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ITo pa3neny «Coaep)kaHue U 0COOEHHOCTH HAKOIJICHUS PTYTH B XBOE I'OJIOCEMEHHBIX PACTEHUM
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ITepuon BbITIOHEHUS Becennuii cemectp 2017/2018 yuebHOrO Tona

dopma npeacTaBieHus: pabOTHI:

‘ MaFI/ICTepCKaH JAUCCCpTalvA

KAJIEHJAPHBINA PEUTUHI -TLJIAH
BbINIOJIHEHH S BBINYCKHOM KBAJTH(UKANMOHHOH PadoThI

| CpoK c/1adi CTY/ICHTOM BBIIOIHEHHO#H PaGOTHL: ‘ 30.05.2018
- e e G| ey
(moayast)
30.02.2018 | Jlumepamypuwiii 0630p 10
30.03.2018 | Mamepuanvt u memoowl uccre0o8arull 10
30.04.2018 Codepofcavnue U 0COOEHHOCMU HAKONJIeHUS PMYMU 8 X80€ 20/10CEMEHHbIX 10
pacmenuii na meppumopuu Cubupu u Jlaroneco Bocmoka
15.05.2018 | Coyuanvuas omeemcmeenHoCmb 10
15.05.2018 DUHAHCOBbIT MEHEONCMEHN, PeCyPCOIPPeKMUBHOCHb U 10
pecypcocbepedicerue
CocraBul NpenoiaBaTelib:
J0KHOCTH [2%(0] YueHnasi cTeneHnsp, 3BaHne Hoanuch JlaTa
OUITMMOHEHKO Kanaunar reonoro-
Crapuuii npenojiaBaresnb Exarepuna MUHEPATIOTUYECKUX
AHaTOIbEBHA HayK
COI'TACOBAHO:
PykoBoautens OOIL DdPUO Yuenas crenenb, 3BaHne Ioanucn JlaTa
bapanoBckas Joxrop
[Ipodeccop Haranes OMOJIOTHYECKUX
BrnagumuposHa HAyK, JOLIEHT




MunucTepcTBO 00pa3oBaHus U HayKku Poccuiickoit @enepanun
denepanbHOE TOCYJaPCTBEHHOE aBTOHOMHOE 00pa30oBaTelIbHOE YUPEKICHUE
BBICHICTO O6p330BaHI/I$I
«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKUM
TOMCKHUHA NOJUTEXHAUYECKN YHUBEPCUTET»

WuxeHepHas IMIKoJa MPUPOIHBIX PECypCOB
Hamnpasnenue noaroroku 05.04.06 Dkonorus v mpupoI0NoIb30BaHUE
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YTBEPXJAIO:
PykoBoautens OOIL

bapanosckas H.B.
(IMonmuces)  (Hara) (®.1.0.)

3AJJAHUE
HA BbINOJIHEHHE BbINYCKHON KBAJIN(PUKAIMOHHOH PadoThI
B dopwme:
‘ Marucrepckoit gucceprauuu

CryneHry:

I'pynna OUO

2I'M61 [[IBopHeBoii Enene BanepreBHe
Tema paboThI:

Conep:xaHue pTYTH B XBO€ I'0JIOCEMEHHBIX PACTEHHH KaK HHANKATOP re03K0JI0IH4eCKoi
o0crtanoBkM (Cudupsp u Jlaabuuii BocTok)

YTBepxkIeHa NPUKa30M JUpeKTopa (1ara, HoMep) ‘ 21.03.2018, Ne1980/c
| CpoK c1aun CTYIEHTOM BEITIONHEHHOH PabOThI: | 30.05.2018
TEXHUYECKOE 3AJIAHUE:
Hcxoanblie naHHbIe K padoTe JluteparypHble MaTepHabl, PE3yNBTaThI

COOCTBEHHBIX MCCIICIOBAHUM IO COACPKAHUIO PTYTH
B XBO€, a Takke AaHHbIe uccienopanniit UMKOC CO
PAH (JIsmuna, 2009) B o0macTd PTYTHOTO
MOHUTOPUHTA MPUPOJHBIX cpesl TOMCKOro peruosa,
3anagnoii u  Bocrounoit Cubupu, [lanpHero

Bocroxka.
Ilepeyenb moasIesKAMX 1. JlurepatypHslii 0030p
HCCJICJOBAHNIO, IPOCKTHPOBAHUIO U 2. Marepuainbl 1 METO/IbI UCCIIEIOBAaHHH
pa3padoTKe BONPOCOB 3. Copuepxxanue ¥ 0COOCHHOCTH HAKOIUICHUS PTYTH

B XBOC T'OJIOCEMEHHBIX PAaCTEHUI HA TEPPUTOPUU

Cubupu u lansHero Bocroka

ComnuasnbHas OTBETCTBEHHOCTD

5. ®uHAHCOBHIN MEHEIKMEHT,
pecypcodhHEeKTHBHOCTE U pecypcocOepeskeHne

b

Ilepeuenb rpaguyeckoro marepuajia

KoHcyabTaHTBI 10 pa3fesaM BbITYCKHON KBATH(UKALMOHHONH padoThI

Paznen KoncyabTant

CognepxaHre U OCOOEHHOCTH HAKOIUICHUS PTYTH B Jlsnuna Enena EBrenreBHa
XBO€ TOJIOCEMEHHBIX pACTCHHH Ha TEPPUTOPHUHU
Cubupu u Jlansnero Boctoka




DuHAaHCOBBIM MEHEKMEHT,
pecypcodhHEKTUBHOCTD U pecypcocOepexeHne

Maxkamesa FOnus CepreeBna

ConuanbHas OTBETCTBEHHOCTh CIIELIMATIUCTA ITPU Abpamenko Hukura Cepreesud

IMPOBEACHNH I'€COOKOJIOTHYCCKHUX pa60T 110 U3Y4YCHUIO
OMOJIOrMYECKOro MarcpHraia )KUBOTHBIX M YCJIOBCKA

Pa3/:[eJ1 Ha HHOCTPAHHOM S3BIKE

Marseenko Mpuna AnekceeBHa

HaszBanus pa3aejioB, KOTOPbLIE€ N0JIKHBI ObITh HANHCAaHbLI Ha PYCCKOM W HHOCTPAaHHOM

A3bIKAX:

Characteristic of mercury and its sources

JlaTta BbI1a4M 32JaHUA HA BbINOJTHEHHE BBIIIYCKHOM
KBAJIM(UKAIMOHHOH padoThl 110 JMHEHHOMY rpaduky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

JloKHOCTH (25 (0] YueHasi cTeneHsb, 3BaHne Hoanucek JlaTta
Crapuuit OUWIMMOHEHKO Kanmunar reosoro-
npenoaaBaTeiib EKaTepI/IHa MHHEPAITOTUICCKUX
AHAaTOJIbEBHA HAYyK
3aganue NPUHAJT K HCIOJHCHUIO CTYACHT:
I'pynna DPHUO Hoanuce Jarta

2I'M61 I[IBopueBa Enena BanepreBHa




3AJAHUE JIJISI PA3JIEJIA

«COUMAJIBHAA OTBETCTBEHHOCTDb»

Crygenry:

I'pynna L0170

2I'M61 [[IBopueBoii Enene BanepreBHe
IlIxoJaa HpI/IpOIIHLIX peCypCcoB Otnenenue mxoabl (HOL) T'eonorun
Yposenn Maructparypa HanpasJ/ienune/cnenquaabHOCTh IKONOTHA
obpasoanust patyp MIPUPOAONOJIb30BAHUE
Hcxoanbie nanHble K pa3aeny «CouuaibHas 0TBETCTBEHHOCTb)
1. XapakTepuctuka o0beKTa OObeKT wucclenoBaHUS — XBOS  T'OJIOCEMEHHBIX

HcclieIoBaHMs (BEIIECTBO,
MaTepual, Mpruoop, aIroOpuTM,
METO/AMKa, paboyast 30Ha) U
00J1aCTH €ro IPUMEHEHHUs

pacTeHud, a TakXKe JaHHbIe, TOJYYCHHBIE IIPU aHAIHU3E
METOJ0M aTOMHO-a0COPOITMOHHOM CIIEKTPOCKOIHH C TTOMOIIIBIO
pryrHoro anaimuzatopa PA-915+ ¢ nupomuTHueckoin
npuctaBkoir «I[IMPO-915». PabGouee MecTo pacroyiokKeHO B
nabopatopuu (529-530 ayn.) Ha nsaroMm staxke 3aanus (20
kopnyc TIIY, Jlenuna 2/5, r. ToMck), UMEIOT €CTECTBEHHOE U
HWCKYCCTBEHHOE  OCBEIlleHHE. ECTecTBEHHOE  OCBEIICHHE
OCYIIECTBIISIETCS  4Yepe3  CBETOBbIE  MpoeMbl  (OKHA),
HCKYCCTBEHHOE OCBEIIIEHUE OCYILECTBIISIETCSI CUCTEMOM O0IIIEero
paBHOMEpHOTO ocBereHus. [lnomans Ha ogHO pabouee MecTo
¢ IIK ¢ XUIKOKPUCTAIIMYECKUM MOHUTOPOM COCTABJISIET HE
menee 4,0 M2, a 00bEM Ha OIHO pabouee mecto — He MeHee 10

M,

IlepeyeHsb BONMPOCOB, MO/JIEKANIMX HCCTIEI0BAHNIO, TPOEKTHPOBAHNIO U Pa3padoTKe:

1. IlpousBoacTBeHHAA
0€301MacHOCTh

1.1. AHanm3 BBISIBIIEHHBIX
BpEAHBIX (PAKTOPOB MpHU
pa3paboTKe U IKCITyaTaluu
MPOEKTUPYEMOTO PEIICHUS

[TokazaTenu MUKpOKIMMAaTa B IOMEIIEHHH.

IlepeyeHp MeEpONPUATUH, HANPABICHHBIX HA JIMKBHUIALUIO
npu4yuH TpaBMarusma npu skcruryatanuu IIK. EcrectBeHHOE
HCKYCCTBEHHOE€  OCBEILlEHHE B  IIOMCIICHUH, HOpMa
OCBElIEHHOCTH  paboyero  mecra. Hamuume  cpencts
IIPOTUBOIOKAPHOU 3aIUTHI B JAHHOM IIOMEILIEHHH.

Bpennbie akTophl: OTKIIOHEHHUE MTOKa3aTellell MUKPOKJINMATa B
MIOMEILIEHNH; HEAOCTaTOYHasi OCBEUIEHHOCTh pabouell 30HBI;
CTEIEHb HEPBHO-3MOLIMOHAJILHOTO HAIIPSIKCHUS.

1.2. AHamm3 BBIIBIIEHHBIX
OTacHBIX (PaKTOPOB MpHU
pa3pabOTKe M DKCILTyaTalluu
MPOEKTUPYEMOTO PELICHUS

DnexTpoOe30macHoCTh. VICTOUHUKH: 3IEKTpoOoOOpyIOBaHUE U
AIEKTPOTPUOOPHI (TIK). Cpenctsa 3aIUTHI:
3JEKTPOU30IUPYIOUIUE TPOBOJA, 3a3€MIICHUE U 3aHYJICHUE.
OmnacHble (pakTOpHl MPOU3BOJICTBEHHOM CPEbI: IIEKTPUUECKHI
TOK.

2. JKoJoruyeckas
0e30macHOCTEL

B xonme wuccnenoBanust Obu10 TpoaHanu3upoBaHo 320 mpoO,
KaX/1as U3 KOTOPOH MMeeT Cyxyro Maccy He Ooiee 15 r. Ilpu
aHaJIM3e mpo0 METOZOM aTOMHO-a0COpOIIMOHHOM
CIIEKTPOCKOIHUH C ITOMOILBIO PTYTHOTO aHanu3aTopa PA-915+ ¢
nuposmtHaeckoi mpuctaBkoit «[IMPO-915» naBecka xBowm
Oepetcs B mpeaenax 40-50 Mr u cxxuraercs qo mnema. Takum
o0pa3om, u3ydeHue npod XBOM HE HECET BPEJ OKpYKarolein
cpene (atmocdepe, ruapocdepe, rutocdepe).




3. besomacHocTh B
Ype3BbIYAHHBIX CUTYalUsIX:

Bo3moxxubie UC — noxkap B 31aHuu. Hanmnure KOHCTPYKTUBHBIX
U 00BEMHO-TNIAHUPOBOYHBIX PEIICHUH, MPEmsITCTBYIOIINX
pachpoCTpaHEHUIO  OMAacHbIX  (aKTOPOB  MoXKapa IO
IIOMEILEHUIO; OTPAaHUYECHUS MO’KapHOU OIIACHOCTH
CTPOUTEIBHBIX MAaTEPUAIOB, UCIOJIb3YEMBbIX B MOBEPXHOCTHBIX
CJIOSIX KOHCTPYKLIMM 3/1aHUs, B TOM YHCJIE KPOBENb, OTAEIOK U
0o0IMIOBOK (hacajmoB, TMOMEIIEHWH U MyTell HSBaKyalluu;
HaJIM4ue I[EPBUYHBIX, B TOM YHCJIE aBTOMAaTUYECKUX H
MPUBO3HBIX CPEACTB MOXKAPOTYLICHUS; CUTHAIM3aUusd |
OIIOBEILICHHE O TI0Kape.

4. IIpaBoBbIe U
OpPraHM3alMOHHbIE BONMPOCHI
ob0ecreuyeHns 0€30MACHOCTH:

OpraHu3anvOHHbIE MEPOIPHATUS NPH KOMIIOHOBKE paboueit
30HBl TMPOBOAATCA B COOTBETCTBUM C IUIAHOM IIPOBEJCHHUS
ATANoOB MCCIIEOBATEIBCKON paboThl, ¢ y4eToM TpeOOBaHUI U
CTaHJApTOB K OpraHU3aLuHU paboyero Mecra.

JlaTta BbIIauM 3aJaHUA /sl pa3/iena 1no JuHeiliHoMY rpadguky ‘

3agaHue BbIIAJ KOHCYJIbTAHT:

Jo/xHOCTH (017 (0 Yuenas Hoxmucsn Hara
CTeNneHb,
3BaHue
AcCCHUCTEHT Abpamenko Hukura CepreeBuu

33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYAEHT:

I'pynna

DdHUO MMoanucey JlaTa

2I'M61 [ITBopHeBa Enena BanepreBHa




_ 3AJIAHME ISl PA3JIEJIA
«®PUHAHCOBBIII MEHE/KMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHHE»
CTynieHTy:
I'pynna 1027 (0]
2I'M61 [IIBopueBa Enena BanepreBHa
Ilkoaa [IpupoHBIX pecypcoB | Otrenenue mxosni (HOIL) ['eonorun
Yposens, MarHCTpaTypa HanpasJ/ieHue/cnenuajbHOCTh IKOOrH H
obpazopanust MIPHUPOAONOIB30BAHNE

Hcxoanbie aHHbIe K pa3geny «PHUHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpeKTUBHOCTD U

pecypcochepekeHue»:

1. CroumocTh pPeCypCOB HAYYHOT'O UCCIICAOBAHUSA

(HM): maTepranbHO-TEXHUYECKUX,
SHEpPreTU4ecKux, (PMHAHCOBBIX,
MH(OPMALIMOHHBIX U YETOBEUECKUX

2. HopMbl 1 HOpMaTUBBI paCXOJ0BAaHUS PECYPCOB
3. Hcnonb3yemast cuctemMa HaJlor000JI0KEHHS,

CTaBKH HAJIOI'OB, OTUYHMCIICHUM

1.JIutepaTypHble UCTOUYHUKU;
pazzena;

OKOJOIH4YCCKHUEC pa6OTLI.

2.Metonuueckue yka3aHus M0 pa3paboTke

3.COOpHUK CMETHBIX HOPM Ha TI€0JIoro-

IlepeyeHsb BONPOCOB, MOJIEKANMX HCCTEIOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. IlnanupoBanue npouecca ynpasiaenus HTU:
CTPYKTYpa U rpauk npoBeaeHus, O HKET

pabot

BHJIaM padoT
3.Hopwms! pacxona MatepuanoB
4.001muii pacyeT CMETHOM CTOUMOCTH

1.dunancoBbIit MEHEI>KMCHT

b
pecypcodhHeKTUBHOCTH U
pecypcocOepexeHne

2. Pacuér 3atpar BpeMeHM M TpyAa IO

\ JlaTa BbI1a4M 3alaHusA JJIA pa3/ienia o JHHEHHOMY rpauKy \

33}13HI/IQ BbIJIAJ KOHCYJbTAHT:

Jo/zkHOCTH dUO Yuenas Moanucek Hara
cTeneHb, 3BaHHe
AccucteHt MakameBa FOnus
CepreeBHa
3anaHue NPUHSJ K MCTIOJHEHUIO CTY/IEHT:
I'pynna PHUO Hoanuce Hara
2I'M61 [I1BopHeBa Enena BanepseBHa




Pedepar

Brimycknas kBanudukannonHas pabora 102 crtpanunsl, 24 pucyska, 19
tabmuil, 120 HCTOYHUKOB, OJTHO TIPUIIOKEHHE.

KitoueBwie cioBa: pTyTh, XBOS, KEJIp CHOMPCKHI, COCHa OOBIKHOBEHHAS,
nuxTa cUOMpCKasi, elib CHUOUPCKasi, MOXKEBEJIbHUK OOBIKHOBEHHBIN, KEIPOBBIN
CTJIAaHMK, JIMCTBEHHUIA, (OHOBBIE TeppuUTOpUH, Tomckas oOnacth, Tomckui
paiioH, AnTaiickuit kpait, Upkytckas obnacts, PecriyOnuka Bypsartus, Pecnybnuka
Caxa (Skytus).

OOBEKTOM HCCIIEIOBaHUS SIBJISIETCS XBOS: Kenapa cubupckoro (Pinus
sibirica), cocHbl OOBIKHOBeHHOU (Pinus sylvéstris L.), muxtel cubupckoi (Abies
sibirica Ledeb.), emm cubupckoit (Picea obovata), wMoxoKeBeIbHUKA
oOBbIKHOBEHHOTO (Juniperus communis L.), keapoBoro ctianuka (Pinus pumila) u
JMCTBEHHUIIBI (Ldrix).

[enb paboThl — UCClIEOBaHUE COAECPHKAHUS U OCOOEHHOCTENW HAKOIUICHUS
PTYTH B XBO€ T'OJIOCEMEHHBIX pacTeHuil Ha Tepputopusix Cubupu u JlampHero
Bocroka.

ConepxaHue pTyTH B XBO€ OINPEAEISIIA METOJIOM aTOMHO-a0COPOLIMOHHOMN
CIEKTPOCKOMNMHU C TOMOIIBIO PTyTHOrO aHanuzaropa PA-915+ ¢ nuponutnueckom
npuctaBkoi «I1PO-915y.

B pesynbrate uccienoBaHus BBISBHIN OCOOCHHOCTH HAaKOIUICHHSI PTYTH B
3aBUCUMOCTH OT BO3pacTa, BHJa JepeBa, JaHAMA(THBIX M KIMMAaTHUYECKHUX
ycinoBui. Onpeaenim cpeaHee coiep:kanue prytd B xBoe Tomckoi obnactu (23
Hr/T), Anraiickoro kpas u Pecny6nuku bypsitust (15 ur/r), Upkyrckoii obnactu
(14 ur/r), Pecnyonuku Caxa (47 HI/T).

[lomyueHHble AaHHBIE MOTYT HAWTH TPUMEHEHHE TIpU  OLCHKE
HKOJIOTHYECKOTO COCTOSHUS KaK ypOaHU3UPOBAHHBIX, TaK M (POHOBBIX TEPPUTOPHUI

Breimycknast kBanmudukanmoHHas pa0oTa BBIMOJIHEHA B TEKCTOBOM

penaktope Microsoft Word 2010.



Conepxxanue

BBenenue
OO0urue cBeneHus
1.1 OOuras xapakTepucTUKa pTyTH
1.2 PacnipocTpaneHue pTyTH
1.2.1 UcTOYHMKY NOCTYIJIEHUSI PTYTU B KOMIIOHEHTBI OKpY>Karolei
Cpelbl
1.2.2 ConepxaHue pTyTH U €€ COEIMHEHUHN B OKPYXKAIOILIEH cpelie
Marepuansl 1 METOIBI UCCIIEA0BAHMI
2.1 XapakTepucTuka TEPPUTOPUIN UCCIIETOBAHUS
2.2 ®akTUdecKuii MaTepua, oToop mpoo
2.3 AnmapaTHOe ¥ METOI0JIOTHIECKOE 00ECTICUCHHE HCCIISIOBAHUIN
Conepsxanue 1 0COOEHHOCTH HAKOTUICHHSI PTYTH B XBOE€ FOJIOCEMEHHBIX
pactenuii Ha Tepputopun Cubupu u JlansHero Boctoka
3.1 Cpennee copepkaHre pTyTH B XBOE FOJIOCEMEHHBIX PACTEHUM Ha
tepputopun Cubupu u JlansHero BocToka
3.2 CopepkaHu€ PTYTH B XBOE€ B 3aBUCUMOCTH OT BUA TOJIOCEMEHHBIX
pacTeHui
3.3 CopepxaHue pTYTH B 3aBUCUMOCTH OT BO3pacTa XBOU
TOJIOCEMEHHBIX PACTEHUN
3.4 ConepxaHue pTyTH B XBOE FOJIOCEMEHHBIX PACTEHHI B
3aBUCUMOCTH OT JIaHAIIA(THHIX YCIOBUIMA
3.5 ConepxaHue pTyTH B XBOE FOJIOCEMEHHBIX PACTEHHM B
3aBUCUMOCTH OT KJIMMAaTHYECKUX XapaKTEPUCTUK
3.6 I'€03K0JIOrHYECKHE XaPAKTEPUCTUKH COJIEPKAHUS PTYTH B XBOE
rojioceMeHHbIX pactennii Cubupu u [lanpaero Boctoka
CoumanbHasi OTBETCTBEHHOCTD MPHU UCCIICIOBAHUM COJICPIKAHUSI PTYTH B

XBO€ T'OJIOCEMEHHBIX PACTEHUN
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4.1 IIpousBoAcTBEHHAsT OE30TTACHOCTH
4.1.1 Ananu3 BpeIHBIX TPOU3BOACTBEHHBIX (DAKTOPOB U
000CHOBaHUE MEPONPUATUI IO UX YCTPAHEHUIO
4.1.2 Ananu3 onacHbIX MPOU3BOACTBEHHBIX (DAaKTOPOB U
000CHOBaHUE MEPONPUATUIN IO UX YCTPAHEHUIO
4.2 Dxonornyeckas 6e301MacHOCTb
4.3 be30omacHOCTh B UpE3BbIYANHBIX CUTYALUSIX
4.4 3aKkoHO/ATEIBHOE PETYIUPOBAHNE IPOEKTHBIX PELICHUH
OUHAHCOBBI MEHEIKMEHT, PECYpco3(pEKTUBHOCTD U
pecypcocOepexeHne
5.1 TexHNKO-3KOHOMHUYECKOE 0OOCHOBAHUE MPOIOJKUTEIBHOCTH U
o0beMa padboT
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O06o03HaUYeHNSI M COKPALIIEHUSA

FOHEIT (amri. UNEP, United Nations Environment Programme) - IIporpamma
OOH no okpyxaroiieit cpene;

[TJK — mpenenbHO 0omycTruMas KOHLIEHTPAIUS;

T. M. — TOp(PSTHOE MECTOPOKICHUE;

B3JI - 3a6010ueHHbI Jec «bakgapckoroy 060J10Ta;

BBP - Beicokuii psm «bakgapckoro» 060J10Ta;

BHP - auskuii psm «bakgapckoro» 00oTa;

BOT - otkpsiTas Tonb «bakuapckoro» 6050Ta,;

COb - «Camapckoe» 3BTpodHOE 60JI0TO;

CDb 6p — 6eper peku B0k «CaMapckoro» 3BTpodpHOro 0010Ta;

BJIK — BpeMeHHO JonmycTrMas KOHIIEHTpalus.



Beenenue

B Hacrosiee BpeMsi OCTpO CTOUT MpoOsiemMa 3arps3HEHHs] OKpYKarolen
Cpeabl TSHKENBIMH MeTajlilaMU. BhICOKass TOKCUYHOCTD JIJIS JKMBBIX OPTraHU3MOB B
OTHOCHUTEIBHO HH3KMX KOHMeHTpanusx [60], a Takke CmocoOHOCTh K
OMOaKKyMyJIAIMA ~ TPeOyeT  IKOJOTHYECKOTO MOHUTOPUHTA W KOHTPOJIS
COJIEp)KaHMS TSDKENIBIX METAJIOB B KOMIIOHEHTaxX OKpyKaromew cpeasl. PTyTh
Mpu3HaHa TrJI00AJIbHBIM 3arps3HUTENIEM OKpY’Karomleh, o0JaarolluM IIUPOKUM
CIICKTPOM HETaTHBHOT'O BO3/AEHCTBHS Ha OMOTy 1 sKocuctemsl [30, 36, 56, 71].

Kpowme Toro, B 2013 r. mox srunoit FOHEII cornmacoBan Tekct KoHBeHIun
no prytu (KonBenmuum MwunHamaTa), B KOTOPOM HpPEeAyCMOTPEHA OpraHU3alus
MOHUTOPUHTA PTYTU. BbIJeIleHbl TJIaBHbIE  HaNpaBJCHHWS MOHHUTOPUHTA,
00s3aTEIbHO BKIIIOYAIOIINE B ceOs:

»  @DOHOBBII MOHHTOPHUHI' aTMOC(EpPHON PTYTH: BO3AYyX, aTMOC(EpHBIC
BBINIAJICHUS.

»  MounuTopHuHT BEIOPOCOB B aTMOC(epy U BHICBOOOKICHHUI B BOJIBI M HA
3EMJII0 OT CTallMOHAPHBIX UCTOYHUKOB.

»  MOHHTOPHUHT 3arpsS3HEHHBIX YYaCTKOB.

B nanHol paboTe mpoBeAEHBI MCCIEIOBaHUS HAa OTHOCUTEILHO (DOHOBBIX
TEPPUTOPHUSIX, HA KOTOPHIE HAMNPSIMYKD HE BO3JCUCTBYIOT MPOMBIIIJICHHBIC
npeanpusitys. [lomydeHHbIE TaHHBIE MOTYT CIIYXKUTb JIJIS:

v\ OLEHKH PErMOHAILHON U ITI00aIbHOM DMUCCUH U OCAKIEHUS PTYTH,

v\ OCHOBHEI MOJEIUPOBAHUS M IPOTHO3a CLEHAPHEB AHTPOIOrEHHOMN
Harpy3ku,

v\ MHCTPYMEHTa OlEeHKH 3()(PEKTHBHOCTH NpEANPUHUMAEMBIX B Poccuu
Mep TI0 COKpAIICHUIO BBIOpocoB [116].

UccnenoBanusi mo COAEp>KaHUIO PTYTH B PACTEHUSIX IO JUTEPATYypPHBIM
JTaHHBIM, Kak B PD, Tak u 3a pyOexoM, IPEICTaBICHO B OCHOBHOM H3yYE€HUEM
MXOB, JIUIIAWHUKOB, TPUOOB, pekKe rOJIOCEMEHHBIX pacTeHuM. PacTeHust criocoOHbI

HC TOJIbBKO AaKKyMYJIMPOBATb PTYTb AO BECbMa BBLICOKHUX KOHI.[CHTpaL[I/II;'I, HO H
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BBIICNISATh €€ 00paTtHO B atmocdepy [56]. M3ydenune conepkanusi pTyTH B XBOE
MO3BOJIUT OLICHUTh CTENEHb PTYTHOW HAarpy3ku Ha Ttepputopun Cubupu u
JanbHero BocTtoka. BbisBUTE 0COOCHHOCTH HAKOIUICHHS] PTYTU B 3aBUCUMOCTHU OT
BUJa JEepeBa, BO3pacTa XBOHW, KIMMATHUYECKHX U JAHAMA(THBIX XapaKTEPUCTHK
UCCJIEIOBAHHBIX TEPPUTOPHUI. XBOS SBJISAETCS MPAKTUYHBIM U WH()OPMATUBHBIM
OMOUHIUKATOPOM SKOJOTUYECKOT0 COCTOSHMS aTtMmochepHoro Bo3ayxa. Kpome
TOT0, XBOSI y4acCTBYeT B ((OPMHUPOBAHUH TOYBEHHOTO MMOKPOBA, a HAKOIIJICHHBIE €10
XUMHUYECKHUE AIEMEHTHI (DOPMUPYIOT COCTAB MOYBBI, TOBEPXHOCTHBIX U MOI3EMHBIX
BoA [27]. BurtammuaHas m00aBka W3 XBOM B KOPM KPYIHOTO pOTAaTOro CKOTa
aKTUBHO HCIOJb3yeTcs (pepMmepckumu  Xxo3siictBamu  CHOMPCKOTO  pEervoHa.
[losToMy u3y4YeHHE COJEpkKaHUA PTYTH, KaK TSDKEJIOr0 METaula M 3JIEMEHTa
NEPBOT0 Kjacca ONAaCHOCTM B XBOE€, SBIIIETCS BaXXHbIM M HEOOXOIHUMBIM C
NOTPEOUTEIBCKON TOUKH 3PEHUS.

Heab0 padoOTBLI SBISAETCS HCCIEAOBAHUE COJEPKAHUS PTYTH B XBOE
roJIOCEMEHHBIX pacTeHui Ha Tepputopuu 3anagHoit Cubupu (Tomckas o6nacTs u
Anraiickuii  kpaii), Boctounoit Cubupu (Mpxyrckas obnacte u PecmyOnmka
bypsitus) u Jlansaero Bocroka (Pecniyonuka Caxa (AxyTtus)).

Jif 1ocTHKeHMsl 3aJaHHON Leau ObLIM MOCTABJEHBI CJeAyHolIue
3a/1a4u:

| n“3ydnTh CBOWMCTBA PTYTH M O3HAKOMMTBCA C €€ PacIpOCTPAaHEHUEM B
OKPY’KAIOIIEH CPEE;

2 oxapakTepu30BaTh PailoOHbl MCCIEAOBAHMS U OMHCATh METOJ W3Y4YEHUS
PTYTH B XBOE;

3 omnpenenuth CoOIEpKaHUE PTYTH B XBOE MCCIENYEMBIX PErHOHOB H
BBISIBUTh OCOOCHHOCTM HAKOIUIEHUS B 3aBUCUMOCTH OT BHJA JI€pEBa, BO3pacTa
XBOM, KIUMAaTUYECKUX W JAHAMA(PTHBIX XapaKTePUCTHK HCCIETOBAHHBIX
TEPPUTOPHU.

IlpakTuyeckass 3HaAa4YMMOCTH PpadoThbl. Pe3ynabTaThl  paboOThl 1O
ONPENICJICHUIO BIIMSIHUS PTYTH Ha TOJOCEMEHHBIE PACTEHUS U €€ COJEp’KaHUs B

HUX Ha Tepputopun Cubupu u JlanpHero BocToka MOTyT mpencTaBisiTh HHTEPEC
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JUIE  OPraHOB M OPraHU3alHdil JIKOJOTMYECKOTO KOHTPOJIS OTUX PETHOHOB.
[Tomy4yeHHbBIE JaHHBIE MOXHO MPUMEHHUTH MPHU OLEHKE 3KOJOTHYECKOTO COCTOSIHUSA
KaK ypOaHU3UPOBAHHBIX, TaK U (DOHOBBIX TEPPUTOPHIA.

Hayunast HoBu3Ha. BriepBbie MOTy4YeHbI JaHHBIE IO COAEPHKAHUIO PTYTH B
xBoe (hoHOBBIX Tepputopuii Hpkyrckoit obOmactu u PecnyOnuku BypsTus,
Pecnnyoiiuku Caxa (Sxytus). IlpoBeneH CpaBHUTENBHBIM aHaIW3 PTYTHON
Harpy3ku Ha Tepputopuro Cubupu u [Jansuero Boctoka. PaccMoTpena nuHaMuka
HAKOIUJIEHUsI PTyTH B XBoe Tomckod oOnactu. BbisgBiIeHB 0COOEHHOCTH
HAKOIUJICHHSI PTYTM B XBOE€ B 3aBUCMMOCTHM OT BHJA JIEPEBA, BO3pacTa XBOW,

KJIIMMAaTUYECKHUX U JJAHAIIA(THBIX XapaKTEPUCTUK UCCIETOBAHHBIX TEPPUTOPHUH.



I'naBa 1. O0mue cBeaeHus

1.1 OO0mas xapaKTepuCTHKA PTYTH

Pryte (Hg) — xumuueckuit snement Il rpymnmbel 1miecroro rmepuoaa
nepuoguueckort cucrembl A.Ml. MenaeneeBa, ¢ mopsakoBbiM HoMepoM 80 u
atroMHBIM BecoM 200,59.

PtyTh 0Onagaet cneayromumu GU3n4eCKUMU CBOMCTBAMMU:

1 B o0O0bpuHBIX (KOMHATHBIX) YCIOBHSIX PTYTh HUMEET arperatHoe
coCTOsiHME JieTyuel Oeno-cepeOpuctoil xuakoctu. [Ipu Temneparype BbllIe IUTIOC
25°C mepexonuT B mapbl. B TBepAOM COCTOSHMM PTYTh MNPEACTABIAET COOOM
OECIIBETHBIEC KPUCTAJLIBI.

2  SIBnsiercs quaMarHUTOM.

3  PactBopuma B muokcane, 6eH30J1€, KPUCTAIIBI - B BOJIE.

4  DnacTuyHa, SBISETCS TEIJIONPOBOJHBIM 3JIEMEHTOM, 00Jagaet
Xopoiiel KoBkocThio [21].

brnaronmaps oTpuniarensHO#M TeMIeparype miaBieHus pryta Mmunyc 38,83°C
€€ OTHOCAT K B3phIBOOIIACHBIM BelllecTBaM. KuIieHne uier nmpu remneparype Iikoc
356,7°C. TIlpomecc mepexoma B IMapooOpa3HOE COCTOSTHHE IPOMCXOAHUT TIPH
KOMHaTHOM Temneparype miatoc 25°C. Mcnapenue ¢ JOMOJHUTENbHON KOHBEKIINEH
IPOUCXOAUT HAMHOTO OBICTpee, YeM B HEMOJBMKHOM BO3JyXe, OCOOEHHO €ciiu
PTYTh HaXOAMTCS B COCTOSIHUHM PACCESIHHOM B3BecH [64].

XUMHYECKHE CBOWCTBA. VIMes pa3sHyr0 OKHUCIUTEIBHYHK) CTENEHb, PTYTh
o0Opa3yeT Takue XMMHYECKHE COCTUHEHHs], KaK THIPOKCHUIBI U OKCHUJIBL;, CYIb(aThl
U CyJb(PUABL; XJIOPUABL, HUTPAThI, METaNIoOpraHndeckue Bemectsa. C MeTamiaMu
PTYTh 00pa3yeT MHTEPMETAIIMYECKHE COCIUHEHUS — MEPKYPHUAbl U aMajlblraMbl.
CrolikuMHM K aMajJblaMUPOBAHHUIO META/NIAMU SBIISIIOTCS BaHaAWA, MOJHUOJIEH,
BOoJTb(pamM, HUOOWH, TaHTAI WM JKeNe30. 3a CUeT TeMIlepaTyphl TUIABJIICHHS PTYTh
MOXET O00pa30BbIBATh KaK JKUAKWE, TaK W TBEpAble amanbrambl. [Ipm Takmx
COCJIMHEHUSX METAJJIbl MEPEeCTatOT ObITh AKTUBHBIMHU M CTAHOBSITCS MHEPTHBI.

Peaknust ¢ KMCIOPOAOM HMPOTEKAET MEMJIEHHO W JIMIIb IIPU TEMIIEPAType CBBIIIE
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witoc 300°C, B utore obpaszyercs HgO - okcupa prytu (Il). B oObrarOM BuAe co
eJI0YaMH, HEOKHUCISIOMMUME KHCJIOTaMH ¥ BOJOM B PEAKIIMI0O METaul He
Bcrymnaer. C rajoreHaMu peakiusi IpoTeKaeT MEIJIEHHO U ToJibko Ha xonoje [30,
54].

Takum oOpazoM, pTyTh o00JagaeT psSJOM YHUKAJIBHBIX CBOMCTB,
MpeCTaBICHHBIX B TabuIe 1.1.

Tabmuua 1.1 - ®U3NKO-XMMUYECKUE CBOMCTBA PTYTH

ATOMHBIN HOMED 80

AToMHas macca 200,59

N3oTomnsr:

CTaOWIbHBIE 196, 198-202, 204
HeCcTaOMIIbHBIE 191-195, 197, 199, 203, 205
Temneparypa nnasnenus, °C —-38,87

Temneparypa kunenus, °C, npu 760 mM Tp.cT. | 356,7

I[TnotHOCTS, T/cM®, ipu 20°C 13,546

TBepaocTh JKUJIKOCTh

CreneHu OKHCICHUS +1, +2

Tokcukonormyeckue cBoucrtBa prytu u €€ coeauHeHuu. [lo T'OCT
17.4.1.02-83 «Oxpana npuposbl. [Toussl. Knaccudukamms XuMUYECKUX BEIECTB
JUIS KOHTPOJIS 3aTPA3HEHUSD PTYTh SIBJISETCS YPE3BBIYAHO ONACHBIM XUMHYECKUM
BEILIECTBOM M OTHOCHUTCS K IIEPBOMY KJacCy omacHocTu. B pamkax «CanuTapHo-
AMUIEMUOJIOTUYECKUM TPeOOBaHUSAM K aTMOC(EepHOMY BO3AYXY» MaKCHUMalbHOE
CofepKaHMEe PTYTHBIX COCIAMHEHMI He nomkHOo mnpesbimars 0,0003 mr/m3.
S| moBUTON PTYThH SABISIETCS TOJBKO B PACTBOPUMBIX COCIMHEHUSX U B COCTOSIHUU
napoB. Bapixanue BO3lyxa C 4acTHI[AMM PTYTH NPUBOJIUAT K €€ HAKOIUICHUIO B
OpraHu3Me, HO, YTOObI MOJYYUTh OMACHYIO JOJI0 PTYTH, HEOOXOAUMO JJIUTEIHHO
U PEryJIIpHO HAXOJUTCS B IIOMEIIEHUH C BBICOKMM COZEPKaHUEM dTOr0 MeTajulia B
BO3/lyXxe. BHyTph opranusma prTyTh INPOHUKAET 4Yepe3 OO0O0JOUKY CIU3UCTOM;
MOKPOBBI KOKU; AbIXAaTEIbHbIC TyTH; OpTraHbl NMUIleBapeHus. [lonaB BHyTph, mapsl
PTYTH BKJIIOYAIOTCS B OOIIMII KPOBOTOK M CTAHOBATCS YYaCTHHUKAMU CHHTE3a
OeNKOBBIX MOJeKyl. OCHOBHOE HAKOIUIEHWE M XpaHEHHE ONacHOro MeTalljia

MMPOUCXOAUT B IMCUCHU U KOCTAX, OTKYyJda PTYTHBIC COCAMHCHUA MOT'YT BKIHOYATHCA
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B MpOIeCcChl 0OMEHa BEIIECTB, BhI3bIBAsI MHTOKCHUKAIMIO opranu3Ma [28]. Ilpomecc
OUHIIICHUSI OPTaHW3Ma OT PTYTH MPOWCXOAHWTH JOBOJHHO MEIJICHHO W BO3MOXKCH
Opy HAJIMYWMK KaTalM3aTOpOB U  aJcOpOeHTOB (Hampumep, Moisioka). Ilpu
KOHLIEHTpauuu pTyTH B npeaenax ot 0,001 go 0,005 mr/m® cnocoOHa TpUBOAUTE K
TSDKEJIBIM  XpOHMYECKUM 3aboseBanusM. [lpenmen ans ocTpoil MHTOKCHKAIUMU
cocrasyser 0,13-0,80 mr/m® [18, 75].

PryThOpranndeckue cCoeqMHEHUS SBISIOTCS YPE3BBIYAMHO TOKCUYHBIMH, K
HUM OTHOCSITCS: TPaHO3aH, Iiepe3aHbl, (eHUIMEPKYypaleTaT, MepTHOJIaT U APYyTHUE.
OTH CcoeAMHEHUSI OTHOCHUTEIBHO JICTYYH W SBIIIOTCS CHIBHEHIIMMH SAaMU IS
BO30OyauTeNel 00Ie3HEH pacCTeHUH U TETNIOKPOBHBIX KUBOTHBIX, UMEHHO TTO3TOMY
PN CTpaH 3ampeTuio ux mnpuMeHeHue. lloctymas B TpUPOAHYIO Cpeny,
PTYTBOPTAaHWYCCKHE TECTHIMIBI  pa3jiaraloTcs C 00pa3oBaHUEM JICTYIHX
KOMITOHEHTOB (4acTh U3 KOTOPBIX TOKCHYHA) U MeTautnueckor pryTu [30, 36, 49].

Takum oOpazom, HQ sBisieTcss yHUKadbHBIM W OYEHb OMACHBIM
XUMHUYECKAM  JJIEMCHTOM, BpPEOHBIM W TOKCHYHBIM JaX€ TMPH HHU3KHX
KOHIICHTparusax. JlaHHBIA XUMHUYECKHH JJIEMEHT pPa3HOOOpa3eH B CBOMX
arperaTHBIX COCTOSIHUSX, UTO 3aTPYAHIET €ro U3ydeHHE, KOTOPBIM BCTPEUAETCS BO

BCEX Cpelax U TUIaX OKPYKAOLIEH CPEIbI.



1.2 PacnpocTpaHeHue pTyTH

PTyTh OTHOCUTCS K 4YMCIly peIKuX 31€MEHTOB. E€ conep:kanue B 3eMHOU
kope coctaBiser 0,03-0,09 mr/kr. Macca pTyTH, HaXOJsIIEHCs] Ha MMOBEPXHOCTU
3eMHO# KopbI 3T0 Becero yuiib 0,02% ot ob6meit maccesl B 100 muipa. ToHH (Talu.
1.2). OcranpHasi 4acTh PTYTH HAXOMUTCS B COCTOSIHUM KpalWHEro paccesHus,
OoJbIIas 4YacTh B TOPHBIX MOPO/AAX, OCHOBHOM M3 KOTOPBIX SIBJISETCS - KMHOBAPb
HgsS.

Tabmuma 1.2 - Knapku coaepkanusi pTyTd B JIUTO—, OMO- U Tuspochepax

3emin, % macc [36].

Jlutocdepa 8,2*10°
Brochepa 4*10°
Tunpochepa 2,6*107
[TouBa 1*10
Pactenus 5%1077
B 3011€ pacTenuit 7*10°
KuBoe BemiecTBO 3*10°°
[ToBEpXHOCTHEIE BOJBI 1,7%108

Konuenrtpanus prytu B MupoBoMm okeaHe cocrapiisieT okojio 0,03 Mkr/i,
st0 npumepHo 41,1 wMaH. TOHHBIL. PTyTHOe 3arpsi3HeHHEe, O0O0YCIIOBJICHHOE
NEATEIIbHOCTBIO YEJIOBEKAa, W IPUPOAHOE COIAEpKAHUE PTYTH, IO3BOJISIOT
pa3ieuTh OKPYXKAIOILIYI0 CPEeay Ha 30Hbl TEXHOTCHHBIX 3arps3HEHUN U OOIIUid

reoxumuueckuii ¢pon [3].

1.2.1 UcTOYHUKHN NOCTYIUIEHUS] PTYTH B KOMIIOHEHTBI OKPYKaloLIei

cpeabl

CyuiecTByIOT J1Ba BHUJIa UCTOYHUKOB, U3 KOTOPBIX PTYTHBIE COCIUHEHMHS
NOCTYIAIOT B OKPYKAIOIIYI0 CpeAy 3TO - NPHUPOJHBIE W AHTPOIIOI€HHBIE.
[IpupoHble UCTOUHUKU B CBOIO OYEPEb MOXHO IMOAPA3IEIUTh HA I100aIbHBIE,
pervoHasibHble U JIoKajgbHble. K riIo0anbHbIM OTHOCATCS MPOAYKTHI M3BEPIKEHHS
BYJIKAHOB U YaCTHULbl, 00pa3yOIIHECs IPU BBIBETPUBAHUU TOPHBIX MOPOJ, a TAKKE

MHpOBOﬁ OKCaH, y4YUTbIBas BCC IMOA3CMHBLIC M IMOBCPXHOCTHBLIC BOABLI 3C€MIJIM. K
10



pPErMOHAIBHBIM MCTOYHUKAM OTHOCSIT KPYHHBIE MECTOPOXKJECHHS PYIHBIX MOPOJ,
CoZIepKallluX pPTyTh. B poiM JOKanbHBIX HCTOYHUKOB BBICTYMAIOT TOJBKO
OTJCJIbHBIC HEOOIbIINE Py aHbIC OIS [55].

B xo/1e COBpeMEHHBIX UCCIIEIOBAHUM 10 U3YYCHUIO PTYTH OBLIO BBISBICHO
€€ BBICOKOE COJIEp)KaHHW€ B MaHTUM 3eMJid. B pe3ynbpTare mporecca Jerasainuu u
€CTEeCTBEHHOTO HCMApEeHHUsl PTYTH M3 TOPHBIX IOPOJ], IMOYB, BOJ, HaOJIOAacTCs
SABJICHUE, KOTOPOE HA3BIBAIOT «PTYTHBIM JbIXaHUEM 3EMJIN» WU MPUPOJTHOU
sMHccue. Bce 3TH mpolecchl MPOTEKAlOT HEMPEPHIBHO M YCUIMBAIOTCS MPHU
U3BEPKEHUAX BYJKAHOB, 3EMJICTPSCEHUSIX, T€OTEPMAJbHBIX SBICHHUSIX U T. II.
[TocTymyieHue PTyTH B OKPYKAIOUIYIO CPENy B PE3ylbTaTe «PTYTHOTO JIbIXaHUs
3emim» cocrtaBisgeT okojo 3000 ToHH B roj. Eimie ogHMM HCTOYHMKOM BBIOpOCa
pTYyTH B atMmocdepy SBISETCA TEXHOT€HHash IMUCCUS, B Pe3yjbTaTe KOTOPOM,
Oylarogapsi MPOMBIIIUICHHON JIESITEIHPHOCTH YeJIOBEKa, BBIOpACHIBACTCS IOPSIKA
3600-4500 Touu B rox [26].

AHTPONIOT€HHBIE HCTOYHUKH JEIIATCS Ha TpU Kareropuu. K mepBoii rpymnmne
OTHOCSITCSI aHTPOIIOTEHHBIE BBRIOPOCHI, TPOUCXOAIINE B PE3yJIbTaTe MOOUIN3AINN
PTYTHBIX TpUMEcCed CBIPbEBBIX MaTepuajioB. Bo BTOpyl TpyImmy BXOIAT
aAHTPOIIOTEHHBIC BBIOPOCHI, CBSA3aHHBIE C HAMEPEHHBIM TPUMEHCHHEM PTYTH B
TEXHOJIOTUYECKUX IIPOIeccax WM KOHEYHOM MPOIYKTE, TO €CTh BBIOPOCHI BO
BpeMsI MPOU3BOJCTBA, yTEYEK U T.M. TpeThi0 Ipynmny HCTOYHUKOB COCTABIISIOT
BBIOPOCHI MPH MMOBTOPHON MOOMIM3AIMH PTYTH, OTIOKHUBIIIECHCS B TIOYBAX, BOJHBIX
00BbEKTax, 0CaJIKaxX, MOrpeOCHHBIX OTX0AaX U MYCOPHBIX CBaJIKaX.

PTyTh U ee coenuHEHHs HAaXOASAT IIMPOKOE MPUMEHEHHE B Pa3IMYHBIX
OTpacisix MPOMBIIUICHHOCTH, MEIUIIMHE, CEIbCKOX035UCTBEHHOM IPOU3BOJCTBE

(pucynok 1.1).
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AHTPONOTEHHBIE MCTOUHHKH PTYTH

e N

OTpacAK NPOMBbILAEHHOCTH, Jofibiuan MCTOMHMEW, HEe CBASAHHbIE C
MCNOALIYIOWME PTYTH B BLINAABKA HenocpescTEeHHLIM
TEXHOAOMMHECKOM LMKAE:
PTYTH WCNOAL30BAHMER PTYTH B
*  MPOM3BOACTEO XAOPEW TEXHOAOTHUECKOM LMKAE:
RAYCTHY ECKO A C0 Abl;
*  MPOM3B0LCTEO CTORKMX *  AoBb4a W BELINAEEKE
HpaCMTENER;

mMETanA0E;
s naobBbMdauwnepepaboTka
BOHCUTOE, ANYHWTOE;

EOEHHOE MPOKW3IBOACTED,
MPEOMWMSEOOLTED M NpMMEHEHME

NecTMUMANE;
*  MPOMIE0OCTED 3MEKTPHY ECKMX *  cHMraHWe W nepepaboTea

METOY HMKOE NMT 3HMA; WMEROMAEMOD TOMNAMES W
*  MpPOMEE0OCTEO OREEBECMHE]

N MUHECLEHTHBIX AE MM, *  MPOMIBOACTED LEMEHTE M
*  MNPOMEE0OCTED AEKAPCTE, dochatas;

H
EMTaMMHOE, 3yboEpavebHoe
*  3IXO0POHEHME M
Aeno;
nepepaboTka

. MPROKWIEOOCTED

3N EKTROTEXHHY 2CHMK AETAN & MNP0 MBILLNEHHBIX X BhITOEBIX

W MEMEpMTENLHb X NEKMBOpoE; 0Tx0AnE
®  KATAAMEE XMMKYECKD A M *  3EapMAHEIE PAZNMELI PTYTH
$apmaLEETHIECKOH EHYTPW M EHE M0 MELWEHKA

NREOMBILLAEHHOCTH

Pucynox 1.1 - AHTpONOreHHble HUCTOYHUKH TIOCTYIUIEHUS PTYTH B

OKpY’Karolyto cpeay [46]

1.2.2 ConepxxaHue pTYTH U ee COeIMHEHUIl B OKPY:Kaloleii cpee

B npuzemHoM cioe atMoc(epHOro BO31yXa KOHLECHTPALMKU NapOB PTYTH
00b14HO cocTaBisiioT 10-15 ur/m® npu xonebanusx or 0,5-1,0 go 20-25 ur/m®,
TaKO€ COJICPKAHUS SBIACTCS MPAKTHUECKH OE30MACHBIM JUIsl )KUBBIX OPTaHU3MOB.
B 30Hax 3arpsi3HeHHs TOKa3aTelld KOHIEHTPALUM YBEJIUYUBAIOTCS B HECKOJIBKO
JECATKOB W COTEH pa3, a B MPOU3BOJACTBEHHBIX WJIM 3arpsi3HEHHBIX
PTYTBCOJEPKAIMMU ~ DJIEMEHTAMU  TOMEIIEHUAX HaOIIogaeM MaKCUMaIbHO
BBICOKHME 3HaueHus 10 1-5 mr/m°. B atMocdepe pTyTh uamie Berpeuaercs B popme
napoB camoro Mmetauta (Hg®), B MeHbIIel CTelmeHH PTYTHbIC OPraHUMYECKUE H
HEOpPraHU4ecKue coeAuHeHus (Xyopuasl, Hoauabl). Ilpu coeguHEeHUH PTYTH C
a’pO30JI5IMHU, B 30HAX 3arps3HEHUs €€ KOHIIEHTPALUU B JI0KI€BOW BOJIE OCTUTAET

0,3-0,5 mMxr/nm u naxe 6ojee, Toraa Kak mpu (POHOBBIX MOKA3ATENSIX J0KHA OBbITH
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He Oomee 0,1 wmxr/n. B wmeramonmcax yBEeTWYMBAETCS KOJMYECTBO PTYTH,
TIEPEHOCUMOM € a3p030JisaMHu U atMocepHoi neuibio [30, 36, 70, 72].

OT Tuna npUPOAHBIX MOYB 3aBUCIT (POHOBBIC YPOBHU PTYTH, HO CPEAHHE
nokazatenu wu3MeHsroTcss B mpeaenax 0,01-0,10 mr/kr. [[ns mecuaHbIX mOYB
XapaKTEpHbl HIKHHUE TPEAeIibl, JUIsl OYB, OOTraThIX OpraHUYeCKUM BEUIECTBOM -
BepxHHue. [IpeBblarolue 3HaueHNs BbI3BaHbI 3arPSA3HEHUEM OKPYIKAIOIIEH CPEIbl.
B »oTux 30HaX ypoBHH PTyTH, OCOOCHHO B BEPXHHX TOPU30HTaX IIOYB,
YBEIMYMUBAIOTCA B HECKOJIBKO JIECSITKOB U COTEH pa3, a MOpor U Jake B Thicauu. B
MOYBaX PTYTh aKTUBHO HAKAIUIMBACTCS B TYMYyCE, TJIMHUCTBIX YaCTHIIAX, MOXKET
MIPOHUKATh BHU3 TIO MOYBEHHOMY MPOQUII0 W TOCTYIaTh B TPYHTOBBIE BOJFI,
MOTJIONIATHCS PACTUTEIBLHOCTBIO, B TOM YHUCJE CEIbCKOXO3SICTBEHHOM, a TaKkKe
BEIZICIATECS B BHUJIE MApOB W B COCTaBe NIbUIM B atMocdepy. Ilpu cuibHOM
3arpsi3HEHUM TIOYB KOHIIEHTPAIIMM PTYTH B BO3JyX€ MOTYT JIOCTUTATh OMACHBIX
JUIS yesioBeka BeauumH [36, 57].

3arps3HEHWE TIOYBBI  PTYTHIO  OIGHHWBACTCS  BOJMM3M  HMCTOYHHUKA
3arpsi3HEHUs], a IOCTYIMHOCTh PTYTHU - 110 CTENEHU €€ TOTJIONMEeHUs pacTeHusMH. [1o
BAJIOBOMY coJiepkaHui0 Hg B TMoYBe HEIB3sl YTBEPXKIAaTh O CTEICHH €€
MOTJIONICHUS PACTeHUSIMU, T.K. JOCTYMHOCTh MHUKPOAIJIEMEHTa 3aBUCUT OT
MHOTOYHUCJICHHBIX  (DAKTOPOB, Cpeau KOTOPBIX KHUCIOTHOCTh, KOJIMYECTBO
OpPraHMYECKOTO BEIeCTBA U KapOOHATOB B mouBe [4, 5, 19, 26].

B moBepxHOCTHBIX BOAaX pPTYTh MEpPEMENIACTCS B JBYX OCHOBHBIX
($a30BBIX COCTOSHUSAX — B PACTBOPEHHOM M B3BEIICHHOM. B pacTBOpEHHOM
(pacTBOpe BOJ) OHA MOXET HAXOJUThCS B BHUJE JBYXBAJIGHTHOIO WOHA,
THAPOKCUTA PTYTH, KOMIUIEKCHBIX COCIMHEHHA (C XJIOPOM, OPraHUYECKUM
BemectBOM u Ap.). Cpeau coegunenuit prytu (II) mo skonoruueckomy u
TOKCUKOJIOTUYECKOMY  3HAUEHHUIO CJIEAYeT BBIJACIUTh PTYThOPTaHUYECKUE
COEIMHEHUS, KOTOPhIE OOBIYHO Pa3/ESIOT Ha JIBE TPYMIIBL: TIepBast - COSAMHEHUS,
B KOTOPBIX PTYTh CBSI3bIBACTCS C OJHMM OPTaHUYECKUM paJWKajIoM; BTOpas -
COCIMHEHUS, B KOTOPHIX PTYTh CBS3BIBACTCS C JIBYMsl OPTaHUYECKUMHU

pagukanamu. CoelMHEHHUs TIEpPBOM TIpynmbl HMEIOT OYEHb  XOPOIIYIO
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PacTBOPUMOCTD B BOJIE M JIUMHAAX (OPraHMYECKUX BEIIECTBAX, BXOMISIINUX B COCTaB
BCEX JKHMBBIX KJIETOK), a TaK)Ke YCTOWYHMBBI B BOJHOH cpene (Hampumep, WOH
morometunptytn CHs-Hg"). Bropas rpymma cocTOMT U3  HEMOJSPHBIX
COCIMHEHUI, KOTOPBIC KpailHE IJIOX0 PAaCTBOPHUMEI B BOJIC M 00JIAAIOT BBICOKOU
aerydectbio (Hampumep, aumeTwiapryTh (CHs)oHQ). Joas MeTHIpTyTH OT ee
oOIiero KojiMuyecTBa B BOJAE MOXET BapbupoBaTbcs B rmpenenax 20-40%.
MoOHOMETHIPTYTh OY€Hb OBICTPO HAKAIUIUBACTCS B JKUBBIX OpraHU3MaXx.
CooTHoIIeHHE MEXIy KOJIUYEeCTBAMU OOpa3yrOUIUXCSd MOHO- M JUMETHIPTYTH
3aBUCUT B OCHOBHOM OT KHCJIOTHOCTH cpenbl. [Ipu 3HadeHUSAX KUCIOTHOCTH 8-9
MOYTH BCS METUJIMPOBAHHAS PTYTh HAXOIUTCS B (hOpME AUMETIIIPTYTH, TIpU OoJiee
HU3KUX 3HAQYCHUSAX KHUCIOTHOCTH, YTO THUIMYHO IS COBPEMEHHBIX BOJI,
npeo01agaeT MOHOMETUIPTYTh. OCHOBHBIMU HAKOMHTEISIMH PTYTH, B YCIOBHSX
CHUJILHOTO 3arps3HCHHS, SBISIOTCS B3BECh W WJIOBBIE OTJIOKEHUS BOJIHBIX
00bekTOB. Hanbosee BRICOKYIO KOHIICHTPAIIUIO PTYTH UMEIOT TEXHOTCHHBIC HIIBI,
KOTOPbIE aKTUBHO HAKAIUITMBAIOTCS B PEKaxX M BOJAOEMaX, Ky/1a MOCTYMAOT CTOYHBIC
BOJIbI TIPOMBINIICHHOCTH. YPOBEHb KOHIEGHTpPAIlMM PTYTH B OTUX cOpocax
nocturaer 100-300 mr/kr. KomudectBo pTyTH OT cOpoca MPOMBIIIJICHHBIX BO/,
MOPOM JIOCTUTAET JCCATKOB W COTEH TOHH. IIpakThueckoe NpHMEHEHHE W
HOpMaJIbHOE (YHKIIMOHUPOBAHUE 3arpsS3HEHHBIX TaKUM 00pa3oM PeK U BOJOEMOB
JOMYCTAMO JIMIIIb TIOCJIE OYHUCTKH OT OTJOXKEHHA PTYTH W €€ MPOU3BOIHBIX.
Hcnonb30BaHre HEOUHIIIEHHBIX BOJ B CEJIbCKOXO03SIMCTBEHHBIX IENISIX YBEINIMBACT
MOKAa3aTeNId PTYTH B CEIbXO3MPOTYKIIUH, TPEBHIIIAONINX MPEACIBHO JOMYCTUMYIO
KoHIIeHTparwmio [15, 36].

Tunuunasie (OHOBBICE YPOBHU BAJIOBON PTYTHU (pacTBOpeHHBIE (OPMBI) B
MPUPOJIHBIX MPecHBIX Bogax cocTaBisaroT 0,03-0,07 MKr/i; B JOHHBIX OTJIOXKEHHUSIX
pek u npecHoBoaHBIX 03ep — 0,05-0,10 mr/kr, B mpecHOBOHBIX pacTeHusx — 0,04-
0,06 Mr/kr cyxoil Macchl. B TUTBEBBIX BOJaX YPOBEHb PTYTH PEIKO MPEBHIIIACT
0,1 Mkr/m. PTyTh, IpeXIe BCETO METHJIIPTYTh, OTHOCHTCS K BEIIIECTBaM, KOTOPHIC
AKKyMYJIUPYIOTCSI B TPOCTOW TMHINEBOW IEMH, MPUMEPOM MOXKET CIIYKHUTh

CICAYIOIMN psAJl; JUYMHKAa-TIECKapb—OKYHb—II[yKa-Kolmka. B 3Toi 1enouke B
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KOKJIOM TMOCJHEAYIOIeM 3BeHe (OpraHu3Me) MHOTOKPaTHO —YBEJIWYMBAECTCS
colepKaHUe METWIPTYTU. JIumb Tpu COONIOACHUH HEOOXOAMMBIX YCIOBUMN
BBIpAIIMBAHUS IMUIICBBIC MPOTYKTHI COACPIKAT JOIMYCTUMOE 3HaUCHUE pTyTH [63].

Pacrennss yaiie BCero coaepkarT pTyThb B MEHBIIMX KOJIWYECTBAX, YEM
MOYBBl, HO B IIPOIECCE MHUHEPAIU3ALMKN PACTUTENBHBIX OCTAaTKOB BO3MOYKHO
HAKOIUJIEHWE PTYTH B BEPXHUX ropu3oHTax. [Ipm 3TOM TOHKME KOpHU pACTCHUS
OynyT wurpatb poib Oapwepa. [56]. Ha ¢GoOHOBBIX TeppHTOpHSIX, B KOTOPBIX
OTCYTCTBYET €CTECTBEHHBIH T€OXMMHYECKUH (OH 1O PTYTH, HCTOYHUKOM
TEXHOTEHHBIX 3JIEMEHTOB B CHCTEME PACTEHHME-NIOYBA SIBISIETCS a’pO30JIbHOE X
ocaxkneHne u3 Bozayxa [51, 71]. Ptyte, moctynaromas u3 armocepsl B BUIE
MapoB W TMbHUICAIPO30JIBHBIX YACTHUIl, COPOUpPYETCS XBOWHBIMU PACTCHUSIMHU U
MPOYHO YACPKUBAETCSI B XBO€. MUrpaiu B Ipyrue OpraHbl paCTEHUs IIPU 3TOM HE
npoucxomut [38]. B nepHOBoOil mouBe HAOMIONAETCS YBEIMYEHUE COJEP KAHUA
PTYTH B HAJ3€MHBIX opraHax W kopHsax pactenuit 0,018-3,000 mr/xr mo mepe
MOBBIIICHUSI €€ KOHLeHTpauuu B nouBe. Hammenwiiee conmepxkanue pryta 0,01-
0,02 mr/kr oOHapy>K€HO B PacTEHUSX, B MECTaX MPOU3PACTAHHS KOTOPHIX MOYBBHI
MMEIOT HEBBICOKYIO KOHIIeHTpauuto ptyTH 10 0,10 mr/kr [25].

Konnentpanust prytu B nucThax u puszoMax Bomopocieit (Thalassia
testudinum) w3 pa3HBIX y4acTKOB OTOOpa mpod BOMM3M moOepexbs BeHecyasbi
KoJyiebserca B npenenax 3-6 u 8-15 MI/Kr COOTBETCTBEHHO MpHU €€ CONEpPKAaHUU B
JIOHHBIX OTIOXKEHUsAX 6-9 mr/kr. B Mecrax, rme Habmomancs BBICOKHM ypOBEHb
3arpsi3HEHHUs] MOPCKOW Cpenbl, MOoKa3aTeld PTYTH B JOHHOM TPYHTE JOCTUTaId
MaKCUMaJbHbIX 3Ha4eHUW 26-37 MI/KI, a B JUCThIX U PHU30OMax BOAOpoOcCiel
cooTBeTcTBeHHO 16-30 m 21-47 wr/kr. CrnemoBaTelbHO, PU30MBI BOJOPOCIEH
HAKaIJIMBAIOT PTYTh M3 3arpsA3HEHHOTO €10 JIOHHOTO TPYHTa M SBISIOTCS €€
HUCTOYHUKOM JIJIs1 MHOTUX SMU(PUTHBIX OPTAaHU3MOB.

PtyTh ¢ BbICOKMMHU KOHIIEHTparusamu (6osnee 557 mr/kr) obHapykeHa B
KOpPHAX U Mo0Oerax BOAHBIX M HA3€MHBIX PACTEHUH B 30HE PACTIONIOKEHHS 3aBO/IA 110
NpOU3BOACTBY moTama. (OTMeueHa KOoppensiuus COJAEpkKaHUS B PACTCHUSIX C

KOHIICHTPALMSIMU PTYTH B IMouBe W Boje. HauOonbliel yCTOMYMBOCTBIO K
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TOKCHUYECKOMY AeicTBUIO pTyTH 00nanaroT Cyperus rotundus, Cynodon dacrylon u
Chloris barbata (B mopsiake yBenmmuenus). Cpey BOIHBIX pacTeHU MaKCHMaJTbHAS
KOHIIEHTpaIlUsl PTYTH OoOHapy>KeHa B KOpHAX M moberax Marsiela sp. u Paspalum
scrobiculatum, a muHumaneHas - y Bacopa monniera. BompIIMHCTBO Ha3eMHBIX
pacTeHuM XapakTepu3yeTcs pa3HOM KOHLEHTpAIMEN PTYTH B KOPHSAX U HAJI3€MHBIX
opraHax. bUoakkyMynsaiuu pTyTH B pacTEHUSIX pHcCa, KOTOPBIM BBIpAIICH PSIOM C
3aBOJIOM, HE YCTAaHOBIICHO, OJIHAKO OHa OIpeJeeHa B KalmycTe U aMapaHTyce,
MPOU3PACTABIIMX HA OJHOM M3 Haubosiee 3arpsi3HEHHBIX y4acTKoB. [lomydyeHHbIE
pe3ynbTaThl CBUAETEIBCTBYIOT O HEPAaBHOMEPHOM pAaCIpENeICHUH Y4YacTKOB
MOBBIIIICHHOTO 3arPsI3HCHMS PTYTH B 30HE PACITOJIOKECHHS 3aBOJIa TIO MPOU3BOICTBY
notamia [14, 33, 54].

B pesynprate aHTPOMOTEHHON NEATEILHOCTH Tasbl, BBIICICHHBIC B
atMochepy B aumamnazoHe koHneHtpanuid II/IK wm Bblie, sSBISIOTCS NPUYMHON
HEKpPO30B y pacTeHuil B xBoe. HaOmiomaeTcss CHIKEHHE pOCTa HOBBIX MOOETOB,
KOJMYECTBA W Pa3MEPOB ACCHMUJISAIIMOHHBIX OPTaHOB Ha TOMWYHBIX MOOerax
(IpeBecHbIE pPACTEHMs) WM Ha CTEOJISIX TPaBSHHUCTBIX PACTCHUM, CHUKEHUE
IJIOLIAAN CHIPOM M CyXOM MaccChl JUCTHEB FOAMYHOrO nobera (kcepoduruszanus),
YMEHBIIIEHUE BO3pacTa XBOM, YCKOPEHHE YyCBhIXaHUS HIDKHUX BETBEH B
HACaXICHUSIX (MOXOKEBEIBHUK, COCHA), COKpPAIIECHUE CPOKOB KU3HU JIepeBheB [4,
6, 29].

BrisBiieHHOE HETaTUBHOE BIUSHHME 3aMETHEE W OBICTpEE MPOSBISIETCS Y
TOJIOCEMEHHBIX JIEPEBHEB, HAMPUMEP, C OOJBIION MPOIOJDKUTEILHOCTBIO JKU3HU
XBOM (€71b), HECKOJBKO XYK€ Y COCHBI. Y JIMCTBEHHBIX TIOPOJ, €XKETOJTHO
cOpachIBAIOIINUX JINCTBY, ATH K€ HAPYIICHHS MPOSBISIOTCS TPU OTHOCHUTEIHHO
OosbiiieM ypoBHE 3arpsisHeHust Bosayxa (7 - 10 IIJK wu Gonee). Harnmsaubimu
WH()OPMAITMOHHBIMA OMOWMHIMKAIIMOHHBIMHU TOKA3aTEISIMU 3arpsi3HEHHS BO3IyXa
SIBJISFOTCS: KOJIMYECTBO XBOW HA TOJMYHOM T00Oere, CKOPOCTh OIMAJIEHUS XBOU TI0
rojJilaM, CyXoHi BeC XBOU IOJIMYHOTO TTo0era, CKOPOCTh CHIDKCHHSI CYXOT0 Beca XBOH

no6Oera 1o roaam (3a 3-4- roma) [53].
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Ha ¢done Bcero nepeBa u3mMeHsIOTCS CTPYKTYpa, (popmMa u pa3Meps KpoH. Y
TOJIOCEMEHHBIX JEPEBbEB YXYJIICHUE >XU3HEHHOIO COCTOSIHUS MPOUCXOJIUT B
OCHOBHOM H3-3a OTMHPAHHS BETBEW B KPOHAX, CHIDKCHHS CTECIICHHM OXBOCHHOCTH,
YBEIMYCHHSI HEKPOTHU3AIMKH XBOHM, OTMEYaeTcs W 0ojiee 3HAUYUTEIHLHOE CHIDKCHHE
paaragIbHOrO MPUPOCTA MO CPABHEHUIO C JTUCTOMAIHBIMU JCPEBbIMHU.

B cocHoBeix  secax  Bepxuero  [IpuaHrapbs,  3arps3HsIEMBbIX
dbTopcoaep)KaUMA IMUCCUSIMH, OTMEYAETCS BBICOKMA YpOBEHB nedonmanuu
KpOH, HEKpO3bl XBOHW, HAPYIICHUE BETBJICHUS OTHOCHUTEIBHO CTBOJIA, U3MEHEHUE
(GhOopMBI KPOHBI, CYXOCTh BEPIIIMHBI, YMEHBIIIEHUE JITTUHBI U MAaCcChl XBOU U TTOOETOB,
COKpAII[CHHE TPOJIOJDKUTEIBHOCTH JKM3HH XBou 10 1-3 ser [11]. B paiione
MIPOMBIIIJICHHBIX y3JI0B OacceitHa peku CeleHTH NP 3arps3HEHUH OKpY Karolen
cpeabl cepoit, GTOpoM, KpEMHHUEM, CBUHIIOM U JKEJIE30M HAOJI01aeTCsl YBETUUCHUE
YPOBHSI nedoauanum KpOH COCHBI 0OBIKHOBEHHOM, CHIDKCHHUE
MPOJIOIKUTEILHOCTH KU3HU XBOH, JJIMHBI TOOETOB, MACChl M KOJIMYECTBA XBOMHOK
Ha rooere [7].

ITocTositHHOE BO3/ACHCTBUE MPOMBIIUICHHBIX Ta30B Ha PacTUTEIbHOCTH
BBI3BIBAET CEPhE3HBIC HETAaTUBHBIC U3MEHEHHUS CTPOCHHUSI JIUCTA U XBOU PACTCHUM U
yBenuueHue wux kcepoduruzamuu [4, 6, 20, 62]. Ha ypOGaHuU3MpOBaHHBIX
TEPPUTOPHUSIX W TMPOMBINUICHHBIX IUIOMIAJIKaX y PacTeHU HEOOJbIITNE JIUCTh,
HECKOJIBKO TOJIIE U UMEIOT MEJIKUE KJIETKU. Y HHMX MEHbIIE TOJIIMHA BEPXHETO
AMUJEPMHUCA, KYTHUKYJIBI, TOJIIMHA M YUCJIO CJIOEB IOJHCAIHONM TKaHHU, OOJIbIIE
4pCa0 yCThHI] HAa | MM? IOBEPXHOCTHM JIMCTOBOM IIACTUHKU. Iloj BiamsiHUEM
MPOMBINLJICHHBIX Ta30B YMEHBIIIACTCS anepTypa yCThUll B TeueHue JHs. CteneHb
OMMCAHHBIX HAPYIICHUN B AHATOMUYECKOM CTPOCHUU ACCUMUJISILIMOHHBIX OPTraHOB
3aBUCUT (KOPpPETUPYET) OT KOHIEHTPAlMM M WX TOKCHUYHOCTHU, a TaKkKe
JUITUTEIbHOCTU UX JCUCTBUS U YyBCTBUTEILHOCTU BUIOB.

OTKJIIOHEHHE CcOCTaBa MHMKPOIJIEMEHTOB OT (DOHOBBIX  3HAUYCHUU
YBEJIMYUBACTCS OT JICCOMApKOB K a/UiesiM U MAarucTpajisiM M OT OKPECTHOCTEH K
cpenueii 3oue ropoaa [10]. B ycnoBusix r. JloHemKa BEeYHO3EJICHBIM XBOWHBIM

KycTapHuk (Juniperus communis L.) HakammMBaeT B MIMIIKOSATOAax IIpH
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npesbitienuu [1JIK: xene3o B 2,2, nuuk B 1,8, cBunen B 1,5, kaamuii B 4,9, pTyTh B
1,5, xpom B 4,2 paza [22].

PacTenusi HakamivMBalOT W KOHIICHTPUPYIOT B ceOe TsKelble METalIbl,
KOTOpbIE€ OHM BIIUTHIBAIOT Y€pe3 KOPHEBYIO CUCTEMY M3 MOYB M HAMPSIMYIO W3
aTMoc(epbl, TpPH pa3HBIX YCIOBUSIX OTO COOTHolleHHe Mensercs. K ocobo
OIMACHBIM 3JIEMEHTaM /I JIEPEBbEB B CIIydae MX aKKyMYJSIHUU OTHOCIT KOOAJbT,
XpOM, M€Jb, CBUHEII, IIWHK, KaaMuH, pTyTh [59, 58].

[Ipu BO3mENCTBUM SMHUCCUH OT Y COIBCKO-AHIapCKOTO MPOMBIIIJIEHHOTO
IIEHTPa B XBOE COCHBI HAOJIOJAETCSl YBENUYCHHE coaepkaHus pTrytd B 2,0-2,5
pa3a u cBuHIa B 3,0-3,5 pa3a, oT UpKyTCKOro NpOMBIIIJIEHHOTO LIEHTPA — CBUHIIA
B 7,0-7,5 pa3, xene3a — B 3,0-3,5 paza, or lllenexoBCKOro MPOMBIIIEHHOIO
nenrpa — ¢ropa B 8,0-9,0 pa3, ceunima — B 5,0-6,0 pa3. Ilpu 3arpsizHEeHUU
BBIOpOCAMHU OT BCEX MPOMBIIUICHHBIX IIEHTPOB B XBOE MPOUCXOJUT CHUKECHUE
cojiepkaHus Mapranna, gpocopa u kamus [31].

Ha Tepputopunm Bepxuero Ilpuanrapps oTmedaeTcs yBEIWYEHUE
coJlep KaHMsl CBUHIIA, PTYTH, kKeje3a, MeIH, KaJIMus, aJtoMUHUs, KpeMHausi B 2—10
pa3. Ilpu ocnabiaeHun COCHOBBIX APEBOCTOEB (PTOpCOAEpKAIIMMU BBHIOpOCAMU B
XBO€ YMEHBIIACTCS COJEp)KaHME Kajlus, MapraHiia, IuHKa, Qocdopa U ero
KHCIIOTOPACTBOPUMBIX (DpaKIMi, OTMEUACTCS HApPYIICHUE COOTHOIIEHUN MEXKIY
dpaxusmu azora [11].

B pesynaprare mnpoBeaeHHbix wuccinegoBanuii O.A. HesepoBoii, B T.
KemepoBo, yCTaHOBJIEHO, YTO MPSIMOM 3aBUCUMOCTH MEXIY COAEpKaHUEM
XUMHUYECKUX DJEMEHTOB B TIOYBE U €ro TMOTJOIMICHUEM pAaCTCHUEM HE
HaOmomaercs. HecmoTps Ha TO, 9YTO COAEpKAHHME TSKEIBIX METAJUIOB
3HAYUTEIHLHO TOBBIIIACTCS B ITOYBAX, KOTOPHIE PACTIONOKEHBI BJIOJIh MarucTpaseH,
B OOJBIIMHCTBE Cily4aeB KOI(DPUIMEHTH OHOJIOTHYECKOTO  IOTJIONICHUS
JIPEBECHBIX TOPOJ] YBEIMYMUBAIOTCA HAa YPOAHWU3WPOBAHHBIX  TEPPUTOPHUSIX IO
CpaBHEHHIO C (OHOM. DTO TOBOPUT O TOM, 4YTO TOYBA, OyAy4yd OCHOBHBIM
MCTOYHUKOM MHUHEPAIBHOTO MUTAHHS PACTEHUM, BIUAET HA DJIEMEHTHBII COCTaB

IMOCIICAHHUX OIIOCPCAOBAHHO Hn3-3a HaJIn4usia y paCTeHI/Iﬁ 3allIUTHO-
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MPUCTIOCOOUTENBHBIX CBONCTB, MPOSBISIOUIMXCA B M30MPATEIbHOM MOTJIOMICHUN
AJIEMEHTOB U3 MUTAKOUIUX CPEJl U PETYJSALNHA BHYTPEeHHEN cpenbl. ClieJo0BaTENbHO,
B YCIIOBUSIX YpOaHU3UPOBAHHON TEPPUTOPHUH 3arps3HEHUE TSKEIBIMU METAJUIAMU
JUCTHEB M XBOU JIPEBECHBIX PACTEHUI MPOUCXOAUT B OCHOBHOM aTMOC(hepHBIM
nyreMm. Ha npumepe cBuHIA [TOKa3aHO, YTO COOTHOILIECHUE ITyTEH €ro NOCTYIUICHUS
B JIPEBECHBIE PacTEHUs — uepe3 arMocepy WIM MOYBBI ONPEIEISIETCS YPOBHEM
HAKOIUICHUSI JAHHOTO OJJIEMEHTa To4YBaMU (CTUMYJSIHUS  OHOJOTMYECKOTO
IIOTJIOIIECHHS JIMCTBEHHBIMU JiepeBbsiMU oTMeuaercs npu Kos mous cBuHuoMm 1,2-
2,8, mpu Ko mou > 2,8 y pacTeHUl OTMEYAeTCs MOJIaBJIEHUE OMOJIOTHYECKOrO
norjomeHus). O4eBUIHO, YTO OCHOBHBIM UCTOYHUKOM TEXHOTE€HHBIX 3JIEMEHTOB B
CHCTEME pacTeHHE-TIOUBA SIBIISICTCS adpO30JbHOC MX OCAXKICHHE M3 BO3dyxa [51,
52].

JUis  [anbHEWIEero CpaBHEHUs COAEp)KaHUSA PTYTH B XBOE, H3Y4WIIU
JUTEpaTypHbIE JAaHHBIC, XapaKTEpHbICE YPOBHU COACPKAHUA PTYyTH B XBOE
TOJIOCEMEHHBIX PACTEHUH Pa3IMYHBIX PETHOHOB MHpa MPUBEACHBI B Tabmuie 1.3.

Tabmuua 1.3 - XapakTepHble YpPOBHM COJAEp)KaHUS PTYTH B XBOE

rOJIOCEMEHHBIX PACTEHUN Pa3IMYHBIX PETHOHOB MUPa

Pernon Cp;f/l;ee’ JluTepaTypHbIi HICTOYHUK
@OH B HA3€MHBIX PACTCHUSIX 30-700 STamm, 1992 [71]
CpenHee B HA3eMHBIX PACTEHHUSIX 15
EBporma 8 Aboal, 2001 [73]
Hopserus 47-116 Steinnes, 2005 [84]

XBost

Kanana 4-48 Jlanepauna, 2000 [36]
[Tonbina 100-500 Yepuennkona, 2002 [65]
Vcnanus 6-32 Aboal J.R., 2001 [73]
Poccus 132 AnomuH u 1p., 1995 [2]
3anagHoe 3a0aiiKaibe 6-12 Adanaceea u ap., 2004 [8]
PecnyOsvka Bypstus 9-134 AdanacbeBa u ap., 2010 [9]
["opHBIH ¥ pyIHbIH AnTaii 300 I'yces u jip., 2012 [20]
baiikaabCKuii peruoH 5,8-13 MuxaiinoBa u ap., 2010 [48]
JIuCThS U XBOSI IEPCBHEB 8-26 Epmakos, 2010 [27]
Tomckas 06J1acTh 79-165 Jlsimuna, 2015 [115]
[Typosckuii paiion (IHAO) 20 Crpaxosenko B.JI. u x1p., 2012 [60]
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[Tponomxenue Tadauibl 1.3

Pernon Cp;f/l;ee, JlutepaTypHbIil HICTOYHUK
AJTalicKuil Kpan 22 Crpaxosenko B.JI. u 1p., 2012 [60]
Pecny6iinka Anrait 22 CrpaxoBenko B.JI. u ap., 2012 [60]
HoBocubupckas 001. 29 CrpaxoBenko B.JI. u ap., 2012 [60]
Hpxyrckas o6s. (YOBAO) 60 Crpaxosenko B.JI. u 1p., 2012 [60]
YuruHckas 001, (ABAO) 35 Crpaxosenko B.JI. u 1p., 2012 [60]
Pecny6nnka Caxa 270 CrpaxoBenko B.JI. u ap., 2012 [60]
ApxaHreiabckas 00171 34 Hagenn A.®. u ap., [50]
Antae-CassHCKUH YKOPETHOH 30-50 Hlypkuaa B.B, 2013 [117]

OTMeTUM, YTO UCCIENOBaHUS MPOBOAAT B OCHOBHOM ISl TEPPUTOPHIA,
MOJIBEPKCHHBIX ~ aHTPOIIOTCGHHOMY  BIIUSIHHUIO, PSIOM C  IPOMBIIUICHHBIMHU
[IEHTPaMH, B KOTOPBIX U3Y4alOT COJIEPKaHUE TSHKEIbIX METAJIIIOB B OMOJIOTHYECKHUX
oObekTax (TpuObl, JUIIAWHUKU, STOABI, JUCThS, XBOs). XBOS paccMaTpUBAETCS
gaiie BCEero OJJHOTO BHJIa JepeBa (HampuMep, COCHA - CaMOe paclpoCTpaHEHHOE Ha

teppuropur Poccun) 6e3 ykazanus roja npou3pacTaHusl.

BriBoabl k ri1ase 1

PtyTs OTHOCHMTCS K DIIEeMEHTaM TEpBOrO  KJjlacca  OMAcCHOCTH,
BBICOKOTOKCHUYHA W KYMYJISITUBHA, B CHJIYy BBICOKOW JIETY4ECTH MApOB IIUPOKO
pacnpocTpaHeHa BO BCEX KOMIIOHEHTaxX MPHUPOMHON cpenbl. SIBisieTcs sioM aJis
pacTUTENIbHBIX M JKMBOTHBIX OpraHu3MoB. Tak xe Hg sBusercs Besmecyiei,
cynbhoduibHON, TUAPOPMIHLHON, HAXOAUTCA BO MHOTUX (OpMax HAXOXKICHUS
(coemuHeHuit), YTO CYIIECTBEHHO 3aTpyAHSET ee u3yuyeHue. PTyTh HaxomguTcs B
mutocepe u duocdepe B BUAC TBEPABIX COSAUHEHUM, PA3IMUHBIX Ta3000pa3HbIX
dazax W B pacTBOPEHHOW (QopMme, Kakaas HUX KOTOPHIX MpeodiamgaeT mpH

KOHKPCTHBIX (1)I/IBI/II(O'XI/IMI/I‘—ICCKI/IX YCIIOBUAX, HO JICTKO IICPEXOAT APYT B ApyTra.
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I'masa 2. MarepuaJjbl 1 MeTOAbI HCCJIEI0BAHNM

2.1 XapaKTepHCTHKA TEPPUTOPHIA UCCICOBAHUS

WccnenoBanust o COACpPKaHUIO PTYTH U OCOOCHHOCTEW €€ HAKOIUICHUS B
XBO€ IOJIOCEMEHHBIX PaCTeHHUI MPOBOAMIOCH Ha Tepputopun Crubupu u JlanpHero
BocTtoka. B 3amannoit Cubupu paccMOTpeHbI paiioHbl ToMCcKoi 00acTi (BKITFOUas
Tomckuii paiion), Anraiickoro kpas, B Bocrounoit Cubupu — paiionsl PecnyOmuku
bypstus u Upkytckoit obiactu, Ha Tepputopun Jansuero Bocroka — Pecriybnuka
Caxa (Sxyrtus). UccnenoBanHbie pailoHbl SBISIIOTCS (DOHOBBIMU, HE MCTIBITHIBAIOT
HEIOCPEICTBEHHO BIUSHUS TPOMBIIUICHHBIX IPOU3BOACTB.

Tomckas ooracmo

UccnenoBanus copepkaHus PTYTH B XBOE JI€PEBHEB, MPOU3PACTAIONINX B
Tomckoil oOnacTv, MPOBOAWIMCH, HAa JABYX KIIOUEBBIX ydacTkax «bakuapckoe»
omurorpoproe u «Camapckoe» 3BTpodHOe Oojota (pucyHok 2.1), Ha 0ase
Hay4yHO-HCCJIeA0BaTeNbCKOro cramuoHapa «Bacroranbe»y HMMKOC CO PAH,
pacnonoxxeHHoro B 11. [lonbiasaka bakuapckoro paiiona (200 kM kK ceBepo-3amnany

ot 1. Tomcka).

‘T.M. “bakvapckoe”

lT.M. "Camapa’

10 km

Pucynok 2.1 — KitoueBble yyacTku 0TOOpa npod XBOU Ha TEPPUTOPUH
Bacroranckoro 6omota Tomckoii obmactu (ocHoBa kapthl [110] ¢ qomonHeHUSIMU

aBTOpA)
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TopdsiHOE MecTopokaenrne «bak4apckoe» TPAKTHYECKH €CTECTBEHHBIM
Y4aCTOK, Maj0 MOJBEPKEHHBIM aHTPONMOIEHHOMY BO3JcHCTBHIO. Ha wyersipex
OMOPHBIX MyHKTax JaHAmadTa, B rpaHuilaXx BoaocOOpHOM muiomaau p. Kirou
napauielbHO JIMHUSAM CTOKa TpOW3Bomuics otbop mpob. Tepputopus
3a0ooueHHOro BojocObopa p. Kirou BkiIoyaeT ecrecTBeHHbIE TOP(hSIHbIC
00JIOTHBIE JKOCHUCTeMBbl 3arajHo-CuOuMpCKON TaeKHOW OOJOTHOW 00JacTu
OopeanbHO-aTIAHTHYECCKUX  OJUTOTPO(PHBIX  MOXOBBIX  0OJOT  aKTHBHOTO
3abonauynBanus [13].

OBTpodHOE 6010TO «Camapay miomaapo 0koiao 400 ra pacnonoxeHo Ha
HU3KOM JeBoOepexHOi Teppace p. bakuap Ha mepBoil HAANOWMEHHOW Teppace B
okpecTHOCTAX 1. [lonmbiHsiHKAa. BoOTO SIBIsIETCS YacThIO CIOXXKHOW OOJIOTHOM
CUCTEMBI, MpOTAHYyBUIEHCH Oosiee ueM Ha 20 KM, BIOJb YCTyna BTOPOM
HAJMOMMEHHOW Teppackl 1o JeBomy Oepery peku. T.m. «Camapa»
MPEACTaBIAIONIee COOOW OJIMH U3 DJIIEMEHTAPHBIX OOJOTHBIX MACCHBOB 3TOU
OOJIOTHOM CUCTEMBI, XapaKTepU3yeTCs] TUITUYHBIMU Y€PTaMU CTPOCHUSI TEPPACHBIX
00JIOT MaJIbIX PEK Ha Iore JeCHOM 30HbI 3anaanoi Cudupu [32].

Ha Ttepputopun Tomckoii o005acTH Tak K€ HCCIEAOBAIM YYaCTKU
Tomckoro paitoHa, pacmnojiokeHHbIe BOAM3M Topoaa Tomcka. Otbop 1pod
MPOBOAWICS Ha 9 KIIOYEBBIX YYacCTKaX, KOTOPBIE HCHBITHIBAIOT aHTPONOTE€HHOE
BO3JICICTBUE B CBSI3M C JICUCTBYIOIIMMM HACEJICHHBIMU TyHKTaMU U
PacmoyIOKEHHBIMU PSIOM 00bEKTaMU (PUCYHOK 2.2):

1. KupeeBck (ceno pacnoiokeHo Ha mpaBoMm oOepery p. O0b, B 81 kM oT
Tomcka);

2. Dymra (pacmonaraeTcsi Ha JeBoOepexHor DymTuHCKkon (Tarapckoit)
npotoke Tomu, 21 km ot Tomcka);

3. JI3epkuHCKOTO (PacmlojIOKEHO Ha BO3BBIIIEHHOM JIEBOM OEpery peKu
Kucnosku, y nporoku bypynnyk, B 18 km 10 nentpa Tomcka);

4. TumupsI3eBCKOE (pacmoJioKEeHO Ha JeBOM (3amaaHoM) Oepery TosiHOBa

o3epa Ha jieBooepexbe Tomu, 12 kM 0T ropoa);
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5. 3aBap3uHO (pacmoJyiaraeTcsi B MECT€ CIUSHUS JBYX MaJbIX PEK —
VYaliku u e€ npaBoro nputoka Mainoi Ymaliku, Boctounee Axkajnemropojka, 11
KM OT 1ieHTpa Tomcka);

6. Kupruska (mocenok oTHoOcuTcs K OKTAOpbCKOMY paiioHy Tropoja,
BXOJIUT B COCTaB ropoJIckoro okpyra ropos Tomck);

7. CBeTblii (mocenok oTHOCUTCS K OKTA0OphCKOMY pailoHy TOpo/ia, BXOJAUT
B COCTaB FOPOJICKOTO OKpyra roposi ToMck);

8. borameBo (ceno pacmnonoxkeno B 18 km ot Tomcka, B 5 kM OT cena
pacroioxeH a3pornopT boraméno)

9. KopamioBo (cemo pacmoyiokeHO Ha peke Ymadike, B 18 kM oT T.
Tomcka).

OcobeHHocTh uccieayemMol XxBou TOMCKO#M 001aCTH 3aKIIIOYAeTCsl B TOM,
4TO MPoObI OTOOPaHBI BOJM3HM HACEJICHHBIX MYHKTOB C MPEO0JIaIaloUM TIEYHBIM
OTOIUUICHUEM, KPYIHBIMU aBTOTpAacCaMM U JKEJIE3HbIMH JOpOraMH, a TakKke
JIPYTrUMU 00bEKTaMHU aHTPOIIOTCHHON HArpy3KH, YTO BIUSCT HA COACPIKAHNE PTYTH

B Ipo0ax.
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Pucynok 2.2 — KitoueBbie yuyacTku oTOopa mpo0 XBOU Ha TEPPUTOPUH

Tomckoro paitona (ocHoBa kapThl [114] ¢ nonoJiHEHUSIMU aBTOpA)
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Anmauickuu kpau

[TpoObI XBOM MCCIEAOBAIMCH HA CEBEpO-3amaje ANTalCKOTo Kpas, Ha Tpex
KJIFOUEBBIX y4acTKax B paioHax cen I'pumikoBka, TaOyHbl u Bypna (pucynok 2.3).
Cena pacnonaratotcsi B mnpenenax KynyHIuHCKOW paBHHMHBI, OTHOCSIIEHCS K
3anagno-Cubupckoil paBHMHE, Ha BbicoTe 120 MeTpOB HajJ YPOBHEM MOpS.
SABnsOTCS  BaXHBIM — CEIBCKOXO3SMCTBEHHBIM —pailoHoM 3amagnHoit  Cubupu.
Bosnbiryio IJIOIMAaAb  PABHUHBI 3aHUMAIOT  MaXOTHBIE  3EMJIU u
CEJIBCKOXO35UCTBEHHBIE MOCEBBI 3€PHOBBIX (B OCHOBHOM IIIIEHUIIA) U HEMHOIO
TEXHUUYECKUX KyIbTyp. Koe-rjie ncnoap3yroT HCKYCCTBEHHBIE CUCTEMBI MOJIUBA.

OCOOEHHOCThIO ~ KOHTMHEHTAJIILHOTO  KJIMMaTa  SIBIISIETCS  JKapKoe
3aCyIUIMBOE JIETO U MAJIOCHEXHAasl X0JIoHas 3uMa. Ha tepputopuu npeobdiagaror
CTemHbIC JaHAmAa@TH: HAa CEBEpEe M BOCTOKE - 3JIAKOBBIC CTEMM HA FOMKHBIX
YyepHO3€éMax, Ha IOre€ W 3alajie - MOJIbIHHO-3JIAKOBBIE HA KAlITAHOBBIX MOYBaX
JNErKOro MeXaHW4eckoro cocraBa. [log COCHOBbIMHM J€caMH W OCHUHOBO-

Oepe30BBIME POLIIAMH - OTIOI30JICHHBIE U JIepHOBBIE OBk [120].

@ [[anbbwranT

I'puinkoBka

Pucynok 2.3 — KiroueBble ygacTku 0TOOpa npo0 XBOU Ha TEPPUTOPUU

Adnraiickoro kpas (ocHoBa kapTthl [109] ¢ qOMONHEHUSMH aBTOPA)
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«I"pUIIKOBKa» - pailOH aKTUBHOI'O 3€MJIENOJIb30BAHUS, PACIONOkKEH B 21
kM ot 1. CimaBropoga. Pensed mectHOCTH paBHUHHBINA. CelO OKPYXEHO MOJISIMHU.
PacnpocTtpaHeHbl TEMHO-KAIITAHOBBIE TTOYBHI.

«Tabynb» — paiioH pacnosiokeH B 26 kM r. CnaBropojga u r. Sposoe.
CenbCKOXO035MCTBEHHBIN PAlOH.

«bypnay» — paiion pacrnonoxen B 43 kM 1. CnaBropojga, Ha Oepery peku
Bypasl. OT60p mnpoO OCYIIECTBISICS BAOIb JKEJIE3HOJOPOKHOTO TOJIOTHA
3anaaHo-CuOUpCKoM KeJle3HOM TOPOTH.

UccnenyeMble y4acTKH paclojioKeHbl BAOJb rpaHullbl  Poccust —
Ka3zaxcraH U UCTIBITBHIBAIOT BIUSHUE TPAHCTPAHUYHOTO MEPEHOCA.

Pecnyvonuxa Bypamus

Hccnenoanne comepxkaHus PTYTH B XBOE JIEPEBBEB, ITPOU3PACTAIOIINX B
TOPHBIX 3KOCHCTEMAX, MpoBoAwIoch B TyHKHHCKOM paitone PecniyOnuku Bypsrtus.
Paiion naxomautcs B CasiHo-IIpubaiikansckoit vactu 3anagHout bypstuu. ['panuuut
Ha ceBepe ¢ TyHkuHCKUM ['onbriom OKMHCKOTO panioHa, Ha ore ¢ XaHrapyJbCKUM
XpeOTOM M BOJOpA3CIOM 3aMaJHOro Xamap-J/labana 3akaMeHCKOro paiioHa
Pecnnyonuku. Ha 3amage u roro-zamage mo maccuBy MyHky-Capablk U I0TO-
BOCTOYHBIM oOTporam bonbmoro CassHa NOpOXOAWT TOCYIapCTBEHHAs TpaHUlla
Poccun u Monrommu. TyHKHMHCKass [OOJWHA 3aHUMAET CEBEPHYKO IOJIOBUHY
paiioHa, SIBISETCS NMPOAOJDKEHHEM balikanbCkol BraauHbl. OHa NPOTAHYJIACh B
mupoTHoM HampasieHnd Ha 200 kM. Ilo 70Ky [OOIMHBI TEUET TIIaBHAs peKa
paiiona — UpkyT.

[TouBeHHBIN TOKPOB TEPPUTOPUM XAPAKTEPUIYETCS Pa3sHOOOPAZHBIMU
BUJIAMH TIOYB: JI€PHOBO-IIOA30JUCTBIMHU, JIEPHOBO-JIECHBIMHA, YEPHO3EMHBIMH,
JYyrOBO-Y€PHO3EMHBIMHU,  JYTOBBIMH,  JYrOBO-OOJOTHBIMH,  KapOOHATHBIMH,
JIEPHOBO-KapOOHATHBIMU, COJIOHYAKAMHU JTyTOBBIMU, TOP(PSHBIMEU OOJOTHBIMU U JP.
PacturensHocTh TYyHKMHCKOWM JOJMWHBI OTJIWYACTCS BUAOBBIM pPa3zHOOOpa3UEM.
YuuteiBas oyeHb OONBIIOW TEpenaja BbICOT, KOTOPBIM JOCTHTaeT B HEKOTOPBIX
Mectax 2000 M, 31€Ch B OTPOMHOM KOJIMYECTBE MPEACTABICHBI MTPAKTUYECKH BCE

nosica. ['onbieBslil nosic (Beicota cBbitie 2000 M) oOpa3oBaH B OCHOBHOM MOXOBO-
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JUIIAMHUKOBBIMU U JIMIIAHHUKOBBIMU TYHJIpAMH, OJJHAKO, KOE-T/I€ BCTPEYAETCS U
kycrapaukoBbie. [logromeuessnii mosc (1800-2000 M) — 93TO mpekme Bcero
KPUBOJIECBS M PEAKOJIEChS Kelpa C Yy4YacTUEM JIMCTBEHHUIBI W  IMXTHI;
3HAUUTEbHBIE IUIOMIAJM 3aHMMAIOT 3apOCIId BBICOKOTOPHBIX KYCTapHUKOB. B
BepxHeil uvactu jnecHoro mosica (1o 1800 M) rocmoAcTBYIOT KeApOBBIE Jieca.
[Tosnoca mpearopuil MOKpeHITA CMEUIAaHHBIMM JIECAMHM W3 JIMCTBEHHUIIbI, COCHBI,
Oepe3bl, sroaaukoB [119].

TyHkuHCKHMI palloH mpencTaBisieT coOOM E€CTECTBEHHBIM YYacTOK, He
MOJIBEP>)KCHHBII HETOCPEICTBEHHOMY aHTPONOTreHHOMY Bo3zaeicTBuio. OTOop
po0 MPOU3BOAMIICS B TPEX OMOPHBIX MyHKTaX (pUCYHOK 2.4): «MoHabD», « TyHKa»

n «ApmaH» (HaBBaHI/Ie AaHO I1I0 Ha3BaAHUAM CCJI, PACIIOJIOKCHHBIX pf[I[OM).

C
AHrapck /I\
0}

MpKyTCK
L)

i
Llenexos

laraannyyp
.

PanynHnxymbs

Pucynok 2.4 — KuroueBble ywyacTku oTOOpa mpoO XBOU HA TEPPUTOPUU
Pecny6iku Bypsituu (ocHoBa kaptel [113] ¢ nonoiHeHUsIMH aBTOpa)

«MoHIpl» - 3amajiHas, BHICOKOTOpHAasi MECTHOCTh pailoHa, PacloJiOKEeHA B
83 km ot cena KsIlpeH, B u3zonupoBaHHOM nosmHe Bepxnero Hpkyra, BBUAY
MaccuBa MyHKky-CapplK, NMOJHOXKHE KOTOpOro HauvHaercss B 10 kM 3amajgHee
nocénka Monasl. B 11 kM Ha roro-zanag no TyHKMHCKOMY TpakTy, Ha mepeBajie
Mynruiin-JlabaH, IpoXoauT rocyJapcTBeHHas rpaHuiia ¢ MoHroymen.

«Tynka». Tepputopusa pacnonoxeHa B IHEeHTpe TyHKMHCKOM TOJWMHBI Ha
neBoM Oepery Mpkyrta u Oeperax pexku TyHKH, B KUJIOMETPE OT MecTa €€ BIaJICHUS

B UpkyT. Keipen Haxonutea B 39 kM k 3amany ot cena TyHka, B 20 KM ceBepHee
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pacnoJioKeH KypopTHbIM mocénok Apmad. Ha 3amajg ot cena, BBEpX IO peke
Tynke, nexxut oOmHpHas HU3MeHHOCTh KoliMopckux 03€Ep.

«Ap1ran» pacnoiokeH Ha BbicoTe 893 M B MecTe BbIxoAa peku KbIHrbIpru
Ha CEBEPHYIO OKpanHy TYHKHMHCKOU JAOJIMHBI y MOAHOXUS TyHKUHCKHUX ['0JbIIOB.

HDKVWlCKCZ}l obaacmo

HccenenoBanue coaepkaHus pTYTH B XBOE JE€PEBBEB, IPOU3PACTAIOIINX B
HpxyTtckoii obmactu, mpoBommioch B [IpubaiikanbCkOM HalMOHAIBHOM MapKe
(yuactok «IIpuonsxonbe»). Ha ecrectBeHHOM ydacTke (pUCYHOK 2.5) oToOpaHa

XBOs COCHBI U KCIPOBOI'O CTIIaHHKA.

Beplmnna

Basnnan - "Tipgoanxoube'
TypKa

YcTb-OpAbIHCKMMA Enanupbl 5 [[peMAYUHCK
- - . -

MpKyTCK
L)

Pucynok 2.5 — KitoueBoil yyacTok oTOOpa mpoO XBOM Ha TEPPUTOPHUU
Hpkyrckoii o61actu (ocHOBa KapTh [112] ¢ JOMOTHEHUSIMU aBTOPA)

B IlpuonbxoHbe BcTpewaercss BCE MHorooOpasue nanmmadros. Cremnb ¢
rIIyOOKO BHAIOIIMMHUCS B CYIITy 3aJIMBaMU, TIECUAHBIC TULSDKUA C IIOHAMH, XOJIMaMU
¥ XBOMHBIMU POIINaMU JINCTBEHHUYHBIX MOPOJA BIONL Oepera, rycTble jieca ¢
y4acTKaMHU PEIKO PACTYIIUX JIMCTBEHHUI], PEIUKTOBOTO €JIbHHUKA, CYpOBBIC
MpPaMOpPHBIE CKaJlbl, YKpalI€HHbIE T'yCTBIMH KPAaCHbIMM MXaMH, 00JIOTA, MBILIHO
3apociire BOAHbIMU pacTeHusiMu [118].

Pecnvoauxa Caxa (Axymus)

KiroueBoit yuactok Pecriyonuku Caxa (Skytus) - «BepxostHCkuil yiycy», B
IO)KHOM YacTH KOTOPOIO PAacHOJOXKEHO 30J0TOPYAHOE MECTOpOKIeHHe BrioH

(pucyHoK 2.6).
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Pucynok 2.6 — KittoueBoii yuactok oT00pa mpod XBOU Ha TEPPUTOPUHN

Pecniyonmuku Caxa (SIkytus) (ocHoBa kapthl [111] ¢ qomonHeHUsIME aBTOPA)
VYyacrok HaxomutTca Ha ceBepe Sxkytuu. IOr M UEHTpambHYXO 4YacTb
BepxosiHckoro yiyca 3aHuMaeT SIHCKOe IIOCKOTOpbe, Ha CeBEepo-3amajie - Xpeoer
Kynap, Ha BocTOoke - ropuble uenu xpeOra Yepckoro. Tepputopus yiyca

opo1aeTcs pekoi SlHa u e€ mpuTokaMu, Azbrda (0JIMH U3 TJaBHBIX) U TyocTaax.
Paiton XapaKTepu3yeTcs CILJIOIIHBIM pacupoCTpaHEHUEM
MHOTOJICTHEMEP3IBIX Mopoa MomHOoCcThio 200-350 M. PacturenpHOCTH paiioHa
COOTBETCTBYET 30HE JIECOTYHJAPBI. M3 KyCTapHHKOB BCTpPEYArOTCS KEAPOBBIN
CTJIaHHMK, KapiukoBasi Oepe3a (epHUK), TaibHHK. IMpoko pacrnpocTpaHEHbI
JUIIAMHUKA U MXH. TpaBsHHCTas PacTUTEIBHOCTh pa3BUTa IO JOJIMHAM BCEX

BOJIOTOKOB, HO XOPOIIMX CEHOKOCHBIX yrouii HeT [108].
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2.2 ®akTHvecKuii MaTepuas, oToop npood

OOBEKTOM HCCIECOBAHUS SBISETCS Pa3HOBO3PACTHASI XBOSI TOJIOCEMEHHBIX
JepeBbeB: Keapa cubupckoro (Pinus sibirica), cocHbl OOBIKHOBEHHOU (Pinus
sylvéstris L.), muxtel cubupckoi (Abies sibirica Ledeb.), emu cubupckoii (Picea
obovata), moxokeBeIbHIKA OOBIKHOBEHHOTO (Juniperus communis L.), kexpoBoro
criaanuka (Pinus pumila) u muctBennunsl (Larix). MectoMm 0TOOpa pood SBJISIOTCS
tepputopun 3amagHoii Cubupu (Tomckas oOnmactb u AnTaiickuit  Kpail),
Bocrounoit Cubupu (Mpkyrckas obnacts u PecnyOonuka Bypsarus) u JlansHero
Bocroka (Pecny6nuka Caxa (Skytusi)). BeiOpanHble TEppUTOPUH HE TTOBEPIKEHBI
HEIMOCPEICTBEHHOMY aHTPOIIOTEHHOMY BO3ICHCTBHIO, HAXOAATCS BAATIA OT
MPOMBITIUICHHBIX MPEANPUATHI (YCIOBHO (DOHOBBIE TEPPUTOPHUN).

XBOsI BHEMNIHE IOXOJUT HA Y3KHWE WIrOJbYAThIE JHUCThSI. XapaKTEPHO
HAJIMYME TUIOTHOW KOKHUIIBI, KOTOPYIO MOKPBHIBAET BOCKOBUHASL CYOCTAHIIMS. ITO
HE0OXOAUMO JIJISl YMEHBIIIEHUS UCTIAPEHUS BJaru roJ0CEeMEHHbBIMU pacTeHusMu. K
IPUMEPY, Y €M XBOWHKH YETBHIPEXTPaHHBIC, HO 3aYacTy0 TPaHU MPAKTHYCCKU
HE3aMEeTHBI, 1 XBOMHKH BBITJISISIT YIUIOIICHHBIMH.

Ecnu paspesarh XBOMHKY, OHa HMeEeT (PopMy HEmpaBUIBLHOTO pomoda,

MpUYEM CaMbli IJIOCKUM YroJ1 HampaBjieH KHU3Y (PUCYHOK 2.7).

Pucynok 2.7 - Tlonepeunsliii pa3pe3 XBOU COCHbI OOBIKHOBEHHOH [37]:
1. Onmunepma u kytukyna. 2. I'mnmogepma. 3. Meszodwumn. 4. TlpoBomsmiue mydku. S.
Tpancdyszuonnas Tkanb. 6. Sunoaepma. 7. CMoisiHoOM XoA. 8. YcTbule.

31ech pPacIoyioKEHA CpelMHHAs JKWJIKa JIMCTa. BHonp Ipyrux rpaHen

WTOJIOYKH 3aMETHBI II0JOCHEI 0OEJI0ro oBECTa, 06p330BaHHbIe yCTbUIAMH  —
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JBIXaTeTbHBIMU ~ OTBEPCTUSIMU, 4Y€pe3 KOTOPBhIE OCYIIECTBISCTCS JbIXaHUE
pacteHuii. Takke yCThUIIA CIIyXKaT JUIsi WCHAPEHHS BIIard, KOTOPYIO JE€pPEBO
BIIUTHIBAET U3 IPYHTA JAXKE B CTYXKY.

BaxxHBIM OT/IMYMEM XBOWHBIX TOPOJ OT JMCTBEHHBIX 3aKIIOYAETCS B TOM,
YTO y HUX YEPEIIOK MPOYHO CBSI3aH C BETKOM M OCTaeTCs Ha HEH, Jaxke IMocie
OoTMHpaHus Urosiku. Mronku ornagarot yepes 6-7 set. OHU XOPOIIO 3aIIUIIEHBI OT
BO3JICHCTBHSI HEOJArompUATHBIX (AKTOPOB BHEMTHEH CpEmbl TOJCTHIM CJIOEM
BOCKOBOI'O HalleTa — KyTHKYJIOH. [IpuyeM y MHOTHX BHJJIOB HaJIET HACTOJBKO
TOJICTBIH, YTO XBOMHKH ITPHOOPETAIOT TOIy00# OTTeHOK [37].

JIIsl OLIEHKW coJAepKaHUs PTYTH OOpa3ilbl XBOM OTOMPATd B KOHIIC
BETETAIlMOHHOTO TME€pUOJIa pacTeHUi (aBryCT-CEHTSOpb) METOJIOM CMEIIaHHOU
POOBI C MPUMEPHO OTHOBO3PACTHBIX JCPEBhEB B HIDKHEH YaCTH KPOHBI HAa BHICOTE
1,5-2 M OT TMOBEPXHOCTH 3EMJIM COTJIACHO CTaHJAPTHBIM METOJUYECKUM
ykazanusm [1]. B pesynerate otobpano 320 npo0® xBou. IIpoObl goBoamim 10
BO3IYIITHO-CYXOTO COCTOSHUS TPHU KOMHATHOHM TeMIlepaType, u3MeIbdain. XBOIO
He npombiBasId. B X0/1e paboThI MOTy4eHbl KOHIIEHTpauu pTyTH B epuoj ¢ 2009
o 2017 rona.

Bpemst orOopa xBom ToOJOCeMeHHBIX pacTteHnii Cubupu u JlanmpHEero
Bocrtoka npuBeneno B Tadmure 2.1.

Ta6numa 2.1 - Bpemst u mecto otdopa npod

Paiion Tomckas | Tomckuit | Anraiickuii | Peciyonuka | UpkyTtckas Pecrrybmra

ucciaenoBanms/ 5 N . . 5 Caxa

rox o0nacth paiioH Kpaii yPATHS 00J1acTh (STicyrus)

2013 62 poObI

2014

2015 56 ipob 10 ipo06

2016 56 mpob6 | 29 npob

2017 36 mpob 56 ipob 15 po06

B pesynbraTe uccienoBanus BBISIBUIN OCOOCHHOCTH HAKOIUICHUS PTYTU B
Pa3HOBO3pPACTHOM XBOE€ B 3aBUCMMOCTHM OT BHJIA TOJIOCEMEHHBIX PACTCHUH,
BO3pacTa XBOW, KJIMMATHUYECKUX M JaHAMA(PTHBIX XapaKTEPUCTHK TEPPUTOPUU

Cubupu u [ansaero Bocroka.
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2.3 AnnapatHoe ¥ MeTO0JIOTH4YecKoe o0ecneuyeHue uccael0BaAHNI

JIabopaTopHO-aHATUTHYECKHE WCCJIETIOBAHMUS o OIPEIEIICHUIO
COJIep>KaHUsl PTYTH B XBOE MPOBOJMIINCH C IPUMEHEHHEM COBPEMEHHOIO aTOMHO-
abCOpOIMOHHOTO METO/a B yueOHO-HAydyHOUW sabopaTopuu MexXIyHapOIHOTO
WHHOBAIlMOHHOTO Hay4yHO-oOpa3oBarenpHOro I1eHTpa (MUHOL) «YpanoBas
TeOJIOTHS OTAEJICHHS reosiorud HanmoHanbHOro MCCiieIoBaTENbCKOro TOMCKOTo
HOJIMTEXHUYECKOT0 YHUBepcUTeTa. Bce mpoObl mpoaHaM3UpOBaHbl ¢ MOMOUIBIO
pryTHOTO raszoanamuszaropa PA-915+ ¢ mupommtnueckon npucraBkon «IIMPO-
915», KoTOpast MO3BOISAET MPOBOAUTH IIPSAMOE ONPEACICHUE CONECPKAHUS PTYTH B
npoOax Ha ypoBHE 5 HI/T (pucyHok 2.8). TexHudyeckue XxapakTepUCTUKH Mpudopa
npeacTaBiieHbl B Tabiuie 2.2. KoHIleHTpaluuo pTyTH pacCUUThIBAIM Ha 1 T cyxoro

BCIICCTBA — XBOM.

Pucynok 2.8 — PtyTHblil razoananuzarop PA-915+ ¢ nuponurnueckoit
npuctaBkoi «IIMPO-915»
Tabnuma 2.2 - TexHnueckne XxapakTepuCTUKHA PTYTHOTO razoaHanu3aropa PA-

915+ ¢ nuponutnyeckoi npucraBkout «[IMPO-915»

BepxHsig rpanuna quana3oHa U3MEpPEHUM 5 MI/Kr
Bpems ananuza 1-5 MuH
JlonycTuMBbIe HaBECKU MPOO 10-500 mr
CKOpOCTh MPOKAYKHU BO3/1yXa 1-3 n/mun
Bepxusis rpanuiia quana3zona uaMepeHuil s Hapecku npoost 20 mr | 200 mr/kr
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KoHTponb cTaOMIBHOCTH TpalyHpOBOYHOTO KO3(PPHUIMEHTa MPOBOIUTCS
nepes HauajaoM padoThl.

[TpucraBka «IIMPO-915» npeanazHadyena sl MPSIMOrO aHajv3a TBEPIbIX
mpo6 moboro cocraBa. [lpuHIMO JelCTBHS OCHOBaH Ha TEPMHUYECKOM
paszlokeHun —ucciaeayemoro Marepuana (mpu  temmeparype go  700°C),
BOCCTAHOBJICHUM CBSI3aHHOW PTYTH IO aTOMApHOTO COCTOSIHHSA M NEPEHOCE €€ B
U3MEpPUTENHHYIO KIoBeTy. Hu3kue mpeensl oOHapyKeHHsI pPTYTH Ha YPOBHE MKI/KT
MO3BOJISIOT MPOBOJIUTH KOHTPOJIb MPUPOJHBIX U TEXHOJOTMUYECKHMX OOBEKTOB Ha
COOTBETCTBHE CAHUTAPHO-TUTUCHUYECKUM U TEXHOJOTUUYECKUM HOPMATHUBAM.

Hagecka npoObl n3MenpyeHHOM XBOM 0 50 MI' MOMenaeTcsl B JOXKEUKY-
n03atop. Biirouaercss MHTETpUpPOBaHUE AHAIMTHYECKOTO CHUTHANIA, W JIOYKEUYKa-
nozatop BBoautTcsa B npuctaBky «I[IMPO-915+». Ilocne Bo3BpamieHus
aHAJUTUYECKOro CHrHajia Ha O0a3oByro juHHIO (60-120 ¢) uHTErpupoBaHue
3aBepiiaerca. C momomnibio nporpammuoro ooecreuenus «PAIIN» dbukcupyercs
CUTHAJ U OMPEACIISIeTCS] KOHIEHTpalus pTyTH B npode. M3mepenus: oHoN mpoObl
OpPOBOAMUTCA HE MEHee [ByX pa3, Jajee (UKCUpyeTcs CpeAHee 3HaueHue
KOHLIEHTPAIU C MOrPEIIHOCThIO0 u3MepeHus He Oonee 12%.

Meronuka oOpabOTKM  pe3yJabTaTOB  BKJIOYajda pacyeT  dKOJIOTO-
IrCOXUMHYECKUX ToKaszaTesei: koadduimenta konmeHntpanuu (Kc) u BpeMeHHO
nomyctuMor konuenTpamuu (BAK).

dopmyna pacuera koddduimenta KouueHtpauuu (2.1) prytm B
KOMIIOHEHTaX OKpY’Karollel cpelibl (CHETOBOM MOKPOBE, MOYBAX, BOJAX, JTOHHBIX
OTJIOKEHUSIX WJIM PACTUTEIBHOCTH) OTHOCUTEIBHO WX KOHIICHTpAaIlMd B

COOTBETCTBYIOIMUX cpenax (oHoBoro paiiona ymbOo otHocuTenbHo [IJIK mmeer

BU/L:
Kc=Chy/Co, (2.1)
rne  Kc - ko3pdunmueHT KOHIEHTPAIMK PTYTH B COOTBETCTBYIOIIEM KOMITOHEHTE
nanamadra;
CHg - KOHLEHTpalus PTYTH B COOTBETCTBYIOLEM KOMIIOHEHTE H3y4aeMoil
TEPPUTOPHH,
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Cd - KoHUeHTpauus PTYTH B COOTBETCTBYIOIIEM KOMIIOHEHTE U3y4aeMoOi
TeppUTOpUu s oHOBOTO paiiona (4 Hr/t [36]).
XBOsI HE SIBIAETCA TOM Cpenoil, KOTopasl MOJUIKUT HOPMHUPOBAHUIO, TaK
KaK He ynorpeOiasercsa B nuiny. [lo3ToMy BBelIM YyCIOBHO PACUETHYIO BEJIMUYMHY, a
MMEHHO BPEMEHHO jaomnycTumyto koHreHTpauuio (BJAK) pTytu B xBOE, KOTOpPYIO
paccuutanmu 1o Gopmyie 2.2. C momompbto BJIK onpenenuim yciaoBHBIN mpeent
COJIep>KaHUs pPTYTH B XBOE.
BJK=Chg/2Ch (2.2)
O0paboTKy 3KCHEPUMEHTANBHBIX JTaHHBIX MPOBOJUIIU C HUCIOIb30BAHUEM

tabmuaHoro mporeccopa Microsoft Excel u ctarnueckoro nmakera Statistica 6.0.

BoiBoabI K ri1aBe 2

B xone uccnenoBaHus pTyTHOM Harpy3Kku Ha yCJIOBHO (DOHOBBIE TEPPUTOPUHU
Bcero nmnpoaHaiausupoBaHo 320 mnpo® XBoM Keapa CHUOUPCKOTO, COCHBI
OOBIKHOBEHHOM, THUXThl CHOUPCKOM, €I CUOMPCKOH, MOMKKEBEIbHUKA
OOBIKHOBEHHOT'0, KEIPOBOTO CTJIAHWKA W JTUCTBEHHUIIBI (HA TEppUTOpUSIX TOMCKOM
obmactu — 118 mpob, Anraiickoro kpas — 65 npo6, Pecyonuku Bypstus — 112
po0, Upkyrtckoit o6mactu — 10 mpo0, Pecrrybnuku Caxa (AxyTust) — 15 npo0).

UccnenoBannss mnpoBogunuck ¢ 2013 mo 2017 rr. ¢ npumMeHEeHHEM
COBPEMEHHOT'0 aTOMHO-a0COPOIIMOHHOI0 METO/1a B yueOHO-HAYy4YHOU JabopaTopuun
MexayHapoHOTO  HMHHOBAIIMOHHOTO  HAay4YHO-OOpa30BaTENBHOTO  IICHTpa
(MUHOLI) «VYpaHnoBas reojorusi» oOTaeleHUs reoyioruu HamumonansHOTO

HCCICA0BATCIIBLCKOT'O TOMCKOT0 MOJIUTEXHUYECKOTO YHUBCPCHUTCTA.
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I'maBa 3. Coaep:xanue M 0COOEHHOCTH HAKOILUIEHUSI PTYTH B XBOe€

roJioceMeHHbIX pacTenuii Ha TeppuTopuu Cudupu u JaabHero Bocroka

PaccmaTpuBaetcs coliepkaHue pTyTH B XBOE T'OJOCEMEHHBIX PAacCTECHHUH B
3aBHCHUMOCTH OT BHJa JIepeBa, BO3pacTa, JaHAMAPTHBIX U KIUMATHYECKHX
0CcOOEHHOCTEH, pacCUnTaHbl F€0IKOJOTUUYECKHE TTOKA3aTeIN PTYTHON Harpys3Ku Ha

UCCJIETYEMbIX TEPPUTOPUSIX.
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I'maBa 4. COHl/IaJIBHaﬂ OTBETCTBCHHOCTL P HUCCIECI0BAHUHU

Co/Jlep:KaHUsl PTYTH B XBOe€ I0JI0CEMEHHbIX PaCTeHH

Lenp paspena: nOpoaHaIU3UpPOBaTh OINACHBIE M BpPEIHBIE  (PAKTOPHI
7a00paTOPHOTO U KaMepaJbHOTO BHUAOB MPOU3BOJCTBEHHOUN MAESATEILHOCTH U
pelIUTh BOIMPOCHl OOECMEYEHUs1 3allUThl OT HUX Ha OCHOBE TpeOOBaHUMI
JEUCTBYIOIIUX HOPMATUBHO-TEXHUYECKUX TOKYMEHTOB.

Pabouee mecto pacmnonoxkeHo B iabopatopuu (529-530 ayza.) Ha mATOM
staxe 3naHus (20 xopnyc TITY, Jleauna 2/5, r. ToMck), ©MeeT €CTECTBEHHOE U
HMCKYCCTBEHHOE OCBCIlICHHE. ECTECTBEHHOE OCBEIICHUE OCYIIECTBISIETCS Yepes
CBETOBBIEC MTPOEMBI (OKHA), HICKYCCTBEHHOE OCBEIICHUE OCYIIECTBIISIETCS CUCTEMOM
oO1iero paBHOMEpHOTO ocBemieHus. [lnomaar Ha oaHO pabodyee MecTo C
nepcoHanbHbIM  KoMIbloTepoM  (I1K) ¢ KUAKOKPUCTAINTMYECKUM MOHUTOPOM

cocTaBsieT He MeHee 4,0 M?, a 00beM Ha 0JIHO pabouee MecTo — He MeHee 10 M.
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4.1 IlpousBoacTBeHHAsI 0€30IACHOCTH
4.1.1 AHau3 BpeAHBIX NPOU3BOJACTBEHHbIX (P)AKTOPOB M 000CHOBaHME

MepPONpPUATHI 10 UX YCTPAHEHUIO

PaGouee Mecto pacnosoxkeHo B jaboparopuu (529-530 aya.) MMUHOIL
«YpanoBas reosnorusi» WUIIIIP na nsstom staxe 3qanus (20 kopoyc TITY, Jlennna
2/5, r. ToMCK), UMEET €CTEeCTBEHHOE M HCKYCCTBEHHOE ocBemieHue. [lnomans Ha
0IHO pabodee MECTO COCTaBlseT He MeHee 4,5 M2, a 00beM — He MeHee 20 M2, B
ayJIMTOPUHA UMEIOTCS TIePCOHANIbHBIE KOMIbIoTephl. PaboTel Ha TIK mpoBonsarcs B
MMOMEIIEHUH, COOTBETCTBYIOIIIEM TMTHeHHUYeCcKUM TpeboBaHusM [102]. B tabmure
4.1 npuBeneHbl BpeAHbIE W oOmacHblie (DAKTOPHI MpU pabOTe HA MEPCOHATBHOM
KOMIIBIOTEPE.

Tabnuna 4.1 - DneMeHThl IPOU3BOJICTBEHHOTO Mpoliecca, (HopMUpYIOLIre

BPCIHBIC U OIIACHBIC ¢)aKTOpBI B pa60qu IIOMCIICHN

HaumenoBanue @aKkTopsl HopmatuBHbie
BugoB  pador wu | (C'OCT 12.0.003-74 CCBT) [4] JTIOKYMEHTBI
IIapamMeTpoOB Bpenusie Omnachble

MIPOU3BOICTBEHHOTO

nporecca

[ToarotoBka 1po6 | 1. Otkmonenwue | 1.0mekrpuuecknii | [OCT 12.1.019-79
XBOM JJIA aHajJu3a | MoKa3aTeleH TOK CCBT [93].

Ha PTYTHOM | MUKPOKJIMMAaTa B 'OCT  12.1.38-82
aHanu3atope PA- | moMemnieHun. [94].

915+ cl2. CanlluH
MUPOJTUTUIECKOU HenocraTtounas 2.2.2/2.4.1340-03
npuctaBkoii [TMPO- | ocBemeHHOCTh [102].

915 METOJIOM | paboyeii 30HHI. CHull 23-05-95
U3MEJTbUCHUS. 3. CreneHnb [104].

OO6paboTka HEPBHO- CanlluH 2.2.4.548-
uHpOpMAIIMd  HA | SMOIIMOHAIBLHOTO 96 [103].
MIEPCOHAJILHOM HaIpsKECHHUS. [MHA @ 12.13.1-03
KOMITBIOTEPE 4. TloBpexaeHue [100]

(oOpaboTka 0a3 | XUMHUYECKUMU

JTAHHBIX) peaKTuBamMu
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Bpennbie (bhakTopsI pabouero MOMEILICHUS], 000pyIOBaHHBIX
MEPCOHATLHBIMU KOMITBIOTEpAaMHU, BKIIFOYAIOT B CEOS:

®  OTKJIOHEHHE TOKa3aTesiell MUKPOKINMATa B TTIOMEIICHHH,

e  HeJOCTaTOYHas OCBEUICHHOCTH paboueii 30HHI,

®  CTENCeHb HEPBHO-IMOIIMOHATHHOTO HATIPSDKEHUS,

®  TOBPEKICHHE XMMHUUYCCKHUMH PEAKTUBAMHU.

1. Omxnonenue nokaszameiei MUKDOKTITUMAMA 6 nomewerHuu.

[lokazarenamMu, XapakTEpU3YIOIIMMU MHUKPOKIMMAT B  NPOU3BOICTBEHHBIX
IIOMEIIEHUSX, SBISIOTCA: TEMIIEpaTypa BO3JAyXa; TeMIIepaTypa NOBEPXHOCTEW;
OTHOCUTEJIbHASA  BJIAXKHOCTb  BO3AYyXa; CKOPOCTb  JOCTHIXKEHHsS  BO3]yXa;
WHTEHCUBHOCTh TEIJIOBOro oOsydeHus. I[lokazarenu MHKpOKIMMATA JIOJKHBI
oOecreunBaTh COXpaHEHUE TEIJIOBOro OajaHca YesIOBEKa C OKPYKAIOIIEH cpenoit
U TOJJEPKAHUE ONTUMAIBHOIO WM JOIYCTUMOIO TEIJIOBOIO COCTOSIHUSA
opranmsma [103].

OnTtumalibHble HOpPMBI U (DaKTHUECKHE IOKa3aTeau MHUKPOKJIMMaTa B
paboueil 30He TPOU3BOJICTBEHHBIX MOMEILICHUM Mpe/ICTaBICHBI B Tabmile 4.2.

Tabmuua 4.2 - OnrtumanbHble HOPMBI M (DAKTHUECKUE TOKA3aTeNH

MUKpOKJIMMaTta B pabouell 30HE NPOM3BOACTBEHHBIX momenieHuii, CanlluH

2.2.4.548-96 [103]

Kareropus o | OtHocutenbH6ass | CKOPOCTb IBMKEHUS
Temneparypa, C N
TSOKECTH BJIAKHOCTB, % BO3JIyXa, M/CEeK
Ceson rona BBIITOJIHAEMBIX
pabor ®daktnu. | OntuMm | daktuu. | OotuM. | DakTuy. Onrtum.
XOJIOAHBIH Ia 22 22-24 40 60-40 0,1 0,1
Tenblii Ia 25 23-25 55 60—40 0,1 0,1

Ilpumeuanue: Kareropus la — paGoThl ¢ HHTEHCUBHOCTBIO YHEPTOTPAT JI0
120 kkam/a (mo 139 Bt), mpousBoauMBIE CHAS H COMPOBOXKIAOITHECS
HE3HAYMTENIbHBIM (u3nYecKuM Hanpspkenuem [103].

OntumanbHble BEIWYUHBI TIOKa3aTeledl MHUKpOKJIMMaTa HEO0XO0IUMO
coOoIaTh Ha paboYMX MecTaxX MPOM3BOJCTBEHHBIX MOMEIIEHUN, HAa KOTOPBIX
BBINIOJIHAIOTCS.  pabOThl  OMEpPaTOpPCKOrO  TUMA, CBA3aHHbIE C  HEPBHO-

9MOIHMOHAJIbHBIM HAIIPSAKCHUCM.
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Takum o00Opa3oM, MHUKPOKIMMATHYECKHE YCIOBUS PabOYero MOMEIICHHS
COOTBETCTBYIOT TUTHeHHYeCKUM TpeOoBanusm CanlluH 2.2.4.548-96 [103] u
ABJIAIOTCS KOMMOPTHBIMU. MeponpusiTusi, HampaBlIeHHbIE Ha OOecredeHue
0€30MacHOCTH B MOMEMICHUSAX, 000PYJOBAHHBIX MEPCOHATHHBIMH KOMITBTEPAMH,
3aKJII0YAIOTCA B ©XKEJIHEBHOW  BIaXHOW yOOpKE M CHUCTEMaTUYECKOM
MPOBETPUBAHUM (€CTECTBEHHAs] BEHTUJISIMS) TTOCIIEe KaKI0T0 yaca padotsl Ha [1K.

[Ipu pabGoTax, BBITIOJHIEMBIX CHAS, TEMIEPATYPY U CKOPOCTh JIBHKCHHS
BO3/lyXa cieayer uaMepsatb Ha Beicote 0,1 u 1,0 M, a OTHOCUTENIbHYIO BIIAXKHOCTh
Bo3ayxa — Ha BeicoTe 1,0 M oT mona wim paboueit miomanku. [Ipu paborax,
BBITIOTHSIEMBIX CTOSI, TEMIIEpPATypy M CKOPOCTb JBW)KCHHUS BO3JyXa CleIyeT
u3Mepath Ha Beicote 0,1 u 1,5 M, a OTHOCUTEIBHYIO BIAXHOCTh BO3JyXa — Ha
BbIcOTE 1,5 M. CKOpPOCTh NBMKEHHMS BO3[yXa CIEIYET U3MEPSATHh AHEMOMETPAMHU
BpainareiabHoro Aewctsus [103].

2. Hedocmamounas oceewennocms paboueti 3ouwvl. [lpu mpaBUIbLHO

OpPraHM30BAaHHOM OCBEIIEHUU pabodero mMecra O00ECIeYMBACTCS COXPAHHOCTD
3peHHs YeJOBEKa M HOPMaJbHOE COCTOSIHHE €r0 HEPBHOW CHUCTEMBI, a TaKXKe
0e30MmacHOCTh B TMpOLIECCE TPOM3BOACTBA. PaznuyaroT CIEAYIONINE BHIBI
IPOM3BOJCTBEHHOI'O OCBEIIECHHUS: €CTECTBEHHOE, UICKYCCTBEHHOE M COBMEIICHHOE.

HopmupoBanue OCBEIIEHHOCTH TPOHW3BOJUTCS B  COOTBETCTBUU C
MexxoTpaciieBbivu Hopmamu u mpaBwiamu CHull 23-05-95 [104]. B HOpMmax
NpoNHCaH psiji TpEOOBaHMI K KaUeCTBY OCBEILIEHUS: PABHOMEPHOE pacrpeaeiicHue
SPKOCTH M OTCYTCTBHE PE3KHUX TEHEH; B IOJIe 3pEHHS JOJDKHA OTCYTCTBOBATH
npsiMasi U OTPaXCHHasi OJIECKOCTh; OCBEUICHHOCTH JIOJDKHA OBITH MOCTOSSHHOW BO
BPEMEHH; ONTHMAalbHAas HANpPaBICHHOCTh CBETOBOTO IIOTOKA; OCBEHICHHOCTH
JNOJDKHA HMMETh CHEeKTp, Omm3kuii k ectectBeHHoMy. CHull 23-05-95 [104]
yCTaHABJIMBAeT MUHHMAaJbHbIE (HOPMAaTUBHBIC) TIOKA3aTelM OCBEIICHHOCTH B
HaMMEHEee OCBEIICHHBIX TOYKAaX pab04HX MOBEPXHOCTEH.

B aynuTtopusix, rie HaxoaaTcs paboune MecTa, COBMEIIEHHOE OCBEIEHHE.

EcrecTBeHHOE oOCBelIeHHE OCYIIECTBISeTCs uepe3 OokoBble okHa. OOiee
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HMCKYCCTBEHHOE OCBEIIeHUE O00eCIeunBaCTCS CBETHJIBHUKAMU, BCTPOCHHBIMH B
MOTOJIOK M PACIOI0KEHHBIMU TaK, YTOOBI CBET pacCHpeIeIIsIICS PAaBHOMEPHO.

Jlist onpeneneHus BEIUYUH HOPMHUPOBAHHOTO €CTECTBEHHOTO OCBEIICHHUS
ucnonpdyercss tadimma 2 CHulla 23-05-95 [104]. BemmosHsemas pabota
OTHOCHUTCS K cpeliHel TOUHOCTU. PaboTa cpeHelt TOUHOCTH XapaKTepUus3yeTcs TeM,
4YTO pa3Mep HAMMEHbBIIEro O00BbEKTa pa3MueHUs JEKUT B mnpeaenax ot 0,5 mo 1
MM. OTHOCHUTENbHAS MPOJAOIIKUTEIBHOCTD 3pUTENBHON paOOThl MPU HANPABICHUU
3peHus Ha pabouyro moBepxHocTh — He MeHee 70 %. B mpouecce 3putenbHOM
paboThl GOH U KOHTpACT 00beKTa ¢ (hoHOM cpeanuil. [Ipu OOKOBOM e€cTeCTBEHHOM
OCBEIIECHUN KOA(DPUIIMEHT €CTECTBEHHON OCBEIIEHHOCTH JOJIKEH COCTaBiATh 0,5
% [104].

Takke OCBEIIEHHOCTh MOBEPXHOCTH 3KpaHa HE JoJkHA ObITh Ooisiee 300
JIK, SIPKOCTh CBETSIIMXCS MOBEPXHOCTEN (OKHO, CBETUJILHUK U JP.), HAXOISIIUXCS
B II0JIE 3pEHMS, TOJKHA OBITh He Gostee 200 Ka/M?, ApKOCTh GIMKOB Ha skpaHe 11K
He JOJDKHA TpeBbimarh 40 K1/M? ¥ SpKOCTh MOTOJIKA HE JOJDKHA npeBbimath 200
kn/m? [89].

HenocraroyHoCTh  OCBENICHUST MPUBOAUT K  HANPSOKCHUIO  3PEHUS,
ocla0ysieT  BHMUMaHWE, TMPUBOAWT K  HACTYIUICHHIO  TPEXKICBPEMEHHOM
YTOMJIEHHOCTH.  Upe3MEepHO SpKOE€  OCBEIIEHUWE BBI3BIBAET  OCJICILICHHE,
paszapaxeHre W pe3b B rnazax. Hopmbl ocBemieHusi pabodyero Mecrta COIIACHO
CHull 23-05-95 [104] npuBenens! B Tabmie 4.3.

Tabmuia 4.3 - Hopma ocBenieHHOCTH padodero mecta [104]

HOpMBI OCBCIICHHOCTH, JIK IIPHU OCBCUICHUHU

Tumn nomentenust

KoMOuHupoBaHHOe Oo61ee
IHomemienue Jing: IiepcoHaa,
OCYIIIECTB. texauueckoe | 750 400
obciyxuBanue 11K

I[JIH obecrnieueHus HOPMUPYCMBIX 3HAYCHUM OCBCIICHHOCTH B ITIOMCIIICHUAX
HCIIOJBb30BaHUsA MICPCOHAIBHOI'O KOMIIBIOTEPA CICAYCET IMPOBOAUTH YHUCTKY CTCKOJI
OKOHHEBIX paM M CBCTHJIBHHKOB HC PCXKC JIBYX pa3 B I'oa U I PEryjarupoBaHHA

SIPKOCTH OKOH MOTYT OBITh IPUMEHEHBI 3aHaBECH, IITOPEI, xkamo3u [ 104].
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3. Cmenenw HEePEHO—IOMOUUOHAIbHO2O HANPAHCEHUA. HepBHO—

AMOIMOHATILHOE HAMNpsKEHUE Npu padbote Ha mepcoHanbHOM KommbioTepe (I1K)
BO3HMKAET BCIEACTBUE AepUIMTAa BpPEMEHHU, OoJblIOro odbheMa HHMOpMaIuw,
OCOOEHHOCTEW JMaAOTOBOTO pekuMa oOmieHust yenoBeka u  IIK  (cOom,
ONEpaTUBHOE OXHJAHUE€ U T.J.), OTBETCTBEHHOCTH 3a 0€30IHO0YHOCTH
uHpopmaruu. g Toro ytoObl M30€kaTh YTOMIISIEMOCTH HEOOXOAMMO J1eTaTh
KaxJple 2 yaca 15 MUHYTHBIE IEPEPBIBBI, @ TAKXKE JKEJATEIbHO cTapaTbes Oomee 4
4acoB HE 3aHUMAThCS OJIHOM U TOH ke paboTol, HEOOXOAMMO MEHSTh 3aHITHE U
00CTaHOBKY.

4. HO6‘D€D¥C@€HM€ XUMU4YeCKumu peaKkmusamu

[Ipu mnoxaroroBke mpoOd XBOM K aHAIMTHYECKUM HCCIIEIOBAHUAM
UCIIONB3YyeTCsl  u3MenbuuTenb (kodemonka). s obOecriedeHus MOTydeHUS
JIOCTOBEPHBIX PE3YJIbTATOB IO YPOBHIO KOHIIEHTpAIMi PTYTH U BO HU30EkKaHUE
nomnajanus B MpoObl TOCTOPOHHUX MPUMECEH BCE BCIIOMOTATENbHBIE MaTepUaIbl
oOpabatsiBaroTcs sTrioBeM criupToM (ITJK 1000 mr/m3) [87].

[Ipu BabIXaHWHM TAPOB ASTHJIOBOTO CIHUPTAa HACTYMAET PEaKIUs MECTHOTO
pa3apaxXeHusl CIU3UCTBIX, a IIOCTE BCACHIBAHUS B KPOBOTOK — CHCTEMHOE
oTpaBiieHue opranusma. [locTpamaBmmii skamyeTcst Ha TOJIOBOKPYKEHUE, TOLTHOTY,
OIIYIIEHWE TyMaHa Tepe]l I1a3aMy M3-3a CHJIbHOW MHTOKcuKaiuu. Kpome storo,
PE3KO CHIDKAETCS OCTPOTa 3pEHMs, MOSBISIIOTCS Oonm B mpaBoM moapedepre. B
JAHHOM Ccllydyae HYKHO XOpOIllee TMPOBETPUBAHUE M TMOCTYIJICHUE CBEXKETO
BO3yXxa B TMOMeIIeHHWe. B peakux choydasx WCIOJIb30BaHUE 3aIMTHBIX
pUCIOCOOJIEHUH (PEeCTUpPaTOPOB U T.1.).

Hanuune XxuMuuecknx OMacHBIX W BPEIHBIX (DAKTOPOB B MOMEMICHUSX C
OBM B OCHOBHOM OOYCIIOBJICHO IIMPOKUM TPUMEHEHHUEM TOJMMEPHBIX U
CUHTETUYECKUX MaTEePHAJIOB /I OTJEIKA HHTEpbepa, MPU U3TOTOBJICHUN MeOenu,
KOBPOBBIX M3JCIUNA, PAAUOIICKTPOHHBIX YCTPOUCTB U UX KOMIIOHEHTOB,
U30JIMPYIOIINUX DJIEMEHTOB CHUCTEM DJJIEKTPONMUTaHHs. TEeXHOJIOTHSI MPOU3BOJCTBA
OBM npenycMarpuBaeT NPUMEHEHHE IOKPHITUM Ha OCHOBE JIAKOB, KPAaCOK,

mactTukoB. [lpu pabore DBM HarpeBaroTcs, 4TO CHOCOOCTBYET YBEIWUYEHUIO
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KOHIICHTpAIIMU B BO3[yXe TAaKMX BPEIHBIX BEIIECTB Kak (hopmanbaerui, (GpeHod,
OJIUXJI0POM(EHUIIBI, aMMHUAK, IBYOKHCH YTIIEPO/1a, 030H, XJIOPUCTHIA BHHIIL.

[Topsimok  OCyllIeCTBICHHUSI KOHTPOJISI 32  COJEPKAHUEM  BPEIAHBIX
XUMUYECKUX BEIIECTB U a’PO30JIeH MPEUMYIIECTBEHHO (PUOPOTECHHOTO MEHCTBUS
(ATI®D M) B Bo3myxe paboueii 30HbI periiamentupyercs [THJ & 12.13.1-03 [101].

KoHnTtposnb 3a copepxaHueM BpEAHBIX BEIIECTB B BO3AYyXE paboueld 30HBI
MPOBOAUTCSL MyTEM H3MepeHus cpenHecMeHHbIX (Kcc) m MakcMMallbHO pa3oBBIX
(KM) koHIIEHTpaluii ¥ MOCIEIYIONIEr0 UX CPAaBHEHUS C MPEIETbHO JOMYCTUMBIMU
3HAQYCHUSIMHM, TPEJICTABICHHBIMU B JIOKyMeHTe «lIpeaenbHO OMyCTUMBIE
konneHTparuu (I1/1K) BpenHbIX BemecTB B Bo3ayXe padodeid 30Hb» [95].

Jlist mpenynpexaeHus WIM YMEHBIICHUS BO3JEHCTBUS HA PaOOTHUKOB
OMacCHbIX M BPEAHBIX MPOU3BOJCTBEHHBIX (DAKTOPOB HEOOXOAUMO OOECIEUUTH
JIOCTaTOYHYI0 BEHTWISLWIO B TIOMEUIEHUHU, PEryJIPHO €ro MpOBETpUBAaTh U
MPOBOJIUTH BJIAXHYIO YOOpKy. PaboTHUK B CBOIO ouepenr 00si3aH COOMIOJATh

IIpaBuJia JIMYHOM TMTHCHBI.

4.1.2 AHaiu3 ONMAaCHBIX NMPOU3BOACTBEHHBIX (JAaKTOPOB U 000CHOBAHHUE

MEPONPUATHI M0 UX YCTPAHECHUIO

1. Dnexmpuueckuii mox

DONeKTpUYecKuidi TOK — OSTO OCHOBHOM oOmMacHBIA  ¢akTop TMpH
KOMIBIOTEpHOU  pabore. VICTOUHMKOM  DJIEKTPUYECKOIO  TOKa  SIBJISIOTCS
AIIEKTPUYECKUE YCTAaHOBKU, K KOTOPBIM OTHOCHUTCS oOopynoBanue DBM. Onu
MPEJICTABISAIOT JJISI YEJIOBEKA MOTEHUHAIBHYIO OIMACHOCTb, TaK KaK B IPOLECCE
AKCIUTyaTallMM WA TPOBEACHUM MPOPUIAKTHYECKUX pPaOOT YEIOBEK MOXKET
KOCHYTBCS YaCTEU, HAXOIAIIUXCS 101 HAPSIKECHUEM.

JleicTBHE DJIEKTPUYECKOTO TOKA HA OpPraHu3M 4eJIOBEKAa HOCHUT
MHOT000pa3Hblii Xxapaktep. [Ipoxons yepe3 opraHusM 4esoBeKa, SJIEKTPUUYECKUN
TOK BBI3BIBAET TEPMHYECKOE, DIJICKTPOJUTUYECKOE M OHOJIOTHYECKOE IeHCTBUE

[102]. OOmue TpeOGoBaHMs M HOMEHKJIATypa BHIOB 3all[UThl COOTBETCTBYET
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['OCTy 12. 1. 019-79 [92]. IIpenenbHO AOMYCTUMBIE YPOBHU HANPSKCHHN
PUKOCHOBEHUS B TOKOB HopMmupyetcs cornacHo [OCTy 12.1.038-82. CCBT [94].
HanpsikeHus NpuKOCHOBEHUS U TOKH, IPOTEKAIOIIIE Yepe3 TeJo YeIoBeKa
IpU HOPMAaJIbHOM (HEABAPUIHOM) pEXHUME DJIEKTPOYCTAHOBKH, HE JOJHKHBI
NpEeBbIIIATh 3HAYCHHI, YKa3aHHBIX B Ta0muie 4.4.
Tabmuua 4.4 - HanpspkeHusl IPUKOCHOBEHUH M TOKH, MPOTEKAIOIINE Yepes3

TEJIO YEJIOBEKa IPH HOPMAIbHOM (HEABAPUIHOM) PEKUME AJIEKTPOYCTAHOBKH,

TOCTy 12. 1. 038-82 [94]

U B |1, MA
Pon Toka
He 0oee
ITepemennsiii, 50 I'np 2,0 ‘ 0,3
Ipumeuanus:
1.  Hanpsoicenuss npukoCHOBeHUll U MOKU NPUBEOEHbL NPU NPOOONANCUMETLHOCTIU

6030eticmautl He 6oaee 10 Mun 6 Cymxu u YyCMaHoBIenbl, UCX005 U3 PeaKyuu OuyyujeHus.
2. Hanpsowcenus npukocHogeHutl u moxu 05 Uy, 8bINOJHAIOUUX PAOOMY 8 YCIOBUAX
sblcokux memnepamyp (vtwe 25°C) u enaxcnocmu (omuocumenvhas éiaxcnocms donee 15%),

00J11CHbL ObIMb yYMeHbuleHbl 6 mpu paza [94].

Tepmuueckoe OeHCTBUE TOKa MPOSBISIETCS B OXKOTAaxX Teja, HarpeBe [0
BBICOKOI TemnepaTrypbl BHYTPEHHHX OpPraHOB 4YeJOBEKa (KPOBEHOCHBIX COCY/OB,
cepiia, Mo3ra).

DJIEKTPOJIMTUYECKOE JIEWCTBHE TOKA TMPOSBIETCS B  Pa3IOKEHUU
OpPraHUYECKUX KHUAKOCTEH Tena (BOAbI, KPOBH) M HApyLIEHMSIX HX (PU3UKO-
XUMHUYECKOTO COCTABA.

buonornyeckoe aeilcTBUE TOKa TMPOSBISETCS KaK pa3ipaxkeHue Hu
BO30Y)KJCHHE *UBBIX TKAHEH OpraHu3Ma U COIMPOBOXKAAETCS HEMPOU3BOJIBHBIMU
CYJIOPOXHBIMH COKpAIICHUSMHU MBI (cepALa, AErKuX). ITU ASUCTBUS MPUBOIAT
K IBYM BUJIaM MOPAKEHUA: dJIEKTPUUECKUM TpaBMaM U JEKTPUUECKUM yllapam.

DJeKTpUYeCKre TpaBMbl MPEACTABIAIOT COO0OW UETKO BbIpaXKCHHbBIC
MECTHBIE MOBPEXKACHUS TKaHEl OpraHu3Ma 4yejloBEKa, BbI3BAHHBIE BO3ACHCTBHEM
AIEKTPUUYECKOTO TOKA (MU AYTH).

DNEeKTPOTPaBMbl HU3JE€UHMMBI, XOTA CTEHEHb TSKECTH MOXKET ObITh

3HAYUTEJIILHOU BIJIOThH 10 ru0eIH Yea0BeKa.
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Pasnmuarot cremyromue anekTpudeckue TpaBmel [94]:

1) anekTpudecKre 0xKorH;

2) JEKTPUYECKUE 3HAKHY;

3) MeTamnu3anus KOxXu,

4) snekTpooPTaIbMUS;

5) MexaHUYeCKUE MTOBPEXKICHUS.

[TopaxkxeHne dYeaoOBEKa »JJICKTPUYECKAM TOKOM BO3MOYXKHO JIHIL TIPH
3aMBIKAaHUM DJIEKTPUYECKOM LIeNd 4Yepe3 €ero TeJlo WM, WHAdye TOBOpS, IpHU
MIPUKOCHOBEHUH YEJIOBEKA K CETH HE MEHEE YeM B JIBYX TOUKaX.

OCHOBHBIMH MEPOIPHUATHSIMH, HAMPABICHHBIMH HA JUKBUAAIUMIO TMPUYHH
TpaBMaTu3Ma, oTHocsTcs [94]:

1. 3ammTHOE 3a3eMJICHHUE U 3aHYJICHUE;

2. CucTteMaTU4eCKU KOHTPOJIb COCTOSIHUSI U3OJISILIUU JIEKTPOIPOBOJIOB U
KaOeJew;

3. Pa3paboTka HUHCTPYKIIUH 1O TEXHUYECKOMY OOCIY>KMBAaHUIO U
AKCIUTyaTaIlMy BBIYMCIUTEIHHOU TEXHUKUA U KOHTPOJIb UX COOTIOACHUS;

4. CobnrofieHus MpaBuil MPOTHUBOIIOKAPHON OE30MIaCHOCTH;

5. CBOEBpEMEHHOE M KAue€CTBEHHOE BBITIOJIHEHHE PA0OT MO MPOBEICHUIO

TUTaBHO-TTPO(MITAKTUYECKUX Pa0OT M MPEAYITPEIUTEIbHBIX peMOHTOB [ 94].

3awumnoe 3azemnenue u sanyienue. OqHUMU U3 3DPEKTUBHBIX CPEICTB
3alIUTHl OT HOPAKEHUS JIEKTPUUECKIUM TOKOM SIBJISIFOTCS 3alIUTHOE 3a3€MJICHUE U
3aHyJIeHHE dJIeKTpoycTaHoBOK. B coorBercTBru ¢ 'OCT 12.1.009-76 [21]:

3aluTHOR 3a3EMJICHHC - 9TO MNpEaAHAMCPCHHOC QJICKTPUICCKOC

COCOMHEHUE C 3€MJIEM WM €€ 3KBUBAJICHTOM METAJUIMYECKUX HETOKOBEMYIIHX
4acTei, KOTOPhIE MOTYT OKa3aTbCs TOJ HaNpsHKEHUEM. 3allUTHOE IEHCTBUE
3a3eMJISIIOIIET0 YCTPOMCTBA OCHOBAHO HA CHIDKCHHMM JO O€30MacHOW BEITMYUHBI
TOKA, TMPOXOJIAIIEr0 4YE€pe3 YEJIOBEKA B MOMEHT KaCaHUs MM IOBPEXKICHHOU
AJIEKTPOYCTAHOBKH.

3aHyJIeHHE — 3TO NMPEJHAMEPEHHOE AJIEKTPUUECKOE COCTMHEHUE C HYJIEBBIM

3allIUTHBIM IIPOBOJHHUKOM MCTANIMYCCKUX HETOKOBCAYIIIUX qaCTeﬁ, KOTOPEIC
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MOT'YT OKa3aThCsl MO HAPSIAKEHUEM. 3alllMTHOE JEUCTBUE 3aHYJICHHS] OCHOBAHO Ha
CHIKEHMHM J10 O€30MacHOM BEIMYMHBI TOKA, MPOXOJMSIIETO YEepe3 YeJOBEKa B
MOMEHT KacaHusi MM TMOBPEXJACHHOW 3IJIEKTPOYCTAHOBKH, M MOCIEIYIOIIEM

OTKJIFOUCHUH ATOM YCTaHOBKH OT CCTH.

4.2 IKoJ0rudeckas 0e30MacHOCTb

B xonme uccnemoBanusi ObUI0 MpoaHanu3upoBaHo 320 mpod, kaxaas U3
KOTOpPOM UMeeT cyXyto Maccy He Oosiee 15 r. [Ipu ananuse npod MeTo10M aTOMHO-
a0COpOIIMOHHON CIEKTPOCKOMHUHU C MOMOIIBI0 PTYTHOro aHanu3atopa PA-915+ ¢
nuponutudeckoil npuctaBkoit «IIMPO-915» naBecka xBou Oepercsi B mpejenax
40-50 Mr u cxuraercs 1o neria. Takum ob6pazoM, u3ydeHue mpod XBOW HE HECET

BpeJl OKpyskaromieh cpene (atmocdepe, ruapocdepe, murochepe).

4.3 be30nacHOCTH B Ype3BbIYANHBIX CUTYAUAX

Opnum u3 Hanbosee BEPOSITHBIX U pa3pyluTenbHbIX BUIOB UC sBisercs
nokap Ha pabodyem Mmecte. [loxapHas 6€30macCHOCTb MPEJICTABIACT COO0M eTUHBIN
KOMIIJIEKC OpPraHU3AlMOHHBIX, TEXHUYECKHX, PEKUMHBIX M 3KCIUTyaTallMOHHBIX
MEPOTNPUATHNA MO MPEAYNPEKACHUIO MOKAPOB U B3PbIBOB. DeepaibHbIM 3aKOHOM
or 22 wrong 2008 r. Nel23-®3 yrBepxaeH «TexHUUECKH perJaMeHT o
TpeOOBaHMIX MoXapHoW Oe3omacHocTW» (B pea. denepaibHbIX 3aKOHOB OT
10.07.2012 N 117-®3, 02.07.2013N 185-D3) [106].

IIpenoTBpamenue pacupocTpaHeHus noskapa JOCTUIaeTCs
MEpOTPUATUIMH, OrpaHUYHMBAIOIIUMU 10IAb, UHTEHCUBHOCTb U
IPOJOJKUTENBHOCTD ropeHust. K HumM oTHOCATCS:

®  KOHCTPYKTHBHBIE U 00BEMHO-TUIAHUPOBOYHbIE penieHus,
NPENsATCTBYIOUIME  PACIpPOCTPAHEHUIO  OMAacHBIX  (PaKTOpoB  moXkapa IO

ITOMEIICHHIO;
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e  OrpaHHWYCHHUS IOKAPHOW OMACHOCTH CTPOMUTEIBHBIX MaTEpPHUAJIOB,
UCIIOJIb3YEMBbIX B TMOBEPXHOCTHBIX CIIOSIX KOHCTPYKLUHH 3/IaHHS, B TOM YHCIE
KpPOBEJIb, OTJEJIOK U 00JIMIIOBOK (pacanoB, MOMEIICHHUH U IMyTeH 3BaKyalluu;

®  HAIWYME MEPBUYHBIX, B TOM YHCIIE aBTOMAaTHYECKUX M IMPUBO3HBIX
CPEJICTB MOXKAPOTYILIECHHUS;

®  CHUTHaJIM3al{s U ONOBEIICHHE O MOXKapE.

B wuccinemyeMbix momenieHHsX 0OecleueHbl CIEAYIOIIUE CpelcTBa
IIPOTUBOIIOKAPHOU 3aLIUTHI:

®  UIaH 3BaKyalluu JIOAECH NpU MoKape»;

®  MaMsATKa O COOIOAEHUH MPaBUII TOKAPHON 0€30MaCHOCTH;

®  OTBETCTBEHHBIW 3a MOXKAPHYIO 0€30MACHOCTB;

e g OTBoJa U30BITOUHON TemnoTel oT OBM ciyxkaT cuctembl
BEHTWJISIUY;

e IS JIOKAJU3ALMK HEOOJIbIIMX BO3TOPAHHUI MOMENIEHUE OCHAIIEHO
YTIAEKUCIOTHBIME OrHeTymuTesiMu (OY -8 B komdecTBe 2 MTYK);

®  YCTaHOBJICHA cucrema ABTOMATHUYECKOMU MIPOTHUBONIOKAPHOM

CUTHAJIM3alMK (JaTyuk—curdanusaTtop tuna JTIT)

4.4 3axoHoaaTeIbHOE PEryJMpOBaHUE MPOCKTHBIX PelIeHU

Cornacao Konctutymuu Poccuiickoil ®@enepanuu, KaxKIblii TpaxIaHUH
UMEeT TPaBO Ha TPYJ B YCIIOBHSX, OTBEYAOIIMX TPeOOBAHHUSIM O€30MMaCHOCTH U
TUTUCHBI, HA BO3HATPAXKICHHE 3a TPy1 0e3 Kakoil Obl TO HU OBLUTO AUCKPUMHUHAIIAN
U HE HIKE YCTAHOBJICHHOTO (eAcpalbHbIM 3aKOHOM MHHHMAIBHOTO pa3Mepa
OIUIATHI TPY/Ia, & TAKXKE MIPABO HA 3aIUTY OT 0€3pa0dOTHIIBI.

B denepansrom 3akone Poccuiickoit denepanuu ot 28 mexadps 2013 r. N
426-03 «O criennaIbHOM OLIEHKE YCIOBUM TpyAay, riaaBe 1, cratbe 5 yTBEPKICHBI
nmpaBa 1 00S3aHHOCTH PaOOTHUKA B CBS3M C MPOBEJICHUEM CHEIMAIBHONW OIICHKH

YCIIOBUU Tpy/a.
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B cootBerctBUM co crathelr 26 Hactosimero ®denepanbHOro 3aKoHa
pabOTHUK BIIpaBe MPUCYTCTBOBATh MPU MPOBEIACHUU CIICIUATBLHON OICHKH
YCIOBUH Tpyda Ha ero pabodem MecTe, oOpamaTtkCsi K pabdoTomarento (ero
MPEACTaBUTENI0)  OpraHW3allMH, DJKCIEPTY  OpPTaHMW3aIlid,  POBOMSIIEMY
CTCIMATILHYIO OIICHKY YCIIOBUH TPy/a, 3a TIOTyUYeHUEM Pa3bsICHEHHUI 110 BOTIPOCAM
NPOBEJICHNS CIICMATbHON OILIEHKH YCIOBUH Tpyda Ha ero pabodem Mecre;
00>aoBaTh pe3yabTaThI MPOBEACHUS CIEITUATBLHON OIEHKH YCIOBHH TPy/aa Ha €T0
pabodyem mecte PaboTHHK 00513aH 03HAKOMUTHCS C pe3yJIbTaTaMy MPOBEICHHON Ha

ero pabodeM MecTe CrielMaIbHOM OIIeHKH yciaoBui Tpya [107].

BoiBoabI Kk ri1aBe 4

[Ipoananu3zupoBanu omnacHble W BpeaHble (AKTOPhl JTA0OPATOPHOTO U
KaMepaJbHOTO BHJIOB MPOU3BOJACTBEHHOW JEATEIBHOCTH W PEUIUIN BOIPOCHI
oOecrieueHus 3alUThl OT HUX Ha OCHOBE TPEOOBaHUI JACHCTBYIOIIMX HOPMATUBHO-

TCXHHUYCCKUX TOKYMCHTOB.
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I'maBa 5. @®uHAHCOBBI MEHEMXKMEHT, pecypco3QPeKTUBHOCTb U
pecypcocOepe:keHmne
5.1 TexHMKO-IKOHOMHYECKOe O0OCHOBAHHME NPOAO/LKUTEIBLHOCTH U

o0beMa padoT

B xone mpoBefeHUsl HACTOSLMX MCCIEN0BaHUA Ha Teppuropusx Cubupu
(Tomckoit, Hpkyrckoii obmacteit, Antaiickoro kpas, Pecniyonuku bypstus) u
Hanbaero Boctoka (Pecnybnmku Caxa) HeoOxoaum oTOop mpod XBou ¢
HOCIEAYIOLUUM H3yYEHUEM COJEpPKAHUS PTYTH METOJIOM aTOMHO-a0COpOLIMOHHON
CHEKTPOCKOIMH C MOMOUIbIO PTYTHOTO aHanu3aropa PA-915+ ¢ nuponutuueckoi
npuctaBkoi [IMPO-915 (merox nuponuza). Ha ocHOBaHMM TEXHUYECKOTO IJIaHA
(Tabmuna 5.1) paccuuThIBAIOTCA 3aTpaThl BpeMEHH U Tpya (Tabnuma 5.3).

Tabmuua 5.1 - TexHuyeckuii maaH IPOBOAUMBIX pabOT

O6peM VYcenoBus
No Bun pabor Emuauner | Konnge MIPOU3BOACTBA Bun o6opynoBanus
U3MepeHust CTBO pabor
DKOJIOro- OTt60p npob xBoU,
1 T€OXUMHUYECKHE [Tpoba 56 KaTeropust Pyuxka, 6510KHOT.
paboThI IpOXOaAUMOCTH - 1
[Ipo6a 320 [Tpobonoaroroska Z|P-niakeTuKH, STUKETKH.
Marepuaia
2 JlaGopaTopHsble
paboThI PryTHbII aHamM3aTOP
915+
TpoGa 320 Omnpenenenue PA-915+¢ }
pTYTH IUPOTUTHYECKON
npucraskoit [IMPO-915
KamepanbHbie Obpadora
3 p JTAHHBIX U aHAJIN3 Komnrerotep (OBM)
paboThl
MaTepuaia

1. 3Okonozo-zeoxumuueckue pabomol.

Conepxanue paboT: BBIOOp TeppuTtopuil ordbopa mpod, oTOop 00pa3loB
XBOM BPYYHYIO METOJIOM CMEIIaHHOW MPOOBI C HIDKHEW YacTH KPOHBI JEPEBBLEB,
JOBEACHUE TPOO XBOWM JO BO3AYIIHO-CYXOTO COCTOSIHHSI TIPH KOMHATHOMU
TeMIrepaTrype, paslleIeHHe XBOU [0 ToJilaM Mpou3pacTaHus, MapkupoBka ZIP-

MAaKeTOB Ui MpoO, STUKETUPOBAHHME M YIMAaKOBKa Mpo0, M3MEeIbUeHUE MaTepHualia
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po0, peructpamus mpod B xypHasie. Bcero Obuto oToOpano 56 mpoO XBou B
TomckoMm paitone. Ha Tepputopusix Tomckoit obmactu (62 mpoOsl), AnTaiickoro
Kkpas (65 npo0), Pecnnyonuku bypsarus (112 npo6), Upkyrckoit o6mactu (10 mpo0)
u PecnyOmuku Caxa (15 mpo6) oOpa3mpsl XBOM OTOOpaHbl HAyYHBIMU
corpynHukamMu WMHCTUTyTa MOHUTOpPMHIA KIMMATUYECKUX U OIKOJOTHYECKHX
cucteM Cubupckoro otaenenus Poccuiickoit akagemun Hayk (MMKSC CO PAH)
B XO/I€ IKCIICTUIINN.

2. Jlabopamopnovie pabomot

JlanHblid  3Tanm  paboOThl BKJIIOYAET IMOJATOTOBKY TIpoO0 K aTOMHO-
a0COpOIIMOHHON CIEKTPOCKOMHUHU C MOMOIIBI0 PTYTHOro aHanu3atopa PA-915+ ¢
nuposmtraeckoi npucraBkoi [IMPO-915 (meton nuponuza). [Ipubop onpenenser
KOJMYECTBO PTYTH B XBOC M BBIBOJWT JAaHHBIC KOHIICHTPAIUA B MPOTPAMMHOM
obecrnieuenuu «PAITU]/l», nanee mosiydeHHbIe TaHHbIE PUKCUPYIOTCS B TPOTOKOJIE
UCIIBITAaHUIN UCTIOTHUTEIIEM.

3.  Kamepanvuvie pabomut

Ha »Tom sTane mpou3BOAUTCS MOWCK U CHUCTeMaTH3alus WHPOpMaIUUA O
TEPPUTOPHSAX HCCIEAOBAHUS, CTATHCTHYECKass oOpabOTKa M aHaIu3 IMOTYYEHHBIX
JAHHBIX, W3YYEHUE HCTOYHMKOB TOCTYIUICHUS PTYTH B TPOOBI (3arps3HsIoIiee
BEII[ECTBO WJIM E€CTECTBEHHBIN reoxumuueckux (oH tepputopuu). [locie storo
BBIJICISIIOTCSL  OOIIME 3aKOHOMEPHOCTH W 3aBHUCUMOCTH, odopmisieTcss oOumui
OTYeT.

Ilepen ocymiecTBIeHHMEM pacueTa CTOMMOCTH paboT HEO0O0XO0IUMO
MJJAHUPOBAHUE U COCTaBJeHUE Tpaduka padoT. OTOOp Mpod B paMKax HACTOSIIIHUX
WCCJICIOBAHUM TTPOBOJIMJICS B KOHIIE BETETAITMOHHOTO TIEPHOJIa PAaCTCHUM (aBTYyCT-

ceHTs10pb) 2016-2017 r.r. Ilonusiii rpaduk paboT npeacTasieH B Tadauue 5.2.
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Tabmuma 5.2 - I'paduk npoBeneHus padbot

Cpoxu mpoBeIeHHs padoT

2016 . 2017 1. 2018 1.
Bunsr pabot
aBTYCT- HOSIOPB aBrycT- HOSIOPb despans | MapT | ampens
CEHTS0pb CEHTSIOpb P P P
O160p Npob XBOM + +

HccnenoBanue npod Ha pTYTHOM
aHanuzarope PA-915+ ¢

N . + +
MMUPOJIMTUYECKOU IPUCTABKOU
I[TNPO-915
Kam bHBI TBI
amMmepabHble pa0OThI C + + + + +

Ucnoiab3oBanuemM OBM

5.2 Pacuer 3aTpaT BpeMeHHU M TPY/AA N0 BUAaM padoT

J{ns pacuera 3aTpar BpEMEHU U TPY/la UCIIOIb30BAIMCh HOPMBI, U3JI0KEHHbIC
B CCH-93 Brimyck 2 «['eonoro-skonioruueckue paboTe». M3 3TOro cripaBoYHUKA
B3SIThI CJICAYIONINE JaHHBIE:

e HOpMa BPEMCHH, BRIPAKCHHAS HA CAMHUITY TTPOTYKIIHH;
e k03P UIIMEHT K HOPME.

Pacuyer 3aTpaT BpeMeHU BBIMOIHIETCS 1O PopmyTie:
N=Q*Hpp*K, (5.1)

rae N —3arpartsl BpeMmenu, (Opurazaa, cmeHa Ha M.(¢.H.));

Q — o6wveMm pabdoT, (M.(}.H.));

Hpp — HOpMa BpeMeHM W3 CHpaBOYHUKA CMETHBIX HOpM (Opurana,
CMEHa);

K — k03¢ duninenT 3a HeHOpMaIN30BaHHBIE YCIOBHS.
Bce pabGoTel ObUIM BBINOJHEHBI OJHUM pabodyuM 2 KaTEropuu IMoj

PYKOBOJICTBOM PYKOBOIHTEIIS.

Hcrnionp3ys TeXHWUYECKUH TIaH, B KOTOPOM YyKa3aHbl BCE BHUIBI padoT,

ONpCACIIAINCE 3aTPpaTbl BPECMCHHU Ha BBINIOJIHCHHUEC KaXKI0ro BHUAad pa60T B CMCHax

(Tabmuma 5.3).
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Tab6muia 5.3 - PacyeT 3aTpat BpeMeHH Tpyia

Ob6bem Hroro
Hopma Kos
Epuin Komu | BpemeHu ¢b- | Hoxyme Bpemen
Ne Bun pabor H3§4})elpe yectB | no CCH ThI HT olg:eaM
. 0 (Hsp) (K) (N)
MYHKT
DKOJIOr0-re0OXMMHUYECKHE 74
1 paBoTHI [Tpoba 56 0,086 - CCH, 4,82
BBIII. 2
3a 1 cmeny
2 [TpoGomoaroroBka [TpoGa | 320 40 11po6 - 8,0
BrimonHeHune craHgapTHOTO
KOMIUIEKCa onepauui CCH
KaMmepajabHOl 00paboTKH ITpo6a | 320 0,0276 - BBIIL.2, 8,832
3 MaTepuaios (6e3 Tab11.59
ucnoip3oBanus I9BM)
Kamepanbshbie paboTsi (¢ CCH
p p Ilpo6a | 320 | 0,0401 - | Bem2, | 12,832
ucnoinp3oBanueM OBM)
Tabm. 61
Hroro: 34,484
CMEH

5.3 Hopmbl pacxoaa maTtepuaJjia

Hopwmsl pacxonaa

MaTepHUAJIOB

TUTST

IKOJIOTIO-rCOXUMHNYCCKUX,

7a00paTOPHBIX M KaMepaldbHBIX paboT Takxke omnpeaensumch cornacio CCH,

BBIITYCK 2, a TAK)K€ MHCTPYKLUSAM U METOJUYECKUM PEKOMEHIalusIM. Pe3ynbrarsl

pacuera 3aTpaT Ha MaTepuasbl MPeCTaBICHBI B Tabauie 5.4.

Tabnuma 5.4 - Pacxoasl MaTepHralioB

HanmenoBanue u Einmua LeHna, Hopma CCH Cymma,
XapaKTEPUCTHKA W3IEITHSI pyo. pacxona pyo.
DKOJIOr0-TeOXUMHUYECKHE PaboThI

. BBIII. 2,
’Kypnan peructpanoHHBIN IIT. 56 19 a6 49 106,4
N BBIIL. 2,
Kapanpmam npocroit IT. 3 58 a6, 49 17,4
BBIII. 2,
Pe3unka yueHndeckas LLIT. 6 0,95 a6 49 5,7
[TakeThbl MOJIMATHIICHOBBIC — 0.2 21 BBIIL. 2, 42
(hacoBoYHbBIE Tab1. 50
Kumxkka 3TukeTHAs xmkka (300 22 1,48 BIIL. 2, 32,56
ITT.) Tabm1. 50
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[Tponomkenne Tabnuusl 5.4

Haumenosanue u E irmma IleHa, Hopma CCH Cymma,
XapaKTEePUCTHKA M3CITHS pyo. pacxona pyo.
CriipT 3THUIOBBIN TeXHH4eCKHUit I 75 1,7 BEIT 7a, 1275
Mapku A THIPOIU3HBIN Tabm. 5
Bara crepunbHas - 148 0,6 BBIII 74, 88.8
XUpyprugeckas Tabm1. 5
Hroro: 382,56
JlaGoparopHsie pabOTHI
Beckr ananutuueckue . 75000 1 75000
AIIEKTPOHHEIE
Hroro: 75000
KamepanbHbie paboThI
BBIIL. 2,
bymara oducHas nauka (100 m) 165 0,03 a6 62 4,95
BBIII. 2,
Pyuka mapukoBas (0e3 cTepxKHsI) IIT. 2 0,55 a6 62 1,1
CrepxeHb ams Py4KH . 0.7 2.47 BBIII. 2, 1.73
[TApUKOBOM Tabm. 62
Hroro: 7,78
Hroro: 75390,34

5.4 Pacyer aMOPTH3ALMOHHBIX OTYUCICHUM

CymMMa aMOPTH3allMOHHBIX OTYMCICHUW OMNPENeTseTCS WCXOIs W3
O0allaHCOBOM  CTOMMOCTHM  OCHOBHBIX  TPOU3BOJACTBEHHBIX  (OHAOB U
HEMaTepUATbHBIX aKTUBOB, U YTBEP)KICHHBIX B YCTAHOBJICHHOM IIOPSAKE HOPM
aMOPTH3AINH, YIUTHIBAs YCKOPEHHYI0 aMOPTH3AIMI0 UX aKTUBHOM dacTh. Pacyer
aMOPTHU3AIIMOHHBIX OTYUCIICHHH (32 TO/T) IPEACTABICH B Ta0IHIE 5.5.

Tabnuma 5.5 - Pacuetr aMOpTU3aIIMOHHBIX OTYUCICHUN

banancoBas T'onoBas Bpems
Cymma
CTOUMOCTB, PyO. HOpMa | MOJIE3HOTO
HanmenoBanne o0bekTa aMOPTH3AIIHH,
OCHOBHBIX (OETIOB Koun-Bo aMOpTHU3 | HMCIOJIb30B py6. (3a roy)
Opsoro Bcero | &, %o anus, % ’
00BeKTa
Kowmmsrorep (OBM) 1 54 000 54 000 10 100 5400
HUTOI'O 3a nepuoa npoBeaeHus UCCAeT0BAHMIL: 450

5.5 O0mumii pacyer CMETHOM CTOMMOCTH

OOmumii pacyer CMETHOM CTOMMOCTH O(OpMIIIEeTCS MO TUIMOBOW (opme.
Hakmagueie pacxonb! coctaBisitoT 15% ocHOBHBIX pacxonoB. Cymma IUIaHOBBIX
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HakorieHuil coctaBisieT 20% CcyMMbl OCHOBHBIX M HAaKJIQJHBIX pacxoqoB. Cymma
noruiat pabounM paBHsieTcs 7,9% OT CyMMBI OCHOBHBIX W HAKJIAJTHBIX PacXOJIOB.
Pe3epB Ha HempenBuaumble padOThl M 3arpaThl Kojebsercs ot 3%. CmerHo-
(bUHAHCOBBII pacyeT Ha MPOEKTHO-CMETHBIE padOTHI IIPEICTaBICHKI B TabmuIle 5.6.

Ta6numa 5.6 - CMeTHO-(pUHAHCOBBIM OTYET

CraTbu OCHOBHBIX 3arpy3ka, | Oxnan IIpemus | PaiioHHBIN

No Hroro
pacxoJioB K03(. 3a MECsII| kodddurment

1 PaGouwnii 2 kareropumn 0,68 7000 0,2 1,3 7425,6

2 HUroro: ®OT | 7425,6

3 JlonoaHuTENbHAS 3/T1 586,6
(7.9%)

4 Uroro: ®3I1 | 8012,2

3) ECH (30% ot ®3II) 2403,7

6 Martepuaisl (3% ot 3I1) 222,8

7 Amopru3zanus 111,4
(1.5% ot 3I1)

8 KomannupoBku 148,5
(2% ot 3I1)

9 Peseps (0.5% ot 3I1) 37,1

HTtoro: 10935,7

OT6op mnpo6 xBom B TOMCKOM pailoHE OCYIIECTBIISUICS BBHIE3IOM B
cieayomnme HaceneHHble NyHKThl: Kupruska, Oymra, KopaunoBo, Kupeesck,
Csernbiii, /[3epxxunckoe, 3aBap3uHo, borameso, Tumupszeso. TpancnoptupoBka
pabouero Mpou3BoIUIaCh Ha 0OIIECTBEHHOM TpaHcHopTe (aBToOyce) u3 r. ToMcka
B HCCIEIyeMblii HACEJeHHbIH TMyHKT © oOpatHo. OOmas CcTOMMOCTh
TPaHCIOPTUPOBKHU paboyero u npobd cocraBuiia 8§28 pyoieil.

Jlanee crmemyeT oOIMi pacueT 3aTpaT Ha Ipou3BeacHUE paboT. OOmui
pacyeT CMETHOM CTOMMOCTHU BCeX pabOT oToOpakeH B Taduie S5.7.

Tabnuma 5.7 - O6mmit pacyeT CMETHON CTOMMOCTH paboT

Ne O0BéM
Haumenosanue pa0ot u 3arpar [lonnas cmetHast
n/n Ex. m3m KonnuecTBo CTOMMOCTB, PYO.
| OcHoeHble pacxoowl
1 IIpoekTHO-CMeTHBIE PaOOTHI (3aTPATHI 10935.7
Ha OIUIaTy TPYJa)
4 Kamepasnbnbie paboTh 7,78
5 TpaHCIOPTHBIE PACXOAbI 828
AMOPTH3aIUOHHbBIE OTYUCIICHHS (32
6 450
MepuoJi MPOBEACHUs paboT)
Hmozo ocnosuwix pacxodos (OP): 12221,5
1 Haknaousie pacxoont % ot OP 15 1833,2
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IIpomomkenne TabmuIB! 5.7

O0BéM
Ne HanmenoBanne paboT 1 3aTpar En. uzm KonuuectBo Honwas cmetnas
CTOUMOCTB, PYO.
Hmoeo: ocHosHbie u Hakaiaouvle pacxoobl
(OP+HP) 14054,7
% ot
11 Ilnanoevie Hakonnenus HP+OP 20 2810,9
v Pesepe % ot OP 3 36,6
Umozo cmemnas cmoumocme 16902,2
HJIC % | 18 | 3042,4
Hroro ¢ yuérom HAC 19944,6

Takum 00pa3oMm, CTOMMOCTb HCCJEIOBAaHUI PTYTHOM HAarpy3ku Ha XBOIO
rojioceMeHHbIX pacteHuit Cubupu u JlanpHero Boctoka coctaBuina 19944 pyOns
60 xomeek (AEBATHAALATH THICAY JIEBATHCOT COPOK YETHIpE PYOJIsi IIECThAECAT

KOTICEK).

BbiBojbI K rJ1aBe 5

B xone wuccnenoBaHus OBUTM  BBIMIOJIHEHBI JKOJOTO-TEOXMMHUYECKUE,
JabopaTopHbIE U KamepalibHbIe paboThl. belio oToOpano 56 npo6 xBou B ToMckoM
paiione. Ha tepputopusix Tomckolt obnactu, Anrtaiickoro kpasi, PecrnyOnuku
bypstus, Upkyrckoit obmactu u PecnyOnukm Caxa oOpasiibl XBOM OTOOpaHBI
HAy4YHBIMU  COTpyAHUKamMu HHCTUTyTa MOHUTOpPHHTA KJIMMATUYECKUX U
sKoiorudeckux cuctem Cubupckoro otraenenus Poccuiickodt akamemMun Hayk
(MUMK3C CO PAH) B xone skcnienuimu. Bo Bcex oOpasiiax mpob ornpeseneHa
KOHIICHTpAIUsl PTYTH, MOJYYEHHbIC JTaHHBIC MPOAHAIM3UPOBaHLI. B pe3ynbTare,

001Ut pacuer CMETHOM CTOMMOCTH paboT coctaBmi 19944 py6is 60 komeek.
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3ak/IroueHue

PTyTh sBISI€TCS YHUKaJIbHBIM METANIOM, OTHOCHTCS K |-My Kiaccy
OIMACHOCTH, HAKAIJIUBASICh BO BCEX KOMIIOHEHTAX OKPYXAIOIIEH Cpe/ibl, HEraTUBHO
U TyOUTENbHO BIHAET HAa HUBbIE OpPraHU3MbL. TOKCHYHA, TPYAHO YJIOBHUMA,
TpeOyeT MOCTOSTHHOTO MOHUTOPUHTA B OOBEKTaX OKPYKAIOIIEH CPEAbl, SIBISETCA
OJIHAM U3 3arpsi3HUTENeN aTMoc(epHOro Bo3ayxa. XBos SIBISIETCS MPAKTHUYHBIM U
UHGOPMATUBHBIM ~ OMOWMHIMKATOPOM  3arpsi3HEHUS aTMOC(EPHOTO  BO3IyXa,
KOTOPBIN BbIOpaH J1JIs1 UCCIIEOBAHUS.

N3yunnu (pu3NKO-XMMHUYECKHE U TOKCUKOJIOIMYECKUE CBOMCTBA PTYTH, €€
pacnpocTpaHeHue B OKpy»Karolen cpene. Onpenenuiny coepKaHue pTyTH B XBOE
U BBISIBIUIM OCOOEHHOCTH HAKOIUIEHHS PTYTH B XBO€ B 3aBUCUMOCTU OT BHJA
JepeBa, BO3pacTa XBOW, KIMMAaTUYECKUX U JIAHAWAQTHBIX XapaKTEPUCTHUK
VICCJIEIOBAHHBIX TEPPUTOPUI.

B pesynprare NpOBENEHHBIX HCCICHOBAaHUN 110 W3YYEHHUIO COICPIKAHMS
PTYTH B XBO€ TOJIOCEMEHHBIX PACTEHUUW M OCOOCHHOCTEW PTYTHOW HArpy3Ku Ha
teppuropun Cubupu u [lansHero Bocroka BhIsSIBIEHO, UTO:

v’ cpenHee cojep:kaHHe pTYTH B XxBoe TOMCKO# 061acTi cocTaBiser 23
HI/T, AnTaiickoro kpas u Pecniyonuku bypsitus — 15 vr/r, UpkyTckoil obnactu —
14 ur/r, B xBoe PecnyOnuku Caxa (Skytus) — 47 HI/T;

v\ MakcUMajbHas KOHIEHTpAIlMs PTYTH OTMEYaeTcs B XBOe Keapa
Pecniyonuku Caxa (Skytus) (47 Hr/r), MUHUMalbHasi — B XBOE€ JINCTBEHHHIIBI
Pecniy6imuku Bypsitust u cocubl Upkytcekoit o6mactu (12 HI/T);

v KOHIIEHTpalusi PTYTH B XBOE YBEIMUYMBAETCS IO Mepe €€ CTapeHHs B
xBoe enu Tomckoii obnactu u Pecniyonuku Bypsrtus, cocubl Anraiickoro kpasi. B
XBO€ KeJipa, COCHBI, MUXThl U KEIPOBOrO CTIIAHMKAa MaKCHUMaJlbHasi KOHIIEHTpalus
oTMeuaercsa C 3-X, 4-X JETHEro Bo3pacTa, KOTopas 3HAYMMO HE MEHSIETCS 110 Mepe
CTapEHHsI XBOU;

v\ OTMeYaeTcs CHWKEHHE CpEIHEro COJIEpXKaHWs pPTYTH B  XBOE,

otobpanHoi Ha Tepputopuu Tomckoi obnactu B 2003-2013 rr., 6onee yem B 5
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pa3, 4To OOBSACHSAETCS CHUKCHHEM TEXHO(PUIBHOCTU PTYTH, E€IUHCTBEHHOI'O
AJIEMEHTA U3 BCEX U3yYaeMbIX;

v Ha teppuropur TOMCKOH paiioHa, MOABEPKCHHOMY aHTPOIIOTEHHOMY
BJIMSTHUIO, HAOIIOAAI0TCS HAWOOJbIINE HAKOIUIEHUS PTYTH B XBO€ B OTJIMYHE OT
dbonoBoii Tepputopun (Tomckoit obmactu). B Pecnybnuke Bypsitusi BBISBICHO
YMEHBIIECHUE COJIEPKaHUSI PTYTU B XBOE C YBEJIMYEHHEM BBICOTHI HaJ YPOBHEM
MOpSi;

v pacyeTrsl B3aUMOCBSI3H COJEPYKAHUS PTYTH B XBO€ C KIIMMAaTHYECKUMH
MOKa3aTeJIIMU TEMIEPATypbl BO3AyXa M KOJMYECTBOM OCAJKOB ITOKa3bIBAIOT
oOpaTHYIO CBSI3b C TEMIIEPATYpOil JIJ1s1 OONBIIMHCTBA TOYEK UCCIEIOBAaHUA, KaK 32
BEreTAllMOHHBIN MEPUOJI, TaK U B TEUEHHE T'0J]a, OJIHAKO HEOJHOPOJHOCTh CBSI3H C
KOJIMYECTBOM OCAJKOB;

v/ cpenHsist KOHIIEHTPAIMSA PTYTH B XBoe 3amnaaHoit CuOUpH NpeBbIiacT
dbonoBoe 3nauenue B 5 pa3 (BJIK=3), B8 Boctounoit Cubupu — B 4 paza (BJAK=2),
Ha J{aneHem Bocroke — B 12 pa3 (B[AK=6), uTo cBUAETENBCTBYET O MOBBIIICHHON
pTyTHOM Harpy3ke Ha JlansHeM Boctoke o cpaBHeHUto ¢ CHOUPCKUM PETHOHOM.

N3yuenue conepxaHusi pTyTH, KaK TSHKEJIOr0 METajlla M 3JIEMEHTA MEPBOTO
KJlacca OMACHOCTH, SIBJISIETCSI BaXKHBIM U HEOOXOAMMBIM. Pe3ynbTarsl paboThl 1O
OTIpPE/IENICHUIO BIUSHUS PTYTH Ha TOJIOCEMEHHBIE pAacTeHHs] M €€ CoAepKaHMs B
HUX Ha Tepputopun Cubupu u [ansHero BocToka MOryT mpeacTaBisiTb HHTEPEC
JUIss OpraHOB M OpraHU3alUid 3KOJOTUYECKOTO KOHTPOJIS OSTUX PETHOHOB.
[lonydyeHHble AaHHBIE BaXHbI JJIS OLIEHKHA DSKOJIOIMYECKOTO COCTOSIHHS Kak

ypOaHU3UPOBAHHBIX, TAK U (POHOBBIX TEPPUTOPUH.
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1 General characteristic of mercury

Mercury is a naturally occurring element known as a "heavy metal" and can
be toxic to living organisms. The element's atomic mass is 200,59 grams per mole
and its specific gravity is 13,546 times that of water. Mercury has a melting point
of -38,87°C, a boiling point of 356,7°C, and is the only metal to remain in liquid
form at room temperature. Droplets of liquid mercury are shiny and silver-white
with a high surface tension, appearing rounded when on flat surfaces. The liquid is
highly mobile and droplets combine easily due to low viscosity. The element also
combines with other metals such as tin, copper, gold and silver to form mercury
alloys known as amalgams. Mercury has a relatively high vapour pressure and the
highest volatility of any metal, vapourizing to become a colourless, odourless gas.
The metal is a fair conductor of electricity, but a poor conductor of heat.

Mercury's atomic number is 80. In nature, mercury has 3 possible
conditions of electrical charge, or valence states. Elemental mercury (Hg®) has no
electric charge. Mercury is also found in two positively charged, or cationic, states,
Hg?* (mercuric) and Hg!* (mercurous). The mercuric cation is more stable and is
generally associated with inorganic molecules, such as sulfur (in the mineral
cinnabar), chlorine (mercuric chloride), oxygen and hydroxyl ions. Hg?* is also
found in organic (carbon based) substances like dimethylmercury (Me2Hg), which
is far more toxic than inorganic forms of mercury and bioaccumulates in the tissues
of living organisms. Since mercury can be adsorbed easily onto small particles of
matter, some scientists use the notation Hg(p) to represent elemental mercury
attached onto or absorbed into a particle.

Mercury has unique properties (table 1).

Table 1 — Physico-chemical properties of mercury

Atomic number 80

Atomic mass 200,59

Isotopes:

stable 196, 198-202, 204

unstable 191-195, 197, 199, 203, 205
Melting point, °C - 38,87

Boiling point, °C 356,7

Density, g/cm™, at 20°C 13, 546
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Flintiness Liquid

Degree of oxidation +1, +2

Toxicological properties of mercury. Elemental mercury (Hg) is found in
liquid form, which easily vaporizes at room temperature and is well absorbed
(80%) through inhalation. Its lipid-soluble property allows for easy passage
through the alveoli into the bloodstream and red blood cells (RBCs). Once inhaled,
elemental mercury is mostly converted to an inorganic divalent or mercuric form
by catalase in the erythrocytes. This inorganic form has similar properties to
inorganic mercury (eg, poor lipid solubility, limited permeability to the blood brain
barrier, and excretion in feces). Small amounts of nonoxidized elemental mercury
continue to persist and account for central nervous system toxicity.

Elemental mercury as a vapor has the ability to penetrate the CNS, where it
iIs ionized and trapped, attributing to its significant toxic effects. Elemental
mercury is not well absorbed by the GI tract and, therefore, when ingested (eg,
thermometers), is only mildly toxic.

Inorganic mercury, found mostly in the mercuric salt form (eg, batteries), is
highly toxic and corrosive. It gains access to the body orally or dermally and is
absorbed at a rate of 10% of that ingested. It has a nonuniform mode of distribution
secondary to poor lipid solubility and accumulates mostly in the kidney, causing
significant renal damage. Although poor lipid solubility characteristics limit CNS
penetration, slow elimination and chronic exposure allow for significant CNS
accumulation of mercuric ions and subsequent toxicity. Long-term dermal

exposure to inorganic mercury may also lead to toxicity.
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2 Sources of mercury

The releases of mercury to the biosphere can be grouped in four categories:

» Natural sources - releases due to natural mobilisation of naturally
occurring mercury from the Earth's crust, such as volcanic activity and weathering
of rocks;

»  Current anthropogenic (associated with human activity) releases from
the mobilisation of mercury impurities in raw materials such as fossil fuels —
particularly coal, and to a lesser extent gas and oil — and other extracted, treated
and recycled minerals;

» Current anthropogenic releases resulting from mercury used
intentionally in products and processes, due to releases during manufacturing,
leaks, disposal or incineration of spent products or other releases;

» Re-mobilisation of historic anthropogenic mercury releases previously
deposited in soils, sediments, water bodies, landfills and waste/tailings piles.

The figure 1 below shows these release categories with main types of

possible control mechanisms.
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Figure 1 - The releases of mercury to the biosphere
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Natural sources of mercury

Mercury is not required by plants, but accumulates in the leaves and
needles after direct uptake from the air analogous to sulphur, fluorine and chlorine
The occurring concentrations of mercury don’t have a direct phytotoxic effect, but
cause damage to the forest ecosystem.

Mercury is an element that occurs naturally throughout our solar system.
On Earth, geological deposits are most often found in the form of, a mercury
sulfide mineral. The mercury content in this mineral, the most important ore of
mercury, can reach 86%. Granite can contain 0.2 ppm (parts per million) of
mercury, while other crustal rocks tend to contain less (approximately 0.1 ppm).
Various natural processes, including volcanic eruptions, the weathering of rocks,
and under sea vents can release mercury from the Earth's crust into water bodies,
soils, and the atmosphere. In fact, atmospheric measurements of mercury above
Hawaiian and Icelandic volcanoes are orders of magnitude above normal
background atmospheric levels.

Once mercury is exposed to the biosphere it can enter the biogeochemical
cycle or it can be transported long distances through the atmosphere. As mercury
becomes incorporated into the biosphere, measurable releases can also be
attributed to vegetation, forest fires, water bodies, sea salt spray, and soils.
Although natural emissions occur mainly as elemental mercury vapour (Hg),
particulate and vaporous oxides, sulphides and halides as well as methylmercury
vapour may also be released.

Natural sources subdivided on global, regional and local. The products of
eruption of volcanoes and particles are form at aeration of rocks and the World
Ocean, an underground and surface water of the earth. Regional sources are large
deposits of ore containing mercury. As local sources only certain small ore fields
act.

During the modern researches location of mercury was revealed its high
content in an Earth's mantle. Result process of decontamination and natural

evaporation of mercury from rocks, soils, waters, the is a phenomenon which is
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called "mercury breath of Earth" or natural emission. All these processes proceed
continuously and amplify at eruptions of volcanoes, earthquakes, the geothermal
phenomena, etc. About 3000 tons per year of mercury intake to the environment as
a result of "mercury breath of Earth".

Atmospheric mercury trends

Since mercury is naturally occurring and found throughout the world, there
are many natural emission sources that result in a background level of mercury in
the environment. This low level mercury background level has existed since before
recorded history. However, historical records obtained from measurements made in
ice cores, lake sediments, and peat show that environmental mercury levels have
increased considerably since the beginning of the industrial age
[82]. Measurements of long-term atmospheric mercury deposition to the Upper
Fremont Glacier in Wyoming shown in Figure 3 are a good indication of the
historical trend of mercury in the atmosphere over a period of 270 years [82,83]
Measurements at this high altitude, remote location suggested a preindustrial
background concentration of 3-4 ng/L when not influenced by short-term
emissions (<2 years) from volcanic activity, such as the Mount Tambora eruption
in Sumbawa, Indonesia, in 1815 AD. Significant increases over this background
level in Upper Fremont Glacier samples generally coincide with changes in human

activities from 1848 to the present day.

40

Mt St Helens (1980)

304

Krakatau (1883)

20+

1) N

0 T T T T T
1700 1750 1800 1850 I 1900 1950 2000

Preindustrial: — Industrialization (~1880-present)
Years (AD)

Tambora (1815)

Mercury (ng/L)
1940-1945)

WWII (~

Figure 2 - Mercury concentrations measured in ice cores obtained from the

Upper Fremont Glacier in the Wind River Mountain Range of Wyoming
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Atmospheric mercury deposition was observed to increase from 1848 to
around 1885, coinciding with the increased use of mercury in hydraulic gold
mining operations throughout the western USA during this period. These mining
operations were the most significant anthropogenic source of mercury in the first
170 years covered by the Upper Fremont Glacier record and peaked around 1860
and again about 1877 [82]. The use of mercury in gold mining ended in 1884 with
the Sawyer decision, which banned the use of hydraulic mining due to the
pollution and environmental damage it caused. This end to hydraulic mining was
accompanied by a decrease in mercury concentrations in the Upper Fremont
Glacier samples to approximately background levels. The mercury signal from the
eruption of the Krakatoa super caldera occurred in 1883, shortly after the decline
from the gold rush era. The increased mercury emissions from Krakatoa dissipated
around 1885, returning to a steady level of about 6—7 ng/L. Mercury deposition
increased again to levels of about 10 ng/L from about 1930 to 1945, corresponding
roughly to the increased mobilization during World War Il. After 1945, mercury
levels continued to rise, with a peak in the 1980s that was 20 times higher than
preindustrial levels.

Results from the Upper Fremont Glacier samples indicate that during the
last 100 years there has been a 70% rise in atmospheric mercury levels over the
natural background levels measured prior to industrialization. This trend is similar
to that obtained from lake sediment measurements made in the upper
Midwest. However, recent mercury concentrations in the Upper Fremont Glacier
samples were seen to decline during the 1990s, from the peak value of 20 times the
background levels to approximately eleven times the preindustrial levels [82]. This
recent downward trend is consistent with direct measurements of atmospheric
mercury made worldwide [83].

Current anthropogenic sources

The relative contributions of major current anthropogenic sources to
atmospheric mercury emissions, according to the 2013 United Nations

Environment Programme global mercury assessment, are shown in Figure
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3[86]. The current anthropogenic sources of mercury emission to the environment
fall into two major categories. The first is in processes where release of mercury
occurs because it is present in fuels or raw materials as an impurity. Mercury
emissions resulting from these impurities are sometimes referred to as
“unintentional” or “byproduct” emissions. The main sources of atmospheric
mercury in this category are coal burning (33%) and mining and smelting activities
(22%), with minor contributions from combustion of oil and natural gas (1%) and
oil refining (1%). The second category includes releases from products or
processes where mercury is used intentionally. The largest source of atmospheric
mercury in this category is small-scale gold mining (37%), followed by disposal or
processing of waste from consumer products (5%). Other intentional sources of
mercury emissions arise from its use in the chlor-alkali industry (1%) and release

from dental fillings during human cremation (<1%).
Waste processing
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Figure 3 - Relative contributions of estimated mercury emissions to the
atmosphere from current anthropogenic sources.
The combustion of coal is the most significant source of “unintentional”
current anthropogenic mercury emissions, resulting in the release of about 647
tonnes to the atmosphere each year, 33% of the total current anthropogenic

emissions.? Coal is used to fire kilns in cement production and in commercial and
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residential heating. However, more than 85% of mercury emissions from coal are
from electrical power generation. The concentration of mercury in coal is relatively
low, ranging from 0.01 to 1.5 g/Mg, with a worldwide average of about 0.1 g/Mg
[79, 87]. However, the very large volumes of coal burned worldwide (6,118 Tg in
2006) result in large significant emissions from this source [79].

The mercury that is emitted from electrical power plants is released directly
into the atmosphere in any combination of three forms, ie, vapor phase elemental
mercury, vapor phase mercury (I1) compounds, or mercury that is adsorbed onto
particulate surfaces [81]. The major emission species are dependent on the type
and moisture content of the coal and its combustion temperature. In general, the
majority of mercury emission from combustion of bituminous coal is mercury(ll),
while the majority of mercury released from the combustion of sub-bituminous and
lignite coal is elemental mercury. The amount of mercury released is also
determined by the type and efficiency of emission control equipment used.
Electrostatic precipitators and fabric filters are commonly used for particulate
control worldwide, and while these technologies, if properly maintained, are
efficient in removing > 99% of the particulates produced in combustion,
approximately 900 tonnes of particulates are still emitted to the atmosphere each
year due to the large amounts of coal burned [74, 81]. Flue gas desulfurization
units used to remove gas phase emissions, such as sulfur dioxide, are designed
specifically to remove acidic species from combustion gases and thus are not very
effective for controlling elemental mercury emissions [78, 79, 80,85]. The major
species emitted to the atmosphere from the combustion of coal in electrical power
plants are the vapor phase species, ie, elemental mercury from lignite and sub-
bituminous coal and mercury(ll) from bituminous coal.

Mercury emission to the atmosphere from the combustion of oil and natural
gas, which is estimated to be about 10 tonnes per year, is a minor contribution
(1%) of the total current anthropogenic emissions compared with emissions from
coal combustion [86]. Fuel oils are used by some electrical power utilities and for

commercial, industrial, and residential heating. The mercury content of fuel oils
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ranges from 0.01 to 30 g/Mg, with an average of 3.5 g/Mg [79]. The heavier
distillate fractions of fuel oils commonly used in residential heating contain higher
levels of mercury while lighter distillate fractions contain less mercury. The
mercury content of natural gas varies widely from 0.01 to 5,000 pg/m? depending
on the geological location. However, since mercury can amalgamate with other
metals commonly used in gas processing plants, causing corrosion of equipment,
efforts are usually made to remove mercury from the gas stream before processing.
The magnitude of mercury emissions from natural gas combustion depends on the
mercury content of the gas before processing and the extent to which mercury
removal has been achieved.

Oil refining is estimated to release approximately 16 tonnes per year of
mercury to the atmosphere, representing 1% of total current anthropogenic
emissions [86]. As with natural gas, mercury levels in crude oil can be widely
variable, both between and within reservoirs. Releases of mercury to the
atmosphere during the refining process are low because petroleum refineries also
make an effort to remove mercury from the crude before processing due to
problems associated with amalgamation of aluminum in refining equipment.
However, common methods of mercury removal use disposable solid adsorbents.
These mercury-containing adsorbents are released in industrial solid waste, which
is disposed of in landfills. The mercury contained in this industrial waste may
slowly be leached into aquatic and terrestrial environments. An estimated 0.6
tonnes per year of mercury is released to aqueous environments from oil refining
[86].

Mining and industrial processing of ores are important global sources of
mercury emissions to both air and water. Mining and ore processing involve
extraction of the desired metals from the surrounding minerals. The ore is
processed by crushing and washing, followed by various physical or chemical
separation processes. Often, the ore goes through a refining process that includes
chemical reduction followed by heating the ore to high temperatures. This process

releases elemental mercury into the air while other metals remain behind. The
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amount of mercury released in this process depends on the concentration of
mercury in the ore.

Estimated total global emissions from mining and ore processing are
approximately 430 tonnes per year (22% of the total current anthropogenic
emissions) to the atmosphere and 114 tonnes per year to agueous systems [86]. The
releases directly to the atmosphere include: emissions from large-scale gold mining
operations (97 tonnes per year); primary production of nonferrous metals, ie,
aluminum, copper, lead, and zinc (193 tonnes per year); primary production of
ferrous metals, ie, pig iron, cast iron, and steel (46 tonnes per year); and mercury
mining operations (12 tonnes per year). The mining and extraction of mercury
itself is currently a minor source of atmospheric emissions due to the preference
for recycling and reuse as a source of mercury. However, mercury emission to soil
and water from contamination sites associated with past mercury mining is
estimated to be approximately 16.7 tonnes per year. Mercury emissions directly to
the atmosphere from all contaminated mining sites, including abandoned mercury
mines, are estimated to be approximately 83 tonnes per year [86].

The major source of emissions to the atmosphere from the intentional use
of mercury is from small-scale or artisan gold mining. In these small-scale
processes, miners mix elemental mercury with finely crushed gold ore silt, which
creates an amalgam, with the gold separating it from the minerals. The mercury is
then removed from the amalgam by heating over an open flame, volatilizing the
mercury directly to the atmosphere and leaving the gold behind. It is estimated that
95% of the mercury used in these artisan gold mining operations is released to the
environment, with total mercury emissions of over 1,000 tonnes per year,
representing 37% of all current anthropogenic emissions [79]. Approximately 73%
(727 tonnes per year) of emissions are released directly to the atmosphere from
amalgam burning and volatilization from mine tailings [86]. This practice is
broadly dispersed worldwide, active in 70 countries, with at least a quarter of the
world’s gold supply coming from these sources [79,80]. Artisan gold mining is one

of the most significant sources of mercury release into the environment in the
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developing world and is one of the most critical international environmental issues
related to mercury emissions.

A major industrial use of mercury is the chlor-alkali industry. The chlor-
alkali process uses mercury cell technology for electrolysis of sodium chloride
solution to produce chlorine and caustic soda (sodium hydroxide). The cathode in
the electrolytic cell is a thin layer of mercury. The saturated sodium chloride
solution floats on top of the cathode. Chlorine is produced at the anode, and
sodium is produced at the cathode, where it forms an amalgam with the mercury.
The amalgam is continuously drawn out of the cell and reacted with water, which
decomposes the amalgam into sodium hydroxide and mercury. The mercury is
recycled back into the electrolytic cell. Mercury cells are becoming less common
in the chlor-alkali industry as other more cost-effective and less toxic methods are
becoming available. Currently, the use of mercury cells in the chlor-alkali industry
results in the release of an estimated 28.4 tonnes per year of mercury to the
atmosphere (1% of total current anthropogenic emissions) and 2.8 tonnes per year
to aquatic systems [86].

The emissions of mercury from waste disposal, processing, and recycling
are related directly to the consumption of consumer goods. Although many
products and processes that make use of mercury have been phased out due to
toxicity, mercury is still used in a wide variety of products. These include batteries,
electrical switches, fluorescent lamps, electronic devices, paints, pesticides and
fumigants, medicines, cosmetics, and a wide range of measuring and control
devices. After these products have outlived their usefulness, they are either
deposited in landfills, incinerated, or recycled. While mercury in landfills may be
slowly released into soil and water, incinerated waste can be a major source of
mercury emissions to the atmosphere if insufficient emission controls are present.
Worldwide emissions of mercury from consumer product waste disposal and
processing is estimated at 95.6 tonnes per year to the atmosphere (5% of the total

current anthropogenic emissions) and 89.4 tonnes per year to aquatic systems.

97



A minor intentional emission source of mercury is from its use in dental
amalgams. An estimated 3.6 tonnes per year of mercury, less than 1% of the total
current anthropogenic emissions, are emitted to the atmosphere from dental fillings
when bodies are cremated. Also, mercury can be released during production of the
amalgam and preparation of fillings, and from disposal of removed fillings.
Approximately 340 tonnes of mercury are used in dentistry per year, of which
about 20%—-30% is disposed of as solid waste. Dental use of mercury is declining,
particularly in higher income countries, but the rate of decline varies widely. Use
of dental amalgams is still significant in some countries, while in others the
practice has all but ceased. In many lower income countries, increasing access to
dental care may actually increase mercury use temporarily.

The regional distribution of current anthropogenic mercury emissions to the
atmosphere is presented in Table 2 [86]. The largest amount of current
anthropogenic atmospheric mercury emissions is from Asia, with a total of 931
tonnes per year, representing 47.6% of total global mercury emissions.
Approximately 75% of Asian emissions come from the People’s Republic of
China. The primary source of mercury emissions throughout Asia is coal
combustion. China is the largest coal producer and consumer in the world, using
coal in coal-fired power plants, industrial boilers, and residential heating
[79]. Approximately 47% of mercury emissions from the People’s Republic of
China and 81% of emissions from India are due to combustion of coal. The
People’s Republic of China also has an additional large component from artisan
gold mining. In Europe, approximately 52% of total mercury emissions to the
atmosphere are from combustion of coal followed by consumer disposal and
incineration of waste. Coal combustion and incineration of waste also account for
most of the mercury emissions in the USA and North America. Mercury emissions
from South America and Sub-Saharan Africa are largely due to artisan gold

mining.
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Table 2 - Distribution of current anthropogenic mercury emissions to the

atmosphere by region

Region Emissions Range % of
(tonnes (tonnes total
per year) per year)

Australia, New Zealand, Oceania  22.3 5.4-52.7 1.1

Central America, Caribbean 47.2 19.7-97 4 2.4

East/Southeast Asia 777 395-1,960 39:7

European Union 87.5 44.5-226 45

Middle Eastern States 37.0 16.1-106 1.9

North Africa 13.6 48412 0.7

North America 60.7 34.3-139 3.1

Russian Commonwealth 115 42.6-289 5:9

South America 245 128465 12.5

South Asia 154 78.2-358 7.9

Sub-Saharan Africa 316 168-514 16.1

Undefined 825 70.0-95.0 4.2

Total 1,960 1,004,070 100

A comparison of recent estimates with those reported from 1990 to 2005
shows that Europe and North America are reducing their mercury emissions. The
USA has reduced emissions from coal-fired power plants by approximately 50%
from 2005 to 2010. This relatively large reduction is primarily due to new
regulations requiring both mercury and particulate controls on large power plants.
However, emissions from Asia are increasing due to increased demands for energy.
In addition, emissions from artisan gold mining have doubled since 2005, driven in
part by increases in gold prices as well as increases in rural poverty in South
America and Sub-Saharan Africa.

Atmospheric transport and transformations

Atmospheric mercury is classified operationally into three categories, ie,
gas phase elemental mercury, gas phase mercury(ll) compounds called reactive
gaseous mercury, and mercury(ll) compounds associated with atmospheric
particulate matter known as total particulate mercury. Most of the mercury emitted
or re-emitted into the atmosphere is gas phase elemental mercury (see Table 3)
with minor amounts of gas phase mercury(ll) compounds and particulate bound
mercury(Il). Elemental mercury is not significantly removed from the atmosphere

by wet and dry deposition due to its relatively low deposition velocity and water
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solubility. It therefore remains in the atmosphere long enough to travel far from the
source. However, oxidized mercury(ll) compounds are removed more readily
because of their higher water solubility and high reactivity with surfaces. It is thus
estimated that over 95% of mercury in the atmosphere exists as elemental mercury.
This atmospheric elemental mercury must first be oxidized to mercury(ll) before
being effectively removed from the atmosphere and deposited to soil, water, or
vegetation surfaces.

Table 3 - Speciation of mercury emissions from different sources given as

percent of total emissions

Name Molecular Structure weight Molecular Water Henry’s
formula solubility constant law

Mercury Hg - 200.59 61 ng/L 8.7x1073
Mercury(l) chloride Hg,Cl, Cl-Hg-Hg-Cl 472.09 4.0 mg/L =
Mercury(l) bromide Hg,Br, Br-Hg-Hg-Br 560.99 22 ng/L -
Mercury(l) iodide Hg,l, I-Hg-Hg-1 654.99 0.24 pg/L -
Mercury(l) oxylate ngczq [2Hg]1*[OZ-C.C.Oz]Z* 489.20 3.5 mg/L =
Mercury(ll) chloride HgCl, Cl-Hg-Cl 271.52 73 g/lL 7.1x10°1°
Mercury(ll) bromide HgBr, Br-Hg-Br 360.40 6.1 g/l —
Mercury(ll) iodide Hgl, I-Hg-I 454.40 0.14 pg/L -
Mercury(ll) oxalate HgC,0, [Hg]*[O,-C-C-O,]* 288.61 0.4 g/L 1.4x10°°
Mercury(ll) oxide HgO Hg-O 216.59 53 mg/L 7.1x107
Methylmercury chloride CH,HgClI CH,-Hg-Cl 251.10 0.1 g/L 47107
Dimethylmercury C,HHg CH,-Hg-CH, 230.66 I g/l 7.6x1073

The atmospheric oxidation of elemental mercury to mercury(ll) is very
important in the cycling of mercury from the atmosphere to other environmental
compartments. It is also critical to estimation of the atmospheric lifetimes as well
as atmospheric transport distances of mercury. The oxidation of elemental mercury
to mercury(ll) increases mercury deposition rates, while reduction of mercury(ll)
to elemental mercury increases its atmospheric lifetime. Therefore, understanding
the oxidation-reduction chemistry of atmospheric mercury is critical in the
understanding of mercury cycling through the environment. This chemistry,
however, is still not well understood due to its complexity, as the oxidation of
atmospheric elemental mercury can involve gas phase, aqueous phase, particulate
phase, and heterogeneous reactions. Although there have recently been several
reviews on the oxidation chemistry of mercury, most studies have concentrated on
reaction kinetics, with few details on reaction mechanisms or product

identification.
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The gas and aqueous phase reactions of mercury currently believed to be
the most important in atmospheric removal processes have been summarized by
several reviewers and are listed in Table 4, with their estimated rate constants and
atmospheric mercury lifetimes calculated from the chemical kinetics for each
reaction. It is important to note that the calculated lifetimes in Table 4 are chemical
lifetimes based on the relative oxidation potentials of the various reaction pathways
as determined in the laboratory and do not represent the actual lifetime of mercury
in the atmosphere. Since atmospheric mercury is not irreversibly oxidized but
undergoes an oxidation-reduction cycle, the actual lifetime of mercury in the
atmosphere would be determined from the rates of competing oxidation and
reduction reactions along with those of the physical removal processes.

Table 4 - Important reactions of mercury relevant to the atmosphere with

overall rate constants and atmospheric mercury lifetimes estimated from reaction

Kinetics
Gas phase reactions Rate constants  Lifetimes
(em® molec™
sec™')
l. Hg°+ O, —» HgO + O, 3x1072%° |.4 years
2. Hg’ + OH — HgOH 6x10" 25 days
HgOH + O, — HgO + OH 9x107" 8 months
3. Hg’ + H,0, —» Hg* <8x10"? >1.5 years
4. Hg’ + Cl, — HgCl, 2x107'® 50 years
5. Hg®+ Br, — HgBr, <9x10-"7 =5 days
6. Hg® + Cl — HgCl Ix10-"" 3—4 months
7. Hg" + Br — HgBr Ix| 0" 9 hours
HgBr — Hg + Br 8x10-3
HgBr + Br — HgBr, 2x10-1°
HgBr + OH — HgBr(OH) 2x10™
8. Hg? + BrO — HgBrO Ix10-'4 12 hours

The gas phase reactions are dominated by oxidation of elemental mercury
to mercury(l1) while both oxidation and reduction can occur in the aqueous phase.

Originally, the major oxidation pathways for elemental mercury were thought to be
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the gas phase and aqueous phase reactions with ozone (Table 4, reactions 1 and 8).
Early Kinetic studies of the ozone mercury reaction resulted in a rate constant of
3x10—20 cm® molec—1 sec—1, which gave an estimated atmospheric lifetime for
mercury of approximately 1.4 years [76]. Atmospheric models using this early
value for the rate coefficient were able to reproduce the observed atmospheric
mercury concentrations. However, more recent studies have resulted in rate
constants closer to 6x10—19 cm® molec—1 sec—1, suggesting a lifetime of 20-30

days.
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