIbHBIX BbINAACHUSX
SInonnm obenHEHHOTO ypaHa BO BpeMsi BOWHBI B Mpake
2003 r., MO-BHAMMOMY, BBI3BAHHOTO HCIIOJIb30BAHUEM
OpoHEeOOIHBIX CHAPSIOB C 00CTHEHHBIM YpaHoM [7], Kak
U 00OraleHHOTO0 YypaHa B a3po30JiX ApKaH3aca, Kak
TIOCIIEICTBUE aBAPUIHOTO MaJEHUS JIETATENbHOTO amia-
pata B Kanane B 1980 r. [8].

Mexny TeM ypaH U TOpPUH — €CTECTBEHHBIC Pajuo-
HYKJIHJBl — MOTYT HayaTh MHTEHCHBHO NEPEHOCUTHCS B
NPU3EMHOM CJI0€ aTMOcepsl B pe3ylbTaTe CHKUTaHHUA
Oompuinx 00beMoB yrud [5]. Ha mpumepe KpynHbBIX Me-
ranomcoB Kutas BeisiBneHo, uro B Kutae ypan u topuit
SBJIAFOTCS OJHAMH M3 OCHOBHBIX KOMIIOHEHTOB MEINKO-
JUCTIEPCHBIX TEXHOTEHHBIX a’po3oneil ypOaHW3MpOBaH-
HBIX TeppuTOpuit [2].

Adpo30mH, Kak MpaBuio, cOOMPAIOT MyTeM MPSMOTOo
otOopa mpol Ha (UIBTPaX WM BHIICIIOT U3 AOKICBOI
BOABI [2, 9]. ®opMupoBaHHE U COXpaHEHHE CHETOBOTO
nokpoBa B ycnoBusx Cubupy, ceepa CIIA n Kanazsl
JaeT BO3MOXHOCTh OTOMpaTh HHTETpalbHBIE TMPOOHI
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a’po30Jiell, HAKOIUICHHBIX B CHETY 3a 3UMHUH MEpHO
[10-12]. D1n Ipo6BI Jar0T BO3MOKHOCTH OLEHHTH adpo-
30NIbHBIC BBITIAJICHHS B IEJIOM 32 CE30H, BBIABHTH Oonee
o01me 3aKOHOMEPHOCTH Ha HEOOJBIIOM KOIHYECTBE
npo0, ueM mpu mpsiMoM otdope mpod. B coctase aspo3o-
JieH, HAKOTUICHHBIX B CHere cKioHa CKaNuCThIX TOp, YeT-
KO MPOCIIEKUBACTCS PETHOHANBHOE BIUSHUE YaCTHIl W3
COJICHBIX 03ep W Mo4YB mTaTa KOTa, MepeHOCUMEIX BETPOM
[11]. B Cubupu nepBsIMH HpoOBI CHETa M3ydalu Hccie-
nosatenu T. HoBocuOupcka B paMkax mpoekTa «Aspo3o-
i Cubupn»: OBUTO BBIBICHO BIUSHIE 9PO3HH COJOHYA-
KOB M 3acoleHHBIX mouB Kasaxcrana B (opMHpOBaHHH
cocraga asposoneit HoBocubupckoit odmactu [13].

Bonbioit 3amen B M3yYeHHMM CHEra OKPECTHOCTEH
TOIUTUBHO-3HEPTeTHIESCKUX PEANPHATHI, T/Ie COKUTaeTCs
yTOJIb, CHENaH HCCIEI0BATEIIME TOMCKOTO TOIUTEXHH-
yeckoro yHuBepcurera [3, 12, 14, 15]. B cuere U, Lu, Zn,
F, Cs, 8 mouBax Sr, Eu, Lu Obti ompeienieHs! B Ka4ecTBe
TEOXUMHYECKHX HHIUKATOPOB BHIOpOcOB CHOMpPCKOTO
XUMHYECKOr0 KoMOuHata [15], 3TOT CIUCOK MHIMKATOP-
HBIX HJIEMEHTOB Jiajiee OBLT PAaCIIHPEH 32 CUET BCETO psifia
P33, a rakxe Th, Ba, Y, Nb, Zr, TI, Takxke B a3p0o30Jisix
CXK BHC];BLIG CTAQHOBJICHO CHIDKEHHE M30TOIHOTO OT-
nowenmst ~2U/*U 1o 74,28 [16].

[Ipobnema TeXHOTEHHOW paAMOAKTHBHOM COCTaBIIS-
fomel B adpo3oisix T. HoBocHOMpCKa M €ro OKpecTHO-
cTell B CBA3M C BRIOPOCAMH TIPEINPUSTHS ATOMHON FHEP-
THHl — HOBOCI/IGI/IPCKOFO 3aBOJIa XUMHUYCCKUX KOHICHTPaA-
toB (H3XK) — BrepBbie 00cyxkaanach B OTKpBITOi Meya-
1 [17]. C Tex mop mpojonkaeTcs HakoIUIeHHe (haKTuye-
CKUX JIaHHBIX MyTEM €XEeroJHOro 0Tbopa KpymHOOObeM-
HBIX TIpO0 CHeTa M W30TOMHO-TEOXHMHYECKOTO H3YICHHUS
KUJIKOH ¥ TBEpIOH (ha3bl CHera.

Llenvio paboOTH OBLIO OMPEAETUTH B OKPECTHOCTSX
KPYIHBIX MPOMBIILICHHBIX Tpeanpusatui r. HoBocuOup-
CKa PaJMOaKTHBHYIO COCTABIAIOLIYI0 a3PO30JILHON TeX-
HOTEHHOH HArpy3KW IyTEeM YCTAHOBICHHS ILIOTHOCTH
CPETHECYTOYHOTO BBHITIAJICHUS adPO30JIeH U COIEpIKaHMS
Th u U B aspozomnsx.

KpaTKaﬂ XapakTepucTuKa NPpOMbILNIeHHbIX UCTOYHUKOB
BbI6pocoB r. HoBocubupcka

B nacrosmiee BpeMs kK HanboJiee KPYIHBIM IIPOMBIIL-
JICHHBIM HCTOYHHMKAM BEIOpocoB I. HoBocmOupcka Mox-
HO OTHECTH YeTHIPE TEILIOIHEPTEeTHUCCKUX MPEIIPUITHS
(TOII-2, TOL-3, TOU-4 u TOII-5) u mBa KomOMHATA:
Hosocubupckuii Onosoxombunat (OK) u HosocuOup-
ckuit 3aBox xuMKkoHIeHTparoB (H3XK) (puc 1). TOIL-2 n
TOII-3 ¢ Tpyoamu BeicoToii 100 1 120 M pacmonokeHsl
Ha J1eBoM Oepery p. O0b. TOII-4 ¢ Tpy0oii Becero B 60 M,
seisromiasicss cinytaukoM H3XK, u mambonee kpymHas
TOII-5 ¢ BeicOoKOH Tpyboii B 260 M pacmoioXeHbl Ha
npaBobepexHoi gacTu ropoga. Momaocts TOLI-5 mpe-
Bocxout octanbHbie TOLI ot 2,2 10 2,6 pa3 [18] (puc. 2).
Ha Bcex TOII r. HoBocubupcka B KauecTBE OCHOBHOIO
TOIUTMBA UCIIOJNB3YETCS yrodib: Oypbie yrimm Hazapocko-
ro, bopomunckoro paspe3oB KaHcko-AUYHHCKOTO YTroJb-
Horo Oacceitna — Ha TOI[-3 u ¢ 2018 r. — na TOII-5, a
KaMeHHbIC YIiI Ky3HEIKoro yrompHOro OacceiiHa — Ha
octansHbeIXx TOI (B 1. 9. Ha TOLI-5 mo 2018 r.). M3BecTHO,
410 Oyphble YITM MPH TUIICPTCHHOM OKHCICHHH W TION

JIEWCTBHEM T'PYHTOBBIX BOJ HEPEAKO HAKaIJIMBAIU ypaH
[19]. Kamennsle yran Kysrerkoro yroiasHoro 0acceifna
9acTO OTIMYAIOTCS BBICOKOH 30JIbHOCTBIO M 3HAYHMBIM
cogepxanreM U u Th, 00yclIOBIEHHBIX CONEPKAHUEM B
VINISX KJIACTHYECKOTO BYJIKAHOTEHHOro Martepmana [19].
CrenoBaTenbHO, €CTh OCHOBAHUA 0XHAaTh Hamuyne U u
Th 8 Be1Opocax TOI] r. HoBocubupcka.

Panee mpoBeIEHHBIMA MCCIEI0BAHUAMHI OBLIO BBISB-
jaeHo, uro OK — mpennpusiTie LBETHOH METaIypruH,
pacIojokeHHoe Ha jJeBoOepexkbe T. HoBocubupceka, sB-
JISIETCS MCTOUYHMKOM 3HAYMTEIBHOTO 3arpsi3HEHHS TOPO/I-
CKOTO BO3/IyXa MBIIIEAKOM, OJIOBOM U KOMIIJIEKCOM Xallb-
KopuIbHEIX MeTaioB [10], HO o HACTOAIIETO BpEMEHH
CoJIep)KaHUe ypaHa, TOpHS B €ro BRIOPOCAX elie He Olle-
HMBAJIOCh.

[pemnpusarue saepHo-TomauBHoro 1ukiaa H3XK co
cnytaukoM — TOI[-4, pacmojokeHO Ha CceBepo-
BocTOuHOM okpamHe ropoga. Ha H3XK Brimyckarorcs
TOILTMBHEIE 3JIEMEHTHI IS aTOMHBIX CTAHLUH M UCCIIEI0-
BaTEIbCKUX PEAKTOPOB Ha MpoTkeHuu Oomee 30 JeT.
[TpousBoacTBO cBsA3aHO ¢ ypaHoM [20], motoMy BO3MOXK-
HoOe TIocTymieHne ypaHa ¢ BeiOpocamu H3XK B ropoj-
CKOIf BO3/IyX HYKIAETCS B M3yUECHHH.

TakuM 00pa3oM, aKTyalbHOCTh OLICHKH a3PO30JIbHBIX
BBINAJICHUH ypaHa U TOPHUs B OKPECTHOCTSAX MEpEUnCIeH-
HBIX TPOMBIIIICHHBIX MPEANPUIATHH HE IMOJJICKHUT CO-
MHEHHIO, TTIOCKOJIBKY 9TO KAcaeTcs dKOJOTHYECKOro Oa-
TOIOJTy4Hs TOPOACKOM Cpebl.

3KcnepumeHTaanaﬂ YacCTb

B HoBocubupcke B 3uMHee BpeMs peodIafaloT BeT-
PBl I0XKHOTO M IOT0-3amaJHOTO HampasieHud [21], mo-
3TOMY MPOOOOTOOpP CHETOBOTO MOKPOBA MPOBOJMIICS IO
MapIIpyTy ¢ MOJABETPEHHON CTOPOHEI OT TPYO mpenmpus-
THHl B cepeliuHe Mecdua Mapr, 3a uckiaoueHueM 2015 r.,
KOT/Ia OH ObLT IIPOBEIEH HA MECSI] PAHbILE — B CEPEIHHE
(espans.

Boxkpyr tpy6 OK, TOI-2 u TIII-3 orbop mpobd mpo-
BOJWJICS HA paccTosHue 10 3 kM Jio Oepera p. OOb
(puc. 1). Ha mpaBoGepexbe 13-3a OTCYTCTBHS YYaCTKOB C
HEHApYILICHHBIM CHETOBBIM IOKPOBOM OTOOp CHera mpo-
BeJIEH TOJIbKO Ha Oepery p. O0b.

ObwupHas npom3ona H3XK ne mos3Bonser otbop
npo0 ¢ MOJBETPEHHOM CTOPOHBI Omike yeM B 4 km. Tpy-
6a TOU-5 npepsmmaer B 2,2-4,5 pasa TpyOsl Apyrux
TOLl u a¢dextrBHO paccenBaeT ee BHIOPOCH Ha OOJb-
mweil Tepputopun. B pesynprate MapmpyThl mpoboToopa
B IIPeJIENIaX OCHOBHBIX OPEONIOB 3TUX MPEATPHATHI OBLTH
Oonee mpoTsukeHHbIME — 10 10 kM (puc. 1). Kpome Toro,
A9PO030JIbHBIC BBIMAACHUSA U3yYaIUCh Ha I0r0-BOCTOYHOU
gactu . HoBocubupck: okono HoBocubupckoro Akase-
mropojka (Al), okono moc. Kimoun (Ki). Yuactku A" n
Kn oTnuvaroTes yaaneHHOCThIO OT NUTeH(OB BBHIOPOCOB
paccMaTpuBa€MBbIX KPYIHBIX MPOMBIIIICHHBIX UCTOYHH-
KoB. /I MCKITIOUYEHNS BIUSHUS aBTOAOPOT TPoO00TOOp
npoBoauincs Ha yaanenud B 200 M u Oomee OT JOPOT.
DOHOBBII yYaCTOK BHIOPAH C HABETPCHHOH CTOPOHBI B
12 xM K roro-3amajy ot ropoja (puc. 1).

CHEroBoii MOKpPOB OTOMpAJICS HA BCIO €r0 MOIIHOCTb,
B K&KJOW TOYKE MPOXOIMIH OT HECKOJBKUX JIO JECATKA
myp¢oB (puc. 3), odbem mpodsl coctaBmsur ot 70 10
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200 1v’, a B ¢oHoBoit Touke — 400 e, Kpynzoo6bem-
HEIE TPOOBI CHETa TTO3BONHIH TONYYHTh HABECKH TBEP-
JBIX a3p030JieH, JOCTATOYHBIC Ui NPOBEACHUS BCETO
KOMILIEKca J1ab0opaTOpHEIX aHaiu3oB. [Ipo0bl cHera pac-
TAWBAIM B 3aKPBITHIX MIACTUKOBBIX €MKOCTSX. TBepyro
B3BECH OTACIISUTM MyTeM (DHITBTPOBAHKS C HCIIOJIB30BAHH-
eM OYMa)KHOTO (DHIIBTPa CHHSAS JICHTa.

QD] e

[[10THOCTH CPEAHECYTOYHOrO BBIMAACHHUS adpo30Jei
(MF/MZ-CyT), TaK Has3plBaeMas ad’po30JbHas Harpyska,
onpezensiach Kak OTHOLIEHHE Macchl B3Becel K miomia-
I 0TOOpa W TEPHONY CYIIECTBOBAHWS YCTOHYHBOTO
CHEKHOTO TOKpoBa 10 otbopa mpobOsl. CozxepxaHue ca-
JKUCTBIX YaCTUIl B a3PO30JIAX OMPEAENANOch MyTeM 030-
aenus npu 550 °C.

Hoeocubupckoe

eodoxpaHunuuwe

=
-
P

. 48

Puc. 1. Pacnonosicenue npomviunentvix npeonpuamuil e. Hosocubupcka u movex oméopa npob cHexcHozo nokposa. Ycnos-
Huvle 0603nauenus: 1 — mouku ombopa npob cueea; 2 — npeonpusimus — Kpyntuvle UCIOYHUKU 8blOPOCO8; 3 — opeovl
MEXHO2EHHO20 AIPO301bHO20 3azpazHeHus. Coxpawjenus Ha36anull npeonpuamuil cm. ho mexcmy. Hasepxy cresa —
po3sa 6empos 6 3umHnee spemsa [21] (cniownas nunus — 6 NPU3EMHOM 8030yXe, npepuleucmasn aunus — Ha gvicome 500

M)

Fig. 1. Position of the plants in Novosibirsk city and sampling points. Legend: 1 — snow sampling points; 2 — the plants —
significant sources of industrial emission; 3 — aureoles of aerosol pollution. Acronyms of the plants see in the text.
The wind rose diagram [21] is shown on the left up (line — on the earth surface, dash line — on the 500 m of high)
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Conepxanue U, Th u apyrux 37IeMEHTOB OIPEIETICHO
Ha LIKII «Cubupckuii IeHTp CHHXPOTPOHHOTO U Teppa-
repiioBoro mnydenus» UAD® CO PAH pentreno-
(ITyOpECIIEHTHRIM METOZIOM Ha CHHXPOTPOHHOM H3ITyde-
Huu (POA-CU) ¢ HIKHAM TIpesienioM oOHapy:KeHHUs 710
0,3 T/T ¢ OTHOCUTENBHOI TOTPEITHOCTRIO <15 %, ucmons-
30Bajicst BHeWHMH cTangapT moussl SOIL-7 MATATO.
bonbiium mpenMyIiecTBOM MeToja SABJIAETCS MpocTas
MOArOTOBKA — TOMOTeHH3alus U Tabnetuposanue 30 mr

Temnj0Basi MOIHOCTh, I 'kaj/u
1eKTP. MOIHOCTH, MBT

Puc. 2. Dnexkmpuueckas (MBm) (1) u mennosas (I'van/u) (2)
mowpocms TOL] . Hosocubupcka [18]

Fig. 2. Electrical (MW) (1) and heat-generating (GCal/h)
(2) power of Heat-Electricity generating plants of
Novosibirsk city [18]

CyXOH HAaBECKM C COXpAaHEHHEM B MPoOe JNEeTy4HuX U Jer-
KHX KOMIIOHEHTOB. MeTO/I MO3BOJISIET MOTY4UTh KOJNHYE-
CTBEHHBIE JAHHBIE O COAEPKAHUU 35 3NEMEHTOB, BKIIIO-
yas U m Th [22]. JloNOTHATENBHO MpHUBICKAICS Macc-
CIIEKTPOMETPHUYECKUN METOJ Ha WHAYKTHBHO-CBS3aHHON
wrazme (MC-UCII) ma wmacc-cnektpomerp ELEMENT
(Finnigan Mat, Germany), /i aHaqu30B Haecka B 100
M [IPEBAPUTENHHO 030JLUIACh U TIEPEBOJMIACE B pac-

TBOP.

Puc. 3. Ombop kpynnoo6wemnoii npoter Ne 5 6 2017 2. (0o 400 0x*) npoxodkoii wiypos na cio 2ny6umny cuevicho2o ROKposa

U 0OUH U3 IMANOE ee NOO20MOBKU

Fig. 3. Hand pit in snow cover sampling of large volume (until 400 dm®in volume) of the snow sample No. 5 in 2017 and one

of the steps of sampling preparation

PesynbTathbl M 06CyXAeHe

Yewm 3arps3HEHHEE BO3IyX, TeM OOJNbIIE ajdpo3oieit
CBSI3BIBACTCS TIPH CHETOTAJIe CO CHETOM W BEHITIAJAeT, aK-
KyMyIupysicb B CHETOBOM MOKpoBe. CIie[oBaTeNbHo,
IJIOTHOCTh BBIMAJICHUS a3p030Jiedl aeKBaTHO OTpa)kaeT
CTETEHb 3arpA3HEHHOCTH MECTHOTO TOPOJICKOTO BO3/YXa.
Haubonee BbicoKas cpeaHss MIOTHOCTh CPEIHECYTOYHO-
ro BhIMaeHus asposoneit 3a 2011, 2014-2017 rr. okaza-
Jach pucyma opeony TOI-3 — 137 MF/MZ'CYT (puc. 4).

Ha TOL-3 cxwuraercs Oypsiid yrons. [lo-Bunumomy,
u3-3a OONBIIEro COAEpHKAHHUS JIETYYHX KOMIIOHEHTOB M
BJIard B OypoM YTIie 110 CPABHEHHIO C KAMEHHBIM YTIIEM
Oonmee HM3KOH TeMIEpaTypsl €ro TOpeHHs o0pasyercs
Ooblie BBIOPOCOB M, COOTBETCTBEHHO, HaOIIOmaeTCs
BBICOKas ajpo3oiibHas Harpyska B opeone TOL-3. B
opeoJie pacroioxeHHoro mobmzoctu TOL-2, Tae cxu-
raeTcss KAMEHHBIN YTONb, CPEAHSA IUIOTHOCTH CPEOHECy-
TOYHOTO BbIIaIeHUs a3po3oneil Menblue — 107 Mr/M2~cyT.

[I70THOCTH CpPEAHECYTOYHOTO BBIMAJCHUS a3pO30JIeit
B pa3Hble TOJbI OCTAETCA MPUMEPHO OJMHAKOBBIM, UYTO
YKa3bIBaeT HAa MOCTOSHCTBO JOMHHUPYIOIIUX HCTOYHH-
KOB BBIOPOCOB Ha MECTHOCTH B 3UMHHMH Tepuo. Hampu-
mep, B opeosie H3XK, umeroero eamnbiiA opeolt BEIOPO-
coB co crnyTHUKOM TOL-4, mIoTHOCTH CpeaHEeCyTOYHOTO
BBITMIAJICHNS a3p030J1eH B pa3HbIe TOABI COCTABMILIA OT 97
no 102 MF/MZ'CYT, tomeko B 2015 1. — BCero
60,4 MF'CYT/MZ. [To-BUIMMOMY, Ha CHHJKEHHE TTOKA3aTeNs
B 2015 r. moByusin Gosiee paHHUH 0TOOP MPOOHI — B (heB-
paje BMECTO MapTa, T. €. COKpaIleHHe MNPHMEpPHO Ha
1 Mecsn meproia MO3UIMOHUPOBAHUS CHETOBOTO TOKPO-
Ba B KaueCTBE JCMOHUPYIOLIETO o4 (puc. 5).

B opeosie camoii MoOlIHOI, TpMEpHO B 2,5 pasa mpe-
BbILIatoLIel MomHocTH Apyrux, TOL-5 (puc. 2), rae Ha
Bpems oTOopa 1pod (10 2018 T.) OCHOBHBIM TOTLTMBOM
OBUT KAMEHHBII yTOJIb, MIIOTHOCTD CPEIAHECYTOYHOTO BBI-
HaJIeHUs. a3po30Jieil OKaszanach HEBBICOKOH M COCTaBUIIA
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67 MF/MZ'CyT (puc. 4). [Ipenmonaraercs, 4To Majoi a’po-
30JbHOM Harpy3ke B opeone TOLI-5, mo-Bumumomy, cro-
codcTByeT Oonee 3pdekTHBHOE pacceMBaHUE BEIOPOCOB €
BBICOTH 260-MeTpoBoit TpyObl. Bo3moxHO, Takxke 3TO
pe3yibTar Oonee 3HEKTUBHOTO 30J10YIaBIMBAHUA, BEb
TOL-5 naubonee coBpeMeHHas MO CPABHEHHIO C OCTANb-
HeiMu Topoackumu TOII (rox BBoma TOII-5 — 1985 r.
[18]). B mpexnenax opeona OK cpemHsis MIIOTHOCTD Cpe-
HECYTOYHOTO  BBIMAJCHWS ~ a’po30Jed  cocTaBHia
67 mr/M-cyr, Kak 1 B opeone TLI-5.

160 -
140 -
120 -

40 -
20 | ,H.Hﬂﬂ,ﬁ
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opeon opeon opeon opeon opeon Kn Al hoH
T3U-2 T3U-3 H3XK T3U-5 OK
T3U-4

Puc. 4. Cpeonssn 3a 2011, 2014-2017 ce. nnomuocms cpeo-
HeCymouHo20 @blnaoeHusi a’po3o0iell 8 O0peonax
npoMbluLIeHHbIX  npednpuamuil 2. Hoeocubupcka
(me/mPcym). Cokpawenus: 1020-80CHOYHbIE
oxkpecmuocmu 2. Hosocubupcka: Kn — yuacmox
Kmiouu, AI' — okxono Hoeocubupckozco Axademeo-
pooka. Qon — ¢onoswill yuacmok 6 12 km K 1020-
3anady om 2opooa (paiion noc. I[lnanoewiii)

Fig. 4. Mean diurnal aerosol fallout in oreols of the plants
(mg/m?-day) in 2011, 2014-2017. Legend: Ku — site
Klyuchi, AT’ — site Akademgorodok on the eastern-
south vicinity of the Novosibirsk, ®on — background
site in 12 km toward southern-west from Novosibirsk
(vicinity of settlement Planovuy)
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Puc. 5. Cpeouss nnomnocms cpeOHecymouHo2o 8binaoeHus
asposzoneti 6 opeone H3XK (co cnymnuxom TOI[-4)
suMoOti (M2/MP-cym) no OaHHBIM CHE208bIX HPO6 6
2011-2017 ze.

Fig. 5. Mean diurnal aerosol fallout in oreols of the NCCP
(with satellite HEPP-4) (mg/m?day) by the data of
snow samples in 2011-2017
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Bpanu oT kpynHBIX MPOMBILUIEHHBIX NPEANPUATHH, B
I0T0-BOCTOYHOK OKpecTHOCTH T. HoBocmOMpcka, BOMM3H
HoBocubupckoro AxaaeMropozka, 0003Ha4CHHOTO Kak
yuactok Al (puc. 1), cpemHecyTouHas a’po30JbHas
Harpyska cocTaBuia Bcero B 23,9 MF/MZ'CyT, 4TO MpH-
MepHO B 3 1 Oonee paza MeHbLIE, 4eM B Opeojiax Ipo-
MBIIUIEHHBIX HPEANPUATHH TOpoja, U, CIEIOBAaTENbHO,
Ha CTONBKO JK€ 31eCh UMINE BO3AYX. A3pPO30JbHAS
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Harpyska Ha y4acTke Ki — 34,3 MF/MZ'CyT, 4TO IPUMEPHO
B 2 pa3a HIDKE HArpy3KH MPOMBINLUICHHBIX PAHOHOB, HO
BhINIE, YeM Ha yuyactke Al (puc. 1, 4). [Ipennonaraercs,
410 yyactok Ki mojBepraercs 3arps3HEHHIO BBHIOPOCOB
r. bepacka, pacmonoXeHHOT0 K OTO-BOCTOKY OT HErO.
@DOHOBBI Y4aCTOK OTIMYAETCS OT BCEX JAPYTHX M3ydeH-
HBIX YYaCTKOB CaMOW HHU3KOHM CPEAHECYTOYHOU a3po-
30JIbHOM HAarpy3kod — B cpemHeM Bcero 7,2 MF/MZ‘CYT
(puc. 4).

BrisiBeHO TeTeporeHHOe pacipesiesieHue Cofepika-
aust U u Th B asposzonsx, uro mo3somwio Ha Th-U gua-
rpaMMe OKOHTYPUTh IIECTh TEOXMMUYECKHX MOJIeH
(puc. 6).

I'eoxummyeckoe moje Ne 1 Ha JIeBOM HIKHEM YITIY
Th-U amarpammel c)OPMHPOBAHO adPO30JIAMH YYACTKA
AT — cpeanee conmepxanue Th coctasuno 5,4 r/t, U —
1,6 r/1.

Abpo30i11 B opeoe cX0KuX 1Mo MomHoctd TOL[-2 u
TOII-3 oTaMyaroTCs 10 COMCPKAHUIO PAaIUOHYKINIOB: Ha
U-Th muarpamme oHM GOPMHUPYIOT TCOXHMHYECKHE IO
Ne 2 u 3. B asposomax TOILI-3 comepkaHue B B3aUMHOE
orHomenne Th 1 U BapeupyIOT B MIMPOKOM JHUAIAa30HE, B
CBA3M C ATHM OKOHTYPEHO TreoXxuMmuueckoe moye Ne 2
cioxHor KoHpurypanun. CpeqHee comepiKaHue pauo-
HykugoB Huskoe: Th — 5,3 /1, U — 2,5 /1. 'eoxumuue-
ckoe moie Ne 3 — xommaktHOoe. B aspozomax TOII-2
cpemee conepxkanne Th cocrasnser 10,1 r/t, a U —
3,0 r/1.

Adposomn yvactka Kimroun Ha gmarpamme Th-U
00JIbIIEH YacThIO OMA/IAI0T B TeoXuMUUeckoe mone Ne 3,
cpenuee comepxkanue Th cocrasuser 9,3 r/t, a U - 3,5 r/t.
Asposomn  OmosoxomOunara (OK) dopMupyOT KoM-
MAKTHOE FeOXUMHUUecKoe moie Ne 4 B IIEHTPaIbHON YacTH
Th-U muarpammst co cpenaum conepxanuem Th — 7,0 t/t
uU-34r/1.

Asposomn TOII-5 u H3XK (comectHo ¢ TOII-4)
(GopmupytoT Teoxummueckue moyst Ne 5w 6 B mpaBor
vactu Th-U muarpammel. [maBHBIM 00pasoM a3po3onu
H3XK u TOL-5 ommuaroTcs OT asposoneil Apyrux
y4acTKOB TeM, 4To conep:kar Oombiie U. Cpennee co-
nepxxanre U B adposonsx opeona H3XK — 5 r/1, B aspo-
somsix TOLI-5 - 4,7 r/1, a cpennee comepxanue Th 12,3 n
10,5 /T cootBeTcTBeHHO. Hanbonee Bhicokoe cozmepika-
Hue U B 9,9 1/t oOHapyxeHo B 4,8 KM K CeBEPO-BOCTOKY
ot H3XK.

Wrak, reoxumuueckoe mone Ne 1 cdopmupoBaHo
aspozonsaMu ydactka Al'. 3To BmonHe NOTHYHO — 371ECh,
BJIAJIM OT KPYIHBIX NPOMBINUICHHBIX TPEINMPHUATHH, Xa-
PaKTepHBI HE TOJNBKO cabast a3po30JbHas HArpy3Ka (pHC.
4), HO ¥ HU3KOE COJEPKAHKE PAJMOHYKIHIOB B a3p030-
1ax — cpennee copepxkanne Th — 5,74 u U — 1,6 /1, uto0
Jlaxe HeMHOTO Hinke (oHOBOro conepxanus. CpenHee
conepxanre Th Ha hoHOBOM yuacTke coctaBmio 7,0 /T,
U — 2,43 1/, 4T0 OIM3KO K KIIAPKOBBIM COZICP/KAHHSIM B
nousax — 7,8 u 2 r/t [23]. 1o JLII. PuxBaHoBy B mpupoi-
HBIX TEOCHUCTEMaX PacmpocTpaHeHbl, Kak mpasmio, Th/U
OTHOIIEHHS B jauanasone ot 2,5 mo 5,0 [24]. Cpennee
Th/U otHomeHne B JOHOBBIX a3p030JX cOCTaBUIO 2,86,
YTO JISKHUT B JIMATIA30HE OOBIYHBIX MPHPOIHBIX OTHOIIE-
Huii. [To-BumMoMy, Ha ()OHOBOM Y4acTKe MpeodaiaroT
a3pO30JM  TPUPOAHOTO MPOHUCXOXeHUS. [loCKOIbKY
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a’po3oibHas Harpyska Ha Al B 3 paza mpeBbimaet ¢o-  (puc. 7, 8). B cBA3u ¢ 3THM MOXHO MpPENOI0KUTh, YTO
HOBBIH YpOBEHb (pHC. 4), TEXHOTCHHBIN MPUBHOC a3p030-  HA ydacTke Al' TOMHHHpYIOT BEIOPOCH JOKATBHOTO HC-
Jed, TO-BHAMMOMY, C MAlbIM COICpXaHHEM pailo-  TOYHHKA ¢ HU3KUM conepxkanueM Th u U ¢ coxpaneHnem
HYKJTHIOB, IPUBOANUT K pa3syOoxkuBaHUIO cofepskanusd Th — MX TMPUPOAHOTO COOTHOMICHHS (BO3MOXHO, HAmpuMep,
u U B aspozoinsix. Cpennee Th/U oTHOIIEHHE B a3p0307X  TBUIGHHE MPU CENbCKOXO3AMCTBEHHOM MIIH CTPOUTENb-
Al paBHo 3,2 — B mpezenax MPUPOJHOTO IMANa3oHa  HOM IIPOHM3BOJICTBE).
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Puc. 6. Cooepocanue Th u U ¢ asposonsix Hosocubupcka u e2o okpecmuocmeti, e/m. Ycioguvle 0603navenus: aspozonu: 1 —
yuacmxa A" (loeo-6ocmounoii okpecmuocmu 2. Hosocubupcka okono Akademeopooka 6He 0OCHOGHbIX OPeON08 KPYh-
HbIX NPOMBIULIEHHBIX NPeONpUsmull), a3po3onu u3 opeonos eviopocos: 2 — TOL-3; 3 — TOL-2; 4 — yuacmka Kniouu
(Kn), 5 — Onosoxombunama (OK), 6 — TOL]-5, 7T — H3XK u TDI]-4; 8 — honoswitl yuacmox; 9 — cpednee codepoicanue
Th u U ¢ kamennvix yensx Kyzbacca (k) u 6ypwix yenax Kancko-Auunckoeo 6accetina (6) no C.HU. Apoyzoey [19]);
10 — ceoxumuueckue nonsi: 1 — 6He OCHOBHLIX OPEONO8 KPYNHLIX NPOMbIUIEHHBIX npeonpusmuil;, 2 — opeon TOI]-3;
3 —opeon TDI]-2; 4 — Onosoxombunam (OK); 5 — opeon TOL]-5; 6 — opeon H3XK u TOI]-4

Fig. 6. Th and U content in aerosol of Novosibirsk city and its vicinity, g/t. Designations: aerosol samples from the aureoles
of: 1 — south-east of Novosibirsk vicinity outside the aureoles of major emissions from industrial enterprises (AG);
2— HEPP-3; 3 — HEPP-2; 4 — Klyuchi site (KI); 5 — NTP (OK); 6 — HEPP-5; 7 — NCCP and HEPP-4; 8 —
background site, 9 — average Th and U content in coal from the Kuznetsky Basin (k) and Kansk-Achinsk Basin (b)
according to S.I. Arbuzov [19]; 10 — Geochemical fields: 1 — outside major aureoles of aerosol pollution; 2 —
aureoles of pollution from HEPP-3, 3 — aureoles of pollution from HEPP-2; 4 — aureole of pollution from NTP (OK);
5 — aureoles of pollution from HEPP-5, 6 — aureole of pollution from NTTP and HEPP-4
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Puc. 7. Omnowenue Th/U 6 asposonsix Hosocubupcka u e2o okpecmuocmeti. Ycnognvie 0603nauenus cm. na puc. 6. Ilpepui-
sucmotl aunuel noxkasan ouanazon Th/U suauenuii om 2,5 00 5 015 npupoouwix cucmem

Fig. 7. Th/U ratio in the aerosols of Novosibirsk city and its vicinity. Legend see in Fig. 6. The range of values Th/U (2,5-5)
of natural geosystems is shown by cut-lines
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Puc. 8. Cpeonee snauenue Th/U omnowenus 6 aspo3onsx
Hoesocubupcka u eco okpecmnocmeu. Coxpawenusi
cem. Ha puc. 4. Ilpepvisucmoii aunuel noxasau oua-
nason Th/U 3nauenuii om 2,5 0o 5 0 npupoonvix
cucmem

Fig. 8. Mean Th/U ratio in the aerosol of Novosibirsk city
and its vicinity. Acronyms see in Fig. 4. The range of
values Th/U (2,5-5) of natural geosystems is shown
by cut-lines

B asposomsax opeona TOLI-2 comepskanue Th B 2 pasa
Oonblie, yeM B adpo3oiax TOII-3, a comeprxanue U 0omb-
nre Bcero Ha 20 %. M3BecTHO, 9TO cpemHee COmepiKaHue
TOPHUS B KAMEHHBIX yIUIsiX Ky3HelKoro yrojasHoro daccei-
Ha PaBHO 3,3 I/T, YTO MPUMEPHO B 3 pasa MPEBBIIIACT €ro
cpelHee conepikanue B Oypbix yrisax KaHcko-AduHCKOTO
Oacceiina, pasHoe 1 r/t [19]. B kamennbx yrisax Kysuerr-
KOT0 YTOIBHOro OacceiiHa 30IbHOCTh B OCHOBHOM (hOPMH-
PYyeTcs 3a CYET COACPIKAIIErocs B HUX MEIUIOBOrO BYIKa-
HOTE€HHOTO MaTepHalia ¢ COCpeI0TOYeHHbIMK B HUX Th, U
U pelKo3eMebHBIMH d1eMenTamu | 19]. B yrisx ypan eime
COIEPKUTCS B PACCEIHHOM (hOpME B OPraHUYECKON 4acTH
yriae, 0coOeHHO B OYPHIX YIUISAX, HOOBEPTINMXCS THIEp-
TE€HHBIM [PE0OPa30BaHMAM: IPU B3aHMMOIEHCTBUU C TPYH-
TOBBIMH BOJAMH OypBIE YIJIM MOTYT 3HAUMTEIHHO COPOH-
poBaTh U3 BOIBI YpaH U Ap. snemMenthl [19]. Takum oOpa-
30M, pasiauure B comepxkanud U, Th B aspozomsax TOL-2 u
TOII-3, BecbMa CXOXKHX II0 TEXHHYCCKHM MapaMeTpaM H ¢
OJIMHAKOBBIM T'€OIKOJIOTHYECKMM PACMONIOKEHHEM, II0-
BHJUMOMY, 00YCIIOBJICHO PA3IMYHEM B COCTABE MX TOILIHU-
Ba — KaMeHHbIX yredl Kysnerkoro yronpHoro Oacceiina
Ha TOII-2 u Oypeix yrieil KaHcko-AYHHCKOIO YTOJIBHOTO
Oacceitna na TOII-3. MokeM TOBOPHTE O TOM, YTO MCXO.I-
Has PaJIMOAKTHBHAS COCTABJIAKOINAS YIIeH Mpenonpees-
et cocras BeiOpocos TOII-2 u TOLI-3.

B aspozomiax r. HoBocuOupcka BBISBIEHA CHIIbHAS
o0paTHas KOppPETAIMOHHAS 3aBHCUMOCTD cofiepkanus Th
OT cojiepkanus caxu ¢ kodpdurmentom —0,74 (puc. 9)
WM, HA000POT, TIOJNIOXHUTENbHAS KOPPENAIMOHHAS 3aBU-
CUMOCTb OT 30JbHOH "yacth ¢ kodpduumentom 0,74 B
ornnure oT U, Ko3((UIMEHT KOppesul KOTOpOro u
caxwu coctaBui Beero —0,48. CunbHast CBsI3b COIEpIKaHUS
Th or 30mpHOrO (MHHEpPAIBHOIO) BELIECTBA AIPO30IIEH
CBHJETEIBCTBYET O TIEPEHOCE OCHOBHOM momu Th ¢ Mu-
HEpaNbHBIMH (IEIIOBRIMK) YaCTHI[AMM, a HE C YaCTHI[a-
MH caxk. Kak mpaBuito, MEHEPAIbHBIC a3PO030JbHBIE Ya-
CTHUIIBI KPYIIHEE U IVIOTHEE CAXKUCTHIX YACTHUI[ U OHH BBI-
magaoT panbmie [10, 17], 1 BMecTe ¢ HUMH BEHINAgacT,
O-BUIMMOMY, 1 ocHOBHas 1o Th — Ha Ooiee OIH3KOM
pacctosHun oT TpyObl, yeM U. YpaH, He TpOSBISIONIN
SICHOM KOPPENAIIMOHHON CBSI3H, KaK TOPHH, TT0-BUIMMOMY,
B a3p0O30JIAX TPUCYTCTBYET KaK B COCTAaBE IMPEHMYIIle-
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CTBEHHO 30JIbHBIX (TIETUIOBBIX) YaCTHII, TaK U B JAUCIEPC-
HOM BHJIE B COCTAaBE YACTHI] Ca)H, CIIOCOOHBIX TEpPEHO-
CHTHCS 10 BO3AYXY HA JaTbHAC PACCTOSHHS.

Bo3bMmeMm, k puMepy, adspo3onu yuactka Kiouun: oHn
o cogepxannio Th u U moxoxu Ha asposzonu TOII-2,
[omajaroT B ero reoxumuueckoe mone Ne 3 ua Th-U qua-
rpamme (puc. 6).
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Puc. 9. Obpamnas xoppenayuonunas céazv cooepocanus Th
(e/m) u casicu (macc. %) 6 asposzonsx e. Hosocubup-
cKa

Fig. 9. Negative correlation between the content of Th (ppm)
and organic furnace black (mass. %) in aerosol of
the vicinity of the Novosibirsk city

D710 yKa3bIBAET HA CXOKECTh MCTOYHHKA a9PO30JIBHOTO
sarps3HeHns yuactka Kimoun ¢ TOII-2. Ipeamonaraercs,
9TO Ha y4acToK KITFOUM BIIMAIOT TAaKKe BBIOPOCHI OT CXKH-
raHds KAMEHHOTO YIUI B MECTHBIX KOTEIbHBIX, M J0JIE-
TaroT BEIOPOCH! U3 T. bepcka, pacmosoxenHoro B 10 kM K
Ioro-3amajy. 3aMeTHM, 4To cpexHee cojiepxkanwe Th B
a3po30ssxX yyacTtka Kiroun 9yTh MEHbIIE, 4eM B adpo30-
aax TOLI-2, 3ato B HUX uyTh Oomblie conepskanne U. IT0
KaK pa3 MOXHO OOBSCHHTH OOJBINCH YIaICHHOCTBIO OT
MIPEATIOIIOKHUTETHHOTO UCTOYHMKA  BBEIOPOCOB B
r. bepncke — mpumepno Ha 10 kM, 1, ciaemoBaTesHO, 00-
Jiee TIIy0OKnM (hpakIMOHUPOBAHUEM adPO30JIEH TI0 KPYII-
HOCTH B IIPOLIECCE MEPEHOCA a3P030JICH, YeM 3TO MPOKHCXO-
JWT B mpefenax 3-kunomerporo opeona TOII-2. ITpu stom
BhInagaer oonpmias 1071 Th, cBSI3aHHast ¢ KPYITHBIMH IETT-
JIOBBIMH YaCTHI[AMHU, IO cpaBHEHMIO ¢ U, MMEIOIEeM JBO-
CTBEHHYIO IIPUPOJY. 3aMETUM, UTO CPEAHECYTOUHAS a3po-
30JIbHAs HArpy3ka Ha yuyactke Kmoum nmpumepno B 3 pasa
Huke, yeM B opeosie TOLI-2, uTo coOTBETCTBYET pasHUIIE
PACCTOSHUM OT HCTOYHUKOB BBIOPOCOB.

Kax Bumno Ha puc. 6, 7, cpeanee Th/U orHomenne B
aspo3oiax TOLI-2 pasuo 3,43 u pacmonaraercs B Juamna-
30He OOBIYHBIX 3HAueHMi [ reocucteM. Kak u oxuma-
J0Ch, K HeMy Omu3ko cpeanee otHomenue Th/U B aspo-
30mX yuactka Kimrouw, oHO paBHO 2,73, 4TO TOmamaeT
TAKXE B IHaAIa30H IIPHUPOIHBIX 3Ha‘leHPII>i.

B asposzonax TOII-3 cpennee ornomrenne Th/U cy-
IMIECTBEHHO HIDKE — BCero 2,36, 4To, IM0-BHAUMOMY, 00Y-
CITOBJICHO MCXOJHO HU3KHM copepxanueM Th u orHOCH-
TENbHO BBICOKMM cofepkanneM U B Oypwix yrisx Kawu-
CKO-AUHMHCKOTr0 OacceiiHa.

A xaxoBo Th/U ortHomienue B asposonsax TOLI-5, rie,
kak 1 Ha TOL-2, o 2018 r. cxxMrancs KaMeHHBIH yrojb?
OrMmetnM, 4TO cpeanee comepkanre Th B asposzomsax
TOII-5 nmpuMepHO Takoe e, Kak B a’posoiax TOII-2:
10,5 u 10,1 r/t cootBetcTBeHHO. [Tpu aToM Th/U B aspo-
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30i1x TOII-5 Beero 2,31, Torma kak B a’spo3zomsax TOLI-2
OHO paBHO 3,43 M pacmojaraercsi B JUAa30HE OPUPOJ-
HBIX 3HaueHui. ImenHo 0osee BrIcOKOe comepkanne U B
asposongx TOII-5 mpuseno k ymensienuto Th/U otHo-
nreHus. Bompoc «otkyma B aspo3zonsx TOLl-5 tak MHOTO
ypaHa?» IOKa 0CTaeTCsd OTKPBITHIM. Briopockl TOII-2 u
T3II-5, momy4aeMble M3 OZHOTO M TOTO K€ KaMEHHOI'O
VLN, B aJ3pO30JIAX (OPMHUPYIOT ONIM3KHE COIEPKAHUS
Topust. TpyaHO MpeacTaBUTh, YTO B IIPOIECCE 30JI0YIIaB-
nuBanus Ha TOI-5 mpoucxomut oborameHre BEIOPOCOB
ypaHoM. Ha ceroJiHst MOXHO TOJIBKO JOIYCTHTh, YTO BbI-
cokoe conepxkanne U B a3pozonsiax opeona TOL-5 mo-
sBunoch 3a cyer BhIOpocoB H3XK. Beumy Ommsoctu
H3XK, 0anMHaKoBBIX T€03KONOTMYECKUX YCIOBUH pas-
MellleH!s Ha BO3BbIEHHOCTH COKyp, MX BBIOPOCHI TI0
Mepe TIepeMeIleHHs TIaBHBIM 00pa3oM Ha CEBEPO-BOCTOK,
COTJIACHO JIOMHHHPYIOIUM HAIPABIECHUAM BETPa, MOTYT
CMEINMBAThCA W HAKJIAbIBAThCA. ClIeI0BATENBHO, KAPTH-
Ha a’po3oubHOro 3arps3HeHus B opeonax H3XK u TOLI-
5 MOXKeT OBITh 00JIeC CIIOKHOM.

B aspozomax TOI-3 cpemnee otHomenme Th/U co-
CTaBISIET BCero 2,36, 4To, MO-BUAUMOMY, OOYCIIOBIICHO
HCXOJHO HU3KMM cojepskanueM Th ¥ OTHOCHTENBHO BEI-
cokuM conepxamnem U B Oypeix yrsix  KaHdcko-
Aunnckoro OacceriHa. M3BecTHO, uTO AS, Sn SBISIOTCS
OCHOBHEIMH HHOuKatopamud BbeiOpocoB OK [10]. Ho
cpennee ornomenne Th/U B asposomsax OK cocrasiser
2,11, 4o yka3piBaeT Ha TO, yT0 U cKOpee BCETO TaKKe
SBIIETCS BTOPOCTEIIEHHBIM KOMIIOHEHTOM BeIOpocoB OK.

Hau6omnee uuskue 3xauenns Th/U oTHomEHHsS XapakTep-
Hbl a3po3orsv opeona H3XK (u cnyrauka TOI-4): B cpen-
HeM oHO paBHO 2,0 (puc. 8). TOLI-4 moxox Ha TOL[-2 kak mo
TEXHHIECKUM MapaMeTpaM (pHC. 2), TaK U 0 BUIY TOIIIHBA —
Ha 000MX TPEANPUATUAX CKHUraeTcss KaMEeHHbIH yrob, I0-
sToMy Bkian BeiOpocoB TOLI-4 B a3sposomsix cdopmupoBan
ObI TIPUMEPHO Takoe e copepkanue U, Kak U B a3po30IisiX
TOI-2 — oxono 3 1/1. CrienoBaTeNbHO, TIPU CPEITHEM COJIEp-
*KaHWM ypaHa B 5 T/T, octaibHble 2 T/, u 40 %, ypaHa B
a3PO30JIAIX, TMO-BUIMMOMY, SBISIOTCA BKIAJOM BBIOPOCOB
cobcreenHo H3XK. 3neck B asposonsx coxpepianue Th Ha
22 % Ooubine, yeM B a3po3ossix TOLI-2, u Ha 17 % Gonbire,
yem B asposoax TOII-5: 12,7 /v mporuB 10,07 v/t m
10,52 /1 coorBerctBenHO. [lockomsky mpomssoncto H3XK
CBSI3aHO C YPAaHOM, MaJIOBEPOSITHO, yTo0b! HcTouHnKoM Th
sBysuHch cobcTBeHHO BhIOpockl H3XK, ckopee Bcero, ux
OCHOBHBIM MICTOYHHKOM SIBJISFOTCS BBIOPOCHI CKHTAHHUS YIJIS
Ha TOLI-4. [To-BumuMomMy, HU3Kas TpyOa BHICOTOH Bcero B 60
M CIOcoOCTBYeT 00Jiee MHTCHCHBHOMY U IUTOTHOMY BBIIIaJIe-
HHIO TETUIOBBIX YacTHll ¢ Th B OKPECTHOCTAX MPEATPUATHS.
JIist TOCTOBEPHOTO OMpPE/IEIICH!s] OCHOBHBIX MCTOYHMKOB Th
B avposoimix opeorma H3XK (Bmecte co crytrmkom TOLI-4)
HE00XO0IMMO JIANTbHEHITIEe U3yUCHHE.

B a3poszonsx BhIsBICHAa YMEpeHHas 0OpaTHas Koppe-
nsnrorHas 3aBucuMocTh Th/U oTHOIIEHHS OT comepiKa-
wusg U ¢ koapduuentom —0,65 (puc. 7). CiaenoBaTenbHo,
HUMEHHO Bapuaruu cogepxanus U, Hexenan Th, ompene-
asrot Th/U otromenue B adpo3oisax . Hoocubupcka. B
CBOIO 0Yepe/lb, Ha OCHOBAHHU 3TOTO MOXHO TOBOPHUTH O
CYILECTBEHHO 0O0Jiee BHICOKOH MHUTPAIOHHON CIIOCOOHO-
CTH ypaHa B TEXHOTEHHOM a’pO30JbHOM IEPEHOCE IO
CPaBHEHHIO C TOPUEM.

Ha ocHOBe MIOTHOCTH CPEAHECYTOYHOI'O BEHINAICHHS
a’p0O30JICH U CPEJHEr0 COACPXKAHUS PATHOHYKIHMAOB B
a’po30JIX OIleHeHa IUIOTHOCTL Beimajgenus Th m U Ha
KaKIOM M3y4eHHOM ydyacTke I. HoBocuOHpcka M ero
okpectHocTer (r/ra‘tom) (puc. 10). Oxasanoch, 4TO
Han0OJIee CUIIBHOC BBIIAJACHUC TOPHSA HMPHCYIIE OpeosiaM
TOI ¢ Hu3KKMH TPYOaMH, Ti¢ OCHOBHBIM TOILIMBOM SIB-
JseTcsl KaMeHHBIH yroie: B opeone TOLl-4 (cmyTHHKa
H3XK) u TOI-2 — 3,91 u 3,93 r/ra-Toj cCOOTBETCTBEHHO.
Jlannsie Beimaaenuii B opeose TOI-4 (H3XK), BepostHo,
HOJIYYHIIHCh HIKE, YeM OBLIO OBI IIPH CXeMe 0TOO0pPa, KaK
B opeosie TOLI-2, mockonbKy BOJIU3H OT TPYOBI C HOJBET-
PEHHOM CTOPOHBI OTCYTCTBYET BO3MOXHOCTH 0TOOpa
mpo0s1. B opeone TOII-5, 6aaromapst BEICOKOH TpyOe u
3((hEeKTHBHOMY PAaCCEMBAHUIO BEIOPOCOB, U, BO3MOKHO,
Jy4lIeMy 30JI0YJIABJIUBAHUIO IUIOTHOCTh a3pP030JIbHOTO
nocrymienus Th B 1,5 pasa mmxe, uem Ha TOII-2 u TOLI-4,
U coctasiseT 2,6 r/ra-ron. B opeone TOLI-3 asposonsHoe
BBINAJCHHE B [[EJIOM BBICOKOE, IIOTOMY IUIOTHOCTD BbIMa-
neuns Th momydmnock ymepeHHBIM — 2,8 r/ra-roj, He-
CMOTPS Ha €ro Majoe CoAepKaHhe B a9p030JIaX, KOIHUe-
CTBO BBIIIaJIAroONIero ypana — 1,25 r/ra-rox — 310 00JbIIe,
geM B opeosie TOII-2 u TOII-5.

bonrie Bcero Bemagaer U B opeose H3XK (co cryt-
nrkoM TOII-4) — 1,6 r/ra-ron. B opeonax TOI-2 u TOL-5
BBIIAZAET IPUMEPHO OJMHAKOBOE KOJHYECTBO YypaHa:
1,17 u 1,14 r/ra-ron. Ecian gomycTuTh, 4TO OT BHIOPOCOB
TOLI-4 nocrymaer cToNIbKO Xe ypaHa, kak u Ha TOL[-2 —
1,15 r/ra-ron, 3Haumt, pasuuiy B 0,45 r/ra-ron cnemyer
TPUHSTP 32 «BKIIa» HIMEHHO aTOMHOTO MPOHU3BOJICTRA.
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W(eHHble HAUMEHOBAHUS 0Opeojlos npednpuﬂmuﬁ u
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Fig. 10. Aerosol pollution by Th (1) and U (2) (gram on the
hectare per year) in Novosibirsk city and its vicinity.
Acronyms see in Fig. 4

ITo cpaBHEHUIO C OpeoNaMH JPYTUX MPOMBIIIIEHHBIX
npeanpustiii opeon OK 3arpsi3HseTCs pauoHyKIHIaMU
mensnre: Th — 1,7 u U — 0,83 r/ra-roz, 4T0o B MpHHIHAIE
JIOTHYHO — PaJWOHYKIUIRI HE SBISIOTCS OCHOBHBIMH
COCTaBJIAIONIAME TOJIMMETAUIMICCKUX PYya, Tepepada-
THIBACMBIX Ha KOMOMHATE.

Ha yuactke Ki mpu Bcell cxoskecTH cocTaBa adpo3o-
aei ¢ asposonmsmu TOI[-2 moctymnenwe Th Bcero —
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1,16 r/ra-rox u U — 0,43 r/ra-rox BCIAEACTBHE MEHBIIEH
a’po3onbHOM Harpysku. Ha yuactke AI' asposonbpHOE
sarpssaenre Th u U eme mmxke: 0,5 u 0,14 r/ra-rog coort-
BeTcTBeHHO. Ha (oHOBOM yuacTke HaOMIOmaeTcss camoe
craboe a3p030JbpHOE MOCTYIUICHHE PaguoHyKIuIoB: Th —
0,18, U — 0,06 r/ra-rox, uto B 21 u 25 pa3 HiKe, 4eM B
opeone H3XK.

BbiBoabl

1. B mpenenax OCHOBHBIX OpPEOJIOB BHIOPOCOB HIECTH
KPYIHBIX TIPOMBIILTICHHBIX Tpeanpusatui r. HoBocuOup-
CKa OIICHEHa a’pO30IbHAs HATPY3Ka: Hamboiee CHIbHAS
Habmopaercs B opeone BeiOpocoB TOLI-3, rae cpenmnss
IJIOTHOCTb CPEJHECYTOYHOTO BBIMIAJEHUS a3p030Niel B
2011 r. m 2014-2017 rr. cocrapunma 137 MF/MZ'CyT, B
opeoliax BEIOPOCOB OCTAIBHBIX HCTOYHHKOB — OT 67 IO
107 MI‘/MZ‘CYT. BHe 0CHOBHBIX TLTEH(OB MPOMBINLTICHHBIX
BBIOPOCOB a3p030JIbHAS HArpy3ka B 2—3 pasza MEHbIIE: Ha
y4acTKe OKOIO AKaaeMropoika M Ha ydactke Kirouw
CPEHSS IUTOTHOCTD CPETHECYTOYHOTO BBIMAICHHS adp030-
Jedt onenuBaetcs B 23,9 u 34,3 Mr/M2~cyT. Ha donoBom
ydacTke a’po30JbHAs Harpyska Bcero 7,2 MI‘/MZ‘CYT, 910
Ha TIOPSJOK HIDKE adpO30NIBHOM HArpy3Kd B Opeonax
KPYIHBIX IPOMBIIUTICHHBIX PEMPUITUH.

2. BoisBneno rereporennoe pacmpenenenue Th, U B
avpo3oisix T. HoBocuOmpcka. ['TaBHBIMH MCTOYHMKAMHA
Th, U B a3poszomnsx seustorcs BeiOpockl TOLI, rae cxura-
ercst KaMeHHBIH yrois. Beiopocst H3XK sBisroTes 3Ha-
YUTENBHBIM UCTOYHUKOM U B a3p030IIsX.

Bonpire Bcero paaoOHYKIHIOB B a9PO30IIX OKPECT-
Hocteil H3XK (co cmyraukom TOII-4), tie cpenHee co-
nepxxanne U cocraBuno 5,0 r/t, Th — 12,3 /1. 3nech
HaOmrogaercs HauOOJbMIas IUIOTHOCTH BhImageHust U —
1,6 r/ra-ron. Ipumepro 40 % ypaHa B adpo30isSX WM
npumepHo 0,45 r/ra-ToJ, BBIMAJAIONIETO HA TIOBEPXHOCTD
3eMIIM ypaHa, MOCTYIAeT, MO caMod INpeBapUTeIbHOM
OIICHKE, ¢ BEIOpocaMu coOcTBeHHO mpoun3BozacTBa H3XK.
OcranbHas 9acTh ypaHa, MO-BHANMOMY, (OPMHUpPYETCS B
OCHOBHOM 32 CUeT BHIOPOCOB Cxxuranus yris Ha TOLI-4.
Ha ocTanbHbIX H3yYEeHHBIX Y4acTKax IIOTHOCTh BhIMAJe-
uus U 3HaunTenpHo Menbme: ot 0,14 no 1,25 r/ra-ton.

bonpie Bcero Th BhIMamaer B opeosie HEBBICOKHX
Tpy6 TOII, Tme cxkuraercst KAMEHHBIA YTOlb: B Opeoax
BeiOpocoB TOL-2 m TOU-4 (cmyramka H3XK) mmot-
HOCTh BhImageHus Th cocrasnsger mpumepno 3,9 r/ra-rox
COOTBETCTBEHHO. Ha oCTanbHBIX M3YYEHHBIX Y4YacTKax
BbllIafaeT 3HauuTedpHO MeHbie Th: ot 0,5 1o
2,8 r/ra-ron.

B opeone OK asposonsroe 3arpssuenne U u Th ca-
Moe craboe Cpeld OpEeoJOB KPYIHBIX MPOMBIILIEHHBIX
npexnpuatuid ropoga: Th — 1,7 u U — 0,83 r/ra-ro. Oto
COOTBETCTBYET €ro IPOM3BOJICTBEHHOH Crelu(puKe —
PAIMOHYKIIM/BI HE ABIAIOTCS OCHOBHBIMH COCTaBIISIIO-
MUMH TIOJIMMETALTIYECKUX Py, epepadaTsiBacMbIX Ha
KOMOWHATe, M 37eCh OTCYTCTBYET CXKHTAQHHE YTIS B
Oonmpmnx 00bemax, kak Ha TOLI.

Cpemit pacCMOTPEHHBIX YYaCTKOB, MOJBEPTAIOIINXCS
TEXHOTEHHOMY a3p030JbHOMY 3arpsA3HEHHI0, Hauboiee
YICTHIH YIaCTOK HA IOTO-BOCTOYHOW OKPECTHOCTH TOPO-
Ja— Ha ydacTke AT, rae Bhimagaetr moutd B 10 pa3
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menbine Th u U 1m0 cpaBHEHHIO C a3p030JIbHBIM 3arpsis-
HeaueM B opeone H3XK, uro cocraBmgser 0,5 wu
0,14 r/ra-Tox COOTBETCTBEHHO.

B a3posonsx ¢onoBoro yuactka conepxkanue Th co-
crasuio 7,0 /1, U — 2,43 1/1, 4T0o OJIM3KO K KIapKy MOYB
M YKa3bIBacT Ha TMPEHMYIIECCTBEHHO MPHUPOIHOE MPOHC-
XOXIEHHE adpo3oiield (M3 YacTHI[ I0YB, IPYHTOB).
Ha ¢onoBoM yuacTke BO3ayx HamOojee YMCTBIN: a’po-
3ompHOE moctyrurenne Th u U B 21 u 25 pa3s MeHslre
a3PO30ILHOI0 BBINAJACHHAS PAJAMOHYKIHIOB B Opeoje
H3XK u cocrasnser Bcero 0,18 u 0,064 r/ra-Tog coort-
BETCTBCHHO.

3. Ha mpumepe TOI-2 u TOLI-3 ¢ mOXOXUMH TeXHH-
YeCKUMH ITapaMeTpaMu MPH OJMHAKOBOM I'€0IKOJIOTHYE-
CKOM PACIOJIOKEHHH BEISABJICHO PA3IHYKC B a9P030JIbHOM
3arpA3HECHUHM IPH CKUTaHud kameHHoro (Ha TOILI-2) u
oyporo (aa TOILI-3) yrueii. [Ipu cxuranuu Oyporo yris
Kancko-AuMHCKOTO yroipHOro OacceiiHa o0pasyercs
npumMepHo Ha 30 % Oomblire BEIOPOCOB, YeM IIPH CKUTa-
HMH KaMeHHoro yris KysHenkoro yrompHoOro oacceina.
B cuny comepxanus Th, U B memioBoM BYJIKaHOTCHHOM
KOMIIOHEHTe KaMEHHBIX YIIed, B BBIOPOCAX CHKUTAHHSA
KaMEHHBIX yried 3HauuteabHO Oonbire Th, yem B BbI-
Opocax cxuranms OypeIx yrieil. B ajposomsix opeoina
TOII-2 conepxanne Th B 2 pasza, U Ha 20 % Gounbime,
yeM B aspo3oisix opeona TOII-3. C yueToM aspo30ibHOM
Harpysku B opeone TOII-2 Bemagaet mprMepHo Ha 40 %
oonsine Th, uem B opeone TOLI-3, mpu pUMEPHO OAH-
HakoBoW mmioTHOCTH BhimaaeHus U. Ilo cxoxectu co-
nepxannst Th u U B aspo3onsx yuactka Kiaroun ¢ aspo-
3omsmMu opeonia TOII-2 caeman BBIBOA 00 ad3po30JHOM
3arps3HeHnH yuacTka Kimoun BBIOpOcaMy COKUTaHHS Ka-
MEHHBIX YIJIeH, MPEeANON0KHTEIbHO, IIEPEHOCAIINXCS 0
pO3¢ BETPOB CO CTOPOHBI T. bepicka, pacmonoxeHHOro B
10 KM K 10r0-BOCTOKY OT y4acTKa.

4. B aspo3omsix r. HoBocubupcka BhIsSBIEHA BBICOKAS
o0OpaTHas KOppeAIMOHHAs 3aBUCUMOCTD cofiepxanus Th
OT COJEPXXAHUS CAXKU ¢ KOIPPUIMESHTOM KOPPENAIHH —
0,74, uro ykassiBaeT Ha cBA3b Th MMEHHO ¢ MHHEpAIB-
HOH (3071bHOM) uacThi0 adpo3oinei. Bmecte ¢ Tem U B
A9PO30JIAX COIEPKHUTCA KAK B MHHEPAIbHOH 30JbHOMI
YacTH, TaK ¥ B CAXHMCTHIX YaCTUIAX, TO €CTh €ro (OpMbI
HaXOXKJIEHHS B a3p030JIX 00Jee pa3HOOOpa3HbIL.

5. Aspozonam r. HoBocubupcka u ero okpecTHOCTer
xapakTepHsl Hu3kue 3HadeHust Th/U oTHouIeHus, yacto
Omuskue K 2,5 — HIKHEH rpaHuie TPUPOIHOTO JIHara3o-
Ha 3HAYCeHHI, YTO, O-BUIUMOMY, OTPaXKaeT 0oJiee BhICO-
KYH0 MUTPAIOHHYKO CIIOCOOHOCTh YpaHa B TEXHOTEHHBIX
CHCTEMaxX TPOMBIIUICHHBIX BBIOPOCOB MO CPAaBHEHHUIO C
TOpHEM. YMEpeHHas OTpHIATeNbHAs KOPPENsHOHHAS
3apucumMocth Th/U ot cogepxanus U ¢ Koo HIEEHTOM
koppemsimn —0,65 ykaseiBaeT Ha TO, YTO OTHOIICHHE
Th/U B a3po30iisiX ompenensercs TIaBHbIM 00pa3oM ypa-
HOM, HEXeJu 0oJiee TTaCCUBHBIM TOPHEM.

Ananumuueckue pabomer npogedenvi 6 LIKII «Cubupckuii
YEHMpP CUHXPOMPOHHO20 U mepazepyosoco usnyuenuay HUAD
CO PAH u LIKII MHO2021eMEHMHBIX U U0MONHBIX UCCTE008a-
nuti CO PAH. Paboma evinoinena no 20cy0apcmeeHHomy 3a-
oanuto UTM CO PAH u npu noddeporcke epanmos PODU Ne
14-05-00289, Ne 18-45-140020.
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URANIUM AND THORIUM IN AEROSOL FALLOUT OF NOVOSIBIRSK CITY AND ITS VICINITY
(WEST SIBERIA)

Svetlana Yu. Artamonova,
artam@igm.nsc.ru

V.S. Sobolev Institute of Geology and Mineralogy SB RAS,
3, Academician Koptyug avenue, Novosibirsk, 630090, Russia.

The relevance of the study is caused by the necessity to develop geoecological approaches to evaluation of air quality in the urban
territories and to determine the contribution of the emissions of separate industrial sources into the technogenous pollution of urban air.
The aim of the study is to determine the technogenous aerosol load and aerosol-based precipitation of Th and U in the vicinity of five large
industrial enterprises of Novosibirsk.

Objects: dust and aerosol particles accumulated in the snow cover in the vicinity of Heat Stations No. 2, 3, 5, Novosibirsk Tin Plant and
Novosibirsk Plant of Chemical Concentrates during the winter season. The technogenous component in the aerosol of Novosibirsk and its
vicinities was not previously considered in detail in open publications.

Methods: large-volume (up to 400 dm3) sampling of snow cover to isolate the portions of suspensions from melted snow by filtering, so
that the amount of solid suspensions would be sufficient for analyses; determination of the density of diurnal aerosol precipitation (diurnal
aerosol load) through calculations of the ratio of the mass of solid suspensions from the samples of melted snow to the sampling area and
the number of days during which the snow cover exists (since the day when the snow cover was formed till the sampling date);
determination of soot content in aerosol by ashing at 550 °C, determination of Th and U content by means of X-ray fluorescence with the
synchrotron radiation.

Results. On the basis of the density of diurnal aerosol precipitation within the major aureoles of emissions from industrial enterprises of
Novosibirsk, evaluation of the pollution of urban air is carried out. The content of Th and U in aerosol and the density of their precipitation
on the Earth’s surface with aerosol are determined. The highest uranium content was established in aerosol samples collected within the
aureole of emissions from the Novosibirsk Plant of Chemical Concentrates. The features of Th and U arrival with the emissions from heat
stations during the combustion of brown and black coal are determined.

Key words:
Industrial emission, aerosol fallout, technogenic aerosol, snow cover, radionuclides, thorium, uranium, Novosibirsk.

The analysis was carried out in the Core Facility Centre «Siberian Center of Synchronous and Teraherz Radiationy INP SB RAS
and the Core Facility Centre of multielement and isotopic research of SB RAS. The research was carried out by the state task of
IGM SB RAS and supported by the RFBR grants no. 14-05-00289, 18-45-140020.
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