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AJTIOMUHHEBOI0 3aBOJIA II0C/Ie MOJePHU3AIUY IIPOU3BOACTBA

IMnanbko B. U. , Tkauenko E. A. =, Hemuenko T. H.
Unemumym eeoxumuu u ananumuyecxot xumuu um. B. U. Beprnaockoeo PAH (I'EOXU PAH), Mocksa,
shpanko@geokhi.ru

AnHoTanusi. B pabote n3ydeHo BIUSHHE BHIOPOCOB alfOMUHHMS, ()TOpPA U YIIEPOa Ha OKPYIKAIOIILYIO CPEIy
B patione Kannamakmickoro amromuaneBoro 3aBoga (KA3) no u mocie moxepamn3zannu. [IpoBenen aHamm3 asporeH-
HBIX BBIOPOCOB, B yacTHOCTH CO,, coeMHennit amoMuHus u ¢propa, B 30He BosaeicTeus KA3a. [Ipuseneno cpasre-
HHUe 00beMa BEIOPOCOB B aTMOc(epy, BHIIAICHHS B TIOUBY U COIEPXKAHUS B MOJCTHIIKE (TOpa U aIFOMHHUS JI0 U T10-
clle MoZiepHU3aMy 3aBoja. [locie 3amycka ra3004MCTHBIX COOPYXKEHUH BBISIBICHO 3HAYNTEIBHOE YMEHBIICHHE 3a-
rpsizHeHus propom 00bekToB sanamadTa KA3a u yinydinenue ux cocrostuusi. OJJHaKo, JUIMTEIBHOE ITOCTYIUICHHE 3a-
IPS3HSIIONIMX BEIIECTB BBI3BAJIO INTy0OKHE TpaHC(HOPMAIIMK CBOICTB MMOYB, MPUJIETAIOIINX HEMOCPEICTBEHHO K MTPE/-
MIPUSATHIO, U UX OMOJOTMYECKUX KOMIIJIEKCOB. MoIepHU3aLUsI HE CIIOCOOCTBOBAIA YMEHBIIICHUIO KOJMUECTBA BEIOPO-
COB AJIOMUHHMSA M €T0 HEraTHBHOE BIMSHNE OTPA3MIOCh HA KOMIIOHEHTAX OKPY KAIOIIEH CPEeIbl, B TOM YHCIIE U MAJIBIX
03epax TePPUTOPHUN BO3JICHCTBHS 3aB0/Ia. Y CTAHOBKA T'a3004NCTHON CHCTEMBI HE OKa3asa BIMSHHUE Ha yMEHBIICHNE
oobema BrIOpocoB CO,, HaJl 4eM B IaHHBIH MOMEHT PabOTaET 3aBO/I.

KiioueBsbie ciioBa: BHIOPOCHI, 3arpsi3HEHUE, aJIOMUHHUN, (TOp, YriepoJ, MojepHu3anus, Kannanaknicknit
AIIOMUHUEBBIHN 3aBOJ
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Abstract. This paper examines the environmental impact of aluminum, fluorine, and carbon emissions near
the Kandalaksha Aluminum Plant (KAP) before and after modernization.Airborne emissions, specifically CO,,
aluminum, and fluorine compounds, were analyzed within the KAP footprint.A comparison was made of atmospheric
emissions, soil deposition, and litter content of fluorine and aluminum before and after the plant’s modernization.
After the launch of gas treatment facilities, a significant reduction in fluorine pollution of KAP landscape features
and an improvement in their condition were observed.However, the long-term influx of pollutants caused profound
changes in the properties of soils adjacent to the plant and their biological systems.The modernization did not reduce
aluminum emissions, and its negative impact was felt on environmental components, including small lakes within the
plant’s vicinity.The installation of a gas treatment system did not reduce CO, emissions, which the plant is currently
working on.
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BeedeHue

AJIOMUHHMEBAsE OTpacib IIMPOKO BOCTpeOOBaHa BO BCEM MHUpE Oyarogapst He3aMEHHMBIM Ka-
YecTBaM aJIOMHUHHMS Ul NPOMBILIIICHHOTO MCHOJb30BaHUs. OObEMBI €0 MPOU3BOJCTBA PACTYT C KakK-
IeiM rogoM. Poccust, Kutait u Unaus sBistoTcs auaepamu B gaHHOU oTpacid. [Ipu 3ToM akTyaiabHOM
mpobaeMoil ocTaercsi 00pa3oBaHWE 3HAYUTEIHHOTO KOJIMYECTBA BBIOPOCOB, COIEpIKAIIUX crenupuye-
CKHE IPUMECH C TOKCUYHBIMH CBOWCTBAMHU: (DTOPHCTBIC COCIMHEHUS, MONULUKINYECKHE apoMaThye-
CKHE YTJICBOJOPOAbI, TEXHOTCHHAs MbLJIb, TUOKCUA cepbl, okcuabl yriaepona (Ilomomapesa, Boropon-
ckas, 2022). Okcun yriaepoJa COCTaBIsieT 3HAUUTEIbHYIO YacTh BEIOPOCOB aTFOMHHHUEBBIX IPOU3BOJICTB.
IIpu nonyuennu 1 T amomunus B atMocdepy BriOpacsiBaetcs 10 4000 m* CO,. BHIOpOCH! MapHUKOBBIX Ta-
30B SIBJISIIOTCSL OCTPOH mpobiemoii Bo Bcem mupe. B 2015 r., B pamkax aearenbHOCcTH PamMouHOH KOHBEH-
uu OOH 00 m3amenennu kimmata (PKUKOOH), 6buto 3akmoueno Ilapmkckoe cormamieHue, KOTOpoe
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00513bIBaCT CTPaHbI IPUHUMATH MEPHI 110 COKPAILICHHIO BEHIOPOCOB MMAPHUKOBBIX Ta30B. B wactHOCTH, KNTait
YMEHBIIIT 00bEMBI TTPONU3BOJICTBA ATIOMHUHHUS JIJISI COKPAIEHUST BRIOPOCOB OKCHAA yriiepona (Xiaoyuan
Chen, 2026).

AJNIOMUHUH MPOU3BOJAT B HECKOJIBKO ATAIOB: 100bIYa Py bl (OOKCUTOB), KOTOPYIO B JajbHEHIIEM
nepepabatbiBatoT B rmHo3eM (Al O,), 3atem u3 riHo3ema B paciuiase kpuonura (Na,AlF ) B pesysbrare
3JEKTpoau3a npu Temmneparype okono 950 °C nmonayyaror )KUIKHM adtoMuHUN. Peakuus npoTekaer ¢ Bbiae-
JIEHHEM 3HauMTENBHOrO 00bema CO,, obpasyromerocs npu cropanuu anoxaa. Yacts CO, BoccTaHapImBa-
ercs 10 CO B pe3ynibTaTe B3aMMOJIEUCTBUSL PACTBOPEHHOTO B 3jieKTposuTe MeTaiia ¢ CO,, mocne yero CO
YaCTHYHO CTOPaeT B JJIEKTPOIH3EPE, HO Ta YaCTh, KOTOPAsi HE yCIIEBAET OKUCIUTHCS, BHIHOCUTCS B aTMOC-
¢depy. Hnst ynyumieHust Ka4ecTB aJlOMHHUSL B €0 COCTaB JA00ABISIFOT Pa3IMUHbIE 2JIEMEHTHI, HAaPUMEp:
JKeJIe30, CBHHEI, MeJlb, HUKEIb U IPYTHE.

Poccust sBnsieTcst oTHIM U3 MUPOBBIX JIHIEPOB IO TTPOU3BOICTBY allOMUHUS. B cTpaHe HacUUTHIBA-
eTcst okoJio 45 amomuHueBbIX 3aBo10B (KpacHospckuii, bparckuii, MpkyTckui, ¥Ypansckuil, Xakacckuit
U 1Ip.), @ TAaK)KE SAMHCTBCHHBIA B MHUPE 3aBO/I, PACIIONOKEHHBIH 3a [losspubiM kpyrom — Kanmamakmckmii
amomunueBbli 3aBoJ (KA3) (IToptHoB, 2020). bojbmas 4acTh NOIy4aeMOro aJIOMUHUS SKCIIOPTUPYETCSI.
[TpropuTeTHBIMH 3arps3HAIONIMMHI BEIIECTBAMHU B a3POr€HHBIX BEIOpOCAX allOMHUHHAEBOTO MIPOU3BOICTBA,
ABISAIOTCS coenuHeHns Gropa u amroMuHus. DTopa BHIOpPACHIBAETCS B TOPA3/I0 MEHBIIUX KOJHMYECTBAX,
YeM aJIlOMUHHMS, HO €r0 COeIMHEHHUS] OTHECEHBI K BHICOKO ONACHBIM BELIECTBAM U MPEJCTABISET OOJIBIIYIO
yrpo3y IJist OKpyKarolie cpeibl. BEIOpOCH! afOMUHUEBBIX TIPEANIPUATHI 3arps3HSIOT aTMOC(epy, TTOUBY
1 BOJIbI. BooeMBbl CTaHOBATCS KOJUIEKTOPAMH 3arPS3HSIONINX BEMIECTB, YYTKO pearnpyronMe Ha aHTPO-
MIOTE€HHYIO JESTETbHOCTh UeoBeKa. TOKCHYHBIE BEIIECTBA BO3ACHCTBYIOT HA PACTEHHS U JKUBBIE OPTaHU3-
MBI, BKJIFOUasi 30pOBbe Ttojael. dusnonorunyeckuii Bpe ot GTopa MposBisieTcst, Hanpumep, Gparoopozom
3y0O0B, TUCQYHKIEH MIMTOBUIHOM jKeJe3bl, MOpaKeHNEM KOCTHON TKaHHW, HEPBHOW CHCTEMBI, CEpACIHO-
cocyaucroii cuctemsl u 1p. (I'opHocraea, dykc, 2017). AmoMuHui cIocCOOSH HAKATLTUBATHCS B pa3iind-
HBIX CHCTEMaxX OpraHMu3Ma U BhI3bIBATh HETATHBHBIE ITOCIEACTBHA: AEMEHIINIO, HApYIIIeHU B KOCTHOM TKa-
HU, alTIOMUHO3 JIETKHX, POOJIEMBI B penpoayKTuBHOM cucteme u ap. (Kyraii, Llprankos, 2021).

[Ipobnema skosoruueckold 0€30MACHOCTH MPOU3BOJCTBA ATIOMHHMS aKTyallbHa BO BCEM MHDE.
C nensio coxpaneHus okpyxarorieit cpeast Ha KA3e B 2005 . mpoBey MOCIeIHUNA dTal YCTaHOBKU Ta30-
OYUCTHOTO 000pyAoBaHus. OObEMBI BRIOPOCOB (hTOPUCTOTO BOJOPOAA, HEPACTBOPUMEIX (PTOPHIOB, CMO-
JIMCTBIX BEIECTB U HEOPraHWYECKON MbUIM 3HAYUTENBbHO CHU3WINCh. OCHOBHOE BHUMaHHE HCCIel0BaTe-
Jield OBITO HAMPABIICHO HA 3arpsI3HSIONINE d1eMeHT (QTOop, T. K. IO MOJIEPHU3AIMY TIPOU3BOJICTBA YBEIINYC-
HUE ero KOHIEHTPAIMH ITPOUCXOAMIIO BO BCEX 00BEKTaX JIaHAMA(TA, TPIIETAIONIUX K 3aBOIY.

Hacrosmas pabota ocHOBaHa Ha aHANM3E JIUTEPATYPHBIX HCTOYHUKOB, COJICPIKALIMX HAyYHbBIC TaH-
HBIC O COCTOSIHUM OKPYKaIoIIel Cpeibl B 30HE Bo3eiicTBUs BEIOpocoB KA3a 10 1 mocie MoIepHU3AIHH.
JlJ1 KOMIUTEKCHOHM OLIEHKHU 3arpsi3HEHHS JIaHAma(Ta HCIIOIb30BAIHNCH PE3yIbTaThl JJA0OPATOPHBIX UCCIIe-
JIOBaHUH BOJI MAJIBIX 03€p, MPUIIETAIOIINX K 3aBOJLY.

Lens pabomsi — OLICHNTH BIMSHUE BRIOPOCOB aMIOMUHMS, TOpa 1 yIiepoa Ha OKPYKaroIyIo cpe-
Iy B 30He Bo3zencTBus KA3a, mpociennTs TMHAMIKY N3MEHEHHS 9KOCHCTEMBI 10 U TIOCJIE MOJIEPHUA3AIINN
npeanpuatud 3a 20-1eTHui nepuos.

MemoOdbsl u o6exmul

Xapaxmepucmuxa meppumopuu ucciedosanus. KaHIanaKImICKUN aTlOMUHUEBBIA 3aBOJ] PACIIOIIO-
eH Ha Tepputopun Kosibckoro nmomyoctpoBa, Ha 6epery Kannanakuickoro 3anuBa benoro mopsi B ropojie
Kanpanakiia. EnMHCTBEHHOE TTpOMBIIILIEHHOE IpeanpusaTue Kannanakiickoro paiiona, Ha KOTOpoe pu-
XOAMTCS] OCHOBHOH 00bEM BBIOPOCOB 3arps3HAIOMINX BelecTB B arMocdepy. CypoBblil KITMMAT C IIPOAO0JI-
JKUTETHHOU 3UMOM (7—8 MecsIieB) U mpeodiagaHueM CEBEPHBIX BETPOB CO3/ACT HEOIATOMPUATHEIC yCIIO-
BUSL JUISL )KM3HU HA3€MHBIX 3KOCHCTEM, YTO 3aMEIJIsIeT BOCCTAHOBJICHHE HAPYIIECHHBIX OHMOI€OIICHO30B.
[Touss kucnsie ¢ pH okono 4.00—4.9 ¢ TOHKUM I'yMYCOBBIM ciioeM (3—5 cM), IpeICTaBIeHHBIC TOA301aMU
Ha TiecuanbIX oTioxeHusx (EBmoxkumona u ap., 2013).
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B nacrosimee Bpems KA3 mpou3BoaNUT 0K0JI0 65 ThIC. T AIFOMUHUS €XKeroiHO. [l mosrydeHus amto-
MUHUS UCTIONB3YIOT MPHUBO3HON IIMHO3eM. OCHOBHBIM MCTOYHHKOM BPEIHBIX BHIOPOCOB SIBIAIOTCS pea-
TeHTHI U MPOYKTHI JIEKTPOJIN3a TIIMHO3EMa C UCTIOJIh30BAaHHEM CaMOOOKHTAIOIIUXCS aHOI0B. B 1994 .
MPUOPUTETHBIMH 3aTPS3HSAIOIIMMHE BellleCTBaMU NpeaAnpuatus ssisuck: rop (HF) — 700 T, amomunuit
(ALO,) — 5000 T, cmosucThie BemecTsa — 800 T, Hagranuu — 12 1, opranuveckue coenunenns (Oens(a)nu-
peH) — 2 T (EBnokumoBa u ap., 2007). PactipocTpaneHue 3arps3HsIOMIAX JIEMEHTOB 3aBUCHT OT (ha30BO-
IO COCTOSIHUSI MX COCMHEHHH. DIEMEHTBI TBEPJIOTO KOMIIOHEHTa adpPOTEeHHBIX BHIOPOCOB, Takue Kak Al,
Fe, P, Si, Gomp1reii 9acThio BBITIAAAIOT TIOOIM30CTH OT IPEANPHUATHS, B TIpeiesiax 30HbI 5 kM. DnemMeHTsI F,
Mg, Ca, K HaxoasITcs B BU/IE BOJIOPACTBOPUMBIX COSTUHEHHI M PACIIPOCTPAHSIOTCS HA 3HAYUTEILHO O0JIb-
e paccrosHus (EBnokumosa u ap., 2013). ITocine ycTaHOBKM COBpEMEHHBIX T'a3004HNCTHBIX COOPYKEHUI
B 2005 1., 005€M BBIOPOCOB 3HAYUTENBHO CHU3WICA. Tak, 1o Mmoaepam3auu KA3a asporeHHbIC BRIOPOCH
coctaBisid B 2003 1. — 19.1 TeIC. T, B 2004 1. — 21.9 THIC. T, IOCIIC MOACPHU3ALMH UX 3HAUCHUE COKPATH-
JIOCH TIPUOIM3UTENBHO B 2 pa3a. B 2006 1. 00beM BeiOpocoB coctaBmi 10.5 Thic. T, a B 2007 1. — 11.8 THIC. T.
Kak cnenctBre, ymMeHbIIEHHE TIOCTYTUICHNS 3aTPSA3HSIONINX BEIIECTB B OKPYIKAIOIIYIO CPEY CIIOCOOCTBO-
BAJIO YIIYYIIEHHIO SKOJIOTUYECKOH cUTyaluu B 30He Bo3aeiicTBus npeanpusatus. Ceituac KA3 akTuBHO pa-
00TaeT HaJ| COKpaIICHHEM BBIOPOCOB MapHUKOBBIX T'a30B («MOCKOBCKUH KoMcoModey, 2026).

B pesynprare MmaccoobMeHa aTMochepsl ¢ BoAOoeMaMH, 3arps3HSIONINE BEIIEeCTBA 3aBOa TTOCTYIIa-
10T B Boxy o3ep. IloaTomy Manble o3epa, pacnionokeHHble Henaneko ot KA3a, nenecoodpasHo paccMaTtpu-
BaTh Kak OOBEKTHI 3arpsi3HEHHS BBIOPOCAMHU, SIPKO JIEMOHCTPHPYIOIIHE U3MEHEHHE COCTaBa aTMOC(eph.
HccmenoBaiich 03epa ¢ IIomanso BoaHoro 3epkaia ot 0.4 1o 20 kM2 B pa3HBIX HAMIPABICHUAX OT 3aBOJIA.

basza oanueix u anarumuueckas npoepamma. J1si morcka U aHaNM3a HAyYHBIX Ty OIMKAIUNA UCTIONb-
30BAJINCh TaKUe MOUCKOBBIE CUCTeMBbI Kak: Poccuiickas rocynapcrsenHas ouonuoreka (PI'B), Kubeplle-
HuHKa, Axanemus Google, eLibrary, ResearchGate, ScienceDirect, a Takyke TOKyMEHTHPOBAHHEIN CHUCTE-
MaTU3WPOBAaHHBINA CBOJI aHAUTHYECKON nH(popMaiuu «ExxeroHple TOKIaIbl O COCTOSHUU H 00 OXpaHe
OKpYy>Karoiei cpeasl MypMaHckoi oomactuy. st anann3a 1aHHBIX B THHAMUKE PACCMATPUBAJICS ACCSITH-
JIeTHUH Tiepuon 1o u mocie Mmoaepuu3anun KA3a (1995-2015 rr.). MccnenoBanack TeppuTopus B ceBep-
HOM HaITpaBIICHUH OT 3arpsi3HUTENS (II0 pO3€ BETPOB).

B 1995 r., no moxepuuzanyu KA3a, ObuTn MCCIeI0BaHbI 7 OJIM3JICKAIINX MAJIBIX 03€p, 00CIe10Ba-
HHE KOTOPBIX B MajdbHEHIIEM OBTOPSUIOCH pas B 4-5 et (2000, 2005, 2009 rr.). B3saTre 00pa3iioB BOIbI
OCYILLECTBIISIIOCH B OCCHHUH NMEPHOJ, YTOOBI CHU3UTDH BIMSHHE CE30HHBIX M3MeHeHHH. OTO0p npol BobI
13 03epa MPOBOAMJICS B MOJMATHUIIEHOBBIE HeCOpOHMpyromue OyThUIM, 3aTeM OyThUIM C BOJOW MOMeIa-
JIUCH B CHeTIaIbHbIe KOHTEWHEPHI U OTIPABIISIINCH HAa aHAIN3 B JTabopatopuio MHCcTHTYTA Tpo6IeM Tpo-
MmbiuieHHo# axonorun Cesepa KHI[ PAH (MITIIDC KHIL PAH). XuMudeckwuii cocTaB BOJ ONIPEaSIsIICS
Mo cranaaptTuzupoBaHHeiM MeToankaM (StandardMethods, 1992; ICP-Water report, 2001). TTokazatens
KUCIIOTHOCTH PH onpenensim NoTeHIMOMETPUYECKMM METOIOM, KOHIeHTpanuio Al  (o0mias KoHIeHTpa-
1us) — atToMHO-abcopO1onHbIM MeToioM (GFAAS, model Perkin-Elmer — 5000, Corp., Norwalk, USA)
¢ HerulamenHoi atomusanueii (HGA-400). ns craTuctiueckoit 00paboTKu COOpaHHBIX JaHHBIX UCTIOJb-
30Bajach KOMIbIOTepHas mporpamma «Cratuctuka 10%.

Pe3yabmamual

Bausnue evibpocos ¢pmopa Ha okpyacarowyro cpedy. B pesynprare MOAEpHH3AIMH TPOU3BOJI-
ctBa B 2005 r. Opou301I0 YMEHBIICHUE MOCTYIUICHUS 3arpsI3HSIONINX BEIIECTB HA MOBEPXHOCTH MOYBBI.
Tax, B 2001 u 2011 rr. o0iiee UX MOCTYIJICHHE HA MOBEPXHOCTh MOYBBI B HEMOCPEICTBECHHON 0JIM30-
CTH OT 3aBOJIa COOTBETCTBEHHO COCTaBJIsuI0: IMbLIb — 900—700 kxr/ra, Al — 400-300 kr/ra, F — 45-30 kr/ra,
Fe —8-7.9 kr/ra (EBnoxumoBa u ap., 2013). Dxonoruyeckas 00CTaHOBKa Ha 3arpsi3HEHHON TEPPUTOPUH 3a-
METHO YJyYIIHJIach 0 HanOoJee ONacHOMY 3JIEMEHTY — (TOpY, UTO MPHUBEJIO K CY>)KEHHIO 30H 3arps3He-
HUS: MaKCHUMaJIBHOTO 3arpsA3HEHHS 1M0YB GTopuaamu ¢ 2.5 10 1.5 KM, CHIIBHOTO M YMEPEHHOTO 3arps3He-
HUs — Ha 5 kM. Jlo MOJIepHH3aNny B 30HE MaKCUMaJIbHOTO 3arpsi3HeHus (10 2.5 kM) conepxkanue F B mo-
CTHJIKE MPEBbIIIano B 6—25 pa3 ¢ponosoro, 200 mr/kr no Bunorpanosy u Jlanunosoii (EBnokumoBa u ap.,
2007). Iocne mogepuuzan KA3a BeiOpocs! coequaennii F cokparuiuch 10 99 %. 3To moaTBepkaatoT
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HCCIICAOBAHMS CHETOBOM BOBI B 30HE MakcuManbHOro Bo3aekicteusi B 2001 u 2011 rr., KoTOphIe MOKa3a-
71 yMeHblenne KoHnenTpaunu Al u F B Beimasenusx. BenencTsie yMeHbIIEHUS BBITTACHUN 3arpsA3HA-
IOIUX JIEMEHTOB B ATOW 30HE BAJIOBOE COZEpKaHWe TOpa B IMOYBE CHU3WIOCH MoUuTH B 10 pa3, yMeHb-
LIMJIOCH COJIepKaHue HarnboJiee OMACHBIX IS JKUBBIX OPraHU3MOB BOJOpacTBOPUMBIX (hopm ¢ropa ¢ 10 %
110 4 % OT BaJIOBOTO COfiepKaHUA. AHAIN3 XHMHYECKOTO COCTaBa MOJICTHIIKA Ha BCEX MCCIETyeMbIX ydacT-
Kax TI0Ka3all 3HAYUTEIbHOE YMEHbBIIIEHUE KOHIeHTpauu (propa. CHIDKEHHE KOJIMYECTBA BBIOPOCOB COE-
JUHEHWH (Topa M yMEHbIIEHHE ero KOHLEHTPALNHU B TIOYBE MOJTBEPIKIACT COCTOSHUE MXOB, CIIOCOOHBIX
K akKyMyJsimud (bTopa B Ha/J3eMHBIX OpraHax, W IUIACTUHYATHIX TPHOOB, Y KOTOPHIX ()OHOBBIE KOHIICH-
Tpauuu (Topa MPEBBILLIEHBI TOJIBKO B HenocpeacTBeHHoH Oamn3octu o KA3a (EBnokumosa u np., 2015).
C ymMmeHbIeHHEM 00beMa BHIOPOCOB COSTMHEHUH TaHHOTO 3JIEMEHTA BBISIBIICHA MTOJIOKHUTENbHAS THHAMU-
Ka u3MeHeHus JaHamadToB nMmakTHOH 30HKI KA3a 3a mepuoz ¢ 1987 mo 2015 rr. Yaydmmmcs mokasa-
TENHU UHAUKATOPOB: COCTOSIHUE JIPEBOCTOS, TIOJUIECKA U ITOAPOCTA, JKUBOTO HAIIOYBEHHOT'O ITOKPOBA, MOXO-
BOTO [TOKPOBA, JTMXEHO]IIOPHI, JIECHOMN MOACTUIIKH, BEpXHUX ropu3oHTOB 1o4B (Hecteposa, 2019). Oto0 co-
TJTaCyeTCs ¢ UCCIIEMOBAaHUIMHI IpyTuX aBTopoB (EBmoknMoBa u ap., 2015), Te mpocae)KuBaeTCs yIydIre-
HUE COCTOSHUS OOBEKTOB OKPYKAIOLIEH CPebl U COKPAILICHHE TPaHUI] 30H JeTrpajainy.

Mexy TeM, MHOTOJIETHEE MOCTYIJICHHE 3arpsA3HSAIONIMX BEIIECTB B IMOYBY B HEMOCPEICTBEHHOMN
ommzoctr oT KA3a mpuBenno K M3MEHEHUI0 XUMUYECKOTO COCTaBa IMOJICTHIIKH: YBEIHMYMIACh 30JHHOCTh
¢ 10 % donoBoro nmokazatens 10 60 %, CHU3UIACH KUCIOTHOCTB MOACTHIKY ¢ pH paBHOTro 4.27 doHOBOTO
yaactka 10 6.00. B npyrux UMmakTHBIX 30HaX, Ha paccTosHUU 12.5 U 5 KM, Tak)Ke BBISIBJICHO MTOBLIIIICHHE
pH (EBnoxmmoBa u ap., 2015). Takue TpanchopMaIuy mapaMeTpoB OKpYKaromei cpeibl CyIecTBEHHO
BIIMSIIOT Ha KHUBbIE opraHu3Mbl. Hampumep, B Boponuke (Empetrum hermaphroditum Hager), u3BecTHOR
CBOCH yCTOMUYMBOCTHIO K MTPOMBINUIEHHBIM BbIOpocam, B 2011 1. mo cpaBuenuto ¢ 2001 r. mpousonuio yBe-
JTMYeHUE HAKOTUIeHUs (propa B HAJA3EMHBIX YaCTAX PACTEHUS, B KOTOPHIX OBLI MPEBBIIICH (DOHOBBIH ypo-
BeHb 10 propy (< 20 Mr/kr) Ha Beex uccuenyeMbix miomankax (EBgokumosa u ap., 2015).

Brusnue evibpocos amomunus na oxpyosicarowyio cpedy. CHIKEHHE BRIOPOCOB (GTOpa 3HAYUTEILHO
YIIyqIuio o0Iee cocTossHre 00beKTOB npuiteraroieil repputopun KA3a. OnHako, aHaIU3 XUMAYECKO-
ro cocTaBa MOJCTUIOK 1o 3neMeHTy Al, mpoBeaennsiit B 2011 r., mokasan MOBBILICHUE €r0 COJACPKAHUS
o cpaBHernto ¢ 2001 r., ocobenHo 3ameTHoe B 30HaX 5—20 kM. Tak, KOHIIEHTpALUs aTIOMUHUS B 30HE
2 kM moHu3mnack ¢ 94.3 1o 60.6 x 103 mr/kr, BeIIIE PoHA OoJIee 4eM B 7 pa3, B TO BpeMs Kak B OydepHon
30HE €ro CoAepkaHue yBeanumioch ¢ 8 1o 21.8 x 103 mr/kr, Beime ¢ona 6oxnee 2 pa3 (tadn. 1) (EBgoku-
MoBa u Jip., 2013). [ToBeITIIeHIE KOHIICHTPAIUA MPUOPUTETHOTO 3arpsI3HAIONMIETo dJieMeHTa Al oka3siBaeT
HEraTUBHOE BIHSHIE HA KOMIIOHEHTHI OKPYIKAIOIIEH CpeIbl, YTO HAPSAY C JIOJITOBPEMEHHBIMHU BRIOpOCAMU
¢dTOpa yBeIMUMBaET HArPy3Ky Ha SKOCHCTEMBI.

3a mecATHIETHUH MepHoj He MMOMEHSUIach TEHASHINS B M3MEHEHUH HCCIIeIOBaHHBIX ITapaMeTpOB
OCHOBHBIX T'PYII MHKPOOPTaHH3MOB B TIOYBE CTAI[MOHAPHBIX YYacTKOB, PACIOJIOXKEHHBIX MO TPajHCH-
Ty 3arpsizHeHus1 BeiOpocamu KA3a. Hapsiy ¢ HakomieHneM MOJUTIOTaHTOB ATO CBHJETEIBCTBYET O MPO-
JIOJDKEHWW HETaTUBHOTO BO3JIEHCTBHS BHIOPOCOB C MPHUOPHUTETHBIM 3arpsI3HUTENEM allfOMUHUEM Ha OMOTY
MOYBBl M TIOATBEPKAACTCS AAHHBIMH O COAEP)KAHHM KOIMWI PUOOCOMANBHBIX T€HOB MHKPOOPraHW3MOB
B [TOYBE IpuJieraromiei repputopun 3aBoja. Ha yuactkax 8 u 20 km, r/ie 3HaUUTEIHHO YBETUYNIACh KOH-
neHTparus Al B moacTuiike (Tadm. 1), Obu10 00HAPYKEHO H3MEHEHNE KOJTMIECTBA KOITHH TeHOB apXei, Oax-
tepuii u rpudoB (Kopretikosa u ap., 2015; KopueiikoBa, Hukutun, 2021). HeratuBHoe BO3/1eHCTBUE BBI-
OpOCOB OTPa3MUIIOCh B BUAOBOW CTPYKTYpPEe MUKPOMHIIETOB, I/Ie 3HAYCHHUSI HHIEKCOB pazHooOpasus [lleH-
HOHa, BbIpaBHeHHOCTH [ lneny n momuaupoBanust Cumricona yxyammmich B 2011 . mo cpaBHenuto ¢ 2001 .
YcraHoBneHa CTpyKTypa JOMHUHUPOBAHMS C MEHBLIMM BHJIOBBIM Pa3HOOOpa3ueM MUKPOMHUIIETOB 110 CPaB-
HeHuto ¢ poHoBoii Teppuropueii (EBmoxumosa u ap., 2007). [Ipu u3ydeHUU pacTUTEIBHOTO MOKPOBA JIAHI-
madToB MOKa3aTe — MacTabHOe PacIIpOCTpaHEHHE CYXUX BETOK JI0 BBICOTHI 5 M U OTCYTCTBHE I (UT-
HBIX JIMIIAIHUKOB BO BCEX 30HAX HAOIIOAEHHSI HE YIIyUIIWINA CBOU MAPaMETPBhI, YTO CKOPEE BCETO CBSI3aHO
C HeraTuBHBIM BiMsiHUEM Al B asporenHom 3arpsisnenun KA3a (Hecreposa, 2019). JlummaitHuku ciiysxat
WHNKATOPAMH COCTaBa aTMOC(HEpPHOT0 BO3IyXa, & YChIXaHNE BETBEH JIEPEBHEB CBUIETEILCTBYET O CHIKE-
HUH KU3HECTIOCOOHOCTH.
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Tabnuma 1. [Toka3zaTenu BbIaeHNs HAa TIOYBY, COJICPIKAHUSI B ITOJICTUIIKE
u ¢oHoBrwIe 3HaueHus 1o Al u F Ha mpmteratomieit Tepputopun KA3a

Table 1. Indicators of precipitation on the soil, content in the litter
and background values for Al and F in the adjacent territo

[Tokazarenu F Al
Brinasenye Ha TOYBY B 30HE MaKCUMaJlb- Mo moneprmsatm (2001 r.) 4 400
Horo 3arpsizaerust KA3a, 103 kr/km?
ITociie momepau3zaruu (2011 r.) 30 300
o monepau3anun, B 2 kM (2001 r.) 1.3 943
CozepkaHue B MOACTHIKEB 2 U 20 KM OT ITocne monepuu3zanuy, B 2 kM (2011 1.) 0.6 60.6
KA3a, 103 mr/kr Jlo mozepuusanuy, B 20 kM (2001 1.) 0.2 8
ITocne monepuuzarum, B 20 kM (2011 1.) 0.1 21.8
®on moussl, 103 Mr/kr 0.2 8

Oxcuo yenepooa 6 eviopocax KA3a. I'azoounctnas ycranoBka KA3a He npenHasHadeHna Juis yjias-
JINBaHUSI OKCUJA YTIIEPO/Ia, TOATOMY TaHHBIN MAapHUKOBKIHN ra3 B 3HAYUTEIBHBIX 00BEMaX MPOI0JKALT MO~
crynarb B armocdepy. Tak, 1o mogeprusanmnu B 2003 1. 006bem BrIOpoca CO, cocrapysn 7.1 Toic. T (Exe-
TOJTHBIC JIOKJIAJEL. .. ), Tocie MoaepHu3auu B 2006 1. — 6.6 Teic. T (besyrnas u ap., 2009). B 3tu ke roast
uHekc 3arpsisHenus armocgepst (MU3A) 6611 paBen 2.16 u 2.0 cOOTBETCTBEHHO. Y MEHBIIICHHE 3HAYCHU I
TAHHBIX MTOKa3aTeNel Tocie YCTAaHOBKH Ta3009HCTHOTO 000PYAOBaHUS CKOPEE BCETO CBSI3aHO C COKpaIlle-
HueM oObema mpousBojicTBa anomunus B 2006 1., Tak kak M3A B 1. Kanganakiie 10 MojaepHU3aIK Ha-
XOJIUIICS B TEX JKe Mpejiesax, yTo u rnocie Mmoaepuusauu (puc. 1). B 2008 r. Hanbosibias moBTopseMocTh
npessienns [1/IK B atmochepHOM BO3ayXxe mpuxoaniach MMEHHO Ha okcu yraepona (Eskeromasie mo-
knafpl...). IlosTomMy npeanpusrue ceiiuac paboTaeT Haj cokpaiienueM BbIOpocoB CO, («MocKoBCKHH
KoMcoMoutet, 2026).
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Puc. 1. O6beMbl BBIOpOCOB 3arpsi3ustomux BemectB KA3a (Teic. T) M MHACKC 3arpsisHeHus atMochepsr (M3A)
3a 2003-2008 rr.

Fig. 1. Emissions of pollutants by KAZ (thousands of tons) and the Atmospheric Pollution Index (API) for 2003—2008

Antomunuii 6 600e manvix 03ep. B 0ToOpaHHBIX HaMK 00pa3Lax BoJbl Ha CoAepKaHue OOLIEro ao-
munus (Al ) B 2005 n 2009 rr. o6napyxensl npesbimenus IIJIK (0.2 mr/n — CanlluH 1.2.3685-2. Ne 2.
2021) B 9eTBIpeX 03epax M3 CEMH, pacIiookeHHbIX BOIM3n KA3a (Tabma. 2). B o3epe ceBepo-BOCTOUHOTO
HaTpaBJICHHUsI HA PACCTOSIHUM 710 15 KM OT 3arps3HUTENS BBISIBICHO CYIECTBEHHOE yBEIMYCHHE KOHIICH-
Tpauuu obiero amomunans — ¢ 81 mxr/in (2000 r.) mo 354 mxr/in (2009 r.), uto Beime [1JIK B 1.8 pasa.
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B 2009 r. B BooemMax ceBepo-3arafHOr0 HalpaBJICHUs TAK)Ke OBLIO BBISIBJICHO 3HAUUTEIILHOC YBEITUUCHUE
KOHIICHTPAIINN ATFOMUHMUSI, KOTOpasl TMOBBICIIIACH 1O cpaBHEHUIO ¢ 1995 1. B 5.1 u 6 pa3. Bo Bcex m3y-
YEHHBIX 03epax BBISBICH POCT KOHIICHTPAIINHU aTFOMUHUSI, YTO BEET 3a COOOM YBETHUCHUE KUCIOTHOCTH
BOJHOH cpejibl. CHUKEHHE BOJOPOIHOIO MOKa3aTelisi MEHSET XUMUYECKHE, OMOJIOTMUSCKUe U TeXHUYEC-
CKHE CBOICTBa BOJIBI MaITBIX 03ep. Tak, Mpy 3aKUCIICHUH BOJIOEMOB YBEJIIMYUBACTCS KOHIICHTPAIHS HOHOB
Al*', TOKCUYHO JIGHCTBYIOIIETO HA BOJHBIC OPraHU3MbI. DTH U3MEHEHHUSI CBUJICTEIILCTBYIOT O BO3JICHCTBUU
BBIOPOCOB AJIFOMHHHUEBOTO TPOM3BOJICTBA HAa BOJIHBIC 00BEKThL. Takum 00pa3oM, MOJIEPHU3AIHUS [TPOU3-
BOJICTBA HE MOBJIKSIIA Ha COKpAIIICHHE 00beMa BRIOPOCOB aTFOMUHUS, KOTOPBIH MTPOI0KACT HAKAIlIMBATh-
csl B 00BEKTaxX OKpyKaroliei cpespl. B cybapkTuueckux ycnoBusx KolbCckoro monyocTpoBa axe Hecy-
IECTBCHHOC MPCBLIIICHUEC HI[K BOJBI 3HAYUTECIIBHO CKA3bIBACTCA HaA JKMBBIX OpraHn3Max BOJOCEMOB.

Ta6nnua 2. Konnentpauus Al n pH Bozbr Gusnexamux o3ep KA3a 3a nepuox 1995-2009 rr.
Table 2. Al  concentration and pH of the water of the nearby KAZa lakes for the period 1995-2009

Oséipa Paccrosiuue, Altot, mxr/n (pH)
kM/HampaBieHne oT KA3a 1995 2000 2005 2009
Osepo 0/H 15</CB - 81.0 (6.85) | 202.0 (5.58) | 354.0(5.39)
03. denmoceeBcKoe 15-30/C3 40.0 (8.47) | 36.0(7.6) 61.5(7.22) | 204.0 (6.95)
Oszepo 15-30/C3 36.0 (7.36) | 45.0(7.28) | 116.0(6.7) 215.0 (6.7)
O3z. H. JlyBensrckoe 15-30/1OB 80.0 (7.13) | 64.0(7.3) 62.7 (6.91) 91.0 (7.11)
0O3. KonBuiikoe 30-50/IOB 18.0 (7.18) | 33.0(7.25) | 42.8(6.88) 85.0 (6.98)
Os3. B. Bepman 50-70/103 33.0(7.17) | 32.0(7.16) | 56.8 (6.66) 70.0 (6.86)
03. Kamennoe 50-70/103 38.0 (7.04) | 38.0(7.06) | 59.7 (6.55) 118.0 (6.7)

Coxparienue 00beMa BEIOPOCOB cOeTMHEHUH (pTopa 3aMETHO YIyUIIMIIO COCTOSHUE MPUIIETaloLINX
nangmadToB KA3a. OnHako, Hapsiy ¢ MHOTOJIETHUM ITOCTYIICHHEM M HAKOTUIEHHEM COeIMHEHHH ropa
B II0YBE, OOBEKTHI OKPYKAIOLIEH Cpelbl MPOLODKAIOT UCTIBITHIBATE AHTPOIIOI€HHYIO HAarpy3Ky U3-3a Ipo-
JOJDKEHUS BO3/ICHCTBUS a3pPOreHHBIX BRIOPOCOB 3aBoja. bosbiast yacTh BEIOPOCOB MPUXOANUTCS HA TPHU-
OPUTETHBIHN 3arps3HUTENb ATFOMUHUM, KOTOPBIN aKKyMYJIUPYETCSl B HEKUBOM CpeJle U HEraTUBHO BO3ZCH-
CTBYET Ha KMBbIC OPraHU3Mbl. AHTPOIIOreHHOE o0oraieHue BoJ OJIM3JIesKalluX 03ep JaHHBIM HOJIJIFOTaH-
TOM JIOCTOBEPHO JIOKa3bIBACT 3arps3HEHHE OKPYIKAIOIIEH cpe/bl BHIOpOCAMH 3aBOJIA.

3akaroueHue

B pesynbrare cokpamienusi BeIOpocoB KA3a yMeHBIIMIIOCH TOCTYIUICHHE (TOPCOJACPKALINX 3a-
TPA3HSIOMINX BEIIECTB B OKPYIKAIOUIYIO Cpely. DTO MPUBENO K YIYUIIEHNIO COCTOSHISI MHOTUX 00bEKTOB
naramadTa ¥ Cy)KEHUIO 30H 3arpsi3HeHus. 3a mepuoy 1987-2015 rr. BeIsiBiIeHA 00111as BOCCTAHOBUTEIb-
Has TUHaMMKa pacTUTEIHLHOTO MOKPOBA TEPPUTOPUH BO3AeHcTBUSA 3aBoja. B 2011 r. B mojacTHIIKe U CHE-
TOBOH BOJI€ B 30HE MaKCHMaJIbHOTO 3arpsi3HEHHS 3HAYNTEIBHO CHU3WIIACh KOHIIGHTpAIwsl coenHennii F.
B nouBe yMeHbIIMIIOCH COAEPKAHUE BAIOBBIX U BOAOPACTBOPUMBIX €ro (OpPM, UTO MOJOKUTEIBHO OT-
pasuinoch Ha 6uote. OIHAKO, MHOTOJIETHEE MOCTYIJICHUE 3arpA3HAIONINX BEIECTB, 0COOCHHO B 30HE MaK-
CUMAJIBHOTO 3arPA3HEHNS, IIPUBEJIO K CYILIECTBEHHBIM IIPE00Pa30BaHUAM CBOICTB 1104B, [IOUBEHHBIX MUKPO-
OpPTaHU3MOB M HETaTUBHO OTPA3WIOCh HA PACTUTEIBHOCTH.

l'a3oouncTHast ycTaHOBKA HE TOBIIMSIIA HA CHIKEHHE BEIOPOCOB OKCHJIA YTIIEPO/1a, TIOATOMY 3aBOJT
ceifuac pa3pabaTbIBacT METO/bI yJIaBJINBAaHUS JAHHOI'O IIAPHUKOBOTO Ia3a.

B pesynbpTare BEIOPOCOB 3arpsi3HSIOLIMX BELIECTB [10CIE MOACPHU3ALUH IPOU3BOACTBA MTOBBICHIIACH
KOHIICHTpaIus aJlfoMUHUs B 00bekTax Janamadta KA3a. Bo3pacranue ero cojepixanus B IOYBE IPUBEIIO
K CTPYKTYPHO-(DYHKIIMOHAJIBHOM IIepecTpOiiKe MUKPOOPTaHU3MOB, a TAKXKE YTHETCHUIO KU3HEHHBIX (YHK-
LUH pacTeHUH U JIMIIAHUKOB. Y CTAHOBJIEHO YBEIMUYEHHE 3arpsI3HEHHSI IPUPOIHBIX BOJI DJIEMEHTOM allto-
MHHHUEM M TOBBINICHUE UX KUCJIOTHOCTU. YTO MPUBOJMUT K POCTY KOHIIEHTpAUH HOHOB Al**, TOKCHYHO-
ro juist 6uoThL. J{71s aKocHcTeM, 0COOCHHO B 30HAX C CYPOBBIM KIIMMAaTOM, TAKOE HETaTUBHOE BO3/CHCTBIE
peanpusThs 0osiee YyBCTBUTEIBHO.
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