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Pedepar

Broimycknas kBanudukanuonHas paboTra COCTOMT M3 BBeAEHUs, O TIIaB,
3aKJII0YEHUsT M TpuwioxkeHus. LluTupoBaHHast auTeparypa coaepx uT 122 Ha3zBaHUS.
O06bem paboThl 85 CTpaHWI] MANTMHOMHCHOTO TEKCTa, BKItouas 16 tabmuiy m 25
PUCYHKOB.

KitoueBble cnoBa: ropojickasi MouBa, JUCTbS TOMOJIA, TSKEIble METaJUIbI,
3arpsi3HEHHUE MOYB, PTYTh, PTOP.

OOBEKTOM HCCIEIOBAHUN SIBIIIOTCS TOPOJICKHE TMOYBBI M JIUCThS TOMOJI,
IPEeIMETOM HCCIEeI0BAaHUS — COJIEPXKaHUS PTYTH U (PTOpa B HUX.

Lenp nummomMHON paOOTHI: OMPENENIUTh YPOBHU HAKOIUICHHS M XapakTep
IIPOCTPAHCTBEHHOI'O paclpeesieHus] PTyTH U (Topa B MOYBAX M JUCThAX TOMOJS HA
TeppuTopuu I. CTEMHOrOpCK.

B nporecce nccnenoBaHusi MpoBOAUIUCH ONPENEIEHUs PTYTH U (PTOpa MouBax
ropojia METOJOM AaTOMHO-a0COPOLIMOHHOIO aHaju3a W MOTEHIUOMETPUUYECKOIO
TuTpoBaHus. Becero Obu10 0TOOpaHo W npoaHamu3upoBaHo 44 mpoO mous, 24 mpoObI
JIMCTHEB TOMOJIS.

[IpoGooTOop, MPOOOMOATOTOBKA M CTaTHCTHYECKas 00pabOTKa MOYyYEHHBIX
pe3yibTaTOB MPOBOJUIIMCH COIVIACHO COBPEMEHHBIM TPEOOBAHMSM K MOJAOOHBIM
uccienoBanusiM. JlaHHble, MOMY4YEHHBbIE B pe3yibTaTe JabOpPaTOPHBIX AHAIU30B,
obpabaTeiBasiich B mporpammax Microsoft Excel, Takxke CTpOMIHCh KapThl-CXEMbI
NyHKTOB oTOopa mpod Ha Ttepputopun r. CremHoropck B mporpammax Adobe
Photoshop u Surfer.

OObnacTh MpUMEHEHHUS: B Mpolecce padoThl OBLIO T0KAa3aHO O MEPCIEKTUBHOCTH
UCIIOJIb30BAHUSI TIOYB U JIUCTHEB TOMOJS B  OKOJOTUYECKHX  LENsIX, s
XapaKTePUCTUKU IKOJIOTO-TEOXUMHUYECKOTO0 COCTOSIHUA Tepputopuid. IlomyueHHbie
JaHHbIE MOTYT OBITh HCIIOJIb30BaHbl MpPU IJIAHUPOBAHUM AAJIbHEUIIMX pPadOT IO
OIICHKE IKOJIOTMYECKOTO COCTOSHUSI TEPPUTOPUU U OPTaHM3ALUU MPUPOJTOOXPAHHBIX

MEpONPUATHAN HA TaHHOU TEPPUTOPHH.
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BBenenue

3arpsi3HEHUE OKPYXKAroIIeH cpefbl KPYHMHBIX TOPOJOB SIBISETCS B HACTOSILEE
BpeMsl cepbe3HOi npo0aemMoii. OCHOBHBIMM MCTOUYHUKAMM 3arpsiI3HEHUS] OKPYIKaOLIEH
Cpelbl SIBISIOTCS IMPOMBIIUICHHBIE NPEANPUATUS U aBTOTpaHCHoOpT. VX BBIOPOCHI,
cOpOoChl W OTXOABI MPOU3BOJACTBA YXYAIIAIOT 3KOJOTUYECKOE COCTOSIHHME BCEX
KOMIIOHEHTOB IIPUPOJIHOM CPE/Ibl, YTO B JAAJBHEHIIEM MOXKET MOBIUATH U HA 310pPOBbE
HACEJICHUSI.

[TouBa, Kak OJUH M3 OCHOBHBIX KOMIIOHEHTOB MPUPOTHOM CPE/bl, UCTIBITHIBAET
HEraTUBHOE AaHTPOINIOIEHHOE BO3JACUCTBUE U aKKyMyJaupyeT B cebe Ooblioe
KOJIMYECTBO XMMHUUECKHX 3JIEMEHTOB 3a BECh IEPUO/I CYLIECTBOBAHMUSI.

3arpsi3HEHUE IIOYB MMEET YCTOMUYMBO-IPOTPECCUBHBIA  XapakTtep. M3-3a
CIIOCOOHOCTH TIOYBBI C PA3HOW CHUJIOW MOTJIOIIATh U YACPKHUBATh HMOHBI TSKEIbIX
METAJIJIOB, MX MOBBIIIEHHOE COJAEPKAaHUE U HAJIMUNE COCTMHEHUN TSKENbIX METAJUIOB,
HE XapaKTEPHbIX ISl HE3arpsA3HEHHBIX 110YB, MOTYT CBUIETEIBCTBOBATh HE TOJIBKO O
COBpPEMEHHBIX IPOIEcCcaxX 3arpsi3HEHMS, HO M O TAKOBBIX MPOIECCaX, HMMEBIIUX MECTO B
IPOLLIOM.

['opoackue MmouBbl BHICTYNAKOT B KAYECTBE MEXAHWYECKOTO Oapbepa Ha IyTH
a’pOTE€HHBIX TMMOTOKOB TEXHOTCHHBIX BEIIECTB M SIBISIIOTCS  JOJITOBPEMEHHOMN
JeNoHupYyrolel cpeaoi. /[t mouB ropoJoB a’pOreHHbIE MOTOKU 3arps3HUTENCH He
SBJIIOTCS] €AMHCTBEHHBIMHU UX MCTOYHUKAMH, TaK KaK B TIOYBbI OHM MOTYT TOCTYNAaTh
TaKK€ C TaJIbIMH BOJAAMH, NpPU BHYTPUIOYBEHHOM U TOBEPXHOCTHOM CTOKE
3arpsiI3HEHHBIX BOJA M APYrUMHU NyTsMU. llpu nnutenbHOM 3arps3HEHMM TOPOACKHX
MOYB TMPOUCXOJUT H3MEHEHHE HX XHMHUYECKOTO COCTaBa M KHUCIOTHO-IIETOYHBIX
xapakTepuctuk [1].

['opon CrenmHOTOpCK ABISETCS OJHUM U3 MMPOMBIIIIEHHBIX TopoaoB Kazaxcrana.
CTpouTenbCcTBO TOpoOJa CBA3aHO C co3gaHueM B 1956 romy Ha 06a3e ypaHOBBIX
mectopoxaeHuiit CesepHoro Kaszaxcrana L{eMHHOIO ropHO-XMMUYECKOTO KOMOMHATA

(cetiuvac — TOO CrenHOrOpcKuil TOPHO-XUMHUYECKUd KomMOuHAT). OCHOBHBIMU
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NPEANPUATASIMI KOMOWHATA SIBISIIOTCS TUAPOMETAILTYPTHYECKUN 3aBOJ W 3aBOJ TIO
IIPOU3BOJICTBY CEPHOM KUCJIOTBHI.

AKTyaJIbHOCTh HccaeaoBanuii: ['opog CTEMHOTOPCK — MOPOMBIIUICHHBIN
ropojl, TJIaBHBIM MPEANPUSITUEM KOTOporo spisierca CTENHOTOPCKUNA TOpPHO-
xumuueckut  komOmHaT (CI'XK), KOTOpBIM TIpeacTaBiseT CcoOOW  KOMILIEKC
NpEANPUATAN, OPUCHTUPOBAHHBIX Ha MepapaboTKy ypaHocoepxkaiiehd pyasl. Takum
obOpazom, pestenbHOocTh CI'XK mpezacTaBisieT ompeneneHHYI0 OMacHOCTb ISl BCEX
KOMIIOHEHTOB TIPUPOJHON Cpellbl U 3JI0pPOBbS uesioBeKka. [loaTomy HEoOX0oauMo
OIIEHUBATh COJIEPKAHUS PA3TUYHBIX 3JIEMEHTOB B KOMIIOHEHTAX MPUPOJHOU Cpe/Ibl Ha
JAHHOW TEPPUTOPUHU, OCOOCHHO TAaKWX, KaK TSDKEIbIe METaUTbl, peAKue, B T.4.
peaKo3eMeibHbIe M pPaJuoaKTUBHBIE dJeMeHThl. [[ouBBbl Kak OOBEKT HCCIEAOBAHUM,
SIBJISSICH  IOJITOBPEMEHHOM JICTIOHUPYIOLIEH CPEAOM, MOCTOSSHHO MCIOIB3YIOTCS JJIst
OLICHKUA HKOJIOTUYECKOTO COCTOSIHUSI TEPPUTOPUHU. JIMCThS IEpPEBHEB H3-3a CBOMX
MOPGOIOTHYECKUX OCOOCHHOCTEM MOTYT BBICTYNaTh B KadyeCTBE CBOCOOPA3HOIO
NPUPOJHOrO  IUIAHIIETa, AKKyYMYJHUPYIOIIErOo 3arpsi3HEHUE U3  COMPSKEHHBIX
MPUPOIHBIX CPEll, U OTPAKAIOIIEr0O MHTEHCUBHOCTh TEXHOTCHHOTO BO3JCHCTBUSA Ha
skocuctemnl (Everett et al., 1967; Sawidis, 1995, 2011; Mulgrew, Williams, 2000;
Uepnenbkona, 2002; Kynarun, [laruesa, 2005; Jleonora, 2010; TomasSevi¢, Anicic,
2010; bapanosckas, 2011; Bockpecenckuii, 2011; Ilonoa, 2015; Anantaunosa, 2015
v JIp.).

Heabs mannoi padorbi: OnpeaenuTb YpOBHU HAKOIUICHUS W PaCIpe/IesICHUs
pTyTd U (QTOpa B TOYBAX M JIUCTHAX TOMOJS Ha Tepputopum r. CTEmHOTropcKa
(Pecy6nuka Kazaxcran).

B npouecce BoInoJHeHNsI Pa00THI ObIJIO HEOOX0AMMO:

1. TIlpoBectn nuTeparypHblii 0030p 00 HCIIONB30BAHUU TIOYB U JINCTHECB
TOIIOJISI B OLICHKE SKOJIOTUYECKOTO COCTOSIHUSI TEPPUTOPUH.

2. BbImoaHuTh 0npoOOBaHKE MOYB M JUCTHEB TOIOJS, MPOOOTOATOTOBKY U

71a00paTOPHO-aHATUTUYECKUE UCCIIEOBAHNS.
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3. Omnpenenutb OCOOEGHHOCTH HAaKOIJICHMsI B TOYBAX W  XapakTep
pacnpeneneHus pryTy u ¢pTopa no iouaau Ha TePPUTOPUU KUIJIOH U MPOMBIIIICHHON
30H I. CTenHoropcka.

4.  OueHuTh cofiepkaHue BOAOPACTBOPUMOIO (Topa B MOYBAX HCCIEAYEeMOU
TEPPUTOPUH.

5.  CpaBHUTb MOJYYEHHBIE pPE3YAbTaTbl C (POHOBBIMU, HOPMATUBHBIMH U
JUTEPATyPHBIMU JTAaHHBIMH.

OOBEKTOM HCCIEIOBAHUN SIBJIIOTCS TOPOJICKME TMOYBBI M JIUCThS TOMOJIA,
oToOpaHHble Ha TeppuTOopuu Tr. CTEMHOrOpcKa, NPEIMETOM HCCIEIOBaHUS —
coJiep)KaHus PTyTH U (TOpa B HUX.

HayuyHnasi HoBU3HA padoThI:

BrepBble NpOBEIEHO H3y4YEHHE BaJOBOTO COJAEPXKAHUSA PTYTH B IOYBAX M
JUCTBSAX TOMOJSI M BOJOPACTBOPUMOTO (TOpa B MOYBAX HA TEPPUTOPUH KUIION U
IPOMBIIIUIEHHOM 30H T. CTEeMHOropcKa.

dakTHYECKHEe MATepHaJbl M MeTOAbl HccjedoBaHus. B ocHOBy paboTh
MOJIOKEHBI PE3YJbTAThl UCCIIEI0BAHUM, BBITIOJHEHHBIE JJUYHO aBTOPOM U COBMECTHO C
COTpYIHUKAMHU Kadeapbl T€03KOJOTHH U TeoXUMUn MHCTUTYTa MPUPOAHBIX peCypcoB
ToMckoro mnonauTexHUYeCKoro yHupepcurera B 2015 1. Ha Tepputopuum T.
CrenHoropcka.

PaGora Oa3upyercs Ha pesynbrarax aHanu3oB 44 mpod mouB u 24 mpod
JUCTHEB TOIOJIS, OTOOPAHHBIX MO CETH Ha TeppuTopuu T. CTEMHOropcka, BKIIOYAs
KHUITYIO U IPOMBIIIJICHHYIO TEPPUTOPHH.

B mpouecce wuccnenoBanus npoO OBLIO OMPEICICHO COACpXKAHUE PTYTU
aTOMHO-a0COpPOIIMOHHBIM METOJ0M Ha mpubope AHamm3atop pryTH «PA-915+» c
nuposutudeckoi npuctaBkoir «I1MPO-915+» u BogopacTBoprMoro ¢Gropa METOAOM
MOTEHIIMOMETPUYECKOI'O TUTPOBAHUS C (TOP-CEJIEKTUBHBIM 3JIEKTPOJIOM, Ha mpudope
AnnoH -4100 B 1abopaTopuy MUKPOAIJIEMEHTHOIO aHajn3a Kadeapbl re0dKOJIOTUH U

reoxumuu TIIY mo arrecTOBaHHBIM METOIUKAM.
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BaaromapHocTu. ABTOp BBIpa)KaeT OrPOMHYIO IPU3HATENBHOCTH U
0J1aroIapHOCTh HAYYHOMY PYKOBOIMTENIO JOIEHTY TOMCKOTO MOJUTEXHUYECKOTO
YHUBEPCUTETA, KAHIUJIATy Te0JIoro-MuHepanornyeckux Hayk JI.B. XKopHsk.

ABTOp OnaromapeH 3a mpoBeleHUE J1a0OPAaTOPHBIX  HCCIEIOBAHHIMA
pykoBoautento jgaboparopun H.A. OcumoBoit u accucteHty Kadenpel ['OI'X
Tomckoro nonurexHuueckoro ynupepcurera E.A. ®UnnMMoOHEHKO.

ABTOp BBIp@XaeT OTPOMHYIO OJIATOMAPHOCTh HAYYHOMY KOHCYJIBTAHTY
TOUEHTY TOMCKOro mMOJMTEXHUYECKOTO YHUBEPCHUTETA, KaHIWIATY TE€O0JIOrO-

MuHepanornueckux Hayk /[.B. FOcymoBy.
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1 Ananu3 paHee MPoOBeJAEeHHBIX UCCAEA0BAHUI

YpOBEeHb HAKOIJICHHS MHUKPO3JEMEHTOB B MOYBAaX OMNPEACNAETCS MHOTHMHU
(dakTopamMu: COCTAaBOM IMOYBOOOPA3yIONIMX MOPOJ, OTHOCUTEIBHON MOABUKHOCTHIO
XUMHUYECKHX DJIEMEHTOB B THIIEPIreHHHON OOCTaHOBKE (M3BECTHBI KOA(h(OULIMEHTHI
MUTpALMK  3JIEMEHTOB, paccuuTanHeie A.M. IlepenbmanHom), KOHIIEHTpauuen
MUKpPOOPraHU3MOB M TyMmMyca B IIOYBaX, BOCCTAHOBUTEJIBHOW M  MOTJIOMIAOIIEH
€MKOCTbBIO U T.1.

BaxxubiM (akTopoMm, ONpEeAeNstonMM BEIUYUHY COACPKAHUS XUMUYECKUX
3JIEMEHTOB B MOYBaX, SBJIAETCS aHTPOMOTEHHOE BO3JIECHCTBUE HA MPUPOTHYIO CpErdy.
OCHOBHBIMHU aHTPOTNOT€HHBIMU UCTOYHUKAMU MOCTYIUICHHUS MUKPOAJIEMEHTOB B TIOYBY
CIyXaT: BBINAJEHUS TSDKENIbIX METAJIOB, B TOM 4YHUCJIE PAJAUOHYKIUIOB U3
atMoc(ephl; TMOCTYIJICHUE HUX M3 MPUMEHIEMbIX MUHEpPaJbHBIX yIOOpeHuil u
NECTULMIOB; C TMOJMBHBIMU BOJaMH, C OPraHUYECKUMH ynoOpeHusiMmu (Topd,
Carnporeny 1 T.1.), C 0OTXOAaMH MPOMBILIUIEHHOTO TPOU3BOACTBA (1IJ1aK, 30J1a U T.J.) U
OBITOBEIM MYCOPOM.

[IpoiomKUTENEHOCTh TPEObIBAHUS 3arpsi3HUTENIEH B MOYBax OOJbIIE, YEM B
Ipyrux KOMIIOHEHTax Ouocdepbl, M 3arpsa3HEHHE TI0YB, OCOOCHHO TSKEIbIMU
METajllaMH, TO-BUIUMOMY, MPAKTHYECKHM BEYHO. MeTayibl, HaKarulMBalOUIUMecs B
MoYBax, MEJJICHHO YIAJSIIOTCS TPHU BbIIIEIAUYUBAHUM, TOTPEOJICHUU PACTEHUSMH,
aposueit u nedrsmuei [2].

[lepBblii mepuon moisiyynaneHus (T.e. yJaJd€HUs MOJOBUHBI OT HayalbHOU
KOHIICHTPAIMH) TSDKEIBIX METAJIOB 3HAUUTENBHO BapbUPYET Y Pa3IMUHbIX 3JIEMEHTOB
Y 3aHUMAET BeChbMa MPOAOJIKUTENbHOE BpeMsi: s inHka — oT 70 mo 510 nert; kaamus
—ort 13 o 110 net, Mmenu — ot 310 o 1 500 net, cBunLa — ot 770 1o 5 900 ner.

JUis TSDKENbIX METaJUIOB MOYBa SBIISETCS €MKUM aKIENTOPOM, 3aHHUMAIOIIUM
MECTO B KPYroBOPOTE XMMHUYECKUX 3arpsizHutesied B oumocdepe. [louBa HaxoauTcs B
MOCTOSIHHOM B3aMMOJIEHCTBUU C aTMOC(epoid, ruapochepoil, pacCTUTEIbHBIM MUPOM U
MOJKET SIBIATbCSA HUCTOYHHUKOM TOCTYIUIGHHS TSDKENBIX METalIOB B OpPraHU3M

YCJIO0BCKA. HOCTYHI/IBHII/IC B IIOYBY TSKEIBIC MCTAJIbI B IIPOLECCC AKTHBHOI'O HX
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U3BJICYEHUST W3 TOYBBl KOPHEBOM CHUCTEMOM, MOIYT HAaKallIUBaTbCi B
CEJIbCKOXO3SIUCTBEHHBIX KYJIbTYypaX, a MPU BBIMBIBAHUM MOBEPXHOCTHBIMHU BOJAMU
KOHIICHTPUPOBAThLCS B BOJHBIX OpraHU3Max U JOHHBIX OTJIOXKEHUX [1].

Oco00EHHOCTD 3arpsi3HEHUsI TOPOJICKUX TMOYB COCTOMT B TOM, YTO B TOPOJIEe Ha
OTHOCHUTEJIBHO HEOOJBIION IUIOMATU COCPEIOTOYCHO 3HAYMTEIBHOE KOJIMYECTBO
Pa3IMYHBIX HCTOYHHMKOB 3arps3HCHHsS (MPOMBINUICHHBIE MNPEANPUSITHS, TPAHCIOPT,
OBITOBBIE OTXOBI). DTO OOYCIABIMBAET MHTCHCUBHOCTh W HEOJIHOPOJHOCTH COCTaBa
MOYBEHHBIX 3arpsi3HECHUH.

Bnepseie, nonsitue ropojackue mnouBbl, BBeneHo Bockheim J. (CIIA) B
1974 r. [3]. B nanbHelimem onpenenenne MOIuGUIMpPOBaIoCh, TOPOJICKIUMH MOYBAMU
CTajqu Ha3bIBaTh TMOYBBI, UMECIOIIUE CO3JaHHBIA YEJIOBEKOM IOBEPXHOCTHBIM CIIOM
MONIHOCTBEIO Oonee S50 cM, TMOJIy4YEeHHBI TEPEeMEIIMBAHUEM, HACHITAHUEM,
norpeO0CHUEM WM 3arpsi3HEHUEM MaTepuajaMyd YpOaHOTEHHOTO MPOUCXOXKICHUS
(cTpouTenbHO-0BITOBOM Mycop) [2].

N3ydenne u aHanu3 COACPKAHUS PATUYHBIX XUMHUUYECKUX DJIEMEHTOB B
KOMIIOHEHTaX MPUPOJHOM Cpeilbl, B TOM YHCJI€ M IMOYBaX, BBIMOJHSUIMCh MHOTHMH
uccienoBarensimMu. Hanbosiee 3HaunTenbHBIMU sBISIIOTCS padoTl B.M Bepnanckoro
(1954); A.Il. BunorpagoBa (1957); B.B. Kosansckoro (1974, 1982); A.W.
[lepensmana (1979); M.A. I'mazosckoit (1988); A. Kabara-Ilenauac, X. [lenauac
(1989); 10.E. Caera u apyrux (1990); I'.B. Moty3zoBoii (2001); B.B. JIo6poBoisckoro
(2003) 1 MHOTHX JIpYTHX.

Jlo 80-x romoB, B OCHOBHOM, Ipeobiafaid padoThl MO PaTUOAKTUBHOMY
3arpssHeHuto 1moyB. C cepenunbl 70-x rogoB B xxypHale «[louBoBeneHue» Hayaauch
CHUCTeMAaTHUYECKHE IyOJIMKAIIMK IO pe3yJibTaTaM MCCICJI0BaHUN 3arps3HEHUs IOYB
TsDKENbIMUA MeTauiamu (3emustHuukui, 1963; [TaBnoukas u ap., 1967; 3sonapes u ap.,
1981; HamnekoBa u ap., 1983; JlerynoBa u np., 1985; I'apmai, 1985; PoxmuctpoB u
ap., 1985; UeptoB u ap., 1985; llltuna u ap., 1985; Canouukosa JI.K. u ap., 1985;
['puropsis u np., 1986; 3eipun u 1p., 1986; Tpodumor u ap., 1987; Baituuc u ap.,
1988; ®oxkun, 1989; Tonkonoros, 1990; I'ennaaues, 1992; I'naasimesa, 2007 u ap.).
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[TouBa — 31O BechMa crneuuduueckuii KOMHOHEHT Ouocdepbl. OHAa HE TOJBKO
aKKyMYJIUPYET TEXHOTCHHBIE MOJUTIOTAHTHI, HO M BBICTYIIA€T KaK MPUPOIHBINA Oydep,
KOHTPOJIMPYIOIINN TEPEHOC XUMHUUYECKUX 3JIEMEHTOB B aTmocdepy, ruapochepy u
’KHBOE BEIIECTBO [4].

JInsi MHOTMX KpYIHBIX TOPOJIOB MHpPA COCTaBJICHBbI KapThl M KAapTOCXEMBI
3arpsI3HEHUS]  TSDKEJIBIMM - METAJUIaMHU. Y CTAaHOBJIEHO, YTO TSDKEJIbIE  METaJlIbl
MOCTYIMalOT B TMOYBY B OCHOBHOM U3 BO3[yXa, NpH OTOM HauOoJee
pacrpoCTpaHEHHBIMU SBJISIETCA 3arpsI3HEHUE TaKUMU AJieMeHTaMHu, Kak Pb, As, Cu, Zn,
Cd, Ni, Hg.

B mouBax TsKenple MeTayulbl COPOMPYIOTCS TIOYBEHHBIM ITOTJIOMIAIOITUM
KOMIUIEKCOM, BXOJST B COCTaB Pa3jIMYHBIX MHHEPAIbHBIX HOBOOOpPA30BaHUM, B TOM
YUCJIE TJIMHUCTBIX MUHEPAJIOB, HAXOJATCS B PACTBOPEHHOM COCTOSIHUM B MOYBEHHOM
BJIare, BXOIAT B COCTaB OPraHMYECKUX OCTATKOB W TMOYBEHHON OMOTHI, HEKOTOPHIC
anementhl (Hg, B, As) Haxomarcs B ra3oBoil ¢aze B MOUYBEHHOM Bo3ayxe. B
3aBUCUMOCTH  OT (OpM  HAXOXKICHUS OJEMEHTOB B  TI0YBaX  Pa3IMYyaroT
JIETKOJIOCTYIHBIE  (BOJIOPACTBOPUMBIE), CPEAHEAOCTYIHbIE (OpraHOMHUHEPAIbHbBIC
COCAMHEHUs]) W TPYAHOJAOCTYIHBIE (MHHEpaIbHBIE) (OPMBI TSDKEIbIX METAJJIOB.
PeanpHas onmacHOCTH (TOKCMYHOCTB) TSDKENBIX METAUIOB B IOYBAX OINPENEISIETCS HE
CTOJIKO MX BAJIOBBIM COAEPKAHUEM, CKOJIBKO IOCTYITHOCTBIO JJIsl ’KUBBIX OPraHU3MOB.
[Tocnennee 3aBUCUT OT TPaHYJIOMETPHUECKOTO COCTaBa MOYB, (HHU3UKO-XUMHUYECKUX
YCIIOBUM B TOYBEHHBIX PAcTBOpPaX W WHTEHCUBHOCTH YBIaxHEeHHS. CHOCOOHOCTH
TSDKEJBIX METAJIJIOB HAKAIIJIMBATHCS B PACTEHUSIX U, IIEPEAABASICh MO MHUILEBBIM LIECTISM,
B JKMBOTHBIX W OpTraHU3ME YeJIOBEKa B HEOIArONmpHsTHBIX CIIydasX MPHUBOIUT K
pazBuTHIO crerupuueckoit 3adboneBaemoctH (1o A.Il. ABULIMHY, MUKPOAJIEMEHTO30B),
0CIIabJIEHUI0 UMMYHHBIX CHUCTEM M pOCTy 001Iei 3a001eBaeMOCTH HaceaeHus [S].

K nmpyrum 3arps3HUTENSM IMOYB OTHOCATCS Pa3IUYHbIe (DOPMBI MECTHUIIHIIOB,
OpPraHUYECKHUE OTXOAbl (MPOMBIIUICHHBIE OPTaHUYECKHWE OTXObl, CTOYHBIE BOJbI),
COJIH, PATMOHYKIUABI U ApyTHeE [3].

ExeronHo B okpyxawinyro cpeay T. CTemHOropcka BbIOPachIBAIOTCS

3HAYMTEIIBHBIE O0O0BEMBI 3arpA3HAIONIMX BCIIICCTB. OCHOBHBIMU 3arpsA3HUTCIIAMU
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sapisitorest TOO  «/lxer 7» (Crennoropckas TOI) u CrenHOropckuid ropHO-
XUMUYECKAA  KOMOWHAT, TPEACTABICHHBIM  TAKUMHU  TPEANPUATHIMH,  Kak
TUAPOMETAILUTYPTUYECKUI 3aBOJ] M CEPHOKUCIOTHBIN 3aBO/I.

CymiecTBeHHBIM  (JaKTOPOM  3arpsi3HEHUST 3€MENIBHBIX PECYpCOB  SBISIOTCS
OTBaJIbl TOPHBIX MOPOJ, XBOCTOXPAHWIMILA, 30J00TBaJIbl, TOJUTOHbI TOKCUYHBIX U
OBITOBBIX OTXOJ0B. OTXOAbl TOPHON MPOMBIIIEHHOCTH B CBOEM COCTaBE COAEpKaT
TSOKENIbIE METaJUlbl, PaJUOAKTHUBHBIE »HyieMeHThl. [lnomanb, Haxoagmiasicss Moj
oTBajaMu, coctaBisger 1654 ra. Ha OGanance ropHOAOOBIBAIONIUX MPEANPUITHI
HaxomATcs 4 xBocTtoxpaHwnuiia. OOIIasl TJIOmAah XBOCTOXPAHWIHII COCTABIISCT
1048,5 ra. 3omonuiakoBbie OTXOAbI B OCHOBHOI Macce 00pa3oBaHbl Ha CTEMHOTOPCKON
T3I. IInomane 30100TBANIOB cocTaBiseT 124, 7 ra.

Pamnanonnass oOcTaHOBKa ropoja W MPWICTAIIMX K HEMY TEPPUTOPHUI
CKJIAJIBIBAETCS W3 MPUPOJHOTO TEOJOTMYECKOTO CTPOCHHSI H  TEXHOTEHHOTO
3arpsi3HEHMS,  BO3HUKIIETO B PE3YyJbTaTe€  XO3AWCTBEHHOMW  JESATEIbHOCTH.
PanuannonusIil raMma-()oH Ha TEPPUTOPHSIX, HE HAPYIIEHHBIX TOPHBIMU pab0oTaMu, HE
npessbimaet 20-30 MxP/4gac, 4TO B COOTBETCTBMU C paavalliOHHbIMU HOopmamMu HPB-
99, 4r0 HEe OKa3bIBAET OTPHULATEIBHOIO BO3JCHCTBUA HA OKPYXKAIOLIYI0 Cpeay U
yeJIoBeKa [6].

B pa6orax XycaunoBoit A.T. u Codponoroit JI.U. npuBemeHsl pe3ynbTaThl
WCCJICIOBAHMS BJIMSIHUSL OTXOJIOB TIEPEPaOOTKH YPAHOBBIX U MOJUOACHOBBIX PV,
CKJIAIUPYEMBIX Ha XBOCTOXpaHWIHIIAX CTEMHOTOPCKOrO0 THAPOMETAILTYPrUYECKOTO
3aBOJIa, Ha MOBEPXHOCTHHIC W TOJ3EMHBIC BOJbI. YCTAaHOBJIICHA ObLJIa MaKCHUMAaJIbHAS
pU3eMHasi KOHIIEHTpAIUsl pajjoHa B aTMOC(hepHOM BO3AyXe B MPOMBIILUICHHON 30HE
[7,8].

Taxxke  CodponoBoii  JL.M. Obut0  HW3y4eHO  BIUSHHUE  OTXOJOB
ypaHorniepepabatbiBatomiux npeanpusatuii CeBepHoro Kazaxcrana Ha cocTosiHHE
KOMIIOHEHTOB 3KOCHCTEM [9].

B 5K0/10ro-reoXuMuYecKoM aTiace TOpPOJAOB M IPOMBIIIJIEHHBIX IIEHTPOB
Kazaxcrana [10] npeacraBiieHbl CXeMbl KOMIUJIEKCHOTO 3arpsi3HEHUS TIOYB METAJIAMHU

(pucyHOK 1.1), Tak e B aTyiace MpeACTaBICHbI KapThl 3arpsA3HEHUS 10YB OTAEJIbHBIMU
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XUMHYECKMMH BJIEMEHTaM{, TaKMMU KaK IIMHK, CBHUHEI, MOJHUOACH, LUPKOHMIA,
yIeJIbHbIE AKTUBHOCTHU ypaHa (paaus-226), ropusa-232, unesus — 137. Ha pucynke 1.2

Ipe/ICTaBICHA paJuallMoOHHass 00CTaHOBKA, CIOKMBIIASCSA HAa TEPPUTOPUU TOpoja 3a

nepuon 1991-1992 rr.

1. CTEITHOTOPCK
KoMIUIeKcHOS 3arpasHeRHe
TI0YB METALTAMH
Pb,Zn,Cu,V,Mg,Mo,Co,Ni,Zr,Cr,Ba,Na.K.Ca

mmmmmm

Pucynok 1.1 — Cxema KOMIUIEKCHOT'O 3arpsiI3HEHUS [T0YB TSHKEJIBIMU METalIaMH

(Pb, Zn,Cu, V, Mg, Co, Ni, Zr, Cr, Ba, Na, K, Ca)
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r. CTEMHOTOPCK
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Pucynox 1.2 — Papuanmnonnas 06CTaHOBKA Ha TEPPUTOPUHU TOPOJIA: a) CXema
pacrpeiesieHdss MOITHOCTH SKCIIO3UIIMOHHOM J]03bl TaMMa-U3JIy4eHHUs; 0) cxema
pacrpeneneHus yAeabHON akTUBHOCTH ypaHa.

PtyTh — TOKCHUYHBIH XMMHUYeCKHM 31emMeHT ¢ kiapkoM 0,08 mr/kr. Obnagaert
BBICOKOM yNpPYrocTbi0 TMapa M JIETKO MHUIPUPYET B MAapOOOpPa3HOM COCTOSHHH.
[ToBemenne pTyTM B MOYBAaX M3Yy4Y€HO CIab0, MaHHBIC pPa3HBIX HCCIEIOBATEICH
npoTUBOpeUrBbl. HakarmnBaercss B BEpXHUX TOPU30HTAaxX IMOYB U CYNEPAKBAIBHBIX
napamadrax. MoXKET HakalauBaTbcs B HWDKHUX TOPU30HTaX TIOYB  HA
BOCCTAaHOBUTEJIBHOM reoXxuMuueckom Oapnepe [11].

[IpoOnembl, 00yCNOBIEHHBIE MOCTYIUIEGHUEM PTYTH B OKPYXAIOILIYI Cpeny,
M3BECTHBI YEJIOBEUECTBY C JIaBHUX MOp. B nepByto ouepeb, HEraTUBHOE BO3/ICHCTBUE
PTYTH OTPa)xajaoch HA JHOJAX, HCHOJIb3YIOLINUX PTYTh B POU3BOACTBEHHOM IPOLIECCE.
Onnako B XX BeKke BO3HHUKJA U PEATU30BAIACh OMACHOCTh BO3JCUCTBUS TOKCUKAHTA
Ha IIMPOKHE CIIOM HACEIICHMS, BKIIFOYas JETEH, )KEHILIWH, ITOXKUIIBIX JIr0AeH. MUpoByro
0OIIECTBEHHOCTh MOTPSICIM MAaCCOBBIE XPOHUYECKHUE OTPABIEHUS PTYThIO B SnoHuw,

r7ie HOBBIE cllyyau 3a0oneBanue Bo3HMKanu ¢ 1953 mo 1972 rr. u Upake (1971-1972
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rT.) bBBUTO 1M0Ka3aHO, YTO WHTOKCHKAIMS CBs3aHa C YMNOTpeOJeHWEM MPOAYKTOB
MUTAHUS, 3aTPSI3HEHHBIX OPTraHUYECKUMU COCIMHEHUSIMUA PTYTU. PTyTh, Kak U3BECTHO,
o0JialaeT KyMyJSTUBHBIMU cBoWcTBaMu. Hanbosee BbIpake€HO HAKOIUJIEHHWE PTYTH B
IIOYKaX, TOJJOBHOM MO3re, reuenu [12].

l'opola W TOPOMBINUICHHBIE LEHTPHI SBISIIOTCS MOIIHBIMU HUCTOYHUKAMU
MOCTYIUICHUSI PTYTH B OKpPY’KalolIyl cpeny. B ropogax yBeiIudeHHE KOJIMYECTBA
PTYTH, TIEPEHOCUMOM C a’3pO30JsIMU U aTMOoc(hepHOU MbUIbI0. B ypOaHUM3MpOBaHHBIX
pailoHaX aHTPOMOTEHHBIMM MCTOYHUKAMU PTYTH SIBJISIOTCA MPOMBIIIICHHBIE OTXO/IbI
METAJLTypTrUYECKuX, MaIlMHOCTPOUTENbHBIX, METAIII000padaTHIBAIOIINX,
ANEKTPOTEXHUYECKUX, XUMUYECKUX NPEANPUITUH, SHEPreTUKA, TPAHCIIOPT, MOJTUTOHbI
U CBaJKHU, MECTa JOOBIUM MOJIE3HBIX HMCKOIAEMbIX, MYCOPOCKHUTATECIbHBIC 3aBOJIbI,
XJIOPHO-IIEJIOYHBIE 3aBOJbl, TOPOJCKHE M MPOMBIIUICHHbIE CTOYHBIE BOJBI U HUX
ocanku [13].

B nocnenmnee Bpemss BaxHBIM (pakTOpoM  MOYBOOOpa3zoOBaHHUS — CTaja
NEATEeILHOCTh 4YeloBeKa. Ha ypOaHM3WPOBAHHBIX TEPPUTOPHUAX, AHTPOTOTECHHBIN
(dbaxkTop B MOYBOOOPA30BAHMHU MOKHO CUUTATH BEYIIHM.

HccnenoBanusi 10 3arpsi3HEHUIO TIOYB  YPOAHW3UPOBAHHBIX TEPPUTOPHUI
MPOBOAATCS KaK OTEYECTBEHHBIMU aBTOPAMU, TaK U 3apyOCKHBIMHU.

Ha tepputopun rora ToMckoil 00JacTH MHOTHE TOJIbl HCCIEIOBAHHS TIOYB
BBINOJIHAIOTCS coTpyaHukaMu TI'Y. Haumnas ¢ 90-X ronoB, uzydeHUE 3arps3HEHUs
MOYBEHHOI'0 TTIOKPOBA BBIMOJIHSIETCS Ha 6a3e kadeaphl reodkoorud u reoxumun TITY.
Umeercs psan paboT MO HM3YYEHUIO COJACPKAHUS PEIKHUX, PEAKO3EMENbHBIX U
PaIMOAKTUBHBIX 3JEMEHTOB, a TaK)KE€ MHUHEPAIbHOW COCTABIAIONIEH TEXHOTCHHBIX
0o0pa3oBaHMi B MOYBaX MW MbBLJICAIPO30JIIX HA TEPPUTOPUU TOMCKOTrO paiioHa H
HEKOTOPBIX JIpyrux peruoHoB Poccum (PuxBanoB u ap., 1993; Dxonorus ..., 1994;
lNonesa, 1994, 2001, 2007; f3ukoB, Puxsanos, 1996; S3ukos, 2006; Kopusk JI.B.,
2009; S3uxoB u ap., 2010 u np). Takke NMPOBOJUINCH UCCIEIOBAHUA 110 U3YUYEHUIO
OTJIETFHBIX XUMHYECKHUX 3JIEMEHTOB B IPUPOAHBIX 00BEKTaX, B TOM YHCIIC U B ITOYBAX
3anaguoit Cubupu u r. Tomcka (Anomus . H., u np, 1995; Jlsnuna E.E., 'onoBankas

E.A., Ummomuros 1.1, 2009).
20



[TaBnosori H.H. u np. nmpoBeileH KOMIUIEKCHBIM aHAIU3 COJACPIKAHUS TIKEIBIX
metamoB  (Cu, Pb, Cd), aktuBHoctu paauonyknuaoB (137Cs, 232Th,) wu
(GyHKIHOHATBHO-OMOXUMHYECKOTO COCTOSIHUS MouB . OOHUHCKa [14].

F. Mireles, J.I. Davila J.L., Pinedo E. Reyes , R.J. Speakman , M.D. Glascock
pOoaHaIU3UpOBAIA MOYBbl roponoB Cakarekac u ['yamanyne Ha coaep:kaHue
TOKCUYHBIX METAJUIOB, PE3YJbTaThl MOKa3alu BbicOKoe conepxkanue Cs, Zn, As, and
Sb [15].

Hy6posckoit C.A. mpuBOAMIACH OLIEHKA COCTOSIHUSI TOPOACKUX Mo4B OpcKo-
HoBoTpounikoro nmpomysna. B kadectBe mpeameTa m3ydeHus Oblia BhIOpaHa TpyIina
TM — Cu, Zn, Co, Mn, Ni, Pb, Cd, Cr [16].

JlapuonoBeiM M.B. mnpoBeaeH MOHUTOPUHI TOpPOACKHUX I0YB CpemHero u
Hwxnero IloBomxkbsa. Pe3ynpTaThl mokasanu, 4TO NMPUOPUTETHBIMHU ITOJUTIOTAHTAMH
TOPOJICKUX TOYB SIBJIAKOTCS CBUHEL, MEAb U LIMHK [17].

KmumentbeBoiM A.W. u [lonskoBeim JI.I'. 6611 ipoBeieH MHOTONETHHM (1992 —
2002 rr.) MOHMTOPMHI TIOYB CcenUTEeOHBIX Tepputopuil OpeHOyprckoi obnacTy,
KOTOPBIM BBISIBUJI OCHOBHBIE 3arpsI3HUTENIM MOYB TOPOJOB: CBUHEL, LIUMHK, MEAb U
kagmuii [18].

[ToroBoii JI.D. OBLT OILIGHEH YpPOBEHb 3arps3HEHUs TMOYBEHHOTO TOKPOBA
OCHOBHBIX (DYHKIIMOHAJIBHBIX 30H ApXaHreiabCKa TSDKEIBIMU MeETallaMH 10 HX
BaJIOBOMY cojiepkanuto [19].

CunuoBsiMm  A.B., bapmunsim  A. H., Bamoeim M. B. ObUIa [JaHa
XapaKTepUCTUKA 3arpsA3HEHUS] MOYB TSKEJIBIMA METAJNIAaMU Ha TEPPUTOPUM TOpOJa
Actpaxanu [18].

Kypammua 2. M., Kypammmna H. I'., HypraunoBa 3. 3., UmameB VY. b.
HcciienoBany HakomuieHue Tsokelnbpix MetauioB (Cu, Zn, Ni, Pb, Cd) B mouse
ropoAckux tepputopuii Pecriyonuku bamkoproctan [20].

Psnom yuensix 1. Cankr-IlerepOypra ObuiM TpPOBEIEHBI HCCIEAOBAHUS 10
COJIEP’KAHUIO PTYTH B ITOYBAX ropojia B IIEJIOM U B OT/ICJIbHBIX palioHax [21, 22].

N3yuenue coaepkaHusi pPTYTH B TMOYBaX PAa3jIUYHbIX TUIOB (OHOBBIX

TEPPUTOPHIl POBOJUIIOCH PAOM YUEHBIX €BPOIEHCKOr0 CEBEPO-BOCTOKA, Tak B 2005
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roJly TPOBECHB M3MEPEHUSI BaJOBOTO COJACpKaHWsI PTyTH B 148 oOpasmax mous,
OTOOpaHHBIX HA HE3arps3HEHHBIX (OHOBBIX TEPPUTOPUAX  YXTUHCKOTO U
CocHoropckoro paitoHoB [23]. B ¢Bsizu ¢ npoektupoBanureM Bogoxpanuiuil ['IC Ha
p. Katyab ObUTH M3y4deHBI MOYBHI JAHHOW TEPPUTOPHUH, TIOTIATAFONINE TI0]] 3aTOIIJICHUE,
Ha COJIepKaHue pTyTu [24].

byrako E.B., u 3apunoB P.X. ucciaenoBaiv coaepXaHuW€ PTYTH MOYBAX
yCTheBOM yacTu AHrapo-benbckoro mexaypeuns (Mpkyrckas o6macTs) [25].

gpela Bavec, Mateja Gosar , Harald Biester, Helena Gréman mnpoBoauiu
TEOXMMUYECKHE UCCIAEOBaHUSI TOpPOACKUX MouB ropona HWMapuss (CrnoBenusi) Ha
COJIEpKAHUE PTYTH U APYTUX TSKEIBIX METAILIOB [26].

B nouBax r. Tromenu IlluraGaeBoit I'.H. Hapsamy c Apyrumu TSKEIbIMU
MeTaJIJIaMU YCTAHOBJIIEHO BAJIOBOE COZIEp KaHue pTyTH [27].

Karonoit B.M u ap. ObulO NpPOBEAEHO UCCIENOBAHUE IO COJEPKAHHUIO
TOKCUYHBIX METAJUVIOB B  OKpyXawliel cpeae ropoga brnaroeemeHcka u
brnarosemnienckoro paitona AMypckoit ooactu [28].

[Toxypenr O.U. 6bU10 OmnpeneneHo

COJICp’)KAHUE  TSDKENIBIX  METalIOB B
MOYBEHHOM MOKPOBE r.
HoBoxky3nenka [29].

[Io pe3ynpTaram WuCCIECAOBAHUN
JIasmuuoin E. E.[30] B 1. Tomcke
dbopMHUpOBaHHE  OPEOJIOB  pacCesHUs
pTYTH B MoYBax CBSI3aHO c
JESATEIBHOCTHIO psijia  ITPOMBIIICHHBIX
OPEeNNpHUsITH, a Takke C peabedom

TEPPUTOPUU u npeo0sIa aroM

Pucynok 1.3 — Pacnpenesenue HampasJeHUEM BeTpa (pucyHok 1.3).

coJIepaHus PTYTH B TTouBax r. ToMcka,
Hr/t [30].
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[TogBuxHast GopMa pTyTH B MOUYBAX, OTOOPAHHBIX HA KWJIOW TEPPUTOPHUU T.
Camapsl, ObuTa onipenesneHa B padote Jlo6auesa A.JIL. u np. [31].

B nenbte p.JloH MPOBOIUIUCH UCCIIEIOBAHUS IO COJAEPKAHUIO PTYTH B MOYBAX
¥ B JIOHHBIX OTJIOKEHUSX, TAK KaK OTH KOMIIOHCHTHI SIBJISIOTCS OYCHb OJIM3KUMHU TIO
CTPYKTYPHBIM OCOOCHHOCTSIM U BBITTOJIHSIEMBIM 3KOJIOTUYECKUM QYHKIUsAM [32].

®dTop TUNWUYHBIN JTUTOGUIBHBIA 3JIeMEeHT. Ero cojaepkaHue u IOBEJCHHUE B
MOYBaxX MHUpPa M3y4aJIOCh MHOTMMH HCCIIEIOBATEIAMU M TOJYYECHHBIE PE3YJIbTAThI
CBUJICTEIBCTBYIOT O TOM, YTO CBOWCTBAa (PTOpa BecbMa pa3HOOOpa3Hbl, a YPOBEHb
COJIEp’KaHUI B IMOYBE 3aBUCUT OT MPUCYTCTBUS IJIMHUCTBIX MUHEPAJIOB, BeJIMUnHbI pH,
KOHIIEHTpauui kanblus u ¢ocdopa. MurepBan comepxkanus Gropa B MouBax MHpa
u3menarcs ot 10 go 1500 mr/kr. ConeprkaHue Bo3pacTaeT OT BEPXHUX TOPHU30HTOB K
MaTEpUHCKON  (IMOYBOOOpA3yIONICH) TMOpOJAe,  SIBISIONIEHCS €ro  OCHOBHBIM
ucrtounukoMm. Hawubonee pacmpoctpaHeHHON ¢opmoi ¢Topa B MOYBaX CUMUTAETCA
¢dropanarur. OgHAaKO HM3BECTHO, YTO B IOYBAX MPUCYTCTBYIOT TAKXKE HEKOTOPHIE
bmoopuner  (CaF,, AlF;) u amomocunukatel (Al2(SiFg),). ®Ptop obOmamaer
CIIOCOOHOCTBIO JIETKO 3aMellaTh B TJIMHUCTBIX MHUHEpalaX TUIPOKCHIIbHBIE TPYIIIbI,
KOTOpBIE CIOCOOHBI CBSA3BIBATH €T0 OOJBIIYI0 YacTh B MOYBaxX. Y CTAHOBJIIEHO, YTO
000raieHHOCTh TOYB TJIMHUCTBIMU YacTUIIAMH OOBIYHO OKa3bIBaCT HauOOJIbIlIee
BIIMSIHME Ha pacnpeereHue gropa B mouyBeHHOM npoduie [33].

Ob6miee comeprkanue (GTopa B MOYBax KOJEOJIETCS B OYCHBb MTUPOKOM JIHAMA30HE
— ot cienoB a0 184000 mun-1. B mouBax TyHapsl ¢ropa coaepxkurcs 30-200 miH-1, B
noA30aucThix mouBax — 150-280, necubix 130-320, uepnozemax 130-240,
kamrtanoBbix 100-320, B kpacHozemax 70-150 mun-1. B cpennem comepkanue ¢ropa
B rtouBe cocrtassaeT 200 MJIH'I[34].

B npupomnpix ycnmoBusx (TOp BCTpedaeTCs IMOBCIOAY, MPEUMYIIECTBEHHO B
BU/JIE HEOPTaHUUYECKUX cojiel — GTopunoB. B opranusme yenoBeka COAEPKUTCS OKOJIO
4,0 r pTopa. O6paiaer Ha ceOsi BHUMAHKE €ro BHICOKAs PEAKIIMOHHAs CIIOCOOHOCTD, a,
CJIeOBaTeNbHO, M OWoJoTHYecKas akTUBHOCTh. DTOp mocTymaeT B OpraHms3M, B
OCHOBHOM, C TUIIEeld U nMuTheBor Bojoil. Coaepkanue ¢ropa B Bojae cBbiie 1,5 Mr/n

paccMaTpuBacTCiA KaK IMOBBIIICHHOC HW  MOXCT HNPUBOAHUTL K  IIOSABJICHHIO
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IHAEMHUYECKOTO (Iroopo3a. MexaHu3Mbl TOKCHUECKOTO JeHCTBUS (DTOpa 3aBUCAT OT
dbopMBI COeTMHEHMsI, TTOCTYMAIOIIETO B OpraHu3M. Bapixanme raszoobpasHoro ¢ropa
(F,) — cunpHeNIero OKUCIUTENS — IPUBOAUT K PE3KO BBIPAKEHHOMY Pa3Ipa)KCHUIO
JbIXaTeNbHBIX MyTel. B ocHOBe Takoro spdexra JeKUT caMblii BHICOKHI MOTEHIHAI
peaKuuu Mo CPaBHEHHUIO CO BCEMH BO3MOXXHBIMHU IpolieccaMu B npupone. [loatomy
dTOp BCTymaer BO B3aMMOJEHCTBUE HE TOJBKO C OPraHMYECKUMHU KOMIIOHEHTaMU
KUJKUX Cpel OpraHu3Ma, HO pasjaraeT M BOAY C BBIJICICHUEM 3HAYUTEIHHOTO
kosmuectBa tema. [laper HF upesBbrdaiino toxcmuner (IIJIK=0,5 mr/m’), mpudem
SPKO BBIpAXEHO O0E3BOXKHMBAIOIIEE EHCTBHE HA KIETKHM TKAHEH JIbIXaTEIbHBIX
nytel [35].

HakamnmBasice B mouBe, (TOop yXyaumaeT €€ CBOWCTBA, HWHTHOUPYET
OMOJOTUYECKUE MPOIIECCHI, CHUKACT MPOAYKTHBHOCTh pacTeHuii [35].

JIocTaToOYHO XOpOIO U3YYEHO U PACCMOTPEHO B JIUTEpaType moBeaeHue propa
B atmocdepe (['aboBuy,1957; IaBbinoBa u ap.,1980; Ilanos,2006), ero BiausHUE Ha
yenoBeka u kUBOTHBIX (Kaymanckwii,1937; JlpsikoB u ['omyOenmeBa, 1947,
["ab6oBu4,1957; 'aboBuy, Munx, 1979). Umeercs psan myoaukanuii mo BIUSHUIO GTopa
Ha cBoiictBa mouB (Ilepempman,1973; KpemnenkoBa u ap.,1993,1985; Kabara-
[lennunac,1989; Konapbaesa,1990; TapankoB, MartseeB,2000; Epwmomnos, 2002;
Konap6aera, 2004). OpgHako 1O psJy BOIPOCOB HCCIEIOBATEIM HE MPUIUIM K
eAuHOMY MHeHuto. He oJHO3HaYHBI MHEHHUS HCCIIEIOBATENIE O BO3MOXKHOCTH
3arpsi3HEHUs] PACTEHUM U3 MOYBBI, BIMSIHHUIO CBOMCTB MOYB Ha 3aKperuieHue (PTopuaos;
HEJI0OCTATOYHO BBISICHEHBI JICTANM MepeMenieHust propa 1o mouBeHHOMY MPOQUITIO; IO
NOBEEHUIO (PTOpa B pacTEHUSX, €T0 NepeMeneHuto [36].

[Tononckum B.W. u Ilononckon /I.E Ha OCHOBaHMM JIUTEPATYPHBIX HAHHBIX
MpOaHAIN3UPOBAHBI MEXAHU3MbI MOCTYIUIEHUS, PACHPOCTPAHEHUS U AKKYMYJISIUU
dbTopuA0B B 1OYBe U pacTeHusx [37].

Ouensb ocTpo cTout mpobiema 3arpssHeHus: propom B KpacHosipckoM kpae,
VMCTOYHUKOM TIOCTYIUICHHSI OOJBIIIOTO0 KOJMYECTBa (PTOpa B OKPYKAIOIIYIO CPEIy
ABJISIETCA AJIOMHUHHUEBBIA 3aBOJl, BIIMSIHUE JIEATEIBHOCTH 3aBOJA HA OKPYKAIOUIYIO

cpedy pacCMOTPEHO HECKOJIbKUMHU aBTOpamu [34, 36, 38, 39].
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OcoOenHoctu JUTUTENBHOTO 3arpsA3HEHUs IMOYBEHHOTO IIOKPOBa
BOJIOPACTBOPUMBIM ()TOPOM B paiiOHAX PACIOJIOKCHUS ATFOMUHHUEBBIX TPEANPUSTAN
Xakacum paccMoTpeHbl B pabote 3Hamenckoi T.U. [40].

Tpurybom  B.M.  ObmM  yCTaHOBIEHBI ~ SKOJOTO-T€OXMMHYECKHE U
reorpaoreHeTHYecKue OCOOCHHOCTH pachpocTpaHeHusi (GTopa B IOYBAX CEBEPO-
3anagHoro [IpuuepHomopsst Ykpaunsl [41].

Onenka oOmero comepxaHusi ¢Topa M €ro MOABIXHBIX (GopM B MOYBax
NPUIOPOKHBIX TeppuTopuii MockoBckoi obnactu Obuta nana Ilerpenko J.b. u np.
[42].

JKuBbie opraHm3Mbl, Kak HamOoJiee TUHAMWYHAST KOMIIOHEHTa JaHmiamadra,
BCErJa pearupyroT Ha Jr000e M3MEHEHHE B HEM JaXe NpHU OTCYTCTBUM BHUIUMBIX
HApYLWIEHUH B JAPYTUX COCTABIAOMMX. lloCTyrmiueHne BBICOKMX KOHLEHTpalun
XUMHYECKUX BEIIECTB B OKPYXAIIIYIO CPEAYy OTPAXaeTcs Ha AJIEMEHTHOM COCTABE
pactutenbHOCTH [43].

PacturensHOCTE  SABISIETCS  BaXXHEWINIMM  KOMIIOHEHTOM  OHMOIeolleHO3a,
00€ecreurBaOIIMM  KU3HEJEATEIbHOCTh  JAPYTHMX  OHOTHYECKHUX  KOMITOHEHTOB.
W3MeHeHus: pacTUTENBbHOCTH MOJ ACHCTBHEM PA3IMYHBIX (DAaKTOPOB BHEIIHEW CpEabl
BIUSIIOT HAa COCTOSIHME OHOTreolneHo3a B 1I€JIOM U, BCJIEACTBUE HTOr0, MOTYT
WCIIOJIb30BaThCA B KAYECTBE TMArHOCTUYECKUX NPU3HAKOB. OUTOMHIMKALMSA, KAK OJHO
U3 HampaBlIeHUH OHouHIMKanuu, copmupoBaioch eme B XIX B. B CBS3U C
HEOOXOJMMOCTBIO PEIICHUS MPAKTUYECKUX 3a7ad [JIsl ONpeNeeHUs TIIyOHHbI
3aJeraHus. TPYHTOBBIX BOJ, 3aCOJICHUS, TE€OXHMMUYECKHX AaHOMAIMK W T.I.
OUTONHAUKALMA MOXKET OCYLIECTBIATHCSA MO OTBETHOW PEAKUHUU PACTEHUU y BUJIOB,
HamOoJiee YYBCTBUTEJBHBIX K OTACJIbHBIM HWHIPEIUMEHTAM, WIH [0 HAKOIUJICHUIO
BpE/IHBIX BEUIECTB B TeJI€ pacTeHuil [44].

NHaukaTopHble pAaCTEHUsI HCMOJB3YIOT KakK JJig BBISBICHUS OTIEIbHBIX
3arpsi3HUTENICH BO3/lyXa, TaK U ISl OLIEHKH OOIIEro COCTOSIHUS MPUPOIHON cpensl. B
Ka4eCTBE MHAMKATOpPA 4YacTO HCIIOJIB3YIOT PACTEHUS TOMOJISA, ITOCKOJBKY TOIOJIb

XOpOIIIO BIIUTHIBAET aTMOC(EpHOE 3arpsi3HeHUE U ObICTpO pacTeT [45].
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buoreoxumuueckuid MeTOA UW3HA4YaIbHO OBLT pa3paboTaH Al TOUCKOB
MECTOPOKACHUIN IMOJIE3HBIX MCKOMAEMBbIX, HE BBIXOAAIIMX HA MOBEPXHOCTh. ONHAKO,
OH TaKXe SBJISIETCA BEChbMa IEPCIEKTUBHBIM ISl MHIWKALMA U OLUEHKHU 3arps3HECHUS
ypOaHU3UPOBAHHBIX TEPPUTOPHIA TSHKEIBIMU METallJIaMH BCIeACTBUE (OPMUPOBAHUS
TEXHOT€HHBIX IMOTOKOB MHWHEPAJbHOIO BELIECTBA IOJ BIHUSHUEM AaHTPOIOTE€HHOTO
(TEXHOTE€HHOI'0) BO3AECHCTBUS MPOMBIIIJIEHHBIX MPOU3BOACTB HAa OKPYKAIOILLYIO0 CpEIy
[46].

Pactenus, y4yacTBys B N€OXMMHUYECKHX MpOLECCaxX, MOTJIOIIAT MUTATENbHBIE
BEIIECTBA W3 NOYBbl. XHMHWYECKHW COCTAB PACTEHHM B 3HAYUTEJIBHOW CTENICHU
ONpEaEseTCs XUMUYECKUM COCTaBOM IOYB, OJHAKO HE MOBTOpseT ero. bmaromaps
CIIOKUBILIEMYCSl THUILy OOMEHa BEUIECTB pAaCTeHUS U30UPATENbHO MOTJIOMIAIOT
NPEUMYIIECTBEHHO HEOOXOAUMBIE UM 3JIEMEHTHI B KOJMYECTBAX, COOTBETCTBYIOIIMX
uX (U3MOJIOTUUECKUM U OHOre€OXMMHUYECKUM NOTpeOHOCTsIM. Bo3MOXHBI ciyuyau
BBIHYKJEHHOTO MMOCTYIUIEHUS BPEAHBIX IS KUZHEAECATEIbHOCTU PACTEHUM 3JIEMEHTOB
WIN HEOOXOIMMBIX UM 3JIEMEHTOB, HO B KOJMYECTBAX, TOKCUYHBIX JJISI UX Pa3BUTHA,
BCJICZICTBME YEro BO3HUKAIOT CBOEOOpa3Hble MaToJornyeckue (popmbl, Hapylaercs
IIUKJI pa3BUTHSI PACTEHHUSI, a B psJIE CIIydaeB HaOII0AaeTcs U ero rudens [46].

YMEHbIIEHUE KOJUYECTBA AJIEMEHTAa B MOYBE MNPUBOAUT K YMEHBUIEHUIO €TO
COZEP/KAHUS B PACTCHHH, T.€C. PA3BUTUE PACTECHUS U €T0 XMMUYECKUN COCTaB 3aBUCST
OT TreoxuMuueckoi cpenbl (umutupyrouwmii ¢akrop). A.JI. Kosanbckuii [47]
pa3zenui pacTeHus MO THUIY MOTJIOMICHHUS] XUMHUYECKUX 3JIeMEHTOB Ha 0e30apbepHbie
u OappepHbie. CopepkaHue METaUIOB B 30Jie 0e30apbepHBIX pPACTECHUN pacTeT
IPOMOPIMOHANILHO COJIEPKaHUI0 €ro B cpere. B OappepHbIX — HMeeTcs Hopor
KOHILICHTPAlMU, BBIIIE KOTOPOTO PACTEHHE IPEKPAIAET MOrJIOIATh SJEMEHT, HE
CMOTpsSI Ha YBEJIMYEHHE €ro coJepkaHuss B cpene. bapbepHble pacTeHus
MOJIPA3JIENSAIOTCSl Ha HU3KO-, CpellHe- M BBICOKO OaphepHbie. Takum oOpazoM, mpu
OY€Hb OOJBIIMX KOHIIEHTPALUAX XUMUYECKUX AJIIEMEHTOB B CpPe/ie Y MHOTMX pPacTeHUMN
IPOSIBIISIFOTCS 3aIUTHBIE MEXAHU3MbI, KOHTPOJIMPYIOUIUE MMOCTYIUICHHE 3JIEMEHTOB B
JONYCTUMBIX TIPEAENAaX, HA3bIBAEMBIX IIOPOTOBOM KOHUEHTpauueil. Iloporoseie

KOHIICHTPAllMd WMEIOT HE TOJIbKO BEpXHHM mpenen, HO U HWKHHA. OOBIUHO Y
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OpraHn3MOB 3a MpeeiaMyd MOPOrOBOM KOHIIEHTPAllMM HAYMHAIOT MPOSIBIATHCS Kak
¢duznonornueckue, Tak U Mopdonornyeckue u3MeHeHus. besdbaprepHble OpraHu3Mbl
HE MMEIOT ATHUX MEXAHU3MOB PETYJISLUUU MOCTYIUIEHUS XUMHUYECKUX JJIEMEHTOB, U
MOATOMY OHU MOTYT CYILIECTBOBATh B CPEAE, COAEPKAIICH ONMPEAEICHHOE KOJIUYECTBO
ajieMeHTOB [47, 48].

B HacTosimiee BpeMs 3HAUMTEIBHOE BJIMSHHE HA HAKOIUJIEHUE JJIEMEHTOB B
PaCTUTEIBHOCTH OKa3bIBACT TEXHOTCHHBIN (haKTOP.

['eoxuMuyeckasi SKOJIOrUsl pacCTEHUA — OJIHO W3 HallpaBlieHUH OHMOreOXUMUH,
CJIOKHJIaCh KaK KOMIUIEKCHAS TUCIMIUIMHA, OXBAaThIBAIONIASl PA3JIUYHBIE MPOSBICHUS
KU3HEJEATEIbHOCTU PACTCHMUIA.

['eoxumuyeckass  9KOJOTMs  TOJy4YHJia  HaydyHoe  OOOCHOBaHME B
byamamenTanbabix Tpyaax B.B. Kopambckoro [47], koTopslii chopMynupoBai ee
OCHOBHBIE TMOJIOKEHUSI U HAMETUJI MEPCIEeKTUBbI JAAIbHEHUIIIEr0 pa3BUTHUSI, OCOOECHHO
aKTyaJbHble B BEK OYpHOTO TE€XHOreHe3a Hooc(epbl, KOr/la 4YeJOBEYECTBO AKTHBHO
BO3JCHUCTBYET HA MPUPOJIHBIE IKOCUCTEMBI HAILLIEH TIJIAHETHI.

Bonbuioii Bkiaa B pa3BUTUE HAYUHBIX 3HAHUN 00 3JIEMEHTHOM COCTaBE >KHUBBIX
OpPTraHU3MOB BHECIU yUEHbBIE CHOUPCKOTO PETHOHA, YTO OTPaKEHO B MHOTOYHCIICHHBIX
pabotax nocnenuux jet (MockButuHa, 1989, 1999, 2000; BopobneB, Mensenes u ap.,
1992; ITokatunos, 1992; Kypanosa, 1992, 2003; bosipkuna, baiikoBckuii, BacunbeB u
ap., 1993; Puxsanos, 1993, 2006, 2009; Axam u ap., 1994; Bonkotpy0, 1995; [Tomnos,
1996, 2000; Bbadenxo A.C., 2000, 2006; Casuenxo, 2000,2008; MockBUTHHA,
Koxanos, 2002; JIeonosa, 2008, 2009; Kypauos, 2009; u np.) [49].

YactuukoB U5 u ap., ucronb3ys KIACCUYECKYIO METOAMKY MOJIy4YeHHU ajabda-
paguorpaduil Ha TOJCTOCIOMHBIX SANEPHBIX (OTOIMYIBCUSX, HU3ydyal HAKOIUICHHE
anb(a-u3aydaTereil B TOAWYHBIX KOJBIAX JepeBheB Kaszaxcrana, m TeM CaMbIM
ONPENEIISUI IEPUOBI PATMOAKTUBHOIO 3arpsI3HEHUS U3ydaeMoi MecTHOCTH [50].

bep3una U.I'. ¢ ucnonp3oBaHUEeM MeTOAAa OCKOJIOYHOM paauorpaduu mzyuasna
pacnpenenenne W (OPMBI TPOSIBJICHUS ypaHa CTPYKTYPHBIX 4YacTAX JIEPEBHEB,

MIPOU3PACTAIONINX HA YPAHOBBIX MECTOPOXKIAEHUAX [S51].
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PuxsanoB JLII. mpoBoaui HCCAenOBaHUS NHO COBOKYITHOMY ONPENECICHUIO
ypaHa-235, miayToHusA-239 u Apyrux TPaHCYpaHOBBIX JIEMEHTOB B TOJUYHBIX KOJIbLAX
nepeBbeB TOMCKOM 001aCTH ¢ TpUMEHEHUEM paguorpaduyeckoro ananmsa [52].

CrebneBckoii H.U. um ap. Obuio u3ydeHO OHOT€OXMMHYECKOTO HAKOIUICHHUS
MHUKPO3JIEMEHTOB B MOYBax U pacteHusx Jlanpuero Bocroka [53].

Ha tepputopumn r. AcTpaxaHu psIOM aBTOPOB JaHa OLIEHKA COCTOSHMS
OKpY KaIoIIel cpeipl o pe3yabTaTaM ononHaukamu [54, 55, 56].

ConepxaHue TSKENbIX METAUIOB B JIMCTBSIX JPEBECHBIX M KYCTApPHHUKOBBIX
pactreHud r. TemupTay Npy pa3iIMYHOW AHTPOIOTCHHOW HArpy3Ke, a TAKKE B 30HE
JNEUCTBUSL METAJUTypruyeckoro komiiekca uzydeHo EcenxkonoBoit A.K. u [TanHuHbIM
M.C. [57, 58].

SAnantaunoBa A.P. B cBoeil paboTe mpoBoaWiIa HCCIEIOBAHUE XUMHUYECKOTO
COCTaBa JIMCTHEB TOMOJS Ha TeppuTtopun Tr. YcTb-Kamenoropcka (BoctouHno-
Kazaxcranckas oOnacth). B pesynbrare mnokasaHo, YTO OCHOBHBIMU 3JIEMEHTAMH,
KOHIICHTPUPYIOIIMUMUCS B JIUCThAX TOMOJS, sIBIsAtOTCA: Zn, As, Sb, Ag, Ta, U, Be, La.
Kpome Toro ycTaHOBJI€HO, UTO OCHOBHBIM MCTOYHHUKOM TOCTyIUIeHUs: Zn, Ag, Au, Sb
SIBISAETCA CBUHIIOBO-IIMHKOBBIM KOoMOmHaAT «Kaszumuk»; a Be, Ta, U — YapOuaCckuit
MeTaurypruyeckuii 3asop [59].

Takum 00pa3oM, Ha OCHOBE JIMTOT€OXUMUYECKUX M OHOT€OXMMHYECKUX
UCCJIEIOBAaHUI MOKHO J1aTh OLEHKY COCTOSTHUSI OKPYXKAloIIe cpeibl Ha KaKo-Tudo

TEPPUTOPUH.
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I'opoxg CrenHoropck

2 AIMHHHCTPATHBHO-Teorpadguyeckas u re03K0JI0ru4ecKas

XapaKTePUCTHKH TEPPUTOPUH

2.1 AiMMHHCTPATHBHO-Teorpadguyeckas XapakTepucTUKa

pacrnojyioxkeH B AKMOJIMHCKOM oOmactu PecrnyOnuku

KaBaXCTaH, B JICCOCTCIIHBIX paBHHHAX Kazaxckoro MejaKoCONOYHMKA. HHOHI&,ZIB

ropoja

cocTaBiager 15,5 ThIC. kB.M. Hacexenne 50900 yenoBek.

B

aIMUHUCTPATUBHOM TMOAYMHEHUH HAXONSTCs MOcenku: Akcy, 3aBojckoi, Illantobe,

bectio6e, Kapabynak, Kapuurka.
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2.1.1. Kapra Peciyommmku Kazaxcran

AKMoOIMHCKass 00J1acTh paciojio’K€Ha Ha CEBECPC HCHTpaHBHOﬁ qaCTu

PecriyOnuku Kazaxcran. ['pannunt Ha 3amage — ¢ Kocrawnaiickoil, Ha ceBepe — ¢

CeBepo-Kazaxcranckoii, Ha BocToke — ¢ [laBmomapckoit u Ha rore ¢ KaparanauHckoit

obmactsamu. Ilnomans tepputopun — 146 219 kB. kM. IlnorHOCTH HaceneHus - 5,1

YeJIOBEK HAa | KB. KM.
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Pucynok 2.1.2. Mecronosioxenue ropoja CTEMHOropcka cpeay Ipyrux
ropooB AKMOJIMHCKOM 001acTu

Penved Tteppuropun pa3HOOOpa3HbI: OOJBIIYI0O 4YacTh 3aHUMAIOT CTEIH,
MEJIKOCONOYHUKY, paBHUHHBIC CIA0OpacujI€HEHHbIE W PEYHbIC JOJUHBI, TOPBHI,
nokpbIThIe Jecamu. [lo xapakTepy penbeda 0651acTh MOXKHO pa3feNuTh Ha 3 4YacTu:
CEBEpO-3alaJHYI0 — PABHUHHYIO, IOr0-3alaiHYI0 — PABHUHHYKO C OTACIIBHBIMU
XOJIMAaMU ¥ BOCTOYHYIO — BO3BBIIIEHHYIO 4acTh Ka3zaxCKou CKIag4aToOu CTpaHBI.
CeBepo-3anagHas yacTh (mpuireraronas kK qonuHe Mimma, Ha yyacTke €€ ImoBopoTta K
ceBepy) IMpEACTaBISET PABHUHHOE IUIATO, PACWICHEHHOE CYXUMHU OBparaMu u
oankamu. K ngonmune Mmmma mmato oOpwiBaercs ycTynoMm. B 1oro-zamamHoil dactu
AxmonmnHckoi obnactu (rokHee p. Mimmma) npoctupaeTcst noBbllIeHHas: paBHUHA. Ha
Hell pa30pocaHbl MHOTOUHCIICHHBIE XOJIMBI C INIOCKUMU BEPIIMHAMU, & B TOHMKCHHSIX
MEXIY XOJIMaMHU — MEJIKOBOAHBIC COJIEHBIE M NPECHBIE 03€pa Pa3IMYHON BEJINYUHBL.
Ha BocTOoke AxMOIMHCKON oOmactu — Ta yacth Kazaxckoil ckiiaguaroil, Hekornaa
TOPHOW, CTPaHbl, BBIPOBHEHHOM IPOLECCAMM pa3pylleHus (IEeHyJalHuHu), B KOTOPOH
COXPAHWJICS CJIOKHBIM KOMIUIEKC XOJIMOB, I'PSIi U YBaJOB C MSITKUMHU OYEpPTaHUSAMU
CKJIOHOB, Ha3bIBa€MbIX 3JECh CONKaMHd (TaK Ha3bIBA€MBIM MEJIKOCONOYHHK).
OtHocuTenbHas Bbicota conok ot 5-10 M go 50-60 M u pexe no 80-100 M. @opma u

pPasMEpPLl XOJIMOB HM3MCHAIOTCA B 3aBUCHUMOCTH OT COCTaBa CcCliararomux IIOpPOA.
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Haubonee BbiCOKHME ¢ OKPYTIBIMUA BEPUIMHAMH COIKH CJIOKEHbI OOBIYHO T'PaHUTAMH,
comku ¢ eme Oojiee MOJOTMMU CKJIOHAMH U MSITKOKOHTYPHBIMH BEpIIMHAMU —
noppupamMu ¥, HA0OOPOT, OCTPOBEPXUE CONKH, KaK IMPaBUIO, U — KBapLHUTAMHU.
3aMKHYTbI€ KOTJIOBUHBI MEXIYy COINKAaMH, pa3MepaMH OT HECKOJIbKHX JECSATKOB
METPOB 10 HECKOJIBKMX JECATKOB KHJIOMETPOB B JUAMETPE, 4acTO 3aHATHI O3EPAMHM.
Kpaiinsas ceBepo-BocTOUHAss 4YacTh AKMOJIMHCKOM O0JIacTHM JIEKUT B Ipelenax
3anagao-CuOupcKkoit HU3BMEHHOCTH.

O0saCcTh OTHOCUTCSI K OCHOBHBIM 30JI0TOPYIHBIM MecTOpoKaeHusM. Hannuue B
TOM paroHe ABYX MOIIHBIX 30H nogaHAtus (Kokmerayckoro m EpmenTayckoro) u
IBYX 30H omyckaHus (TeHrusckue BHaguHbBI) ONPENEINUIM OCHOBHBIE YEPTHI
re0J0rMYeCKOro CTPOEHUS! PErMoHa U 00pa30BaHUs TEKTOHO-MarMaTUYecKoro LMKIIA.
OOpa3zoBaHue MECTOPOXKIEHUS 30J0Ta TEHETUYECKH CBSI3aHBl C JAMOPHUTAMH,
I'PaHOAMOPUTAMHU M TPAHUTAMU. 30JIOTBIE MECTOPOKICHUS MPUYPOUYEHBI K Y4aCTKaM,
IJI€ UMEET MECTO OCJIOKHEHHUE IPEBHETO (PyHAAMEHTA 3€MHOM KOPBI, BBIPAXKAIOILIEECS
B BUJIE AHTUKJIMHAJIBHBIX MOJHATUNA U CUHKIMHAJIBHBIX OMYCKAaHUHA. Y4YaCTKU APEBHUX
HOJIHATUH SIBJISIFOTCS OCIA0JIEHHBIMU 30HAMM, B KOTOPBIX MHTPY3UBHAs J€ATEIbHOCTh
IOpOSIBISUIACH B TEYEHHE JUIMTENBHOIO BpPEMEHM, 3aXBaThlBash pPa3jMYHbIC ATarlbl
TEKTOI'€HE3A.

YpaHoBsle MECTOPOKACHUS IIPEICTABIICHbI KWJIbHO-IITOKBEPKOBBIM
OpPYACHEHUEM B CKJIaJ4yaThIX KOMIUIEKCaX HOpoTepo30s U mnaneo3od. CymmapHbIe
3amachl MPOBUHIIMU COCTaBISAIOT 16,5% oT obuiux 3amnacoB Kazaxcrana. B HacTosiee
BpeMsl BeIeTCs J00bIYa ypaHa MaXTHBIM CIOCOOOM Ha MECTOpoXKAeHHH BocTok.

Taxxe Ha TeppuTOopun 00JACTH COCPETOTOUCHBI Pa3BEAAHHbIC YHUKAIBHBIC I10
CBOEMY COCTaBy M MAacIUTAaOHOCTH 3amacbl cepeOpa, MOJMOAEHA, TEXHUYECKHX
aJIMa30B, KAaOJMHA W MYCKOBUTA, a TaKXe >KEJIE3HOW pyAbl, KaMEHHOIO YIJId,
J0JIOMHTa, OOIIEpAaCIPOCTPAHEHHBIX IOJE3HBIX HMCKONAEMbIX, MUHEPAJIbHBIX BOJA U
JIe4eOHBIX Ips3eil.

[TouBEeHHO-pAaCTUTENBHBI TOKPOB AKMOJMHCKOM o00JacTd MpeAcTaBlieH
CTEMSIMU M OTYACTH MOJIyMYCThIHAMU. B 3aBUCMMOCTH OT penbeda U MoACTUIAIOIINX

opoJa MOYBCHHBIC KOMIIJIICKCHI U PACTUTCIIbHBIC aCCOMAIINN I-Ipel?.BI:nI‘-IaI\/IIHO IECTPhbI U
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pa3znooOpasnbl. K ceBepy oT MmmmMa pacmnosioskeHbl pa3HOTPABHO-3JIAKOBBIC CTEMH HA
IOKHBIX dYepHO3éMax ¢ OOJBIIMM KOJMYECTBOM COJIOHIIOB 110 TOHWKEHUSM U
CKEJIETHBIX MOYB II0 CONKaM. PacTUTENbHOCTh 3aCyXOyCTOWYMBA, IPEICTABICHA
KOBBUISIMH, TUITYAKOM, a TIO BO3BBHIIIICHHOCTSIM HEPEJIKO BCTPEUAIOTCS COCHOBBIE OOPHI.
Bcto 3anmannyio Tpeth AKMOJMHCKON 00J1acTy (TPOHUKAs BOJIb TOJIHUHBI p. MiinMa Ha
BOCTOK 10 ACTaHbl) 3aHUMAIOT 3JIAKOBBIE CTEMM Ha TEMHO-KAIITAHOBBIX IOYBAaX.
3aepHOBaHHOCTh MOYB 37ech cocTaBiseT Bcero 30-40 %. K BocToky oT AcTaHbl B
MIOYBEHHOM MOKPOBE 3HAYUTEIBHYIO pOJIb HAYMHAKOT UIrpaTh COJIOHIBI, a B
PACTUTENBHOCTH — TIOJIBIHM M TUMYaKd. B 10)KHOW yacTh AKMOJHMHCKON 00JacTH B
paiione o3epa TeHIrn3 Ha COJOHIAX M COJOHYAKAX PACIPOCTPAHSACTCS HECOMKHYTBII
MTOKPOB MOJIBIHEN U TUITYAKOB.

Knmumar obmactu pe3ko KOHTHHEHTaNbHBIA. JIeTo KOpoTkoe, Teruioe, 3uma
MPOJOJKUTENbHAS, MOPO3Has, C CHUJIbHBIMH BE€TPAMH W METENSIMU. MUHUMaJIbHAs
TeMIEepaTypa BO3QyXa cocTaBiseT cBbilie MuUHyc 40°C, MakcuMalibHas JOCTUTAET
rtoc 44°C.

PactutenpbHOCT,  mpeacTaBiieHa  CTENHBIMA — BUAAMHU  pPAa3HOTPaBbs U
COOTBETCTBEHHO JaHAmadTamM, OCOOCHHO B CEBEpHOW dYacTu OOJACTH, COCHOBO-
Oepe30BbIMU JIECAMH, PA3HOTPABHO-THIPCOBOM PACTUTEIBLHOCTHIO, KOTOPAsi MOKPHIBAET
CKJIOHBI rop. ['opHBIE COCHOBBIE JIeca — 3TO OOraTCTBO 00JIACTH.

JKuBoTHBIE MHp 0OJACTH OTIMYAETCS 3HAYUTEIBHBIM OOTaTCTBOM U
pasHooOpaszueM: 55 BumgoB wmiekonurawmux, 180 BugoB nrun, 300 BUIOB
BOJIOTUIABAIOIINX U JIPYTHUX.

Ha Tepputopum o6Omactu uMerOTcs [OCymapCTBEHHBIE HAIMOHAIBHBIE
npupoansie mapku «Koxmeray» u «bypabaii», Kopramxeinckuit ['ocygapcTBeHHBIN
3aMOBEIHUK MEXKAYHAPOIHOTO 3HAUCHUSI.

Bogamu AxmonuHckast obnacte OenHa. Pexu MenKOBOAHBI, HECYIOXOHBI,
MATAIOTCA 3@ CYET TAJIBIX BOJ U B MEHBIIEH CTETIEHU — TPYHTOBBIX HICTOYHHUKOB. JleTom
PEKM 4YacTO MEpEeChIXaloT, BOJla B HHUX CTAHOBUTCS COJIEHOBATOM. [ 'JlaBHBIE peKH
AxMonuHckoM oOmactu: Mmmm (mputok Hpteima) u ero nmputoku: Tepc-AKkaH —

cnera, XKabaii, Komyton u np. — cnpaBa. MHOTHE peKM OKaHYMUBAIOTCSA B OECCTOUYHBIX
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o3épax (pexu Hypa, Cenentbl, Ynentsl). [ecaTku 03€p 3aHUMAIOT KOTJIOBUHBI
MEJIKOCONOYHUKA U BO3BBIIIEHHOW paBHUHBI AKMOJIMHCKOM oOnactu. Hanbomnbime u3
HUX — coJiéHble 03épa TeHrus (Henaneko oT rpaHullbl ¢ KaparanauHckoil 001acTbio)
okono 40 km mmpunoi, Kanmbeik-Kosne u  gp., MeHpmme 1o pasMepam —
npecHoBoHble Ana-Konp, Illounasi-Kons um MHorue ap. bnaronaps HHU3MEHHBIM
OeperaMm MHOTHE 03€pa MEHSIOT CBOM OYEpTaHUs IpU CHIIbHBIX BeTpax [60].

I'opon CTenmHOTrOpcK pacioyiokKeH B CEBEPO-BOCTOYHON YacTu 00JIaCTH.

B reosornyeckom cTpo€HNH TEPPUTOPUU TOPOAA BBIAEISIIOT 2 sipyca. Bepxuuii
IpEeCTaBIsieT COOOM TIMHBI M MECKU HEOT€H-YETBEPTUYHOTO BO3PACTa, KPEMHUCTHIE
aJIEBPOJIUTHI U TMECUYAHUKU C raMMa-akTUBHOCThIO 10+40 mMxP/4. Penbed mectHOCTH
npejcTaBisier coboi TunuuHyo ans CeBepHoro KazaxcraHa XOJIMHUCTYIO paBHHMHY C
abcomoTHbIMU OTMeTKaMu 280-350 M HaK ypOBHEM MODSI.

['maBHOI yepTOl KIMMara SBISETCS €ro pe3Kask KOHTUHEHTAJIbHOCTh. CpenHss
rofioBas Temmeparypa Bo3ayxa cocraBiseT 2,0°C, cpeIHerofoBas OTHOCUTENIbHAs
BIIAXKHOCTh Bo3ayxa — 69-75%, cpenHerojoBas cKopocTh BeTpa — 5,9 mM/c. ['omoBas
amruintyna temneparyp nocruraetr 70 rpapycoB mo Llenscuro. CpennerogoBoe
KoJnM4ecTBO ocagkoB — 250-300 mm.

[Io mnoreHuuany 3arps3HEHHUss aTMOocpepbl C MpeoOdJaJaHUEM HU3KHX

HNCTOYHHUKOB BLI6pOCOB OTHOCHTCS K 30HC YMCPCHHOI'O 3arpsA3HCHUS.

CuaactiimBoro myTw!

b 4

Pucynok 2.1.2 Kapra-cxema teppuropun r. CTENHOropcKa
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[IpomblnIeHHAs TUIOLIA/IKA y1aJ€Ha OT ropoja Ha paccTosiHue ot 4 10 24 kM B
CEBEpPO-BOCTOYHOM HAIPABIEHUU C YYETOM PO3bl BETPOB JAHHOTO pailoHa. KumuniHoe
CTPOUTENICTBO  HBIHE  NPOAODKAETCS B CEBEPHOM U CEBEPO-3alaJHOM

HarnpaBJieHUsX [9].

2.2. XapaKTepuCcTHKA MPOU3BOACTBEHHOM J1eSITeJIbHOCTH

B mpombilUIeHHOW 30HE TEPPUTOPUU TOpOJia HAXOAATCS S5  KPYIHBIX
JNEHUCTBYIOIIUX MPOMBIIIJIEHHBIX NPEANPUATUN U poMIutomanka «[Iporpece»:

— AOQO «Crennoropckuii nogmunHuKoBeIi 3aBoJ (AO EINIK CrenHoropck);

— TOO «JIxer-7» (Crennoropckast TOLI);

- TOO «llenuHropmar»;

- I'M3 TOO CI'XK  (I'mapomeramnypruyeckuii  3aBog  TOO
«CTEemHOropcKuil TOPHO-XUMUYECKUN KOMOUHAT»);

— CK3 TOO CI'XK (ceprnokucnotabiii 3aBog TOO «CtenHOropckuii ropHo-
XAMHUYECKUI KOMOMHAT» ).

AO «Crennoropckuii nommunaukoBbid 3aBoji (AO EIIK CrenHoropck)—
MPOM3BOJCTBEHHOE MPEANPUATHE, CIEHUATU3ZUPYETCS  Ha BBIMYCKE POJIUKOBBIX
paguanbHbIX  MOJIIMIHUKOB NI KEJIE3HOJOPOKHOIO  TPAHCIOPTAa,  TaKXkKe
BBIITYCKAIOTCS BaroHHbIE OYKCOBBIC MOAITUITHUKH TSI YKEJIE3HOIOPOKHOTO
MOJABMYKHOTO COCTaBa; TOpOUJaIbHbIE (OeccemapatopHbie) MoAMMIHUKN [IpoekTHas
MOIIIHOCTG: 2,2 MIIH HOAIIUITHUKOB B TOJI.

TOO «J/xer-7» (Crennoropckas TOIL[) oOecreunBaeT TEMJIOBOM U
AIIEKTPUUECKOW DHEPrued, BOJIOCHAOKEHHEM W BOJOOTBEACHUEM MPEANPHUITHS U
HaceneHus ropoja. I[Ipennpustue paboTaeT Ha FIKMOACTY3CKOM yriie. Y CTaHOBJICHHAS
MoiHocTh TOL: anekTpuueckas - 180 MBT; Terosast — 002 ['kan/gac.

TOO «llenuuropmaiir» crnenuaIn3upyeTcss Ha MPOU3BOACTBE 00OPYIAOBAHUS U
3aIacHbIX yacTeu, KOMILJIEKTYIOIIHE K TOPHOPYJIHOM TEXHHUKE, K
DHEPTrOMPOU3BOASIINM OOBEKTaM, 3alMacHbIC YaCTH K JKEJIE3HOJOPOKHBIM T'PY30BBIM

BaroHaM, nNpCanpusaTusImM XUMHUUYECKOMN oTpaciu.
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I'M3 TOO CI'XK (ruppometaimyprudeckuil 3aBog TOO «CrenmHOropckuit
TOPHO-XUMHYECKUN KOMOHHAT») — IIPOU3BOJICTBEHHBIN KOMILIEKC
rOPHOMOOBIBAIONIMX M  IepepadaThIBAOIIUX —MPEAIPUSITHI, OCHOBOW KOTOPBIX
ABIIACTCA THApPOMETaUTyprudyeckuii 3aBoa.  Creumanusupyercss Ha mepepadoTke
YpaHCOAEpKAIEW pyabl M KOHLEHTPOB IMPUPOAHOTO YpaHa,  CEPHOKUCIOTHOM
COCTaBJISIOT MECTOPOXKACHUS «BOCTOK» M «3Be3aHOE», HA KOTOPHIX BEACTCS H00bIUA
ypaH-MOJUOIEHOBBIX U YPaHOBBIX pyx N0/13€MHBIM (LIaXTHBIM)
criocooom. IIpousBoncreennast MomHOCTh — 4000 TOHH 3aKUCU-OKUCHU ypaHa B TO/I.

CK3 TOO CT'XK (cepnokucimoTHblid 3aBog TOO «CrenHOropckuili ropHo-
XUMUYECKUN KOMOWHAT» ) — 3aBOJ] TIO POU3BOJICTBY CEPHON KHUCIIOTHI. [IpoekTHas
MOIIHOCTE — 180 TBIC. TOHH B I'OJI.

Ha mpommmomanke «IIporpecc», panee — CTEMHOTOPCKHN OMOXMMHYECKUI
3aBof «IIporpecc», pacnonaratorcsi NPEANPUATHSA, BBIIYCKAONME MPOLYKIIHIO
OMOTEXHOJIOTMUECKOT0 HaMpaBJieHUs (BaKLMHBI, CPEJICTBA 3aIUThl PACTEHUI, TOTOBBIE

onoxopma) [60].
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3 Meroauka 1 MeTOAbI HCCJIET0BAHNM

3.1 Meroauxka pador. OT60p mpod u NpoOONMOATrOTOBKA

B xoxe nmayuyHO-HccienoBaTeNbcKoH paboThl Ob1I0 0TOOpaHo 44 mpo6 mouB u
24 poObl TUCTHEB TOTOJS HA TEPPUTOPUH TOPOJA, KOTOpasi BKIIOYAET B ceOs KUITYIO
TEPPUTOPUIO U MPOMBINUICHHYIO TUIOMAAKY, TaKke ObI0 0TOOpaHo 3 mpoObl MOYBBI

Ha YCJIO0BHO-(GOHOBOHN Tepputopun. Cxema otOopa mpoO MpeicTaBieHa HAa PUCYHKE

3.1.1.

Pucynoxk 3.1.1 — Kapra-cxema ot6opa rmpod Ha TeppUTOpUHU Topoja

[Ipu otOope mpod® MOYB YUYUTHIBAIUCH HANpaBICHHE BETpa, JaHAIAa(THO-
MOP(OJOTUYECKHE OCOOEHHOCTH TEPPUTOPHUH, MOIIHOCTH HMCTOYHUKOB BBIOPOCOB,
0COOCHHOCTH TOPOJCKOM 3aCTPOMKH, a Takke TpeboBaHUs MO OTOOPY MpoO MOYB U
aucTheB. TpeboBaHus 1Mo oOTOOPY NpoO MOYB U JIMCTHEB PETIAMEHTUPYIOTCSA
HOPMAaTUBHBIMU JOKyMeHTamu [61, 62, 63, 64, 65], a Takke METOAUYECKUMHU
pekoMmeHaanusamu [66, 67] .

[Tpo6s1 mouB orOupanuck B KoHile utoHsa 2015 r. ¢ moBepxHocTHOrO ciost (0-
10 cM), mpeABapUTENbBHO OYMIIEHHOTO OT JIEPHOBOTO  CJOS, CHEIHaJIbHOU
npoO60OTOOPHOI JIOTAaTKOM, TOUYeYHBIM MeToAoM (pucyHok 2.1.3). Takoil mHTepBan
npo0 BBIOpaH MOTOMY, YTO B JIaHHOM CJIO€ MPOUCXOJUT MAKCUMAJIbHOE HAKOIUICHUE

IPOAYKTOB TexHoreHe3a [2]. OtobpanHbie TPOOBI TOYB (PUKCUPOBAIUCH B JKypHAJe €
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yKa3aHHEM: MOPSIIKOBOIO HOMEpPa, MecTa oTOopa mpo0, AaThl 0TOOpa, OMHMCAHUE MTOYB.
[TpoOb! yImakoBEIBAIMCH B MOJIMATHIICHOBBIE MEIIOYKH, 3aBSI3bIBAIIMCH, HyMEPOBAJIKCh.

O6pa3upl moyB uMeroT Maccy He menee 0,5 kr (pucyHnok 3.1.1).

[TonroroBka mpo® K aHAIUTUYECKUM MCCIEAOBAHUSAM BKIIOYAJIa HECKOJBKO
3TarnoB: MPOObI MPOCYIIUBAINCH IPU KOMHATHOM TeMIepaType A0 BO3IYIIHO-CYXOro

COCTOsIHUA, YAAIAIUCh BKIIOUCHH A (KaMHH, CTCKJIO Ilp)

Pucynox 3.1.3. — [IpoGomnoaroroBka 00pa3iioB MOYBbHI
[logrotoBka 1po0O MOYBBI K aHaIM3aM  CJIaraeTcsi M3  HECKOJIbKUX
MOCJIEI0BATEIBHO MPOTEKAIOIIUX ATAMOB: MPEABAPUTEIBHOE MOACYIINBAHUE MOYBBI,
yaajieHue JIIOObIX BKIIOYEHHM, TMOYBY pacTUpaAlOT M MPOCEUBAIOT YEpe3 CHUTO C
nuamerpom otBepctuil 1 MM (pucyHok 3.1.4). 3atem npoObl uzmensbuanuced a0 0,0074
MM Ha BuOpouctuparene MBU-1.
[IpoObl IUCTBEB TOMOJS OTOMpaNMCh B TOYkKax oTOopa mpoOd mouB. Macca

ouoreoxumuueckoil mpodsl coctaBnser 100 r ceiporo BemectBa. [IpoObl THCTHEB
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coOMpauCh Ha PACCTOSHUU BBITSHYTONH PYKH B CHEIUANbHbIE MPOHYMEPOBaHHbBIE
OymaxkHble KOHBepThl. OTOOpaHHbBIe TPOOBI (PUKCUPOBATUCH B )KypHAJIE C yKa3aHUEM:
HOPSIKOBOTO HOMEpa, Mecta oTOopa mpod, natbl ordopa, ommcanue. JIMCTba ¢
JIEPEBbEB  OTOMpATUCh BPY4YHYI0. MeTonrnka MpoOONOArOTOBKM 3aKJIIOYaeTcsi B

BBICYIIMBAHUH ¥ PYYHOM U3MEJIBUCHUH TTPOO.
3.2 MeToabl aHAJTUTHYECKUX MCCIEI0BAHUI

AHanmu3bpl MPOBOAWIMCH Ha 0a3e aHAIUTHYECKHX Jaboparopuii  ToMCKOTO
MOJIUTEXHUYECKOTO YHHUBEPCUTETa, Ha KadeIpe TEOIKOJOTHMH M TEOXHUMHH TIOJ

pykoBozactBoM H. A. Ocumnosoii.
3.2.1. Onpenesnenne prTyTy B OYBaX U JUCTHAX TOMOJIA

OnpeneneHve pryTd B [OYBAaX MPOU3BEAEHO C TMOMONIbIO aTOMHO-
a0COpPOIIMOHHOTO  METO/MAa  «IUPOJu3a». JlomoJHUTETbHO OBUIO  OMPEICICHO
CoJiepaHue PTYTH B JIUCThSIX TOMOJIA.

Meron  aroMHO-aOCOpPOLIMOHHOTO  aHaldW3a OCOOEHHO MPUMEHHM ISt
OTIpENICTICHUST CIICJIOB WJIM MaJIbIX KOJHMYECTB JJIEMEHTa B PA3JIMYHBIX OOBEKTaxX
OKpY>Kalollle cpelibl — BO/AAX, MOYBaX, pacTeHUsX U T.1. Ocobasi LIEHHOCTh aTOMHO-
a0COPOIIMOHHOTO aHAMKM3a JIJIT KOHTPOJIST OKPY>KAIOIIEH Cpebl COCTOUT B TOM, YTO W3
OJIHOT'O PacTBOPA MOCJIE Pa3IoKEeHHUs 00pa3lia MOKHO ONPEIENsATh MHOTHE SJIEMEHTHI.

Prytueiii  anamuzatop PA-915+ (pucynok 3.2.1.1) sABisieTcs 4acThiO
AHATMTHYECKOTO PTYTHOTO KOMIUIEKCA, OO0JIaMaroIIer0 BO3MOXXHOCTHIO BBITIONHSATH
OBICTpBIE CEJIEKTHUBHBIE M3MEPEHUs KOHIIEHTPALlUM PTYTH B aTrMOc(epHOM BO3IyXe,

T'a30BbIX ITOTOKAX, KUAKUX U TBCPABIX npo6ax.
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Pucynox 3.2.1.1 — Ananuzatop prytu PA-951+c npucraskoii [IMPO PA-951+

Jlnst TpoBeNeHMsI aHAJIW30B HCMOJIB30BAIMCH MPOOBI TIOYB, HCTEPTHIC Ha
MukpoBuopouctuparese MBU-1 1o cocrosiaus myapsl (0,0074 Mm) 1 ipoObI JIUCTHEB
TOTOJISI, UCTEPTHIE BPYUHYIO.

Macca aHanu3upyeMbIX HaBECOK Oblla MOJOOpaHa OMBITHBIM MyTEM U
coctaBisia 30 mr g npo6 moyB U 130 mr st mpod JMCTheB TOmos. JIJisi Kaxkaoi
mpoObl OBIJIO MPOAHAIM3UPOBAHO IO TPH HABECKH, B KAYECTBE PE3YIbTHPYIOIIETO

3Ha4YEHHsI Opanoch cpeaHeapUPMUTHIECKOE 10 TPEM H3MEPEHUSIM.
3.2.2 Onpenenenne propa B mouBax

Onpenenenne  ¢rTopa NOPOBOAWIM  METOAOM  MOTEHIHOMETPHUYECKOTO
TUTPOBaHMS ¢ PTOP CeNEeKTUBHBIM 3eKTpoaoM. Ha mpubope Anunon -4100 (pucyHok
3.2.2.1).

[ToTeHIIMOMETPUYECKUI METOJI aHajiM3a OCHOBaH Ha U3MEPEHUHU MOTEHIMala
AJNIEKTPOJia, TMOTrPYKEHHOr0 B pacTBop. BennunHa mOTeHIMala 3aBUCUT  OT
KOHIIEHTPAI[Mi COOTBETCTBYIOIIUX MOHOB B pacTBope. [loaToMy, u3MepuB MOTEHIAAT
AJIEKTPOJIa, MOTPYKEHHOTO B PAcTBOpP AAHHOW COJIM HEM3BECTHOW KOHIEHTpPALIHH,
MOYHO ONPEAEIIUTh COACPKAHUE COOTBETCTBYIOIIMX HOHOB B PACTBOPE. DIEKTPO, IO
MOTEHIIUATYy KOTOPOTO CYIST O KOHIEHTpAalMW OMpEAEIsieMbIX HOHOB B PacTBOPE,

HAa3bIBAIOT MHAWKATOPHBIM 3JICKTPOAOM.
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Ilo 3HayMTENPHOMY W3MEHEHHIO PA3HOCTH MOTEHIMAJIOB MEXAY JBYMs
NEKTPOAAMU: HMHAMKATOPHBIM JJIEKTPOAOM, MOTEHIMAT KOTOPOTO HM3MEHSETCS C
VU3MEHEHUEM KOHUEHTPALMM MCCIELYyEeMOro BEIleCTBa WM PEaKTUBA B PacTBOPE,
JNIEKTPOAOM CPAaBHEHMSA, IIOTEHIMAN1 KOTOPOrO IIpM TUTPOBAHUU  OCTAETCS
IIOCTOSIHHBIM.

[loTeHIMOMETpUYECKUIT ~ METOJX  aHaluM3a OCHOBAH HA  U3MEPEHUU
OKHUCJIUTEIHHO-BOCCTAHOBUTENBHBIX (AJIEKTPOJIHBIX) MOTEHIUAIOB, (YHKIIMOHAIHHO
CBSA3aHHBIX C KOHLEHTpAalHUel (aKTUBHOCTHIO) ONPENEISIEMOTO BEIIECTBA B PAaCTBOPE.
B kadecTBe MHAMKATOPHBIX JJIEKTPONOB mIpu omnpexneneHuu pH (B HameMm ciyyae
¢dTopa) pacTBOpa yallle BCETro UCMONb3YIOT CTEKIISIHHBIE 3JIEKTPOIbI WU AJIEKTPOJIbI U3
cypbMbl. OCHOBHBIMM IPEUMYILECTBAMU CTEKJISHHBIX JJIEKTPOJOB SBISETCA MX
HEYYBCTBUTEIBHOCTD K OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIM CHCTEMAaM M BBICOKAs
CEJIEKTUBHOCTB I10 OTHOIICHHUIO K NOHaM BOAOPO/IA.

IToTeHIMOMETPUYECKHUI METOJI aHAIN3a CIIYXKUT ISl ONIPEACIICHAS] AKTUBHOCTHU
MOHOB B pAacTBOpPax »JJIEKTPOJUTOB, a TaKXe U1 HU3MEPEHUS OKHUCIUTEIbHO-
BOCCTAHOBUTEIBHOTO IMOTEHLIMAJIA PA3JIMUHBIX cpex [68].

@Top omnpenemsyics B BOJHOM BBITSDKKE. BBITSDKKY TOTOBUIM IIYTEM
HNepEeMEIIMBaHUs IPO0 C MOMOULIbI0 MAarHUTHOM Memaiku B TeueHue 30-TH MUHYT,

OTCTauBaHHA, OCAXKACHMUA, (I)I/IJII)TPOBaHI/I}I M IIOCJICAYIOICTO OIIPEACIICHUS.
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Pucynok 2.2.2.1 — Aanon-4100

HNonocenekTuBHbIE 3IIEKTPOBI XapaKTepu3yrTCs Xxopouen
YYBCTBUTEIBHOCTBID M YaCTO IPUMEHSAIOTCSA [UIS ONPENEICHUs TAKUX HU3KUX

KOHIIEHTpAIMH, KaKk |1Hr/mi.

3.3. Mertoauka o0padoTKHN JaHHBIX

OO6paboTka  MOMYYEHHBIX  AHAJUTUYECKUX  JIAaHHBIX  MPOBOAMIACH  C
ucnonp3oBanueM mporpamm «Microsoft Excel 2010». Cratuctudeckass o6paboTka
JaHHBIX BKJIIOYaNa B ceOs pacyeT CTaHAApPTHBIX CTATUCTHUECKUX MapaMeTpoB
BBIOOpPKM (CpellHee 3HaueHue, CTaHAapTHas OIMOKa, MeAuaHa, MOJa, CTaHJApPTHOE
OTKJIOHCHHE, TUCTIEPCHSl, MUHUMAJIbHBIE U MAKCUMAaJbHbIC 3HAYCHUS, KOAPOUIIMCHT
Bapualuu, CTaHAAPTHBIE OLIUOKN).

Jlns  mocTpoeHWs TpaduUECKHMX MaTepHalioB  HCIOJIB30BaIUCh «Adobe
Photoshop v.8 CS», «Surfer 10».

NHTEHCUBHOCTP TEOXMMHYECKOW AHTPOINIONEHHOM aAHOMAJIMU OIPEHEIACTCA
CTEMEHbIO HAKOIUICHUS 3JIEMEHTA-3arpsi3HUTEISI IO CPABHEHHUIO C MIPUPOIHBIM (HOHOM.

[TokazaTenem ypoBHSI aHOMaJIbHOCTH COJEPKAHUM DJIEMEHTOB ABJIIETCS KOAPOUIIMEHT
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koHUeHTpamu (KK), KOTOpbIi pacCUMThIBAICS KAaK OTHOUIEHHE COJEpKaHUA
3JIEMEHTa B MPUPOHOM cpeie K ero (POHOBOMY COAEPKAHUIO:
KK =CiC, , (1)
rae C — coepKaHue 3JIEMEHTa B IPUPOIHOU CpeEE,

C,— GoHOBOE coziepKaHKE IEMEHTA.

42



4 Pe3yJbTaThl aHAJTUTHYECKHUX MCCJIEIOBAHUI

4.1. Conep:xxaHue u pacnpeaejieHue pTyTH B IOYBAaX HA MCCIeAyeMOil TepPpUTOPHHI

PTyTh B OYBEHHOM MOKPOBE pacipeaesieTcss HeOJHOPOIHO, KOHIIEHTpAIUU €€
3aBUCST OT YPOBHS COJEPKaHUS PTYTH B TOYBOOOpa3yrIuX nopoaax [69].

KoniienTpupoBanue pTyTd B OYBaxX MPOUCXOJAUT B OCHOBHOM B BEPXHEM CIIO€
Y CBsI3aHA C YPOBHEM COJICpXKAHUSI OPraHUKH, xemesa, cepol [70,71].

ITouBa, KOTOpasi HAXOAUTCA HA TMEPECEUCHUU BCEX TPAHCIOPTHBIX MyTel
MUTpAIMd XUMHUYECKUX DJIEMEHTOB — HamOoJiee YyTKUM HHAUKATOP T'€OXHMHYECKOM
obctanoBkM B nanamadTe [72,73,74].

BaxneitmmM (akTopoM paccewBaHUS PTYTH B HIDKHHX CJOSX aTMOChEpHl,
OTIPEICIISIFONIMM OCOOCHHOCTH pacIipe/ie/IiCHUs Ha IMOJCTUJIAIONICH MOBEPXHOCTH €€
aHOMAaJIuH, SIBISIOTCS METeoycloBUsl. KOHTYphl MOYBEHHBIX MHOTOJETHUX aHOMAJIUMA
pTyTH atMoc(hepHOTO TeHe3rca POPMUPYIOTCS B 3aBUCUMOCTH OT CPEIHEMHOTOICTHEH
roJIOBOM pO3bl BETPOB, & OUEPTAHUs 30H HAKOIUICHUsS] PTYTH Ha CTEOJIIX pacTCHHUI
TaKkK€ B 3HAYUTEIIBHOW MEpe 3aBUCAT OT CE30HHOIO0 MPUOPUTETHOI'O HAIPABICHUS
BEeTpOB [54].

ITo pe3ynbratam aHanu3a OMPEACIICHO, UTO COAEpKaHuEe PTYTH B MPOoOax MOYBbI
Ha ycnoBHO (oHOBOUM Tepputopun coctaBisier 0,017 mr/kr. Ha Teppuropun xuinon
30HBI TOpojia cojepkanue pryTu usmensiercs ot 0,02 mr/kr g0 0,192 mr/kr (Tabauna
4.1.1), B mpombineHHo yactu — ot 0,008 mr/kr go 3,646 mr/kr (tabmuier 4.1.2 —
4.1.3). Cnenyer OTMETHTb, YTO COJACPXKAHUE PTYTH HA IKWIOH TEPPUTOPHUH
npeBbiaeT (HoHOBOE cojaepkaHue B 2 paza. HaubonbInee comepkaHue 0TMEUaeTCs B
I0r0-3aMaJiHOM YacTy TOpoJia U MO HAMPABICHUIO K MPOMBIIUICHHOW YacTu ropoaa (1.
[Ipuropoausiit). Pactipenenenue pTyTd B Io4YBax ropoja MpeICcTaBiICHO HAa PUCYHKax

4.1.1.
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Pucynok 4.1.1. — Pacnpenenenue conepanusi pTyTU B IOYBAX KUJION U
IPOMBILLJICHHOW 30H HA TEPPUTOPUU TOPOAA, MI/KT.

ConepxaHue pTYyTH Ha TMPOMBIINIJICHHOW TEPPUTOPUU TPEBHIIACT (HOHOBOE
coaepxkanue B 3 paza. Opeos MpOCTPAHCTBEHHO COOTBETCTBYET 30HE BO3ACHCTBHS
CEPHOKHUCJIOTHOTO 3aBOJa. Takke ClelyeT OTMETUTh, YTO COAEpP’KaHHWE PTYTH OKOJIO
Crennoropckoir TOII (0,158 mr/kr) Toxke HpeBBIIAET OCTAIbHBIE IMOKa3aTelu B 3
paza. B texHonormueckom mpoiecce TOIl wucmonb3yercs SKUOACTYy3CKHUU yrojib
[TaBmogapckoit  007MacTH, KOTOPBIA  XapaKTEPHU3yeTCs  BBICKOMM  COJIEpP)KAHHE
AIIEMEHTOB-TIPUMECEN, B COCTABE KOTOPBIX HAaXOAUTCA U PTyTh. COTpyIHUKAMHU
AJMaTHHCKOTO MHCTUTYTA 3HEpreTuku U cBs3u Mmonienko M.A. n YckossiMm [.A. B
2002-2003 rr. OBUTO TPOBEICHO HMCCICIOBAHHME MO COACPKAHUIO PTYTH B 00pasiax
yrieid LlentpanbHoro Kaszaxcrana. Ilo pe3ynpraram aHann3a B yrOJbHBIX pa3pe3ax
[TaBnogapckoit obmactu conepkanue pryTH Bapbupyercs B mpenenax 0,014-0,068

mr/kr [75].
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[ToBbIlIEHHOE COJEp)KAHME PTYTU Ha TEPPUTOPHH CEPHOKUCIOTHOIO 3aBOAA
MOET OBITh OOYCJIOBJICHO TE€M, YTO PaHEE CEPHYIO KUCIIOTY MOJydalu U3 Cyiabduma
JKeJie3a (CepHbI KOMYEaH), COCTOAIIETO U3 MUHEpasa NMUpUTa U npumeceit. Yuctolid
nuput FeS, conepxur 53,5% S u 46,5% Fe. B cepHOM konuenaHe coiep:KaHue
cepnl 00bIYHO KoJyebnercs oT 35 nmo 50%, xkeneza — ot 30 mo 40%, octanbHOE
COCTABJISIIOT CYJIb(PUABI LBETHBIX METAJJIOB, KapOOHAThI, MECOK, TJMHA U JIPYyroe.
Jlnst otnenennst  Cynb(QUIAOB MIBETHBIX METALIOB PyAy H3MEIbYaIOT, pas3aeisioT
draorauuei Ha KOHLICHTPAThI CyJb(HI0B IIBETHBIX METAJIIIOB U TaK
Ha3bIBaeMbIe (DJIOTAIIMOHHBIE XBOCTHI, KOTOPHIE COCTOSIT TJIABHBIM 00Pa30M M3 MTUPHUTA
u npuMmeceid [76]. TexHosiornmueckass cxemMa MPOU3BOACTBA CEPHOM KHCIIOTHI

npecTaBieHa Ha pucyHke 4.1.3

PAIOBOI KOTIETAH
Fe3; +MeS +MeC0, [T

H3METBEYCHHE

KIACCHMMKALIHA

N*
Q10T ALIHOHHLIE
thaoTaLHA XBOCTH

KOHIEHTPAT
HBETHEX METAJLTOR
thnoTams |
¥ gl g

OKCHI CEPBI DT ALHOH
HEIET MOPOTA

KOMYEIAH
32 —40% CEPBI

OB H

O APOK -
MHPHUTHBIH [TOPOA
KOHLEHTRAT {DJDTHUHH :

1
CEPHAS LB ETIRE

|
KHCIOTA et i -—

CY LKA

Pucynox 4.1.3 — TexHonoruyeckasi cxema Ipon3BOJICTBA CEPHOM KUCIIOTHI
nyTeM 00XKHUTa CEpHOro KoTueaaHa
Ha naHHbBIi MOMEHT CEpHYIO KHCIOTY Ha 3aBOJE MPOM3BOASAT IyTeM OOXKHUra

KOMOBOM CEpBbI.
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Tabnuna 4.1.1. — CraTuctTuueckue mapaMeTphl paclpeesieHus] BaIOBOTO COAEPKaHUS
pTyTd (MI/KT) B OYBE KUJION 30HBI TeppuTOopuu T. CTenmHoropcka (n =28)

Cpen. Craupn. Mennaga [Mona | Craun. Hwucr. MuH. Makec. \Y
omuo. OTKIL. BBIO
0,003 0,008 0,017 H/ 0,042 0,002 0,002 0,192 130%

Tabmuma 4.1.2. — CtatucTuyeckue mapaMeTpsl pacipeiesieHUs BaIOBOTO COIEPKaHMUS
pTyTH (MI/KT) B IOYBE HA MPOMBIIUICHHON TeppuTopuu r. CtenHoropcka (n =13) (¢
Y4ETOM COJICpKAHUSI HA TEPPUTOPUH OKOJIO CEPHOKUCIOTHOTO 3aBO/IA)

Cpen. Cragn. |Menuana |Moga Crann. Huc. Muu. |(Makc. V%
o1uo. OTKIL. BBIO
0,421 0,286 0,032 H/J 1,032 1,066 0,008 | 3,646 245

Tabnuua 4.1.3 — Cratuctuyeckue napameTpbl paclpeereHus] BaJOBOro COAepKaHuUs
pTyTH (MI/KT) B OYBE Ha MPOMBIILICHHONW Tepputopuu r. CrenmHoropcka (n =13) (6e3
ydeTa Coiep>KaHus Ha TEPPUTOPHUH OKOJIO CEPHOKUCIOTHOTO 3aBO/IA)

Cpen. | Crann. | Menumana |Moga Crann. Hucr. Mun. | Makc. | V,%
omuo0. OTKII. BBIO
0,047 | 0,026 0,018 H/ 0,085 0,007 0,008 | 0,303 179

CnenyeT OTMETHTb, 4YTO KOA(D(PUIMEHT BapHalMUd MO COJEPKAHUIO PTYTH
oonbiie 33%, YTO yKa3blBaeT HA HEOJHOPOIAHOCTb PACIPEICIICHMS JJIEMEHTA I10
Tepputopur. KOHUEHTpaluu pTyTH Ha KWIOH TEPPUTOPUU TOPOJa U HA TEPPUTOPHUH
IPOMBINUIEHHON Tiom@aaku B cpeaHeMm He npesbimaroT [IJIK (ITAK = 2,1 mr/kr) n
KJIAQpK B BEPXHEW YacTM KOHTUHEHTAIbHON KOpwl (0,072 Mr/kr) (o I'puropbeny,
2003), 3a UCKJIIOYEHHUEM TEPPUTOPUU OKOJO CEPHOKUCIOTHOTO 3aBOJA, TJE
MaKCUMaJIbHOE cojiep:kaHue pTyTH B nouse npesbiiaet [1JIK noutu B 2 pasa, kinapk —

B 34 paza (pucyHok 4.1.3).
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0,03 0,05 0,072 mNIK

0,017

0 -

Pucynok 4.1.3. — Jluarpamma cpaBHEHUS CPEIHUX COAECPKAHUM PTYTH B ITOYBAX
V3YYEHHOU TEPPUTOPUHN
Takum 06pa3om, cojiepkaHue pTyTH B cpeiHeM 1o ropoay He mpesbimaet [T/K,
3a HCKJIHOYEHUEM TEPPUTOPHUH OKOJIO CEPHOKUCIOTHOIO 3aBOJIA.
Ha pucynke 4.1.4 npencrasneHa nquarpaMma CpaBHEHHsI COAEpKaHUSA PTYTH B

MOYBaX Pa3JINYHBIX TOPOJOB C PA3HOM IKOJOTMUECKOU CUTYAIUEH.
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Pucynok 4.1.4 — JlnarpaMma cpaBHEHHS COAEPKaHUNA PTYTH B IIOYBAX

PAa3JINIHBIX TOPOAOB

[Ipn cpaBHEeHMM coAEp)KAHUM PTYTH B NOYBaX TEPPUTOPUM JAPYIMX TOPOJIOB

BBISIBJIEHO, YTO CpEAHEE COJAEp>KaHHWE PTYTU B >KWION 30HE I. CTEMHOTOpCKa BBHIIIIE,
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yeM B T. brnarosenieHcke B 2 pasa [28] u Huxke, yem B . HoBoky3Henke B 4,7 pa3 [29],
r. Tomcke — B 13 pa3 [4], r. Tromenu — B 3,5 paza [27] u r. Cankt-IleTrepOypre — B 5,7
pa3 [22]. Cnenyetr OTMETUTD, uTO TipeBbilieHU [1JIK 1o gaHHBIM, MPUBEICHHBIM IS

CpPpaBHCHM:, HC YCTAaHOBJICHO.

4.2. Conep:xanue u pacnpeaejeHde PTYTH B CyXOM BellleCTBe JUCThEB TONOJIS HA

HUCCJIeAYyeMO TEPPUTOPUM

PryTHas TOKcHMKalus pacTeHUN SBISETCS HauOOJIee OMACHBIM IPOSIBICHUEM
aHTPOIMOT€HHOT'O0 BO3JCHCTBUA M TNPUBOJUT K HEOOPATUMBIM IOCJIEICTBHUSIM B
($u3MONIOrNH BCETO PACTUTEIHHOIO OpraHu3Ma.

[loctynnenue pTyTd W3 HIDKHAX CJIOEB aTMoc(epbl B KIETKA JIUCTHEB
OCYILIECTBJISIETCS 4Yepe3 YCTbUIIA, TMOKPOBHBIE TKaHM M I[UTOIJIA3MATHUYECKUE
MeMOpaHbl. MI3MeHeHne CTPYKTYphI 3alIUTHBIX 0aphepOB KJIETOK MOBBIIIAET CKOPOCTD
NPOHUKHOBEHUSI PTYTH B LUTOIUIA3My, M OHAa TPAHCIOPTHUPYETCS IO KCHIIEME Ha
BEPXYLIKY WJIH Kpas JIUCTA.

JIucToBas TMarHOCTHKa XMMHUYECKOIO0 COCTaBa JIPEBECHBIX PACTEHUM SIBISETCS
OJIHUM M3 CaMbIX MH(OPMATUBHBIX IMOKa3aTele MpU pa3IuvHbIX THUIAX U YPOBHSX
AMHUCCHOHHBIX Harpy3ox [55].

K OCHOBHBIM JpEBECHBIM PACTEHUSIM HCCIEAYEMOW TEPPUTOPUH OTHOCUTCS
TOMOJIb, 3JEMEHTHBIM COCTaB JIUCTBBI KOTOPOTO WHTEHCUBHO MEHSETCS B CBSI3U C
U3MEHEHUEM TEXHOI'€HHOW HAarpys3KHu.

[Io naHHBIM MPOBENEHHOTO aHAJIM3a OMPENENIEHO, YTO B Mpobax, OTOOpPaHHBIX
Ha XKWIOH TEPPUTOPHUH, CPEIHEE COJEPKAHUE PTYTH B JHUCTBHSAX TOIOJS COCTABIISET
0,013 mr/kr, B oOpa3iax, 0oTOOpaHHBIX Ha MpoMblieHHOM Tepputopuu — 0,0114 mr/kr
(tabmunpl 4.2.1 u 4.2.2). ®oHOBBIM 3HAYEHHE YCJIOBHO B3ATa IpoOa, OTOOpaHHas Ha
KHWION TEPPUTOPUHU, MECTO OTOOpa PACIIOIOKEHO B MPOTUBOMOJIOXKHYIO CTOPOHY OT
npeo0iafaoiero HampaBieHUsT BeTpa U OTJAIEHO OT MECT C  BBICOKOHU
aHTPOINOTEHHON Harpy3kou. Pacnpenenenue cojepskaHusi pTyTH B JJUCThAX TOIOJS U

cpaBHEeHHE ¢ (POHOBBIM 3HAUEHHUEM IPE/ICTaBICHbI Ha pucyHkax 4.2.1.
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0,018 0,017

CopeprkaHnune, mr/K

B unaa tepputopusa
r 0,016 ppuTop

0,014 6,013
H MNpombiluaeHHan TeppuTopun

0,012
0,012 -+ 0
0,01 - ___ H CepHOKMUCNOTHbIN 3aBOA,
0,008 - —

B ®oH

0,006 - 0,0054
0,004 - — W Knapk pTyTM HazeMHbIX
0002 - pacTteHusax (JobpoBonbCKuin

B.B.)

Pucynoxk 4.2.1. — Jluarpamma cpaBHEHUS COACPKAHUN PTYTH B JTUCTHSAX TOIOJIS
Ha HCCIIEyEMON TEPPUTOPHUH
Cpennee conepkaHMe pTYTH B LEJIOM IO TOpPOAY, BKIIIOYAs JKUIYH W

IPOMBINIJICHHYIO TEPPUTOPUH, IPEBBIMIAET OHOBOE B 2 pa3a.

Tabnuna 4.2.1 — CratucTuyeckue napaMeTpbl paclpeesieHNs BaJOBOIO COAEPKaHUS
pTyTH (MI/KI) B CyXOM BEIIECTBE JIMCTHEB TOMNOJSA HA JKWIOW TEPPUTOPHUH T.

CrenHoropcka (n =15)

Cpennee | Ctann. Memnanga | Cragn. Jucn.Be10. | MuH. Makec. V%
oo OKJIOH.
0,013 0,003 0,012 0,012 0,0001 0,002 0,05 91

Tabnuua 4.2.2 — CraTucTUyeckue napameTpbl paclpeeieHus] BaJOBOro COAepKaHuUs

pTYyTH (MI/KT) B CYXOM BEIIECTBE JUCTHEB TOIMOJS HA TEPPUTOPUU MPOMBIIIICHHON

30HbI I'. CTenHoropcka (n =7)

Cpennee | Ctann. Memnanga | Cragn. Hucnep. Mum. Makec. V,%
o1uo. OTKJIOH. BEIO.
0,011 0,003 0,01 0,008 0,0001 0,003 0,025 70

Kosdduiment Bapuanum mno coaepXKaHui0 PTYTH B JUCTBSIX TOMOJIeH OoJblie

33%, uTO yKa3bIBaeT HA HEOJHOPOJAHOCTb PACIpEIeNICHUs AIEMEHTA 110 TEPPUTOPUH.
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CrnenyeT OTMETUTD, YTO CpEHEE COJIEpPKaHNEe PTYTH B MpoOax, OTOOpaHHBIX Ha
KWIOH TEPPUTOPUM BBINIE, YeM B MpoOax, OTOOPaHHBIX HA MPOMBIILICHHON

Tepputopun. Pacnipenenenue pTyTi no TEPPUTOPHUSM MIPEACTABIECHO Ha pUcyHke 4.2.3.

l f /

/

(R 3.51

oe?®

o

3.01
. 2.51
2.01
—11.51
® —11.01

e o . ——0.51

4y
I

0.01

.4

Pucynok 4.2.3. — PacnipeiesieHre pTYTH B JUCTBSAX TOIOJS Ha HCCIIETyEMOU
TEPPUTOPUU TOPOAA, MI/KTD

Pacnipenenenue conepkaHus PTYTH B JIMCThSIX TOMOJS HAa IPOMBIIIJIEHHON
TEPPUTOPUM TMPAKTUYECKU COBNAJAET C PACIPEACIICHHEM PTYTH B IOYBAX HA 3TOM
TEPPUTOPUH, B YACTHOCTH B Mp0oOaX JINCTHEB TOMOJS TAaKKe KaK M B MpoOax IMOYBHI,
OTOOpaHHBIX  OKOJIO  CEPHOKHUCIOTHOTO  3aBOJA, OTMEYAeTCs  IOBBIIIEHHOE,
OTHOCUTEJIBHO JAPYIHX TOYEK, cojaepxaHue pryTh. CpenHee colepKaHHe PTYTH B
JUCTBSIX, OTOOPAHHBIX OKOJO 3aBojaa, coctaBisier 0,017 MI/Kr, 4TO MpeBBIILIAET
¢doHoBoOE 3HaUEHUE B 3 pasa.

Takast 3aBUCMMOCTb yKa3bIBaeT, HA TO, YTO JAEATEIbHOCTh 3aBOJAA J0 CHX IIOp
SBJISIETCS. UCTOYHUKOM IOCTYIJIEHUS! PTYTH B OKPY>KAIOILYIO Cpelly, HECMOTPs Ha TO,

4YTO, KaK YKa3bIBaJIOChb PAHCC, B TCXHUYCCKOM IIPOHCCCC IMPOMU3BOACTBA ITPOU3OUILIN

HN3MCHCHHUS.
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Takum 06p330M, MOKHO CJACJIaTb BBIBOJ, UYTO ACATCIBbHOCTH CCPHOKHCIOTHOIO
3aBOJ[a HCCCT IIOBBIICHHYIO PTYTHYIO HAIrpy3Ky, UTO MPCACTABIIACT OIMACHOCTL IJIA

3/I0POBbsI HACEJICHUS U OKPY>KAIOIIEH Cpelibl B IIEJIOM.
4.3. Conep:xxanue u pacnpenejeHue ¢ropa B o4Bax uccjielyeMoil TEeppUTOPUH

Conepxxanue @Topa B MOYBE, MO JMUTEPATYPHBIM JaHHBIM, OIPEACIICTCS
MHOTHMH TIpOLIeCCaMU: J1ecOpOLMei, TOPU30HTAILHON U BEPTUKAJILHON MUTpALMEH,
coJiepsKaHuEeM CoJieil, KapOOHATOB, TPAHYIOMETPUUECKUM COCTAaBOM IOYBHI.

Hakomenue ¢ropa B moyBe 3aBUCUT OT THUIIA MOYBBI U TIIyOMHBI FOPU3OHTA.
WccnenoBanusi mokaszaiy, 4YTO B IECYAHBIX MOYBaX KOHIEHTpauu (GTopugoB c
riryouHoi ymenpiiatorcs B 1,5-2,0 pa3a, a B IIIMHUCTBIX — IPOUCXOIUT HAKOIJICHUE HA
riryoune 20 cm Takke o 1,5 [35].

[Io pe3ynbraraM NOTEHLIMOMETPUYECKOTO aHAIU3a OIPEACICHHO CpeaHEe
coJiepaHue BOJIOPACTBOPUMOro ¢GTopa B MOYBAX JKUJION TEPPUTOPUH TOpPOAA,
KoTopoe coctapisieT 1,29 Mr/kr, B mouBax NpOMBIIUIEHHON TeppUTOpUHU — 6,59 MI/KT.
Cpennee conepkanre Ha yCIOBHO (DOHOBOI TeppuTopuu coctaBisieT — 1,11 mr/kr.

Pacnpenenenne ¢gropa B moOYBax JKWIOW M TMPOMBIIUICHHON TEPPUTOPHI
npencTaBieHo Ha pucyHke 4.3.1 u B Tabnuuax 4.3.1, 4.3.2.

Crnenyetr oTMETHUTb, YTO (TOP HE ABJISETCS TUIIMYHBIM 3JEMEHTOM ISl JAHHOTO
paiioHa ¥ OOIIEU3BECTHBIE MCTOYHUKH TMOCTYIUIEHHS] €T0 B OKPYXKAIOLIyI0 Cpely Ha
TEPPUTOPUU TOPOJIa HE BBISBICHBI, HO, TEM HE MEHEE, OPEOJI pacpocTpaHeHus Gpropa
COOTBETCTBYET 30HE BIUSHUS CEPHOKUCIOTHOTO 3aBoAa u TOLI.

[ToABMXHOCTD U JIETKOJOCTYITHOCTh (hPTOpa MPOSBISIOTCS B KUCIBIX Cpeax, 4YTo
0o0yClIaBIMBaeT pacHpoCTPaHEHHOCTh (PTOpa Ha TEPPUTOPHUH CEPHOKHCIOTHOTO
3aBoJa.

B mnpouecce uzBnedeHus ypaHa u3 pyasl Ha ['M3 ucrnosb3yercst KUCIOTHOE
BBILIEJIAYMBAHKE, B MIPOLIECCE KOTOPOTO MyTEM HECKOJIBKUX CTAJAUI MOJY4YarOT OKCHUL
ypaHa, TakuM o0pa3oM, GTOp MOXKET ObITh TOOOYHBIM 3JIEMEHTOM MEPEeBOJia ypaHa B

TBEPOE COCTOSHUE.
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Takum o00pa3om, 0OBICHSIETCS

¢Topa B mouBax.

30.01
# 25,01

.' 2001
15.01
110,01

—15.01

b o Lo.01

Pucynoxk 4.3.1 — Pacnipeaenenue coaepxanuii ¢ropa B o4Bax ropoja, Mr/Kr

3HaueHnunu 1,21 mr/i, mo nanaeM [76].

UccnenoBanus mokazanu, 4yto TIL[ m [POC mMoryt ABISATHCS UCTOUHUKAMU
BEIOPOCOB B OKPYIKAIOIIYIO CPEIy Pa3IMYHBIX COCAMHEHHM, B TOM YHCIIE COCTMHECHUN
¢Topa [34]. Bkiag Temio3HEpreTHYECKo oTpacin B SMUCCUIO (PTOpa TakkKe H3ydeH
Ha [MpuMepe psijga peruoHoB. B mporecce cxuranus yrias (@ropconepikaiine
COCIMHEHHSI MOTYT TIOCTYNaTh B OKpYyXawoIllyr cpeany B (opme dropucTtoro
Bogopona. Hekoropas yacTts (propcomepkammiux BbIOPOCOB MOXKET MpPEeBpAIllaThCs B
conu. B 3aBucumocTtu oT HampasieHus: BeTpa u pacctosiuus ot TOLL (1700-4500 m)

KOHIIeHTparusi ¢Topa MeHsercs B mHTepBaie oT 0,56 mo 1,94 mr/n mpu cpemnem

IIPUCYTCTBUE AHOMAJBHBIX KOHLIEHTPALUI
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Tabmuma 4.3.1

BOJIOPACTBOPUMOro (propa (MI/KT) B MOYBE Ha >KUJIOM Tepputopuu r. CTEMHOropcka

CratucTuyeckue mnapameTpbl

(n=28) N0 KaHHBIM MOTECHIUOMETPUYECKOTO aHAIU3A

pacnpeneneHust  COAEpKaHuMU

Cpen. | Crang. Menuana | Mona Crann. Huc. | Mun. Makec. V., %
omuo. OTK. BbIO.
1,29 0,39 0,6 0,6 2,06 4,24 0,01 8,1 2
Tabmuma 4.3.2 — CraTUCTUYECKHME TapaMeTphbl paclpeieieHus COACpKaHui

BOJIOpPAcTBOPUMOro (ropa (MI/Kr) B MOYBE HA MNPOMBIIUICHHOW TEPPUTOPUH T.

CrenHoropcka (n =13) Mo 1aHHBIM MTOTEHIIMOMETPUYECKOTO aHAJIN3a

Cpen. | Crann. Meanana | Mona Craupn. Hucn. | Mus. Makec. V, %
o1uo. OTKJIOH. | BBIO.
6,59 2,57 2,50 1,50 9,26 | 85,73 0,60 30,20 1,4

Koaddunment Bapuanuu 1o cojaepxanuro Ggropa Menbline 33%, 4To yKa3bIBaeT
Ha OJIHOPOJIHOCTh pacmpeiesieHus diaemMeHTa o repputopun. Konuenrpauuu ¢gropa B
YKUJION 30HE TOPOJa U Ha TEPPUTOPUU MPOMBIIUICHHOW IUIOIIAJKU HE MPEBBIIIAIOT
I[TAK (ILIK = 10 mr/kr), HO NpeBbIIAIOT KJIapK B BEPXHEH YACTH KOHTMHEHTAJIbHOU

kopsl (0,051 mr/kr, I'puropses, 2003) (pucyHok 4.3.2).

CopeprkaHue, mr/Kr
6,59
1,29 1,11
1
01 ‘ 0,051
0,01 T T T T T T 1
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Pucynok 4.3.2. — Jluarpamma cpaBHEHUs coJiepKaHui (Topa B OYBAX U3YyYECHHOU

TEPPUTOPUU
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Takum oOpazom, cpemnee comepxkanue GTopa B MOYBaX TOpoJia, HE MPEBHIIACT

[T1/IK, HO 3HAYUTEIBPHO NPEBBIIACT KJIAPK BEPXHEU KOHTUHEHTAIIBHOU KOPBI.
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S ConunajibHasi 0TBETCTBEHHOCTH NPHU U3YYECHUH PTYTH B IOYBAX HA TEPPUTOPHHU

ropoaa

CouuanbHasi ~ OTBETCTBEHHOCTh  WJM  KOpPIOpaTHUBHAs  coluajibHas
OTBETCTBEHHOCTH (KaK MOPaJIbHO-3THYECKUN MPUHLMI) — 3TO OTBETCTBEHHOCTh IMEPE]
JIOJbMUA U JIaHHBIMH UM OOCIIAHMSIMH, KOTJla OpPraHu3alusi YUYUTHIBAET HHTEPECHI
KOJUIGKTMBAa M OOIIecTBa, Bozjaras Ha ce0s OTBETCTBEHHOCTb 3a BIUSHHUE HX
NESATETLHOCTH Ha 3aKa34UKOB, MIOCTABIIMKOB, PAOOTHUKOB, aKITMOHEPOB [78].

I'opon CtenHOropck pacmnojiokeH B AKMOJUHCKON 00JIaCTH, B JIECOCTEIHBIX
paBHuHax Kazaxckoro wmenkoconoynuka. CTpOUTENbCTBO TOpOJa CBS3aHO C
co3manueM B 1956 romy Ha 6asze ypaHOBBIX MecTtopoxaeHuit CeBepHoro Kazaxcrana
[{eaMHHOTO TOPHO-XMMUYECKOTO KOMOUHATA.

Knmumar obmactu pe3ko KOHTHHEHTaNbHBIA. JIeTo KOpoTkoe, Teruioe, 3uma
MPOJOJDKUTEbHAS, MOPO3HAsi, C CHUJIbHBIMU BETpaMU M MeTesiMU. MuHuUManbHas
TeMIiepaTypa Bo3jayxa cocTaBisieT cBbilie MuHyc 40°C, mMakcuMalbHas JTOCTUTAeT
wtoc 44°C [60].

B BoinyckHol paboTe ObLIM M3y4eHbl POOBI MOYBBI U JUCTHEB TOMOJsA. OTOOD
npo6 ocymectBiasuicas B uioHe 2015 roma Ha TeppuTopuu ropona. Bcero ObLi10
oToOpaHo 44 npo6 nmouBsl U 24 MPOOKI JIUCTHEB TOMOJIS.

Bo Bpems BbINOJIHEHHSI BBIMYCKHOW paOOThl B JabOpaTOpuu U B KaOMHETE C
OBM ocymecTBisiiich 00paboTKa pe3yabTaTOB aHAIM30B MPOO, UX CUCTEMATH3AIUS;
pacyeT TEOXMMHUYECKHUX T[IOKa3aTelel W HX CPAaBHUTENBHBIX XapaKTEPUCTHK;
oopMIIEHHE UTOTOBBIX JaHHBIX B BHJE TaONMWII, TuarpamMm, rpaukoB, pUCYHKOB, a
Tak)ke Ha0Op TEKCTa Ha MEePCOHAIIBHOM KOMITHIOTEPE.

Takum o0Opa3zom, B paszzgelie pPacCMOTPEHbI TOJIEBOM, J1a0OpaTOPHBIi

KaMepabHBIN 3Tarbl (Tadmauma 5.1).
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Tabnuna 5.1. — OCHOBHBIE IEMEHTHI MPOU3BOICTBEHHOTO Mpoliecca, (GOPMUPYIOLIUE

OTIaCHbIE U BpeAHbIE (PaKTOPbI MPHU BBIMOJIHEHUN PabOT

HaunmenoBanue BUII0B
pabor

@axrope! (I'OCT 12.0.003-99)

OnacHble

Bpennsie

HopmaTtusHbIe
JIOKYMEHTBI

1

2

3

4

[ToneBwie pabOTHI:
1) oT6op poO MOYBKI U
JIUCTBHEB TOIIOJIA

1.Mexaaudeckue
MOBPEXKICHHS TIPH
MePECCUCHUH
MECTHOCTH

1.OTKII0HEHHE
rmokasareliell Kiaumara
Ha OTKPBITOM
BO3JIyX€;

2. TskecThb
(bu3IecKoro Tpyaa

I'OCT 12.0.003-99 [78]
I'OCT 12.1.005-88 [79]

JlaGopaTopHbie
paboTHI:

1) mpoGoaroroBka K
aTOMHO-
abcopOLrOHHOMY
aHamn3y;

2) npoBeaeHue
aHajam3a npoo ¢
UCIIOJIb30BaHUEM
00opyIoBaHUs

KamepanbHbie
paboTshr:

1)pabora
nepcoHanbHbIx OBM
(oOpaboTka
pe3yNIbTaTOB aHANN3A,
MIOCTPOCHHE
rpadu4ecKkoro
MaTepuaia, Habop
TEKCTa)

1.Dnexkrpudeckuit
TOK;
2.IToxxapoornacHOCTh
U B3pBIBOOMIACHOCTH;
3. Xumunueckas
OMacHOCTb

1.HenmocraTtounas
OCBEILIEHHOCTb
pabouero
MOMETIECHUSI.
2.Hapymenue
MUKPOKITMMATUYECKUX
napaMeTpoB.
3.VTeuKa TOKCUYHBIX
U BPEIIHBIX BEIICCTB B
atMocdepy

CanlluH 2.2.4.548-96
[80]

CanlluH 2.2.4.1294-03
[81]

I'OCT 12.1.019-79 [82]
I'OCT 12.1.038-82 [83]
I'OCT 12.1.004-91 [84]
CHuII 21-01-97 [85]
I'OCT 12.1.005-88[86]
CanlluH
2.2.1/2.1.1.1.1278-03 [87]

S5.1.AHaau3 BpeaHbIX GaKTOPOB U 000CHOBAHUE MEPONPUSTHI MO UX

yCTPaHEHHUIO

Ilonegoit sman
Bpennplii nmpou3BOACTBEHHBIM (PakTOp — MPOU3BOJACTBEHHBIN (hakTop,
BO3JIEUCTBHE KOTOPOr0 Ha paldOTAIOLIEro B OIPEACNICHHBIX YCJIOBHUSX MNPUBOJIUT K

3a00JICBAaHUIO WJIN CHIDKCHUIO TPYA0CTIOCOOHOCTH [6].
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OCHOBHYIO OMACHOCTh MPHU TOJEBBIX pabOTax B TOpOAEe B JIETHEE BpeMs

IPEJICTaBISIIOT: TIEPErpeBaHne Opranu3mMa U PU3n4ecKue TPaBMbI.
Omxnonenue noxazameneu KiumMama Ha OMKpPLIMoM 6030yxe

HeobxogumbiM  ycinoBueM 3((QEKTUBHON MPOU3BOACTBEHHOW ESITEIHHOCTH
YyeJioBeKa SIBISIETCS O0ecreyeHue HOPMAaIbHBIX METEOPOJIOTMUECKUX YCIOBUM B
paboueii 30He. Knmumat npeacraisieT coooi KOMIUIEKC PU3nYecKux (PakTopoB, TAKUX
KAaK BIJIAXHOCTb, CKOpPOCTb [JBHJKE€HHS BO3]lyXda, HWHTEHCUBHOCTb COJHEYHOIO
U3JTy4eHUs], BEIMYMHY aTMocepHoro AamieHus. [lapameTpbl KiMMara OKa3bIBalOT
HEIMOCPEICTBEHHOE BIUSHUE HA TETUIOOOMEH YeJIOBEKa C OKPYXKAroIIeH cpemoil, ero
TEIUIOBOE COCTOSIHUE U OIPENETSIOT CaMOYyBCTBHE, Pa0OTOCIIOCOOHOCTD, 3J0POBbE U
MIPOU3BOJIUTEIIBHOCTD TPYAA.

OT160p npoO MOYBHI M IUCTHEB TOTOJSI MPOBOJMIICS B JIETHUH Mepuo (MIOHb) Ha
tepputopun r. CrenHoropck. Knumar obmactu pe3ko KOHTHHEHTaJIbHbIA. CpenHss
temrneparypa B uioHe — 24°C. MakcumanbHas TemIleparypa JOCTUraeT IUIIC
44°C. Cpenussi ckopocTh BeTpa — 3 m/c. HenpaBuibHO OpraHM30BaHHBIE IOJIEBHIE
paboThl B JIETHEE BPEMs CO3/IAIOT OMACHOCTh MEPErpeBaHusl OpraHu3ma yesnoBeka. B
pe3yabpTaTe BBICOKHX TEMIEpaTyp U ciaboro BeTpa y 4yeloBeKa HACTyHaeT TEIIOBOU
IeperpeB Opraiu3Ma, IpUBOASAIIMN K COTHEYHOMY yaapy. [Ipu BeICOKOI1 TeMmeparype
BO3/1yXa Yy YEJIOBEKA YCWIMBAETCS MOTOOTAEIICHUE, KOTOPOE MPUBOJNUT K CYAOPOKHOMN
00Je3HM BCIIEACTBHE HapylIeHUs BoJHOcojeBoro Oamanca. Ilpu  BbIcOKOH
TEMIIEPATYPE OPraHMU3yIOT pALUOHAIBHBIA pEXHUM TpyAa H OTAbIXa IIyTEM
COKpalleHHs paboyero AHs, BBEACHUS MIEPEPHIBOB 7Sl OTJbIXA B 30HAX C HOPMATbHBIM
KIuMaToM (moseBble nareps). [Ipu mpoBeneHnH MOJEBBIX pabOT B JKapKUe THU IS
UCKJIIOUEHHUSI TEIUIOBBIX yIapOB HYKHO paboTaTh B TOJOBHBIX yOOpax U 00s13aTeIbHO
UMETh NP ce0e MHANBUIYATbHYIO (QIISDKKY C TUTREBOM BoJoi. Onexaa J0KHA OBITh
crienuanbHOU (Hampumep, pyTooska, KypTKa U OpIOKH) U3 XJIOMYaTOOyMaKHOU TKaHU
CBETJBIX TOHOB. HeoOxoauMo Takke UMETh NOpu cede TMOJIEBYIO alTeykKy ¢
HEOOXOMMBIMHU ISl 3TUX CIIy4aeB MEIMKAMEHTaMU (CPECTBA 3alUThI OT COTHEUHBIX

05KOT'OB, KaPOMOHIKAOIINE CPEACTBA U T.1.) [89].
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Taorcecms u HanpsHCeHHOCMb U3UUECKO20 MPYOa

Tpya B TONeBBIX YCIOBHSX BCEraa CBs3aH C (U3HMYECKUMHU Harpy3Kamu.
duznueckas TSHKECTh TpyJa — Harpy3ka Ha OpraHu3M, TpeOyroliasi IperuMyIEeCTBEHHO
MBIIIEYHBIX YCUJIMN B COOTBETCTBYIOIIETO dHEPreTudecKoro obecneuenus. CoraacHO
P 2.2.2006-05 xnaccudukammss Tpyda MO TSHKECTH TMPOU3BOIUTCA IO YPOBHIO
PHEPro3arpaTr, C y4eToM BHUJA HArpy3ku (CTATUCTUYECKas WIM JIMHAMHU4YecKas) U
Harpy>kaembixX Mbiliil. Eciy MakcuMalibHasi Macca MoJIHUMAeMbIX BPYUYHYIO TPY30B HE
NpEBBIIAET 5 KI JUJIS JKEHIIUH W 15 Kr s MyX4uH, padoTa XapaKTepHu3yeTcsl Kak
nerkast; 5-10 xr nms sxkeHmuH U 15-30 kr a1 My>X4uH — cpefiHel TsikecTd; cBbie 10
Kr 77151 KeHIUH U 30 Kr Ju1ist My>KU4MH — TsbKesas. B Hailem ciiydae mpezmnoJiaraemast

pabora cpeaneit Tspkectu [90].

Jlabopamopuulii u KamepanvHblil IMansvl

CocrosiHMEe BO3AYIIHON cpenbl pabouero IMOMEIIEHUS XapaKTepHU3yeTcCs
CIEIYIOIIUMH  TIOKAa3aTeNsAMHU:  TEMIEPaTypoil, OTHOCUTENbHOM  BIAXXHOCTHIO,
CKOPOCTBIO JIBKEHHS BO3/1yXa, HHTEHCUBHOCTBIO TEIIJIOBOTO M3IYUYEHHS OT HArpeToin
noBepxHocTu. /[l moaum B TMOMENIEHHE BO3AYyXa MHCIOJB3YIOTCS CHCTEMBI
MEXaHUYECKON BEHTWIALMA W KOHIUIMOHHPOBAHMS, a TaKKe €CTeCTBEHHas
BEHTWISILIUS - PETYJIUPYETCs TeMIleparypa Bo3ayXa ¢ MOMOIIbI0 KOHIUIIMOHEPOB KaK
TEIUIOBBIX, TaK M OXJIAXKIAIOIIUX.

KomnbroTepHast TeXHMKa U MHUKPOCKONBI  SIBISIIOTCS ~ MCTOYHHKOM
CYIIECTBEHHBIX TETUIOBBIACICHHNA, YTO MOXKET IIPUBECTU K MOBBIIICHUIO TeMIIEPaTypbl
U CHIDKEHUIO OTHOCUTENIBHON BIAXKHOCTH B IMOMEIICHHWU. B Takux MOMENIeHHSIX
JOJDKHBI  COONMIOAAThCS  ONMpEAENICHHbIE IMapamMeTphl  MUKpokiumaTta. Hopmbl
MUKpPOKJIMMAaTa YCTaHOBJIEHBI CHCTEMO# cTaHaapToB Oe3omacHoctu Tpyna ['OCT
12.1.005-88 [87] u crpoutensubiMu HopMamu CanlluH 2.2.4.548-96 [81].

JIns mojauu B MOMEIIEHHS] CBEXKETrOo BO3[AyXa HCIOIB3YIOTCS €CTECTBEHHAs
BeHTW LKA (mpoBeTpuBanue). B nomemenusx, cormacHo CanlluH 2.2.4.548-96

JOJKHBI 00€CIeYMBATHCS ONTUMAIbHBIE MTapaMeTpbl MUKpoKJIMMara (tabu. 5.1.1).
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Tabmuma 5.1.1. OnTuManbHble BEIMYMHBI MOKa3aTele MUKPOKIMMATa Ha pabodmx

MecTax MPOU3BOJICTBEHHbBIX oMenieHui [81].

[lepuonroga  |Kareropus Temmne- Temmne- OtHocutenb- |CKOPOCTh
pabot no|parypa parypa Has BJIQXK- | IBUIKCHUS
YPOBHIO Bo3ayxa, ‘C |moBepx-  |HOCTB BO3-|BO3/lyXa,
JHEpro3arpar, nocrei, °C |nyxa, % M/C
Bt
X010 JHBIN Ia (mo 139) 22-24 21-25 60-40 0,1
16 (140-174) 21-23 20-24 60-40 0,1
Temnbrit Ia (mo 139) 23-25 22-26 60-40 0,1
16 (140-174) 22-24 21-25 60-40 0,1

Jns  nmoaaepXaHUsT ONTUMAJbHBIX MHUKPOKIMMATUYECKUX  YCIOBUUA B
MOMEIICHUH B JICTHUI TIEPHOJI HEOOXOIUMO CBOCBPEMEHHO, HE PEKE OJTHOTO pasa B
CYTKH, MPOBETPUBATH MOMEIICHUE, TPOBOAUThL BlaxkHyl0 yOopky. Ilpu mpoBeneHuun
KaMepalbHBIX pabO0T HAa KOMITBIOTEPE, C MOHUTOPA BHITHPATH MBLTb.

B 3umHuII mepuoa UCHONb3YETCS €CTECTBEHHAs BEHTHWIISIUSA, MOMEIICHUE
7a00paToOpuu JOJKHO OTaIUIUBaThCA. B 3uMHee BpeMsi B MOMEIICHUAX paboueil 30HbI
CIeMyeT WCIONb30BaTh [JIi OTOIUICHWS MPUOOPHI CHUCTEM BOJSHOTO M TApPOBOTO
OTOIVIEHUS] C TJVIAJAKOW IMOBEPXHOCTHIO, JOMYCKAIOIICH JIErKYIO0 OYMCTKY, HAIpUMEp
paanaTopbl CEKIIMOHHBIE UJTM MMaHEbHbIE OJIUHapHBbIE [91].

PaboThl ¢ BRIUMCIUTENHHOM TEXHUKOW OTHOCSTCS K Kareropuw la - paGoThl ¢
MHTEHCUBHOCTBIO »HeproTpaT a0 120 kkan/u (mo 139 Br), mpousBoguMbie CHUIS U
COTIPOBOXKTAFOIINECS HE3HAYUTEIbHBIM (PU3WYECKUM HampspkeHueM.. OmnTuManbHas
TeMmrepaTrypa IOCTOSHHOro pabouero wmecra [Jjs pabdOT TakKoW KaTeropuv B
nomemieHnn — 28-31°C. BreruncnurenpbHasgs TEXHHUKA ABISAECTCA HMCTOYHUKOM
CYIIIECTBEHHBIX TEIUIOBBIICICHHM, YTO MOXKET NPUBECTU K MOBBIIICHUIO TEMIIEPaTypPhl
U CHM)KCHHMIO OTHOCHTCJIBHOW BIAXHOCTH B IOMCIICHHMH. B momemeHusx, riae
YCTAaHOBJICHBl KOMIIBIOTEPHI, JOJDKHBI COOJIFOATHCS  OINPEACIICHHBIE TMapaMeTPhI

MUKPOKJIIMATA.
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Heoocmamounas 0CBEUIEHHOCHb pa601teﬁ 30Hbl

PammonansHoe  cBeToBO€  OGOpMIICHHE TIOMEIICHWN  HANpaBJICHO Ha
VIYUYIIEHUE  CAHUTAPHO-TUTMEHWYECKUX  YCJIOBUH  Tpy/Ja, TOBBIINICHHUE  €T0
pou3BOAUTENLHOCTH. COTIIACHO CAHWTAPHO-TUTUEHUYECKUM TpeOOBaHMSIM, pabouee
MECTO JIOJIKHO OBITh OCBEIICHO E€CTECTBEHHBIM M HCKYCCTBEHHBIM OCBEIIICHHEM.
EcTrectBeHHOE W  HMCKyCCTBeHHOE  ocBenieHue pernamentupyercs  CanlluH
2.2.1/2.1.1.1278-03 [92]. B 3aBHCHUMOCTH OT XapakTepa 3pUTeIbHON pabOThl, CUCTEMBI
¥ BHUJIa OCBeIIeHUs, (JOHA, KOHTpacTa 00BbEKTa C (POHOM.

B nHeBHOEe BpeMs MPOM3BOJCTBEHHBIC TIOMEIICHUS CIEAyeT OCBENIaTh
€CTECTBEHHBIM CBETOM. ECTeCTBEHHOE OCBEIIIEHNE 3aBUCUT OT BPEMEHH T'0J1a, BpEMEHU
CyTOK, OOJIauHOCTH, HUHTEpbepa  momenieHus. EcTecTBeHHOEe  OCBEIICHHE
OCYIIECTBISIETCSI OOKOBBIM CBETOM 4epe3 OKHA. B 3MMHMI Tiepuoj, BCIIEICTBUE
YKOPOYEHHOTO CBETOBOTO JHS W HEIOCTaTOYHOTO €CTECTBEHHOI'O OCBEIICHUS,
HEO0OXOJIMMO HCIMOJIb30BaTh HMCKYCCTBEHHOE OCBEIIEHHE, KOTOpoe 00ecreyrnBaeTCs
AIEKTPUYECKUMHU HCTOYHUKAMH CBeTa. VICKyCCTBEHHOE OCBEIICHHUE IMOAPA3IeIsIeTCs
Ha obOmiee W MecTHoe. [Ipu oOIIeM OCBEIICHUWH CBETHUJIBHUKH YCTaHABIMBAIOT B
BEPXHEH YacTH TOMEIICHMsI, YTO ITO3BOJSET OTKIIOYATh MX IIOCJIEIOBATEILHO B
3aBUCHUMOCTH OT €CTECTBEHHOI'O OCBEIIeHUs. BBIMOTHEHWe Takux padoT, Kak,
HarpumMep, 00padboTka JOKYMEHTOB, TPEOYET AOMOJHUTEILHOIO MECTHOTO OCBEIIICHUS,
KOHIICHTPUPYIOIIETO CBETOBOM IMOTOK HEMOCPEJACTBEHHO Ha TPEIMETHl Tpy/aa.
OcCBeIIEHHOCTh Ha IMOBEPXHOCTU CTOJia B 30HE pa3MelieHHs padodyero JOKyMEHTa
nomwkaa ObITh 300-500 nx. MecTHOe OCBeIICHHE HE JOJDKHO JaBaTh OJIMKHU.
[Ipennourenue NOJKHO OTAABATHCA Jiamiiam JHEBHOro ceera (JIJ[LL), ycTtaHOBIEHHBIM
B BEpPXHEU 4acTH MOMEIICHUSI.

OnTuManbHbIE HOPMBI OCBEIICHHOCTH JTOCTHUTAIOTCS MBITHEM OKOH, TTOOETKOM
CTEH, MOACTPUTaHUEM BETOK JIEPEBHEB, KOTOPBIC 3aKPHIBAIOT JOCTYI €CTECTBEHHOIO
CBETa B OKHA, MPaBWJIBbHBIM PAacue€TOM OCBECIICHHOCTH M BBIOOPOM OCBETUTEIIbHBIX
npubopoB. B kadecTBE MCTOYHMKOB CBETA MPH MCKYCCTBEHHOM OCBEIICHHH JOJIKHBI

IIPUMCHSATBCA MMPEUMYIICCTBCHHO JIOMHMHCCIICHTHBIC JIaMIIbI tuna JIb. B
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nabopaTopusx mpu paboTe C IKpPaHOM JUCIIES M B COYETAHWUU C paboTod Hax

JOKyMEHTaMH, pekoMmeHmyetrcs ocsemnieHHocTh 400JIk mpu oOmeM ocBenieHun.

HopMbI ecTeCTBEHHOTO M MCKYCCTBEHHOT'O OCBEIICHUS NMPUBEACHBI B TabimIe S5.1.2

Tabmuma 5.1.2 Hopmupyembie mapameTpsl

ocBeleHus [92]

CCTCCTBCHHOI'0O MW HCKYCCTBCHHOIO

[Tomenienus Pabouas |EctectBenno |CoBmemnienHo| HMckyccTBeHHOE
MOBEPXHOCTH | € OCBEILIEHUE | € OCBEIICHHE OCBEIICHHE
u wiockocte | KEOe,, %| KEOe, %
HopmupoBaH | [Ipu | [Ipu | Ilpu | Ilpu OCBEIIEHHOCTD,
us BepxHe|0OKOB| BEpXHE | 00KO JIK
KEO u MUWIK | OM | M WU | BOM [Tpu [Tpu
OCBCILIEHHOC | KOMOU | OCBE | KOMOM | OCBE | KOMOMHHPOBA | 001IIC
TH ¥ BBICOTA | HUPOB | IIICHY | HUPOBA [IIICHU HHOM M
IJIOCKOCTH |aHHOM| W | HHOM | W | OCBELICHUU | OCBE
HaJ| T0JIOM, | OCBEII] OCBelIe BCEro| OT |ILIEHHU
M EHUH HUA oOmer| wu
0
Koncmpyxkmopckue u npoekmuvie opeanu3ayuu, Hay4Ho-uccied08amenbcKue
VupetcoeHus:
1. Kabunerst, -0,8 3,0 1,0 1,8 | 0,6 | 400 | 200 | 300
paboune KOMHATHI,
oducHI,
MIPEICTaBUTEIIbCTBA
2. AHaIUTHYECKHE I'-0,8 4,0 1,5 2.4 0,9 | 600 | 400 | 500
nabopaTopuu
3. [lomemenus nis -0,8 3.5 1,2 2,1 0,7 | 500 | 300 | 400
paboThI ¢ DkpaH - - - - - - 200
JTUCIUICSIMU U MOHUTOpA:
BUICOTEPMUHATIAMH, B-1,2
3anel DBM

Ilpumeuanus: - copuzonmanvuas, B - gepmuxanvras

Ymeuku mokcuunvix u pedHvlx ewecmes 6 ammocghepy

[Ipu mnoaroroBke mnpoO OHOJOTHYECKOTO MaTepuana K H3YYCHHIO UX
XMMHUYECKOT'O COCTaBa, B TaOOPAaTOPHH BO3YX 3arpsi3HACTCS BPEAHBIMH JIJISl 3J0POBbS
YyelioBeKa TMapaMu, TMbUIbI0, Ta3aMd. OJTO OOOCHOBBIBAE€TCA TE€M, UYTO pabOThI

MMpou3BOAATCA CO MHOIMMH XHUMHYCCKHMMH PCAKTHBAMHU W BCIICCTBAMMU. Bo3moxxHBI
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YTE€YKU W TPU HENPaBUILHOM XpaHeHWHM 3Tux BeulecTB. [locTymieHue s10B depe3
OpTaHbI JILIXaHUSI SIBJSIETCS OCHOBHBIM M HAaM0OJIEe OTMACHBIM ITyTEM.

I[To TOCT 12.1.005-88 (2001) Bce BpeaHble BeEIIECTBA IO CTEICHU
BO3JICHICTBUS HA OPraHM3M YEJIOBEKA MOAPAa3ICAIOTCS Ha Cleaytouue Kiacchol [87]:

— 1 — upesBbruaiino omacuble (IIJIK menee O,Imr/m ky0) (coemuHeHHs
aukenst 0,05 Mr/m, pryts 0,005 Mr/m’ U ap.);

— 2 — Beicokoomnacubie (ITJIK 0,1 mo 1 mr/m ky06) (Mmens 0,5 MF/M3);

— 3 — ymepenno onacubie (ITJIK 1 mo 10 mr/m xy0) (okcumb! azota 5 MI/M,
MOH aMMOHUs 10 Mr/m° 1 Ip.);

— 4 — manoonacusle (ITIK 6oneel0 mr/m xy6) (cimpt 1000 MI/M).

Jlns  mpenoTBpalieHUsl OTpaBICHUS OpraHu3Ma 4eJIOBeKa BPEAHBIMHU
BEIIIECTBAMH BCE JIabOpaTOpHBIE PAOOTHI JOJDKHBI TMPOU3BOJIUTHCS B BBITSIKHBIX
mkagax Mpu BKIOUYEHHONW BEHTWIAIMU. CKOPOCTh JIBIKEHHUS BO3/yXa B BBITSKHOM
mkady 1omKHA 00ecnedrnBaTh MOJTHOE yIaJeHUE BPEIHBIX BEIICCTB. XPAaHEHUE TaKUX
BEILIECTB JOJDKHO HCKJIFOYaTh BO3MOXHOCTh WX yTeukd. [Ipu HEoOXoaumocTH, B
paboTe ¢ TaKMMH BEIIECTBAMH pabovuii MepCcoHaN JOHKEH MOJIb30BATHCS CPEICTBAMHU

3aIIMTHI (IIPOTUBOTA3, PECIIUPATOP).

5.2. AHaJIu3 OMACHBIX MPOU3BOJACTBEHHBIX (PAKTOPOB U 000CHOBaHHE

MEpPONPHUATHIA M0 UX YCTPAHECHHUIO

OnacHblil NPOU3BOJCTBEHHbIM (AKTOp — MPOU3ZBOACTBEHHBIM (hakTop,
BO3JIEUCTBHE KOTOPOrO Ha palbOTAIOLIEro B OIPEACNICHHBIX YCIOBHUSX MPUBOJIUT K

TpaBMe€ WJIM K APYTOMY BHE3AITHOMY PE3KOMY YXYAILIECHUIO 300pOBbs [93].
Ilonesoit sman

Mexanuueckue mpaémvl npu nepecedeHuy MeCmHoCmu.
B moseBbIX yCIIOBUSX, @ MMEHHO Ha OTKPBITOW MECTHOCTH HPU NPOBEICHUHU
I€0IKOJIOTUUECKUX PAabOT — Ha TEPPUTOPUU TOPOAA BO3PACTAET PUCK IOJIYUYEHUS
MOBPEXACHUN U TPaBM MHOTOKpaTHO Bo3pacTaeT. [loBpexaeHuss MoryT ObITh pa3HOM

CTCIICHU TsDKCCTHU: IEPCIIOMBbI PYK W HOI', pa3JIMYHBLIC PACTAXKCHMA, BBIBUXU, YHII/I6I>I,
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nope3bl U Ap. Bo wu3bexxaHue pasnuyHBIX MOBPEXKICHUH HEOOXOIUMO CTPOro
co0iroaTh  TEXHUKY  O€30MaCHOCTH M WHAMBHIyaJIbHYIO  0€30MacHOCTh
KHU3HEEATEIIbHOCTH, OBITh OYEHb BHUMATEIbHBIMH TIPH MPOBEACHUU paboT.
PaGotHukam HeoOXoauMO UMETh MpH cede anTeyky C MeIUKaMEHTO3HBIMU
cpencTBamu (Bata, OMHT, XKT'yT, MEAUIIMHCKUAN CIUPT, 3€JE€HKA, TEPEKUCh BOAOPOA,

aHaJbI'MH, HAIATBIPHBIN CIUPT, aIbOYIU, HOLIMNA U JIP.).
Jlabopamopnbwtii u KamepanvHwlil IMansvl
Llopaosicenue snekmpuyeckum moxkom

M CTOYHMKOM  JJIEKTPUYECKOrO TOKAa NPU NPOBEACHUM AHAINA30B  Ha
obopynoBaHuy, a TaKke mpu padbore Ha IBM MoryT SBUTHCS Tepenaabl HAMPSHKCHUS,
BBICOKO€ HANPS)KEHUE U BEPOSITHOCTD 3aMBIKAHUS YEJIOBEKOM JJIEKTPUYECKOM LEH.

IIpoxoms wyepe3 OpraHu3M 4YEJOBEKA, DJIEKTPUYECKMM TOK OKa3bIBACT:
TEPMUYECKOE JEHCTBHE (OXKOTH, HArpeB JO0 BBICOKMX TEMIEPATYpP BHYTPEHHUX
OpPraHOB); JJIEKTPOJUTUYECKOE JEHUCTBHE (PAa3JIOKEHUE OPraHUYECKHX IKHIKOCTEH
Tela M HapylIEHHE HUX COCTaBa); OHOJOTMYEecKoe JEHCTBUE (pa3apakeHue u
BO30YXKJEHHE >KMBBIX TKAHEW OpPraHu3Ma, YTO CONPOBOXKIAECTCS HENPOU3BOJIbHBIMU
CYyZIOPOKHBIMHU COKPALIEHUSMH MBIIIILT).

HopmupoBaHnue: 3HayeHUE HANPSOKEHUS B DJIEKTPUYECKOW LIENH JIOJDKHO
yaoBaetBopsaTh ['OCTy 12.1.038-82 CCBT [84]. HanpsikeHusi TpUKOCHOBEHUS U
TOKH, IPOTEKAIOIINE YEPE3 TEJIO YEJIOBEKA IPU HOPMAJIBHOM (HEaBapUMHOM) PEKUME
3JIEKTPOYCTAaHOBKH, HE JIOJDKHBI IIPEBBIIATh 3HAYEHHUM yKa3aHHBIX B Tabiuue 25.

Tabnuma 5.2.1 — HopmupoBanue HanpsKeHUs] IPUKOCHOBEHHSI U TOKa, [81]

Pox Toka U,B I, MA
[Tepemennsrit 50 'y 2,0 0,3
[Tepemennsiit 400 ' 3,0 0,4
[TocTosTHHBIN 8,0 1,0

[To omacHOCTM TOpa)XEHHsI FIEKTPUYECKMM TOKOM momemnieHus ¢ [I9BM u

1a0opaTtopus OTHOCSTCS K MOMEHICHUSIM ©Oe€3 MOBBIIIEHHON OMacHOCTH (COTJIacHO
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[1YD), T.K. B JaHHBIX TOMELIECHUSAX MPeoOJIaaaloT CIAEAYIOIUE YCIOBUS:
OTHOCUTENbHAsA BIaXHOCTh cocTtaBisger S50-60%; TemmepaTypa BO3ayxa B
nomMenieHusix He mnpesbimaer 35 0C; OTCYTCTBYIOT TOKOIPOBOJISAIIME MOJbI (OB
nepessiHabie) [80].

3amura OT JIEKTPUYECKOT0 TOKA MOIpa3IeseTCs:

- 3allliTa OT MPUKOCHOBEHUS K TOKOBEAYUIUM YACTAM 3JIEKTPOYCTAHOBOK
(M30JISIIIHS TIPOBOIOB, OJTIOKMPOBKA, TOHMYKCHHBIC HAIIPSKEHUS, 3HAKU 0€30MaCHOCTH U
TJIaKaThl);

- 3AlUTBl OT TMOPAXEHUSI HIEKTPUUYECKUM TOKOM Ha 3JIEKTPOYCTAHOBKE
(3aIIMTHOE 3a3€MJIEHUE, 3aLUTHOE OTKIIOUYEHNE, MOJIHUE3AIINTA).

[Tomemenus, rae pasmemarorcss paboune mecra ¢ [IOBM, nomxHbl OBITh
0o00Opy/lOBaHbl ~ 3aIUTHBIM  3a3eMJICHMEM  (3aHyJleHHEM) B COOTBETCTBHUU C
TEXHUYECKUMHU TPEOOBAHUSIMU MO SKCILTyaTaI|H.

lloxcapnas 6e3onacnocms

[lomemenue naGoparopuu, B KOTOPOH NPOBOAMIUCH HCCIEIOBAHUS IO
MO’KAPOOIMACHOCTH OTHOCATCA K Kareropu B — mokapoornacHble MOMENIEHUS:
rOproYMe M TPYAHO TOPIOUME KUJKOCTH, TBEPJbIE BEUIECTBA W Marepualbl (B TOM
Yyclie MbUIM W BOJOKHA), a TaKKe BEUIECTBA M MaTepualibl, CIOCOOHBIE MpHU
B3aMMOJICUCTBUM C BOAOW, KHCIOPOJOM BO3yXa WU APYT C JIPYrOM TOJILKO TOPETh,
IpU YCJIOBUU, UYTO IIOMEIICHUS, B KOTOPHIX OHHM HMEIOTCA B HAJIMYUHM WIU
oOpaInarTcs, He OTHOCATCS K KateropusiMm A wiu b [85].

B pabounx kaOuHetax © B Ja0OpaTopusiX HeNb3s MOJIb30BATHCA
IEKTPOITUTKAMA C OTKPBITOM CIHPAIbl0 WM JPYTMMH 00OTpEeBATEIHHBIMU
npudopaMu C OTKPBITBIM OTHEM, T.K. MPOBEACHHE JTabOpaTOPHBIX PabOT HEPEIKO
CBSI3aHO C BBIACJICHUEM I0KapOB3PHIBOONACHBIX MMAPOB, Ta30B, TOPAUUX KUAKOCTEH U
BemiecTB. PaboThl BeayTcss MOpU  CTPOrOM  COOJIOJEHUM TpaBUJ  MOXKAPHOU
6e3onacHocTu. [1o okoHUaHuu paboT B 1a00pATOPUN HEOOXOAUMO MPOBEPUTH ra30BbIC
KpaHbl U OTKJIFOYUTH 3JICKTPOIHEPTHUIO HA O0IIEM PYOMIIbHUKE.

[locne okoHuyaHusi pabOThl BCE MPOU3BOJICTBEHHBIC MOMEIICHUS JIOJKHbI

THIATCJIBHO OCMATPHUBATHCA JIMIIOM, OTBCTCTBCHHBIM 3a ITOKAPHYIO 0e3011aCHOCTb.
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K OCHOBHBIM OrHEracHTEIBHBIM BEIIECTBAM OTHOCATCS BOAA, XMMHYECKAs U
BO3JyIIIHO-MEXaHUYECKasl IE€HA, BOASHOW Map, CyXWe€ MOPOIIKU, HHEPTHBIC Ta3bl,
raJIOUJIMPOBAHHBIE COCTaBbI. JJI1 MEPBUYHBIX CPEICTB MOKAPOTYLICHUS TPUMEHSETCS
MECOK, BOWJIOYHBIE IMOKPHIBAJIA.

B 3manuu 115 1abopaToOpHBIX MCCIIEOBAaHUN U KaMepalbHBIX pabOT UMEIOTCS

TOJIbKO MOPOIIKOBbI€ oruerymurenu tumna OI1-03.
5.3. be3onmacHOCTb B Ype3BbIYAWHBIX CUTYAILUSAX

UpesBbiuaiinas cutyanus (UC) — 310 o0OCTaHOBKA Ha  OINpeaeieHHON
TEPPUTOPUH, CIIOKUBIIASCS B PE3yJIbTATE€ ABAPUM, OMACHOTO IMPUPOJHOIO SIBJIECHUS,
KatacTpodbl, CTUXUWHOTO WJIM HWHOTO OEICTBUS, KOTOPHIE MOTYT IOBJCYHh WU
MOBJEKIM 3a COOOM 4YeJOBEYECKHE >KEPTBbI, YIIEpO 3I0pOBbIO JIOJAEH WIIU
OKPYXaroUEel TPUPOAHOM Cpelie, 3HAUMTEIbHbIE MATEPUATIbHBIC IOTEPU U HAPYIICHUE
YCIIOBUU )KU3HEECATEIBHOCTH JIOIEH.

Tak xak mpo0OOOTOOp AJsi MCCIIEOBAHUN MPOBOAMUTCS JETOM, HE HCKIIOUEHO
IIPOSIBJICHUE TAKOM YPE3BBIYAHON CUTYallUM, KaK CUIIbHAS XKapa.

CunbHast  Kapa  XapakKTEpHU3yeTCs  IPEBBIIEHUEM  CPEIHEILIFOCOBOM
TEeMITepaTyphl OKpYyXkatoiero Bo3ayxa Ha 10 u Gonee rpaaycoB B TEUCHUE HECKOJIBKUX
JTHEH.

OnacHOCTh 3aKJIIOYAETCA B TEIUIOBOM IIEPErpPEBAHUM YEJIOBEKa, T.€. yIpO3e
MOBBIIIEHUA TemmepaTypbl ero tena Bbeimie 37,1 rpamycoB mno Ilenbcuio wumm
TEIJIOHAPYIICHUH — MPUOIMKEHUH TeMIiepaTyphl Tena K 38,8 rpaaycos no Llenbcuro.
TermioBoe KPpUTUYECKOE COCTOSIHHE HACTYIAET IMPU JUIATEIBHOM W (WJIM) CUIBHOM
MeperpeBaHnm, CIOCOOHOM TPUBECTH K TEIUIOBOMY ylaapy WIH HapyIICHUIO
cepacyHo pAesarenpHOCTH. CHMOTOMaMu MEPETPEBaHUsl SBISIOTCSA: NOKPACHEHHS
KOXH, CYXOCTh CIM3HUCTBIX 00OJIOYEK, CHUIbHASA Xaxaa. B manpHEieM BO3MOXKHA
MOTEPS] CO3HAHMS, OCTAHOBKA CEPJILIA U JIbIXAHUSI.

[IpaBuia noBeAEHUS BO BPEMS CUIILHOM Kaphbl:

— n30eraifTb BO3CHCTBUS MOBBIIICHHON TeMIIepaTyphl;
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- HOCUTH CBETVIYIO BO3AyXOHENPOHHULAEMYIO OACKAY (KEnaTesbHO W3
XJIOMKa) C TOJOBHBIM yOopoM. IlepeaBuraiitech He cremia, cTapaWTech yalle
HaXOJUThCS B TCHU;

- HE ynoTpeOsiiTh NUBO U JPYrHe aJIKOIOJbHbIE HAIUTKH, 3TO MIPUBEAET K
YXYJIIEHNIO OOIIEro COCTOSIHUAS OPraHu3Ma.

IIpn TemmoBOM MNOPAKEHUM HEMEIJICHHO IEPEUTH B TEHb, HA BETEp WIHU
IPUHATH YL, MEIJICHHO BBIIUTH MHOTO BOJbL. [locTapaTecs OXJIaguTh CBOE TEIIO,
9TOOBl M30€XKaTh TEIUIOBOTO yaapa. B ciywyae morepu Cco3HaHUSA KEM-TO U3
OKPYKaIOIKUX, IPOBECTH PEaHUMALMOHHBIE MEPONPUATUA (Maccaxk cepaua u

HCKYCCTBEHHOE JibixaHue) [97].
5.4. 3akoHoaaTeIbHOE PEeryJMpoOBaHHe NPOEKTHBIX PeleHuil

HopMmatuBHo-nipaBoBasi 6a3a oOecnedyeHuss 0€30MacHOCTH >KU3HENEATEIbHOCTU
HACeJIeHWsT W 3alIUThl  TEPPUTOPHI periaMeHTHpPYeT 00sI3aHHOCTH U IpaBa
rOCyJJapCTBEHHBIX OPraHOB, OOLIECTBEHHBIX OpraHU3alUil, JOJUKHOCTHBIX JIMI[ U BCEX
IpaK[aH, 3aKpeIUIsieT U PErYIUPYET YCTPOMCTBO M HA3HAYEHUE CIIEHUAIIBHBIX OPTaHOB
ynpasieHus: B obnactu 3amuthl oT YC, ompeaenseT OTBETCTBEHHOCTh BCEX YPOBHEH
BJIACTHU U TPAXKJaH.

[IpaBoBOIf OCHOBOW 3aKOHOJATENbCTBA B 00MacTU oOecreueHus: 0e30MacHOCTU
XKU3HeneaTeapHoCcTH saBisercs Koncrurynus [98] — OcHOBHOM 3aKOH rocyapcTsa.

B obnactu oxpaHbl TpyJa Ha HNPEANPUATHSIX U B YUPEKICHUSAX OCHOBHBIMU
3aKOHOAATENbHBIMU aKTaMU ABILIIOTCS Tpynosou kogeke PO (TK P®D), I'paxnanckui
kojiekc P® (I'K P®D) u denepanbubiii 3akoH ot 17 utonst 1999 r. Ne 181-d3 «O6
OCHOBax oxpaHsbl Tpyaa B Poccuiickont denepannm».

B nmpaBoBoii cucteMe CoXpaHEHHUs KU3HU U 310pOBbS PaOOTHUKOB B Ipoliecce
TPYJOBOM JEATEIBHOCTH BEAYIIEE MECTO 3aHUMMAKOT HOPMATHBHO-IIPABOBBIE AKTHI
oxpansl Tpyna. denepanpapiM 3akoHOM «OO0 OCHOBax OxpaHbl Tpyaa B Poccuiickoi
®enepauyn» (CT. 3) yCTaHOBJIEHBI €IMHBIE I'OCYJAPCTBEHHBIE TPEOOBAHUS OXPaHbI

Tpyaa, ABIIAOIIUECA 00s13aTeILHBIMU JJIs1 HCITOJIHCHUA OpraHu3aluAamMy,
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IOPUANYECKUMH, (PU3NYECKUMH JUIIaMH BceX (OpM COOCTBEHHOCTH TMPH Pa3iHUHBIX

Buaax ACATCIBbHOCTH.
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6 duHaHCOBBIN MEHEIKMEHT, pecypco3(GeKTHBHOCTH M pecypcocOepexenne
6.1 IlnanupoBanue ynpasjieHUs HAYyYHO-TEXHMYECKUM MPOECKTOM

[lens manHO#M PabOTHI 3aKITIOYACTCS B U3YUCHUN HAKOIUICHUS M PACTIPEICICHUS
prytu B nouBax r. CremHoropck (PecnyOnuka Kazaxcrtha). lyis 3Toro Heo0Xoaumo
MPOU3BECTH CJIEAYIONIME BHIBI PabOT, KOTOPHIC BBITIOJHSIOTCS TOCIEI0BATEIHHO:
HKOJIOTO-TEOXUMHUYECKUE -IMTOICOXUMHYECKHE, JJabopaTopHble (Taba. 7.1.1). Pabothl
POBOJMINCH, HA BCEM TEPPUTOPUM TOpOja, YCIOBHO PAa3lCICHHONW Ha XUIYI0 U
MPOMBITIUICHHYI0 4YacTh. [IpoTsikeHHOCTh Mapmpyta — 22 kM. KommuectBo mpo0:
nousa — 44.

Ha ocHOBaHMM TEXHMYECKOIrO IUJIaHA PACCUMTHIBAIOTCA 3aTpaThl BPEMEHU U
TpyJa.

Tabnuma 6.1.1 — Buasl u 00bEeMbI TPOSKTUPYEMBIX PA0OT (TEXHUUECKUHN T1JIaH)

Ycenosus
No Buast pabot Komn-Bo mpo06 MIPOU3BOJICTBA Bunx o6opynoBanus
pabort
JIuToreoxummuaeck ITynkTh OTOOpa
ve MCCIeI0BaHuUs po06 HaxoJATCs Ha
1 A4 TEPPUTOPHH T. CriennanbHas npo0600oTOOpHas
CremHoropcka JIOTIATKA, TOJTUITUIICHOBBIC MTAKEThI
(PecyOmnmka
Kazaxcran)
[IpenBapurensHOE
3 U3yYeHUE
pe3yIbTaToOB

aHAJIM30B TIPod U
BBISIBJICHUE

3JIEMEHTOB- AHanu3 npod
3arps3HUTENeH n1abopaTopuu
HCCIIEyCMBIX MUKPORJIEMEHTHOTO | AHanu3atop prytu PA-915+ ¢
TPUPOAHBIX CPCA 44 aHanm3a Kademapol MUPOTUTUYECKON MPUCTABKOU
Onpenenenue I'srx MIIP HA [MNPO-915
(hOHOBBIX 1 TITY
MUHUMAaJIEHO-
4 AHOMaJIbHBIX
coepxKaHui
AHATM3UPYEMBIX
JJIEMEHTOB
Pacuer
CyMMapHOTO
5 MOKa3aTelst 44 ﬁ%)elgﬁ I;?II;,X [IBM
KOHIICHTpAIIH
(paccesiHus)
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[Tponomxkenue Tadmuubl 6.1.1

3JIEMEHTOB-
3arpsi3HATEIEeH

Pacuem 3ampam epemenu u mpyoa no euoam pabom

Jlna pacdera 3aTpaT BpeMEHHU U TpyAa HCMHOJIb30BAJINCh HOPMBI, U3JI0KEHHBIE B
CCH-93 Bbrinmyck 2 «I'eonoro-skonoruueckue padbotel» [99]. U3 3Toro crnpaBodHHKa
B3STHI CJIEYIOUIUE JIAHHBIE: HOPMa BPEMEHHU, BBIpAXKEHHAs HA €AUHUILY TPOIYKIIUU;
KO3 PUIIUEHT K HOPME.

Pacuer 3aTtpaT BpeMeHH BBINOJIHAETCS MO PopMyIie:
N =Q* Hg*’ (1)
rae: Q- obvem pabor; H, — Hopma Bpemenu; K — cooTBercTBYyrommi
KO3 bHULIEHT K HOpME.
Bce paboTbl ObLIM BBIOTHEHBI CTIEHUATINCTOM | KaTeropuu mnoja pykKoBOJACTBOM
CIeIUaIUCTa-Te0IKOIIOra.
Hcnonb3yss TEXHUYECKMH IJ1aH, B KOTOPOM YyKa3aHbl BC€ BHUABI padOT

H€O6XOI[I/IMO ONpCACIINTDL 3aTpaTbl BPCMCHH HaA BBIMOJHCHUC KAKAOI'0O BH/Ad pa60T B

cMeHax (tabmn. 7.1.2).

Tabnuua 6.1.2 — Pacuer 3aTpaT BpeMeHU U TpyAa

No Bun pabor O6bem Hopma Hoxymen | Koadd Hroro
En. usm | Kon-Bo | BpeMeHH T WLEHT | BPEMEHU
Q) no CCH Ha 00beM
(Hgp) MN)
[IpoBeneHme KM 22 0,267 CCH, - 5,87
MapIIpyTOB (cpenHee BBIII. 2
1 pacCTOsTHUE MEXIY Tabmn. 31
rroraakamMu 500 m) cr.4
cTp.36
JInToreoxumMmuyecKue npoba 44 0,0403 CCH, - 1,77
HCCIIEIOBAHUS BBIII. 2
2 Tabmn. 23
cT.3,
ctp.1
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[Tponomxkenue Tadmauupl 6.1.2

[penBaputenbHOE JIIEMEHTO 44 0,00034 CCH, 0,015
M3y4eHHE Pe3yIbTaTOB - BBIIIL. 2,
aHaNM30B Mpod u omnpejene Tabm. 60,
8 BBISIBJICHHE DJIEMEHTOB- HsL ctp. 29,
3arpsi3HUTEINEeH or. 7 -
HCCIIeTyEeMBIX
MIPUPOJTHBIX CPE
Onpenenenue POHOBBIX | 3IEMEHTO 44 0,00046 CCH, 0,02
1 MUHHUMAaJILHO- - BBIIL. 2,
aHOMAJILHBIX ompenene Tabm1. 60,
9 conep kaHmi HUSA ctp. 30,
AHAJIM3UPYEMBIX cT. 7-
3JIEMEHTOB
Pacder cymmapHoTO 3JIEMEHTO 44 0,00031 CCH, 0,014
IMOKa3aTeis - BBIIL. 2,
10 KOHIICHTpAITU! ompenene Tab:1. 60,
(paccesHuUs) AIEMEHTOB- HUS ctp. 31,
3arpsi3HUTENEH CcT. 7-
Pacuer cymmaphoit 3JIEMEHTO 44 0,00336 CCH, 0,15
SKOJIOTHYECKOMH - BBIIL. 2,
Harpy3ku oT onpezene Tab. 60,
11 COBOKYITHOCTH HUSA cTp. 32,
3JIEMEHTOB- CcT. 7-
3arpsi3HUTENIEH B OJTHOU
NPUPOAHON cperie
Hroro 7,843
Tabnuna 6.1.3 — bananc pabouero BpeMeHU
Cneuunanucr 1
I'eoskos10r
Ne Buasl pador KaTeropumu
yeJji/cMeH yeJji/cMeH
1 JInToreoxuMmnuyecKue 0,41 0,41
HCCIICIOBAHUS
2 KamepanbHas 06paboTka 0,41 0,41
Hroro oduiee Bpems 0,41 0,41
Tabnuna 6.1.4 — OCHOBHBIE pacXObl
Emun. | 3atpatsl JluesHas WHunekc Cymma
HammenoBanue pacxomoB wamep. | Tpyma CTaBKa, T S— OCHOBHBIX
pyo pacxoioB
OcHoBHas 3apaboTHA IJIaTa:
Benymmit cnenmanuct 1 4ea-CM 1,23 919 1,022 1155
Cnemmanucr I kart. 1 9eI-CM 1,23 539 1,022 678
NUTOT O: 2 2,46 1833
JononHuTenbHas 3apriaTta 7,9%
NUTOT O: 1978
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TTnonomxkenue Tabmunet 6.1 4

UTOT O: C pK.= 1,3 2571
CtpaxoBbI€ B3HOCHI 30,0% 771
UTOT O: 3342
Marepuansl, Krp=1,0 5,0% 99
Amoprusanus 1 CMCHA 2,46 66,22 2649
MU T OTI O oCHOBHBIX Pacxo/J0B: 6090

6.2 Broa:keT HAYYHOr0 UCCIeI0BAHUS

BrokeT HaydyHOTO HMCCIENOBAHMS ISl JTUTOIC€OXMMHUYECKUX M KaMepalbHBIX
pabotr Takxke omnpenemsuck cormacHo CCH, Bemyck 2 Ttabmuma 49, a s
71a00paTOpPHBIX PabOT COrJIACHO HMHCTPYKIHUSAM W METOJAUYCCKHUM PEKOMCHIAIMSIM

(Tabmmma 6.2.1).

Tabmuma 6.2.1 —Hopwmbl pacxoja MaTepraioB Ha TPOBEICHUE TEOXUMUYECKUX PaboT

HanmenoBanue u
XapaKTEePUCTUKA Enunanna | Lena, py6. | Hopma pacxona Cymwma, pyo.
U3J1eIus
BbioknoT IIIT. 50 2,0 100
Kapannam npocroit IIT. 10 2 20
Pe3nnka yyeHuueckast | IiT. 10 1 10
ITakeTnt
TIOJIUITUIIEHOBEIE IIIT. 0,5 120 60
(dacoBoUyHBIC

[Tauka
Kumkka sTukeTHas (300umr.) 30 1 30
[lepuaTku JnaTekcHbIC e 20 12 240
HECTEPUJIbHBIC
JlonaTtka e 20 1 30
MJIAaCTMACCOBAas
@osbra anrOMHUHHEBAsS
10 1 % 30cM IIT. 70 0,05 3,5
Cnupt STUJIOBBIN
TEeXHUYECKUN  MapKH | J 90 1,7 153
A TUIPOIU3HBIN
Bara CTepHIIbHAS | 40 0.6 24
XUpypruueckas
IInHIIET MEOUIIMHCKUH | IIT. 80 1 80
Bbymara opucnas nayka

(100 71) 200 1 200
Kapannam npocroit LIT. 10 2 20
Pe3nnka yyeHuueckasi | IiT. 10 1 10
JIuHelika yepTexxHas | IIT. 40 1 40
Pyuxka mapukosas | - 12 5 24
(6e3 cTepikHs)
Hroro: 1094,5
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B Ttabmume 6.2.2 mnpencraBieHbl 3arpaThl Ha jgopory. llpu mpoesne
aBTOMOOUJIHBIM ~ TPAHCIOPTOM  YYUTHIBa€M CTOMMOCTh OenszuHa AUN-92 1o
TEPPUTOPUM Tropojaa, o coctosHuo Ha 2015 rox meHa cocrtaBisieT B cpeaHem 33
py6/n. Obmras nmpoTskeHHOCTh MapiipyTa 22 kM. M3 pacxona 0,25 i 6eH3una Ha 1 KM,
HaM notpedyertcs 5,5 1.

Tabmuia 6.2.2 - Pacuer 3atpat Ha npoesnt

Ne HaumenoBanue KoauuecTBo CroumocTs (p).
ABTOTPAHCIIOPTHOTO
CpeacTBa
1 Bensun, AN-92 5,51 33
Hroro 181,5

Pacuer croumMocTu Ha J1abopaTOpHBIE MCCIIENOBAaHUS MPEACTABICH B Ta0IMIIE
6.2.3.

Tabnuna 6.2.3 — PacyeT 3aTpart Ha 1a00paTOpHBIE PaOOTHI

No MeTtoa aHAIHM3A KoJui-Bo npo6 [(:;g UMOCTE, Hroro
1 ATOMHO-a0COPOIIMOHHBIN aHATN3 44 1500 102000
HTroro:

OOMiA pacyeT CMETHOW CTOMMOCTHU MPOEKTa 0(hOPMIISIETCS TIO TUTIOBOH (hopme.
bazoif mnms Bcex pacyeToB CIy)KaT: OCHOBHBIE pacXoibl, KOTOpPBHIC CBS3aHBI C
BBIMIOJIHEHUEM pabOT MO TPOCKTY U THoapaszfensiorcs Ha A (cOOCTBEHHO
reo3KoJIornueckue padboTel) U b (comyTcTByroIIKe paboThI).

Pacyer cToMMOCTH Ha MPOCKTHO-CMETHBIC pa0OTHI BBHITIOJHSACTCS HA OCHOBAHUHU
JIAHHBIX OPTaHW3alliU, COCTABISIONICH MPOSKTHO-CMETHYIO JOKyMeHTarmioo. Okiana
OepeTcst yCIIOBHO.

OO0t pacyeT CMETHOM CTOMMOCTH BceX paboT oToOpakeH B Tabmuie 6.2.4

Ta6nuna 6.2.4 —O061mumii pacyeT CMETHOM CTOMMOCTH paboT

ITotHas cMeTHAas

Ne (Crarbu 3aTpar En. uzm. Koa-Bo
CTOMMOCTbD, PY0.

OcHoBHbIe pacxoasl (OP)
I'pynna A. CoOCTBEHHO re09KOJIOTHYECKHE pabOThI

1 |[IIpoeKTHO-CMETHbIE pabOThI % 1100 6090
2 |Ilonesbie pabotsl (I1P)
3 Opranu3anus MmojeBsix padboT |% TP 1,5 \ 91,35
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N |Craren sarpar Ex msm. LIPOJOIDKCHHE Tabauie! 6.2.5
LiunMuULL Dy pyu.

4 JIMKBHIAIMS TTOJEBBIX Pa0OT % TIP 1,5 91,35

5 KamepasbHbie paboThI % T1P 100 6090

I'pynna b. ConytcTBytomue paboTh

1 |TpaHCHOpTI/IpOBKa nepcoHana % ot ITP | 1 0,91

Ioapsiaubie paGoThl

JlaboparopHbie pabOTHI pyo.

HJIC % ot OP 18 1096,2

Hroro ¢ yuerom HJIC: 13459,81
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3aK/JII0YeHue

ITo pe3ynbTaTaM BBIIIOTHEHHBIX MCCIEIOBAHUN MOYB M JIUCTHEB TOMOJS HA
TeppuTopuH I. CTEMHOropcKa ceiaaHbl CAEAYIOIINE BbIBOBI:

I. B mouBax xunoil TEppUTOPUN YCTAHOBIIEHO CPENHEE COACPKAHUE PTYTH,
paBHoe 0,03 Mr/kr, B moyBax HpOMBINUIEHHON TeppuTopun — 0,42 Mr/kr (¢ yyeTtom
CepHOKMCIOTHOrO 3aBojaa), 0,05 mr/kr (6e3 ydeTa CEpHOKHCIOTHOro 3aBoja). Ha
TEPPUTOPHUH BIUSHHUS CEPHOKUCIOTHOTO 3aBOJIa CPEIHEE COJIEPHKAHUE COCTABISET 2,48
Mr/kr, Ha Tepputopun BiausiHUSA TOL — 0,16 mr/kr CopaepkaHue pTyTH Ha IOYBax
KUJION Tepputopuu mpesbiaer ¢GoHoBoe, paBHoe 0,017 mr/kr, B 2 pas3a, B moyBax
IPOMBIIUIEHHON TeppuTopuu B 3 pa3a. Berasieno npessiienue [1/IK nmo conepxanuto
PTYTH B IIOYBaX Ha TEPPUTOPUU CEPHOKUCIOTHOTO 3aBOJIA.

2. B cyxom BemiecTBe JUCTHEB TOMOJISI, OTOOPAHHBIX HA KUIJION TEPPUTOPUH,
ONPECIICHHO CpEeHEee COJAEpKaHue pTyTH, KoTopoe coctaBiser 0,013 wmr/kr, B
npo0ax, 0TOOpaHHBIX Ha MPOMBILIUICHHOW TEPPUTOPUH CPEHEE COJIEPKAHUE PTYTH —
0,011 Mr/kr, mojsydeHHBbIE pe3yibTaThl MpEBbIIAOT (OHOBOE 3HAUYEHHWE B 2 pasa.
ConepkaHue pTYyTH B CyXOM BEIIECTBE JIUCTHEB TOMOJSI, OTOOPAHHBIX B 30HE BIUSHUS
CEePHOKMCIIOTHOTO 3aBoja, cocTaniseT 0,017 Mr/kr, u mpesbiaeT (oHOBOE B 3 pasza.

3. [To pesympraram ananm3a ¢Topa B BOJHOM BBITSIKKE MOYB YCTAHOBJICHO
cpenHee cojepxkaHue B po0ax, 0TOOpaHHBIX Ha XKUJIoW Tepputopuu — 1,29 Mr/kr, Ha
POMBIIIUIEHHON Tepputopun — 6,59 Mr/kr (hoHOBOE 3HAUEHHE MPEBBIIIEHO B 6 pa3).
B 30He BIMSIHUS CEPHOKHMCIOTHOTO 3aBOJA CPEIHEE COJAEPKAHHE BOJAOPACTBOPUMOIO
dropa B mouBax coctamisier 22,6 mr/kr (npessimienue [IJIK B 2 paza, ¢oHOBOrO
3HaueHud B 20 pa3), Ha reppuropun TOL[ — 15,9 mr/kr (npessimenue 11K B 1,5 pasa,
¢onoBoro 3HaueHus B 14 pa3s).

4. Takum o0pa3zoM, MOITY4YEHHBbIE PE3YJIbTAThl MO3BOJIAIOT CHENATh BHIBOJ,
YTO OCHOBHBIMU HCTOYHUKAMH MOCTYIUICHUS PTYTH U (PTOpa B OKPYXAIOUIYIO CPEIY

Ha TeppuTopun r. CTEMHOTOPCKA SBIISAIOTCS CEPHOKUCIOTHBIN 3aBoa 1 TOLI.
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The mercury contamination of soil from coal-fired power plants

Urban soils are soils in urban and suburban areas consisting of anthropogenic
deposits with natural (mineral, organic) and technogenic materials, formed and
modified by cutting, filling, mixing, intrusion of liquids and gases, sealing and
contamination (Burghardt 1994; Stroganova et al. 1998). According to the definition
urban soils are related to specific areas, namely urban and suburban areas. In this
sense, industrial, traffic and mining areas may also belong to the areas of concern.
Currently, the abbreviation SUITMA for Soils of Urban, Industrial, Traffic, Mining
and Military Areas is frequently used [100].

Mercury takes a special place among environment-polluting substances, being a
rank | hazard element. Maistrenko et al. (1996) refer mercury and its compounds to the
so-called superecotoxicants, which require ecologo-analytical monitoring as part of the
general monitoring of the environment state. Of all toxic metals, mercury exerts the
most serious negative effect on man’s health and the state of environment components,
disturbing global and regional biogeochemical cycles. That is why in recent years
much attention has been devoted to the world’s mercury problem [100].

The mercury distribution in soils and plants was examined on the catchment area
of Lake Bol’shoe Yarovoe with the Altaikhimprom chemical industrial complex
situated on its shore. Data on mercury contents show a considerable mercury flow into
the environment, though the industrial complex and its waste do not pose serious
threat. The revealed pollution in the immediate vicinity of the industrial complex,
including that due to atmospheric transport, as well as the elevated content of mercury
in hydrochloric and alkaline extracts suggest its intense migration from the waste.
Therefore, it is necessary to make up an inventory of the industrial-complex waste and
perform a detailed study of the lake ecosystem as a model unit [101].

The distribution of mercury (Hg) in fractions of urban soils from industrial cities
in the Russian Far East which are subject to varying degrees of Hg contamination was
examined. The speciation scheme applied was based on routine chemical extraction

methods used in soil investigations. Such an approach enables the Hg data to be
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brought into correlation with soil basic fractions and the fate of Hg bound to different
soil components to be followed. Humic acids and a non-hydrolysable residue (humin),
1.e. the soil fractions most refractory to microbiotic and chemical attack, were found to
be principal Hg repositories in the soils studied. This pattern was equally observed for
slightly, moderately and heavily contaminated soils. Hymatomelanic acids do not
appear to be an efficient Hg concentrator. In heavily contaminated soils, Hg
concentrations were evident in mobile fractions of fulvic acids as well as in those
fractions extracted by H20 and 0.05 M Na2-EDTA pH 3. A portion of Hg extracted by
1 M HCl increased in lower horizons, reflecting relatively weakly bound Hg [101].

With reference to the international classification system World Reference Base
for Soil Resources anthropogenically influenced soils can be divided into Anthrosols
and Technosols. Anthrosols are anthropogenically altered soils through addition of
organic material, household waste, irrigation and cultivation. The anthropogenic
influence is mostly restricted to the upper part of the soil (topsoil). Technosols are all
kinds of man-made soils featuring deposited soils containing natural and technogenic
artefacts, sealed soils and constructed soils with completely artificial layers. They exist
in urban, industrial, traffic, mining and military areas in all parts of the world (WRB
2006). A subdivision of Technosol has not taken place up to now [102].

Most published urban soil investigations involve the characterization of
potentially harmful elements (PHEs), e.g. heavy metals and metalloids, because of
their non-biodegradable nature and their tendency to accumulate in the human body
(Ajmone-Marsan and Biasioli, 2010). The sources of PHEs in the urban environment
can be either natural, i.e. inherited materials from the underlying parent materials (e.g.,
rocks, alluvium, etc.), or anthropogenic (Wong et al., 2006; Wei and Yang, 2010; Luo
et al., 2012). Anthropogenic metal signatures in soil can persist for many decades after
termination of point and nonpoint source emissions due to the long residence times of
metals in soil (Yesilonis et al., 2008). Both multivariate statistics and geostatistics are
invaluable tools for identifying sources of PHEs on the urban scale and evaluating the
significance of geochemical anomalies in relation to lithological characteristics and

human activities (Zhang, 2006; Cicchella et al., 2008; Davis et al., 2009)[103].
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Mercury is a potent neurotoxin, particularly damaging to the development of the
fetus, infant and young child. Coal-burning power plants are the largest source of
mercury emissions related to human activity in the U.S. In December 2003, the
Environmental Protection Agency (EPA) issued a proposed regulation to control
mercury emissions from these sources. The ability to adequately protect the public
from the adverse health effects associated with exposure to mercury is closely tied to
the effectiveness and the stringency of this rule. Mercury in the atmosphere comes
from both human (or anthropogenic) and natural (e.g., volcanic activity) sources, with
anthropogenic emissions far exceeding those from natural sources. In the U.S., coal-
fired power plants are the largest unregulated source of mercury emissions and are
responsible for approximately 40 percent of the country’s industrial emissions. In part
because other large domestic sources of mercury emissions such as municipal waste
combustors are already subject to federal and more stringent state regulations, the
proportion of U.S. mercury emissions attributable to coal-burning power plants is
increasing. Moreover, mercury emissions from coal-fired power plants are expected to
increase based on projections of energy production and coal use, absent any state and
federal actions to require mercury emission reductions [104].

Control technologies specific for reducing mercury emissions are also well on
their way to commercial availability. For example, activated carbon injection
technology is being successfully demonstrated in both pilot and full-scale applications.
The results indicate that mercury control efficiency of over 90 percent is feasible for
power plants, with costs that are comparable to the costs of NOx removal required
under the federal program to achieve national ambient air quality standards for ozone
[105]

Mercury (Hg) is one of the hazardous trace elements in coal. Mercury in coal is
almost totally emitted into the atmosphere during coal combustion. Especially for
utilities burning low-sulfur coals that do not require scrubbers, Hg reduction will be
neglected. Hg abundances of 52 low-sulfur coal samples from different coalfields in
six provinces of China were determined by a flow injection mercury system (FIMS).

The results show that Hg abundances in selected low-sulfur coals range from 0.03 ppm
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to 0.79 ppm, with an arithmetic mean of 0.24 ppm, which is higher than that of
average Chinese coals (0.19 ppm). Correlation analysis and sequential extraction
procedures are performed to study possible modes of occurrence of Hg in low-sulfur
coals. Modes of occurrence of Hg are variable in low-sulfur coals, and the sulfide-
bound and organic-bound Hg may be the dominant forms. In addition, the silicate-
bound Hg may be the main form in some of these coals because of magmatic intrusion
[106].

Although China has been regarded as one of the largest anthropogenic mercury
emission source with coal combustion, so far the actual measurements of Hg species
and Hg emissions from the combustion and the capture of Hg in Chinese emission
control devices were very limited. Aiming at Hg mercury species measurements in
Guiyang, the capital city of Guizhou province in Southwest China, flue gases of
medium-to-small-sized industrial steam coal-firing boiler (10-30 t/h) with no control
devices, medium-to-small-sized industrial steam coal-firing boiler with WFGD and
large-scale coal combustion with ESPs are studied using Ontario Hytro method.
Mercury emission factors of the three representative coal combustion and estimated
mercury emissions in Guiyang in 2003, as well as the whole province are obtained
from 1986 to 2002. Coal combustion in Guiyang emitted 1898 kg mercury to the
atmosphere, of which 36% Hg is released from power plants, 41% from industrial coal
combustion, and 23% from domestic users, and 267 kg is Hg", 813 kg is Hg** and 817
kg is Hg". Mercury emission in Guizhou province increased sharply from 5.8 t in 1986
to 16.4 t in 2002. With the implementation of national economic strategy of China’s
Western Development, the annual mercury emission from coal combustion in the
province is estimated to be about 32 t in 2015 [107].

Mercury emission field measurements based on the Ontario Hydro Method
(OHM) were conducted for six coal-fired power plants in China. The mercury mass
balances for the six power plants varied from 100.3% to 139.5% of the input coal
mercury for the whole system. About 0.02%-1.2% of the mercury remained in the
bottom ash. In the first five power plants equipped with pulverized coal boiler, most of

the mercury was emitted from the stack to the atmosphere. The plants with
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Electrostatic Precipitator (ESP) system emitted more Hg” than Hg*, while the plants
with the Fabric Filter (FF) emitted less Hg’ than Hg*". Virtually all of the Hg" enter the
ESP or the FF was removed. The FF systems had better Hg’ and Hg”* removal
efficiencies than the ESP systems. The flue gas desulfurization (FGD) system removed
up to 78.0% of Hg” and only 3.14% of HgO in the flue gas, while 8.94% of the
original mercury in the coal was removed by the FGD system. The average mercury
removal efficiencies of the ESP systems was 11.5%, that of the FF systems was 52.3%
and that of the combined ESP+FGD system was 13.7%, much lower than the average
removal efficiencies of pollution control device systems in US plants which have been
used in previous studies of Chinese mercury emission inventory. Hg’, rather than Hg**
as assumed in previous estimates, has been found to be the dominant species emitted in
the atmosphere. The average emission factor was found to be 4.70 g/TJ (10.92
bl/Tbtu), which is much higher than for US plants burning bituminous coals due to the
high mercury content in the Chinese coal and the low mercury removal efficiency of
air pollution control devices of power plants [108].

Mercury in coal and its emissions from coal-fired boilers is a topic of primary
environmental concern in the United States and Europe. The predominant forms of
mercury in coal-fired flue gas are elemental (Hg’) and oxidized (Hg,+, primarily as
HgCl,). Because Hg,+ is more condensable and far more water soluble than HgO, the
wide variability in mercury speciation in coal-fired flue gases undermines the total
mercury removal efficiency of most mercury emission control technologies. It is
important therefore to have an understanding of the behavior of mercury during coal
combustion and the mechanisms of mercury oxidation along the flue gas path. In this
study, a temperature programmed decomposition technique was applied in order to
acquire an understanding of the mode of decomposition of mercury species during coal
combustion. A series of mercury model compounds were used for qualitative
calibration. The temperature appearance range of the main mercury species can be
arranged in increasing order as HgCl2 < HgS < HgO < HgSO,. Different fly ashes
with certified and reference values for mercury concentration were used to evaluate the

method. This study has shown that the thermal decomposition test is a newly
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developed efficient method for identifying and quantifying mercury species from coal
combustion products [109].

South Africa is regarded as a country with the 2nd highest mercury (Hg)
emissions in the world. This assumption is based on estimates of total Hg emissions
derived primarily from gold mining and coal combustion. The potential sources of Hg
to the South African environment were assessed by focusing particularly on coal
combustion at the country’s coal-fired power plants. Mercury emission estimates were
based on the total amount of coal burned in all power plants per year (112.3 Mt y™),
the Hg content of South African coals (0.2 ppm) and the emission control devices used
in each power plant. Results indicate that Hg emissions arising from South Africa’s
coal-fired power plants (ranging between 2.6 and 17.6 tonnes y”', with an estimated
average emission of 9.8 tonnes y') are significantly lower than suggested in the
literature (approximately 50 tonnes y-'). The calculated emission factor (ranging
between 0.02 and 0.16 g Hg tonne'l coal burned) and per capita estimates (0.24 g Hg
person” y' R, where R is the fraction of total electricity generated from coal) fall
within the range of values reported for Hg inventories derived in other countries and
indicate that Hg emission estimates for coal-fired power plants presented in this paper
are more reliable than those published previously [110].

The UN Global Mercury Assessment (GMA) estimates that atmospheric
emissions of mercury from Australian stationary combustion sources were 97.0 tonnes
for the year of 1995. This is more than 90% of the estimated emissions from stationary
combustion for the whole of North America, and seems abnormally high for a country
with a population of around 20 million, in spite of the fact that most of Australia’s
stationary energy supply is provided by coal. It is also significantly larger than
previous estimates of mercury emissions from Australian sources. New estimates of
Australian mercury emissions from stationary energy sources, based on both a top
down and bottom up approach, are presented. These estimates can be reconciled for
black coal fired power stations, but suggest that the bottom up approach (the
Australian National Pollutant Inventory) significantly under-estimates emissions from

brown coal fired plant, if mercury capture efficiencies in these plants are low, as
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observed for lignite-fired plant. The major uncertainties in these estimates are the coal
mercury content in coals burnt in Australian power stations, and the mercury capture
efficiency in particulate control devices used at these stations. Based on these
estimates, Australian emissions of mercury from stationary energy are currently 2—8
tonnes/year, significantly lower than the GMA estimate [111]

Regions that have large coal-fired power station regions may be prone to
elevated mercury (Hg) deposition fluxes. Total mercury (THg) in daily rainfall
samples at a near-field sampling site (Hunter Valley) and a farfield station (Sydney)
has been monitored in this study employing ultra-clean sampling techniques and Cold
Vapour Atomic Fluorescence Spectrometry (CVAFS) analysis. Measurements of THg
range from 0.9 to 16.5 and from 1.2 to 18.9 ng/L for the far-field and near-field sites
respectively. Average daily THg wet deposition fluxes were 49.9 and 79.8 ng/m” for
the far and near-field sites respectively. A two-sample t-test reveals the near-field site
to have higher rainfall mercury (significant at the 95% level) and deposition fluxes. At
the far-field site, lower Hg deposition occurs during the cooler months, while the
Hunter Valley site has higher winter deposition. It is believed that the higher winter
values near-field may be due to the combined impact of prevailing wind direction and
high pollutant build up brought on by lower mixing height. Based on this study, the
first in the Southern Hemisphere, we conclude that rainfall THg concentrations and Hg
wet deposition fluxes at the two sites are comparable to rural sites in North America
[112].

Characterization of mercury emission and behavior from various stationary
combustion processes were carried out for the major sources including coal-fired
power plants and incinerators. Emission sampling and analysis of mercury at inlet and
outlet of air pollution control devices (APCDs) for various sources have been made as
the first attempt in Korea and now several institutions in governmental sectors are
preparing the inventory on mercury. Speciation whether mercury forms are elemental
or oxidized, was also studied by employing two different types of sampling method:
Ontario Hydro (OH) method and US EPA 101A. Mercury emission and speciation

depended on the Hg concentration in the fuels, type of APCDs, and flue gas
94



temperature and composition. Measurement results showed that elemental mercury
(Hg0) was dominant at stack of coal power plants, while oxidized mercury was
dominant at stack of incinerators, which could be due to the formation of mercury
compounds in furnaces and APCDs configuration differences between them. The data
for other sources were also obtained to understand the mercury emission. More
intensive investigations were performed for a power plant and a municipal waste
incinerator for observing the distribution of mercury at all the effluents. Mass balance
of mercury in the process was figured out from the emission data and analysis results
of mercury at all the in- and out-streams such as fuel (coals or wastes) fed, lime/lime
stone, fly ash, bottom ash, gypsum and effluent water from wet flue-gas
desulfurization (FGD). Approximate Hg mass balance could be obtained from sampled
and analyzed data for those processes. However, a series of long-term and
comprehensive studies are required to evaluate the reliable Hg distribution at coal-fired
power plants and municipal waste incinerators. There were no significant differences
between two sampling methods, but OH method seemed to have more advantage for
Hg sampling from plants because mercury speciation was a very important factor for
estimating the mercury emission and control efficiency from combustion flue gas
[113].

To evaluate trace element emissions from modern coal-fired power plants into
the atmospheric environment in Japan, trace elements in the coal used in electric utility
boilers, stack concentrations, emission rates and emission ratios of coal-fired power
plants, and proportions of trace elements in coal-fired power plants were studied. The
elements were As, B, Be, Cd, Co, Cr, F, Hg, Mn, Ni, Pb, Sb, Se and V, which are
designated in the Law of Pollutant Release and Transfer Register. The particulate trace
elements were collected in an electrostatic precipitator and a wet desulfurization
scrubber. Emissions into the atmosphere were lower than 1% of the quantity in coal,
but the volatile trace elements showed somewhat higher emission ratios. For mercury,
the mean concentration in coal was 0.045 ppm, the mean emission rate was 4.4 Ag/kW
h, and the mean emission ratio was 27%, the highest ratio among all elements in this

study. The total annual emission of mercury from coal-fired power plants of the
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electric power industry in Japan was estimated to be 0.63 t/y. On the basis of these
data, the atmospheric environment loads from a coal-fired power station were
investigated. The calculation of stack gas dispersion showed that maximum annual
mean ground level concentrations were in the order of 10™ to 10™ of the background
concentrations, and that the adverse effect of the emissions from the coal-fired power
station was small [114].

Mercury emission control technology in the combustion flue gas of coal-fired
power plants has been under intensive development, but none has been implemented
commercially because of the high cost. Treatment of coal before combustion provides
an alternative option for Hg emission control. In this study, samples of one anthracite,
one lignite and three bituminous coals were investigated to determine the feasibility of
pre-combustion Hg emission control. Density separation, temperature-programmed
pyrolysis, HNOj extraction and sequential selective extraction (SSE) were used to
determine the occurrence and speciation of mercury in the different types of coal. The
results showed that the characteristic temperature range for Hg release is <150 ‘C for
Hg", 150-250 °C for HgCly/organic-bound Hg, 250—400 ‘C for Hg$/ silicate-bound Hg,
and 400-600 "C for pyrite-bound Hg. HNOj; extraction and sink-float were found to be
effective for the removal of pyrite-bound Hg and then the coal can be pyrolysed at 400
"C to remove other forms of Hg [115].

The control of mercury in the air emissions from coal-fired power plants is an
ongoing challenge. The native unburned carbons in fly ash can capture varying
amounts of Hg depending upon the temperature and composition of the flue gas at the
air pollution control device, with Hg capture increasing with a decrease in temperature;
the amount of carbon in the fly ash, with Hg capture increasing with an increase in
carbon; and the form of the carbon and the consequent surface area of the carbon, with
Hg capture increasing with an increase in surface area. The latter is influenced by the
rank of the feed coal, with carbons derived from the combustion of low-rank coals
having a greater surface area than carbons from bituminous- and anthracite-rank coals.
The chemistry of the feed coal and the resulting composition of the flue gas enhances

Hg capture by fly ash carbons. This is particularly evident in the correlation of feed
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coal CI content to Hg oxidation to HgCl,, enhancing Hg capture. Acid gases, including
HCI and H,SO, (at small concentrations) and the combination of HC1 and NO,, in the
flue gas can enhance the oxidation of Hg. So, the transport of Hg through the boiler
and pollution-control systems, the mechanisms of Hg oxidation, and the parameters
controlling Hg capture by coal-derived fly ash carbons are discussed [116].

The current state of knowledge regarding sources of mercury emission is
reviewed in Poland. Due to the large quantities of coal burned at present, as well as
taking into account existing reserves, coal remains the main energy source of energy in
Poland. The data on coal consumption in Poland in the past, at present and in the
future are discussed in the paper. Information on the content of mercury in Polish coals
is presented. Coal combustion processes for electricity and heat production are the
main source of anthropogenic mercury emission in Poland. It is expected that the
current emissions will decrease in the future due to implementation of efficient control
measures. These measures for emission reduction are described in the paper. Results of
estimated mercury emission from coal-fired power station situated in the Upper Silesia
Region, Poland are investigated. A relationship between mercury emission to the air
and the mercury content in the consumed coal in power station equipped with the
electrostatic precipitators (ESPs) is discussed [117].

Regulatory control of mercury emission from anthropogenic sources has become
a global concern in the recent past. Coal-fired power plants are one of the largest
sources of anthropogenic mercury emission into the atmosphere. The current reducing
trends of mercury emission as cobeneficial effect by more stringent regulation changes
are summarized to control primary air pollutants with introducing test results from the
commercial coal-fired facilities and suggesting a guideline for future regulatory
development in Korea. On average, mercury emission concentrations ranged 16.3-2.7
mg Sm™, 2.4-1.1 mg Sm™, 3.1-0.7 mg Sm™ from anthracite coal-fired power plants
equipped with electrostatic precipitator (ESP), bituminous coal-fired power plants with
ESP + flue gas desulphurization (FGD) and bituminous coal-fired power plants with
selective catalytic reactor (SCR) + cold side (CS) - ESP + wet FGD, respectively.

Among the existing air pollution control devices, the best configuration for mercury
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removal in coal-fired power plants was SCR 1o CS _ ESP + wet FGD, which were
installed due to the stringent regulation changes to control primary air pollutants
emission such as SO,, NOx and dust. It was estimated that uncontrolled and controlled
mercury emission from coal-fired power plants as 10.3 ton yr' and 3.2 ton yr'
respectively. After the installation of ESP, FGD and SCR system, following the
enforcement of the stringent regulation, 7.1 ton yr' of mercury emission has been
reduced (nearly 69%) from coal-fired power plants as a co-benefit control. Based on
the overall study, a sample guideline including emission limits were suggested which
will be applied to develop a countermeasure for controlling mercury emission from
coal-fired power plants [118].

Among the various regions, Asia has become the largest contributor of
anthropogenic atmospheric mercury (Hg), responsible for over half of the global
emission. Based on different emission source categories, the mercury contaminated
sites in Asia were divided into various types, such as Hg pollution from Hg mining,
gold mining, chemical industry, metal smelting, coal combustion, metropolitan cities,
natural resources and agricultural sources. By the review of a large number of studies,
serious Hg pollutions to the local environment were found in the area influenced by
chemical industry, mercury mining and gold mining. With the probable effects of a
unique combination of climatic (e.g. subtropical climate), environmental (e.g. acid
rain), economic (e.g. swift growth) and social factors (e.g. high population density),
more effort is still needed to understand the biogeochemistry cycle of Hg and
associated health effects in Asia. Safer alternatives and cleaner technologies must be
developed and effectively implemented to reduce mercury emission; remedial
techniques are also required to restore the historical mercury pollution in Asia [119].

When coal is combusted, the combination of the elevated temperature and the
volatility of mercury and its compounds results in the presence of gaseous elemental
mercury and mercury compounds in the combustion flue gas. In January 2005, the
European Commission adopted a mercury strategy that envisages a number of
measures to reduce mercury levels in the environment and human exposure. A number

of options for mercury removal from coal-fired power plants have been investigated.
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However, more effort 1s needed to achieve an efficient and cost-effective
technology. The main objective of this work is to investigate the influence of scrubber
parameters on mercury removal efficiency to establish effective measures for mercury
control. In order to attain these objectives, theoretical predictions based on thermo-
dynamical equilibrium data and lab-scale experimental tests were carried out. The
results obtained point to pH and slurry concentration as the most critical parameters for
converting FGD (Flue Gas Desulphurization unit) into a multipollutant control
technology [120].

Development and testing of mercury control technologies have largely focused
on coal-fired combustion systems, with less emphasis on advanced power systems.
Mercury control is influenced by coal properties and chemistry, plant configuration,
pollution control devices, flue gas conditions, and plant operations, which differ
between combustion and gasification systems. Sorbents such as treated activated
carbons have shown promising results in low-temperature environments; however,
elevated temperature and reducing environments of many advanced systems remain
challenging, requiring research and development to obtain acceptable mercury control
levels. Concurrent pollutant/multipollutant control strategies that include CO2 control
are critically needed for both conventional and advanced power systems [120].

Mercury emissions from coal combustion must be reduced, in response to new
air quality regulations in the U.S. Although the most mature control technology is
adsorption across a dust cake of powdered sorbent in a fabric filter (FF), most
particulate control in the U.S. associated with coal combustion takes the form of
electrostatic precipitation (ESP). Using recently developed models of mercury
adsorption within an ESP and within a growing sorbent bed in a FF, parallel analyses
of elemental mercury (HgO) uptake have been conducted. The results show little
difference between an ESP and a FF in absolute mercury removal for a low-capacity
sorbent, with a high-capacity sorbent achieving better performance in the FF.
Comparisons of fractional mercury uptake per-unit-pressure-drop provide a means for
incorporating and comparing the impact of the much greater pressure drop of a FF as

compared to an ESP. On a per-unit-pressure-drop basis, mercury uptake within an ESP
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exhibited better performance, particularly for the low-capacity sorbent and high mass
loadings of both sorbents [121].

Mercury emission from coal combustion has become a global environmental
problem. In order to accurately reveal the complexly nonlinear relationships between
mercury emissions characteristics in flue gas and coal properties as well as operating
conditions, an alternative model using support vector machine (SVM) based on
dynamically optimized search technique with cross-validation, is proposed to simulate
the mercury speciation (elemental, oxidized and particulate) and concentration in flue
gases from coal combustion, then the configured SVM model is trained and tested by
simulation results. According to predicted accuracy of indicating generalization
capability, the model performance is compared and evaluated with the conventional
multiple nonlinear regression (MNR) models and the artificial neural network (ANN)
models. As a result, it is found that, the SVM provides better prediction performances
with the mean squared error of 0.0095 and the correlation coefficient of 0.9164 for
testing sample. Moreover, based on the SVM model, the correlativity between coal
properties as well as operating condition and mercury chemical form is also analyzed
in order to deeply understand mercury emissions -characteristics. The result
demonstrates that SVM can offer an alternative and powerful approach to model
mercury speciation in coal combustion flue gases [122].

Thus, the results of pilot-scale testing for mercury (Hg) removal from coal
combustion flue gas using a scrubbing solution are discussed based on the Fenton
reactions. The selected reagents contain hydrogen peroxide and iron salts. The mercury
scrubbing was performed in a condensing heat exchanger (CHX) with flue gas
generated by coal combustion in CANMET’s vertical combustor research facility
(VCREF). Both the Ontario Hydro method and a Hg CEM were used for Hg sampling
and speciation. The results, obtained with the combustion of three different pulverized
coals — bituminous, sub-bituminous and lignite — showed that the CHX was very
effective in removing oxidized mercury (Hg(Il)). Concerning the performance of the
scrubbing solutions, 30—40% of elemental mercury (Hg(0)) oxidation was achieved for

the lignite coal, with the solution being preferably composed of FeCl; and H,O, and
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with pH value between 1 and 3. Results also showed that better Hg removal results
were achieved by combining sulphur removal and Hg removal in the same stage of the
CHX. An additional test done on the pilot-scale research boiler with a conventional
wet scrubber showed that the Hg removal capability using the Fenton reactions was
not dependent on the configuration of the wet scrubber. Although the Hg(0) oxidation
ratio was not particularly high compared to the achievements from bench-scale tests,
considering the economic and non-toxic nature of the scrubbing solution and the
readily available equipment, the current results are encouraging and deserve further
work to develop a better understanding of the chemistry in order to determine if the

method can be further optimized [123].
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