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O0o03Ha4YeHUS M COKPAIEHUS

AAA — aTtoMH0-a0CcOpOLIMOHHBIN aHAIN3

BIIKS — Ouonorudeckoe norpedieHrne KHCIOpoa 3a MATh CYTOK

BII® — BpeaHbIil Mpon3BOCTBEHHBIN (HaKTOP

I'PC — razopacnpenenurenbHasi CTaHIIUS

I'TC — ra3orpaHcnopTHas cuctema

3B — 3arpsi3HsolIee BeIeCTBO / 3arps3HA0IINE BElIeCcTBa

NHAA — uHCTpyMEHTAIbHBIN HEUTPOHHO-AKTUBALIMOHHBIN aHAIU3

KEO — ko3¢ pummeHT ecTeCTBEHHOTO OCBEIICHHS

KC — xomnpeccopHasi cTaHIust

JIIIYMI' — nuHelHOoe NpOU3BOACTBEHHOE YIIPABIECHUE MATUCTPAIIBHBIX [a30IIPOBOIOB
MUWHOL «Ypanoas reosorusi» — MexxayHapoIHbIi HHHOBAlMOHHBIN HAYy4YHO-
00pa30BaTeNbHbII LIEHTP «YpaHOBasi T€0JIOTUS»

MJICII «IIpupaznoMHas» — MOpCKasi JIeAOCTOMKas cTaimonapHas miatdopma «lIpupaznomuasi»
OI1® — omacHbI TPOU3BOACTBEHHBIH (akTOp

OCITI — 060cobmeHHOE CTPYKTYPHOE MOApa3ieieHIe

ITAB — noBepXHOCTHO-aKTUBHBIE BEILIECTBA

[IOM — npocBeunBarouii 3IEKTPOHHBIN MUKPOCKOI

POM — pacTpoBbIii 371€KTPOHHBI MUKPOCKOII

CM — cBeroBoit Mukpockon TOC — TenoBast 31eKTPOCTaHLIHS

CCH — cOOpHHMK CMETHBIX HOPM

TOO-npoekTa — TEXHUKO-I)KOHOMUYECKOE 0O0OCHOBaHHE MPOEKTa

TOL — TennoaneKTpoLeHTpaIb

VYHIIL «Boaa» — yueOHO-Hay4YHO-IIPOM3BOICTBEHHBIH LIeHTp «Boma»

VKIII' — ycTaHOBKa KOMIUIEKCHOW MOJITOTOBKH ra3a

XMAO — XaHTbI-MaHCUICKHI1 aBTOHOMHBIN OKPYT

XIIK — xumuyeckoe noTpedieHrne Kucaopoaa

YC — gype3BbIvaiiHas CUTyalus

OJIC — 35ekTpoABMKYIIAs CHJIa

ICP-AES — aToMHO-?MHCCHOHHASI CTIEKTPOMETPHS C HHIYKTUBHO CBSI3aHHOW TITa3MOM



BBeaenue

Marucrepckasi JUccepTalisi — 3aBEpIIAOINUNA dTanm OOydYeHUs [0 HAMPaBICHUIO
«05.04.06 Dxomoruueckue MPOOJIEMbl OKPYXKAIOIIEH CPeabl» CHEIHAIBHOCTH «IKOJOTHUS U
MIPUPOJONIOIB30BAHHUE.

Jns FOpruHckoro pailoHa XapakT€pHBIMH MCTOYHUKAMH 3arpsi3HEHUS SIBISIIOTCA
00BEKTBHI TPAHCIIOPTA M HMCIOJIb30BaHUSl MPUPOJHOTO ra3a, MO3TOMY B MPUOPUTETE M3yUEHUE
JMHAMHYHOTO 3arpsi3HeHust (Ha mpuMepe cHeroBoro mokposa). st ropoaa FOpra xapakrepHa
uHas crneuudduka 3arps3HEHHs, CBA3aHHAas C OOBEKTaMH METAUIypTUU, MOATOMY CleAyeT
u3y4aTh KOMIIOHEHTHI TPHUPOTHON cpeibl, HECYyIIue JJOJITOBPEMEHHYIO HH(OpMALUIO O
TEXHOTEHHOM BO3JIeHCTBHHU (Ha TPUMEpPE TTOYBECHHOTO MTOKPOBA).

B pamkax wmarucrepckoil paboThl ObUIM H3Y4YeHBI MTPOOBI CHErOBOTO IOKPOBA,
OTOOpaHHbIE B 30HE MOTEHLUAJIBHOIO BO3JCHCTBHS KOMIIpECCOpPHOW cTaHuuu FOpruHckoro
JUHEWHOTO MPOU3BOJCTBEHHOTO YIPABICHUS MarucTpaibHbix razonpoBooB (KC KOprunckoro
JIITYMI'), u mpoObl TOYBEHHOTO TMOKpPOBa, oToOpaHHBIE B ropojae Opra, rpamoobpasyromieit
OTPACIIBIO KOTOPOTO SIBJISIETCS MAIMHOCTPOEHUE.

OCHOBHOE BHHMMaHHUE VJAEJIECHO HW3YyYEHHUIO CHErOBOr0 MOKpoBa. Marepuaibl M0
W3Y4YEHUIO TOYBEHHOTO IIOKPOBAa BKJIIOYEHBI B BBITYCKHYIO pabOTy B paMKax H3YYCHHS
MOYBEHHBIX TPOO COBMECTHO C COTpyAHUKamMu HOPruHCKOro TEXHOJIOTMYECKOTO HHCTUTYTA
(crapmuii mpenogasarens TopocsH E.C.).

AKTYaJIbHOCTb BBINYCKHOW PadoOThI: 30POBbE HACEIECHUS HAMPSMYK 3aBUCUT OT
HKOJIOTUYECKOTO COCTOSTHUSI TEPPUTOPUU €ro POKUBaHUs. M3ydeHne sKOJ0rnuecKon CUTyaIuu
B KeMepoBckoil 00sacTy TPOBOJIUTCS JIETIAPTAMEHTOM IMPHUPOJHBIX PECYPCOB M HIKOJOTHUHU
KemepoBckoii o6nactu, yriayOneHHble uccieaoBanust BeImoiaHeHbl S3ukoBeiM E.I'., [llatunoBsim
A.1O., lllatynoBeiM A. A., HecnokoBoii E. B., Mononexuukosoii JI. 1., JIyrosuosoit H. FO.

Ieas BbIMYCKHOH  PpadoThI: OIEHUTH  AKOJOTO-TEOXMMHUYECKOE  COCTOSHUE
KOMIIOHEHTOB TPUPOJHOM CpeApl B 30HE TMOTEHIMAIBHOTO BO3JCHCTBUS Ta30BOTO U
MalIMHOCTPOUTEIBLHOTO KOMILIEKCOB KOpruHCcKoro paiioHa mo pe3yjibTaraM U3y4eHHs] CHETOBBIX
Y TIOYBEHHBIH MPOo.

O0bekTamMM I HalMCAaHWS BBITYCKHOM pabOTHl OBLIM BBIOpAaHBI KOMIIPECCOpHAas
cranuus fOprunckoro JIIIYMI' u FOpruackuii MalmmHOCTPOUTENBHBIN 3aBOJ. TpaHCHOPT rasza u
MalIMHOCTPOEHUE, HapsANy C CEIbCKUM XO3SWCTBOM, COCTaBJISIIOT OCHOBY 3KOHOMHKH
KOprunckoro paiioHa, W, COOTBETCTBEHHO, OOYCIABIMBAIOT HAMOONBIINN PHUCK HAPYIICHUS

9KOJIOTMYECKOr0 OJIaronoydust TeppUTOPHH.



IlpeaMeTsl W3ydeHHMsl: CHETOBOM TIOKPOB (OOBEKT — KOMIIPECCOpPHAs CTaHIUSA
FOprunckoro JIIITYMI') u nouBeHHbIli MOKPOB (00BeKT — FOpruHCKHUii MAaITMHOCTPOUTEIbHBIN
3aBOJ).

Hayuynasi HOBH3HA: YCTaHOBJICHA TIbUIEBasg Harpy3ka Ha TEPPUTOPHUIO B 30HE
MOTEHIMAJIBHOTO BO3ACHCTBHUS KoMmipeccopHoi crtaHuuu FOprunckoro JIIITYMI', BbIsiBI€HBI
AJIEMEHTHBIN COCTaB CHETOTAJION BOJIbI, JIEMEHTHBIM U MUHEPAJIbHBIN COCTAaBbI TBEPAOTO OCAIKA
CHeEra; ONpe/esIeHbl MArHUTHAsE BOCIIPUUMYHUBOCTD TIOYB U COZepKaHue PTyTH B mouse T. IOpra.

JIMYHBIH BKJIAA: MPOBEACHBI 0TOOP, MPOOOMOATOTOBKA M M3yYeHHE MPOO CHEroBOTO
MTOKPOBA; BHITIOJIHEHBI TPOOOTIOITOTOBKA ¥ M3YYECHHE MPOO MOYBEHHOT'O IMIOKPOBA.

IIpakTHYeckasi 3HAUMMOCTD: PE3YyJIbTAThl HCCIICIOBAHUNA MOTYT UMETh MPAKTHYECKYIO
IEHHOCTh [IJII MECTHOI'O HACEJICHHs, a TaKXe I HAay4YHBIX KOJUIEKTUBOB KakK «paHee
MIPOBEJICHHBIEC UCCIICIOBAHUSI.

Peasm3anus u anpodanusi paGoThl: 1O TeME BBIMYCKHON paboOThl OMyOJIUKOBAHBI JBE
ctatbu ¢ goxsagamu (VIII Beepoccuiickast HayuHasi cTyieHUecKasi KOH(EpPEHIMs C AIeMEHTaMu
HAy4YHOU KOl «TBOPUECTBO IOHBIX — IIAr B ycHemHoe Oymymiee» umeHu npodeccopa M.K.
KopoBuna, XX MexayHapoaHblii HayudHBI CHUMIIO3UYM HMEHHM akanemMuka M.A. VYcosa

CTYACHTOB U MOJIOJBIX YUCHBIX ((Hp06J'IeMBI Irc€oJIOTMHh U OCBOCHUA Henp»).



1 XapakTepucTika pailoHa pacnoJioKeHus
1.1 AfMUHHCTPAaTHBHO-Teorpauyeckasi XapaKTepucTuKa

IOprunckuii MyHMLIMNaAbHBIA paliOH paclojioKEeH Ha ceBepo-3amnane KemepoBckoit
obnactu, Ha 1eBoM Oepery p. Tomb. Ha BocToke TeppuTOpus rpaHuduT ¢ SMKHHCKUM paliOHOM,
Ha 1ore — ¢ TONMKWHCKUM pailoHOM, Ha 3araje u oro-3amajae — ¢ HoBocubupckoit o0macTpio, Ha

ceBepe U ceBepo-BocToke — ¢ Tomckoii obmacteio (pucynok 1.1.1) [1].

1. Kemeposcxmi panon
2. 10prumcxnit paios
3. Aummrcrnit paion

A4, ARcxmit paion

5. MmamOpCxmi paon
6. Mapuummxmia DIAON 1 FOPOR Mapummcx

10. Tonkmmcrnt paiion 1 ropoa Tonwm
11, MIPOMBIACHHOBOHA PAROH

12. Kpanuenwcnoeh padion

13. Nenunex-Kysmeussd paion

18. Memaypeuencrmil ropoACKoR Oxpyr
19. Tawrarosscxmit paiom u ropoa Tawraron

Pucynok 1.1.1 — FOprunckwii paiion Ha kapte Poccun () [2] u KemepoBckoii obmacTu (0)
entpom HOpruHckoro MyHMIMIAIBHOIO paiioHa sABIAETCA ropoickoil okpyr IOpra,
pacronoxenHbiii B 115 kM oT obacTHOrO 11eHTpa [1].

[Mnomane FOprunckoro paiiona — 2,5 ThIC. KM (2,6 % Tepputropuu KemepoBckoii
obnactu), B ToM uucie 1,9 Toic. KM — 3eMJIH CeIbCKOXO03HCTBEHHOTO HA3HAYCHHUS [3].

Penbed paiiona mpencraBisier CcoOOH  BCXOJIMJICHHYIO PaBHHUHY, W3PE3aHHYIO
HeOOJIBIIIMMU OBparamMu M Oankamu. BojopasjaenbHble BO3BBIIIEHHOCTH 00Jaal0T MITKUMU
MOJIOTUMH ~ CKJIOHaMH. Haumbosee BbICOKME OTMETKM MECTHOCTM HaJ YpOBHEM MoOps
HaOJI0JAl0TCS B FOTO-BOCTOYHOM YacTu paiioHa (Ha Bomopaszzaene p. Uckutum u p. CtperbHas),
rae oHu coctaBisAoT B cpegHeMm 200-270 m. MakcumanbHas otmerka (KOprunckue BBICOTHI)
cocraBiser 280 metpoB. IIpocnexuBaercs oOriee MOHMXKEHHE pelbeda MECTHOCTH C IOTo-
BOCTOKa Ha ceBepo-3amnan [4].

Bonbmias wacte  TeppuTOpUM  palloHA  OTHOCHUTCS K  CTEMHOM  MECTHOCTH,
HE3HAYUTENIbHbIE IIJIOLAJM HA CEBEPO-3allajic U IOro-BOCTOKE — K JIECOCTENTHON MECTHOCTH,

MOKPBITOM CMEIIaHHBIMHU JiecaMH U KycTapHukamu [3]. Jleca KOprunckoro paiioHa OTHOCHTCS K



3anagHo-CuOMpCKON MOATACKHO-TIECOCTEITHOMY paiioHy [5]. OOmias miomass JECHBIX 3eMeNb —
528 km?, necucrocts Teppuropun — 27,3% [3]. IIpeobianaroniye HOPOIbl B JICCHON MECTHOCTH —
Oepesa, ocHHa, e1b U cocHa [1].

@ayna IOprunckoro paiioHa MpeaCcTaBiIeHa, B OCHOBHOM, TEMU € BHJIAMH, UYTO U Ha
TEepPPUTOPUH pYrUx pailoHoB KemepoBckoil o0nacTu, cpeu KOTOPBIX: TOPHOCTAM, 3as1-0esiK,
3as1-pycak, KOJIOHOK, KOCYJIsl, JINCUIIA, JIOCh, COO0JIb, XOPb, IIIyXaphb, Oesas u cepast KypoIaTKH,
psiOuuk, Terepes [5].

[TouBbl pailioHa MpPEICTaBICHBI, MPEHMYIIECCTBEHHO, CEPBIMU JIECHBIMU HouBamu [3].
MarepuHckas mopofa HOYB IpeJCTaBlieHa CYIJIMHKAMH, 4acTO € INPUMECAMHU ILIEOHUCTOrOo
Marepuaiia. DTH THITbI TIOYB 00JIAZaf0T HEBBICOKUM IIIofopoareM. Ciol rymyca He3HAaYUTeIIEH.
[TouBbI TPeOYIOT BHECCHHUSI OpPraHMYecKuX ynoOpenuil [6]. B rokHO# yacTu paiioHa pa3BUTHI
YEepPHO3EMHbIE MIOYBBHI.

Bronb Bceii rpaHulibl pailoHa ¢ I0ro-BOCTOKA Ha ceBepo-3amnaj mpoTekaer peka Tomb. B
CEBEPHOI YacTH paiioHa, ¢ 3amaja Ha BOCTOK, paliOH MEepeceKaroT MajJoBOAHbIC peku JIeOs Kb 1
UyOyp. I1o ceBepHOli rpaHHIle C 3amMaa Ha CEBEPO-BOCTOK IpoTekaeT peka Manas YepHnas. Bee
oHHU BrajairoT B peky Tomp [1]. Tun nuranus pek — cMmemanHelid. Pycna ux 3a0onoueHsl, a B
3aCyLUIMBOE BpeMsl Tofla PeKH CHIIBHO MeJNeloT. B rpaHumax paifoHa mpoMCXOIUT M3MEHEHHE
XapakTepa TEYeHHS PEeKH TOMb C pPaBHUHHO-TOPHOTO K THUIHYHO paBHUHHOMY. CKOPOCTB
teuenus Tomu 1,4 kM/4 Ha TuTecax, 10 6,3 KM/4 Ha epekarax [4].

Knumar pe3ko-KOHTHHEHTANbHBIM C CypOBOM 3UMON M TEIUIBIM HEMPOAOKUTEIbHBIM
aeroM [3]. OCHOBHBIMHM KJIMMaTOOOpa3yloUMMHU (BaKTOpaMu SBISIOTCS: OECHpPEensTCTBEHHOE
IIPOHUKHOBEHHUE XOJIOJIHBIX BO3AYIIHbIX Macc ¢ CeBepHoro JlenoBUTOro okeaHa, OIM30CTh
Bocrounoit Cubupu, r7ie B TeUEHHE 3UMBI T'OCIIOJICTBYET 00JAcTh BBICOKOTO aTMochepHOro
nasinenus. llpeoOnanaromue HampasieHus Berpa (B % yKa3aHa 051 BETPOB JIAHHOTO
HafpaBJIeHUs OT OOLIero 4ucia 3a(UKCUPOBAHHBIX BETPOB 3a roj): oxkHoe (26%), roro-
3amagHoe (24%), 3anmagHoe (14%). Iltune 3aduxcupoBan B 4% ciyuaeB. CpemgHerogoBas
Temneparypa Bo3ayxa B FOprunckom paiione usmensiercst B npezgenax or +0,6 °C no -1,8 °C.
Cpennemecsunble TemiepaTypsl: sHBaps -18,5°C, utonsa +18°C. Bo3MoxkHBI 3aMOPO3KH BO BCE
JETHUE MecAlbl, Kpome Hmwoid. be3mopos3sli mnepuon mmmrcs okoino 100-110 gueit.
CpenneromoBoe Konum4yecTtBO ocaakoB B IOprunckom paitone 400-450 MM, BBIIAJAIOT,
PEUMYIIECTBEHHO, B TETUIBINA mepro rofa. CpeaHsisi TOIIUHA CHEXKHOTO TIOKPOBa — 0K0JI0 50
cMm. OGpa3oBaHNe YCTOHYHMBOTO CHEKHOTO MOKPOBAa MPOMCXOJHUT B MEPBYIO MOJIOBHUHY HOSAOPA.
Cxomut cHer BO BTOpOH mosoBUHE ampens. Ha ydacTkax ¢ HE3HAYUTEIbHBIM CHEXHBIM

MOKPOBOM TI0YBa ITpoMep3aeT Ha TiyouHy 1-1,2 M., oTTauBaeT B KoHIle anpens [4].



1.2 T'eo3ko0/10TrHYEeCKasT XapaKTePUCTUKA

Ha rtepputopun KemepoBckoit obnactu ¢yHkumonupyer moutu 23,1  ThIC.
OpPraHU30BaHHBIX U HEOPIaHU30BAHHBIX MCTOYHUKOB BBIOPOCOB, OT KOTOPBIX B aTMOC(EpPHBII
BO3JyX moctynaet 6osiee 250 HAaMMEHOBaHMI 3arpsa3HsoNMX BemecTB (3B) pa3nuuHbIX KI1accoB
OIIACHOCTH.

Pacnipenenenne 00beMOB  BBIOPOCOB 1O  aJMUHUCTPATHBHBIM  TEPPUTOPHUSIM
KemepoBckoii 061acTi HEpaBHOMEPHO, HAUOOJIbIlIEe MOCTYIUIEHUE 3arpsA3HSIONINX BELIECTB B
aTMocdepHBI BO3IyX coxpaHseTcs: B ropoaax HoBokysnenk, MexaypeueHnck, Mbicku, Kanran,
IToneicaeBo, benoso, Jlennnck-Ky3neukuii, Kemeposo.

[loromubie  ycnoBus KemepoBckoil o0jacTh — XapaKTEpU3YIOTCS — ITOHUKEHHOMN
pacceuBaroliell CroOCOOHOCTBhIO aTMochepsl, MpeodiagaHueM Cla0blX BETPOB M MOIIHBIX
MPU3EMHBIX MHBEPCHUN B XOJIOAHOE BpEMs Tofa, YTO MPUBOAUT K OOPA30BAHHIO CMOTOBBIX
SIBJICHUU.

OcHOBy  reoskosorudeckoro  obmmka  lOprunckoro — paiiona  Qopmupyer
aAMUHUCTpaTUBHbIN 1eHTp — ropon IOpra. B 2014 rogy B mpeaenax aaMUHUCTPATUBHOIO
paiioHa B aTMocdepHblid Bo3ayX noctynuwio 11,216 Thic. T. 3arps3HSIONMX BEIIECTB, U3 HUX
74% mnpuxomutcs Ha npeanpusatus ropona HOpra [5]. OmHako, COBOKYITHOCTh MPHOPUTETHBIX

3arps3HUTENEH IS TOpo/ia U JUTsS OCTAIbHON TeppUTOPHH paiioHa pa3Has (pucyHok 1.2.1).
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Mr.Opra
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Pucynok 1.2.1 — CocTaB BEIOPOCOB 3arpsi3HAIOIIMX BELIECTB, TOCTYNAIOIINUX B aTMOC(HEPHBIi
BO3JIyX Ha Tepputopuu ropoja KOpra u Ha octansHO# TeppuTopun KOprunckoro paiiona
(mannbie 3a 2011 rox), Teic. T. [1]

OCHOBHOM BKJIaJ] B CyMMapHbI€ BBIOPOCHI 3arps3HSIOIIMX BEIIECTB OT CTAllMOHAPHBIX
UCTOYHUKOB Ha TeppuTopuu ropoaa KOpra BHOCAT TBep/ble BEIIECTBA, OKCU YTIepoa, OKCUIbI
a30Ta M AMOKCHUJ CEpbl; Ha OCTAJbHOW TEPPUTOPUU pailoHa — yIJIeBOAOPOABI (B OCHOBHOM,

METaH) ¥ OKCHJ YTJIepo/a.



I'pagoobpaszytomee npenmpusitue — OOO «Oprunckuit mamzaBog» (okomo 80 %
o0miero o6beMa MPOMBITINIEHHOW MPOAYKIIMK), Ha €0 JOJI0 mpuxoautcs 6onee 60% BBIOpOCOB
TBEPJABIX BEIIECTB, JUOKCHIA CEPhl U OKCHAA yriepoaa. Takke B Topojie padoTaloT TaKue
npeanpustus, kak: OAO «lOprunckue abpasuBey, OAO «JlopMamy, Hprunckwmii
npou3BoAcTBeHHbI kKomMOuHAT «TexHoHUKOJIb-Cubups», 3A0 «fOpruHckuii 3aBox
xene300eToHHbIXx  KoHCTpyKuui», OCII  «fOprunckmii  ¢eppocruaBueiii  3aBoa»  OAO
«Ky3nenkue QeppocmnaBsl», mMebenpHas ¢pabpuka, MOJOYHBINA 3aBOJ, KosidacHas ¢alpuka,
IUBOBAPEHHBIH 3aBo [7].

HaubGonpmmii Bkiaaag B oOHIyl0 Maccy BbIOpoca 3arpsi3HSIIOLIMX BEIIECTB CpEAH
npeanpustaii paiiona BHocuT OO0 «Tomckrpancrasy ¢unman FOprunckoe JIITYMI (53%) u
OOO «bnaroycrpoiictBo» (11%). [Jons Bkmaga HOprunckoro paiioHa B 3arps3HEHUU
arMoc(epHoro Bo3ayxa obsnactu B 2014 roxy — 0,22 % [1, 5].

Habmoaercss monoxutenbHas TUHAMHKA COKpAIICHUS BBIOPOCOB 3arps3HSIOMIUX
BEIIIECTB B aTMOC(EPHBIN BO3AYX OT CTAllMOHAPHBIX HCTOYHUKOB, KaK B npejenax ropoaa lOpra,
Tak u B npenenax Oprunckoro paiona (tabmmma 1.2.1).

Tabmuna 1.2.1 — Jlunamuka BBIOPOCOB 3arps3HSIONIMX BEUIECTB B aTMOC(EpPHBINH BO3AYX B

npenenax r. FOpra u FOpruuckoro paioHa ot CTallMOHAPHBIX HCTOYHUKOB, THIC. T [8]

Ton / macca 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
BbIOPOCOB
r. [Opra 15,018 | 12,739 | 11,665 | 9.051 | 9.654 | 8,771 | 8,323 | 8298
tOprunckuid 2379 | 2006 | 2,607 | 2,739 | 3.602 | 3,630 | 3,804 | 2,918
palioH

Ilo pe3ynbraraM MHOTOJIETHENO MOHUTOPHHIA MOIIHOCTb 3KCIO3MIIMOHHOW [I03BI B
npenenax KemepoBckoil obOnactu Haxonutcs B mpenenax 10-14 mxP/gac, 4to He mpeBbllaer
€CTECTBEHHbIN (OH.

XapaKTepHBIMH 3arpsA3HAIONIMME BellecTBaMu pek KeMepoBckoil 00macTu SBISIOTCS:
HEPTENPOAYKThI, (PEHONBI, COCMHEHUSI a30Ta, XKele3a, MeIH, I[MHKAa, MapraHila, B3BEIICHHbIE
BEIIIECTBA, Opranndeckue coearnHenus no nokaszaresnsm XIIK u BITKS.

Pekun Oacceitna p. TomMp 3arpsi3HsIOTCS CTOYHBIMU  BOJAMHM  NPEANPUSATHI
TOPHOAOOBIBAIOIIEH, TOIUIMBHO-SHEPreTUYECKOH, METATypru4eckoil, KOKCOXHMHUYECKO,
XUMHUYECKOH, 1epeBo00pabaThIBAIONIEH MTPOMBIIIIEHHOCTH, arpOpPOMBIIIJIEHHOTO KOMIUIEKCA U
KOMMYHAaJILHOTO X03siicTBa [9].

B ropone lOpra kayecTBO MOBEPXHOCTHOM BOJABI HE COOTBETCTBYET CaHUTapHBIM
TpeOOBaHUSAM 10 CAHUTAPHO-XMMHUYECKHM IMOKa3aTelsiM M IO MHUKPOOMOIOTMYECKHM
nokasaressim [1, 5, 10].

I[To nmamspiM  ympaBinenuss DenepanbHOM  CIyxkObl TIO Ham3opy B cdepe

npupoonoias3oBanus 1Mo Kemeposckoit ob6nactu, B 2011 romy Ha Tepputopun FHOpruHckoro

9



paiiona Obuto0 oOpa3zoBaHo 37,338 Teic. T 0TX0A0B. OCHOBHAsI Macca OTXOJOB MPUXOJUTCS Ha
OTXOJHI 4 1 3, a TAKXKE 5 KJIaCCOB ONACHOCTH.

OcHoBHOW BKIaA B 00pa3oBaHUE OTXOAOB MPOU3BOJCTBA H TMOTPEOJICHUS Ha
TEPPUTOPUU paliOHA BHECEHO MPEANPUITHSIMU CEJIBCKOTO XO3SMCTBA, OXOTHI M JIECHOTO
xo3siiictBa — 21,148 TtoIC. T (56,64 %), 0OpabarbiBatoMMK Mpou3BojacTBaMU — 6,802 ThIC. T
(18,22 %) u npeAnpUATUSIMH IO POU3BOJICTBY U PACIIPEIACIICHUIO AIEKTPOIHEPTUH, Ta3a U BObI
— 1,874 TrIC. T (5,02 %).

I[To ¢dyakMOHATEHOMY Ha3HAYECHHIO MPeoOJagarOT 3€MJIM  CEIbXO3YIOJUd —
151,785 ThIC. Ta, 3eMiu noj jJecamMu — 62,1 ThIC. Ta, 3eMiid o1 Kyctapaukamu — 14,503 Toic. ra.

[To cocrosinuto Ha 31.12.2011 roma oOmas miomaas HaPYIIEHHBIX 3€MeIb COCTABIISACT

0,012 TeIC. T2 [1].
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2 O030p UTEPATYPHI
2.1 DKoJIOrH4ecKHe acneKThl ra3oBoro KOMILJIEKCA

TpyOorpoBOAHBINH TPAHCHIOPT ABISETCSA OJHUM M3 CAMBIX HaJIe)KHBIX BUIOB TPAHCIIOPTA
[11, 12]. OgHako macmiTaObl OCICACTBHI aBapuii Ha ra30MpoOBOaX Ui IMPUPOIBI U YeIOBEKa
CYILIECTBEHHBI. B CBsi3u ¢ 3TUM 00JbIIOE BHUMAHHME MPU TPAHCIIOPTE rasa YAENsSeTCs OXpaHe
OKpyXkaromed cpenpl. s  TOro, dToObl BBIABUTH BO3MOXKHBIE —YS3BHUMbBIE  YYacTKHU
ra30TPaHCIOPTHON CHUCTEMBI M MPOIECCHI, CIIOCOOHBIC BBI3BAaTh HETATHUBHBIC MOCIEICTBHUS IS
OKpY’Kalolen cpeabl, HeOOXOJMMO YETKO MPEACTaBIATh BECh IPOIECC TpaHCIOpTa raza oOT
JTOOBIBAIOIINX CKBAYKUH 10 KOHEUHOTO MOTPEOUTEIIS.

l"azoTpancnopTHasi cucTeMa — CBSI3YIOIIEe 3B€HO MEXAY MECTOPOXKJICHUSIMU raza v ero
norpeburensmu [13]. OcHOBHBIMU 3iieMeHTaMu Ta3oTpancnopTHoi cucteMbl (I'TC) sBsroTcs:
TpydonpoBoj, komnpeccopusie ctanimu (KC), razopacrpenenurenbHble CTAaHIINN.

JloGpiua raza HaumHaetcst ¢ OypeHus: ckBaxuH. [lpu OypeHHH HCNONB3yIOT OypoBOiA
pacTBOp, MPEICTABISIIONIMK CO00M MPUPOIHYIO BOAY JMOO cMech BOIBI ¢ IMeckoM. bypoBoit
1uiaM (U3bsTast U3 CKBaXUHBI IOPOJ1a BMECTE C BOJON) HACHIIIEH YIJI€BOJIOPOAAMHU, IOITOMY €TI0
OTIIPABJISAIOT HA MIAMOHAKOMHUTENb (IIIJIaMOBEII ambap).

OnemeHTanys CKBa)XKMHBI BBINIOJIHAETCS HE BCEH €€ JUIMHBI, @ HECKOJBbKHUX IEPBBIX
JIECSITKOB METPOB OT MOBEPXHOCTH 3€MIJIM JI0 IIJIOTHOTO BOAOYNOPHOro ropusoHra. [locie 3toro
BEPXHHE KOHIBI OOCAJHBIX TPYO CKpPEIUIAIOT KOJOHHOM TOJOBKOHM, NpeaHa3HAueHHOM s
repMETU3ALNN MEXTPYOHBIX MPOCTPAHCTB, MOJBECKU M 3aKperieHus oOcaiaHbIX KojoHH. Ha
BepxHeM (hiaHIle KOJIOHHOM I'OJIOBKH YCTaHABIUBAIOT (POHTAHHYIO apMatypy ((pOHTaHHAs eJIKa).

CoenuHeHHs MEXAY COCTaBHBIMU JIETAISAIMH CKBaKUMHBI M ()OHTAHHOH apmarypsl
BBIMIOJHSIOTCS TEPMETUYHO, M BBbIIEJICHHE Ta3a BO3MOXHO TOJbKO TNpu cboe mpu ee
000pyI0BaHNU JTUOO MPU HETUIOTHOM 3aKPBITHH KPAHOB B MIPOIIECCE PAOOTHI CO CKBAKUHOM.

l'a3, mnocrtynatomuié H3 CKBOXUHBI, HEOOXOAMMO MOJTOTOBUTH IEPE]  €ro
TPAHCHOPTUPOBKONH KOHEYHOMY I0JIb30BaTent0. HeoOXoqMMOCTh MOArOTOBKM Ta3a BBI3BaHA
IPUCYTCTBHEM B HEM, KpPOME ILIEJEBBIX KOMIIOHEHTOB, TaKXe M HpUMeEceil, BBI3BIBAIOIINX
3aTpyJHEHHs] IPU TPAHCHOPTUPOBKE JINOO MpuUMeHEHHH. TBepjble YacTHIlbl, HAXOSIIUECsS B
rase, Iomajas B MOPIIHEBBIE KOMIIPECCOPHI, YCKOPSIOT U3HOC MOPIIHEBBIX KOJIEL, KJIANaHOB U
IWIMHAPOB, a B LIEHTPOOEKHBIX HArHETaTeIsIX — M3HOC PabOYMX KOJEeC M camMoro Kopiryca
HarHeratens. Kpome Toro, oHu paspymaroT apMmarypy, YCTaHOBJICHHYIO Ha JIMHEHHOW 4YacTu
ra3onpoBojia, Ha KOMIIPECCOPHBIX W Ta30paclpeAeNUTENbHbIX CTaHUUAX. JKuKkue 4acTUIlbl
BOJBl U KOHJEHCATa, CKAIUIMBAsCh B IOHM)KEHHBIX MECTaX, CY)KAalOT CEUEHHUE Ia30lpoBOJa U

CHOCOOCTBYIOT OOpa30BaHHIO B HEM THIPATHBIX M THAPABINYCCKUX MPOOOK [14].
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a3 moaroraBnuBarOT MO pa3iuuHbIM cxeMaMm. CorjacHO OJIHOW U3 HHX, B
HETOCPEACTBEHHONW OJM30CTH OT MECTOPOXKICHHS COOPYXKAeTCs YCTaHOBKAa KOMIUIEKCHOU
noaroroBku rasa (YKIII'), Ha koTopoil mpou3BOOUTCS OYMCTKAa M ocyluka rasa [15]. I'a3 u3
CKBaXXMHBI IIOCTYIAET Yepe3 ceTyarbie (PUIbTPhl HA MYJIbTULUKIOHHbBIE TbUICYJIOBUTENHN IS €r0
OCYILIEHHS, a 3aTeM IIPOBOUTCS €ro pasjiesieHue (Ha METaH U APYyTue MoJe3Hble KOMIIOHEHTHI, a
TaKKe MEXaHMYECKHEe NPUMECH) W 3aMep TMOJTYYCHHBIX Ta30B. 3aTeM MeETaH IMOCTyHaeT Ha
KOMITPECCOPHYIO CTaHIIMIO U Jjajiee — B OCHOBHOI ra3omnpoBOJ, APYrve BBIICICHHBIEC MOJIE3HBIC
KOMIIOHEHTHI (Hampumep, OyTaH) TPaHCIOPTUPYIOTCS IO OTIEIBHOMY Ta30npoBOAY JIMOO
3aKauMBarOTCs B OAUIOHBI. MeXaHn4ecKre MPUMeCH OTIIPABISAIOT Ha IIJIaMOBBINA amOap.

Ha nanHOM ywacTke TpaHCmopTa ra3a (3a HMCKIIOYEHHEM BIIMSHUS KOMIIPECCOPHON
CTaHLIMU) BO3ACHCTBHE HA OKPYKAIOIIYI0 CPEIy CBOAUTCA K OOPa30BAaHHIO MEXaHUYECKHX
npuMeceil B pe3ysbTaTe €ro OYMCTKM. MexaHWdecKue INpUMECH IpeiCTaBiIsA0T co0oi cMech
1ecKa, BOJIbl U YIJIEBOJIOPOJIOB.

Haubonpiiee Bo3aeiicTBUE Ha OKPYKAIOMIYI0 Cpeoy OKas3bIBaeT OSKCIUTyaTalus
KOMIIPECCOPHBIX CTAHIIUM.

KomnpeccopHble CTaHIMM YCTaHABIMBAIOTCS HE TOJBKO HA MECTOPOXKIACHUAX JUIS
HOJATrOTOBKH I'a3a nepej nojayeil ero B MarucTpaibHbIi ra3onpoBoji, HO U yepe3 Kaxabie 100 km
Ha MarucTPaJbHOM Ta30MpPOBO/JIE, T.K. IO MEpe MPOJBMKECHHUS ra3a 1Mo TpyOOIpOBOAY OH TepseT
SHEPTHUIO, TIPEOJI0IEBAsT CHITBI TPEHUS KaK MEKIY T'a30M U CTEHKOH TPYOBI, TaK U MEX/IY CIOSIMHU
raza. Ha KoMIpeccopHbIX CTaHIUAX Ta3 JOXKUMAETCs A0 HY)KHOTO JABJICHHS U MPOBOAUTCS €ro
nomnonHuTenbHas ounmctka [12]. Ha pucynke 2.1.1 mnpencraBieHa THIOBas —cXxema

KOMIIPECCOPHOM CTaHIUU.

Pucynok 2.1.1 — TunoBast cxema KOMIIPECCOPHOH CTaHITHH

(1 — BUHTOBOH BO3IYIIHBIA KOMIPECCOP, 2 — pECUBEp JJIsl HAKOIUICHUSI C)KAaTOro BO3ayXa, 3 —
MIPEJOXPaHUTEIBHBIN KiIanaH Juist copoca H30BITOYHOTO JaBieHus, 4 — QUIbTp
MpeABapHUTEIILHON OYUCTKH (3 MUKPOH), 5 — OCyIIHTENb BO3ayXxa, 6 — kinanad BY-PASS, 7 —
MukpouibTp (okoso 0,01 Mukpon), 8 — buIbTp Ha OCHOBE akTHBUpoBaHHOTO yriis (0,003

MHKpOHa), 9 — cenapaTop KoHIeHcaTa, 10 — knanaH uisi ciuBa KoHIeHcaTa) [16]
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['maBHBIM 571€MEHTOM KOMIIPECCOPHOM CTaHIMM SIBISIETCS KOMIIpeccop (OAMH HIIN
0ojiee KOMIPECCOPOB, MOJKIIOYEHHBIX NapayuienabHo). Ilocie kommpeccopa pacmonaraercs
pecuBep. PecuBep HyXeH A pemIeHHs CIEAYIOIUX 3a7ad: IMOAJIEpPKAHUE ITOCTOSHHOTO
JABJICHUS BO3AyXa B CUCTEME, XpaHEHHE CKaTOr0 KOMIIPECCOPOM BO3JlyXa C LIEJbI0 00eCIeUUuTh
MIPOM3BOJICTBO BO3yXOM BO BpeMs MUKOBBIX HArpy30K, OXJaKIEHHE CXATOr0 KOMIIPECCOPOM
BO3/yXa, MPEAOTBPAIICHUE CIUIIKOM YacThIX ITyCKOB M OCTaHOBOK KomIipeccopa. TpeTbum
AIIEMEHTOM KOMIIPECCOPHON CTaHIMHU SBIAIOTCA (QUIBTphl. B 3aBUCHMOCTH OT Tpedyemoro
KayecTBa BO3/yXa ATOT JIEMEHT MOKET UMETh MHOXECTBO Bapualnuii (Ha pucyHke 2.1 GuibTpsl
o6o3Hauensl uppamu 4, 7, 8). CenapaTop KOHJEHCATA — 3aKITFOYUTEIBHBINA AJIEMEHT, BXO SN
B KOMIUICKT 000PYy/I0BaHHS JJIs IOJITOTOBKHU CKAaTOro Bo3ayxa [16].

3HaunTeNbHAS YAaCTh 3arps3HAIONIMX aTMOC(epy BEImECTB Ha KOMIIPECCOPHBIX
CTaHIMSIX BBIJENACTCS MpU paboTe Tra3olepeKaurBaIOIIMX arperaroB u coctamisier 98%, a
octanbHble 2% — TPOAYKTHI CHKUTAHHUS Ta3a NpU paboTe KOTENbHBIX U AJIEKTPOCTAHIIUM.
Bonbiioe konm4ecTBO raza BHIOpAcHIBaeTCS B aTMOC(Epy Yepe3 «CBedy» HpPU OCTaHOBKAX H
IMyCKax Tra3olepeKauynBalonInx arperatoB. Kpome sToro, morepu rasa Ha KOMIIPECCOPHBIX
CTaHIIMAX MPOUCXOIAT MPU MPOAYBKAX MblIeyaoBHUTENEH (HPUIBTPOB).

KommpeccopHble CTaHIMHM TOCTaBISAIOT B arMmochepy OKCHIBI a30Ta M YIJIepoJa,
KOTOpBIE TOCTYNAIOT OT TOIUIMBOMCIIONB3YIomero obopynoBanus. [lpu comepkanmm B rasze
COCIMHEHUH Cephl B COCTaB BHIOPOCOB BXOJST CEPOBOAOPOA M THOKCHI Cepbl. B cBsizu ¢
HaMUyueM OONBIIOTO Tapka aBTOMAIIMH, pPa0OTalOIMMX Ha OSTUIMPOBAHHOM OCEH3WHE U
TU3ETbHOM TOIUIMBE, PEMOHTHBIX MACTepCKUX U aBTO3aMpPaBOYHON CTAHIMI OMpeelIeHo
coaepkanue B atMmocdepe yrieBo0poa0B OCH3MHA, CaXH, CBHHIIA U €ro coeauHenuu [17].

Brienenne amokcuaa KpeMHHs, OKCHIOB Maprasiia, OKCHIa Xele3a, (PTOPHIOB H
¢dbTopuCTOro BOAOPOa HAXOAUTCS B 3aBUCUMOCTH OT CBAPOUYHBIX Pa0OT, METAILTUYECKON MBLTH —
OT paboThl YYacTKOB METaI000paboOTKH, APEeBECHON WBIIM — OT paboThl YyYacTKOB
JepeB0o0OPabOTKH, MapOB METAHOJIAa — OT crmoco0ba ero xpanenus [18].

CornacHo unpopmaruu u3z TOO-npoekra OO0 «["aznpom HedTh menbd» mas MIICII
«[IpunaznomMHas», MPUOPUTETHBIMU 3aATPSIBHUTENSAMU ISl TPAHCIOPTUPOBKH Tasa SIBISOTCS:
OKCHJI a30Ta, JUOKCHJI a30Ta, OKCHJ YIjiepoJa, TUOKCH] YIIepoaa, AUOKCHJI Cepbl, METaH,
OenzanupeH, GopMabaeThI, caxa, cepoBoa0po, yraesoaopoabl npeaenbubie C1-Cs u Cp-Cop,
OKCHJI XeJie3a, MbUTb adpa3uBHas, COSTUHEHUS Maprania, Gropuas [19].

Kommpeccopnast craniusi, KpoMe BIUSHUS Ha aTMOC(EpPHBI BO3AYyX, OKa3bIBACT
BIUSHUE Ha TOBEPXHOCTHBIE M TOJ3E€MHBIC BOJBI TOCPEACTBOM O0Opa3oBaHUS CTOYHBIX U

KOMMYHaJ'IBHO'6BITOBBIX BOA.
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JluneliHasgs dYacTh Ta30NpOBOJOB B IPOLECCE HX DKCIUIyaTallMM  OKa3bIBacT
HECYLIECTBEHHOE BJIMSHUE HAa OKPYXAIOUIYI0 Cpely, 3a HCKJIIOYEHHEM aBapUMHBIX CIy4acB.
Opnako B MEpHOJ CTPOUTENIBCTBA Ta30IPOBOAOB IPOMCXOJUT CUJIBHOE BO3JICHCTBUE Ha
IIOYBEHHbII MOKpPOB, (uiopy M (ayHy, a B MeCTax IOJIBOJAHBIX IEPEXOJOB — Ha BOAOTOK
(0coOEHHO OmacHoO JUIsl BOAOTOKOB KPHOJMUTO30HBI). [IpoMCXOAMT HE TOJBKO MEXaHHYECKOe
HapylIeHWE I[I0YBEHHOI'O TIIOKpOBAa C IIEPEMEIIEHUEM M IEPEMENIMBAHUEM IIOYBEHHBIX
TOPU30HTOB, YJAJEHUEM pACTUTEIBHOCTH, HO M XHMHUYECKOe ero 3arpsasHenue. Jlus
IIPENIPUATHI TPAHCIIOPTA ra3a BBIABICHBI OCHOBHBIC IIPUYMHBI XUMUYECKOT0 3arpsi3HeHus. OHu
IPEACTaBISIOT COOONW pa3iuBbl YIJIEBOJOPOJHOIO KOHJEHCATa, MWHTHOUTOPOB KOPPO3UHU U
THJIPAaTHPOBAHUS BO BPEMs IPOJAYBOK T'a30IIPOBOJIOB, Pa3iMBbl TYPOMHHOTO TOIIMBA, METAaHOJA,
opranuveckux kucior, [IAB [18].

B nporuecce perynsipHbIX peMOHTHBIX pabOT MPOBOAMTCS 3aMEHa yCTapeBLIMX TpyO u
OYHCTKA MOJIOCTH JIEHCTBYIOIIUX TPYyOOIIPOBOIOB OT ra30BOr0 KOHJEHcaTa. ['a30BbIi KOHAEH AT
MOCTYMAEeT Ha MUIAMOHAKONHUTENb. OTXOJBI Ta30BOTO KOHJEHCATa — BOJOHE(TAHAS SMYIbCHSA,
cocrosias U3 ra3oBoro kouaencara (30-85%), soast (10-70%), macna (<5%) [20].

JUis UCKJIIOYEHHs BO3MOKHOCTH IIOBPEXKACHMS JIMHEWHOM 4YacTH TIa30lpOBOJOB
YCTAaHABIIMBAIOTCA OXPaHHbIE 30HBI. Bllosb Tpacc ra3onpoBOJOB OXPAHAETCS Y4aCTOK 3EMIIH,
OTpaHUYEHHBIH YCIOBHBIMHU JUHUSAMH, NPOXOSAIIMMU B 25 MeTpax OT OocH TpyOompoBoja c
KaKI0U CTOpOHBI. B/1osb MOJBOAHBIX NMEPEXOJ0B OXPAHAETCS Y4aCTOK BOJHOTO MPOCTPAHCTBA
OT BOJHOM TOBEPXHOCTH [0 JHA, 3aKIIOYCHHBIM MEXIy MapauIeIbHbIMU IIOCKOCTSIMH,
OTCTOSIIIMMU OT OCEH KpalHMX HUTOK mepexoqoB Ha 100 M ¢ kaxnoi cropoHsl. PaccrosiHue ot
OCH  Ta30mpoBOJIOB  JIO  HACEIEHHBIX  IYHKTOB, OTHEJIbHBIX  IPOMBIIUIEHHBIX U
CEIbCKOXO3SMCTBEHHBIX MPEAIPUATUH, 3JaHUNM M COOPY)KCHUM YCTAHABIIMBAECTCS COIVIACHO
tabmuie 4 Cpoma mpasun CIT 36.13330.2014 [112]. Paccrosiue Bapbupyercs ot 10 M (o
Kabeneil MexayropofHoi cBsa3u) 10 350 M (HaceleHHBIX MECT NpPU JAUaMeTpe Ta3oIpoBOja
cepimie 1200 mm). Ilpu crpoutenscTBE TpyOONpoOBOIOB OepyT B pacueT MEepCIEeKTHUBHOE
pa3BUTHE TOPOIOB M IPYTUX HAcCEeNeHHBIX MecT [112].

[lomaua raza mnoTpeOUTENsIM M3 MarucTPaJbHOTO Ta30MPOBOJA BBHIMOJIHSAETCS Ha
razopacrpenenurenbibix  craHiusax  (I'PC)  uepes razompoBoxp-orBog. Ha T'PC  ras
OCBOOOKJaeTcsl OT MEXaHMYECKHX MpuMeceil, NPOXOAUT NPOLEAYpbl MNpeAOTBpaIleHUs
rUApaTo00pa3OBaHus U MOHWKEHUS JaBieHusd. Jlanee ra3 mojmaercs Ha y3eJ ydera rasza U 3aTeM
Ha Yy3en opopusauuu. Ojopu3allMOHHAs YCTaHOBKA BBOAMT OJOPAaHT B IIOTOK rasa
IPONOPLMOHAIBHO  €r0  pacxody, IOCJI€ 3TOro ra3 IOCTyHmaeT B Ta30lpoOBOJ

norpebutens [21, 22].
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Xapaktep BiusiHus ['PC Ha okpyxkaromryto cpeay asHaimorumdeH BiausHuio KC, 3a
UCKJIIOUEHHE JTOTIOJIHUTEIBHOTO BIMSHUSA OT OJOPU3ALMOHHON yCTaHOBKHU. B KauecTBe ojopaHTa
UCTIONB3YIOT CUJIBHO TOKCHYHOE BEIIECTBO — STHiIMepKanTaH. OJHAKO MacmTad BO3JACHCTBUS
HIKE, T.K. 00beM noctynatomiero raza Ha ['PC menbmie, yem Ha KC. B cBs3u ¢ atuM pasmep
oxpannoit 3086l I'PC wmenwme, yem mius KC (tabmuma 5 Ceoma mpasun CIT 36.13330.2014
[112]). Ho HeoOxomumo momHuUTh, uTo nipu pasmerneHnn Ha ['PC m KC omopu3anmoHHBIX
YCTAaHOBOK pPAacCTOSIHUE OT HUX JO0 HACEJIEHHbIX IYHKTOB CJEAYET NPUHUMATh C YYETOM
IpPEIeNbHO JOIMYCTUMbBIX KOHIIEHTpALUH BPEIHBIX BELIECTB B aTMOC(epe BO3/1yXa HACEIEHHBIX
IYHKTOB, yCTaHOBICHHBIX Mun3apaBoMm Poccun (CanlluH 2.2.1/2.1.1.1200-03) [21].

Okcmityarauuss — rasorpaHcnoptHoii  cucrembl (I'TC) B mpoekTHOM — pexume
HECYUIECTBEHHO BJIMAET Ha OKPYKAIOLIYI0 Cpely M OrpaHUYMBAETCS OIMCAaHHBIM BBILIE
BausHueM. K HapylmeHusM, NPUYMHEHHBIM Ha CTaAUM CTPOUTENBCTBA ra3oNpOBOJA, IPUPOIA
aJalTHPOBAJIaCh U COIJIACYET IPUPOIHBIE IIPOLIECCH] ¢ HOBBIMU YCIOBHUSMM.

HaGmronennss Ha Tpaccax JeMCTBYIOIIMX TpyOONpPOBOJOB MOKA3bIBAIOT, YTO IIO
UCTEYCHUH BPEMEHH COOCTBEHHO TEXHOJOTHUYECKHH KOPHIOpP TOKPBIICS TPaBSIHUCTOU
pPACTUTENBHOCTBIO M 3apOC MBHAKOM. Mner mporecc nmoyBooOpa3oBaHus M (HOpMUPOBAHMS
MaJIOMOIIIHOTO TyMYCOBOTro ropusonTta. Ha rpaHunax OHMOTONOB CO3JaUCh Pa3HOOOpa3HbIE
OylaronpusATHBIE YCIOBUS JUIS JKU3HENEATENbHOCTH JKMBOTHBIX. Tpacca He oOKazaia
CYIIECTBEHHOTO HEraTUBHOTO BIIMSIHUS Ha KauecTBO OropazHoobpasus [23].

Bosiee Toro npoBOJATCS MEPONPHUATHS IO CHUKEHUIO BHIOPOCOB MAPHUKOBBIX I'a30B Ha
BCEX JTallax TPAHCIIOPTUPOBKM ra3a, TaKWe Kak: NEPEBOJ ra30NepeKauynBarOIUX arperatoB Ha
BO3JYILIHBIA MYCK, UCIIOJIb30BAaHHME TEIJIa BHIXJIOMHBIX Aa30B ra30lepeKaunBaloOlIUX annapaToB
JUISI TIOI0TPEBa BOJIBI WJIM T€HEpallUU rapa.

[Tomumo mpoekTHOro pexkuma padbotsl I'TC, Bo3MOkeH aBapHiiHbIN pexxum paOoTsl. B
TaKOM Cllydyae NOTEHLHAIbHOE BO3JECHCTBHE Ha OKPY)KAIOILYI0 CPENy YBEIMYMBAETCSA B Pa3bl.
XapakTepHOH 0COOCHHOCTHIO aBAPUITHOTO BO3ACHCTBUA razonpoBoja Ha OC sBIseTCS HATMYHE
TEPMHUYECKOTO BJIMSIHUS, CBSI3aHHOTO C BO3rOPAaHUEM rasa, a TaKKe 3HAUUTENbHOIO HapylIeHHE
LIEJIOCTHOCTU  [TOYBEHHO-PAaCTUTEIBHOTO IOKpoBa. Paguyc TepMHUYECKOro BO3JIEHCTBUS
coctaBisger oT 30 o 600 M, a KOTIOBaH, 0Opa3yoLIUiicss B MOMEHT aBapuu ra3olnpoBOAa,
JIOCTHTaeT MAaKCUMAJIBbHBIX pa3mMepoB 1o 106*56*12 m [24].

Aapun Ha I'TC moryr OBITH CHpPOBOLMPOBAHBI T'MAPATOOOpPA3OBAHHUEM, OMACHBIMU
OPUPOIHBIMHU  SIBICHUSIMH, JEHCTBHSIMHU TPETbUX JIML, KOppo3ued MeTtauia Tpyod U
cTpoutenbHbIME AehekTamu [25].

[Tocnenyrommue peMOHTHbIE paOOTHI MPHUBOAAT K IOBTOPHOMY BO3JACHCTBHIO Ha

MMOYBEHHBIN U pACTUTEIBHBIN MTOKPOBBI.
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IIpu »SkcmryaTtalMu Tra3ompoBOJOB MOTYT TMPOMCXOJUTHh aBapuUiiHbIE BBIOPOCEHI
3arps3Hsromux Beniects. B 1998 r. 3agukcupoBano Tpu aBapuitHBIX BEIOpOCA HA MPEANTPUATHSAX
«Ceseprasnpoma» — [I'pssoBerikoM U IIIeKCHUHCKOM JIMHEHHBIX MPOU3BOJICTBEHHBIX
YIPaBIEHUAX Ta30MPOBOAOB. ABapUU MPOU3OLLIM U3-3a Pa3pyLLICHUS YYaCTKOB MaruCTPaJIbHbIX
TPyBOIPOBOIOB C BO3TOPAHKEM IPHPOIHOro raza. Cropeno 3484 Teic. M° rasa, 4To MOBJIEKIIO 3a
co0oit rubens Jieca Ha turomamy 1 ra [23].

OnHako cymecTByeT U 00paTHOE BIHMSIHHE I'€09KOJIOTHYECKUX (DAKTOPOB HA COCTOSIHHE
I'TC. Cpeau 3TUX PUCKOB MOTYT OBITh Ha3BaHBI CJICIYIOIITHUE:

* KOpPpPO3UOHHBIE HapylIeHHs TPyOOIPOBOJOB 3a CUET arpecCUBHOM (usmko-
XUMUYECKON U OMOJIOTUUECKON CPEJIbl;

* pa3pbIBbl TPYOONpPOBOAOB INpu JedopManusax TpyHTOB (IIOBEPXHOCTHAsl 3PO3HUS,
CONUQITIOKIIHS, OTTOJI3HH, TSPMOKAPCT, [TPOCEIAHHUs, BOTHbBIC pa3MbIBbI) [24].

ITo cpaBHenuto ¢ 70-mu rogamu 20 Beka aBapMHHOCTh Ha ra3onpoBojax (B LEJIOM B
Mupe) cHu3miIach B 6 pa3. [lokasarenu aBapuiiHocTH Ha razonpoBojax Poccum 3a nociennue 5
JeT npuOIM3MWINCh K TOKa3arensM aBapuiiHoctu Ha TpyOompoBonaax CIIIA u Epomnsi: 0,13
aBapuil B roJ AJis ra3onpoBoioB. O0mas NpOTSKEHHOCTh ra3onpoBosoB B PO — 150 TeIc. kM.

T.e. 0,13*150 = 20 aBapwuii B rox [26].
2.2 DKOJIOTHYECKHE ACTEKThI MAIIMHOCTPOUTEILHOI0 KOMILJIEKCa

K uncny nHambonee KpymHBIX M TNPOMBINUIEHHBIX Mpeanpusatii ropoaa IOpra,
CBA3aHHBIX C 00pabotkoi MmeramioB, oTHocarcs OOO «Oprunckuii MmamzaBon», OCII
«¥Oprunckuii peppocmiaBublii 3aBoa» OAO «Ky3Helkue peppocriaBby.

OO0 «lOpruHckuit Mai3aBoa» 001aJaeT MOJHBIM MAITMHOCTPOUTENIBHBIM LIUKIOM —
OT BBIIUIABKM CTaJld JI0 BBITyCKa TOTOBBIX M3aenuid. [Ipeanpustue pacnosaraer coOCTBEHHOMH
TOL, OonplIMM TPAHCIOPTHBIM IAPKOM, COBPEMEHHBIMH CKJIQJCKUMH IOMEIEHUSIMH,
OTTPY30YHBIMU  IIJIOIIAJKAMH, JKEJIE3HOJOPOXKHOM COPTUPOBOYHOM CTaHUMEH U XOPOIIO
pa3BUTON MHPPACTPYKTYPOH: CEThIO aBTOMOOMIIBHBIX JOPOT U JKEIE€3HOAOPOKHBIX MOIBE3IHBIX
nyteil. 3aBoj  cHeUMaNM3UpyeTcsl Ha IPOU3BOJCTBE TOPHO-UIAXTHOTO 000pYIOBaHMA,
IPY30MOABEMHON U CIICIMATLHON TEXHUKH, CETbCKOX03HCTBEHHBIX MaIluH [27].

Tormmusom st TOL] FOprunckoro mamzaBona (anHas TOL] cHaGkaeT TEmaoM Takxke
u ropog FOpra) ciay uT npeuMynecTBEHHO KAMEHHBIN YT OJlb.

OCHOBHOE BJIMSIHME MAIIMHOCTPOMUTEIBHBIE 3aBOJABI OKA3bIBAIOT HA MOBEPXHOCTHBIE U

MOJI3€MHbIE BOJIbI, TOUYBEHHBII MOKPOB U aTMOC(EPHBII BO3IYX.
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Jlis mpeanpusATH MOJIHOTO MAalIMHOCTPOUTENIBHOTO LMKJIA XapaKTEepHBI CIEAYIOIINE
3arps3HSIONIME BEIIECTBA, MOCTYIMAOUIME B aTMOC(HEPHBIM BO3AYX: AUOKCHI CEpPBI, OKCU
yriiepoja, OKCHJI a30Ta, PeHOII, TUOKCH]I CEPhl, CBUHEL, COSIMHEHHS IIECTUBAIIEHTHOTO XpOMa.

Co CcTOYHBIMM BOJAaMH B BOJOEMBI IONAJAIOT ONACHBIE IJI OKpYXarolled cpeasl
BEIIIECTBA — CYJIb(aThl, XJIOPHUIbI, HE(PTEIPOIYKThI, [IMAHUABI, COJIM HUKENS, XpoMa, (ocdopa,
KagMHs M MHOTHe Jpyrue. B paiioHe pek, Ha Oepery KOTOPBIX pPACHOJIOXKEHBI OOJbIINe
MAaIIMHOCTPOUTENIBHBIC IPEANPHUSITHS, MOKHO OOHAPYKHUTh HOHBI TSHKEIBIX METAILIOB [ 28].

TBepable OTXObI 3arpsA3HSIOT MOYBY B BHJIE ONMIIOK, CTPY>KKH, 30J1bl, INIAKOB, MbUIA U
ocankoB. [Ipu BeimaBke 1 T. yyryHa u cranu nonydaroT 0,2-1 T. nutaka. MuKpo3IeMeHTHBIN
COCTaB IIJTAKOB 3aBHCHUT OT IiepepadaThiBaeMOro chipbs [29].

Kaxnplii TeXHOMOTMYECKUH LUK 00JIaaeT HaOOpOM CIEHU(pUYHBIX 3arpsI3HSIOIINX
BEILIECTB:

— BHYTPU3aBOJCKOE SHEPreTHUYECKOe MPOU3BOJCTBO U JPYrHe MPOLECCHl, CBA3aHHBIE CO
CXKUTAHHEM TOIUTMBA (30714, TUOKCHJI a30Ta, OKCUJT a30Ta, OKCUJ Yriiepoaa, OeH3(a)mupeH);

— JUTEHHOE MPOU3BOJCTBO (OKCHJIbI YIJIepoJa, IbUlb, JTUOKCUJ a30Ta, OKCHUJ a30Ta,
OKCHJIBI Cepbl, XJI0opubl, hropunst, JIOC, nuanuIpl, AMOKCUHBI, coequHenus: MetaiuioB) [30];

— MeTajioo0paboTka KOHCTPYKUUI M OTAEIbHBIX JeTajei (MeTalIn4ecKue OIMIIKH,
CTpPY’KKa, IbUIb);

— CBapOYHOE MPOU3BOJACTBO (Iapbl OKCUAOB XMMUYECKUX 3JIEMEHTOB (LIMHKA, JKeJe3a,
Maprasia, Meaiu, XpoMa IIECTUBAJIEHTHOI0, HUKEJS, KpEMHHUs), (PTOPUIbI, OKCUJIBI a30Ta, 030H,
okcu yriepoaa [31]);

— raJlbBaHMYECKOE MPOU3BOJICTBO (IIMaHUIbI, pacTBoputenu, [IAB, macna, cmasku [32],
COEIMHEHUS METAJUIOB (PTYTh, CBUHEL, KaAMHI, BUCMYT, HUKEJIb, LIUHK));

— JIaKOKpaco4YHOE MPOM3BOJCTBO (3aBUCUT OT COCTaBa JAKOB M Kpacok — okosio 40
BPEIHBIX BELIECTB, CPENAM HUX: CBHUHEL, AUXJIOPAITAH, T€KCAMETUIEHAMAMUH, 3MHUXJIOPTUIAPHH,
tpukpesuadocdar) [28].

[To ypoBHIO 3arpsi3HEHMs OKpY’Karollel cpe/bl palloHbI TaTbBAHUYECKUX U KPACHIIbHBIX
[IEXOB KaK MAaIIMHOCTPOUTENBHBIX B IIEJIOM, TaK U OOOPOHHBIX MPEANPHUATUN COMOCTABUMBI C
TaKUMHM  KPYMHEMIIMMU HUCTOYHMKAMHU  DKOJIOTMUECKOM ONAaCHOCTH, KaK XHMMHYECKas
MPOMBINIIEHHOCTh; JIMTEHHOE TMPOU3BOACTBO CPaBHUMO C METAUIypruel; TeppUTOpuun
3aBOJICKMX KOTENBbHBIX — C paiioHamMu TOC, KOTOpelE OTHOCATCA K YHCIY OCHOBHBIX
3arpsisauTenei [33].

[IlenouHBIE CTOKM raJIbBAHUYECKOTO IIPOU3BOJCTBA, COACPKAIINE LIMAHUIBI U KUCIIOTHI,
CMEIINBAsICh, MOT'YT MPOAYKTUPOBAaTh CHHUIIBHYIO KHCIOTY, KOTOpas SIBISETCS TOKCUYHBIM

razom [32].
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B cpennem ranbBaHMYECKHE OCAJKU COJIEPXKAT MO CPABHEHUIO C 3€MHOM KOpOW B
Teicsun pa3 Oosbiie Cd; B cotnu pa3z — Cu, Cr, Pb; B mecsatku pa3 — Ni u Zn (MakcuMaibHbIC
K03 PHUIMEHTHI KOHIIEHTPAIMK Ha OJMH — J[Ba MOPsiKa Bhiiie) [29].

CornacHo BunorpagoBy C.C., B CTOYHBIX BOJax TallbBAHUYECKOTO MPOM3BOACTBA
COJIEpKaTCsl COSAMHEHUS] XMMUYECKUX 3JIEMEHTOB: 00JIajaloliie KaHIlepOTeHHbIMUA CBOWCTBAMU
(coemunenus AS, Se, Zn, Pd, Cr, Be, Pb, Hg, Co, Ni, Ag, Pt moryr BbI3BaThb pa3BHTHE
3]I0KAQUYECTBEHHBIX HOBOOOPa30BaHWil), MyTareHHbIMH CBoOiicTBaMu (ZNS), TepaTOreHHBIMH
cBorictBamu (coequnenus Cd, Pb, As, Co, Al, Li ctocoOHBI BBI3BaTh YPOJCTBA Y POXKIAIOIINXCS
JIeTel) M aJlJIEPreHHBIMU CBOMCTBAMH (COETMHEHUS Cr6+).

Kpome TOro, HEKOTOpBIE HEOPraHWYECKHUE COCJAMHCHHS OKA3bIBAIOT T'YOUTEIHHOE
JNEHCTBHE HA MHUKPOOPTAHM3MBI OYHCTHBIX COOPYKCHHH, MPEKPAIAOT WIH 3aMEJISIOT
MPOLECChl OMOJOTUYECKOW OUYMCTKU CTOYHBIX BOJ W COpaKMBaHUE OCAJKOB B METAHTEHKAX
(YCTpOHCTBO i aHa’POOHOrO OpPOXKEHUS KUAKUX OPraHMYECKUX OTXOJOB C MOIy4YEHUEM
MeTaHa).

[Tpu ucnons30BaHUU BOJBI 3aTPSA3HEHHBIX BOJIOEMOB JIJISi OPOIICHUS I[BETHBIC METAJLIBI
BBIHOCATCS Ha TMOJS W  KOHIGHTPUPYIOTCS B  BEpXHEM HauOoliee II0JIOPOJAHOM
TYMYCOCO/IepKAIlleM CJIO€ TIOYBHI.

[Ipy ONHOBPEMEHHOM TMPHUCYTCTBUH B CTOYHBIX BOJAX TaJlbBAHOIPOU3BOJICTBA
HECKOJIBKUX BPETHBIX KOMIIOHCHTOB MPOSIBJIICTCS HX COBMECTHOE, KOMOMHHPOBAHHOE JICHCTBUE
Ha OpraHU3M YeJIOBeKa, TeTJIOKPOBHBIX KUBOTHBIX, QIIOPY U PayHy BOJOEMOB, HA MUKPOQIOPY
OUMCTHBIX COOPY)KEHUU KaHaJIM3alluu, BbIpaxkaroleecs B cuHeprusMe (dddexTt neicTBus
0OJIBIIIE TIPOCTOTO CYMMHPOBAHHWS); aHTaroHW3Me (JIEHCTBHE HECKOJIBKHX SJOB MECHBIIE
CYMMHPOBAHHOIO) M B aJJUTHUBHOCTH (mpocTtoe cymmupoBaHue). Hampumep, kaamuii B
COUETAaHWHM C IMHKOM M IHAaHUJAMH B BOJE YCWJIMBAET WX JIEHCTBUE, MBIIIbSIK SBISETCS
AQHTArOHUCTOM celicHa [34].

B Hacrosmiee BpeMs Ha OOJIBITUHCTBE MPEINPHIATHA B Ka4eCTBE OCHOBHOTO METOA
OUYHCTKHA CTOKOB TaJIbBAHHMYECKHUX IPOU3BOJCTB OT HOHOB TSDKEIBIX METAUIOB HCIOJIB3YIOT
pearenTHbINH MeToa. CyTh METOJA CBOJAUTCS K 00Pa30BAaHUIO TUIPOKCHUIIOB MU COJEH TKENBIX
METAIIJIOB, KOTOpBIE 3aTeM YyIalSIOT OTCTaWBaHHWeM, (UIbTpAIlMEH WIM APYTUMHU CIIOCOOAMU
paszienieHnst TBEPIOW M KHUIKOH (a3. B kadecTBe peareHTOB Halle BCETO HCIOJB3YIOT IIEI0YN
(TUAPOKCU HATPUS W Kallis), OKCHJ W THUAPOKCHUJ KaJbIHs, KapOOHATHI KaJbIUs, MarHus,
HaTpus. CyIIEeCTBEHHBIMH HEAOCTAaTKAaMU PEAareHTHOTO METOJa OYHMCTKH  SIBJISIFOTCS:
JOTIOTHUTEIFHOE 3arpsi3HEHNE CTOKOB 3a CYET BHECCHHS B HUX KaTHOHOB U aHMOHOB PEarcHTOB;

MOJy4YeHHE TPYITHOO00E3BOKMBAEMOT0 U HE YTHIM3HpyeMoro ocajaka [35].
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3 MeToabl McCIe10BaAHNSA
3.1 O0beKT M npeaMeT uccie0BAHUM

B pamkax Mmarwmcrepckoil amccepTanuu ObUIM BBIOpaHBI JIBa OOBEKTa HCCIICIOBAHMS:
kommpeccopHas crannus FOprunckoro JIITYMIT u ropon FOpra. O6a oObekra HaxonmsaTcs B
mpelenax OJHOTO MYHHIMIIAIBHOTO —pailoHa, TEpPpUTOPUATIBHO COJMMXKEHBI U UMEIOT
[JIaBEHCTBYIOIIHE POJIU B OPMUPOBAHUU HKOJIOTMYECKOTO O0JIMKA MPpUIIekKalleld TEpPUTOPHH.

OcHOBHOE BHHMaHHUE YJEJIECHO HW3YyYEHUIO CHEroBOro MOKpoBa. Marepuanbsl 1o
W3YYCHHUIO TMOYBEHHOI'O IOKPOBAa BKIIIOYEHHI B BBITYCKHYIO pa0OTy B paMKaxX HW3YYCHHS
MOYBEHHBIX MPOO COBMECTHO C COTpyAHUKamMu HOPrHHCKOTO TEXHOJIOTMYECKOTO WHCTHUTYTA
(Topocsn E.C.).

Che208601i nokpos

B kauectBe npenMera ucciaenoBaHuil kKommpeccopHoit craniuu FOprunckoro JIITYMIT
Obu1 BbIOpaH cHeroBoil mokpoB. Cormacuo PJ[ 52.04.186-89 [103], manHble O coaep:KaHHH
BEILIECTB B CHErOBOM IIOKPOBE SBJISIIOTCA €IUHCTBEHHBIMU MaTepuajiamMu [Jisi OLEHKHU
PETHOHAIBHOTO 3arpsi3HEHUsT aTMOCc(ephbl B 3UMHUI Niepruoa. EcTecTBeHHOE TMBUICBBIICICHUE C
TEPPUTOPUU MHUHUMHU3HPYETCS, U BUTAIOIIME B BO3JyXE YACTHUIIBI MMEIOT IMPEUMYIECTBEHHO
TEXHOTeHHOe mpoucxoxaeHue [36]. McciaemoBaHwe CHErOBOrO TOKPOBA  BBIMOJIHACTCS
ATMOT€OXUMHUYECKUM METOOM.

ATMOTr€OXMMHYECKUI METOJ MCCIEAOBAHUI MPEAHA3HAYACTCA I U3YUYEHHS MbUIEBON
Harpy3ku U OCOOCHHOCTEW BEIIECTBEHHOTO COCTaBa IbLIE-a3pPO30JIbHBIX BBIMAJIEHUN JTaHHOTO
paiiona. [Ipu1e-a’spo3onbHBIE BBIMAACHHUS aHATU3UPYIOTCS, TIaBHBIM 00pazoM, MmyTeM oTOopa
npo6 cHera. [IpoObl oTOMparoTCs C Y4eToM DIEMEHTOB penbeda W UX OSKCIO3UIUU TIO
OTHOIIICHUIO K HANPaBJICHUIO BETPO-THIJIEBOTO MEPEHOCA, a TAKXKE HAa YYaCTKaX TEXHOTEHHBIX
ra3oIbUIeBBIX BHIOPOCOB. Bce pabOThI BBHIMIOMHSAIOTCS ¢ YYETOM METOJIWYECKHX PEKOMEHIAINH,
NPUBOIUMBIX B ydeOHOM mmocoouu [37] U B pyKOBOJICTBE IO KOHTPOJIIO 3arPsS3HEHUST aTMOC(EPHI
(PJ1 52.04.186-89 [103]).

Ot60p mpob6 cHera Obin BhIMONHEH 1 ampenst 2015 roma B 30HE MOTEHIIMATBLHOTO
BoznetictBusi KC IOprunckoro JIIIYMI', otbop mnpo® Bencs 1O BEKTOPHOW CXeMe Ha
paccrosiauu oT 150 M 10 1,5 KM OT TpaHUIl TePPUTOPUN KOMIIpeccopHoii crannuu. [Ipu otbope
OBLJIO YUTEHO TJIaBEHCTBYIOIIEE HAIIPABICHUE BETPa; IO HANIPABICHUIO BeTpa 0ToOpaHo 4 mpoObI
Ha pacctosHuu oT 150 o 1, 5 kM, ¢ MOABETPEHHOI CTOPOHBI — 2 o0kl Ha paccTosHuu 450 u

800 M., ¥ B KpecT HampaBJICHUIO — 110 OJTHOM TpoOe Ha paccrosiHuu 150 1 450 m (pucynok 3.1.1).
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Google earth
C

Pucynok 3.1.1 — Kapra otrbopa po6 cHera B 30HE MOTCHIIMAILHOTO BO3ICHCTBUS
KomIipeccopHoii craniuu (KemepoBckas o6macts) [38]

OT60p cHEroBbIX MPOO BBIMOJHSICA METOAOM IIypda (Ha BCIO MOIIHOCTh CHEKHOTO
MIOKPOBA, 332 UCKJIOYEHHUE S5-U CM CJIOS HaJ [OYBOH) B IPOYHBIE MMOJIUITUICHOBBIE MMAKETHI, IS
0TOOpa MCIIOJIB30BAIKCH IIIACTMACCOBBIC JIOMATKH, Ka/1asi Mpoda MOANUCHIBANIACH C YKa3aHUEM
MOIIHOCTH CHETOBOTO MOKpOBa M mapaMmeTpoB Inypda (anmHa u mupuHa). Macca mpo0O
BappupoBaiack oT 15 mo 20 kr. CHeroBele mNpoObl s JaNbHEWIIUX HCCIEAOBaHUMN
HOJIOTABJIMBAIIUCH MO CTaHIAPTHON MeToAuKe (prcyHOK 3.1.1):

1) cHayana TpPOMCXOAWIO TassHAE MPOO B IUIACTMACCOBBIX Ta3ax IMPHU KOMHATHOM
TEeMIIepaType B TeueHue 1-2 CyToK;

2) 3aTeM C BOJHOW TMOBEPXHOCTH IUIACTMACCOBBIM TMHHIIETOM YAAJSUIMCh KPYITHBIE

YaCTHITEI, MEIIAIONINE JaTbHESHIITUM ASHCTBUSIM,

Tasnue
e —

Otkaunsanme
“umcroii Bogb!”

I Teepaplit ocapok I I CHeroranas soaa I

I Ananus |

I Npocywusakune

Pucynok 3.1.1 — IIpoGomoaroroBka nmpod cHEroBoro mokposa [37]

3) mocne 3TOro C IMOMOIIBIO IOJMATHICHOBOW TPYOKHM OTKauMBaJach OCBETJICHHAS

CHETOTajas BoJa, TakK YTOOBI KOHECI[ TPY6KI/I HE KacaJICs CTEHOK Ta3a M BOJIHOM TTOBCPXHOCTH,
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4) B MOMEHT, KOT/Ia 00bEM CHETOTAJIONW BOABI B Ta3zy 3aJIePKUBAJICS Ha OTMETKe 1-2
JUTpa, OTKAYKa MPEeKpamaiach, CTEHKH Ta3a OOMBIBAIHMCH OCTABIICHCS CHETOTAJION BOAOW U
BOJA IepeluBallack B CTEKISHHYIO OaHKy, IJ€ B TEUEHHUE CYTOK OTCTauBajach IEpe]
JanbHEHIIeH GuIbTpammei;

5) mnepen HavamoMm (UIBTPOBaHUS TOATrOTaBIMBAJIACh CTEKJISHHAsg OaHKa U
MJTACTMACCOBasi BOPOHKA, B KOTOPYIO YKJIQAbIBAICS (PHIBTP «CHHSS JIGHTa» (IIPEeIBAPUTEIILHO
B3BCILICHHBIN), 3aTeM (DUIBTP MOCTENEHHO 3aloJIHSICA «3arpsi3HEHHO» BOJIOW; COTJACHO C
KJaccudukanuenn OyMaxHbIX (UIBTPOB, (PUIBTPHI «CHUHAS JICHTA» XapaKTEPU3YIOTCS MEJIKHUM
pa3MepoM MOp, BBICOKOH IUIOTHOCTBIO OyMaru M OYE€Hb HU3KOW CKOPOCThIO (PUIbTpaluu U
MPUMEHSIOTCS I (PUIbTPAIIiK METKO3EPHUCTBIX OCAJKOB;

6) 1o okoHYaHUH (PHIIETPAHK (PHIBTPHI BBEICYIIMBAIMCH TP KOMHATHOM TeMIIeparype,
MIPOCEUBAIKCH 10 (Ppakiunuu MeHee 1 MM U B3BELIUBAIHCH.

[IpoGomoaroToBka cHeroBeix mpoO BeimonHeHa B MUHOILL «YpaHoBas reonorus».
HTor mpoOOnoaroToBKH s JAIbHEHIINX MCCIEIOBAaHMIA: CHEToTanas BOJA, TBEPIBIA OCATOK
CHEra U Macca TBEp/IOI0 0CaJKa CHera.

Ilousennwiii noxpos

B kaudectBe mpenmMera uccienoBanuii ropoaa FOpra Obu1 BEIOpaH MOYBEHHBIN TOKPOB.
[TouBa HakamIMBaeT B TEUEHHUE JUIUTEIBHOTO BPEMEHU MPOAYKTHI TEXHOTEHE3a, KOTOpPHIC
U3MEHSIOT €€ XMMHYECKHH COCTaB M BKIIOYAIOTCS B TMPUPOJHBIE U TEXHOTCHHBIC IIUKIIBI
MUrpani. B mouBe HaKamjiMBarOTCS BEILIECTBA, HE IMOABEPKEHHBIE IpoIleccaM IOJHOIO
paspyIieHust 1 0co00 OMacHbIe IS )KMUBBIX OPTaHM3MOB B BHE MBUIEBOM cocTaBistoniei [37].
HccnenoBanne mMOYBEHHOTO MOKPOBA BHITIOJHACTCS JTUTOTC€OXUMUYECKUM U KallaMeTPUIECKUM
METOJdaMHU MCCIICIOBaHNH.

JInTOreoXMMMYECKUI METOJI MCCIEIOBAaHUN MPEANOJIaraeT U3y4ye€HUE 3JIEMEHTHOIO U
BEILIECTBEHHOI'O0 COCTaBa IMOYBBL. MeETOAOM Kama-MEeTPUU YCTAHABJIMBAETCS MAarHUTHas
BOCITPUUMYHUBOCTH TTOYBBI. MarHUTHBIE CBOMCTBA MOYB SIBJISIOTCS HAIECKHBIM WHIUKATOPOM HX
TEXHOTEHHOTo u3MeHeHus [39], T.K. TsDKelble MeTalbl B IOYBAaX TECHO ACCOIMHPOBAHBI C
MarHUTHBIMH MuHepanamu [40].

Ot6op mpoO MOYBEHHOTO TMOKPOBAa HAa TEppUTOpPUH ropona FOpra ObUT BBHIMOIHEH
ocenbio 2015 r. Enenoii CamBenoBHoit TopocsiH. OT00p ocymiecTsieH 1mo cetu ¢ marom 500 m.

Mecro otbopa mpoObl — tutomagka pasmepoMm 10x10 merpos. Ilpoba ¢ kaxmoun
TUTOMIAJIKK TIPEACTABIsIET CO00M O0BENMHEHHYIO MPOOY, COCTOSIIYI0 U3 5 TOUYEYHBIX Moo,

0T06paHHBIX B yrjiax IuiolaJaKu U B €€ LICHTPC.
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CHayana ¢ MOBEPXHOCTH MOYBEHHOTO MOKpOBa B MecTe OTOOpa TOUEYHOW MpOOBI:
yAAIsUICS PACTHTENBHBIA MOKPOB, TOCTE 3TOT0 ObLT BBHIMOTHEH caM O0TOOp mpoObl. TodeuHbie
poOBI OTOMPATTUCH TIMATENIeM U3 MPUKOTNOK. Macca 00beIuHEHHOM TPo0bI cocTtaBuia 1-1,5 kr.

[IpoGonoaroroBka  BKIOUYana  cleayiomme — omepanuu  (pucynok  3.1.2):
IpeBapuTelIbHOE NMPOCYIIUBAHUE, yJaleHUe JTIOObIX BKIIOYEHUN, pacTUpaHhe U MPOCEUBaHUE
yepe3 CUTO ¢ auamerpoMm orBepctuid 1 mm. Ilepeuncnennsie stanbl Obutn BbIModHEHBI E.C.

Topocsn B FOprunckom nucrutyre TIIY.

Mpo6a noussbl
Mpocywmnsanue
(mpw xommaTHoi TemnepaType)
Ypaaneuue
KDVNHbIX BKIIOYEHUH
PyuHoe usmenbueHune

Mpoceunsaune

B3selunBaHue
dpaxumin

3menibueHue
no 0,074 mm

Pucynok 3.1.2 — IIpo6omoaroroka mpo6 moussl [37]
[Tocne sToro Oblna BhIAEICHA MPEACTABUTEIbHAS Tpo0a s JTa0OpaTOPHOTO aHAIM3a
maccori 150-200 r u wm3menpyeHa (pucyHok 3.2.1) ma nmuckoBom uctupatene «MBHU-1» mo
nyapoobpasznoro cocrostaus (0,074 mm). Uzmenbuenue npoBoamnocs B MUHOLL «YpaHoBas

T'COJIOTHU».

3.2 AHAJINTHYECKHE HCCJIICI0OBAHUA U PACUY€CThI

N3ydyeHne MUHEpaIbHOTO COCTaBa TBEPIOTO OCAKA CHEra U aHAJIU3 ITOYBbI BHIIOJIHEHbI
B MUHOL] «YpaHoBas reoyiorus».

ICP-AES cHeroTanoii BoAbI U TBEPJOTO OCaIKa CHera rnposezieH B LleHTpe ympaBieHus
Hay4YHO-HccienoBaresibckuM obopynoanueM «HU TIIY», mpobGonoaroToBka TBEpIOro ocajka
cHera ocymiectsiieHa B MIUHOLL «YpaHnoBas reongorus».

VYcraHoBiaeHne 0OmMIET0 XMMHYECKOTO cocTaBa BOAbl ObuIo BeIMOJgHeHO B YHIIL]
«Boma» kadpeaper TUTD «HU TITY ».

1) Onpenenenne BeneCTBEHHOI0 COCTABA HA OMHOKYJISIPHOM MHKPOCKOTIIE

HccnenoBanne BEHIECTBEHHOI'O COCTaBa TBEPAOIO OCaJAKa CHErOBOIO IOKpPOBa

MIPOBOJIAT Ha OCHOBE aBTOPCKOTO TareHTa Ha m3oopereHue Ne 2229737 ot 17 oxtadps 2002 r.
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«Crioco0 ormpenesneHus: 3arps3HEHHOCTH CHETOBOT'O TOKPOBa TEXHOTEHHBIMH KOMITOHEHTAMM)
(S3uxoB E.I'., latunos A.1O., Tanosckas A.B.) [41].

OOBeKT U3ydeHus: — TBEpAbIil 0CaJJOK CHEra, OCEBIIMI Mmocie (GUIbTPALUU CHErOTalon
BOJbI Ha (UIBTpPE, MPOCYIMICHHBIH JO CYXOro COCTOSIHHUS; W3 TBEPAOTO OCaJKa YHaJeHbBI
MaKpOBKJIFOUCHHS C TIOMOIIBIO cuTa (pa3Mep mop 1 mm).

MUKpOCKOTIMYECKOE H3ydyeHHEe Npod TPOBOJAT C IOMOMLIBIO  OHHOKYJISPHOTO

crepeockonmnyeckoro Mukpockona (Leica ZN 4D) (pucynok 3.2.1) [41].

Pucynok 3.2.1 — buHokynsipHbIi crepeockonuyeckuiit Mukpockon Leica ZN 4D kadenper [DI'X

Kaxnas u3 npo6 paccmarpuBaercss 1oJi OMHOKYJISpOM (4acTh HpPOObI), U BU3YaJIbHO
BBIJICJIAIOTCA MPUPOJHBIE M TeXHOreHHble uvacTulpl. Cpean o00eux TIpynn  BBIIAEISIOT
Pa3HOBHIHOCTH (BOJIOKHHUCTHIE YaCTHIIBI, MUKpOC(hEpyIbl, OMOTeHHBIC YaCTHUIIBI U T.11.).

2) PeHTreHOCTPYKTYPHBI aHAIN3

JlaHHBIA aHaaM3 MPUMEHEH I YCTAHOBJIEHHS MHHEpPAJbHOIO COCTaBa TBEPJOTrO
ocajika CHera.

Ilepen mpoBeneHHEM HETOCPEICTBEHHOTO HCCIENOBaHMs, 0Opa3en M3Menb4yaeTcs 10
OyIpbl B CTYNKE, KOTOpas MPOTHPAETCS CIHUPTOM 1O M Tocjie UCTHpaHus. McTomd€HHBIM
o0Opa3ioM 3amosHseTcs mpolojepxkarenab W NpuuuinpoBbIBaeTca. B gaHHOM ciyyae Obul
OpUMEHEH  HU3KO(QOHOBBIM  mpobojepxarenab Juid  HEOONBIIMX  KOJIMYECTB  MPOOBI.

[Moarorosnennas nmpoba momemnaercs B mpucTaBky yctanoBku D2 PHASER (pucynok 3.2.2).

Pucynoxk 3.2.2 — Hactonsnslit tudppakromerp D2 PHASER kadenper 91X
Bpamenue natumka npoBoautcs ¢ 4° mgo 110°. 310 00CTOATENHCTBO OOYCIOBICHO
O0COOCHHOCTBIO TPEJIOMJICHUSI PEHTTEHOBCKHX JIydeil M OmbITOM pPaboThl. CHSATHE CIIEKTPOB

BhINIOJHsIETCS B TeueHue 1100 cexyH, B KaKI0# TOYKEe CheMKa IPOBOIUTCS 2 CEKYHIbI [42].
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PacmmudpoBka audpakrorpaMmbel MpoBoaAuTCs B mporpamMme EVA B COOTBETCTBHM C

MHCTpPYKLUEH 110 padoTe.

3) DyIeKTpOHHAsE MUKPOCKOMUS

C mnoMompl0 pacTpoOBOrO JJIEKTPOHHOTO MHKpockorma (POM) 0wl ompeneneH

MI/IHepaJ'IBHHﬁ COCTaB OTACIBbHBIX KOMIIOHCHTOB TBEPAOTO OCajJgKa CHEra u ObUIa BBISIBJIEHA

dbopMa ux MpUCYTCTBUA B TIpoOe. XapaKTEPUCTUKH TaHHOTO MHUKPOCKOIIA TIPUBEICHBI B TaOIUIIE

3.2.1 [43].
Tabnumna 3.2.1 — XapakTepuCTHKH PacTPOBOro IEKTPOHHOro MuKkpockomna Hitachi S-3400N
XapakTepu3yemblii mapamerp XapakTepucTuka
Paspemmaroniast ciocoOHOCTh 3 uMm (2 KJacc)
YBenuuenue 300 ThIC. pa3
Pabouee paccrosinue 10 MMm.
Yckopsroliee HalpsyKeHUe 20 xB
JlerexTop 00paTHO-pacCesHHBIX AJIEKTPOHOB

[To cBOMM TeXHMUYECKUM BO3MOKHOCTSIM POM coueraeT B ceOe kauecTBa Kak CBETOBOTO
(CM), tak u mpocBeuuBaromero snekrponHoro (II9M) mukpockomoB, HO sBiseTcs Oosee
MHOTOQYHKIIMOHATbHBIM [44]. Ha pucynke 3.2.3 mnpeactaBieH SJICKTPOHHBIA MHKPOCKOI
kadenper [DI'X.

DNEKTPOHHO-ONTHYECKAs KOJIOHHA PACTPOBOTO AJICKTPOHHOTO MUKPOCKOITA COCTOHT U3
ANIEKTPOHHOW IYIIKH, HECKOIBKHX 3JEKTPOMArHUTHBIX (POKYCHUPYIOUIUX JIMH3, OTKIOHSIOIIEH
cucteMbl M HaOopa auadparm. Tak Kak DSIEKTPOH — 3TO 3apsHKEHHAs YacTUlla, TO OH

B3aUMO/ICHCTBYET € 00pa3LIOM NTOCPEACTBOM KYJIOHOBCKUX CHIIL.

Pucynox 3.2.3 — PactpoBsiii a1ekrponHblil Mukpockon Hitachi S-3400N kadenpsr ['O1'X

OTtpakeHHBIE AIEKTPOHBI MONAAAIOT Ha AETEKTOP, BHOCA MU3MEHEHMS B NPOTEKAIOIINN
TOK. OTOT CHMTHQJI YCHUJIMBAETCSI M BBIJAETCS Ha MOHMTOP MHUKPOCKONA B BHJE IHUKCEIEH.
N300paxeHne B pexxuMe OTPaKEHHBIX AJIEKTPOHOB COAEPKUT J1Ba TUIA MH(POPMAIUH: MEePBbIi
0TBEYAEeT COCTAaBY MCCISAYeMOro oopasiia, BTopoii — ero Tormorpaduu [45].

4) ATOMHO-a6CcOpOIMOHHBINH AaHAJU3 X0J0AHOT0 napa (AAA)

MeTtosoM aTOMHO-a/ICOPOIIMOHHOI CIIEKTPOMETPUH OBUT OnpeziesieH 1 AIeMeHT — pTYTh
(Hg). Iopsimok ompexeneHus pTYTH B MOYBE M B TBEPAOM OCAJKE CHEra aHaJIOTHYeH. PTyTh

OIpeCACIIA0T «OecIIaMeHHBIM MCETOOAOM)», IIOCKOJIBKY OHa MOXET CYIICCTBOBATHL B
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apooOpa3HOM COCTOSIHUM W TIPH KOMHATHOU TemriepaTtype. [Ipubop — ananuzarop pryru «PA-

915M» ¢ nuponutrueckoit npucraBkoit «[ITMPO-915+» [46] (pucyHok 3.2.4).

YcranoBka st pabotel Ha AAA cocTouT U3 OJIOKOB:

Pucynok 3.2.4 — Ananmuzarop prytu «PA-915M» ¢ nuponutnyeckoit npuctaskot «I[ITHMPO-

915+» kadenpsr [OI'X

5) ATOMHO-’MHCCHOHHAsI CIIEKTPOMETPHSI ¢ MHAYKTHBHO CBSI3aHHON NJIa3Moi

(ICP-AES)

ICP-AES 06bu1 mpuMeHeH uis onpeaeneHus 31 XMMHUYECKOTO SJIEMEHTa B CHErOTaJlon

BOJIe M TBepaoM ocaake cHera: Li, Be, B, Na, Mg, Al, Si, K, Ca, Ti, V, Cr, Mn, Sr, Ba, W
(mutodunbneie), Cu, Zn, As, Se, Ag, Cd, Sn, Sb, Te, Pb, Bi (xanskoduisnsie), Fe, Co, Ni, Mo

(cunepodubHEIE).

Xapaxtepuctuku ICP-AES npusenens! B Tabnuue 3.2.2.

Tabmuua 3.2.2 — Xapaxrepuctuku ICP-AES

HaumeHoBaHue napamerpa

XapakTepucTHKa napaMmerpa

daza BemecTBa

SKUIKast

qy'B CTBUTCIIBHOCTD

10 "~10°° % [47]

[Ipenen obHapyxeHUs

10 °-10° % (0,01 — 10 mxr/x) [48]

Pa3zmep HaBecku

1-5mm (0,1 —11) [48]

DKCNIPECCUBHOCTD Bbicokas (1 mun/mpoba)
s KUAKOCTU — HETPYIOEMKUI
TpynoeMKocTb A 2 ’
JUIsl TBEPAOTO BEUIECTBA - TPYAOEMKHA
ITo3BosIsIET OJHOBPEMEHHO PETUCTPUPOBATH
[Ipeumymectea  ICP-AES  oTHOcuTenwsHO | Bce CIIEKTpaJIbHbIE JTUHUHA B

APYrux CICKTPAJIbHBIX aHAJIIN30B

yIbTPapuOIECTOBOM U BUAMMOM JIHAINa30HaX.
BBICOKOTOYHBIIA.

Henocratku ICP-AES oTHocuTenbHO Apyrux
CHEKTPAJIbHBIX aHAJIN30B

[lepeBon BemiecTBa B pPacTBOpP: BO3HHUKAET
mpoOJieMa  HEMOJHOTO  PacTBOPEHUS |
OTACHOCTb 3arPSA3HEHUS TPOOBI PEaKTUBAMH.
CTONMOCTE.

ATOMHO-3MUCCHOHHBIN CHeKTpaHBHBIﬁ AHAJIN3 — COBOKYITHOCTb METOJ0OB 3JICMCHTHOI'O

aHaJIn3a, OCHOBAHHLIX Ha U3YYCHHUU B ra3oBoi (1)336 CIICKTPOB UCITYCKaHHA CBOGOI[HBIX aTOMOB U

MOHOB aHAM3UPYeMOil MpoOkl, BO30YK/IaeMbIX B MCTOYHUKAX CBeTa. B kadecTBe MCTOYHHKOB

CBC€Ta AJId aTOMHO-3MHCCHOHHOI'0 aHaJIM3a HWCIOJB3YIOT IIaMsd T'OPCJIKHM WKW PA3JIMUYHBIC BHUABI
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MJIa3Mbl, BKJIIOYAs IJIa3My OJJIEKTPUYCCKONM HWCKPBl WM Jyrd, IUIa3My JIa3epHOM HCKPBHI,
WHYKTUBHO-CBA3aHHYIO IJ1a3MYy, TJICIOIIHM pa3psl.

Jlns mpoBeeHUs aTOMHO-MHCCHOHHOTO CIIEKTPAJIbHOIO aHalu3a C HHIYKTUBHO-
CBSI3aHHOHM IIa3MOM HEOOXOJMMO TpoOy MepeBecTH B KUAKYIO ¢asy. JlaHHas moaroroBka
MO3BOJIUT B JAJIBHEHIIIEM PaCIbUIMTh MPOOY Mepe1 €€ MoJaue B IIIa3MEHHYIO TOPEIIKY.

6) IloTeHMOMeTPUYECKHIT METO/

[ToTeHIIMOMETPUYECKUM METOJOM OBLIT YCTAaHOBIIEH BOJOPOJHBIN MOKa3aTelnb MPH
onpeesIeHuH 00IIero XuUMHUYECKOTO COCTaBa CHETOTaI0N BOJIBI.

[Torenmomerpruueckuii MetToJ; ocHOBaH Ha u3MmepeHurn DJIC 37IeKTpOIHON CHUCTEMBI,
COCTOSIILICH M3 MHIUKATOPHOTO JIEKTPOJa M dJieKTponaa cpaBHeHus (pucyHok 3.2.5) [49]. Tlo
XUMHUYECKON KJIaCCU(UKAINK, TMOTCHIIMOMETPUS OTHOCHTCS K TPYIIE SJIEKTPOXUMUICCKHIX

MCTOAOB aHAJIM3a.

|
 —— )
5 -

Pucynok 3.2.5 — [IpyHINT TOTEHIMOMETPHYECKOTO METO/1a aHAJIH3a
(1 — u3MepUTEBHBII ANEKTPOJ, 2 — CPaBHUTEIbHBIN 25ekTpo) [50]

AKTHUBHOCTb MOHOB BOJIOPOJIa XapaKTE€pPU3yeT KHUCIOTHBIE WJIM LIEOYHbIE CBOICTBa
BOJIHBIX PAcCTBOPOB M OTpeAeNseTcs BOJIOPOMHBIM mokazareneM pH. Uwcras Xxumudecku
HelTpanbHas Bojga umeer pH = 7 npu temnepatype 22 °C, y kucibix pactBopoB pH < 7,y
menoynbix pH > 7; pH wusmepsiercs kocBeHHo mo JIJIC Mexay H3MEpUTENbHBIM U
CPaBHUTENBHBIM JIEKTPO/IaMHU.

7) TuTpUMeTPUYECKHIT MEeTOJ

TurpuMeTpryecKMM METOJOM OBUIH OTpEAETICHBI COAEPIKaHUS THUIPOKApOOHATHBIX
(HCO73) u xsopuanbix (Cl") aHHOHOB ¥ KATHOHOB KaJbITUS (Ca2+) Y MarHus (Mg2+).

Turpumerpuueckuii aHaaM3 — MeETOJ KOJWYECTBEHHOIO XHMHUYECKOIO aHalIu3a,
KOTOpBI 0asupyeTcsi Ha M3MEpPEeHHH TOYHOro oObeMa pacTBopa C TOYHO HW3BECTHOM
KOHIICHTpAMel (TUTpaHTa), UCTPAYEHHOTO Ha B3aMMOJICHCTBHE C ONPEIEIIIEMBIM BEIIIECTBOM.

K pacTtBOpy ompeznensieMoro BeLIeCTBAa IMOCTENIEHHO JO00aBISIOT PAacTBOP pEaKTHBA
TOYHO M3BECTHOH KOHIIGHTpAaLUHU (THUTPAHT) 10 TOTO MOMEHTA, KOIJa HaYMHAET HaOJ0JaThCs
U3MEHEHHE PACIBETKH pacTBOPa, KOTOPBIA TUTpYyeTCs. B 3TOT MOMEHT npekpalaroT 100aBieHne

TUTpPAHTA.
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8) TypouauMeTpruUYecKHii MeTO

TypOuguMeTpudecKkuM METOJOM OBLIO OMPEACNICHO CONepKaHue CYIb(UIHBIX HOHOB
(SO%y).

TypOunumeTpuyeckuM Ha3bIBAIOT METOJ| ONTHYECKOTO aHalu3a, OCHOBAaHHBIM Ha
U3MEpPEHUHN OcNabieHUusI NHTEHCUBHOCTH CBETOBOTO IMOTOKA, MPOILICAIIErO 4Yepe3 CYCIEH3HIO,
BCJICJICTBHE TIOTJIOIICHHS X PACCEMBAHUS CBETOBOT'O IMOTOKA CYCIICH3HEH.

TypOunumeTpudeckuii aHamu3 MEHEe TOYEH, 4eM (DOTOKOIOPUMETPUUYECKUU. ITO
CBA3aHO C TEeM, YTO pacceuBaHHME CBeTa OOYCIIOBJICHO HE CTOJbKO KOHIEHTpaluei
pacceuBaroIMX YacTHI] B CYCIIEH3HH, CKOJIBKO (hOPMOIi, pa3MepoM U XapaKTepoM MOBEPXHOCTU
gactur, TBepaon (as3pl. IlodaTOMy TypOMIMMETpUYECKH aHAM3 HCHOJB3YIOT TOJIBKO JUIS
ONpeNeNeHusT TeX HMOHOB, Ui  KOTOPBIX HE  CYIIECTBYET  YAOBJIETBOPHUTEIBHBIX
KOJIOPUMETPUYECKMX METOJOB. OJTO OTHOCUTCS, TJIaBHBIM 00pa3oM, K CyiabGaTHBIM U
XJIOpUAHBIM HoHaM [51].

9) IlinameHHO-(OTOMETPUYECKH T METO/T

[TmamMeHHO-(pOTOMETPUYECKUM METOJIOM OBUIM ONpEAETICHBl COAEP)KaHUS HOHOB
narpus (Na*) u xamus (K.

[TnamMmeHHO-(pOTOMETPUYECKHI METOJ] OCHOBAH Ha CHOCOOHOCTH aTOMOB HATPUs U KaJIHs
BO30Y)XIaTbCcs B IUIAMEHH M W3JIy4aTh CBET OINPEACICHHBIX JUIMH BOJIH TIPU TIEpexXole B
HOpMaJIbHOE COCTOsTHHE. B mcmyckaeMoM cBeTe BBIACTSIOT XapaKTEpHYIO ISl ONpPEAesieMOro
MeTalljia CIIeKTPANbHYIO JIMHUIO (IJIMHA BOJMHBI — 589 HM 11t HaTpust U 768 HM nns kanus). Ee
UHTEHCUBHOCTb, MPOMOPLUOHATbHAS COAEPIKAHUIO ONPEAEIsIeMOro MeTajula, PerucTpUpyeTcs
KaK aHAUIUTUYECKUI CUTHAI.

JIaHHBII METOJ TO3BOJIIET OMPEACIUTh MACCOBYIO KOHIEHTPAIMIO HATPHS W Kallus B
mpobax MOBEPXHOCTHBIX BOJ cymu B auamnaszone 1,0-50,0 mr/am° [104].

10) ®oToKoI0pMETPHYECKUT METO

DOTOKOIOPUMETPUIECKIM METOJIOM OBLIIO OTIPEEIICHO COIEPKAHME JKee3a 00IIeTo.

CoenmuHeHHs Jkene3a TPUCYTCTBYIOT B BOJaX B BHAE JBYX CTENEHEH ero
oxuciennst (Fe?* u Fe®) u mpencraBneHsl TpeMs MUrPALMOHHBIMU (OpPMAaMU: PaCTBOPEHHOI,
KOJJIOUAHON M B3BemeHHOH. CyMMapHyI0 KOHLEHTpAIMIO B BOJIE BCEX PACTBOPEHHBIX (opM
)KeJe3a BBIPAXKAIOT ITOKa3aTelleM «okelne30 oomeey. [Ipenen oOHapyKeHNsI METOAMKH COCTABIISET
0,05 mr/n [105].

DOTOKOIOPUMETPUST — METOJ] aHAJIN3a, OCHOBAHHBIM Ha U3MEPEHUH MOTJIOIICHHS CBETa
OKpaIlIeHHBIMU pacTBOpaMu B BHIUMOW obOsactu cnektpa (400-760 um). Omnpenensemoe

BCIIECCTBO JOJDKHO JaBaTbhb OKPAHOICHHBIC TMPOAYKTHI pEaKuu IIpU BBaHMO,Z[CfICTBHPI C
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peakTuBaMH. VIHTEHCHBHOCTH OKpPAacKH pacTBOpPa HAXOJUTCA B MPSIMOM 3aBUCHMOCTH OT
KOHIICHTPAI[MK PACTBOPEHHOIO BEIECTBA U TOJIIUHBI ClI0st pacTBopa [52].

11) dayopumeTpuyecKuii MeTO

OayopuMeTpUUECKIM METOIOM OBLIO OIPEETICHO CoJiepKaHue HEPTENPOIyKTOB.

Meron oOCHOBaH Ha OKCTPaKIMHM HE(TEIPOAYKTOB T'EKCAHOM M H3MEPEHUHU
WHTEHCUBHOCTH ()JTyOpecIeHIMH dKCTpakTa [53].

Metox oOTaMuYaeTCs BBICOKOW YYBCTBHTEIBHOCTHIO (HIDKHSS TpaHUIA JHara3oHa
n3mepennit 0,005 MF/,I[Mg), 9KCIIPECCHOCTHIO, MAJIBIMH O0BbEMaMH aHATU3UPYEMOH MpOObI U
OTCYTCTBUEM 3HAUMMBIX MEMIAIOMINX BIMSHUNA JTUNUAOB. B QopmupoBannm aHanuTHyecKoro
CHUTHAJIa YYaCTBYIOT TOJBKO apoMaTWYecKHe YrieBoaopoasl. I[lockonmbKy OHM 00JIaaroT
pa3IMYHBIMU  YCIIOBHSIMH BO30YKIEHHSI M perucTpanud (QuyopecueHInH, HaOIroaeTcs
U3MEHEHHE CIeKTpa (IyopecleHLMH »SKCTpakTa B 3aBUCHUMOCTH OT JUJIMHBI  BOJIHBI
BO30yxato1ero ceeta. /i HeTenpoyKTOB, OTHOCALIMXCS K CPEIHUM (PpakiusaM (IU3eIbHOe
TOIIMBO, Maciia) HaOMIOAA0TCs HEOOJbIINE pa3udyus B OTHOCHTEIBHON  BEIMYUHE
aHaUTHYeCKOro curHana. CylecTBeHHOTO 3aHM)KEHUS PE3yIbTaTOB aHAIM3a CIIEAYET OKUAATh
IpH aHaJIK3e MPo0, 3arpsI3HEHHBIX JIETKUMHE (pakiusamu (kepocuH, OeH3uH) [54].

12) i3mepeHne MAarHUTHOI BOCIIPHUMYMBOCTH

N3mepenne Kaxymiencss MarHUTHOM BOCHPUMMYHMBOCTH BBINOJHEHO KamlmaMeTpoM

[TMMB-M (pucyHok 3.2.6). Jlnamason usmepennii: ot 1¥10” o 1 eummm CH.

Pucynox 3.2.6 — [TonieBoii n3mMepurenb MarHuTHON BocpuuMunBoCcTH Kadeapsr ['D1'X

[TouBennsle mpoObI ObLTN pacdacoBanbl Mo nakeram mMaccoit 100 rpamm kaxasiid. s
OTIpeJIeTICHNs] 3HAUYCHHWS MarHUTHOW BOCIHPHUUMYHMBOCTH Mpo0Oa IMOMEIIAeTcss B IUIACTUKOBBIH
CTaKaH U IJIOTHO NMPWKAMAETCsl K TOPIEBOM pabodell MOBEPXHOCTH KOpITyca MpuOopa, mocie
9Yero BBIMOJHIETCS 3amep. V3MepeHHe BBINONHSAIOT TPH pa3a M 3aT€M HAXOAAT CpeaHee
3HaYEHHUE.

B ocHoBy paboTbl mpubopa MOJOKEH YaCTOTHBIM CHOoco0 M3MEpEeHUs: MarHUTHON
BOCIIPUUMYHMBOCTH. B KauecTBe mepBHYHOrO MpeoOpazoBarens MCHONB3YeTCs IUIOCKas
MHIYKIMOHHAs KaTyIlIKa, paclOOKEHHass Ha TOPIEBOM paboueil MOBEpXHOCTH KOpIIyca

HpH6opa " SABJAIOMIAACA 4aCTOTO3aJaroluM 3JICMCHTOM I'CHEpAaTopa HHU3KOM 4acCTOTHI. HpI/I60p
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U3MepseT 4YacTOThl KojJeOaHMM TreHepaTopa U PACCUUTBHIBAET KAXKYILYIOCS MarHUTHYIO
BOCIIPUUMYHUBOCTH [55].

13) PacueTHbIii MeTO/

PacueTHblit MeTOA IpUMEHSETCS JUIsl BBIYMCIICHUS [TOKa3aTeNe, onpeaeaeHne KOTOpbIX
npousBoauTcs 1o Qopmyinam. TakuM MeToAOM ObUIM ONpENENEHbl: MUHEpanu3aluus u
KECTKOCTh CHETOTaJION BOJIBI, pa3Mep 1rypda, BeIUIrHa IbUIEBOM HArPy3KH.

PacueTHbIil MeTOJ MO3BOJIAET CTPYKTYpUPOBATh AHAIUTUYECKUM Marepual, a TaKxKe
OINpENIeNIUTh I10Ka3aTeNId, KOTOpPbIE€ MOXKHO BBIIBUTH TOJBKO C IOMOLIBI0 MaTeMaTHYECKHX
onepanui.

Munepanu3aus XapakTepusyeT oOIee coAep)KaHue B BOJE PACTBOPEHHBIX COJICH H
BEIIECTB, HAXOJSIIMXCS BO B3BEIMIEHHOM W KOJUIOMJHOM COCTOSIHWU. Jlsi ompeneneHus
MUHepaJIn3alui HeOOXOAMMO BBIYMCIUTH OOLIYI0 CyMMY KaTHOHOB M aHHOHOB B HOHHOMU (hopme
(mr/i) [56].

Pasmep mrypda ompenensercss kak NpoW3BENEHHE MJIUHBI M ITUPUHBI €T0 BEPXHETO
OCHOBAHHSI F BHIPAKACTCS B M° HIIH B CM°.

Bennuuna nbleBod Harpy3ku ONpezesnsieTcs OTHOLIEHMEM Macchl TBEPAOro Ocalka
CHera, MOJy4eHHOTO IMpH MPOCYyIIKe (UIbTpa KOHKPETHOW MpoOBI, K MPOU3BEIECHUIO pa3mepa
nrypda u KoJamuecTBa JHEW OT MOMEHTa CHET0CTaBa JI0 MOMEHTa 0TOOpa MpOoOkI CHera.

Pacuer nbuteBoii Harpy3ku Beraucisiercs mo gopmysie (3.2.1) [57]:

Pn- 0
Sxt, (3.2.1)
rae P,— Benu4nHa NbIJIEBOM HArpy3KH, MF/MZ*CyT WU KF/KMZ*CYT;
P,—Bec TBepaOro CHETOBOTO OCaaKa, MT (KT);
S — momaae cHeroBoro mypda, M> (KMZ);
t — KOIMYeCcTBO CYTOK OT Hayajla CHErocTaBa J1o AHs oTOopa npoo.

JIns onpeneneHus NbUIEBOW HArpy3KH UCIIOJIb30BaHa Cieyrommas rpagamus [57]:

0-250 Mr/M**CyT — HE3Kast CTETICHb 3arPsI3HEHIS;

251-450 MF/MZ*CYT — CpEeIIHSISl CTENEeHb 3arpA3HEHHUS;

451-850 MF/MZ*CyT — BBICOKAsl CTENIEHb 3arpsI3HEHNUS;

>850 MI/M**CyT — O4EHD BHICOKAS CTEIICHD 3arpsi3HCHHSL.

K moxkazarensim, onpezenseMbIM pacueTHBIM METOJIOM, OTHOCAT Takke KOd(p(UIHUEHT
KOHIIGHTPAllMM, KJIApK KOHIEHTpAalluM, CYMMAapHbIi IOKa3aTellb 3arpsa3HeHus MU JApyrue

IIOKa3aTCIIn.
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5 ConmajibHasi 0TBETCTBEHHOCTD MPH IKOJIOT0-T€OXHMUYECKOM U3yYeHH N
TeppuTOPUHI

CoumanbHas OTBETCTBEHHOCTD (social responsibility) — OTBETCTBEHHOCTh OpraHU3aIMU
(Tpymbl JIr0AEH) 3a BO3JACHCTBUE €€ pEeIIeHUH U JeSTeIbHOCTH Ha OOLIECTBO M OKPYKAIOIIYIO
cpeny [98].

[IpuMeHuTenbHO K  LEJM  HalMCaHUs  JAHHOW  TIJIaBbl  IOJ  COLMAJIbHOM
OTBETCTBEHHOCTHIO IMOHUMAETCS OTBETCTBEHHOCTH IEpe] OOIECTBOM 3a BBIIOJIHEHHE IKOJIOTO-
FeOXMMUYECKOTO H3y4eHHsI TeppuTOopuu. JlaHHAsh OTBETCTBEHHOCTh pPACIpPOCTpPAHIETCS C
MOMEHTA Hayaja BBIIIOJIHEHUS IOJIEeBBIX PadOT U 10 OKOHUAHUS KaMepallbHbIX paboT U MpU3BaHa
BBISIBUTH BCE€ (DAKTOPHI, KOTOpbIE MOI'YT OKa3aTh BO3JCHCTBUE Ha JIIOJIEH, BBIMOIHAIOMUX
JTAHHBIE UCCIICIOBAHMS U OLIEHUBAIOIINX UX CO CTOPOHBI.

BrImonHeHHe 3KOJIO0r0-TEOXMMHUYECKOTO HM3YYEHHUs TEPPUTOPUU OCHOBAaHO Ha Tpex
BUJAX BBIOJHSAEMbIX pPAa0OT: MOJEBOM, J1IaDOpaTOpHOM M KamepalibHOM. B mpomecce
OCYILECTBJICHHUS] YKa3aHHBIX pabOT COTPYIHUKU IOJBEPraioTcs BO3ACHCTBUIO OINACHBIX U
BpeaHbIX (akTopoB. Kpome TOro, Ha HHUX JISKHT OTBETCTBEHHOCTh 3a KadeCTBEHHOE
BBHIIIOJIHEHHE pPa0OT W TPEAOCTaBICHHE Nepea OOIIECTBOM JIOCTOBEPHOW HMH(OpPMAUU O
IPOBEIEHHOM U3YYECHHH.

Pabouee MecTto coTpyaHuMka IudQEpeHIMpPOBaHO: Ha OTKPBHITOM IUIOMAJAKE M B
nomenieHuu. PaboTsl mo oTO0py cHeroBsix npod BeinoaHeHs! 1 anpens 2015 roga B FOprunckom
parione KemepoBckoii obOiactu, TeMmrepaTypa Bo3ayxa BapbupoBasiack oT 0°C mo +5°C.
[Tomemenune nabopaTopuM COCTOMT M3 [JBYX KaOMHETOB, pasMepamu 2M*4M u 2mM*3Mm.

[ToMenieHne KOMIBIOTEPHOM ayJJUTOPUN OIPAaHUYEHO pazMepaMu 4M*6om.

5.1 IlpodeccuonasibHasi conuajbHasi 6€e30MaCHOCTD

B rtabmume 5.1.1 mpuBeneHsl OCHOBHBIE BO3MOXHBIE OINAcHble M BpEAHBIC
MIPOU3BOJICTBEHHbIE (AKTOpPbI, KOTOpPbIE MOTYT OKa3aTb BO3JEHCTBHE Ha COTPYJHUKOB,
BBITMOJIHSIOUINX SKOJIOTO-T€0OXUMUYECKOE N3YUEHHE TEPPUTOPHUH.

Bpenusiii npousBoacTBenHblid ¢axtop (BIID) — Takoil mpon3BoACTBEHHBIN (akTop,
BO3/IEHCTBUE KOTOPOTO Ha pabOTAIOLIETO B ONPEACICHHBIX YCIOBUAX YEIOBEKA BHI3BIBACT Y HETO
3a00IeBaHNE WU CHUKEHUE TPYIOCTOCOOHOCTH. 3a00JIeBaHusI, BOSHUKAIONINE TO]] JCHCTBUEM
BPEIHBIX IPOU3BOACTBEHHBIX (DAKTOPOB, HA3BIBAIOTCS MPOPECCUOHATBHBIMH | ].

Omnacuelii mpousBoAcTBeHHBINH (akTop (OIID) — Takoit MpPOM3BOACTBEHHBIN (akTop,
BO3/ICUCTBHE KOTOPOro Ha palbOoTalolIero B ONPEACICHHBIX YCIOBHIX YEIOBEKa MPHBOIHUT K

TpaBME WU K IPYrOMYy BHE3AITHOMY PE3KOMY YXY/ILICHUIO €To 37J0pOBbs [ 74].
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OTHeceHne TOro WM HMHOro (QakTopa K KaTeropuu BpPEJHOTO MM ONACHOIO

BBITIOJIHACTCSA YCJIOBHO B 3aBUCHMOCTH OT €0 MCTOYHHMKA U YPOBHHA BOBﬂCﬁCTBHH Ha AaHHOM

pabouem mecte [75].

Ta6muma 5.1.1 — OCHOBHBIE 3JIEMEHTHI TPOU3BOCTBEHHOTO MpoIiecca, (POPMHUPYIOIINUE OITaCHBIS

U BpeliHble (DaKTOPBI IPU BHIOJHEHUH paboT Ha paboueM MecTe

HanmMmeHnoBanue
BH/IOB padoTt

®axropsl (TOCT 12.0.003-74 [84])

BpPEAHLIC

OITIACHbIC

HopmaTuBHbIe
AOKYMEHTBI

[ToneBsie pabOTHI:

1) moBbIIIEHHAS

1) TpaBMOOIIaCHOCTb.

1) mapupyTHBIE WJIY TIOHV>KECHHAS

XO/IBI; TeMmmeparypa

2) otbop npob cHera; | Bo3ayxa paboueit

3) nocraBka mmpo0 B 30HBI.

71a00paTOPHUIO.

JlaGopaTopHbie 1 1) MOBBITIICHHBIH 1)371eKTpOOmacHOCTb;
KaMepaJibHbIE YpOBEHB IlIyMa Ha | 2) MOKapOOMacHOCTb.
paboTHI: paboueM MecTe;

1) npo6omnoaroToBka;
2) uzydeHue
MHUHEPAIEHOTO
cocTaBa TBEPJOTO
ocajika CHera Ha
TU(PPaKTOMETPE;

3) onpeneneHue
MHUHEpaJIbHOTO
COCTaBa OTJIEJBHBIX
KOMITOHEHTOB
TBEPJIOTO OCajKa
CHera Ha pacTpOBOM
AIIEKTPOHHOM
MHUKPOCKOIIE;

4) ompezienieHne
CoJIepKaHus PTYyTH
(HQ) Ha pryrHOM
aHaJM3aTope;

5) moAroToBKa
TBEPJOTO OCajKa
cHera k ICP-AES.
6) oOpaboTka
pe3ysIbTaToB
J1a00paTOPHBIX
pabor;

7) opopmiienue
BBIITYCKHOM pabOoThI
Ha KOMIIbIOTEpE
MapKu Samsung.

2) OTKJIOHEHUE
apaMeTpoB
MUKPOKIIMATA;
3) HeocTaTo4Has
OCBEIICHHOCTh
paboueii 30HBI,

4) paznpaxaromiue
(baxTopsl
(KUCIOTHI);

5) HepBHO-
TICUXUYECKHE
neperpysKu.

TOCT 12.1.007-76 [88]

T'OCT P 53091-2008
[97]

MP 2.2.7.2129-06 [99]
T'OCT 12.1.005-88 [87]

T'OCT P 12.1.009-2009
[95]

T'OCT P 12.1.019-2009
[96]

T'OCT 12.1.038-82 [91]
TOCT 12.1.030-81 [89]
T'OCT 12.4.125-83 [93]

CIT52.13330.2011 [112]
CaulluH
2.2.1/2.1.1.1278-03 [107]

CIT160.13330.2012 [112]
CaulluH 2.2.4.548-96
[109]

CanlTuH 2.2.2/2.4.1340-
03 [108]

T'OCT 12.1.003-83 [85]
CH 2.2.4/2.1.8.562-96
[110]

T'OCT 12.1.033-81 [90]
T'OCT 12.1.004-91 [86]

ITH] @ 12.13.1-03 [100]

TOCT 30494-2011 [94]
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5.1.1 Ananu3 BpeIHbIX NPOU3BOACTBEHHBIX (JaKTOPOB M 000CHOBAHHUE
MEepONPUATHI 110 UX YCTPAHEHHIO

IHoneBoi 3Tan

1) Ilosvimennan unu NOHUNCEHHAA MEMNEPAmMypa 6030yxa padoueil 30Hbl

[Ipy BBINOJHEHUMM TIOJEBBIX pPabOT OCHOBHOE BHUMAHHUE YIENIAETCS IOTOJHBIM
YCIOBUSM, CPEIM KOTOPBIX IVIABEHCTBYIOUIYIO pOJIb 3aHMMAeT TeMIleparypa Bo3ayxa. Bo
n30ekaHnue HeONArompUATHBIX IOTOJHBIX  YCIOBHM JUIi TOJEBBIX  paboT, cieayer
PYKOBOJCTBOBATbCSA IPOTHO30M IOTOABI IEPE] BHIE3JOM HAa MECTHOCTh C IEPCIEKTHUBOM Ha
3-5 nHeil Briepen.

Temnepatypa B Hauane ampens Ha Tepputopun IOprunckoro paiiona Kemepockoit
obnactu Bapeupyercs ot 0°C mo +4°C. CormacHo [99], BO3MOXHO JUHTEIRHOE Oe30macHoe
npeObIBaHNE Ha OTKPBITOM BO3yXE€.

Beie3n Ha or6op npob 3apaHee MIaHUPYETCs, COTPYAHUKH MOATrOTaBIMBAIOT CPEJICTBA
UH/IMBUYaJIbHOM 3alUTHI (IIanKa, KypTKa, OpIOKH, IepYaTKU, Carloru).

Ecnmu BnustHus omacHoro (akropa HE yaanoch m30exarb, TO HEOOXOIUMO TPHUHSITH
Mepbl MEpPBOM MOMOIIM MOCTpaJaBUIEMy M OTBecTH B OoibHUIy. K Mepam mepBoil momoinu
OTHOCSITCS: COTPEBAHNE MTOCTPAJABILIErO B aBTOMAILIMHE, OTIaUBAaHUE TOPIYMM YAEM.

JlabopaTopHbIil 1 KaMepaIbHBIH ITANbI

1) Iogvtuennslit yposenv wiyma na padovem mecme

[IIym oka3bpIBae€T HEraTUBHOE BIMSHUE HA BECh OPraHU3M uenioBeka [ 76]. Beimonnenue
7a00paTOPHBIX HCCIEAOBAaHUM CONPOBOXKAAETCS IIyMOM paboyux NpUOOPOB, BBITSKHOM
BeHTWIIIMKM. Ha kxaMepalJlbHOM JTame COTPYJHUK IIOJBEPraercsi LIyMOBOMY BO3ICHCTBHIO
KOMIIBIOTEPHOI'0 000pY/I0BaHUs, a TAK)KE BO3JCHCTBHUIO OT YAUYHOTIO IIyMa.

YpoBeHb  3Byka I8 BBICOKOKBAJM(UUMPOBAHHOM  paboThl,  Tpedyromieit
COCPEIOTOUEHHOCTH, U aHATUTUYECKON paboThl B TabopaTopun orpanuyex 60 nbA.

3ammra OT IIymMa OO0ecleuyrBaeTCsl MCIOJIb30BaHUEM IIyMOOE30MacHOM TEXHHKH,
NPUMEHEHUEM CpPEJICTB KOJUIEKTMBHOM 3al(UThl (TUIACTUKOBbIE OKHA) W WHAMBHUAYaJIbHOM
samuThl (Oepymu, HaymHUKH) [85].

2) Omknonenue napamempos MUKpOKIuUMama

IlokazarensimMu,  XapakTepU3YIOIIMMHM  MHUKPOKJIMMAar B IIPOU3BOJCTBEHHBIX
nomeneHusx, spistotes [109]:

* TEMIIEPATYpPa BO3yXa;

* TEMIIEpaTypa MOBEPXHOCTEN;

* OTHOCHUTENbHAS BIAXXHOCTh BO3YXa,;

¢ CKOPOCTh ABUKCHHA BO3yXa.
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OnTumanbHble  MapamMeTpbl  MUKpOKJIMMara Ha  pabouyux  MecTax  JOJIKHBI
COOTBETCTBOBAThH BEJIMYMHAM, ITPUBEACHHBIM B pazaene 5 CaulluH 2.2.4.548-96 [109].

CornacHo BbllIeyKa3aHHBIM HOPMaM B XOJIOJHBIM MEPHOJ rojia TeMIeparypa Bo3ayxa
Ha paboYMX MeCTax MPOU3BOJICTBECHHBIX MOMEIICHUN JOJKHA HAXOMUThCS B mpeaenax 22-14°C
U1 Hu3KkosHeprosaTtpatHbix pador (Ilpumoxkenwe 1 [109]), coorBercTtBenHo. [l Temioro
nepuoja roja TemrepaTypa, COoTBETCTBEHHO, JOJDKHA HaXOIUThCS B paMKkax 23-25°C.

OnTtumanbHas oTHOcUTeNbHAs BIAKHOCTh — 40-60%. CKOpOCTh IBUKCHHS BO3yXa HE
noJpkHa ripeBbimath 0,2-0,3 m/c.

XoNOAHBI mMepuox Troja — TMepuoja Troja, XapaKTepU3yeMblil CpeaHECYTOUHOM
TEMIEPATypoil HapykHOro Bo3ayxa, paBHoil +10°C u Hmke. Temnslii nepuoa roga — nepuoa
rojia, XapakTepu3yeMblil CpeIHECYTOUHOM TeMIIepaTypoi HapyKHOro Bo3ayxa Beie +10°C.

[Ipu BbIOOpE ONTUMANTBHOTO pEXUMa MUKPOKIMMATA CIEAYeT YUUTHIBATh HAIUYUE
KOMITBIOTEPHOM TEXHHUKH U M3MEPUTEIbHBIX Tprbopos [109].

3) Heoocmamounasn océeuyeHHOCMb padoueii 30Hbl

B 3aBucMMOCTM OT WHCTOYHHMKA CBETa OCBEUICHHE MOXET OBITh TPEX BHJIOB:
€CTECTBEHHOE, HCKYCCTBEHHOE U COBMEIIIEHHOE.

[TomemnieHuss ¢ TMOCTOSHHBIM TpeObIBAHHEM JIOAEH JOKHBI HMETh €CTeCTBEHHOE
ocsenieHue. Koapdumuent ecrectsenHoro ocgeuienust (KEO) mpu 60koBOM OCBEIIEHHM IS
aHAIUTHYEeCKUX Jaboparopuil cocrasnsger 1,5 %, nng ayautopuil M y4eOHbIX KaOWHETOB B
BBICIINX Y4eOHBIX 3aBefieHusX — 1,2%. J{ns yueOHbIX U yueOHO-TTPOU3BOCTBEHHBIX MTOMEIICHUN
IIKOJI, IIKOJN-MHTEPHATOB, YY€OHBIX 3aBeIEHWH HAYalbHOTO U CPEIHEro MpodeccroHaTbHOTO
oOpazoBanusi Hopmupyemble 3HaueHHss KEO mpu COBMEIIEHHOM OCBEHICHWH JIOJDKHBI
coCTaBJIATH HE MeHee 87% oT HopMupoBaHHbIX 3HaUeHH KEO mpu ecTecTBEHHOM OCBEIICHHUH.

OO11ee MCKYCCTBEHHOE OCBEIEHHE AHAIUTHYECKUX JIAOOpaTopuil IOKHO OBITH HE
meHee 500 JIk, aymuropmii u y4deOHbix kabuneroB — He MeHee 400 JIk. Kosddumment
nysibcanuu He 6omee 10% [107].

PexomeHayeTcsi TNpUMEHEHHWE CHCTEMBl KOMOWHHMPOBAHHOTO  OCBEHICHHS, T.K.
BBITIOJTHSETCSI HAIPsKEHHAs 3puTenbHas padota. [IpeummyrecTBo oTnaeTcs JammaM JTHEBHOTO
cBeTa, oOecmeyuBarOmKUM  OOIIYI0  OCBELIEHHOCTb, KOPPEKTHPOBKA  OCBEIIEHHOCTH
OCYIIECTBIISICTCS JIOKATHHBIM OCBEIICHUEM.

HenocrarouHoe ocBemeHne HEOMAronMpUsATHO CKa3bIBAaeTCs HA CaMOYYBCTBUHU
YeNIOBEKa: MPOSBISETCS TOBBIIICHHAS YTOMIISIEMOCTD, YXY/IIIA€TCS HACTPOSHUE, YTO B KOHEYHOM
UTOT€ MOHMXKAET pabOTOCIIOCOOHOCTb.

OueHka W HOPMHUPOBAaHHE OCBEHIEHHOCTH mpou3Boautcs coriacHo CanlluH

2.2.1/2.1.1.1278-03 [107] u CHulT 23-05-95 [11].
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4) Pazopasicarouwgue pakmoput (kuciomot)

[Ipu pabore B nmaboparopuu ¢ peakTHUBaMHU HAMOOJIEe BEPOSTHBI CICIYIOIINE BHIbI
NOBPEX/ICHMIA: OoTpaBieHus, paneHus u oxoru. Cormacao 'OCT 12.0.003-74 [84], kucaoTh
OTHOCSITCSI IO XapakTepy ACWCTBHUS HAa OPraHu3M YeJIOBeKa K pa3apa’kalolldM BpEIHBIM U
OTAaCHBIM (paKTOpaM.

[Ipu paboTe B XWUMHUYECKOW J1abopaTOpuu HEOOXOIUMO COOIMIOAATh TpPeOOBAHHUS
texHuku 6e3onacuoctu o 'OCT 12.1.007-76 [88].

PaGota ¢ xucioTamu MpoBOJUTCS TOJIBKO B BHITSDKHBIX HIKadax. PaGoraromuii 1omxeH
HAJETh XajaT U nepyaTku. Bo m3bexaHue 0)Oros, MOpaXeHUH OT OPBI3T U BHIOPOCOB HENb3S
HAKJIOHSATHCS HaJl OCYI0H, B KOTOpOii poucxoaut peakius [100].

Xapakrep rmepBoi TOMOIIY MPH XUMUYECKOM OTPABJICHUH 3aBUCHT OT HCTOYHHKA 3TOTO
OTpaBJICHUSI, OT €ro xapakTepucTuk. [Ipu oxore, BBI3BAHHOM JEHCTBHEM KHUCIOT, HEOOXOAUMO
MPOMBITH 0KOT OOJIBIIUM KOJIMYECTBOM BOJBI, 3aTeM 5% pacTBopoM OmkapOoHaTa HATpHs WU
2% pactBopoM conbl. [lonHbIl mnepedyeHb MEPONPUATUH NEpBOM MOMOIIM NPUBEIEH B
MeTtoanueckux pekomermarusax [THJ] @ 12.13.1-03 [100].

5) Hepeno-ncuxuueckue nepezpy3ku

[TpoBenenue nabOpaTOPHBIX M KaMepajbHBIX PabOT COMPOBOXKAAETCS perucTparuen
pe3yabTaTOB M3MEpPeHHH ©  O(OpMIICHHEM TMPOTOKOJIOB B JJIEKTPOHHOM BHUJE, T.C.
compoBokaaercsi pabortoii Ha kKommbioTepe. Jlomrass pabora 3a KOMIBIOTEPOM  BIIEYET
3pUTENBHYIO YTOMIISIEMOCTh, Pe3b B I11a3aX, CI€30TOUYMBOCTS TJIa3.

Jns  ycTpaHEeHUsT TaKOro BPEJHOIO  BO3JACHCTBHS  HEOOXOAMMO  COBMeEUIATh
aHAIM3UPOBAHUE NMPOO U perucTpanuio pe3yabTaroB. [lpu paboTe 3a KOMIBIOTEPOM HEOOXOAUMO
BpeMs OT BPEMEHH [ellaTh 3PUTEIbHYI0 THMHACTHKY. PaccTosHMe OT Tia3 a0 DdKpaHa
KOMITbIOTEpa JIOJDKHO ObITh He MeHee 60 cM. MOHUTOp AOJKEH OBbITh pacroyioKeH Ha ypOBHE

rna3. [Ipu opranmsanuu paboTsl cnenyer pykoBojacTBoBatbes CanlluH 2.2.2/2.4.1340-03 [108].

5.1.2 AHa1u3 onacHBIX NPOU3BOACTBEHHBIX (hpaKTOPOB M 000CHOBAHHUE
MEpPONpPHUATHH 10 UX YCTPAHEHUIO

IToneBoi 3Tan

1) Tpaemoonacnocmo

OCHOBHBIM M HanOOJIE€ YaCTO CIYYAFOIIUMCS WHITMICHTOM IIPH BBITOJHEHUH TIOJIEBBIX
paboT sBIISETCS TPAaBMUPOBAHKE YeIOBeKa. TpaBMa MOXKeT OBITh MOTy4eHa KaK Ha IYTH K MECTy
npoBeeHUs n3MepeHnii (0Tdéopa nmpo0), Tak ¥ COOCTBEHHO B MOMEHT BBIITOJTHEHHSI paboT.

K YHUCITY BOSMOXHBIX TPaBM OTHOCATCH: YH_II/I6BI, IMOPE3hbl, BBIBUXHU, ICPCITOMBI.
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CHU3HUTH BEPOSTHOCTH MOJYYEHHUS TPAaBM MOXKHO IyTeM MPOBEACHUS HHCTPYKTa)ka
nepea BBIE3IOM HAa MECTHOCTh, BKIIIOYAIOIIMM OOIIME TNpaBWiia JBUKEHUS Ha OTKPBITON
3aCHE)KEHHOW MECTHOCTM M OCHOBHYIO XapaKTEpUCTUKY H3ydaeMoW MeCTHOCTH. OCHOBHbIE
MOJIOKEHUS TIO TPEJOTBPAIICHUIO TPAaBMHUPOBAHUS MPU OTOOpe Mpod IH000ro KOMIOHEHTa
npupoaHoii cpennl npuseacHs B 'OCT P 53091-2008 [97].

JlabopaTopHbIil 1 KaMepaIbHBIH ITAlNbI

1) Snekmpoonacuocmeo

Boimonnenue 1a0opaTOpHBIX U KaMepajbHBIX pPabOT COMPOBOXKAAETCS PUCKOM
MOPaXKEHUSI SJICKTPUUECKUM TOKOM OT U3MEPUTENbHBIX TPUOOPOB, KOMIIBIOTEPHON TEXHUKHU.

CoriacHo mpaBHJaM yCTPOMCTBA 3IeKTpoycTaHOBOK [102], B OTHOIICHHH OMACHOCTH
HOpaXEHUSI JIFOJIEH 3JIEKTPUUECKUM TOKOM Pa3INMyaroTCsl TPU KaTErOpUH MOMEIICHU:

1) momemeHusi 0e3 MOBBIIMIEHHON OMACHOCTH (OTCYTCTBYIOT YCIJIOBHUS, CO3JAOIINE
MOBBILIICHHYIO WJIH OCOOYIO OMACHOCTD)

2) TMOMEUIEHUsT C TOBBIIMIEHHOW OMACHOCTBIO (XapaKTepHO HAJIMYHUE OJHOTO U3
CIIEYIOIIMX YCJIOBHM, CO3JAOIIMX HMOBBIIIEHHYIO OMACHOCTh: CHIPOCTh WJIM TOKOMPOBOJSAIIAS
NbUIb, TOKOIMPOBOJSIINE TIONBI, BBICOKAas TeMIlepaTypa, BO3MOXHOCTh OJIHOBPEMEHHOTO
MPUKOCHOBEHUSI YEJIOBEKa K METAJUIOKOHCTPYKLHUSAM 3JIaHUH M K METaJUIMYeCKUM KOopIiycam
3IIEKTPOOOOPYI0OBAHUS)

3) 0cob60 omacHble TOMENICHUS (XapaKTEPHO HAIMYUE OJHOTO U3 CIEAYIOIINX YCIOBHH,
CO3JIAI0OIIMX OCOOYIO OINMACHOCTb: 0C00as CBHIPOCTb, XMMUYECKHM aKTHBHAs WJIM OpraHUyYecKas
cpeza, OJHOBPEMEHHO J1Ba MU 0o0Jiee YCIOBHI MOBBIIIEHHON OMACHOCTH).

AHnanutnueckas J1abopaTopusi U KOMIIBIOTEpHAs ayAUTOPUSI OTHOCATCS K TOMELICHUSIM
C TIOBEIIEHHOW OMacHOCThIO, T.K. BO3MOXXHO OJIHOBPEMEHHOE NPHUKOCHOBEHHE YEeJIOBEKa K
METAJUIOKOHCTPYKIHUAM 3/1aHUH U K METAJUIMYECKUM KOPITycaM 3JeKTPOOOOPyA0BaHMUS.

JlelicTBUE DIIEKTPUYECKOTO TOKAa 3aBUCUT OT MHOTUX (DaKkTOpPOB: pojia ToKa
(mepeMeHHBI WJIM TOCTOSHHBIN), YacTOThl (NP TEPEMEHHOM TOKE), CHJIBI TOKa (WiIH
HaANPSDKEHUs ), ITUTENIbHOCTH MTPOTEKAHUS TOKA, IyTH MPOXOXKIECHUS Yepe3 Teno, GU3NIECcCKOro 1
MICUXUUYECKOTO COCTOSIHUS YEJIOBEKA.

B cyxux nomMmemeHusX Uid JKU3HM 4YElIOBEKAa OMNACHO HampsbkeHue cBbilie 42 B.
HaunlGonee onmacHbIM aJi1 4YeloBeKa SBISETCS MepeMeHHBbIM Tok dactoTor 50-500 I'm. B aToMm
Clly4ae CIOCOOHOCTh CAMOCTOSATEIbHO OCBOOOJMTHCS OT KOHTaKTa C 4YacTSIMH YCTaHOBKH,
HAXOJSAIIUMHUCS TIOJ HAIMpPsDKCHHEM, y OONBIIMHCTBA JIIOJIEH COXPAHSETCS JUIIb MPU OYEHBb
cimabom Toke (mo 10 MA). B Hactosmiee Bpemsi 3a BENMYMHY TOKAa, HPUBOMAALICTO K
cMepTelibHOMY ucxoAy, npuHumaroT 100 MA mnpu TpPOAOTIKUTENBHOCTH €ro MPOTEKaHUs B

opranusMe uesnoBeka ooiee 2 ¢. [77].
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[Tepen paboToii Ha aHATMTHYECKUX MPUOOpaxX ciedayeT 00s3aTelbHO O3HAKOMHUTHCS C
UHCTPYKLIMEH 10 Oe30macHOMYy €ro HCIOJIb30BaHHI0. B mporecce BBIMONHEHUS pPadoOT
3alpemeHo MPHUKAcaThCsl BIAKHBIMA PYKaMHU K JJIEKTPOYCTAaHOBKAM, M3MEHATH IMOPSAIOK
BKIIIOYCHUSI TNPHOOPOB B Ce€Th, paboTaTh Ha HEUCHpaBHBIX mpudopax. HopmuposaHue
AJIEKTPOOE30MAaCHOCTH BBIMIOIHSICTCS IIUPOKUM MEPEYHEM JOKYMEHTOB, cpeau kotopeix: [OCT
P 12.1.019-2009 [96], TOCT 12.1.038-82 [91].

2) Hootcapoonacnocme

B mepuosa BBINONHEHUs! JTa0OPATOPHBIX M KaMEPAIbHBIX Pa0OT MOXKET BO3HUKHYTH
noxap. [IpuunHamMu €ro BO3HHMKHOBEHHsSI MOTYT OBITh: HEHCIPABHOCTH INMPOBOJKH U cOOU B
pabote mpuOOPOB U KOMITBIOTEPHOM TEXHUKE, XaJTATHOCTh COTPYAHUKA MIPH BHIOJIHEHUH PaloT.

HpI/I BO3HHMKHOBCHHHU I10Kapa YCIOBCK IMOJABCPracTCsa HeﬁCTBHIO BBICOKHUX TEMIICpATYyp,
BJIBIXAHUIO €/IKHX M YIYIUIUBBIX I'a30B, BIUSHUIO 32/ILIMJICHHOCTH.

Bce momemieHust 1abopaTopuu JIOJMKHBI COOTBETCTBOBATH TPEOOBAHHSIM TOXKAPHOM
6ezonmacHoctn mo ['OCT 12.1.004-91 [86] um wumerh cpeacTBa MOXAPOTYIICHHUS 10
'OCT 12.4.009-83 [92].

B mnomemeHnr Ha BHIHOM MECTE€ JOJDKEH OBITh BBIBCIICH IUIAH 9SBaKyallMH
COTPYIHUKOB B cllyuae BO3HHMKHOBEHHs moxapa. [locme oxoHuaHusi paboThl HEOOXOIUMO
OTKIIOYHUTB JICKTPOSHCPIUIO U BOAY BO BCEX IMOMCIICHHUAX.

Ecrmu BO3HMKHOBEHHsI TOKapa HE yqalloch M30eXkaTh, CIEAYyeT MPOBECTH JBAKYallHIO
COTPYIHUKA COTJIAaCHO TUIaHy JBaKyallH, BBI3BaTh MOXKapHylo ciayxkO0y (tenedon 01). [Ipu
HEOOJBIIOM TMOXape CHeAyeT TMOMBITaThCS TMOTYIIUTh €ro CaMOCTOSITENbHO, HCIHOIb3Ys
NIEPBUYHBIE CPEJICTBA MTOKAPOTYIICHHUSI.

[Ipn onpeneneHuy BUAOB NMEPBUYHBIX CPEJICTB MOKAPOTYLIEHUS CIEAYET YYUTHIBATh
(bU3UKO-XMMHUYECKHE U TI0KAPOOTIaCHbIe CBOMCTBa TOprounX BemlecTB. Pabora B maboparopuu u
KOMIBIOTEPHONH ayJUTOPUHU BBIMIOJHIETCS Ha DJIEKTPONPHOOpax, MOAITOMY HEOOXOAUMBI
orHerymmmTenn kiacca «E». Takke pEeKOMEHIyeTCs TONOJHHUTENIbHBIA OrHETYIIUTENb IS
KOMITPIOTEPHOM ayAUTOpUU Kiacca «Ay», T.K. B Tpolecce padoTel obOpazyercs OO0JbIIOe

KOJIMYECTBO MaKyiatypsl [78].

5.2 be3onacHOCTH B Ype3BbIYAMHBIX CUTyallUsIX

Cornacno [116], upe3Beruaitnas cutyanus (UC) — 3170 0O6cTaHOBKA Ha OMpPEIEICHHON

TEPPUTOPHUH, CIIOKHBILASCS B pE3yJbTaTe aBapuu, OACHOTO MPUPOIHOTO SBJICHHUS, KaTacTPOQBI,

CTUXHHHOTO WJIW HHOTO 66,HCTBI/I$I, KOTOPBIC MOT'YT IIOBJICYb HWJIM IIOBJICKIH 3a coOoi
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YeJIOBEUECKHE JKEPTBBI, yIIepO 3I0POBBIO JIIOJCH WM OKpYKAIOMIeH cpele, 3HAYUTEIIbHBIC
MaTepHabHbIC MIOTEPU U HAPYIICHHE YCIOBUN )KU3HEACSITEILHOCTH JTIOICH.

Bo Bpemst mpoBeeHHS 3KOIOr0-T€OXUMHUECKUX paboT MOTYT BOSHHUKHYTH CIEYIOIIHNE
Ype3BhIYaHbIC CUTYAIINU:

1) moxap (B 1abopaTOpru UM KOMITBIOTEPHON ayIUTOPHH);

2) 3eMJIETPSICEHHUE;

3) B3pbIB B 1abOpaTOpHH;

4) c6oii B paboTe 000pya0BaHUS.

BepositHocTh Bo3HHMKHOBeHHss YC BO BpeMsi JIaDOpaTOPHBIX M KaMepalbHBIX padoT
Hu3kas. HanGomnee Bo3moxuoit UC sBisiercst cOoii B paboTe 000pyI0BaHMSL.

g npenynpexaenust 1anHo UC Heo0XoauMo MpruoOpeTaTh KOMIBIOTEPHYIO TEXHUKY
y HaJIOKHBIX MMPOU3BOMTENICH C rapaHTHel KadecTBa. KpoMe TOro ciieayeT MpOBOAUThH YUCTKY
000pYyIOBaHUS OT IBLIU, IPOBEPKY €r0 TEXHUYECKOTO COCTOSIHHS, TOIAKII0UaTh KOMIIBIOTEPHOE
000pyIOBaHUE K 3JEKTPOCETH uepe3 (GUIBTP CeTEeBOro HampspkeHus. Pabouee MecTo IOIKHO
OBITH 00OPYZOBAaHO IBYMsI KOMIIBIOTEpAaMH Ha CIIydail NOJOMKH WIM BPEMEHHBIM cOOEM B
pabote ogHOro M3 HUX. Bce paboune Marepuaibl XpaHSATCS B JIBOMHON KONMHM Ha OTICIEHOM
HOCHUTEJE.

[Tpu Bo3HUKHOBEHUH c00s1 B paboTe obopymoBanus cieayet [79]:

* IPEIOTBPATUTh BOSHUKHOBEHHE NTAaHHUKH;

* He 3arpy»kaTh KOMITBIOTEPHYIO TEXHUKY JOMOTHUTETbHBIMA KOMaHIaMU;

* [IpU CEPbE3HOM cO0e 0OPaTUTHCS K CHELUAINCTY.

5.3 3akoHoaaTe/IbHOE pPeryJiMpoBaHNe NPOEKTHBIX pelleHni

3aKOHOJIATENIbHOE PETYIMPOBAHUE COIMATLHONW OTBETCTBEHHOCTH B PaMKax 3KOJIOro-
TEOXMMHUYECKOTO H3YYCHHUs] TPEJICTABICHO (eIepalbHBIMUH 3aKOHAMH, TOCYJapCTBEHHBIMH
CTaHJApTaMH, PYKOBOJSIIMMHU JOKyMEHTaMH, CAHWTApPHBIMH NpPaBWIAMH W HOPMAaTHBAMH,
CTPOUTENBHBIMM HOPMaMM U MPAaBUJIAMHM, PA3TUYHBIMU OTPACIEBBIMU CTaHAapTaMH. TpynoBbIe
B3aUMOOTHOIICHUs perynupytorcs TpynoBeiM kogekcom P® [115], omnako TpymoBbie
OTHOIIEHHS HOCSI OTPAHWYCHHBIN XapakTep, T.K. PaOOTHI BHIITOHSAETCS Ha JOOPOBOIBHON OCHOBE
B paMKax HayYHOH HCCIIeI0BATEILCKON pabOTHI.

K mposenenuto pabor mo orbopy M aHanm3y mpoO BO3AyXa JOIMYCKAIOTCS JIHMIA HE
Mojoxke 18 jer, W3yduBIIME MpaBWiIa MO TEXHHKE OE30MacHOCTH, YTBEPXICHHBIC B JAaHHOU
OTpacIy, 1MOCJe MPOBEPKH YCBOCHHS MaTepraa M MPOBEICHHS JOIOIHUTEIBHOTO HHCTPYKTAXa,

YYHUTHIBAIOIICTO CHENU(HUKY MPOBOAUMBIX PaboOT.
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[Tomemenne mnabopaTopur AOHKHO MMETh OOJIBIIME OKHA, O00ECIEeUnBAIOIINE
JI0OCTaTOYHOE OCBEIlleHUE JHEM. [[j1sl BeuepHero OcBELIEHUs, IOMUMO IOTOJIOYHBIX JIAMII, HaJl
KaXJIbIM pa0OYMM MECTOM JOJDKEH HAaXOJUThCS MCTOUYHUK CBeTa. PeKOMEHIyeTcsi MPUMEHUTh
Jamiiel qHeBHOTO cBera [103].

[IpogomxuTensHOCTh pabodyero BPEMEHHM TMPU  BBINOJHEHHHM JIAOOPaTOPHBIX U
KaMepalbHbIX paboT coctaBnsier 40 4acoB B HENENO, HOpMAa MOXET ObITh yBEIMYeHa JTHOO
YMEHBIICHA 110 JKETaHUIO UCTIOIHUTEIS PadoT.

B Teuenue pabGouero AHsS COTPYIHHUKY AODKEH OBITH MPENOCTABIICH IEPEpPbIB IS
OTJIbIXa U MUTAHUSI IPOJIOJKUTEILHOCTBIO HEe OoJiee IBYX 4acoB U He MeHee 30 MUHYT, KOTOPBIii
B pabouee BpeMsl He BKJIFOUAETCSl.

Bpemss npenocraBieHus IepepblBa U €r0  KOHKPETHAas  IPOJIOJDKUTEIIBHOCTD
YCTaHABIMBAIOTCA TMpaBWJIaMHd BHYTPEHHEro TpynoBoro pacmnopsaka [115] Tomckoro
MOJIMTEXHUYECKOTO YHUBEPCUTETA.

[Ipy BO3HMKHOBEHMM 4YpPE3BBIYAMHBIX CUTyalHd rpaxiaaHe PO wnMeroT mnpaso
Y4acTBOBATh B MEPONPUATHSAX 0 npenynpexaeHuto u sukunanuu YC. ['paxxnane PO o6s3anb1
coOnroaaTh Mepbl 0€30MacHOCTH B TIOBCETHEBHOW MPOM3BOJCTBEHHOW NIE€ATENbHOCTH, HE
JIONyCKaTh HapyIIEHUH NPOU3BOJACTBEHHOW JUCLUUIUIMHBI WU TpeOOBaHUN HKOJOTMUYECKOU
6e3omacHocTi. HeoOxoaumo BiageTh OCHOBHBIMH CIIOCOOAMH 3alllUThl OT YpPe3BbIYaMHBIX

curyarmii [116].
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6 OUHAHCOBBII MeHeI:KMEHT, pecypcod(p(heKTHBHOCTH U pecypcociepeskeHue

[IpoBeneHue 3KOIOrO-reOXMMHUYECKOT0 M3yYEHHUS] TEPPUTOPUU TpedyeT (DUHAHCOBBIX
3arpat. [ns peanusanuu 3arulaHPOBAHHBIX HUCCIIEIO0BAaHUM CIIEIYET TOYHO OIPENEIUTh CyMMY
HEOOXOUMBIX 3aTpPaT, T.K. OT ITOr'0 3aBUCHUT HE TOJIbKO Ka4eCTBO BBHIMOJIHEHHS padoT, HO U cama

BO3MOJXHOCTb pCain3alilin HCCIICIOBaHUIM.

B JaHHOM pas3acii€ pacCMOTPEHO (bl/IHaHCOBOG 000CHOBAHHE ATMOT'€OXHMHYECKOTO

W3YYEHHUs TEPPUTOPUU B 30HE BO3/IEHCTBUS KoMupeccopHoil cranuuu FOprunckoro JIITYMI'.

Pacuer (bHHaHCOBBIX 3aTrpaT OCHOBAH, B IICPBYIO O4YEPECb, Ha ONPCACIICHHHU HOPMEI

BPCEMCHU IJI BBIITOJHCHUA KAXKIO0T'O BUA pa60T.

B Ttabnume 6.1.1 mpuBeneHbl BuABI U OO0BEMBI NPOEKTUPYEMBIX pabOT, a TaKxke

HE00X0AMMO€E 000PYIOBAHHE JIJISl UX BBIMOJHEHUSI.

Tabmuua 6.1.1 — Bunsl 1 00beMbI TPOEKTHPYEMBIX PadOT

O6bem
adoT Yci0Bus IPOM3BOACTBA
Ne Buasl pador 1 Bua odopynoBanus
P En. | Koa- paoot [80] Py
H3M BO
DKOJIOTO-T€OXUMHUIECKHUE
paboTHI 1O MBUIEBBIM
[TysakTHEI OTOOpa P06
1 | BBIIAJEHHAM U3 aTMOCHEPH | [pr 8
: PacIoI0KeHbI TOYEYHO,
ITyTeM U3Y4EHHsI CHEXHOTO Pynerka, moauaTHIEHOBEIE
KaTeropus mpoxoauMocty — 1. .
MTOKPOBA Ha OTAEIBHBIX MaKeTBl, MIIACTMACCOBBII
IUTOIAAKaX KOBIII, 6JIOKHOT, KapaHaIll,
IIpoBenenue MapuipyToB 3aBSI3KU.
Heo0XxoIuMo AJ1s 0TO6opa
2 | TIposenenne MapuIpyTOB KM. 4 p
CHETOBBIX POO,
KaTeropusi NpoxoauMocTu — 1.
Ta3pl, TUHIIET,
MOJIMATHIIEHOBAS TPYOKa,
Pabotsl npoBossiTCS B €3MHOBas TpyIa, OyMaXKHbIE
[Toneast kamepanbHast POBOA P pyia, oy
3 IIT. 8 MIOMEIIEHNH; KaTerOpHs (GUIBTPBI «CHHSS JIEHTAY,
00paboTka MaTepraIoB
cioxkHocTH — 1. IUIACTMAacCOBbBIC BOPOHKH,
CTEKJISIHHBIC OaHKH,
TUIACTMACcCOBbIE OYTBHIIKH.
Pabotsl npoBossiTCS B CryTHUKOBBIE N300pakeHHs
Hemmdpuposanue 2
4 M 3 MIOMEIIEHUH; KaTerOpus npoekra Google ITanera
KOCMOCHHMKOB
ciokHoctd — 1. 3emJsi, KOMITBIOTED
PaboTs! mpoBoAsITCS B
Kawmepansnas o6paboTka POBOL
5 IIT. 8 MTOMEIIIEHUH; KaTeropus Kommerorep
MaTepHaIoB
ciokHoctd — 1.
JlabopaTopHO-aHAINTHYECKUE HCCIICTOBAHUS
PaboThI mpoBoOIATCS B IlimacTMaccoBbie OaHOYKH,
6 Amnanu3 npo0 ¥ KOHTPOIb e 8 AHATUTHYECKUX IUTaCTMACCOBBIE Oy THIIIKH,
aHATTUTHYECKUX paboT ' nmabopaTopusx, KaTeTOpHUs CHUTO, pE3UHOBBIC IEPIATKH,
cioxkHocTu — 1. AHAJIMTHUYECKHE PHOOPBI.

Pacuer 3aTrpar BPEMCHHW Ha IIPOBCIACHUC HCCIICOBAHNI BEITIOHSACTCS COTJIACHO C

«MHCTpYKIHMEH 10 COCTABICHHIO MPOEKTOB M CMET Ha Treojioropa3Benounbie padors» u CCH-93

(Beimyck 2 «I'coskomorudeckue padbotei») [80].

Pacuer 3atpar BpemeHu BoimomHsiercs o ¢popmyie (6.1.1):
(6.2.1)

t=Q*Hg*K

39




rae Q — o6wvem pabdor;

Hg — nopma Bpemenu;

K — cooTtBercTByrOmuit K03 (HUIMEHT K HOPME BPEMEHHU.

Ha ocHose JaHHbIX, IIPCACTABJIICHHBLIX B Ta6J'II/H_[e 611, OIIpE€ACIICHBI 3aTpaTbl BPEMCHU

Ha BBIMOJHCHHE KaXJIOro BUAAa paboT B cMeHax (tabmmma 6.1.2). ATOMHO-3MHCCHOHHBIN

CIIEKTPAJIbHBIN aHAIM3 C MHAYKTHBHO-CBs3aHHOW iazmoit (ICP-AES) u oOmmii xumudeckuit

aHamu3 Mpo0 CHEroTajol BOJABI BBIMOJHSAIOTCS MO JOTOBOPEHHOCTH ¢ LleHTpom ympaBieHus

Hay4HO-uccienoBarenbckum obopynoBanuem «HU TITY» u ¢ YHIIL «Boga» xadenpsr [T

«HU TIIY». g CTyACHTOB M COTPYAHUKOB TOMCKOIO IIOJIMTEXHUYECKOI'O YHUBEPCUTETA

MMPpOBCACHUEC AHAJIMTUYCCKUX HCCIIe0BaHU M OecIuiaTHoeE.

BBIIIOJTHEHHUE JaHHBIX pa60T HEC BBIIIOJIHAJICA.

Tabmuna 6.1.2 — Pacder 3arpar BpeMeHH 110 BUaM padboT

Pacuer 3aTpar BpEMCHHU Ha

O0BeM padoT
Hopma . Hroro
(Q) Koag- HopmaruBHbIii
Ne Buasl pador JJIUTEJIbH 3aTpart
En. T (K) nokymeHT [81-83]
M Koa-Bo | octu (Hg) BpeMeHu™*
JKOJIOTO-TEOXUMUICCKUE
PpaboTEHI IO MBUICBHIM
1 BEIMTAJICHHUSIM 13 aTMOC(hepsl e 8 0,1409 1 Hg: CCH, BpIm. 2, 1,127
MyTEM U3YYEHUSI CHEXXHOTO ’ CMeHa nyHKT 107 CMEHBI
MOKPOBa Ha OTJEIbHBIX
TUIONIAIKaX
2 | IIpoBeneHune MapIpyTOB KM 4 0,665 1 Hg: CCH, pom. 2, 2,66
posea PHIpY ’ CMeHa tabu. 48, ctp. 13, cT. 5 CMEHBI
3 IMoneBast kamMepaabHast . 8 0,0041 1 Hg: CCH, BbIm. 2, 0,033
00paboTKa MaTepHaIOB tabin. 54, ctp. 1, ct. 3 CMEHBI
Hg: CCH, BpIm. 2,
Hemudpupoanue 2 tabm. 17, ctp. 1, c1. 3 1,515
4 KOCMOCHHUMKOB M 3 1,01 cuena 0.5 K: CCH, BbIm 2, CMEHBI
MyHKT 35
Kamepanpnast 00paboTka 0,0533 Hg: CCH, BpIm. 2, 2,079
5 IIIT. 39 1
MaTepHuajoB cMeHa tabm. 61, ctp. 3, cT. 5 CMEHBI
7,414
Hroro moneBrIX U KaMepalbHBIX padoT
CMEHBI
. Hg: CCH, Bbm. 7
6 [IpuroToBneHue BOJHOM - 1 0,37 1,6%* | Tabmmma 1.3, nopua 0,074
BBITSDKKU qac 296 CMEHBI
IMoaroToBka NOPOMIKOBOrO Hg: CCH, Bbm. 7
0,18 0,036
7 | mpemapata, pacTupka 6e3 IIT. 1 1,6 Tabmuma 9.2, Hopma
qac CMEHBI
CrupTa 1518
Hsyuenne Thepiioro ocanka 0,18 Hg: o ananoruu ¢ 0,036
8 | cHera MeToIOM IIT. 1 1,6
. qac TIPEABIIY M CMEHBI
AJIEKTPOHHOI MUKPOCKOIINU
PryTh, OecTmaMeHHBIN Hg: CCH, Bpm. 7
. 0,26 0,052
9 | aroMHO-aGCOPOLMOHHBIH IIT. 1 1,6 tabmuma 1.3, Hopma
qac CMEHBI
METOJI 256
. 0,198
Hroro mabopaTopHO-aHATUTUICCKUX HCCIICIOBAHMIMA
CMEHBI
HUTOIo 7.612

*[Ipumeuanue: mpH mepeBoje «Opurano-daca» B «UEIOBEKO-CMEHY» YUUTBHIBAe€TCS, YTO OJHA

«4CITOBEKO-CMCHAY» COCTOUT U3 8 pa60q1/1x JacCoB.
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**Ipumeuanne: Kosdpdumument (K) mns nmabopatopubix pabor Oepercst paBHbIM K=1,6
(cormacao CCH, BbIm. 7, myHKT 1271).

B tabmuue 6.1.3 npuBeneH pacuer 3aTpar Tpyda Ha KaXIbli BUA pabOT MO TUIIOBOMY
COCTaBY HCIIOJHHTENEH paboT (cocTaB MOJIEBOM OpHUraabl U UCIOJIHUTENCH KaMepalIbHBIX PadoT
OTIpe/ieNieH COTJaCHO COOPHUKY CMETHBIX HOpPM Ha TeosioropasBemodnbie padoter (CCH),
BBITYCK 2 «I'€010r0-3K0I0rHuecKie paboThI»).

Ta6muma 6.1.3 — Pacuer 3atpar Tpy/a, 4ei. cMeH

No Bujei paor t I'eo3koJ10r, Pabounii,
YeJl. CMeHa YyeJl. CMeHa
DKOJIOTO-TCOXUMHUYECKUE PAOOTHI IO
1 | MBUICBBIM BBITIA/ICHHAM H3 aTtMoc(hepbl myTeM 1127 0,564 0,563
W3YUYCHHSI CHE)KHOTO MTOKPOBA HA OTACIBHBIX
TUTOIIAIKaX
2 | IlpoBeneHne MapupyToB 2,66 1,33 1,33
3 ITonerast kamepanbHast 00paboTKa 0,033 0,033 i
MaTepHUaJIOB
4 | JlemmuprpoBaHrue KOCMOCHHMKOB 1,515 1,515 -
5 | KamepanpHas 00paboTKa MaTepHaaoB 2,079 2,079 -
6 | IlpuroroBneHue BOJHOM BBITSKKH 0,074 0,074 -
7 IToaroToBka MOPOIIKOBOTO Mpenapara, 0,036 0,018 0,018
pactupka 6e3 crnupra
8 Uzyuenune TBEPJIOrO OCA/IKA CHEra METOJ0M 0,036 0,018 0,018
INIEKTPOHHON MUKPOCKOIIUH
9 PryTh, 6eCHJ'IaME3HHLII/I aTOMHO- 0,052 0,052 i
a0COpPOIMOHHEIN METO
UTOIo 5,683 1,929

Hopmbl pacxona marepuana Juid NpOBeACHUs PabOT B paMKax I'€03KOJIOTHYECKOro

MoHuTOpHHra (Tabdmauua 6.1.4) onpenenens cornmacHo CCH, Beimyck 2 «I'eosioro-skonornyeckue

pabotei» [80].
Ta6J'II/II_[a 6.1.4 — HOpMBI pacxoga MaT€pruaIoB Ha IMMPOBCACHHUEC ATMOI'COXHUMHUYCCKOTO U3YUYCHUA
TEPPUTOPHUN
HaunmeHoBaHHe M XapaKTepUCTHKA o —— HeHa, Hopma Cymma, py6.
u31eaus pyo. pacxona
BrokHOT 114 3amcen IIT. 20 1 20
Kapangam npocToit IIT. 5 2 10
Pynetka IIT. 70 1 70
ITnacTMaccoBbIi KOBII IIT. 50 1 50
IMoauaTuneHoBsle naketsl (2011) nauka (20 mir.) 40 5 200
Tasbl IIT. 100 8 800
CrekisiHHBIe OaHku (311) IIT. 60 4 240
CrexuisiHHbIe OaHKH (211) IIT. 50 4 200
ITunner IIT. 20 1 20
[TonmsTHNeHOBAS TPYOKa LIT. 15 1 15
PesuHoBast rpyia IIT. 35 1 35
BymaxHble QUIBTPBI «CUHSISI JICHTAY nauka (50 mr.) 150 1 150
ITmactMaccoBbIe BOPOHKH IIT. 10 4 40
ITnacTmaccoBbie OYTHUIKH IIT. 12 10 120
[TnactMaccoBble GaHOUYKH IIT. 12 8 96
Pe3nHOBBIC ITEpYATKH IIIT. 7 2 14
HUTOTO 2080
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Bbpuraga Oyzmer noctaBisThCS O MecT OTOOpa MpoO M MPOBEACHUS HM3MEPEHHMN Ha
aBTroMmobOmiie YA3-452. B tabnune 6.1.5 npuBenen pacuet 3arpat Ha ['CM, HeoOXoaumbIe st
aBTOMOOMJISL.

Tabmuna 6.1.5 — Pacuer 3arpar na 'CM

Pacxonx Oomas Hena 1 a Oomas
HaumeHoBaHHe cpeacTBa
Ne HepeBIKeHHs TOMJIUBA, J NPOTSKEHHOCTh TOIUIUBA CTOMMOCTb,
P (11a 100 Kkm) BLIE310B (AHM-92), py6. pY6.
1 AptoMobOus YA3-452 13,5 170 35 803,25
HUTOI'O 803,25

3arpatsl, npeacTaBieHHbIe B Tabmunax 6.1.4 u 6.1.5, B JeCTBUTETFHOCTH COKPAIICHBI
3a cuéT HaNMM4Yusi HEoOXOIMMOro OOOpYAOBaHUS M HMHCTPYMEHTOB B JiabopaTopusix Kadempbl
T€03KOJIOTMH U TE€OXHMHUH, HO JUISl YIPOILIEHUS PacyeToB, B3SITO, YTO HEOOXOIUMBIE MaTepUallbl
3aKyIUICHBI TIEPBOHAYATIBHO.

CMeTHO-(MHAHCOBBII pacyeT Ha MoJIeBble paboTHI MpeacTaBieH B Tadbmure 6.1.6.

Tabnuua 6.1.6 — CMeTHO-(DMHAHCOBBIN pacyeT Ha BBHITIOJIHEHUE MOJIEBBIX padoT

3arparsl JlHeBHasi cTaBKa CyMMa 0CHOBHBIX
CTaTbu OCHOBHBIX PAacX0/10B En. u3m.
TPYyAa, CMEHbI (AC), pyo. pacxoaoB

OcHoBHas 3apaboTHas TIaTa
Teoskosor Yyen-cM 5,683 299,8045 1703,79
PabGounii Yyen-cM 1,929 259,4459 500,47
UTOT O (3I) 7,612 2204,26
JI3TI (7,9%) 174,14
@311 2378,40
®O3I1 ¢ p.k. (p.k. 1,3) 3091,92
CB (30%) 927,58
®OT 4019,50
Marepuaisl (5%) 118,92
Awmoptuszanus (2%) CMEHa 7,612 47,57
HUTOI'O 0CHOBHBIX PAaCX0JI0B 4185,99

Pacuer ocymiectBnsiercst B cooTBeTcTBUH ¢ hopmynamu (6.1.2-6.1.8):

JAC = Oxn/Ypna (6.1.2)

rne JIC — nHeBHas craBka (py0.), Oxkn — oknaa mo Tapudy npodeccuoHanbHOM
KBaJIM(UKAIIMOHHOW TpyNIbl PYKOBOJAWUTENEH, cHequalucToB M ciayxamux 3a 2013 rox (ue
Bomeamux B 1ITKT, nepsslit ypoBens) (py0.), Upa — uucino pabouux aHel B Mecsl (yCpeaIHEeHO
Upn =22 nus).

3II=>AC*3T (6.1.3)

rae 3I1 — 3apaboranHas miara Bcex paOouux 3a BblOJHEHHE pabdor (py6.), AC —

JHEeBHas cTaBka (py0.), 3T — 3aTpaThl TpyAa (1eHs) (Tabnuna 7.2.3).

J3II = 311*7,9% (6.1.4)
rae 311 — nonmonautensHas 3apaboTHas miata, %.
@311 = 3I1+43I1 (6.1.5)

rae O3I1 — ¢onn 3apaboTHOM MIIATHI, PYO.

D3I ¢ p.k. — pona 3apabOTaHHOI TUIATHI C YIETOM PaHOHHOTO KO3 duirenTa (s
Tomckoit obmactu K = 1,3)

CB = ®3II ¢ p.k.*30% (6.1.6)
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rae CB — cTpaxoBbie B3HOCHL, pYO.
®OT = ®3I1+CB

rae @OT — poun omnaTel Tpyaa, pyo.
CIIP = ®OT+M+A

rae CIIP — cTouMOoCTh OCHOBHBIX Pacxo/ioB, pyo.

(6.1.7)

(6.1.8)

CJ'IC,I[OB&TGHBHO, 3aTpaTbl Ha (baKTI/ILICCKOC BBIIIOJITHCHUC ITOJICBBIX pa60T COCTAaBJISIKOT
4185,99 pyo.

OO0mmit pacyeT CMETHOM CTOMMOCTH BceX padoT mpuBeIeH B Tabuie 6.1.7

Tabnuma 6.1.7 — CMeTHast CTOMMOCTH PadOT IO TIPOBEICHUIO T€0IKOIIOTUIECKOT0 MOHUTOPHHTA

O6bém pabor [Honnas cmeTHast
Ne HaumenoBanue pa6or u 3aTpar
Ex. uzm ‘ Koua-Bo, % CTOMMOCTb, py0.
1 OCHOBHBIE PACX0IbI HA I€0IKOJOTMIeCKHE PAGOTHI

[TpoekTHO-cMeTHBIE pabOTHI % ot ITP ‘ 100 4185,99
[onessie padoTs! (I1P) 4 185,99
3arpaThl Ha pacXo/IHble MaTEepHaIIbI 2080
Opraan3anus MoJieBbIX padboT % ot IIP 15 62,79
JIukBUAALUS TONEBBIX paObOT % ot I1P 0,8 33,49
KamepainbHblie paboTh % ot ITP 100 4 185,99
TpaHCHOPTHPOBKA TPY30B M NEPCOHANA % ot I1P 20 837,20
Hroro ocHoBHBIX pacxonos (OP) 15 571,45
2 Hakaaaubie pacxoabl % ot OP ‘ 15 2 335,72
Hroro: ocHoBHBIE H HaKJaaHbIe pacxoabl (OP+HP) 17 907,17
3 I11aHOBBIE HAKOIJICHUSA 001/30 +OI}P 20 3581,43
4 Pe3eps % ot OP 3 467,14
Hroro cmernast croumocthb (CT) 21 955,74
HJC % ot CT 18 3 952,03
HUTOI'O ¢ yuérom HIC 25 907,77

061112151 CTOUMOCTDb MPOBCACHUA aTMOI'COXUMHYCCKOI'0 HU3YUCHUSA TCPPUTOPUU B 30HC

BO3AeHCcTBUS KommpeccopHoil cranuun FOprunckoro JIIIYMIT u o06paboTku MOydyeHHBIX

PE3YIbTATOB C MPEAOCTABJICHHUEM HTOIOBOI'0 BapHWaHTa OTUYCTAa COCTABJIACT, IO PE3yJIibTaTaM

BBITIOJTHCHHBIX pacy€TOB,

CMETHasi CTOUMOCTh OblLjia YIipoI1icHa.

25 907,77 py6. ®dakTruecku, cyMMa 3aTpar Ha MOPSI0K MEHBIIE, T.K.
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3akarouenue

B pabore mnpuBeneHbl HUCCIECIOBAHMS, BBIIIOJHEHHBIE HA MPOTSDKEHUU JBYX JIET
oOydeHus B Marucrparype mno nmpoduiato «IKOJOTHYecKHe MPOoOJieMbl OKPYKAroIIed cpeibD»
CIEUATIBHOCTH «DKOJIOTUS U TPUPOAOIIOIB30BAHUEY.

beuto BeIOpaHo 1Ba 00BEKTa MCCIEAOBAHHS: KOMIpeccopHas craHius HOpruHckoro
JIIYMI' u OOO «IOpruHckuii MmamzaBoi», T.K. i Tepputopun HOprunckoro paiioHa
xapaktepHo  auddepeHIMpoBaHHOEe  3arps3HeHne  okpyxkaromei cpenst  (OC). B
aIMUHUCTPATUBHOM LIEHTPE pailoHa OCHOBHOW BKJaj B 3arpssHeHue OC BHOCAT NpeanpusiTus
MeTayuryprudeckoro mukia. Ha Teppuropun octanbHoi yactu FOprunckoro paitoHa — 0ObEKTHI,
CBSI3aHHbIE C TPAHCIIOPTOM IPUPOJIHOTO rasza.

OCHOBHBIMU UCTOYHHUKAMU FKCILTyaTallMOHHOTO BiMsiHUSA Ha OC B cucteMe TpaHcnopTa
MPUPOJHOTO rasza SBISIOTCS KOMIPECCOPHBIE CTAHIUMH, [IOATOMY IPU 3KOJIOIO-F€OXUMHYECKOU
OLICHKE COCTOSIHUSI TEPpUTOpPUHU, B TMpeAesax KOTOpPOH IPOUCXOIUT TPAHCIOPTUPOBKA
IIPUPOJIHOTO ra3a, Oblja BelOpaHa KommnpeccopHas cranuus. [Ipeamerom nzydenus Obu1 BeIOpaH
CHEroBOM MOKpPOB, IMO3BOJIAIOIIMI OTcneauTh auHamuuyHoe 3arpsizHeHne OC. HMccnenoBanue
CHETOBBIX NMPOO BHIIBWIO NPUCYTCTBUE TPAHCTPAHUYHOIO MEPEHOCA 3arpsa3HsIOIUX BelecTs. B
LIEJIOM, 3KOJIOTO-TEOXUMHUYECKOE COCTOSTHUE TEPPUTOPUU B 30HE MOTEHLUATBHOIO BO3JIEHCTBUS
00BeKTa ra30TPAaHCHOPTHONW CHUCTEMBI OLIEHMBAETCS KakK YAOBIETBOpUTenbHOe. OTMmedaercs
KHCNIasg peakuus cHerotanod BoAwl (PH coctaBiseTr 5 enuHuIl), 00YyCIOBJIEHHAs, BEPOATHO,
MOCTYIUIEHHEM OKCHJOB a30Ta U cepbl B aTMoc(epy B pe3ysibTaTe CXKUIaHMsI IPUPOTHOTO Taza.

Ha rteppuropun ropoaa FOpra Haxondrcs HECKOJBKO OOBEKTOB METAJUTYypPrU4ecKOro
KOMIUIEKCa, CPeOu KOTOpPhIX 0CO000 cJenyeT BbLACIUTh MAalIMHOCTPOUTENBHBIN 3aBOJ Kak
JOJTOBPEMEHHBI UCTOYHMK 3arpsA3HeHMs. COOTBETCTBEHHO, ISl TPOBEAECHHSA DSKOJIOIO-
TreOXMMUYECKON OLEHKH COCTOSIHUS TEPPUTOPHH Topoja, HEOOXOAUM KOMIIOHEHT MPUPOJHOM
Cpenpl, HEeCYIIH OJTOBPEMEHHYI0 HH(GOPMAIMI0 O TEXHOTCHHOM BO3NEWCTBUU. M3yueHue
MOYBEHHOTO TMOKPOBA BHIMOJHIOCH coBMecTHO ¢ TopocsH E.C. (corpymaukom HOpruHckoro
TEXHOJIOTHYECKOr0o HHCTUTYTa). OTOOP Mpob u npobdonoaroroska ocymiectsieHsl E.C. Topocsn.

N3yuenne npoO MOYBBI BBIIBMIIO HECKOJBKO YYAaCTKOB IOBBIIIEHHOTO COJEpIKaHUs
PTYTH OTHOCHUTENIBHO CpPEAHEr0 3HAYCHMs 10 TOpOAy. YCTaHOBJIEHA KOpPPENsSLHOHHAs CBS3b
MeX/1y MarHUTHON BOCHIPUUMYHUBOCTBIO U COJEpKaHUEM PTYTH. B 1enom, comepxaHusi pTyTH U
3HAUEHUS MArHUTHOM BOCIPHUMMYMBOCTH NouB TI. FOpra coriacoBbIBalOTCS ¢ JaHHBIMHM IIO
M3YYCHUIO TOYBEHHOTO IMOKpoBa Apyrux ropomoB Cubupu um EBpomeiickoit Poccun, omnako
BBISIBJICHBI YYaCTKM C OTHOCHUTEJIBHO ITOBBIIICHHBIMH 3HAYEHUSIMHU COJEP)KAaHUN PTYTU H

MarHuTHOM BOCITPUUMYHUBOCTH.
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2.3 O030p aHIIOA3BIYHOI JTUTEPATYPHI
2.3.1 The environmental aspects of gas complex

More electricity is generated from coal than from oil and gas combined. The impacts of
coal are so severe that any trend away from coal and towards gas will be massively beneficial to
society and the environment. Emil Salim’s independent Extractive Industries Review
recommended accelerating the inevitable transition towards renewable energy, while using
natural gas as a bridge to that very difficult transition. Coal burning is the worst culprit in
emitting greenhouse gases. Burning coal emits 24 kg of carbon per Goule, whereas oil emits
19 kg, and natural gas only 14 kg [117].

However, while natural gas is significantly cleaner than other fossil fuel (combustion
GHG emission from natural gas per unit energy produced is 25% and 40% less than oil and coal,
respectively), non-combustion GHG emission (fugitive emissions) occurs during the process of
extraction, production, processing, transmission, storage and distribution.

Natural gas compressor stations. Natural gas is commonly transported to market
through a pipeline network. When the gas flows through the pipelines, it loses pressure owing to
friction, and the gas is periodically recompressed in compressor stations, located at distances of
100-150 km apart. These compressor stations typically contain between one and 15
COMPressors.

The common types of compressors used are large slowspeed reciprocating compressors
driven by natural gas internal combustion (IC) engines, or centrifugal compressors powered by
natural gas-fuelled turbines. There are three main sources of methane emissions in compressor
stations. The first is emissions of methane resulting from incomplete combustion in the engine.
The second results from instrument venting, whilst the third source is leaks in valves, flanges and
other equipment inside the building.

As noted, either turbines or natural gas IC engines are used to drive the compressors.
While the emissions from gas turbines are fairly low, the IC engine emissions are significantly
higher. These engines are operated in either lean burn (excess oxygen) or with a stoichiometric
air/fuel ratio. The lean burn system produces less NOx (by up to a factor of 10) and has better
fuel economy than stoichiometric engines. Unfortunately, owing to a lower combustion
temperature, the amount of methane in the exhaust gas of a lean burn engine is up to four times
higher than for the stoichiometric version. From an economic perspective, the lean burn system
is superior, and most units run in this mode. From an environmental perspective, the lean burn
engine offers the advantage of low NOy; however, normal lean burn operation may not vyield
sufficiently low NOy values to meet some regulations, and thus some operators use
stoichiometric operation in certain locations (e.g., California). Although the base NOy emissions
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are high from a stoichiometric engine, the end of tailpipe emissions can be reduced to acceptable
limits, and below that of lean burn operation, through the use of a three-way catalytic converter
(TWC), like those used on automobiles for the past two decades.

If the NOy is within acceptable limits with lean burn operation, catalytic converters are
not usually used, and the emissions of methane are relatively high. A typical engine running of
115-liters displacement natural gas lean burn at 1200 rpm produces about 61 tonnes per year of
methane (1400 tonnes of CO, equivalent), which increases as the engines age.

The second emission source is instrument vents, which result from the use of natural gas
as the supply medium for the pneumatic instruments used to control, for example, temperature
and pressure. Pneumatic devices are often powered by natural gas because the high-pressure gas
is readily available. These devices, however, bleed natural gas into the atmosphere during
normal operation. This gas may be collected as a concentrated stream and vented outside the
building.

The third source of methane emissions in compressor stations is leaking equipment.
This source tends to be more prominent in older sites that are used to compress sweet gas.
Because of the danger from sour gas (gas containing H,S) leaks, stations that compress sour gas
are much more tightly monitored and controlled than those pumping sweet gas. Methane losses
through the compressor seal can range up to the tens of tonnes per year, and a single leaking
valve can vyield up to 1000 tonnes a year. Although the methane from leaks is of high
concentration at the leak source, it quickly becomes diluted as it moves into the building and
mixes with air, although in some cases the seal leaks may be collected and vented externally.
The focus of this investigation was to understand the flow patterns and distribution of these
leaks.

To illustrate the magnitude of the emissions problem, numbers from a typical site are
given. These data were provided by Clearstone Engineering, Calgary, Alta. The site in question
was a compressor station containing five compressors (four at 1650 hp and one at 1450 hp), a
glycol dehydrator and two electric power generators. Natural gas was used to operate the
instruments. Overall, 68% of the GHG emissions result from the fuel combustion in the engines,
and the rest was mostly methane. Methane emissions from the building were about 930 tonnes a
year, and a further 400 (estimated) tonnes per year resulting from incomplete combustion in the
engines. The breakdown of the 930 tonnes was 49% from instrument venting, 36% from the
produced water tank vent, 7% from fugitives, 7% from the glycol dehydrator and 1% from non-
leaking sources. The economic value of this methane at $5 a GJ is about $500,000 a year [118].
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One of the most used modes in the case of fluids is the transport through pipelines,
which is usually considered one of the safest among the different modes (road, rail, sea shipping,
river shipping or pipeline).

Nevertheless, most of the transported fluids are flammable or toxic. Thus, an accidental
loss of containment from a pipeline involves a certain risk, which could imply potential
consequences on people, equipment and environment. These consequences will depend on the
amount and properties of the released material, and on the features of the affected zone (rural or
urban). Taking into account the large length of pipelines in many countries, with the consequent
interaction with the land, and the huge amount of materials transported every day, the occurrence
of an accident cannot be neglected. In fact, accidents or incidents following the release from a
pipeline have actually occurred with a certain frequency, and some of them with severe
consequences.

An example of a very severe one is that occurred in Ghislenghien, Belgium in 2004
(ARIA, 2009). An excavation machine damaged a pipeline transporting natural gas; a few weeks
later, an increase in the pressure caused the explosion of the pipe. A large jet fire appeared
immediately and large pipe fragments were ejected. 23 persons were Killed and 132 were injured.
Another case, with severe consequences on environment, was the one occurred in Marsall
(Michigan) in 2010, when a pipeline transporting a heavy crude oil broke and a spill of 4200 m*
polluted the Kalamazoo River.

It is thus believed that an accurate historical analysis of a sample of accidents as large as
possible can give interesting and useful information on their modalities and consequences,
allowing identification of appropriate preventive measures.

In some places, the existence of a large net of pipelines has therefore a clear influence
on land-use planning, especially in the zones with intense industrial activities, which usually are
also the most inhabited ones. Concerning this scenario, two possible situations can be found: (a)
the existence of a pipeline in a zone initially not inhabited, which becomes urban later on, and
(b) the existence of a pipeline in an already existing urban zone. In both cases, the risk inherent
to a possible loss of containment increases as compared to that in a rural zone, due to the
activities associated to the human presence. However, even in uninhabited regions an accident
can have serious consequences on the environment, polluting soil or water or damaging areas of
special ecological interest.

These are complex situations. Land-use planning aims to protecting human health and
the environment through the definition of safety zones around the pipeline. It contributes also to
reducing the risk of third part activities -especially excavation works — by applying different

measures; these can include technical measures such as increasing pipe wall thickness or burial

60



depth or marking the pipeline corridor, or organizational ones as, for example, ensuring that any
excavation work will be communicated before starting.

Among the major accidents analyzed, fires are the most common events (jet fires being
the most frequent fire type), followed by explosions. This is due to the fact that most of the
transported fluids are flammable; the highest contributions are those from gasoline, natural gas
and oil, which were involved in 83% of all accidents.

Pipelines cross both rural and urban zones. Although in inhabited zones there are much
more activities which could affect pipelines integrity and interfere with possible releases, it is in
rural zones that most of the accidents have occurred (68,6%). This is because of the much longer
proportion of pipelines running through these zones with respect to those crossing urban ones.

Nevertheless, this analysis shows that an effort should be made in order to improve the
safety in inhabited/urban zones, where severe consequences on people can occur. The most
frequent cause originating the accidents has been found to be third party activities, essentially
excavation machinery. Pipelines often cross other utility service lines (e.g., water, gas service
lines, phone lines, etc.), and the potential damage, by third parties unaware of the presence of the
line, increases; furthermore, activities related to the construction of buildings or new
infrastructures near the pipeline can have also a significant contribution. Especially in the case of
underground pipes, the hallways should be indicated and protected and, in the event of urban
development works, ad-hoc measures should be applied and the regulations concerning both
these activities and the protection of pipelines should be strictly applied.

The environmental pollution is directly related to the volume released, which strongly
depends on the distance between the blocking valves and on the time needed to stop the release
from the section damaged.

Though a significant number of accidents have led to a number of fatalities and injuries
to people, the transport of hazardous materials by pipelines seems to be a safer mode than road
or rail transport. Nevertheless, an effort should be made to decrease their risk and, in this sense,
land-use planning is an essential issue [119].

The efficient and effective movement of natural gas from producing regions to
consumption regions requires an extensive and elaborate transportation system. Such system
consists of a complex network that includes pipelines, compressor stations, regulators, valves,
city gates, among other components. In many instances, natural gas produced from a particular
well must travel a long distance to reach its point of use, which may imply larger and more
challenging pipeline systems. Should the natural gas being transported not be immediately

required, it can be put into storage facilities for when it is needed.
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We may distinguish three major types of pipelines along the transportation route,
namely: the gathering system, the interstate pipeline transmission system, and the distribution
system. Unlike the transmission system, which is characterized by long and large diameter
pipelines operating at high pressure levels, the gathering and distribution systems consist of low
pressure, small diameter pipelines. Should natural gas from a particular well have high sulfur and
carbon dioxide contents (sour gas), a specialized sour gas gathering pipe must be installed to
transport the raw gas from the wellhead to the processing plant.

The gas transport industry has changed during the last decades, and thus its models and
needs. It has grown fast and spawned a gas marketing competition that varies from country to
country. For example, in several countries, including USA, Canada, and Brazil, pipeline systems
are fully-privatized, i.e., they are private company-owned and thus operated independently.

Currently, pipelines are used both offshore and onshore, with a remarkable difference in
terms of security and construction prices. Building pipeline systems under the sea is highly
costly and technically demanding, a lot more than onshore. For example, according to Gazprom,
the Nord Stream (41 in) pipeline project is expected to cost around € 14,8 billion, of which
40,5% corresponds to the 965,7 km long onshore pipeline system on Russian and German
territories, whereas the remaining 59,5% is destined to the 259,4 km long offshore section of the
project. Hence, when financial, political or environmental issues arise, gas transportation
operators look for different alternatives to perform this task. This includes tanker ships and
flatboats, by which natural gas can be transported as LNG (liquefied natural gas), MLG (medium
conditioned liquefied gas), or CNG (compressed natural gas) [120].

In a country like Iran with huge oil and gas resources, most combined cycle power
plants (CCPP) use natural gas as primary fuel and diesel as secondary fuel.

With increasing environmental concerns and also due to increased pollution control
costs, environmental issues of power plants have become more important. Shahsavari et al. [121]
studied 32 gas turbines and 20 steam turbines in Iran and computed the emission factors of these
power plants. They compared the obtained emission factors with the standard ones given by
Energy protection agency, Euro Union and World Bank. The results showed that gas turbines
have a better performance than steam power plants. In another work, Nazari et al. [122]
calculated the emission factors of CO,, SO, and NOy for fifty thermal power plants in Iran. Also
they calculated the emission factor of SO, in steam power plants which used heavy oil as fuel
[123]. Ahmadi et al. [124] took into account the environmental objective function along with
exergy and economic objective functions and optimized the plant. They also studied the effect of

supplementary firing on CO, emissions and the operation of the plant.
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Ganjekaviri et al. [125] performed an analysis on a combined cycle power plant. The
results indicated that using the optimum values, 6% increase could be reached, while CO;
production reduces by 5.63%. However, cost changes were less than 1%. Restrepo et al. [126]
studied a pulverized coal power plant in Brazil in terms of exergy and environment and
determined the exergy destruction and the environmental impacts of the plant. The
environmental analysis performed based on life cycle assessment (LCA) using «SimaPro 7.2».
Seyyedi et al. [127] proposed a new approach for optimization of thermal plants using
exergoeconomic analysis, sensitivity analysis, and structural optimization method. Petrakopulo
et al. [128] used advanced exergo-environmental method and divided the environmental effects
of a combined cycle power plant into avoidable and unavoidable and also internal and external.
Silveira et al. [129] compared a 1000 MW combined cycle power plant fed with natural gas and
a 1000 kW diesel power plant in terms of efficiency, economic and environmental issues.

The most important environmental impact of natural gas is climate change. However,
diesel utilization severely increases all indices reflecting the environmental issues. The severity
of such an increase is such that the total environmental impact of diesel is twice as its value for
natural gas. As it can be seen, utilizing diesel considerably increases the respiratory effects due
to more CO and SO, production.

As a result, environmental impact of diesel is as twice as that of natural gas. Climate
change has the highest environmental indicator either using natural gas or diesel as a fuel. In
terms of economic, the natural gas price is cheaper than diesel; therefore the fuel cost is lower.
Furthermore, when natural gas is burned, fewer contaminants are produced and the
environmental tax is lower than that of using diesel. In terms of exergy, the exergy efficiency of
the plant with natural gas and diesel are 43,11% and 42,03%, respectively. Also it is shown that
maximum exergy destruction is in combustion chamber with about more than 120 MW.

Thus, environmental effects of diesel are much higher than that of natural gas. The
optimization results demonstrate that in case of natural gas, exergy efficiency and annual cost of
the power plant improve 2.34% and 4.99%, respectively. While these improvements for diesel
are 2,36% and 1,97% [130].

2.3.2 The environmental aspects of machine-building complex
Welding fumes are a result of the vaporisation and oxidation of different substances in

the arc which is caused by the high temperature. These particles consist of oxides of iron,

manganese, chrome and nickel, for example.
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Hexavalent chrome is primarily produced during the MMA-welding of stainless steel. It
can cause cancer and asthma-like problems. Manganese can affect the central nervous system.
Nickel can cause cancer and asthma. Iron oxides can cause irritation in the airways. Fluorides
can affect the skeleton. A number of different substances can be released from surface-coated
material: Material coated with lead paint can release lead and affect the central nervous system.
Zinc, which is found in galvanised materials, can cause shivering. Polyurethane paint or
insulation can release isocyanates which can cause asthma [131].

The galvanic process consists on the deposition of a thin layer metal on a metallic or
plastic substrate in order to prevent the action of corrosion, increasing the thickness, hardness
and wear resistance and giving a more attractive appearance. This deposition occurs by
immersing the parts in tanks containing acid or alkaline solutions.

The electroplating arouse concern for the potential environmental risk and in this
context this paper intends to give his greatest contribution, discussing one of the main
environmental impacts of this process, the waste generated. Moreover, the present study
evaluated the economic and environmental value of solid waste from an electroplating company.

The galvanic process consists in depositing a thin layer of metal on a metallic or plastic
surface, by chemical or electrochemical means. The goal of the surface treatment process is to
prevent corrosion of certain metals, increase the thickness, hardness, resistance to wear and the
conductivity of the surfaces, addition to reduce the incidences of stains and grant to the products
more attractive appearance.

The scheme of the electroplating process consists in the following steps: pre-treatment
—treatment —post-treatment.

The pre-treatment process consists in preparing the surface to be treated, by mechanical
and/or chemical means, so that the coating can have good adhesion, uniformity and appearance.
The mechanical pre-treatment is aimed to remove burrs, grooves, irregularities, among others, by
means of abrasive materials. The presence of layers of oxide, oil, grease, dust, among others,
affects the metal deposition, making it necessary a chemical pre-treatment, which is divided into
degreasing and pickling.

The metallic coating process generates large volumes of effluents with a high
concentration of metal compounds, acids, additives and metal sludge. The treatment systems are
designed to meet the environmental legislation, preventing the discharge of pollutants that may
cause harm to human health and to the environmental quality.

The collect and transportation of alkaline effluents and acid effluents are carried out

separately, mainly for security reasons. When the process uses cyanide or chrome based
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compounds, its effluents treatment must contain a step of pre-treatment, where anions cyanide
and chromate are treated by oxidation and reduction respectively.

The mixture of alkaline effluents containing cyanide with acid effluents may generate
hydrogen cyanide (HCN), which under ambient conditions is a toxic gas. The reduction of
hexavalent chrome to trivalent chrome occurs only in the presence of reducing agents and at pH
below 3. The current of pre-treated effluent are attached and forwarded to the next step in the
treatment process, called neutralization.

The most common method to remove heavy metal is the precipitation. Heavy metals
precipitate in the form of hydroxide when treated with sodium hydroxide (NaOH) or calcium
hydroxide (Ca(OH),). This precipitation occurs in pH at around 8,5. The galvanic sludge is the
precipitated that accumulates at the bottom of the decanter and pass through a dehydration
process, which may be by filter-press, drying bed, among others.

The rule ABNT NBR 12.235/92 determines the condition for storage of any hazardous
solid waste (Class 1) in order to protect health and the environment. The ABNT NBR 10.007/04
aims to establish the requirements for sampling of solid waste, being used to collect the galvanic
sludge.

The collection of data relevant to the study was performed by a visit to the chosen
company, where a questionnaire was applied and the galvanic solid residue was collected. The
questionnaire was applied to identify the metal plating process, the effluent treatment system, the
amount of galvanic waste generated and its disposal costs.

The liquid effluents generated in the metal plating baths are forwarded to the effluent
treatment plant, which operates in a continuous regime. The effluents are collected and sent to
the station by two collection network, such as, the acid and the alkalis effluent collecting.

The acid effluents are sent to a treatment vessel in which the chromium is reduced by
the addition of sodium metabisulfite (Na,S,0s) and sulfuric acid (H.SO,). The alkaline effluents
are sent to a tank of cyanide oxidation, where sodium hypochlorite (NaOCI) is used. These two
types of treated effluents are sent to a neutralization tank, where the metals are precipitated by
addition of calcium hydroxide (Ca(OH),). The pH adjustment for the neutralization is done by
adding sodium hydroxide (NaOH). After the neutralization the effluent is forwarded to the
flocculation tank where the addition of polyelectrolyte results in the formation of flakes which
are removed in step decantation.

The treated effluent is sent to the sewage disposal system and the sludge produced at the
bottom of the tank passes through the filter-press to be dehydrated before being stored. This

storage is held in iron barrels with plastic bags.
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The environmental economic valuation confirms the environmental economic potential
of the galvanic residue [132].

Harmful emissions caused by casting melting and production are basically related to the
use of additives and fuels or raw material impurities. The use of coke or oil might cause the
emission of the product of burning. The use of additives in the process generates a reaction. The
presence of impurities in waste that blend by melting may cause the formation of a product with
incomplete combustion or a recombination and dust. Dust from the process might consist of
metal and metal oxides. During the melting process, elements evaporate and tiny metal dust
particles are released. Metal particles appear during the final processing.

* Emission of pollutants from cast iron foundries

Having conducted a research on 20 field castings, it has been established that the total
annual emission of dust pollutants in the atmosphere is between 0,1 and 94 kg or averagely 4,7
kg/t, the annual emission of waste gases basically consists of SO,, NOx and CO from these
castings in the quantity of 0,1 up to 108 kg/t, that in average amounts to 5,4 kg of gases/t. In
many cases the presence of NOy is not even measured at all.

* Emission of pollutants from cast steel foundries

Research has shown that the total quantity of dust in steel castings production is from
6,65 to 35,55 kg/t, while Si dust composes between 3,46 and 21,09 kg/t. The annual emission of
gases SO,, NOx and CO from production is from 0,01 up to 20 kg. The largest sources of NOx
emission are electro- furnaces, in some castings even up to 90 %, while the remaining part
originates from induction furnaces, etc. CO emission in the production process amounts up to 18
kg/t. Basically, this gas emits from electric arc furnaces and induction furnaces, while the
emission of SO, originate from different resources and furnaces, etc.

Application of a developed indicator method consists in estimation and evaluation of
the EI in castings.

When the pollutants (CO,, SO,, NO) are in the atmosphere, their existence depends on
the physical and chemical processes that are being developed all the time. It is not simple to find
the correlation between the emission and acidity of the atmospheric layers. The implementation
of the legislation on air pollution would bring many changes in the regulation of climate
changes, and protect the area from its negative consequences.

Through the existing technology, electro-metal and foundry industry pollute, to some
degree, the air, water and soil, which affects the climate [133].

Heavy metals constitute one of the most insidious and dangerous pollutants known to
humans. Once in the environment, they are not readily converted into harmless components.

They are often accumulated in tissues of organisms, which cannot excrete them. This leads to an
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amplification of their concentrations along the food chain and exposure of humans at the apex to
the risk of metal poisoning.

In order to assess impacts of various heavy metals and heir complexes, knowledge of
their distribution patterns in local ecosystems is necessary. According to Chester and Stoner
(1975) estuarine sediments are particularly important ‘traps’ for trace elements. Amiel and
Navrot (1984) observed that trace metals, which were introduced into the marine environment by
sewage, are mostly removed from the aqueous phase and added to the sediment. Donazzolo and
others (1981) observed that marine sediments in coastal regions near large industrial and urban
areas contain heavy metals sometimes in amounts several times higher than their natural
background.

In comparison with global average shale values and levels from fossil Rhine sediments,
metal concentrations in the Calabar River (Nigeria) are close to background levels. Present levels
of heavy metals in the Calabar are below concentrations that are known to affect the quality of
life of marine biota.

However, the seasonal trends displayed by the metals are an indication of anthropogenic
impact. The significantly higher concentrations of Cu, Pb, Zn and Ni during the wet season is
attributable to anthropogenic input through surface runoff loaded with municipal wastes and
atmospheric wash-out. About 15% of the world’s lead is consumed in gasoline additives with
almost the entire lead content being emitted into the ambient air during combustion. There are
several hundred battery repair and servicing shops in Calabar city. Indiscriminate disposal of
waste accumulator batteries from these shops run into hundreds every week and constitutes an
important source of lead, which is carried to the river during rains. Ntekim and others (1993)
reported elevated concentrations of Pb, Cu and Zn in the vicinity of industrial establishments or
urban sewage discharge points and attributed this to anthropogenic influences. In contrast to
metals indicated above, Fe levels were significantly lower during the wet season compared to the
dry season. This could mean that sewage input at the present has no effect on Fe levels in the
river or that Fe which enters the river during the wet season is maintained in water phase in a
form that is resistant to oxidation and thus sedimentation. The highly elevated values during the
dry season seem to favour the second argument. The formation of humic acid metal complexes is
known to stabilize metals in solution.

The elevated concentration of metals during the high tide (HT) compared to low tide
(LT) regimes is due to redox conditions in sedimentary columns. According to Lee (1975) both
Fe and Mn would tend to migrate in the sediment through interstitial waters until they come in
contact with oxygen, where precipitation of hydrous metal oxides would occur. The upward

movement of interstitial water rich in metals can be greatly enhanced by seawater intrusion
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during high tide regimes. This seems to be the most important process responsible for the
elevated high tide metal concentrations in the surficial sediments in the Calabar River.

Since interstitial metal concentrations are enriched under reducing conditions, the
spatial trends of heavy metals in the Calabar River may be an indication of the redox conditions
in sediment and the overlying water phase. For instance, the high concentrations of metals during
high tide in station 2 (January) may be attributed to its dominantly depositional character (with
mean depth less than 3 m). This also indicates that sediments can be transported from a major
source of pollution and deposited in relatively unpolluted areas. This is of particular importance
since these low energy depositional environments are usually areas with the highest diversity and
biomass of organisms (Wolf 1987).

The Calabar city and associated river are being developed by the Federal government as
an ‘export processing zone’. This development is expected to bring about increased industrial
activities and human population in the city of Calabar. Considering the present waste disposal
practices, pollution will probably be on the increase with serious consequences on fisheries and
other water uses. There is therefore an urgent need to implement and enforce existing
environmental laws as a first step in the control of pollution in the Calabar River [134].

Native plants and topsoil contaminated with metallurgical slag from a metallurgy waste
site in northern China were studied and found to contain four heavy metals (i.e., As, Cd, Pb, and
Zn). Heavy metal concentrations of Pb and Zn in topsoil were very high, with a maximum value
of 6189,53 mg/kg and 16,046.72 mg/kg, respectively. Investigations of metal accumulation in
the screened plants indicated that metal accumulation in different plants varied by species,
tissues and metals. Eight native plants under high combined Pb—Zn—As—Cd pollution conditions,
including Calystegia hederacea Wall., Cirsium setosum (Willd.)MB., Cynanchum chinense R.
Br., Eleusine indica (L.) Gaertn., Humulus japonicas (Lour.) Merr., Kalimeris indica (L.) Sch.-
Bip., Metaplexis japonica (Thunb.) Makino, and Taraxacum mongolicum Hand.-Mazz, were
tested and recognized as Pb hyperaccumulators according to a standard of greater than or equal
to 1000 mgPb/kgDW in plant aerial parts. Native Pb hyperaccumulators could accumulate
substantially higher As—Cd-Zn concentrations than other plants. The bioconcentration factor of
Pharbitis nil (L.) Choisy was much lower than 1, indicating that it was an excluder of heavy
metals, especially for As and Pb. Obtained results were particularly useful for soil remediation
technologists in providing information to identify native hyperaccumulators, and conducting the
reclamation of sites affected by metallurgical slag in northern China.

The metallurgy waste sites are characterized by extremely high concentration of metals
and metalloids that are often unstable and cause dispersion of heavy metals into soil, surface and

groundwater, leading a risk to neighboring environment.
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Conventional mechanical or physico-chemical treatments such as excavation, soil
washing, solidification/stabilization, electrokinetic remediation and soil incineration, suffer from
limitations like costly, intensive labor, irreversible soil disturbance Chemical methods can also
create secondary pollution problems. Therefore, research is needed to develop and apply
sustainable, efficient and cost effective methods for decontamination of heavy metal-polluted
soils. According to this requirement, phytoremediation is reffered as an eco-friendly alternative
solution to ameliorate heavy metal pollutants from the contaminated soils.

Phytoremediation technologies mainly include phytoextraction and phytostabilization.
Phytoextraction employs metal enrichment plants and hyperaccumulators to uptake one or
several types of heavy metals from the soil or polluted water and transfers and stores these
pollutants in the aerial portions of plants. Plants with elevated biomass, tough pest/disease-
resistance, high tolerance to unfavorable growth conditions and strong enrichment for various
metal elements are vital to the sustainability of phytoextraction technique. Phytoextraction is an
effective means of remediating a site or large area of farmland contaminated with low and
moderate concentrations of metals, because it reduces the overall mass to be treated from tons of
widespread contaminated soil to plant tissue that can be dried to a small volume.

Phytostabilization utilizes tolerant plants to diminish the migration and bioavailability
of heavy metals in soil, decreasing environmental and human health risks.

Selection of tolerant plants for soil restoration is crucial for sustainable
phytoremediation. It is important to develop a self sustainable vegetative cover with low cost and
capability to lower the toxicity of heavy metals. Current researches are typically concentrated on
indigenous plant species or phytodiversity in local contaminated sites for an extended period and
featuring environmental stress adaptive strategies.

Nowadays in China, phytoremediation of heavy metal pollution has been intensively
studied for open-pit mining, industrial emissions, and wastewater irrigation farmland, yet
metallurgy waste site severely polluted by small town factories in rural areas have received
comparatively less attention. The problems of smelting waste dumps in rural China are the
exposing risks of the residents and workers nearby, the leaching toxicity of heavy metals to
surface and ground water during rainy season, as w ell as the dispersivity of its hostile substrate
particles in the windy season. So identification of the concentration of heavy metal pollution in
these polluted wastelands is a crucial step for reducing the ecological risk of numerous
metallurgy waste sites in China’s rural areas.

Heavy metal concentrations of the sixteen dominant species sampled plants grown in
contaminated soil exhibited no visible symptoms of toxicity. Different plants have different ways

to accumulate different heavy metals. Ability to accumulate Zn was strongest in the 16 tested
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plants, followed by Pb, Cd, and As, with accumulations of the four heavy metals greater in the
above-ground portions than in the roots. The average content order of the heavy metals in the
different organs of the 16 plants was root > leaf > shoot for As, Cd, Pb and leaf > root > shoot
for Zn. Wide metal concentration variations existed among plant species with As ranging from
0,54 to 70,15 mg/kg, Cd 1,28-73,47 mg/kg, Pb 56,23-4621,76 mg/kg, and Zn 293,6-5507,82
mg/kg. The maximum As concentration was found in the leaves, shoots and roots of Cynanchum
chinense, which can accumulate 107,40 mg As/kg DW in above-ground biomass, indicating
strong As tolerance. Thus it can be seen in the case of polymetallic pollution in this study, the
uptake and accumulation of metals by native plants are often specific not only to the species and
metal; similar results were reported in many other studies.

Accumulation abilities of heavy metals by pioneer species growing in the contaminated
land was determined in this study. Eight native plants were tested and recognized as Pb
hyperaccumulators under elevated combined Pb-Zn-As-Cd pollution conditions. Results
revealed that weeds or native plants growing naturally in the contaminated environment have
adapted to higher metal concentrations and accumulate metals to a higher degree. Makino
exhibited superior Pb accumulation ability, which bioconcentration factor values are 1,79 and
2,47, respectively. Translocation factor values for heavy metal element Pb were 9,90, 4,20 and
3,99, respectively, indicating relatively higher metal accumulation and root fixation abilities
[135].

Factors which influence innovations have different scope of actions depending on
industry or sector. In particular industries, ecological innovations are introduced more often than
in others. The suport policy should play a role in the intensification of ecological innovations
implementation in enterprises. This support policy by means of various instruments may result in
a bigger amount of ecological innovations in a whole sector and, thus it may bring benefits not
only to ecological, but also to economic and social dimension. Legal regulations and directives

concerning the environment are often the main cause of eco-innovation implementation [136].
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