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OIIEHKA BJIMSTHUSI TPON3BOJACTBA HUTPUIA AKPUJIOBON
KHNCJTOTbI HA PABBUTHE IPOPECCHUOHAJIBHBIX
3ABOJEBAHNUU, CBA3AHHBIX C CEPIIEM U COCYIAMMU

B craTtbe paccMmoTpenbl pa3BuTusi NpogeCCUOHANIBbHBIX 3a00JeBaHUil, UX 3aBUCUMOCTb
OT 3KOJIOTUYECKON OE€30MaCHOCTU MPEANpPUATHUS, a TAKXKE OLEHKA BIIMSHUS MPOU3BOJICTBA
HUKPUJIA aKPUJIOBOW KUCJIOThbI Ha Pa3BUTHE MPOMECCUOHATLHBIX 3a00JI€BaHUI, CBS3aHHBIX C
CEpALEM U COCYIaMU.

KnroueBble cioBa: mpodeccuoHanbHOE 3a00JIeBaHKUE, 3KOJIOrMYecKas 6e30MacHOCTb,
CEpAECYHO-COCYIUCTBIE 3a00JIEBAHNS, HUTPUJI AKPUIIOBAsi KMCJIOTA

[IpopeccnonanbHoe 3a00s€BaHME — 3TO  3a00JIeBaHKE, OOYCJIOBJIEHHOE,
IJIaBHBIM 00pa30M, BO3[IEMCTBUEM HETaTHMBHBIX (PAKTOPOB PUCKA, CBSI3AHHBIX C
npoeCCUOHAIILHON JeSITENbHOCThI0. Hanbosnee coupanbHO 3HaYMMBbIE U3 HUX:
aJyiepruyeckre 3aboJieBaHvsi, HOBOOOpPA30BaHMs, 3a00JIEBAHUS [IbIXATEJIbHBIX
nyTel, OONEe3HN CUCTEMBI KpOBOOOpauleHns (MmemMudeckas OOJe3Hb cepaua u
rUnepToHnYecKas 00Je3Hb) U MHOTHUE ipyrue [1].

[IpodmnakTuka npoecCuOHABHBIX 3a00JIEBAHUI — CUCTEMA PA3JIMYHBIX
MEP, KOTOPbIE HAIPABJICHbI HA CHIXKEHME pUCKa NMpo3ab0aeBaHuil, 3aMeJIEHNE
pPa3BUTUSI YXE CYLECTBYIOLIEH OOJIE3HW, YMEHBIICHUME TpaBMaTM3Ma Ha
npousBofcTBe. OHA MO3BOJUT BO MHOIO pa3 CHU3UTHb PUCK BO3HUKHOBEHUS
MO 00HbBIX 3a00JIEBAaHUM.

Ceropgast mpoGisieMa NpOoUIAKTUKM OCOOEHHO PacnpOCTPAaHEHAa BO BCEM
mupe. Kaxnpiii rog B Poccun peructpupyercss OKOJIO 8 ThICSY HOBBIX CIIy4YacB
npo(PeCCUOHAIIBHBIX 3a00JIEBAaHUN.

Dkonoruyeckasi 0O€30MaCHOCTb — [ONMYyCTUMBIA YPOBEHb HETraTUBHOTO
BO3JICICTBUSI TMPUPOAHBIX W AHTPONOTEHHbIX (PAKTOPOB  3IKOJOTUYECKOM
OMACHOCTU HA OKPYXKAIIIYI0 cpefly U yejoBeka. ObecneyeHrue 3KOJI0rnYECKOi
0e30MacHOCTU BaXKHO, KakK sl PAaOOTHUKOB MpPEANpUsITUSL, TaK W [Jis
OKpyXarlei cpefpl B uUenoM. Ha mnpennpusiTusix, rje CTOUT YycTapeBllee
0o0Opy/JlOBaHKUE, CYLIECTBYET HECOBPEMEHHasi TEXHOJIOTUSl MNPOU3BOJICTBA,



3KOJIOTMYECKas O€30MaCHOCTh MOXET OTCYTCTBOBATb, a PUCK MOJTyYECHUS
npo(eCCUOHAIIBHBIX 3a00JIEBAHUI BO3PACTATD.

Marepuanbl U metroabl. llesblo HacTOSIIEro WCCIENOBaHUS SIBJISUIACH
OLIEHKA BJIMSIHUASL HUTPUJIA aKPUJIOBOW KUCIIOThI, HA TIPOSIBJIEHUE MPO(eCCUOHAIBHBIX
3a00JIEBaHUII, @ WMEHHO  CEPCYHO-COCYMCThIX 3a00JI€BaHui, y PaOOTHHKOB,
HETOCPENICTBEHHO OTHOcAmMXca K npomsBopctBy HAK, a Takke y Tex, KTO
OTHOCUTCS K 3TOMY MTPOU3BOJICTBY OMOCPEIOBAHHO.

Hwurpun akpunosoin kucnotel, akpuwionutpun (CH2CHCN) — GecupetHas
JIETKOJIETYYasi, JIETKO BOCIIAMEHSIFOLLIASICS XKUIKOCTh C HENMPUSITHBIM 3anaxoMm. [1apbi
B 1,9 pa3a Tsxenee BO3/yxa, 00pa3yroT ¢ BO3IyXOM B3pbiBoonacHble cMecu. HAK
SIBJISIETCS MCXOJIHBIM ChIPbEM Il Tpou3BojicTBa TuiactMmacc, ABC-miacTukos,
CUHTETUYECKUX BOJIOKOH, 3(pUpOB aKpWJIOBOWM KUCJIOTbI, IIACTU(UKATOPOB,
OyTaJieH-HUTPWIBHBIX Kay4yyKOB, HEOOXOIMMBIX /Il IPOU3BOJICTBA MACIIOCTOMKHUX
pe3uH [2].

OcTpblie OTpaBJeHUST BO3HUKAIOT NMPU JACHCTBUM BBICOKMX KOHUEHTpALUI
AKpWJIaTOB NPU HAPYLIEHMAX TEXHUYECKOro pexmma. B 3aBucmMocTu OT
JAEUCTBYIOLIECH KOHLEHTPALUA OHU MPOSIBISIOTCS PA3JIMYHON CUMIITOMATUKOW OT
NPEXOASAIIMX JIETKUX SBICHUIN Pa3pakeHUsl CIU3UCTBIX 000JIOYEK, 3y/la KOXMU,
TOJIOBHOM OOJIM, PBOTHI U F'OJIOBOKPYXKEHUS JJO YyBCTBAa CTpaxa, JBUTATEIbHOTO
0ECNOKOICTBA, PACCTPOVCTB MbIXaHUS, MOTEPU CO3HAHUSI, KOMbI, HAMIOMUHAs
(pa3bl OTpaBIICHNUS] CUHWUIIBLHOW KHACJIOTOM [2,3].

XPpOHMYECKME MHTOKCHUKALIMA BO3HUKAIOT NMPU CTaxe padoThl Oonee S5-7
ner. KumHnyeckas KapTMHa  XPOHMYECKOTO  OTPABIICHUS  aKpuJjlaTamu
OOyCJIOBJICHA KaK [ISWCTBMEM LEJOW  MOJIEKYJbl  BEIIeCTBa, TaK WU
BBICBOOOXK/Ia€MOWl NpM €€  pacnajie  UUAHTPyNnon W MPOSABISETCS
NPEUMYILIECTBEHHO HAPYLICHUSIMU HEPBHOW, CEPAEYHO COCYAUCTOW CHUCTEM M
KpoBu [3].

Ho Kk HacrosimieMy BpEMEHHM TMOKAa HE CJIOXWIOCh KOMIUIEKCHOE
MPEJICTABJICHUE O XAPAKTEPE BJIUSIHUS YCJIOBUI TPY/a Ha «CEPACYHOE» 3JOPOBBLE
pabOTHMKA, KaK W CTENEHM PACHPOCTPAHEHHOCTH BEAyLIMX 3a00J€BaHUN
CEpHIEYHO-COCYJUCTON CHUCTEMBI B Pa3HbIX O0JACTAX NPOU3BOACTBEHHOW U
HENPOW3BOJCTBEHHON  C(ephl. be3ycnoBHO, mnoBefeHWe WHAMBHMAA, €rO
OTHOLLIEHUE K CE0E M CBOEMY 3[I0POBBIO, BBIOOP UM CTEpEOTHINA 00pa3a >KU3HH,
KOTOPBIA [IENCTBYET HA BCEM €€ MPOTIKECHUU, BAXKEH B COXPAHEHUU 3[I0POBBSI.
OpHako Henb3s OTPULATh, YTO OOpa3 YKU3HU OMPEEssieTCs] OYeHb MHOTMMMU
(phakTOpamu, B OCHOBHOM BECbMa JAJEKUMU OT MEIUUUHbI, B TOM YHUCJE U
CBSI3aHHBLIMU C MPOGECCUOHATILHON [EeSITeIbHOCTBIO: 1IyM, BUOpalusi, nepenabl
TeMIIEpaTyp, 3albUIEHHOCTb, NPUCYTCTBUE XUMUYECKUX W/WIIM OUOJOTMYECKUX
NOBpeXIAIIKX (PaKTOPOB, BKJAJ KOTOPbIX B pa3BUTUE MPOGECCUOHAIBHBIX
3aboJsieBaHUl yxke omnpepelieH [4,5,6].

OTOOp M onucaHue YYacTHUKOB. B Xozie mpoBefieHust viccliefloBaHusi ObLIO
orLeHeHo okoJio 180 marepuanoB aMOyJIaTOPHBIX KapT, I7ie ObUTN IaHHbIE HA OCHOBE



MEMLIMHCKUX TPO(ECCHOHATIBHBIX OCMOTPOB COTPY/HMKOB Inpemnpusatust  3a 2018
rof.

Bee corpymHukm ObmM  paspesieHbl Ha 2 rpynmel 1-9 rpymma —
NPOU3BOJCTBEHHBINI MEPCOHAN. DTO TE JIFOAM, KOTOpbIE HE MMEIOT OTHOLUEHUS K
npou3BofcTBy HAK: anekTporazocBapuyku, MalllMHUCTBI, aNapaTyvky, CIIECAPH,
MEXaHWKH, 3JIEKTPOMOHTEPBI M [p., a 2- Ipylmna — anmapaTyuky OT/CIICHUS
neperonkn HAK, anmaparunku okvcnenus, JabOpaHTbl XMMaHAIA3a U JIp.

Oco0oe BHUMaHME YAENSJIOCH MONY, BO3PACTy paOOTHUKOB, Npodeccumn
COTpYy/IHMKA, MECTY palboThl (LeX, JadopaTopusi, 0puc) U NPOJOKUTENHLHOCTH
TPYJOBOrO cTaxa Ha npeanpusitud. Hapsy ¢ 9TUM U3y4yanuch UHAMBUTY AJIbHbIE
sHaueHuss CAJl, HAJL, YCC, DKI', 3HaueHusl TIJOKO3bl, XOJECTEpPUHA,
reMOrJIOOMHa, @ TAKXKE TPOMOOLMTOB B KPOBHU.

JIns moJsiyyeHus] TOJIHOW KapTHUHbI ObUT NMPOW3BEAECH AaHANIM3 JUarHo3a
TepaneBTa, N0 KOTOPOMY KakKJoMy W3 MalUUEHTOB, MPOXOSAIIUX MENOCMOTP,
OBIJIO MOCTABJIEHO 3aKJIOYEHUE O MPOPECCUOHAITBHON MPUTOHOCTHA PA0OTHUKA.

PesynbraTtel. B Xxose 00paGOTKM J[IaHHLIX ObUIO BBISIBJEHO, 4YTO
BBIOPAHHBIE TPYMIbI OTIANYAIMCH MEX/Y COOOM.

[IpoueHT My>X4MH B ITpynne COTPYAHMKOB, pa0OTAIOLIMX C MPOU3BOACTBOM
HAK, O6osbiie (68%), yeM B rpymne MNPOU3BOICTBEHHOIO TMepcoHasa, He
OTHOCSIILIETOCSI K MPOU3BOJCTBY OTXOfla BTOPOro kJjacca omnacHoctu (59%).
3pech Ke BblIle (MOYTH Ha S5J€T) CTaX  PpaOOTHUKOB MNPEANPUSITHS, YTO
CKa3bIBAETCS HA UX 370pOBbe (TadJ.1).

Tadbmuna 1
ITonoBO3pacTHO cocTaB rpymnm
Mykckoii o, abe. (%) Bospacr, net, M+SD Crax, netr, M+SD

1 rpynmna

(n=91) 59 44,6+10,1 10,8+9.,9
2 rpymna 68 4234100 152489

(n=91)

P 0,5 0,2 0,6

HecmoTps Ha To, uto cpegune nokazareau CAJIL, JAD n YHCC Haxopgarcs
B HOpME (M3 OOLLEro yucia COTPYAHMKOB B MEPBOI rpymnme ObLIO BbISABIEHO 16
yenoBek ¢ mnosblieHHbIM CAJl, B TO Bpems, Kak BO BTtopor — 19), mo
pesyabrataM OKI' NpoOUEeHT MNOsABIECHMS TUNEPTPO(UM JEBOr0 XKEIyaouKa
(I'JIZXX) cepoua BbIle NpakTUYECKM B 3 pa3a y COTPY/AHUKOB IPEANPUSTHSA,
padoratomux ¢ nepepadorkoin HAK (4% B nepsoit rpynmne u 13% - Bo BTOpoi)
(Ta6n.2). Ilpuumnamm [JIZK gBasitoTcst caxapHblil [Ua0eT, OXWPEHUE WIIH
n30bITOYHAST Macca Teja, BBICOKOE apTEPUANBHOE [IaBIIEHUE, WIIEMUYECKUE
3a00J1€BaHNs, HEMPABWIBLHBIN 00pa3 >KU3HU U ipyrue. Tak, MpakKTUYeCKN y BCEX
JIFOfIEN, Y KOTOPBIX OblmM OOHapyzKeHbl npusHaky ['JI2K, HaOmopamuch Te umm
VHbIE TPUYMHBI €€ BO3HMKHOBeHMs. I[Ipm aTOoM Ha BTOpOM MecTe 1O
NOCTABJIEHHBbIM uarHo3am crosT 3aboneBanusi 2KKT, koTopble MOryT OBITH
NPUYMHAMM MMOBBILIEHHOTO aPTEPUATILHOTO JJABJIEHMUS.




[loka3zarenn aHanM3a KPOBUA COTPYAHMKOB OOOMX TpPyNN NPEANPUATHS,
BOLIE/IINX B BBIOOPKY, OKA3aJMCh B HOPME, HO MOCTABJICHHbIE CHENUANTNCTAMU
[IMAarHO3bl «MPAKTUYECKM 3[0pOB» B 00eux rpynmnax 4yTb Bbiie 50%, 4TO
TOBOPUT O TOM, YTO 3HA4YMMas 4YacTb COTPYAHMKOB, padOTarOMX Ha
NPEANPUATUA UMEIOT TE WA WHbIE OTKJIOHEHUS B 30poBbe. [Ipn aTOM mpoueHT
BCTPEYAEMOCTH J[IMarHO30B TEPANEBTOB Yy NALMEHTOB C Pa3HbIMU CTENEHSIMU
aprepuasibhoii runeprensun, MbC, XCH, u caxapHbiM uaGeToM BO BTOPOW
rpynne OoJblIe, 4YeM B EpBON (Tabdi.2).

Tabmuma 2
JlaHHble poocMoTpa paOOTHUKOB NPEANPSTUS
VIR Al', | Memnueckast XPOHHCCKA Caxapubiit | IIpakTuyecku
Cefeﬂ;a, abc, 607€e3Hb HGQSS’IP;’S;{‘I:}?SCTI) auaoer, 3710pOB, abc,
a6c. (%) (%) | cepnua, adc, % a6c. (%) aoc, (%) (%)
! 4 21 1 0 2 54
rpynna
2 13 23 1 1 3 52
rpynna
p 0,05 0,6 0,2 04 0,7 0,6

BeiBoabl. Pe3ynbTaTbl MPOBEJEHHOIO MCCAEOBAHUS [JOKA3bIBAIOT, YTO
NPOW3BOJACTBO HUTPWJI AaKPWIOBOM KHCIOTBI MOXKET BIHATH Ha Pa3BUTHE
NpOgECCUOHAIBHBIX CEPIEYHO-COCYIMCTBIX 3a00JIEBaHNIA: IPU CPABHEHUM JIBYX
rpynn, B OJHOW W3 KOTOPBIX COTPYJHUKW TPEANPUSTUS HEMOCPEACTBEHHO
OTHOCWIMCh K €€ TIPOMU3BOJICTBY, B XO[I€¢ MWCCIEAOBaHNWs ObUIA BBISBJIEHDI
OTKJIOHEHMS 110 HEKOTOPBIM IOKA3aTENSIM.

B cBs13u ¢ 0c000¥i pacIpOCTPAHEHHOCTBIO OOLMX (PAKTOPOB PUCKA, TAKAX
KaK KypEeHME, OXXMPEHHE, MPO(PUIAKTUYECKUE MEPONPUATHUS JJOJKHbI HOCUTH
MaccoBblil xapakrep. OcHOBa NpO(UIAKTUKA — OpUEHTAUMs padouyMx Ha
CaMOCOXPAHSIOLIEE TOBEACHUE: MPOBEJEHUE AHTUTA0AYHON IMpONaraHjbl,
BHEJIPEHME MACCOBOI'O CIIOPTA HA MPEANPUATUSAX U CO3[AHME Ha 3aBOJAX ILIKOJ
310pOBOro  oOpa3a  KW3HM. TakKe  HEOOXOIMMO  4Yalle MPOBOJUTH
NPO(PECCUOHANIBHBIE ~ MEUUMHCKME  OCMOTPbI Ul  PAHHErO  BbISBJICHUS
3a00J1€BaHUI COTPY/IHUKOB.

CobGmtoreHne KOHTpouIst (PakKTOPOB PUCKA U TUIAHOMEPHOE BO3ACHCTBUE HA
HUX, a TaKXe OOeCrneyeHue IKOJOTMYECKOW OE30MacCHOCTM Ha IPERNPUSTUN
NO3BOJISIT MPOIUTH PO ECCUOHATBHOE AOJTOJIETAE PA0OUNX.
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A.C. AnsobseBa, M.A. [lonocyxuna, H.B. IlaxapskoBa
Cubupcknii PefiepanbHblil YHUBEPCUTET, I'. KpacHospck

OLHEHKA COCTOSAHUMA APEBECHDBIX 1 KYCTAPHUKOBDBIX
PACTEHHU B ITIAPKAX I CKBEPAX I'OPOJJA KPACHOAPCKA

B pa6oTte Obuia mpoBefieHa OLIEHKA COCTOSIHUSI XBOMHBIX M JIMCTBEHHbIX HACAXK/CHUI B
napkax M ckepax ropoga KpacHosipcka. PailoHbl nccnenoBanust Obuii BbIOpaHbl C pa3HOi
AQHTPOTOTeHHON Harpy3koi. OmnpefiesieHo cofiep>KaHnue MUTMEHTOB U UX COOTHOIIEHUE B XBOE
U JIMCTbSIX, TaKXKe OMpe/IeJieHO COJiepKaHWe 3arpsi3HsIOle BelecTBA B CMbIBaX C
NOBEPXHOCTHU JIUCTHEB U XBOM.

KmoueBsble crnoBa: Pinus sylvestris; Picea obovata; Malus baccata; Syringa josikaea;
Cotoneaster melanocarpus; 3arpsi3HeHre BO3yXa; XJI0pOUILI.

Bnusinue 3arpsisHeHMsI BO3[yXa Ha 3€JIEHbIE HACAX/EHUS TOpOJIOB
SIBJISIETCSI OIHOM M3 AKTYAIbHBIX TEM B C(EpPE IKOJOro-OMOJOTMYECKUX HAYK.
MHoOrumMmu aBTOpaMM JOKA3aHO, YTO aTMOC(EpPHOE 3arps3HEHUE 3aTPArvBacT
ACCUMWJISILIMOHHBIM ~ anmapaT pacTeHWi, pa3pywias CTPYKTYpbl KIIETOK U
BIIOCJIE[ICTBAM TMPUBOJIS K HAPYLIEHUIO METAOOJUYECKUX U (PU3UOTOTUYECKUX
npoueccos [1].

Ha Tteppuropun ropopma KpacHosipcka HaxopsaTcs NapKu, CKBEpHI,
HabepexXHbIe, 03eJICHEHHbIE TEPPUTOPUU KWIbIX U MPOMBIILUIEHHbIX PaiiOHOB,
3allIUTHBIE 30HbI, T7IE MPECTABICHbI PAa3JIMYHbIE BU/bI IEPEBLEB U KYCTAPHUKOB.
Kak Mbl 3HaeM, B TOpOJICKOM Cpefe PpacTEeHUs] UCHbITHIBAIOT CUJIbHYIO
AHTPOINOreHHY10 Harpy3Ky. Haxoisicb MOCTOSIHHO B 30HE 3arpsi3HEHUs], IEPEBbsI U
KYCTAapHUKU MOIJIOLIAET U HAKAIUIMBAET PA3JUYHbIE MOJUTFOTAHTHI.

B netnuit nepuop 2019 roga HaMy MPOBOJUIIUCH UCCIIEJOBAHKS IPEBECHBIX
M KYCTapHMKOBBIX pacTeHuid Ha Teppuropun ropopga KpachHosipcka. Coop
NIPEBECHbIX M KYCTAPHMKOBBIX PACTEHUIl OCYILIECTBISUUICS B JBYX CKBEpax U
ogHoM mapke ropopa: 1- CkBep KocmonaroB (CoBeTckuil panoH); 2-
Henrpanbubiii  napk  (LlenTpanbHblii  paiion); 3- Cksep CepeOpsiHblil
(OKTSIOpPbCKUIA paiioH).



Puc. 1. Pacnonoxenue uccnenyemoix pailonoB (¢poto aBropa, utosib 2019r.)

UccnenoBasin caepyrolmye BUAbl PACTEHUI: XBOWHBIE [I€PEBbsl - €J1b
cubupckas (Picea obovata Ledeb), cocHa oObikHOBeHHast (Pinus sylvestris L.);
JIMCTBEHHbIE JIepeBbs - 107013 sirofiHast (Malus baccata (L.) Borkh); kycrapauku
cupeHb BeHrepckasi (Syringa josikaea Jacq.), KU3BWIbHUK YEPHOIIOJHbIN
(Cotoneaster melanocarpus Fischex. Blytt.). J171s1 olleHKU COCTOSIHUSI JPEBECHBIX
U KYCTApPHUKOBBLIX pacTeHUW B TMapkax U ckBepax r.KpacHospcka Mbl
OMPENEIISIN 3arPSI3HSIOIINAE BEIECTBA B CMbIBaX C MOBEPXHOCTH JIMCTHEB U XBOU
npy oMol XujakocTHoro xpomarorpacga LC-20 Prominence, Ttakxke
COfiep>KaHue MUTMEHTOB B JIMCTBSIX M XBOE C MOMOILBIO CHEKTpodoTOMETpa
SPEKOL 1300 Analytik Jenna AG [2].

[1o mony4eHHbIM JTAHHBIM (PUC. 2.) O COAEPKAHNU 3arPSI3HSIOLINX BEILIECTB
B CMbIBaX C MOBEPXHOCTHU JIUCTHEB U XBOU ObUIO BbISIBICHO, YTO LleHTpanbHbIil
napk sIBJSIETCSl CaMbIM 3arpsi3HEHHbIM pailoHOM. Tak, Ha MOBEPXHOCTHU JIUCTHEB
Ku3nuibHuKa B lleHTpanbHbIM Napke cofiep>KaHue CyiabgaToB WMMENO CaMbIid
BBICOKMI TMoOKa3arenab 29 wmr/pm, 0oJiee YUCTBIM PAiOHOM OKa3ajCs CKBEp
KocmonaBToB. CkBep CepeOpsHbII 3aHMMAET NMPOMEKYTOYHOE MECTO MEX/Y
[IByMs1 9TUMU PAlilOHaMU.

JIns  OUEHKM COCTOSIHASI TMUTMEHTHOIO KOMIUIEKCA PacTeHUsi Mbl
WCTIOJIb30BAJIM TAKWE MOKA3aTEM KaK CYMMApHOE COAEPIKaHUE XJIOpouiia a u
xjaopopwiia 6, a Takxke ux OoTHoweHue. [lo maHHbIM, MpeAcTaBlIEHHBIM Ha
pucyHke 1, Mbl BUIUM, UYTO C POCTOM 3arpsi3HeHUsl oOllee cofepKaHue
XJOpOPUIUIOB y €JId CUOMPCKOWM  YMEHbIIAETCS. Y COCHbl OOBIKHOBEHHOM
JIAHHOW 3aKOHOMEPHOCTU HE BBISIBJIEHO, BEPOSITHO 3TO CBS3aHO C OCOOEHHOCTbHIO
JIAHHOT'O BHJA, 2 UMEHHO C fAedonmanuenn cocHel [3]. B pailoHax ¢ BBICOKUM
YPOBHEM 3arpsi3HeHUsi OHa CcOpAcChIBAET MOBPEKJICHHYIO XBOIO, U OCTaBLUIASICS
XBOSI BbIHYXJIeHa padOTaTb WHTEHCUBHEE, COOTBETCTBEHHO HUMEET OO0JbLIOE
cofepxkanue xJjopoduiia. s JUCTBEHHBbIX TMOPOJ, TaKOW TEHJCHIMUA He
HAOJIOfIaeTCsl, 3TO MOXKET ObITh CBSI3aHO C TE€M, YTO MOMMUMO 3arpsi3HEHUsS] Ha
oo11ee coeprKaHne XJIOpouilsia MOTYT BIUSIT U Ipyrue (PakTopbI.
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Puc. 2. Conep:xaHue aHMOHOB B CMbIBAX JIMCTHEB U XBOU B UCCJIElyEMbIX Buax (A-
ckBep KocmonasToB, b-1LleHTpanbHblii napk, B- cksep CepeOpsinblit)

Takoli mokasaTesib KaKk OTHOLIEHUE XJIOPO(WIIOB a/b ABIgeTCA OMHUM U3
nokKasaTeJieil CTpecca pacTEeHUi, 4eM OOJbIIE ITOT MOKA3aTeb, TEM MEHBIIE
YPOBEHb 3arpsA3HEHMs BO3[yXxa M HaoOopotT [4]. Tak, Mbl BUIMM, 4TO B CKBEpE
KoCMOHAaBTOB [1aHHOE€ OTHOLIEHME Y KHU3WIbHMKA OOJIbIIE O CPABHEHUIO C
NPYTMHU paiioHaMHM, YTO COOTBETCTBYET [aHHbIM IO CMbIBaM. Takas e
3aBUCUMOCTb HAOJIIOJJAETCS M Y CHUPEHU. Y XBOHMHBIX JIaHHbIA MOKA3aTElb
NPAKTUYECKN HE MEHSETCA. DTO MOXKET ObITh OOBACHEHO TEM, YTO COCHA U €llb
UMEIOT KCEpPO(UTHBIE CBOMCTBA, MX XBOSd C TOJCTOM KYTHUKYJIOA U
Norpy>keHHbIMA ycTbuuamu. [IosToMy, HECMOTps Ha 3arpsi3HEHME BO3YLUIHON
Cpefibl, XBOWHbBIE PACTEHNS YYBCTBYIOT c€0s1 HOpMaNbHO [3].

B 1enoM MOXHO OTMETHUTB, YTO COCTOSIHUE MMIMEHTHOTO KOMILIEKCa
WCCJIENlYEMBIX PACTEHUI pearupyeT HE Ha OT/EJbHbIE KOMIIOHEHTBI BO3[YLLIHOMN
Cpefpl, a Ha BECb KOMIUIEKC 3arps3HSIIOIIMX BEIIECTB, HO, IO [IAHHBIM
KOPPEJSIMOHHOTO aHAJIN3a, HauOOoJIbLIEE BIMSHUE OKA3bIBAIOT «KUCIbIE» ra3bl.
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Puc. 3. Copep:xanue xnopoduiio (a+b) XBou U IMCTBbI UCCIIEAYEMbIX BUJIaX B
nepecyeTe Ha Cyxyto Maccy B A - ckBep KocmonasToB, b- LlenTpanbHblii napk, B - cksep
CepeOpsiHblit (1o, 2019)
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Puc. 4. OtHouienue xnopoduiiios (a/b) XBOU U JIMCTBBI UCCIIElyEMbIX BUJaX B
nepecyere Ha cyxyro Maccy A- cksep KocmonasTos, b- LleHTpanbhblil napk, B - cksep
CepeOpsiHblit (1roa1b, 2019 )
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0O.B. Aramanosa, M.B. UcTpamkuna

CapaToBCcKMil rOCYIApCTBEHHBIN TEXHUYECKNAN YHUBEPCUTET
umenu ['arapuna [0 .A.

BBIABJIEHUE DKOTOKCUKAHTOB B CTOYHbBIX BOJAX
TEKCTUJIBbHOI'O IPEANIPUATHUSA

IIpuBoasTCS pe3ysbTaThl BbISBICHUS 3KOTOKCUKAHTOB B CTOUYHBIX BOJAX TEKCTUIBLHOIO
npepnpusitusi. OnpenensieTcss TOKCUYHOCTb 00pa3LoB CTOYHBIX BOJ MPEANPUSATHS 10 U MOCIIE
a/ICOPOLIMOHHON OYUCTKM.

KnroueBble cioBa: MHOTMOKOMITIOHEHTHBII aICOPOLMOHHBINA  (PUIIBTP, TOKCUYHOCTB,
CTOYHAs BOJIa, ApOMATUYECKHUE COECIUHEHUSI.

Hanmnure  3KOTOKCMKAHTOB B CTOYHBIX  BOaX  MPOMBILJIEHHBIX
OPEeNpUSTAIL TPU  HEOCTATOYHO KAYECTBEHHOM OYMCTKE CTOKOB MOXKET
NPUBOJUTH K TMOMAJaHUIO0 TOKCUYHBIX BELIECTB B OOBEKThI OKPY>KAIOLIEH CPefibl,
B YaCTHOCTH, B NMPUPOJHbIE BOJOEMbI, YTO OKAa3bIBAET HEraTUBHOE BO3JCHCTBUE
Ha BOJIHbIE 9KOCUCTEMBI.

Pa3zpaGorannbie  Ha  kadegpe  «Okomorusg» B CapaTOBCKOM
rOCY/IapCTBEHHOM TEXHUYECKOM yHMBepcuTeTe umeHn ['arapuna I0.A. B pamkax
['oc3zapannss MunoOpHayku P® no 3assBke Ne 5.3922.2017/ITH apcopOumMoHHBIE
CHCTEMBI OYMCTKHU CTOYHBIX BOJ [ 1] OT apomMaThyeCKnX COEAUHEHNIT HEOOXOIMMO
ObUIO  anpoOMpoBaTh B  NPOU3BOACTBEHHBLIX  YCJIOBUSIX I OUEHKU
3(p(PEKTUBHOCTU UX UCTIOJIb30BAHUS.

Pa3zpaboTanHble MHOTOKOMITOHEHTHbIE acCOPOUMOHHbIE (hriibTpbl (MAD)
ObUIM WCMBITAHbl HA CTOYHBIX BOAAX TEKCTWJIBHOIO MNPEANpusTUs -
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banamosckoro punmmana [TAO «KyitObimeB A30T», KOTOpOE SIBISIETCS OJHAM U3
Benyux B Poccnm mo mpow3BoAcCTBY Kanposiaktama. OCHOBHBIM MCTOYHUKOM
CTOYHBIX BOJI, 3arpA3HEHHBIX APOMATUYECKMMU COEMHEHUSIMU, SIBIIACTCS LEX
NPEANPUATHS IO OKPALLIVMBAHMIO TKAHEW W3 KAITPOJIOKTaMa.

Yr1006b1 MpoBEPUTH 3P(PEKTUBHOCTL pa3paboTaHHbIX MA® Obl1 BBINOJIHEH
OTOOp B pa3HOE BpEMsSI TpeX NPOO CTOYHBIX BOJ M3 OCHOBHOI'O JPEHA’KHOIO
Kosoua. Kaxkaplii 3 00pa3yoB CTOYHBIX BOJ ObUT O OYEPENU MPOPUIBTPOBAH
yepe3 3-X-CJIOVMHYK COpPOLMOHHYIO 3arpy3Ky, CJIOM KOTOPOW pacrojarajmch B
caenyouen nocnegoBareabHocTh: cunukaresb mapku ACKI'; aHnoHuT mapku
AB-17-8; 6GeHTOHUT, NpOLIEAIINIA MOAU(MUKALMIO YIIEPOAHBIMU HAHOTPYOKaM 1
0003K>KeHHbI pu Temneparype 550° C.

Pesynbprarel ucciaegoBaHMii NpM  NOMOLIM ra30BOM  XpOMAaTO-Macc-
CHEKTPOMETPUMA TO3BOJIWIIA BBISIBUTH B MPO0AaX BOAbI MOMUMO METAIJIOB,

YIJIEBOJOPO/bI, B T. 4. ApOMATUYECKHUE .
Bbin mposenen aHanu3 oOpa3yoB 10 U TMOCJAE OYMCTKHA HA Psiji OOLIMX

nokasaresjen 3arpsi3HeHus (TaOuLbI

I, 2). Hekoropble BelecTBa IMoOCie

nponyckaHuss Mnpo0 uyepe3 QUIbTPYIOLIYIO 3arpy3ky BooOlle He Obun

OOHApYy KEHBDI.
Tadbmuna 1
PesynbTaThl aHanmM3a UCXOHBIX 00PA3L0B CTOYHOI BOJIbI
IToka3zarenb 3HaueHue moKazaTeJsi Hopmatus
TpoGa Nel TpoGa Ne2 IpoGa Ne3  [TH2.1.5.1315-03
3anax npu 20° C, 6amn | 0 0 0 2
3anax npu 60° C, 6ann | 3 3 2 2
Okpacka 200 195 10 -
XTIIK, mrO./mve 511,20%0,12 432,50+0,19 156,20+0,16 30,0
Cyxoi1 octaTok, mr/ g | 1792,0+5,7 1834,6+4,7 942 .5+4.2 1000
KecTkocTb, MI/ M 6,70+0,08 6,00+0,07 4,50+0,07 7.0
Xgopupibl (Mr/pme) 467,5+1,1 398,0+0,9 327,822 350
Cyabatbl (Mr/am’) 82.4+0,5 62,5+0,5 78.3+04 500
Keneso o6mee | 0,21+0,04 0,24+0,05 0,18+0,01 0,1
(mr/mwr)
Menpb (Mr/omre) 0,11+0,02 0,070+0,005 0,060,005 0,001
Huuk (Mr/gwme) 0,004+0,001 0,0050+0,0003 | 0,0020+0,0003 0,01
Csuser, (Mr/mm) 0,0020+0,0005 | 0,0010+0,0001 | 0,0040+0,0005 0,006
Kapgmuir (Mr/mw) 0,0040+0,0005 | 0,005+0,0001 | 0,0030+0,0002 0,005
Mapraser, (Mr/am) 0,0200+0,0005 | 0,020+0,006 0,010+0,002 0,1
Hukens (Mr/mm) 0,030+0,006 0,020+0,009 0,020+0,005 0,02
docdate! (Mr/am) 0,90+0,08 1,10+0,01 0,42+0,08 35
o-bennnenuamun, mr/ov | 0,30+0,02 0,80+0,05 0,40+0,05 0,01
PE30PLUH, MI/M’ 0,80+0,04 1,50+0,04 0,20+0,03 0,1
O-TOJIyUJVIH,, MT/IM? 0,30+0,04 0,10+0,02 0,18+0,02 -
n-autpocpenon, mr/mm | 0,070+0,008 0,090+0,006 0,050+0,005 0,02
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Tabmuna 2

Pe3ynbTaThl aHamm3a npo6 CTOYHOI BOJIbI MOCJIE OYUCTKU

IToka3zaTenb 3HaueHue mokas3areJs Hopwmarus
ITpo6a Nel ITpoGa Ne2 [Mpo6a Ne3 TH 2.1.5.1315-03

3anax npu 20° C, 6amn | 0 0 0 2
3anax npu 60° C, 6amn | 0 0 0 2
Okpacka 12 10 0 -
XIIK, MrO./om: 21,25+8,10 49,50+5,72 33,84+3,80 30,0
Cyxoii octaTok, mr/am* | 536,30+23,08 | 458,65+17,00 | 298,14+15,50 1000
KecTKOCTb, MI/mM: 5,20+0,02 4,75+0,05 3,29+0,03 7,0
XJopujibl, MIr/pm 32245+11,07 | 273,31+8,95 225,70+10,00 350
Cynbgatsl, Mr/am 52,00+2,18 39,25+1 .45 44,00+3,00 500
Keneso obiee, mr/ove | 0,148+0,004 0,090+0,003 0,110+0,02 0,1
Menp, Mr/om 0,0100+0,002 | 0,0014+0,0001 | 0,0100+0,0005 0,001
Hynk, Mr/ome 0,0010+0,0001 | 0,0012+0,0002 | 0,0010+0,0001 0,01
CauHel, MI/oM: 0,0010+0,0001 | 0,0018+0,0001 | 0,0020+0,0002 0,006
Kapmwnit, mr/om 0,0010+0,0002 | 0,0014+0,0003 | 0,0010+0,0001 0,005
Maprasen,. mr/gm 0,0090+0,0010 | 0,0080+0,0004 | 0,0060+0,0009 0,1
Huxkens, mr/nm: 0,0100+0,0003 | 0,0100+0,0005 | 0,0100+0,0004 0,02
docdarsbl, Mr/am 0,400+0,04 0,490+0,02 0,280+0,005 35
0-(beHnIIEHINaMIH,, 0,010+0,003 0,010+0,008 0,021+0,008 0,01
Mr/gm:
PE30pLMH, MI/IM® 0,102+0,009 0,020+0,007 0,0210+0,0009 0,1
O-TOJIYUJJVIH,, MT/IM? 0,048+0,005 0,013+0,005 0,0170+0,0005 -
n-uutpodenon, mr/av | 0,014+0,002 0,0150+0,0005 | 0,005+0,003 0,02

[IpoBenieHHbIE UMCHBITAHUS TOKa3aivd, 4YTO pa3padonranHble MA®
OYMILIAOT CTOYHBIE BOfIbI Ha 80-99% He TOJNBKO OT NPOU3BOIHBIX OEH30J1a (CM.
TabJ1. 2), HO U OT TSDKEJNbIX METAJLJIOB.

OnpepiesieHre TOKCUYHOCTA OOpPa3liOB NMPOMBILUIEHHBIX CTOYHBIX BOJI, a
TaK>XXE MOJIEJIBHOTO PAaCTBOpPAa HCCIEAYEMbIX APOMATUYECKUX COEUHEHUN B
pacyeTHOM KOHLEHTpaUUMM BO3MOXHOIO TPOCKOKAa B Cllyyae aBapUiHOM
cutyauuu (50 mr/am:), IPOBOJIMIIU IO U MOCJIe OUYUCTKU C UCHOJIb30BaHueM MA®.
HccnenoBannsi BBINOJHEHbI ¢ HKCMOJb30BAHMEM JIOMYLICHHBIX [ LEJen
rOCyJapCTBEHHOI'0 3KOJOrn4eckoro Koutpouss meropuk: I[THI @ 14.1:2:4.12-06;
16.1:2339-06 wu  PP.1.39.2004.01143.  PesynbraThl  UCCIENOBAHUI
npeCTaBJeHbl B TaOmuax 3, 4.

Y CTaHOBIIEHO, 4YTO HCXOMHbIE OOpPa3lbl CTOYHBIX BOJI TEKCTUIBLHOTO
NPEANPUSTHS SIBIISIFOTCS CPEHETOKCUYHBIMU MO Pe3yJibTaTaM OMOTECTUPOBAHMS
Cc ucnosib3oBaHueM TecT-00bekTa Chlorella vulgaris, n 0Ka3bIBalOT OCTPOE
TOKCUYECKOE AECVCTBUE MO pe3yJibTaTaM OmoTtecTupoBaHus Ha Daphnia magna.
ITocne ouncTKM CTOYHOI BOABLI C MCHOJIL30BaHUeEM MA® 3Tu BOJbI CTAHOBSITCS
CIa00TOKCUYHBIMUA, UM KPATHOCTb Pa3BeJEHUs] CTOYHBIX BOJ|, MPU KOTOPOM
BpEIHOE BO3CHCTBUE HA TUAPOOMOHTOB oOTCyTcTBYeT  <100. MopnenbHbii
PacTBOp HUTPO-, aMUHO- U TUPOKCUIIPOU3BOJHBLIX OEH30Jla MO pe3yJibTaTaM
ouoTecTupoBaHus Ha TecT-00bekTe Chlorella vulgaris sBIsIeTCS TOKCUYHBIM, a
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0 pe3yJbraTam OuorecTMpoBaHus Ha Daphnia magna OKa3bIBa€T OCTPOE
Tokcuyeckoe jaeictue. [locie ounctkm ¢ ucnosb3zoBanueM MA®D dpuibTpar
MOJIEJIBHOTO PacTBOpa CJIA00TOKCUYEH, U KPATHOCTb Pa3BEJCHMUs CTOYHBIX BOJ,
IPU KOTOPOM BPEIHOE BO3/ICVICTBUE HA TMAPOONOHTOB OTCyTCTBYeT <100.

Taomma 3
Pe3ynbTaThl 6MOTECTUPOBAHMSI UCCIIEYEMbIX MPOO CTOYHBIX BOJ U MOJIEILHOTO
pacTBopa ¢ UCnoJib3oBaHueM TecT-oonekTa Chlorella vulgaris

Crenenb OnTuueckast OrtknoHenue | OueHka kauecTBa MPOOLI:
Ne po6wI, pa30aBneHus IJI0THOCTb, OT KOHTPOJIA, OKa3bIBaeT/
Ha3BaHUE MPOObI TECTUPYEMON cpenHee % HE OKAa3bIBAET
npoObl, pa3 3HAYEHNe TOKCHUYECKOe JIEVCTBIE
KonTtposb - 0,069 0
1 0,052 24.1
3 0,054 21,7
ITpo6a Ne 1 - . CpeIHeTOKCUYHAsI
(CTO‘{IL(]):IS i\i.)ﬂbl) 9 0,056 17,8 P
27 0,062 10,1
81 0,068 14
KounTtposb - 0,070 0
1 0,082 -17,1
[TpoGa Ne 2 3 0,058 17,1 1460 TOK I HAS
(dpuabTpaT CTOUYHBIX 9 0,073 -4,3
BOJI) 27 0,078 -114
81 0,075 -7,1
KounTtposb - 0,070 0
1 0,046 27,1
3 0,048 25,7
ITpo6a Ne 3 - . TOKCUYHAS
(Monenszbl??l J;.aCTBOP 9 0,051 214
27 0,057 142
81 0,068 29
KonTtposb - 0,071 0
ITpoba Ne 4 ! 0,067 2.6
(punbTpar 3 0070 1.4 CJIaDOTOKCUYHAST
MOJIEJILHOT'O : 0,068 4.2
pacTROpa) 27 0,072 -14
81 0,070 14

[IpoBeneHHbIE OMNBITHI MO3BOJIWJIA HE TOJBKO BBISIBUTH B HWCXOJHOM
CTOYHOH BOJIE 9KOTOKCUKAHTHI — APOMATUYECKUE COEIMHEHNS, HO U 3aKJIIOUUTD,
yTo pa3paboraHHble MA® MO3BOJSIOT CYLWECTBEHHO IOBBICUTH KayeCTBO
OYKMCTKM CTOYHBIX BOJ| TE€KCTUJIBHOTO MPEANPUSATUS OT 3TUX TOKCUYECKUX
COEIMHEHU. DTO 00ECIEYUT CHUKEHUE aHTPOMOTEHHOTO BO3JIEMCTBUS CTOYHBIX
BOJI PEANPUATHUS HA OKPY>KAIOLILYIO CPENY,, MOCKOIBKY (PUIbTPATHI HE SIBJISIOTCS
TOKCUYHBIMU [JIsl OMOTECT-OO0BEKTOB, W, CIIEIOBATEILHO, HE MPEJCTABIISIIOT
NOTEHUMAIIBHYIO 9KOJIOIMYECKYH ONACHOCTb.
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Tabmuna 4

Pe3ynbTaThl OMOTECTUPOBAHUS UCCIIEAYEMBIX TPOO CTOUHBIX BOJ, U MOJIETIBLHOT'O
pacTBopa ¢ UCNOJIb30BaHUEM TecT-00beKTa Daphnia magna Straus

TecTupyemas npoda IIpoposxu- CmepTHOCTB OuneHka TecTupyemMoii NpoObI:
BOJJHOI BBITSI>KKHU TEJILHOCTh nacHuil B ONbITE, OKa3bIBAeT/ HE OKa3bIBAET
oTxofa, HaOJIIOfIeHUs, B % K KOHTPOJIIO | OCTPOE TOKCUYECKOE JIENCTBUE
KOHLIEHTPALMs! TPOObI 4achl
[Tpo6a Ne 1(cTouHble BOAbI)
100% 421;1 28 OKa3bIBacT
102 24 10 HE OKa3bIBaeT
48 20
10+ 24 0 HE OKa3bIBaeT
48 10
ITpo6a Ne 2(cpunbTpaT CTOUHBIX BOJ)
100% 421;1 ?O HE OKa3bIBaeT
102 24 0 HE OKa3bIBaeT
48 0
10+ 24 0 HE OKa3bIBaeT
48 0
ITpo6a Ne 3(MopienbHbII pacTBOP)
24 80 OKa3bIBaeT
100% 48 100
10+ 24 50 OKa3bIBaeT
48 80
10+ 24 10 HE OKa3bIBaeT
48 20
ITpo6a Ne 4(cpunbTpaT MOJIETILHOTO pacTBOPA)
24 0 HE OKa3bIBaeT
100% 48 10
10+ 24 0 HE OKa3bIBaeT
48 0
10+ 24 0 HE OKa3bIBaeT
48 0
JIureparypa
I. Ncrpawikuna, M.B. D¢ dpekTMBHOCTE MHOTOKOMIIOHEHTHOTO aCOPOLMOHHOTO

cpmlepa MO0 OTHOUICHHWIO K OpPraHu4€CKUM COCTUHCHUAM

C Pa3M4yHON CNOCOOHOCTBHIO K

VOHU3alMU B BOJIHOM cpefie (Ha MpUMEpPEe O-TOJYWMHA, THIPOXUHOHA U N-AUHUTPOOEH301a) /
M.B. HUcrpauikuna, O.B. AramanoBa, E.M. TuxomupoBa, H.B. BeneneeBa // W3BecTus
Camapckoro HayuyHoro neHTpa Poccuiickoit akagemun Hayk. - 2016. - T. 18. - Ne 2(3). - C. 687

—-691.
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A.B. baigocoBa, C.XK. KyxamoepaueBa, b.b. AoxkanesoB,
.. OpbIHOEKOB

KbBbutopguHcKnil rocyilapcTBEHHbIN YHUBEepcuTeT MM. KopkeIT ATa,
Pecny6nmka Ka3zaxcran

BJINAHUE KOJEGAHUSA MAJIOTI'O APAJIA HA 9KOJOI'MYECKY O
OBCTAHOBKY B IIPUAPAJ/IBE

B crarbe pacckasbiBaeTcsi 0 npodieme Apanbckoro Mopsi. O ToM Kakue maru ObLIu
NPEANPUHATEl U MPEANPUHUMAIOTCS I YJIYy4YLIEHUs 9KOJOTMYeCKONM OOCTAaHOBKU W sl
coxpaHeHust Apasibckoro mopsi. bbula nocTpoeHa miIoTUHA 17151 pa3fiesieHusl MOps Ha JIB€ YacTu
JIJ151 COXPAaHEHUs1 XOTbl Obl HEOOJIBIIYIO YaCTh ApPanbCKOro MOpS.

Karwuesbie cioBa: Apanbckoe MOpe, MIIOTUHA

N3BecTHO 4TO, 3KOJIorMyeckas oOcrtaHoBKa B I[Ipmapanbe nepexuBaet
HEMOMPABUMBIE MOTEPU, YTPATUIIA CBOE NPUPOJHO-XO3SIMCTBEHHOE 3HAYECHUE U
pajii COXpaHEeHUs MPUPOJIbl PperMoHa ObLUIO PELICHO CHACTU XOTs Obl HEOOBIIYIO
yacTb Apanbckoro Mopsi. B uensix oxpanbl npupojbl, B aprycte 2005 ropa, Obiia
coopyxeHa Kokapanbckasi ninotuna, otaesstomas CeBepHoe ApaabCKoe Mope
OT OOJBIIOrO MOPs. DKOJOTMYECKMI W COLMAJIBbHO-3KOHOMUYECKUN 3(PEKT,
noJib3a OT IJIOTMHBI ObLIa B TOM K€ TOy, C OKOHYAaHHMEM CTPOMTEJIbCTBA. BO
NEPBbIX, OECUMCIIEHHOE KOJIMYECTBO MNpecHOon Boabl Chipgapbu, KOTopoe 0e3
NOJIb3bl BBITEKAJO B OOJBLIOE MOpE, CTAIO coOmpaTbecsi B CEBEPHOM MAJIOM
Mope. TeM caMbIM JI0Ka3aB, YTO €CJii Mbl OyieM OOyMaHHO JIEVICTBOBATh, MOXKEM
HE TOJbKO BOCCTAHOBUTHL MPUPOJY, KOTOPYIO Pa3pyILIAIM CBOMMU PyKaMu, HO U
YIPABISTh €10 U alalTUPOBaTh K HOBBIM 3KOJIOrMYeckuM obctaHoBkam. Eciu
paHbllie MOpe OTAAIMIIOCH OT ropofa Apanbcka Ha 75,0 KM, TO TeNepb CTajo
om3ko Ha 12,0 kM. Ho He TOIbKO 3KoJIornueckasi, HO U 9KOHOMMUYEeCKasl BbIrofa
Obl1a OT MJIOTUHBI, Tak Kak B 2006 rogy ¢ CeBepHOro Mopsi ObLJIO BLUIOBJIEHO 2,3
TBIC. TOHHbI PbIObI. DTO Oojbwie B 10 pa3 NPOLIIOrOAHErO pe3yJsbTarTa.
HekoTtopble 3a0pouieHHble MPUMOPCKUE HACEJIEHHbIE MYHKTbI OXWJIU, CTaJlo
Pa3BUBATLCSl PbLIOOJIOBCTBO M YKMBOTHOBOJUYECKOE XO3SIMCTBO. Y MEHBIIUIUCH
COJIIHbIE  BeTpbl, TNbLIeCOpoc B  arMocepy, BOCCTAHOBWICS — YIOOHBIN
MUKpokJiMMaT. Pabounii ypoBenb Kokapanbckoi minoTuHbl paccuutadH Ha 40,0
METPOBYIO OTMETKY 3epKana Mmops. Beixomgur, eciu, arta cuTyauus OyjeT
MOCTOSIHHOM, 00beM BOJIbl cobuparoiuiicss Ha CeBepHOM MalloM MOpe He OyjieT

npesBbIiaTh 21,0 KM . s Manioro Mopst 3Toro Heoctato4yHo. [loromy 4rto, u3
yeThIpex yacTeil CeBepHOro Apasna nosHoBogue OyfeT TOJAbKO B LleHTpanbHOi 1
B 3anuBe llleBueHko, a roro-zamajHble OKpauMHbl 3anuBa  byTakoBa u
CapblliblraHak, KOTOpbIE JIeXaT BbIIE OTMETKU, OyaeT MasioBopgHoii. W3-3a
3TOT0 MOTYT OCTAThCS B JIAJIeKE OT MOPSI TYCTOHACEJIEHHbIA TOpofi ApajbCK U
npuMopckue HaceneHHble NyHKTbI (Kapawmanan, byrenb, Kaparyn, TacTtyOexk,
Akecne, Ak6actbl). 3HauuT, Kokapanbckas MIOTHHA HE MOXET MOJHOCTHIO
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PELIUTH IKOJIOTHYECKUe NpooJieMsl [1].
[To pe3ynbraram Habmropenuii, B 2018 rogy B Manoe mope noctrynuio 3,6

KMO BOJ/IbI, a 32 9 MmecsaueB 2019 roga 00beM NOCTYNUBLIEN BOfIbI COCTaBUN 2,7

kM3. Dro FOBOPUT O TOM, C KaxabiM rogoM CeBepHoe ApallbCKOe MOpe
MOJTy4aeT Majio BOAbl. UeM MeHbIIE BOfbl MOJYyYaeT MOPE, TEM HUXKE €ro
YPOBEHB [2].

[IpuTOK peKr MOCTOSIHHO MEHSIETCS, 3TO MPUPOJHBIN Mpouecc. MOXKHO
CKa3aThb, YTO BCe BOCCTAaHOBUTCSA. HO yMeHblLIeHNE BOfIbI B MOPE CKa3bIBAETCS HA
3KOJIOTUYECKON, COLMATTBHO-9KOHOMUYECKON OOCTAHOBKE B PETMOHE.

[Tocse cmaum B akcryataguto Kokapanbckoit niotunsl B 2005 ropy,
OXMJANOCh 4YTO, BCA Boja peku Chippapbu Bnajaromas B CeBepHblii Apan
OCTaHeTCsl B caMOM Mope. MMHepaJbHOCTb MOPCKOI BOfbl JIOJ3KHA Oblia
YMEHbIIUTbCSA. Tak Kak ¢ 3aBeplUIeHHeM MpOeKTa Macca Bofbl Mamoro mopsi
YBEJIMUUTCS, YPOBEHb COJIM B JIUTPE MOPCKOM BOJIbl YMEHBIIUTLCS C MPEXKHUX
230 r/mn po 17,0 r/a, 3HauuT, Boga B CeBepHOM MOpe CTaHeT OoJee
ONPECHEHHOM .

MunepanbHOCTb Bofibl Apanibeckoro mopsi. 2018 rop

XKecr Mr/nutp
Mopst pH kocth | HCO3 Cl SOy Ca | Mg | Na+K | Cyxont
, M- 0CTaTOK
9KB
CesepHoe 7451900 183,0 | 70900 | 3789,0 | 600, | 729, | 4797.5 160900
Apainbckoe 9 0 6
Mope
Bounbioe 7451930 2562 | 13612, | 3622,8 | 580, | 772,| 9267,5 | 265120
Apanbckoe 8 0 2
Mope

Anamm3npyst  mHpopmaumo  (Tabl.) KOHCTAaTUPYEM, MHUHEPAJIbHbIE
nokKa3aTesu Boj AByX Mopen pasubie. ConeHocTs bonbmoro Apanbckoro Mopsi B
auTpe Boabl 26,5 r/n, noropsieT ypoBeHb 2000-ro roga. CosneHocts CeBepHOro
Apanbckoro Mops B iutpe Boapbl 16,1 /1, aTo Ha 10,4 1/1 MeHbLIE NOKa3aTenen
00JIbILIOr0 MOPsi. BBIXOIUT, U3-3a TOr0, YTO OCHOBHYIO MacCy BOAbI Masnoro Mopst
COCTAaBJISIET PEYHAsl BOJIA, TO U MEHbLIAS KOHUEHTPALKMS COJU (TBEP/BIA OCTATOK )
B BOJE. AHAIM3UPYs KOHUEHTPALMIO HEKOTOPbIX HWOHOB, Mbl BUJIUM, YTO
nokKasaTesiv BOIopojiHbIX MOHOB (pH) oueHmBaromye peakuuro BObI, B BOAaX
IBYyX Mopeil ofuHakoBble — 7.45. DTOT mokazaresib OJM30K K HEUTPATILHOW
peakuuy, TO4YHEe  CJalblil  WEJOYHOW. 2KecTKOCTb  MOPCKOW  BOfbI
cootBeTcTBEHHO 90 u 93 wmr-skBuBanieHt. [loka3zarenum Ommskue. Takas
>KECTKOCTb CBOWMCTBEHHA TOJILKO MOPCKOM Bojie. 2KECTKOCTh BO/Ibl ONPEIEIsSIeTCS
KOHLEeHTpauusmu conelt Kanbiys (Ca) u maraug (Mg). [1o Hawenn nadgopmauyn
(Tabs. 3) B BOflax MaJIoro U OOJIBLLIOrO MOpell KOHLEHTpalusl CoJiel 1ETOYHbIX
MeTasoB Osu3kas: B Bojax Manoro mopst Ca-600 mr/n u Mg — 729,6 mr/a, a B
Bonbiiom mope coorBeTcTBeHHO 580,0 m 772,2 Mr/a. DTO O4YeHb BbICOKHUN
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nokasaresib. Ecim, XeCcTKOCTb mNpecHOi BOAbl npeBblmaer 12—-15 wr-
3KBUBAJICHT, TO €€ 3ampeljaloT MCIOJIb30BaTh B XO3SIMCTBE, HANPUMEpP, JJIs
OPOLLIEHNS , )KUBOTHOBOJICTBA, B OBITOBBIX LEJSX. DTO HEOOJIBILIOE CPABHEHUE JIJIsT
OLICHKH >KECTKOCTU MOPCKOW BOfbl. OOIIasi WIEJIOYHOCTH BObl Manoro mopsi
183,0 wmr/m, aro Ha 73,2 Mr/n MeHblIE KOHUEHTpauuu bousbioro mops.
N3BeCTHO, YTO KOHLEHTpPALMS MOHOB COOTBETCTBYET CyXOoMmy octarky. M3-3a
TOro, 4ro Boja Masioro Mops mnpecHas, oOumas WEeJoYHocTh Huxke. Camoe
OYEBUJIHOE TO, YTO KOHLEHTPALMSI MOHOB XJopa B BoAe bosbloro Mops Ha
6522.8 r/n  OGosblwie yem B Bopgax Masoro mopsi. PacTBopumocTh B BOjie U
MPOJIBUKEHUE 3TOr0 3JIEMEHTAa HE3aBUCUT OT TeMIEepaTypbl cpefbl. Bbixomur,
MOHBbI XJIOpAa B BOjax boJblIoro Mopsi HAKONMWIWChL C JaBHUX BPEMEH.
KonuenTpanuus nonos cynbgara (SO4) B Bogax AByX Mopein Ofu3Kasi: B JUTpeE

Bojbl Mastoro mopst — 3789,1 mr/n  cynsegara, a B Bogax bonbmoro mopst —
3622,8 r/n noHoB cyabdara. KoHueHTpauyss 3TMX MOHOB B BOJIe 3aBUCUT OT
TemnepaTypHoro pexkuma. Ecnm, Boga oxsaxkaaeTcsi, TO MOHbI OCefaloT U MX
KOJIMYECTBO B BOjie YMeHbIlIaeTcsi. IoHOB HaTpusi MHOTO. IOHOB HATpus 1 Kasust
B uTpe Bojibl Manoro mopsi — 4797,5 mr/n, a B Boax bosbiioro mopst — 9267,5
r/n. IoHbI HATpUsI B OCHOBHOM COEJIMHSIIOTCSI C MOHAMM CyJibdaTa U OCEflaloT B
Bujie MupabumuTHbix conerd (NapSO4*10H20). Otm  comm M cocTaBisioT

COJIM, KOTOpbIE COOMpAIOTCSI Ha OOE3BOXKMBAHHOM TIPYHTE MOPCKOro jHa. B
JIETHUE Mecslbl TeMnepaTypa BO3[yXa T[OJHUMAETC W MHUpPAOUJIUT Ha
NOBEPXHOCTU TPYyHTa HUCHApsieT BOJy C ceOsi, MOSBJISIETCS TEHAPAUT — cyXxasi
cepHas kucnotra Hatpus (NapSO4). Dto — mnopomok 6enoro usera. Tor

CaMblil, KOTOPBII CAYBaeTCs C MOBEPXHOCTH FPYHTA, MOMAJAET HA MOJIS, MAUHUA U
NOPTUT NJIOIOPOAHYIO 3eMilt0. BocTouHast ManoBoHAast 4aCcTh ApajbCKOro Mopsi
B 70-bIX ropiax MpouuIoro BeKa ObICTPO OCYIIUIACh, OCTABLIYIOCS B OBEPXHOCTU
IPYHTa COJIEBYIO MacCy C MOPCKOH BOJibl B BUJIE COJIEBbIX BHIHOCOB MbLIEBbIX
Oypb CTajo ClyBaThb BO BCE CTOPOHBLI. DTOT mpoliecc B nepsbie 10—15 net wen
OYeHb IMHAMUYHO. [ToTOM BOocTOUHAs HabGepexkHasi MOpsl CABUHYJIACH JIAJIEKO Ha
3amaji U ypoBEHb COJICHON BOJIbI B TJIACTAX MOHU3WIIACH, U3-3a YEro, OCTAHOBUJICS
NpoLECC KaNWJUISIPHOTO BbIXOAAa BOAbl Mo mnpodunto rpyHta. [lotomy uro,
npouiib TPyHTA COCTOMT U3 BCSIKMX OTJIOXKEHWI, NJIacTOB. MeXxaHn4ecKui
COCTaB 3TUX IUIACTOB Pa3HbIl, B OCHOBHOM NECYMHKM, TJIMHA, TJIMHUCTHIE U
aJIeBPUT, TPYHT COOpPAHHBIA U3 OTJIOKEHUI MPOIMYCKAET BOAY MO Kanuiuisipam
oueHb mioxo [3].

N3-3a aToro, Mexxay COJEHON BOJOI B MJIACTAX U MOBEPXHOCTBIO TPYHTA
HeT cBs3u. JlokaszaTenbCTBO TOMY, BO MHOrMX yuactkax BepxHuii 1,0-1,5
METPOBBII NPOUIIb TPYHTA CYXOil. B Takux ycClOBHSIX COJNM OCTABLUMECS OT
MOPCKOI BOJIbl Ha MOBEPXHOCTU TPyHTA, 3TO B OCHOBHOM COJIA KaJbLus
(CaC0O3,CaS0O4) u Hatpus (NapSO4 . TeHApaUT) CAYJOBETPOM. A OT rajura

(NaCl) ocraBuierocsi Ha TpyHTE MNOSIBUJIACh >KecTKas (OpOHb) CKOpJymna.
Ceiiyac MOBEpXHOCTb BOCTOYHON OCYIIEHHOW YacTH MOPSI TaKbIPOBU/IHASI U KOe-
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7€ BCTPEYAIOTCSl paCTeHUsI, MOBEPXHOCTh IPyHTa cTenu «Maccarer» xKecTkas.
N3-3a yero B cTenu Ha OCYLIEHHOM MECTE MOpPS COJIEBBIX BBIOPOCOB HET.
3HauuT, 3T MPOOIEeMa HE TIaBHasl TOJIOBHAS 0OJIb.

[Io mocaepnein napopmaguu nocrynusiien B 2019 ropy (ceHTtsa0pn) B
3acoxmme o3epa Kapawmanan, bagn, XKbsutangel, [lomanak, Kaprtbma,
KbBeukapma noctymuno 82,0 mMaH M? BOAbl. DTO B CBOKW  O4Yepe/b
CHOCOOCTBOBAJIO O3€JIEHEHUIO NMPUMOPCKUX W NMPUOPEKHBIX 30H, TEM CAMbIM
YMEHBILIAst CONEBON BBIOPOC. B permone ccpopmMmupoBaics MArkuil MUKpPOKJIMMAT
YAOOHBIA 71l IOMAIHEr0 CKOTAa, XUUHBIX 3BEpPeil M NTULl. MecTHbIE >KUTEIn
BOCCTAHABJIMBAIOT PBHIOOJIOBHOE XO3SIICTBO M HCHOJIB3YIOT PAaCTUTEIBHOCTh
BJIA>KHBIX 3eMeJIb B KQYECTBE MAalllHU.

JIureparypa
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MexnyHaposiHasi cTyjeHuyeckas akosnornyeckass KoHgepeHuusi 2009, Hoocubupck. 30
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baiep M.A., [lenucosa E.P.

MoOCKOBCKMIA TOCYAApCTBEHHBIN yHUBEpcUTET MMeHn M.B. JlomoHocOBa

NCCIEJOBAHUE NOTEHHUAJIBHOT'O
TOKCHUYECKOI'O UTEHOTOKCHUYECKOI'O BO3AENCTBUA
ITOJIUTI'OHA TKO KYYNHO HA OKPY XKAKIYIO CPEQY

HccnenoBanne HalmpaBlIeHO HA OLEHKY BO3/IEMICTBUS Ha OKPYXKAIOLLYIO Cpefly MOJIUIOHA
TBEP/bIX KOMMYHAJIbHbIX OTXO0/10B “KyuMHO”, pacrosio>KeHHOro Ha I0ro-BocToke MOCKOBCKOM
obnacTtu. B xofe paboThl NPOM3BOAEH aHaIU3 NMPOO MOYBbI U MPUPOHOI BOJIbI OKPECTHOCTEN
NOJIMTOHAa, a TakXe ero (uiabTpaTa Ha OOILIYI0 TOKCUYHOCTH U T'€HOTOKCUYHOCTb, C
VCMOJI30BAHUEM PA3JIMYHBIX MPO- U 3yKAPUOTUUECKUX TECT-CUCTEM U XMMUUYECKOIO aHAJIN3a.
Ha ocHOBe NOJy4YeHHBIX JaHHBIX, C/EJaH BbIBOJl O HAJIWYMM PE3KO HEraTUBHOIO BJIMSHUS
MIOJIUTOHA HA MTPWIErarolye 3KOCUCTEMBI.
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Katouesbie cnoBa: nonmuron TKO “KyuynHO”, TOKCMYHOCTbH, F€HOTOKCUYHOCTb, lux-
test, TecT DiiMca, TecTupoBanue Ha rugpoobuonTax Chlorella vulgaris v Daphnia magna.

Baxneimen 3KOJOrMYECKON MPOOIEMON COBPEMEHHOIO  OOLIECTBA
SIBIISIETCS CTPEMUTEJIBHBI POCT YMCJAa TOPOACKMX CBAJIOK, OOPa3yrOLIMXCS IO
NpUYMHE KpalHe CJa00 Pa3BUTON KYJbTYpbl OOpalllEHHWs C KOMMYHAJbHBIMU
orxomamu. Hambomee ocseimieHHbiM CMM coObliTMEeM MOCJEIHUX JIET CTaJIo
3akpbiTe B 2017 rogy nogmockoBHoro nojurona TKO “KyunHo” no npuka3sy
B.B. Ilytuna nocne npsmoro oOpaieHusi MECTHBIX >KUTEJEN U MOCKBHYEN C
>Kano00M Ha 3arpsA3HEHNE aTMOC(EPHOrO BO3/lyXa CBAJIOYHBIM ra30M.

JIaHHBII TOJIMTOH PACHOJIOKEH HA TEPPUTOPUM IIOTHO 3aCEJIEHHOTO
paiiona bBanammxa B HENOCpPECTBEHHOW OJMM30CTH K SKWIbIM  JIOMaM,
UCIOJIb3YEMOMY B MNUTBEBbIX LEJSX POJHUKY U OXPAHSIEMOMY MPUPOHOMY
00bekTy — peke I[lexopke. AKTMBHO BbIJEJSIFOIIUICS T'a3 CBUJETEIBCTBYET O
NPOTEKAHWU MPOLIECCOB pachaja 3aXOPOHEHHbIX BEUIECTB C 0Opa3oBaHKUEM
TOKCUYHOTO  (puibTpaTa,  3arps3HsOlIero  Onuszieskaliye  MOYBbl U
TUPOJIOTUYECKUE OOBEKTHI.

JIns  KoMIwiekca WCCEOBaHnid ObIT MPOBEIEH OTOOp JiecsATH Mpoo,
OTMEYEHHbIX Ha cxeme (puc. 1).

D S
(Tapenousun npyn | AN Monuroxn TKO "KyuuHo"

| dennHo
B ’
Touyku ot6opa npob:

1 - Booa 13 pogHuka 6 - Nousa B 50 M OT NnonuroxHa

2 - Bopa n3 pyubs oT KoctuHa npypa 7 - MNMoysa B 150 M OT nonuvroHa

3 - Boga n3 peku lNexopka 8 - Boga n3 Tapeno4ykuHa npyaa

4 - [No4sa OKONO NMonUroHa 9 - MNo4sa okono TapenoykunHa npyaa

5 - @unbTpaTt 0KOMO NOAUroHa 10 - MNoyBa B okpecTHocTAX T. npyaa
Puc. 1. Cxema pacnonoxeHust Touek oréopa npo6 (¢ Bo3pacTaHUEM HyMepalun

NPOMCXOAUT yBEJIMYEHUM BbICOTHI pesibea)

3HayeHus1, TOJyYEHHbIE B PE3yJbTaTe W3MEPEHMUS  BOIOPOAHOIO
NOKa3aTeyidl JKAAKMX MpoO, JEMOHCTpUpYHOT wu3MeHeHue pH-Oanmanca B
LIETIOYHYIO CTOPOHY, 110 MEPE NMPUONMXKEHUS K NMTOJIUTOHY (Tadd. 1).
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Taomuna 1
3HaueHusi BOJOPOJHOIO MOKa3aTesl XKUJKUX MPoo

Ne mpo6b1 | 1) pogHUK 2) pyueit 3) peka [lexopka 5) ¢punbTpaT 8) TapenoykuH
npyna
3Hauenue 5,5 6,0 7.0 8,5 7.5
Ph
________________ > <——

B  pabGore ObuM  TNPUMEHEHBI  TECT-CUCTEMBI,  HEOJHOKPATHO
HCNOJIb30BaHHbIE B TOAOOHLIX uccaenoBanusx [1], [2], OCHOBaHHBIE Ha
TpaHCTreHHbIX 0akTepusix Escherichia coli u Salmonella typhimurium.

Lux-rect Ha KkynbType Xen E. coli mnokaszajl, 4YTO KOHLEHTpaLys
(punprpata gBHO koppllllllemupyer ¢ yMeHbLIEHMEM JIFOMMHECLEHUUU
OaKTepuil, YTO I JAHHOTIO IITaMMa O3HAYaeT HaJMuue OOLIEN TOKCUYHOCTH
TECTUPYEMOT'O COEIMHEHMS (pUC. 2, a).

DnekTpodopes ¢ ucnoib3oBaHueM wtamma Xen E. coli, onpefenus, 4To
mmHHa J[IHK-cnepa Bo3pacTaer ¢ yBeqMyeHMEM KOHLEHTpauuu (puibTpaTa B
psfie pa3BefeHUMi. DTO O3HAYAET, YTO (PUILTPAT YBEJIMYMBAET KOJIMYECTBO
Menkux, MoounbHbix [IHK ¢parmenToB, a caepoBaresibHO, 0O0JamaeT
FEHOTOKCUYECKON aKTUBHOCTBIO (puUcC. 2, 0).

Xen, dbunbtpat 6€3 cTepunmsalmm
3000 12710

2500
02

2000 1766 1763 1748
1500

1000

500

3HaYeHne NIOMUHeCLLeHLNN

H20 1/20 1/10 1/7 1/5 1/3 1/2 1/1,5 1
PasBefeHuWe UcXoaHOM Npobbl

a
Puc. 2. a) 3aBUCMMOCTb WMHTEHCUBHOCTH JIIOMHUHECLEHIMM ImTamma Xen E. coli otT
KOHLEHTpauuun ¢unbTpara; 6) pesynbrar anektpodopesa NHK mramma Xen E. coli,
MOJBEPTrHYTOr0 KOHUEHTpaLusiM (pusibTpaTa B Teuenue 1 yaca

B Tecte Ditmca, BBISBIISIONEM MYTareHHYI0 aKTMBHOCTD, UCTIOJIb30BAJICH
O6akTepualibHbIX WITaMMbl Salmonella typhimurium: TA 97, TA 98 u TA 100.
TecT mokazan 3HAUMTEIHLHOE YBEJIMUYEHWE YNCTIA MYTAHTHBIX KOJIOHWI TIOf
BO37IeliCTBIEM (DUIIbTpATa U BO/IbI U3 peku [Iexopku, B CpaBHEHUM C KOHTPOJIEM,
YTO CBUJIETENILCTBYET 00 X MyTareHHON aKTUBHOCTH.

21




[IpoBeneH aHanM3 TOKCUYHOCTU KUAKUAX MPOO, MyTEM OLICHKU M3MEHEHUS
YUCJIEHHOCTU KJEeTOK TecT-o0bekTa Chlorella vulgaris Beijer 3a 24 wvaca (1o
pe3ybTaTaM U3MEPEHUS] BEIMYMHBI ONITUYECKON MIIOTHOCTH) [3].

Tabmuma 2
CpenHue 3HauyeHus1 Yyuciia KoJIoHUui wramma Salmonella typhimurium B Tecte
DiiMca
HIramm H.O dunprpar (Ne5) | peka [lexopka (Ne3)
(KOHTPOJIb)

TA 97 63 1200 850

TA 98 213 1277 795

TA 100 122 1367 466

[Io ero pesyabTraTam B mpoOax W3 pyubs, PEKH, a OCOOCHHO, (pUIbTpaTa
HAOMIOANIOCh CUJILHOE TOJIABJIEHUE YMCJIEHHOCTH KJIETOK BOJOPOCIIH, YTO
CBUJIETEJILCTBYET O HAJIMYMU OCTPhIX TOKCUYECKUX CBOWCTB BOJHBIX OOBEKTOB.

B Teuyenue 4-x CyTOK € MCMOJIB30BaHUEM TeCT-00beKTAa Daphnia magna
Wig punbTpaTa ObLIM OMPENENICHbI CIEAYIOIME MOKAa3aTen: MOJyJeTalbHas
kpatHocTh pa3pefeHus (JIK50(96)) = 64% u Oe3onacHasi KpaTHOCTb
passenennst (BKP) = 12%. W3 aroro cnegyer, 4YTO [Jsl JOCTUXKECHUS
OMOJIOrMYECKON HENTPATILHOCTH,, XKUJIKOCTH HE0OXxoauMo pa3sectu B 100 pas.

Pe3ysbTaThl XMMUYECKOTO aHaM3a MOKAa3aiv, YTO COEPXKAHME MbIIbIKA
Y TSXKEJbIX METAUIOB B MOYBE COOTBETCTBYIOT COCTaBy (puibTpara (Tadm. 3).
DTO NOKAa3bIBAET HAIMYME CUJIBHENIIIErO HErATUBHOTO BO3/ICMCTBUS MOJUTOHA HA
9KOJIOTMYECKUI JTaHAIadT.

Ta6nmmua 3
Cogiep>kaHue MbIlIbSIKA U TSIXKEbIX METAIIOB B (PUIILTPATE U MOYBE BO3JIE NMOJUIOHA
CpaBHuBaeMbl dunsrpar ITouBa (Ne6), OTHoLIEeHNe
7 TOKa3aTelb (Ne5), mxr/r MI/KT

Menpb 0,7 320%* 0,0022

017131°¢ 0,32 490%* 0,0007

CauHer| 0,04 230%* 0,0002
Kapmwia 0,002 3* 0,0007
Mapraner 045 580 0,0008

Pryth 0,0006 0,77 0,0008
MbIIBSIK 0,04 3,8 0,0105
Hukenn 0,34 41 0,0082

Xpom 0,33 4.4 0,0068
Ko6GanbT 0,06 09 0,0666

(* - KOHIEHTpaLYK, NPEBbILIAIOLIKE BEPXHUIA JONyCTUMBII YPOBEHbD).
Boipaxkaem OmaromapHOCTh 3a TOMOIIb B MPOBEJICHUM WCCIEOBAHUS

npod. T.A.Exosoii, npo¢. C.K.Abunesy, cr. Hayd. cotp. E.B.Kynpusnosoi,
cT. Hayd. cotp. B.M. MnaTtoBoii u ct. Hayy. cotp. [I.M. I'epiikosuy.
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MockoBcKuUil roCyJapCTBEHHbIN YyHUBepcuTeT uMenn M.B. JlomoHocoBa

SAT'PASHEHUE MUKPOYACTHUI PM,, I10YB
MMPOMBIIIJIEHHON 30HbI CEBACTOMNOJIA TSKEJIBIMU
META/UIAMAU N METAJLNIONJAMMU

BrniepBbie omnpefiesieHbl YPOBHU HAaKOIUICHUS! TSKEJbIX METANIOB U METAJIOWIOB B
yactugax PM, (quamerpom 10 MKM M MeHee) MOYB MPOMBILIJIEHHON (PyHKUMOHATIBHON 30HbI
CeBacTonoJs, rge Hanbosee MHTEHCMBHO HakarumBaroTcst Pb, Sn, Cu, Sr, W. OTtHoCcUTETLHO
00LIMX COep>KaHWU KOHLUEHTPALMU MPaKTUYECKU BCEX MOJUTIOTAHTOB B yacTuiax PM10 nous
10 2 pa3 BblllIe, YTO OMpEJEsieT ux 0oJbllyto onacHOCTh. CyMmapHOe 3arpsi3HeHue (ppakuyuu
PM,, no4B COOTBETCTBYET BHICOKOMY ONACHOMY YPOBHIO 3arpsi3HEHMSI, KOTOPOE YCTaHOBJIEHO
NpUMEPHO Ha 22% TeppUTOpPUU ropofa.

Kntouesble cnoa: yactuupsl PM,,, ropoackue noyuBbl, TSXKEble METaJUIbl, TEXHOIT€HHOE
BO3/ICHICTBHE

B pesynbraTe pocTa 4YMCIEHHOCTM HACEJIEHUSI, IPOMBIIIJIEHHOTO
NPOW3BOACTBA M TPAHCHOPTHBIX CPEJCTB B FOPOAAX NMPOUCXOAUT TEXHOTECHHOE
3arpsA3HEHNE NaHAA(TOB HAaMOOJEE ONACHBIMA M TOKCUYHBIMM MOJUIIOTAHTAMU
— TakenbiMa Metasuiamu U Mmetamoujiamu (TM). Iloctynasi B atmocdepy ¢
BBIOPOCAMU aBTOTPAHCIIOPTA M NPOMBILUICHHBIX NMPEANPUSTUI, OHA OCENAIOT Ha
NOBEPXHOCTH MOYBbI B COCTABE MbIJIM U A3PO30JIEN M HAKAIJIMBAIOTCS B TEYEHUE
JUIMTEJIbHOTO NEpUOfja, CTAHOBICH WMCTOYHMKOM BTOPUYHOTO 3arpsi3HEHUS
BO3[yXa MNpu BbIgyBaHMU. [Ipy 5KOIOro-reOXMMUYECKON OLIEHKE COCTOSTHUS
OKpY>Karolel Ccpefbl Ba’KHbIM HHMKATOPOM SIBJISIFOTCSL HamOoJiee TOHKUE
Mukpodactuupl auametpoM 0,01 MM u Menee (pusnyeckoin riauHbl) uau PM,
(PM - aG6peBuatypa «particulate matter», pa nokasbiBaeT Cofiep>KaHNe BCeX
yacTuy, JuaMeTpoM < 10 MKM), KOTOpPbIE HECKOJIBKO CYTOK MOTYT HaXOAUTBHCS BO
B3BELIEHHOM COCTOSIHUM WM 3aTE€M IMOCTYNAaThb B OPraHbl BEPXHUX [bIXaTEJbHbIX
MyTE YeJIOBEKA, MOBbIIIAs PUCK BOSHUKHOBEHUSI MHOTHX 3a0oseBanuit [1].
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OCHOBHOE BHMMAHME MTPU ITOM YJENISETCS MOHUTOPUHTY cofepxkanusi PM,,
B aTMOC(PEPHOM BO3IYXE, B TO BPEMs KaK B JJPYTMX KOMIIOHEHTAX OKPY>KArOLIEN
Cpeflbl PacHpefesieHne 3TUX YacTUL M MX COCTAB MUCCIENYETCA 3HAYUTEIBHO
pexxe. B TO ke Bpemsi, Cpeud TOpOJOB C TEOXMMUYECKMX MO3MLMI MEHEe
M3YYEHbl TNPUMOPCKHE PEKPEAUMOHHBIE TOpofia [2], KOTOpblE B HEKOTOPBIX
Cly4dasiX SBISIIOTCSI TaKXKe€ W KPYNHbIMA NPOMBILUICHHBIMM LEHTPaMHU.
TunuuHeIM  mpepcTaBuTENEM — TAakoro ropopa  saBiasgerca  CeBacTOIOINb.
HccnenoBaHue XMMUYECKOTO COCTaBa MOYB MO3BOJISIET OLGHUTHL 3arps3HeHue
OKpY>Karolllei cpefibl TOPOJIOB 3a MHOTOJIETHUI Niepuoji. B CBsI3u ¢ 3TUM 1enbio
UCCJIEIOBAHUSl SIBUJIACh OLIEHKA WMHTEHCUBHOCTU 3arpsi3HEHUsI TOYB M UX
Mukpouactul, PM,, B mpefieniax nmpomeIieHHOM 30Hb1 CeBacTonodIs.

CeBacTonoJib  pacnoyIoKeH B IOro-zamagHoi  4vactu  KpbIMcKoro
NOJIyOCTPOBa, Ha MoOepexbe UepHOro mMops M SBISIETCA KPYNHBIM MOPCKUM
NOPTOM, MPOMBILLJIEHHBIM M PEKPEAlMOHHBbIM LIEHTpoM. B ropope pa3mereHsl
NpeAnpUATUS HEPTEXUMUAHN, IPOU3BOJICTBA CTPOUTENIBHBIX MATEPUAIOB, PEMOHTA
u CY/IOCTPOEHMS, METa000paboTKy, MUILIEBON MIPOMBILLJIEHHOCTH,
NPOU3BOJCTBEHHO-CKJIQICKUE TOMELIEHUSI, KOTeJbHble H Jp. (OCHOBHBIMH
CTAlMOHAPHBIMU  3arpsi3HUATENISIMU  aTMocepHoro Bo3nyxa CeacTonouis
SIBJISIFOTCSl TIPEANPUSITUSI TEMJIOSHEPreTUUYECKOro KOMIUIEKCA, OT KOTOPBIX 3a
2016 r. noctymuio B atmocdepy 6,21 ThIC. T 3arpsA3HSIOLMX BELIECTB, a
YJIOBJIEHO U 00e3BpexeHo Beero 1,8 Teic. T [3].

OnpoOoBanue mnoBepxHOCTHbIX (0-15 cM) TOpU3OHTOB TOYB B
NPOMBILIEHHON (PYHKUMOHANBHOM 30He CeBacTonoss (1 = 27) oCyleCTBISIOCH
MeTofioM KouBepTa jetoMm 2017 r. B kauecTBe pernoHajgbHOro (poHa MOCITY KU
MOBEPXHOCTHBIE TOPU30HTHI YEpHO3eMOB (1 = 11) B mpefesax 3anmaHoOro CKJIOHa
CanyH-ropbl 1 B 2 KM K CE€BEPO-BOCTOKY OT ropoga. Ppakumsa PM, nous
BbIJIEJIEHA B JKOJIOTO-T€OXMMUYECKOM LEHTPE reorpaduyueckoro (akyabTeTa
MI'Y wmertogom oTMmyumBaHus [4] ¢ wucnoiab3oBaHMEM NpHA  (PUIBTPOBAHUU
MeMOpaHHoro ¢gpunbTpa ¢ nuamerpom nop 0,45 mxm. BanoBoe copgepxkanue As,
Zn, Cd, Pb (I xnacc omacuoct), Co, Sb, Ni, Mo, Cr, Cu (II), Ba, V, Sr, W (III),
a takxe Bi, Sn, Cs, Be, Fe, Mn onpepensiiocb aTOMHO-3MUCCUOHHON U Macc-
CHEKTPOMETPUEN C MHAYKTHUBHO-CBA3aHHOW mua3mon (ICP-MS, ICP-AES) Bo
BHWMH munepanbHoro ceipbst um. H.M. denoposckoro.

3arpsasHenne nouyB U ux ¢pakguu PM, TM oneHmBanoch ¢ NMOMOLIBIO
K03 puupenToB KoHueHTpauuu (Kc) u paccesuus (Kp): Kc = Ci/Cb u Kp =
Cb/Ci, rpe Ci — copepKaHve NOJUTFOTaHTa B Mo4yBax wiv Bo ¢dpakuuu PM, B
ropojpie, Mr/kr; Cb — B (pOHOBBIX MoyBax wim ¢ppakuuu PM,,, Mr/kr. 3arpsisHeHue
mukpoyactul, PM, nmous accommauusamu TM XxapakTepu3oBaIOCh BEJIMYUHOW
CyMMAapHOI0 nmokasateJisi 3arpsisHenus (Zc¢): Zc = 2Kc — (n — 1), rge n — ynciio
XAMUYECKNX 3JIeMeHTOB ¢ Kc > 1,5 [5]. CreneHb 3KOJIOTMYECKON OINACHOCTH
3arpsisHeHusi TM ompepiesisyii B 3aBUCUMOCTM OT BeJIWYMHbI Zc: < 16 —
HeomnacHbli, 16-32 — ymepeHHO omnacHblii, 32-64 — onacubiit, 64—128 — o4eHb
OMACHBIN, > 128 — ype3BbIYAlHO ONACHBIN YPOBHU. [ NITMEHMYECKYIO OMACHOCTH
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3arpsAsHeHns nouyB M gpakugun PM, TM oueHmBaim Ha OCHOBE IPENEIBHO
nonyctumbixX (/I/[K) wivm OpUEHTUPOBOYHO AONYCTUMBIX KOHUEeHTpauui (OAK).
Koadppuupment akonormuyeckorn omacHoctn Ko = Ci/lIJKi mokaseiBaer, BO
CKOJIBKO pa3 MPEBBILIEH TMTMEHNYECKUI HOPMATUB.

Bo ¢pakuum PM, nous npomsbisieHHON 30HbI CeBacTomnosiss Hanbounee
MHTEHCUMBHO  HAKalUIMBAalOTCS  (HMDKHME  MHAEKCbI —  3HadeHust  Kc)
Pb..Sn, Cu..Sr., W,,, KOoTOopble MNOCTYynarOT MNPEUMYILLIECTBEHHO C BbIOpOCaMu
NPEANPUATUIA  TEIUIOSJIEKTPOIHEPIETUKU, B COCTAaBE  KOTOPBIX  MOTYT
couepxarbcs Sn, Pb, Cd, Sr [5, 6, 7], a Takke MeTamnoo0padbOTKU, PEMOHTHBIX
MAaCTEPCKUX W NP AKTUBHOM NPOW3BOJCTBE CTPOMTEJBHBIX MATEpPUAJIOB, YTO
NPUBOAMT K BBICOKMM IOCTaBKaM TEXHOI€HHOM NblM. Kpome 3Toro, cepbe3Hbii
BKJIQJ] B 3arpA3HEHME NOYB NPOMBILUICHHON 30HbI (CeBacTonosisi BHOCUT
aBTOMOOWJIBHBINI TApK NPEANpUATHi, B pe3yabTaTe padoTbl KOTOPOTO C
BBIXJIOMHBIMKA Ta3aMu, NMPU WCTUPAHWW IIMH W TOPMO3HBIX KOJIOAOK, a0pa3uu
JIOPOXKHOTO MOKPbITUS NocTynatoT Zn, Pb, Sn, W, 3arem HakamiuBaronyecs: B
noysax. [3-3a MOBBILIEHHON COPOLMOHHOM CIIOCOOHOCTH MENKUX YaCTHIL
copiepxanue npaktudyecku Bcex TM (kpome Sr) B PM, Oouiblie (OTHOLIEHUE
copiepxanus asieMenTa B PM,, Kk mouse B nesiom cocrasisiet 1,1-1,8). [Ipu atom
HarOosiee MHTEHCUBHO akKymymupyercs Sb, Cd u Bi (B 1,7 pa3a), a Takke Pb (B
1,6 paza). Sr, HaNpoTHMB, aKTUBHEE HAKAIUIMBAE€TCSI B MOYBAX B LEJOM IO
cpaBHeHHUIO ¢ yactuuamu PM,, (B 1,3 paza).

CymmMmaphblii nokasarenb 3arpsasHenus (Zc) TM Bo ¢pakuum PM, nous
NPOMBILUIEHHON 30HbI (CeBacTonosis B LEJIOM COOTBETCTBYET BBICOKOMY M
OMaCHOMY YPOBHIO (Zc = 35), KOTOpbIi 3apuKcupoBaH Ha 22% teppuropun. B
9TON (PpaKLMM TEXHOTEHHBIE TEOXMMUYECKNE aHOMAJIMM MMEKOT HEMHOTO Oouee
BBICOKMII YPOBEHb 3arpsA3HEHMs] 1O OTHOLICHHUIO K OOLIEMY COAECPXKAaHUIO B
nouyBax (Zc¢ = 32). Ilnowagb y4YacTKOB C HU3KHM, HEOMACHBIM YPOBHEM
CyMMapHoOro 3arpsi3uenust yactur, PM, nous (Zc < 16) coctasasier okosno 56%.
Bo ¢dpakumm PM,, BbISIBIEHO [BE TI€OXMMUYECKUMX aHOMaimu TM ¢ O4YeHb
BBICOKMM, OYE€Hb OMACHBIM (Zc¢ = 82) 1 MaKCUMAaJIbHbIM, YPE3BbIYAHO OMNACHBIM
(Zc = 358) ypoBHsiMu 3arps3HeHus. [lepBasi aHomanusi ¢ BBICOKMMM 3HAYEHUSIMA
Kc Sb (30),Cd (15),Zn (12), Mo (8),Pb (8), Sn (6), Cru Cu (5), Sr, W u Ba (3)
oOpa3oBanacek B pailoHe MHKepMaHa psjIoM € 3aBOJIOM MapO4HbIX BUH. BTOpas
AaHOMAJIMS PACMOJIOKEHAa B MPOMBIIIJIEHHON 30HEe (CeBacTonons pspoM C
aspoapomMoM “IO>kHbIN”, e KOHUEeHTpauuu Sb npeBbluaroT (DOHOBBIE 3HAYECHUS
B 144 pa3a, Zn — 109, Cd — 38, Sn — 20, Pb - 18, Mo - 14,Ba—-12,Sr-6,Cunu
Mn -4, W -3, Co - 2 paza.

C rarmeHnyeckux no3uMuui, HamOOJBIIYI0 ONacHOCTb BO (ppakumm PM,
NOYB NpOMbIILIeHHOH 30HbI CeBacTonos npepctasisatotT Zn (Ko =5.9), Sb (Ko
= 19) u Pb (Ko = 1,3), OIK koropbix npesblilieHbl Ha 56%, 22% wu 37%
teppuropun cootBeTcTBEHHO. [I[IK Cd mpeBbiuensr npumepHo Ha 15%, OIIK
Cu — Ha 7% u As — Ha 15% Tepputopuu ropopa. [IpeBbiiieHnii HOpMATUBOB IS
V u Ni B yactuiiax PM,, nouyB He BBISIBIIEHO.
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[loneBble m mabopaTOpHbIE pabOTHI BBIMOJHEHbI B paMkax KpbIMcKoO#
KOMIUIEKCHOW  akcneguumu  Pycckoro  reorpadguuyeckoro  oOuiecTsa,
UCCJIE[JIOBAHME 3arps3HEHUsT MUKpodacThl, PM, TsDKeJlbIMM MeTaiaMd U
MeTasuionaMu — B paMkax npoekta PODU Nel19-15-50056.
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Byckynosa I'.I'., buk6oa 1.1

Cubaiickuit HCTUTYT ((punnair) bamkupckoro rocyjapcTBEHHOTO
YHUBEPCUTETA

IKOJOI'MIYECKASA ONEHKA TEXHOI'EHHO
3AI'PAZHEHHLIX ITIOYB B YCJIOBUAX BAIIKUPCKOI'O
3AYPAIJIbA

N3yueno copepxkanue Cu, Zn, Mn, Fe, Ni, Cd, Pb, Co B mnouBax 3aypaibs
Pecny6nuku Bamkoproctan. KoadduuueHTsl Bapuauuy TSKEJbIX METAIOB B M0YBAX
BbIcOKME (Bblle 21%), uckioueHueMm sisieTcs Fe, s KOTOpPOro XapakTepHa CpefHsis
Bapuaius (10,1%). Ilo crtenenm 3arpsizHeHust Zc usyuyeHHble nouBbl B IIIT 1 u IIIT 4
OTHOCWUJIMCh K KaTeropuu jonyctumMoii, a B 111 2 u I1I1 3 — ymepeHHo-onacHoii.

KnroueBble cioBa: TsKENble METalljlbl, MPEAENIbHO-IONYCTUMbIE KOHLEHTPALUH,
OLIEHKA CTENEHU 3arpsi3HEHHOCTU M0YB, KO3(D(PUUUEHT BapUaLUU.

Tsaxenple wMetamnbl (TM) OTHOCATCA K  OCOOBIM  3arpsi3HSIIOLLIAM

BEILIECTBAM, HAOIOICHNS 32 KOTOPbIMU 00S13aTEJIbHbI BO BCEX CPeflax OOUTAHMUSI.
[TouBa siBJIIETCS OCHOBHOW CPEMo¥, B KOTOPYIO nonajaroT TM, B TOM 4ucie u3
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atMocdepbl U BOHON cpefbl. OHa K€ CIYXXUT WMCTOYHMKOM BTOPUYHOIO
3arpsA3HEHNsST NPU3EMHOrO BO3[lyXa W BOJ|, MOMAJAlOMX W3 Hee B MwupoBoi
okead. M3 noussl TM ycBauBarOTCS pacTEHUsIMU, KOTOPBIE 3aTEM IONAIAIOT B
nuiy. TepMuH «TsiKesble MeTalljlbl», XapaKTEepU3YIOLIU IIUPOKYIO TPYIIy
3arpsA3HSIOIIMX ~ BELIECTB, TMOJNYYWJ B TIOCJIE[HEE BpeMs 3HAYMTEJIBLHOE
pacnpocTpaHeHre. B pa3nuyHbIX HAY4YHbIX UM NPUKJIAAHBIX padoTax aBTOPHI MO-
Pa3HOMY TPAaKTYIOT 3HAYEHUE 3TOr0 MOHATHUS. B CBSI3M C 3TUM KOJIMYECTBO
3JIEMEHTOB, OTHOCUMBIX K TPYyMIE TAXKEJbIX METAJIOB, U3MEHSETCS B LIUPOKUX
npepeax [1].

Lenbto paGoThI - OLIEHKA 3arpsI3HEHUS TSKEIBIMU METAIJIAMU TEXHOT€HHO
3arps3HeHHbIX No4B 3aypaiibst Pecny6mmkm bBamkoprocran (PB). O0bekTom
vccliejoBaHui BbIOpaHbl nouBbl 3aypanbs Pb. Ha teppuropun 3aypanes Obuio
3a703keHo 4 npoOHbIX mmouanok (I1I1) (puc. 1).

OT16op npo6 mouBbI MPOBEJEH METONOM KOHBepTa. C KaxKaou MpOOHOM
MJIOLAJIKK 00pa3libl MOYB OTOOPaHbI C MOMOIUIBIO JIONAThl Ha IryouHe 5-15 cM u
yHaKOBBbIBAJIM B MOJIMATUIIEHOBBIE MEIIOYKM, 3aTEM BbICYLIMBAIN, MPOCEUBAIN
yepes cuTo sl fanbHenmero uccaenosanus [2]. Copepxkanne TM (Cu, Zn, Mn,
Fe, Ni, Cd, Pb, Co) B oOpa3uax MoyB OMNpeJessiyii aTOMHO-a0COPOLUMOHHBIM
meTopioM B naboparopun odoraturenbHon gadpukn CP OAO «YT'OK». s
9KOTOKCHKOJIOTMYECKON OLEHKM TOYB MCNOJB30BAIN MPEEIbHO-I0NYCTUMbIE
koHueHtpaumu (I1[JK) TM npasa nopsrksbix ¢opm [3], ans xene3a — ¢ou [4].
s OLEHKM CTEeNmeHu 3arpsi3HEHHOCTM NouB TM Obll  pacuMTaT WMHAEKC
CyMMapHoOro 3arpsisHeHust (Zc): mnpu Zc<l6 3arpsi3HEHHE CUUTAETCS
oNyCTUMbIM; nipu 16<Zc<32 — yMepeHHO omnacHbiM; npu 32<Zc<128 -
BbICOKOOMACHBIM; TIpU Z.c> 128 — ype3BbluaiiHO OMacHbIM [5].

M
Q Cuban
O

nn2-
MN& @ vumypsmo
o Onabi6aeso

11K

Puc. 1. Kapra-cxema pacnosioxKeHusi IpoOHbIX 100K
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J1ns1 BBIACHEHMSI U3MEHYMBOCTH cofiepKannusg TM B mouBax ObUI BbIYMCIIEH
koa(pPpuument Bapuaumu (Cv, %): Cv po 10% - nuskas; or 11% po 20% -
cpensssi; oT 21% w Bble Bbicokas Bapuauusi [6]. [TocTpoenue rpadukos,
CTaTUCTUYECKAass 00pabOTKa TOJIyYEHHBbIX [IaHHBbIX OblIa MPOBEEHA C
UCTOJIb30BaHUEM MAKETOB cTaTUcTMYecKuX nmporpaMM MS Excel, Statistica 6.0.

Konuenrpanun nogsuxknon popmsl Cu B nccaenoBanbix [1I1 konebnercs
ot 0,98 no 7,90 mr/kr (Cv=77,86%), Zn - ot 66,0 mo 156,0 mr/kr (Cv =40,8%),
Fe - or 256,0 no 3270 mr/kr (Cv = 10,1%), Ni - ot 0,309 go 5,9 mr/kr (Cv
=78,6%), Mn- ot 3,08 go 252 mr/kr (Cv = 70,6%), Pb - ot 0,02 no 1,05 mr/kr
(Cv=71,8%),Cd - or 0,27 no 3,42 mr/kr (Cv =66,1%), Co - ot 0,45 no 6,5 mr/kr
(Cv =79,1%) (Tada. 1).

Taomuna 1

Craructuyeckue NoKas3aTeu TSDKENbIX METAJUIOB B ouBax 3aypaibs Pb

CraTucTuyeckue rnokasaresamn TTJIK
Tskenbie nb.,
METALIBL | \p , MI/KT m, MI/KT min, MI/KT | max, Mr/Kr Cv, % MI/KT
Cu 3,765 1,465773 0,98 79 77,86313 3
Zn 98,9375 2021199 66 156 40,85811 23
3800
Fe 284.5 1443664 265 327 10,14878 (cbon)
Ni 3,25225 1,279224 0,309 59 78,667 4
Mn 153,27 54,15773 3,08 252 70,66971 140
Pb 0,63 0,226311 0,02 1,05 71,84476 6
Cd 2215 0,73299 0,27 342 66,18424 0,22
Co 3,285 1,29967 045 6,5 79,12754 5

ConepzkaHue noaBuKHbIX (opM 1KHKA (2,9-6,8 pa3a) u kagmus (1,2-15.5
pasa) B nouBax npesbiatoT ypoeHsb [1[IK Bo Bcex ucciienoBannbix I111.

Makcumanbhble  kKoHueHtpauuu Cu  (2,6IIIK) wu  Ni (1,5I11K)
ormevarores B I1IT 4, Co (1,3I1JK) B III1 2 Copep>xanue Mn B moyBax BbIXOIUT
3a npepedbl [IIK (140 Mr/kr) Bo Bcex MpOOHBIX IJIOMIAJIKAX, 3a UCKIIFOYEHUEM
[IIT 1, rpe koHUeHTpayust Mmapranua cocrtasiset 3,08 mr/kr. Konyentpauuu Pb n
Fe B nouBax He BbixopaT 3a npepedinl [I[IK (puc. 2).

Takum o6pa3om, koappuuuenTsl Baprauy TM B moyBax BbICOKUE (BbILIE
21%), WCKIIOYEHUEM SIBIISIETCS >KEJE30, MJIsI KOTOPOro XapaKTEpHA CpERHsA
Bapuauys (10,1%). [1o crenenn 3arpsisHeHusi Zc¢ usydyeHHble nousbl B I1I1 1 u
IIIT 4 otHOCUNMCHL K Kateropuu pomyctumoii, a B IIIT 2 u IIIT 3 — ymepeHHo-
OITACHOM.
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Zn,Mmr/kr - 200 Cu, Mr/kr 10

150
100
50 -
0 -
1 2 3

(= S N A

Ni,mr/kr 7 Mn, Mr/kr 300
6 250
5 200
4 150 -
3 100
2 50
! 0 T T
0- 1 2 3
1 2 3
Co, Mr/kr 8 Fe, mr/kr 4000
6 3000
4 2000
’ 1000
0 - 0 - N___wmm @ wm
1 2 3 1 2 3
7
Cd,mrkr 4 Pb, mr/kr .
35
3 5
2.5 4
2 3
1.5 2
1 1
0’5 0 T . T -—I—
0 - 1 2 3
1 2 3

Puc. 2. CopepkaHue NOIBUXKHBIX (DOPM TSKEIBIX METAJLIOB B OYBax 3aypaibs PB:
—IIIK, Mr/kr g Fe — pon.
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H. B. Bacunesckas, A. B. Cugopuyk
MypMaHCKH apKTUYECKNAN TOCYAAPCTBEHHBI YHUBEPCUTET

BO3JIEVICTBUE NOJUMETAJUIMYECKOT'O 3ATI'PSI3HEHUSI
ITOYB HA POCT U PA3BUTHUE SORBUS GORODKOVII POJARK
B OKPECTHOCTAX KOMBHUHATA «[IEYEHI'AHUKEJb»

[IpencraBneHbl JaHHbIE 3arpsi3HeHMs MOoYB TsikesabiMu MeTauiamu (Cd, Cu, Pb, Zn),
MOHUTOpPMHIAa BEreTaTMBHOIO POCTAa M PENpOAYKTUBHOIO pa3BUTHUSI SHAEMMYHOIO BHJIA
denHockanguu — psabunbl  ['opopkoBa (Sorbus gorodkovii Pojark.), mpouspacraroieii B
OKPECTHOCTSIX 000oratuTesbHoi adpuku r. 3anoasipuoro (MypMmaHckasi o6nacTs). Bnepsble
MOKa3aHO, YTO B YCJIOBUSIX aPKTUYECKOr0 KJIMMaTa U MOJIMMETAINIMYECKOrO 3arpsi3HEHUs1 IOYB
y S. gorodkovii npoucxouT UHI'MOMPOBAHUE POCTA JIUCTHEB HA PAHHMX 3TANax OHTOreHe3a, a
TaKXXe CHUXKEHUE YPOBHSI (PEPTHIIBHOCTH MbUIbLbl. B 1eaoM neHonomyssiuyu psiOvHbI
I'opopkoBa SIBJISIFOTCSI PE3UCTEHTHBIMU U alallTUPOBAHbI K XPOHUYECKOMY 3arpsi3HEHUIO MOYB
TSKEJIbIMUA METAIIJIAMU.

Knrouesble cnoBa: Sorbus gorodkovii, TsKenble METaIbI, POCT, Pa3BUTHE, APKTUKA

Mypmanckass 00JacTb — OfMH W3 LUEHTPOB LBETHOW METAIUIyPruy Ha
Cesepo-3anasie Poccuu. KomoOunatbl «lleueHranukenb» u «CeBepOHUKENb»
OAO  «Konbckasi ~ rOpHO-METAIypPruyeckass  KOMIIAHUS»  SIBJISIFOTCSA
KPYNHEWNIIMMU UCTOYHMKAMU TEXHOTEHHOrO 3arpsi3HeHus B EBpo-ApkTuyeckom
pernone. Ha pomto atux npepnpusituii npuxopurcs ot 70 1o 90 % exxerogHbix
BBIOPOCOB CEpHUCTOTO ra3a n npaktniecku 100% HUKens u Meiu Ha TEPPUTOPUU
Mypmanckoit o6nactu. B pe3ynbrare IIMTEIBHOrO BO3JIEMCTBUS TEXHOTCHHBIX
BbIOPOCOB B UMIAKTHBIX 30HAX 3TUX MPEANPUSTUNA 00PA30BANIUCH JIETPECCUBHbBIE
TEPPUTOPUU, XAPAKTEPU3YIOIIMECS BbICOKON KUCIOTHOCTBHIO U 3KCTPEMAIIbHBIM
comepxanueM Cu u Ni B mouBe M BojjoeMax. KomOuHaT «IleuyeHraHukesb»
pacnoyiokeH Ha ceBepo-3anajie Mypmanckon oonactu (IledeHrckuil paioH), B
JIECOTYHAPOBON 30He. Me/IHO-HUKeNeBbIii KOMOMHAT HaxoauTcs B 1. Hukens (69°
25" c. ., 30° 15" B. g.), oboratutenbHasi pabpuka — B r. 3anossipHblii (69°
25" c¢. ., 30° 48’ B. 71.), 30HbI UX TEXHOTEHHOI'O BO3JICMCTBUS CYILIECTBEHHO
nepekpbiBatoTCs. OCHOBHBIMU 3arpsi3HSIOLIMMU BEUIECTBAMU TMPU TepepadoTKe
CBIPbSl SIBJISIFOTCSI IUOKCHUJT Cepbl U MbUIb, cofepxKauias TsKenble MeTauibl (Ni,
Cu, Co).

Jns peuieHus 3aa4 9KOJOTMYECKOrO MOHUTOPUHIA CPEfibl UCMONb3YETCs
METOJi OMOMHJUKALUY, TO3BOJISIIOUIUI ONPEEIUTh COBOKYNHOCTh (hpakTOpOB
Pa3/IMYHOrO NPOMBILUIEHHOTO BO3JEHCTBUS Ha OuoleHo3bl. KccienoBaHus
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NPOBOJIUIUCH B LigHOoNonyisiuusix Sorbus gorodkovii Pojark (psiouna I'opopikoBa)
— aHeMuKa DeHHOCKaHIuKU. 3UMOCTOVKUNA W ObICTPOPACTYLIMIA BUJI, LIUPOKO
paclpoCcTpaHeH B TOPOACKMX  HacaxXjeHussx  MypmaHCKOW  00sacTu.
UccnepoBanus S. gorodkovii equunynbl, Ha KonbCcKOM nosiyocTpoBe M3yyeHa
IMHAMKAKA POCTa MOOETrOB M JIMCTHEB, OCOOEHHOCTUM ME30CTPYKTYpPbI JIMCTHEB
psa6uHbl ['OposikoBa B yCJIOBUSIX TEXHOTEHHOIO 3arpsi3HeHus r. MypMmaHcka W T.
3anonsipHoro [1-4].

B mae 2017 r. B okpecTtHOCTSX obOorarurenbHon ¢adbpuku OAO
«KoJibcKkast rOpHO-METAIITypruyeckasi KOMnaHus» (r. 3amnoJIipHbIN), 3aJ0XKEHO
nsiTh MPOOHBIX TUIOLIAJOK, HA KOTOPBIX npouspacraeT psouna ['opoagkosa. Bee
geHononyJjsiuuu  S. gorodkovii HaxofgTCd B 30HE MOJMMETAIIMYECKOIrO
3arpsi3HeHUs! MOoYB. [IBe U3 HUX PACMOJIOXKEHbI HA TEPPUTOPUU T'. 3ANOJISIPHBIIA:
[T, — perckas cnopTWBHAs TmUollanka B uUeHTpe ropopga (1.64 kM oT
oboratutenbHon padbpukn), [II1,— Ha Bble3e U3 ropopa, psjaoM C aBTOTPACCOM
(1.8 xm ot adpukn). BHe ropoga 3anoxensl: I1I1.— okpecTHOCTH XN1e603aBosa
(0.76 xm ot cpabpuku), [1IL— necHoit maccus, psiiom ¢ aBToTpaccom (6.6 KM OT
pabpuxkn), IIII, — Ha  TeppuTOopuM NPEANPUSATHS, B  CKBEPE OKOJIO
ABTOTPAHCNOPTHOrO 1exa. KoHTpoJibHAsA Mmonajka HaXOAUTCSI B 9KOJIOTUYECKHU
YUCTOW 30HE, B OKPECTHOCTAX Mocenka BepxHeTynomckuii, Ha paccTossHuM 98
KM OT I. 3anoJisapHbiii. Ha kaxon [1I1 mapkupoBamuce o 10 nepeBbeB pssOMHBI.

Onpenenenre  BajJoOBOrO  COAEPXKAHUST ~ META/NIOB B TOYBAX
aKkcnepuMeHTalbHbIX — miomanok  (Cd, Cu, Pb, Zn) BbInmonHEeHO Ha
BOJIbTaMIIEpoMeTpuUecKoM aHamm3atope « TA-Lab» komnannn «Tomb aHamuT».
N3mepenus: napamMeTpoB JIUCTHLEB MPOBOAWIIOCH B JUHAMUKE, B TEUCHUE UIOHS U
monig 2017 r. 3amepsl MMCTHEB (TIMHBI ¥ LUIMPUHBI) POBOJUIN KaX/ble 7 CYTOK.
JnvHYy JMcTa U3MEpSUIM OT €ro OCHOBAHUS, LIMPUHY — Yy Tapbl CPEJUHHBIX
muctoukoB (N=50). C kaxjaoil MoK OTOOpaHbl 00pa3lbl COUBETHH C
co3peBled NMbLIbLON. Pukcanusi Matepuana npousBogunachk B 40% 3tuiioBomM
cnuptre. HccnenoBanusi NbUlblibl HA (PEPTUILHOCTL MPOBOAWIIACH METOJIOM
alleTOKAPMUHOBOTO OKpaluuBaHusi. PepTuiibHasl MbUIbLA COAEPXKUT Kpaxmana U
CIOCOOHA MPOKPAILMBATLCS B OTJMUYME OT cTepuibHOi. Becero uzyueno mo 500
NbUIbLEBBLIX 3EpeH C Kaxjaoid mnpoOHou miomanku. [lojiyyeHHble JaHHbIE
00paboTaHbl OJHO(AKTOPHBIM JIUCIIEPCUOHHBIM AHAJIM30M.

AHanu3 00pa3uoB MOYB HA BAJIOBOE COJAEPXKAHUE TSKEJbIX METAJJIOB
noKas3aj, 4YTO Ha BCEX 9JKCIEPUMEHTAJbHbIX IUIOLIA[KAX OTMEYaeTcs
3HauuTesbHoe npeBbiieHre [1J1K: Zn (600 — 1740 mr/kr), Pb (90 — 440 mr/kr),
Cd (1.6 — 100 wmr/kr). OcoOGeHHO BbLICOKME 3HAUY€HUsI IMOJY4YeHbl IO
KOHLeHTpauyu uoHoB Meau (720 — 15600 mr/kr).

B pe3ysbTaTe u3yuyeHus! qUHAMUKU POCTa JIMCTHEB S. gorodkovii momyyeHo,
YTO TMPOMBILUIEHHOE 3arpsi3HEHME TMOYB TSDKEJIbIMM METalJlaMUd  OKa3bIBAaeT
VHTMOMPYIOILEE BO3JIEMCTBUE HA ANUKAIBHBIN POCT JIMCTHEB, OCOOEHHO HAa PAHHUX
aTanax ux pa3Butus. Ha OOJbIIMHCTBE 3KCNEPUMEHTANIBHBIX IJIOLIAIOK B Hayajle
pocta yuctbeB (8.00), ux ymHa B Tpu, a Ha II[I, — B yeThlpe pa3a MeHblle
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KOHTPOJILHBIX 3HA4YeHUil, K cepefuHe utoHs (15.06) uHrubrpoBaHre pocTa BO BCex
LEHOMNOMYJISIUMSIX CHUXKAETCS 10 IByKPATHOTO OTCTABAHUS OT KOHTPOJIS.

Bo BTOpOI1 NOJIOBMHE MIOHS alMKAJILHBIN POCT YCUJIMBAETCS, [JIMHA JIMCTHEB
Ha NpoOHbIX miowaakax r. 3anoaspueiii (1111, I1I1,) menbiue, yem B KoHTpoJie Ha 30
%, B okpecTHOCTSX oOoratutenbHoir pabpuku (L IIIL I1IL) va 40 %. OcoOblii
UHTEPEC MPEJICTABISIET TOT (PAKT, YTO €CIIM C CEPEAMHbI MIOJISI 3TOT MOKa3aTesb B
LEHOMOMYJISIIMAX S. gorodkovii  T. 3anonspHOrO NMPUOIMXKAETCST K KOHTPOJIbHBIM
3HavyeHusM, TO Ha mowaakax [IIL ITIT, TI1, pacnonokeHHbIxX 3a mpefesiaMmu ropoja,
WHIMOMPOBaHWE 0O0JIee NMPOJIOHIMPOBAHO, ANMWKANBHBIA POCT JIMCTBEB OTCTAET OT
KoHTpOoJIs Ha 20 — 25%.

AHaNOrMyHble TEHJCHLUMM MPOCJEXKHUBAIOTCS B [MHAMMKE POCTA JIMCTHEB S.
gorodkovii B «lUIMpHHY». DTO MOHITHE JJOCTATOYHO YCIIOBHO, TaK KaK M3Mepsiach
COBOKYIHASl JUIMHA CPE[MHHBIX JIMCTOYKOB CJIOKHOro Jjmcta. [lomydeHo, 4ro B
CepelvHE MIOHS, Cpa3y TMOCJ€ pPa3BEepPThIBAHUS JIUCTHEB, MX ILIMPUHA HAa BCEX
9KCMEPUMEHTAIIBHBIX TUIOAIKax B 2.5 — 3 pa3a MeHbllle, YeM B KOHTpoJje. Bo
BTOPO¥i NOJIOBUHE MIOHS 3T PA3IMUMsl PE3KO CHUXKAIOTCA M COCTABISOT OT 20 1o 38
% no mowaakam. K 20 utons wmprHa IMcTheB B LeHONomyJisiqusix S. gorodkovii T.
3anosspHbIii MEHbLLIE KOHTPOJIbHBIX 3HAYEHWI TOJILKO HA 3 — 9 %, B TO BpeMsl Kak
Ha [1I1, IIL T Ha 16 — 20 %. 3ameqyieHre pocTa OOBIYHO PacCMAaTpPUBAETCS Kak
OflHA M3 HauOosiee OOLIMX M W3BECTHBIX PEAKUMI PAaCTEHWI Ha MPOMBIIUIEHHOE
3arpsi3HEHKE,, BKITFOYask IMOKCHJT CEPbI U TSKEJTbIE METAIIIbI.

B pesysnbrare najqMHONOTMYECKOrO aHalM3a BO BCEX MPOTECTUPOBAHHBIX
oOpa3iuax BbIsIBJIEHA (DEPTUIBbHAS U CTEpUiIbHASA MbUTbLA S. gorodkovii. Conepxanve
(pepTWIILHBIX MBbUTBLEBBIX 3€PEH BapbUPYET MO 3KCMEPUMEHTAIBHBIM IIOLIA/IKaM
He3HAuUnTeJIbHO, OT 71.2 mo 77.7%, wuckmodyenue coctapisteT Iwrommagka IIIT,,
pacnosiokeHHast B I'. 3anoJsipHblii, e ee 1o — 85.6% (B KoHTpose 76.6%) (puc.
1). KonuuecTBO CTEpUIIbHON NbUILLBI B 00pa3lax 4YeThbIpeX IUIOIAIOK U3MEHSIETCS
ot 22.3 o 28.8% (B koHTposie 23.3%). MunnmansHoe ee copepxkanne — 14.4%
BbIsiBJICHO Ha mowaake [IIT (puc. 1), HECMOTps Ha OYEHb BBLICOKWN YPOBEHb
3arpsi3HEHHsI  MOYBbI  TSDKEJLIMM  MeTaulaMy.  MakcuMallbHOe — Cofiep>KaHue
CTEPWIIBHON NbUIbLBI (28.8%) oOHapykeHO B mpoOax miowmaaku IIIL, pspom ¢
KOTOPOW HAXOAWUTCS pe3epBHbI OTCTOMHUK «[leueHranukens». OpHogakTOpHbI
JMCNIEPCUOHHBI  aHAJIM3 TIOKa3asl, YTO aKKYMYJSIIMS TSDKENbIX METalioB B
MOBEPXHOCTHBIX CJIOSIX MOYBbI HE BIMSIET HA KOJMYECTBO CTEPUIILHOM U (hePTUITBHON
NbUIbLIBI.

JlaHHbIE MOHMTOpMHIa POCTOBBIX MOKazateneill S. gorodkovii v mokazaTenu
(bepTWiIbBHOCTM TBUIBLUBI B MMIIAKTHOM 30HE MEHO-HUKEJIEBOTO KOMOMHATA
«[leyeHraHvkesb» CBHUJIETEILCTBYIOT O TOM, YTO UEHOMNOMYJSIUMU  PSIOMHbI
['oposikoBa SIBJSIFOTCS BBICOKO PE3UCTEHTHBIMU U aIalITUPOBAHbI K XPOHUYECKOMY
3arpsI3HEHUIO TIOYB TSKEJTBIMU METAUIAMMU.
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85,56% moeprinsHbie  [CTEpUnbHbie

77.74%
74,50% 3.40% 76,69%
71,19% -

28,81%
26,60%

22,26% 25,50% 23,31%
14,44%
nns nna nns

O603nauenus: I1I1, — geTckas cnopTvBHAs MIIOLAAKA B LEHTPE ropojia 3anoJsipHblii,
[1I1, — Ha BwIe3ne u3 ropopa, [, — okpectHocTn Xnebdo3asopa, [1I1, - 34-it kM aBTOTpACCHI,
I1I1. — ckBep Ha TeppUTOPUM 0OOraTUTENBLHON (PaOpPUKK, OKOJIO aBTOTPAHCIIOPTHOTO LIEXA.

CooTHoleHre (hepTILHBIX U CTEPUIILHBIX MbUILLEBBIX 3EPEeH
S. gorodkovii B r. 3anonsipHbIil U €ro OKpeCTHOCTSIX (B %)

[TonyyeHHble [aHHblE TNOATBEPKAAIOT PE3YJbTAaThbl HOPBEXCKUX U
cpuHCKMX uccaenoBareneit (5, 6], KOTopble BNEpBble MOKa3adu, YTO B YCJIOBUSIX
Ccy0apKTUUYECKOro KJKWMaTa W TPOMBIIUIEHHOrO 3arpsi3HeHusi Ha Kolibckom
MOJIyOCTPOBE TMPOUCXOAUT ObICTpasi ajianTalys JIEPEeBbEB K AHTPONOrEHHOMY
CTPECCY U 3BOJIIOLUS UX PE3UCTEHTHOCTH.
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H. B. Bacunesckas, B. B. Ctpyxkko

MypMaHCKuUil apKTUYECKUN FOCYJaPCTBEHHbIA YHUBEPCUTET

INPOMBIIVIEHHOE 3AT'PA3HEHUE APKTUYECKOW
YPBAHU3NPOBAHHOU TEPPUTOPUN U EI'O BIIMAHUE HA
CTPYKTYPY ®OTOCUHTETUYECKOI'O AIIMMAPATA PACTEHU

Onpenenenbl KoHUeHTpauyuu Tsikesbix metawioB (Cu, Ni, Zn, Pb, V) B mnouBax
r. Mypmancka B OKPECTHOCTSIX MYCOPOCKUIaTEJIbLHONO U CYJJOPEMOHTHOTO 3aBOJIOB,
MypmaHckoro Mopckoro Toproporo nopra. IIpy nomoum MeTOg0B CBETOBOW MUKPOCKOMUU
UCCJIeIOBaHbl  XJIOpPOIUIacThl  Me3odumia JuctheB Betula nana L B ycnoBusix
NOJIMMETAJUIMYECKOIO  3arpsi3HEHUsI TMOYB B OKPECTHOCTSIX MPOMBIIIEHHbIX OOBEKTOB
BbISIBJIEHO 3HAUUTEJILHOE BAapbUPOBAHME Pa3MEPOB XJIOPOIUIACTOB, OT KApJMKOBBLIX JI0
rUnepTpoPUPOBAHHBIX, HAPYLIEHUE UX (POPMBI, OOJIbILIOE KOJIMYECTBO CIUMILUXCS U TECHO
CIPYNNUAPOBAHHBIX MEJIKUX XJIOPOIIACTOB.

KntoueBble crnoBa: Tskesbie MeTallslbl, ApKTHKA, Betula nana, XnopomiacTtbl

B nocnegHue pecaruneTus poccuiickas ~ApKTHKa Bce  OoJiblie
NOJIBEPraeTCsl aHTPONOT€HHOMY BO3[CHCTBUIO BCJIEJCTBUE AKTUBHOI'O Pa3BUTUS
NPOMBILIEHHOCTH, TPAHCIIOPTA U JIOTUCTUKU, PAa3BEAKH YIJIEBOJOPOJOB U rasa
[1]. B cBs3u C 3TUM yBEJIMYMBAETCS YPOBEHb 3arps3HEHUS APKTUYECKUX
ypOaHU3UPOBAHHBIX TEPPUTOPUI. [lepeBbs M KYCTAPDHUMKW PEarupyroT Ha
3arpsi3HEHUE CPefibl KOMIUIEKCOM CTPYKTYPHBIX UM (PU3UOJOTUYECKUX PEAKIMN.
HakonneHnue TOKCHMYECKMX BEIIECTB B MX TKAHSX BIIMASET, MPEXK/E BCEro, Ha
CTPYKTYpPY U (pyHKIMOHMPOBAHUE ACCUMWJISILIMOHHOIO anmaparta, YTo MOKa3aHO
IS Psifia TUTIOAPKTUYECKUX BUIOB [2-5].

UccnepoBanuss nposefeHsl B . MypmaHcke —  KpYNHEWIIEM
He3zamep3atolieM nopTy Poccuu, pacnosiokeHHbiM 3a  [lonsipHbiM  Kpyrom
(68°58" c.m.;  33°05" B.;m.). Kiammatuueckue — O0COOEHHOCTHM  Tropopa

dopmupytorcss nop BiausHUEM TEMIOro (CeBepo-ATIAHTUYECKOTO TEYECHUS
bapenueBa Mops. OCHOBHbIMM WCTOYHMKAMM 3arps3HeHust aTMocqepbl T.
MypmaHCcKa SIBJISIFOTCSI 3aBOJi O TEPMUYECKON OOpabOTKE TBEP/bIX ObITOBBIX
otxon0B (TO TBHO), MypmaHCcKkuil MOPCKO# TOprosuiil nopT, Mypmanckas TOLL
(FOxxnast, LlentpanbHasi, BocTouHast koTesbHbIe), 35-i1 CyIOPEMOHTHBIN 3aBOJ
AO HC «3e3pouka» u 6aza PTII «ATomduor». DKonornyeckass CUTyalusi B
nocnefnue roabl yxyawaercs. [To gannbiv [Tokiiana MuHucTepcTBa NpUpPOHbIX
pecypcoB u aKkojiorun MypmaHckoir obsactu [6] B 2017 r. B MypmaHcke
BbIOPOCHI OCHOBHBIX 3arpsi3HSIIOLIMX BELIECTB B aTMOC(EPHbIA BO3AyX OT
CTAlMOHAPHBIX MCTOYHUKOB (242.9 TpIC. T) yBequuuiauch Ha 11,1 TeIC. T Mo
cpaBHerutro ¢ 2016 r. (231.8 Teic. T). B 2017 r. oTMeueHO yBeJUUYEHUE
CYMMapHOTO TOKa3zaTessi  3arps3HeHusi nousbl r. Mypmancka (K mnousa)
KOTOPbIN cocTaBui 5.84, uto B 2.7 pasa Bbile, yeM B 2015 — 2016 rr. [6].
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B kauectBe 0ObeKkTa OMOMOHWTOpPUHra wusyvanachk Betula nana L. —
Oepe3a KapJivKOBasi, TUIWYHBIA TUIOAPKTUYECKANA BHJ, XapaKTEepHa [JId
YMEPEHHO CEBEPHBIX PAalOHOB NMPUATIAHTUYECKON APKTHKHU, 00pa3yeT B FOXKHOMN
YaCTU TYHJPOBOW 30HbI €PHUKOBBIE 3aPOCIIH.

B utone 2018 r. B r. MypMaHCK € ceBepa Ha IOr 3aJI0KEHO 4 MPOOHBIX
IUTOLIA/IKM, HA KOTOPBIX MpoM3pacTaeT B. nana, pa3nuyarolmyecs No ypOBHIO
3arpsasHenns cpepbl. [III — cknon conkum Ha yn. JIo6osa, IIII. — okpecTHOCTH
CemenoBckoro o3epa, III1, — okpectHocTn o3epa Cpennero, I1IL — yn. I'epoes
Poibaubero. KonrposibHas miomaaka Haxoautcsi Ha 35 kM CepeOpsiHCKOro
1I0CCE, B CEBEPHOM HAINpaBJIEHUMM OT ropopa. Bce skcnepumeHTaIbHbIE
IJIOLLAJKY PACHOJIOXKEHBI B pallOHAaX C IOBBLIIIEHHON TEXHOIEHHOW HArpy3KOu.
[T, (yn. Jlo6oBa) — B 400 M ot 35-ro cygopemoHTHoro 3asojga AQO LIC
«3Be3n04Kka», psajgoM Haxoautcst 6aza PTII «AtomdaoT», rjae ocylecTBaseTcs
nepe3arpy3ka M BPEMEHHOE XPaHEHME XKUJKMX W TBEPABIX PaiMOAKTHMBHBIX
otxofoB. 11, (okpectHOCcTM CemeHOBCKOro 03¢epa) — B 953 m ot MypMaHcKoro
MOPCKOI'O TOProBOr0 MOPTA, ITIe OCYLIECTBISIETCS  APOOJICHUME W NEpEeBajKa
yriig OTKpbIThIM criocoOoM. ITI1 (okpecTHocT 03epa CpegHee) pacnonoKeHa B
373 M OT OTHOT'O M3 HaMOOoJIee IKOJOTMYECKN ONACHBIX OOBEKTOB I'. MypMaHcKa
— 3aBojja IO TEPMMYECKON 00paboTKe TBepAbIX ObITOBBIX 0TX0f0B (TO THO).
IIIL (yn. I'epoeB Pbibaubero) HaxoguTCs PsjioM C aBTOMOOUJILHOM JIOPOroM 1
rapakHbIM KOOIIEPATUBOM.

Ha Bcex skcnepuMeHTanbHBIX IUIOAAKax B ceHTssope 2018 r. coOpaHbl
npoObl MOYB IS aHAJIM3a HA COJIEp>KaHME TKENBIX MeTanoB. OmnpepeneHue
BAJIOBOro cofepxkanusi Tskenabix MetawioB (Cu, Ni, Zn, Pb, V) BbinosnHeHo B
IlenTpe 1abOpaTOPHOrO aHAIM3a U TEXHUYECKUX M3MEpPEeHMid . MypMaHcKka Ha
aTOMHO-a0cOpOLMOHHOM  criekTpodoTomerpe MI'A-915 M it Hu3KuUX
KOHLEHTpALMi U aTOMHO-a0copOumoHoM crniekrpodoromerpe Contr AA 300 s
BBICOKMX KOHUEHTPALUMI TIXKEJbIX METALIOB. Ha KaxIoil aKcnepuMeHTaIbHON
mowaake B mMae 2018 r. ormapkmpoBano no 10 kycrapHukoB B. nana. dns
NPOBEJICHNS AHATOMUYECKUX UCCJIEIOBAHNI B KOHLIE UIOHST, MOl U aBrycta 2018
r. coOpaHbl JMCTBSI, KOTOpbIE (pukcupoBanu B pactBope FAA. HMccnepoBanue
XJIOPOIUIACTOB NPOBOAWIM Ha TMONEPEYHbIX Cpe3ax JHUCThEB MOJ] CBETOBBIM
MUKpOcKonoM npu yeeandernu B 400 pa3, ¢ MOMOIIBIO OKYJISIPMUKPOMETPA.

B pesyabraTe XMMMYECKOro aHainm3a BO BCeX MpoOax moys r. MypmaHcka
BbIABJIEHO cojepKanne memu (183 — 91.8 wmr/kr), B koHTpose 23.1 wr/kr
(tabn.l). 3HaumrenpHoe mnpesblieHne [IIK  (91.8 wmr/kr) oOHapyxeHO B
OKPECTHOCTSX 3aBOJja IO TEPMUYECKON OOpPA0OTKE TBEPABIX OBITOBBIX OTXOOB
(ITIL) u 35-ro cypopemontHoro 3aBoga AQO LC «3Be3mouka» (84.2 Mr/kr)
(III1). KoHueHTpauusi HUKesl B TOYBaxX MPOOHBIX MIIOLIAIOK U3MeHsieTcst oT 31.6
no 123.3 mr/kr, B konTposie 4.2 mr/kr. [Ipesbinenue I1JIK BbIsiBIeHO Ha Tpex
MJIOIIA/IKAX, MAKCAMAJILHOE B OKPECTHOCTAX MYCOPOCXKMIaTENIbHOIO 3aBOJa
(123.3 mr/kr) (ITI1,) u 35-ro cypopemontHoro 3aBoga AO LIC «3Be3nouka»
(102.8 wmr/kr) (III1). IlouBbl ropopma CUIBHO 3arpsA3HEHbI LMHKOM, HaubOoJiee
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BBICOKME KOHIEHTpPaUuM — B NMPO0aX M3 OKPECTHOCTEW 35-r0 CyJJOPEMOHTHOTO
3aBoja  AO LC «3Be3nouka» (520.4 MI/Kr), MyCOpPOCXKUTaTEIbHOIO 3aBOJA
(358.4 Mr/kr) u 30HbI BO3/IeCTBUSI MypMaHCKOIO MOPCKOTO TOProBOro mopra
(298.6 mr/kr). HeoxxugaHHO HU3KMM 0Ka3aJI0Ch BAJIOBOE COJIEP>KAHKE CBUHILIA: OT
3.1 no 38.1 mr/kr, B KouTposie 0.6 mr/kr. Ha Bcex nioinankax KoHueHTpauusi Pb
ke IIJIK, kpome IIII. Bo Bcex npoGax mnoYB, BKJIKOYAs KOHTPOJb,
COJIEP>KUTCS BAaHA[WI, €ro KOHUEHTpauus — OT 67.3 mo 141.6 mr/kr, B
KOHTpoJse 79.1 mr/kr.

BanoBoe copiepykaHue TsKeJbIX METAJTIOB B no4Bax r. Mypmanck B 2018 r. (Mr/kr)

Ne nnomagku Cu Ni /n Pb A%
I111, 84.2 102.8 5204 38.1 141.6
I1I1, 384 31.6 298.6 2.3 101.1
111, 91.8 123.3 3584 4.5 120.7
I1IT, 18.3 442 34.1 3.1 67.3

Kontpoisb 23.1 4.2 22.6 0.6 79.1

Y smcteeB B. nana, npouspacTarolled PAAOM C INPOMBIIICHHbIMA
O0OBEKTaMM, OTMEYEHO 3HAYMTEJLHOE BAPBUPOBAHME PAa3MEPOB XJIOPOIUIACTOB,
OT KAapJMKOBBIX [0 TMIEPTPO(UPOBAHHBIX, HAPYLIEHHE MX (POPMBI, OOJIBLIOE
KOJIMYECTBO CIMMIINXCS UM TECHO CTPYNIMPOBAHHBIX MEJIKMX XJIOPOIJIACTOB.

B ry6uaThIx KileTKax JIMCThEB B.nana nnomwagok 35-ro CyIOpEMOHTHOTO
(ITI1) m mycopocxkurareabHoro 3aBofioB (III1) yacTo (0COGEHHO B MIOHBCKUX U
MIOJIbCKUX MP00ax) BCTPEYAOTCS TMIAHTCKHUE XJIOPOIUIACTBI, KOTOPHIE UMEIOT
BEPETEHOBU/IHYIO WM UWIMHAPUYECKYIO (popMmy (8.8 MKM B uIMHY U 2.5 MKM B
mmprHy). Bo Bcex mpoOax BBISIBIEHBI XJIOPOIUIACTBI OOBIYHOW JIMH30BHIHOMN
¢hopmbI, pazmMepbl KOTOPbIX BapbUPYIOT OT 2.5 10 5 MKM B jyiuHy, 0.5 — 1.5 MM
B wWmMpuHy. B oOpaspax mmcTeeB B.nana Kak B KOHTpOJIe, TaK U
9KCNEPUMEHTAIIBHBIX TUIOLIAJJOK BBbICOKA J[10JI1 KAapJMKOBBIX XJIOPOIUIACTOB
Kpyriioil popmbl fuameTpoM 1.25 MkM. Takue KapauKoBbIe MIIACTH/IbI BbISBIECHbI
BO Bcex npobax. B koHTposie n Ha yin. ['epoeB Peibaubero ux pgosis cocrasisiia
20 — 30% ot o0uero ymciia XJ0poIyiacToB. B 30HE TEXHOT€HHOTrO BO3/IEVICTBUS
npepgnpusituii r. Mypmancka (III1, IIIL, IIIL) koauyecTBO OYEHb MEJIKUX
xjopomiactoB coctasisieT 40 — 50%. Ilpu aToM, Ha BceX MIIOLLIAMIKAX, BKIIOYAsI
KOHTPOJIb, BBISIBJIEHbI CIMIMIIMECS WM TECHO CrPYNIMPOBAHHBIE MEJIKHE
xyopomiactel. OCOOEHHO OHM MHOTOYMCJIEHHBI Y B. nana, Npou3pacTaroleil B
OKPECTHOCTSIX 35-r0 CYJJOPEMOHTHOTO M MYCOPOCIKHUIAaTEIbHOTO 3aBOJIOB.
[IpucyTcTBHE OOJIBIION TOJM KapJIMKOBBIX, CIMMIIMXCS, TUEPTPOPUPOBAHHBIX
XJIOPOIUIACTOB B KJETKax Me3oduiia MucTheB Betula nana B OKpPeCTHOCTSIX
MPOMBILUIEHHBIX OOBEKTOB I'. MypMaHCKa CBUJETEILCTBYET O HApPYLICHWU KX
pa3BUTHS.
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I'ranTckue XJ10pomIacThl B KJIETKaxX CTOI04YaToro Me3ouiuia JucTbeB Betula nana
Ha TUIoILajIKe B okpecTHOCTsX 3aBofa OAO «3Be3nouka»

X0pomiacTbl apKTUYECKUX BHJIOB PACTEHUN OTHOCSITCS K CBETOBOMY
TUIY , UMEIOT MEJIKAE HEJJOPA3BUTHIE I'PaHbl M1 HU3KOE COAEPKAHME XIJIOPOPUILIA.
Ang renmoduToB, K KOTOPbIM OTHOCSITCS THMIIOAPKThI, XapaKTEepHO ciadoe
pasBuTHE rpaH U HeOosbloe uucio TunakouaoB [3]. KapaukoBas Oepesa
SBJIIETCSl TUIIMYHBIM TeIMO(PUTOM, KaK U OOJIBIIMHCTBO TYHAPOBBIX PACTEHUIA.
BrisiBieHHas cneqyduka CTPYKTYpbl aCCUMUIISIMOHHOrO annapata Betula nana
ABJIIETCS aflanTagueil Kak K apKTUYECKOMY KIMMAaTy, TaK M TEXHOT€HHOMY
3arpsi3HEHUIO  Cpefibl. JTO  TpeOyeT  JAJbHEHIIMX  UCCIEAOBAaHUM  C
UCMOJb30BAHUEM  COBPEMEHHBIX  METOJOB  CBETOBOM M 3JEKTPOHHOMN

MUKPOCKOIINH.
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A.B. Bacunses, A.!. I'anun
Camapckuil roCy/IJapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET

PA3PABOTKA U AIIPOBAIISI HOBOM METOIUKU OIIEHKH
BO3JEVICTBUSA OTPABOTAHHBIX CMA30YHO-OXJIAXKIAOIX
JKUJTKOCTEM HA YEJIOBEKA
N OKPYXKAIOIMIYIO CPEAY

[TpennoxkeHa HOBasi METOMKA OLEHKU Bo3fiericTBUs oTpaboTaHHbix COZK Ha yenoBeka u
okpyxatoliyto cpefy. [1o pesynabTaram anpoOaiyy MOXKHO CJiesiaTh BbIBOJI, UTO HOBAasi METO/MKA
OLICHKM T03BouIsieT Gosiee TouHO parxkupoBaTh COZK mo kaTeropuy BO3AEHCTBUSL U ONPEACIISThH
CTeNeHb HeraTUBHOIO BO3/ICMCTBUSI Ha YEJIOBEKA M OKPY>KAIOLLYHO Cpefty .

KnroueBble cioBa: CMa30YHO-OXJIAKAOILIME SKUIKOCTH,, BO3JIEHICTBYE, METOJIMKA, OLIEHKA

Cmazouno-oxnaxparomme xuakoctu (COXK) copepxar psiji KOMIIOHEHTOB,
ONACHBIX C TOYKM 3pEHUs] BO3JICHCTBUSI HA YEJIOBEKA M OKPYKAIOLIYIO Cpely M
OKa3bIBAIOT pa3HOOOpa3HOE HErATUBHOE BO3/IEHCTBUE KAK HA 3I0POBbE YEJIOBEKA, TAK
M Ha oOkKpyxXarouryro cpeny B ueaoM [1-7]. Orpadorannele COXK sBnstoTcst
TOKCMYECKMM OINMACHbIM OTXOIOM. B CBSI3M € 3TMM HEOOXOAMMO OCYILECTBIISITh
oueHKy BozpericTBust CO2K Ha yestoBeka v Ha OKpY>KarOLILy O Cpefy .

ABTOpaMM TPOBEMIEHbI KCCIIEJOBAHUS] CTENEHH TOKCHMYHOCTU HEKOTOPBIX
orpaboTtanHbIx COXK ¢ ncnonb30BaHMEM METOOB OMOTECTUPOBAHUS.

Hna ouenku HeratwBHoro BosuenctBusg COXK Xamwupymnosont JILP. m ip.
pa3paboTaHa METOJIMKA, OCHOBAHHASI HA OAJITbHO-PENTUHIOBOM OLIEHKE, [3]. OgHako
NIAaHHAsl METOJIMKA, N0 MHEHWIO aBTOPOB, HYKJIAeTCS B YCOBEpLIEHCTBOBaHMM. [1o
NOJTyYeHHbIM pe3yiibTaTaM oueHkM COZK ¢ uCronb30BaHMEM MPEKHEN METOIUKU
CHIENIaTh BBIBOJ, 4TO Bce TpU UCbITyeMbIX COZK 0Ka3bIBatOT OMHAKOBO YMEPEHHOE
BO3JIEMICTBUE, OJIHAKO PE3YyJIbTaTbl OMOTECTMPOBaHMs MoKasbBatoT, yrto COXK
EcoLineCuttingFluid u EmulsionPro-TecB 380 siBHO 6onee omacHbl Kak Mo
TOKCHYECKOI KpPAaTHOCTHU pa30aBlIEHus], TaK 1 1O CIOCOOHOCTH K OMOpa31araeMOoCTH.

ABTOpBI IPEJIararoT CJAEAYIOLIEE YCOBEPIIEHCTBOBAHNE TAHHON METOIMKH:

1)  o6aButh rpajauuro no crenenu omopasnaraecmoctu COX;

2)  YcOBEpLIEHCTBOBATh IPANIALMIO IO TOKCUYECKUM BEILIECTBAM,
BbIIEJIsIEMbIM Npy aKcIuTyaTanym COXK.

B Tabmiue 1 mnpeacTaBneHa yCOBEPIICHCTBOBAHHAS METOAMKA OLCHKU
HeraTuBHOro Bo3aercTBus oTpadoranHbix COXK. C ucnonb30BaHNEM NPETIOKEHHON
Metomuky  oueHnBaemble COXK  paHXuMpyrOTCST TIO CTENEHU HEraTWBHOTO
BO3JIEMCTBUS CJETYIOIIAM 00pa3oM (Tadimua 2).

[To pesysbTaTam anpobauuu MPEAJIOKEHHON METOJUKM MOXHO CHENaTh
BbIBOJI, YTO HOBAasi METOAMKA OLIEHKM BO3[AECHCTBUS OTPAOOTAHHBIX CMAa30YHO-
OXJIAXKJIAIOLIMX JKUJIKOCTE Ha 4YeJOBEeKa M OKPYKAIOLIYI0 Cpedy IMO3BOJISIET
6osee ToyHO panxkupoBaTb COZXK no Kareropum BO3JEWCTBUS U ONPEAEISATH
CTeNeHb HEraTUBHOIO BO3/IEVICTBHS HA YEJIOBEKA U OKPYIKAIOLLYIO CPEMy .
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Tadmmma 1

Y coBepleHCTBOBaHHAs IKaJla olieHKU cteneHu Bo3aeicTBust COXK Ha yenoBeka u

OKPY2KaroLLyI0 Cpefy N0 CYMMApPHOMY PEUTUHIOBOMY OaJlTy

CyMMapHbIil pETUHT OBBIi Crenenb BozzieiictBust COXK | [IpensiokeHue K KOIMpOBKe
Oan
14-17 6annoB l'inepBo3peiicTBre I'B
10-13 6annos CunbHoe BO3JIeliCTBHE CpB
6-9 6aioB YMepeHHOe BO3/IeCTBIE YB
1-5 Ganna Cnaboe BO3JIENCTBIE CnB
0 6annos He okasbiBaeT BO3eicTBUS HB

Tabmuma 2

Pe3ynbTaThl oueHku crenenu Bo3zencTBrs ucnbiTyembix COXK Ha yenoBeka u OKpy>Karouyro

cpefy € UCMOJIb30BAHUEM YCOBEPILIEHCTBOBAHHON METOUKHU

Hanmenosanue OueHuBaemast XapakTepUCTUKA KonunuectBo
COX 6aJyI0B
MAKCOIJI Pazppaxatoliiee eficTBue Ha riasa 2
KoxxHo-pe3opOTuBHOE fieiicTBIE 0
Cencubunuzupyiolee eicTBre 0
TokcuyHble BELIECTBA, BbIE/sIeMble NPpU 3KCIyaTaumd | 5
COX (nnst ouleHKM GepeTcs BELIECTBO, KOTOPOe
COOTBETCTBYET HauboJsiee BLICOKOMY KJIACCY OMACHOCTH)
TOKCUYHOCTDH MPU BHYTPUXKETYIOUYHOM BBEJICHUU 1
(cpennsist cMepTenbHas fo3a — LDS0)
buopasznaraemocts COXK 2
HUTOTIO: 10
Crenensb BozpeiicTBust COXK no cymme 0anyos: CunbHoe
Emulsion Pro- | Pazppaxatoliiee ieficTBue Ha riasza 1
Tec B 380 KoxxHo-pe3opOTuBHOE fieiicTBIE 1
CeHcubumsupyoliee eicTBre 0
TokcuuHbIe BELIECTBA, BbIIE/sIeMble IPU 9KCIUlyaTauuu | 4
COX (nnst ouleHKM GepeTcs BELIECTBO, KOTOPOe
COOTBETCTBYET HauboJsiee BbICOKOMY KJIACCY OMACHOCTH)
TOKCUYHOCTDH MPU BHYTPUXKETYIOYHOM BBEJICHUU 1
(cpennsist cMepTenbHas fo3a — (LDS0)
Bbuopasznaraemocts COXK 1
HUTOTIO: 8
Crenens Bozzierictust COXK no cymme 6ansos: YMepeHHoe
EcoLine Paznpaxarolee neficTeue Ha riasa 1
Cutting Fluid | KoxHo-pe3opOTuBHOE JIeiiCTBIE 1
Cencubunusupyiolee eicTBre 0
TokcuuHbIe BELIECTBA, BbIIe/sIeMble PU aKCIUlyaTauuu | 4
COX (nnst ouleHKM GepeTcsi BELIECTBO, KOTOPOe
COOTBETCTBYET HauboJsee BbICOKOMY KJIACCY OMACHOCTH)
TOKCUYHOCTDH MPU BHYTPUXKETYIOYHOM BBEJICHUU 1
(cpennsist cMepTenbHas fo3a — LDS0)
Bbuopasznaraemocts COXK 0
HUTOTIO: 7
Crenens Bozziericteust COZK no cymme 6ansos: YMepeHHoe
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I.B. Baacos

MockoBcKkuUit rocyjapCcTBEHHbIN YHUBepcuTeT nMeHn M.B. JIoMmoHocoBa

METAJI(OU])bI B TOPAKAJILHOM ®PAKIINU TOPOXHOM
NBIJIA 10KHOW IMPOMBINIJIEHHON YACTU MOCKBHI

N3yuyeHo copepxkaHue TKeNbiXx MeTAIOB U MeTasionioB (TMM) B opoxkHO# nbuin
u ee TopakanbHOil (quamerpom 10 Mkm u menee — PM,) ¢pakuguu B IOxHOM
agMuHucTpaTuBHOM okpyre (FOAO) MockBbl, Tie COCPEelOTOYEHO OOJIbIIOE YUCIIO MPOM3OH.
PM, nakanmuBator TMM B 1,6-7.8 pa3a MHTEHCHBHEE, YeM [OPOXHAsl MbLIb B LEJIOM.
['naBHble nosumtoTanTbl 10poxkHoi neu 1 PM,, B OAO — Cu, Zn, Cd, Sb, Pb, W, Bi u Mo.
Haubonbiuee cymmapHoe oOoramenne TMM xapaktepHo g nbuii U1 PM, Ha KpymHbIX
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noporax, MKAJI u mocce.
KuroueBble cnoBa: MUKpOYaCTHULbl, METAaropoja, AOPOKHas MbLb

Cepbe3HON 3KOJIOrMYeCKON MPOOIEMON COBPEMEHHBIX T'OPOJIOB SIBIISIETCS
3arpsi3HEHUE BO3/lyXa, OCOOCHHO TBEPAbIMM YACTULAMU, OJHUM W3 UCTOYHUKOB
KOTOPBIX SBJSIETCA BbIIyBaHUE JTOPOXKHOW NbuM [1]. YTunuszauusi TOpOKHOMN
NbUIM TPEOYET 3HAYUTEJbHBIX (PUHAHCOBBIX 3aTpaT. OLEHKa 3KOJOTMYeCKOro
pUCKa 3arpsi3HCHUSI U ONPEACNICHME KAaTEeroOpuy OMACHOCTU AOPOXKHOM IbLIN
3aTPYAHEHO M3-3a HEOCTATOYHOM WMCCJIEOBAHHOCTH B OOJIBLIMHCTBE T'OPOJOB
Poccnn; Takue paboThl MpUypOYEHBI B OCHOBHOM K KPYNHBIM ropopam [2-4].
N3yyenne cocraBa TopakanbHON ppakumu (qnametpoM 10 MkM n menee — PM,)
JIOPOXKHOW NMBIIM BaXKHO C 9KOJIOTMYECKON TOYKU 3PEHUS, TOCKOJIBKY OHA MOXKET
NOCTYNATh BO BHYTPEHHME OpraHbl IPy/HON KJIETKMA 4esoBeka [1], 4To omacHo
n3-3a €€ OOOralleHMss MHOTMMHU TOJUIFOTAHTAMU, B TOM YHCJE TSXKEIbIMU
MeTannamMu u Metaougamu (TMM).

B MockBe riaBHbIMA MCTOYHMKAMU BELIECTBA JOPOKHOW MbUINA SIBJISIFOTCS
TPaHCIIOPT, BLIOPOCHI MPOMBILIEHHBIX MPEANPUATUI, aTMOC(EPHBIE BbIMACHUS,
NPOTUBOTOJIOJIEIHBIE PEAreHThl B 3UMHUI MEepuop; U AedIsaums noYB B JETHUN
[5]. ABToTpancnopt nocrtasisieT 10 98% oOiero oobema BoIOpocoB, B 2018 r. —
782 ThIC. T [6]. KpynHbIE MPOM30HBI C MHTEHCUBHOW TEXHOTE€HHON HArpy3Koil
(JIenuno, buprosieBo, Haratuno, Komomenckoe, KotnsikoBo, Bepxuue KoTibl,
Kpacubiii ctpoutesns, HepranoBo) pacnonoxensl B I0xxHom okpyre (IOAO), yto
NpPUBEJIO K (POPMUPOBAHUIO BBLICOKOI'O YPOBHS 3arpsi3HEHUSI TEPPUTOPUU O
CpaBHEHMIO C Apyrumu okpyramu [6]. [loaTomy nesnb paboThl — U3YyUUTh COCTAB
NOpOo>KHOM Nkl U ppakuuu PM,, B IOAO.

HopoxxHas nbulb onpoOoBanack B IOAO Ha poporax ¢ pasHOM
MHTEHCUBHOCTBIO ABIKeHMS (n = 26) B mioHe-mione 2017 r.. Ha MOCKOBCKOI
konbueBor aprofopore (MKAJIL) 1 pairalibHBIX 1IOCCE C KOJIMYECTBOM MOJIOC B
OJHY CcTOpoHYy OoJibllie 4 (n=6), KpynHbIX joporax c¢ 3—4 mnojocamu (n=7);
cpegHux ¢ 2 mojocamu (n=5); manbix ¢ 1 MOJOCOM M BHYTPU JIBOPOB CO
crosHkamu (n=8). CMemanHble nTpoObl OTOMpAIMCh BOJbL OOpArOpa ¢ 00enx
CTOPOH JIOPOTH C MOMOIIBIO MJIACTUKOBOTO COBKA U IETKU B 3—5 MOBTOPHOCTSIX .

Copepxxaune PM, B JOpOXHON TMBIIM ONPEAENAIOCH B IJKOJOrO-
reoxXuMn4eckom HeHtpe MI'Y naszepHoii rpanyjiomeTrpueii. Boiienenune dppakumm
PM,, mposeneno ormyumBanueM [3]. Copepxkanne TMM B PM, m BanoBbIx
npobax nbumM ompefessanock B nadoparopun BHMW muHepanbHOro Chipbst
umenn H.M. ®enopoBckoro macc-cnektpanbHbiM — (ICP-MS) wu  aTomHo-
amuccuoHHbIM MeTofiamu (ICP-AES) ¢ MHIYKTUBHO CBSI3aHHOM IIA3MOM.

B cpepnem PM,, coctaBnsitoT 11,8% OT 1OpOXKHON MBI, KOJEOAHUS JOJIN
PM,, no kareropusim popor HeBelqMKH (2—5%). B HEKOTOpPBIX TOYKax BHYTPH
NBOpOB jos yactul, PM,, nocturaet 25% n3-3a Hea(p(peKTUBHBIX YOOPOK JIOPOT .
N3-3a TexHOreHHOro Bo3fEeNCTBUS JAOpoXKHasg nbulb IOAQO HakammBaeT
OTHOCUTEJIbHO BEPXHEN 4acTU KOHTMHEHTaJIbHOW KOopbl Cu, Zn, Cd, Sb u Pb B
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2,3-3,7 pa3a, a Mo, W, Sn u Bi — B 1,4-2 paza. Octansubimu TMM noposkHas
nbUTb 00eHeHa (Tada. 1). B PM, copepkanue Sb noutu B 18, Cd — 14, W u Zn —
11, Sn — 8,3, Cu - 7,7, Pb u Bi — 7,1, Mo — 4,7 pa3 Bblllie KJIAPKOB BepXHel
YaCTU KOHTUHEHTAJIBHON KOpPbI, TO ecTb PM,, Hakanmusator TMM B cpepHeM B
1,6—7.,8 pa3a MHTEHCUBHEE, YEM JIOPOKHAS MbLIb B LIEJIOM.

Taomuna 1
TMM B opozkHoii neutu u ee yactuuax PM,, B KOAO Mockssl (1eTo 2017 r.)
Dne- | Kuapk, JopoxkHasi nbuib (n=26) PM,, nopoxxnoii nbum (n=26) D
MeHT | Mr/kr [7] cofiep>kaHue, MI/Kr KK cofiep>kaHue, MI/Kr KK x
Ti 3900 1909 (839-3536) 0,5 3277 (136-17281) 0,8 1,7
A" 106 48 (21-95) 0,5 88 (5,4-501) 0,8 1.8
Cr 92 45 (18-161) 0,5 74 (2,1-493) 08 1,6
Mn 770 353 (209-573) 0,5 720 (58-4573) 09 2,0
Fe 40600 22635 (10981-40777) | 0,6 | 42641 (2823-220472) 1,1 19
Co 15 55(3,1-12) 04 15 (1,0-85) 10 2.8
Ni 50 20 (9,1-39) 04 48 (5,1-310) 10 25
Cu 27 99 (15-556) 37 208 (12-906) 7,7 2,1
Zn 75 169 (94-325) 23 841 (48-5663) 112 | 50
As 5,6 52 (0,67-43) 09 2,0(0,37-50) 04 04
Mo 1,1 2,2(0,79-40) 2,0 5,2 (0,063-21) 4,7 24
Cd 0,09 0,28 (0,16-0,55) 3.1 1,3 (0,082-8.,6) 140 | 45
Sn 2.5 4,5 (1,3-10) 1.8 21 (1,0-137) 8,3 4,6
Sb 0,81 2,5(0,74-5.7) 3.1 15 (0,45-48) 184 | 59
\W 2,03 3,0 (0,98-5.,6) 1.5 23 (1,2-167) 11,5 7.8
Pb 17 42 (16-280) 25 121 (6,5-923) 7,1 29
Bi 0,23 0,32 (0,081-1.,9) 14 1,6 (0,12-12) 7,1 5.1
Rb 98 35 (21-50) 04 65 (4,8-420) 0,7 19
Ipumeuanue. B cKOOKax — MHUHUMAlIbHOE M MaKCUMalbHOE 3HadyeHus. Dx —

OTHOLIEHUE cofiep>KaHusl ajieMeHTa B PM,, K nbuiu B 1esiom [8].

3arps3HeHue fopoxHoW nbum u ee ppakugun PM,, TMM oueneno ¢
noMotpio ko3 duimenta oboramenuss EF = (C/C.)/(K/K.,), tne C. u C, —
copiepkanue i-ro saemenTa u Rb B nmpooe, K u K., — ki1apku i-ro anemenra u Rb
B BEPXHEN YaCTU KOHTMHEHTAJIBLHON KOphl [7]. B cpegnem nopoxuas neuib J0AO
oboramiena (mqucppol — EF) Cu,Sb.Cd.Pb.ZnMoSnBi.W.As,. Ppakuus PM,
oOorailieHa B 2-5 pa3 MHTEHCUBHEE, YeM [IOPOXKHAsl NbUlb W HAKAIJIMBAET
Sb.Cd.Zn, W .Sn.Cu,.Pb,Bi,Mo.. OcroBHble nctounnku 3tux TMM — BbIOPOCHI
ABTOTPAHCNOPTA, W3HOC JOPOXKHOIO TMOJIOTHA, WIMH, TOPMO3HBIX KOJIONOK M
Ipyrux 4vacrtei aBroMoOusnen [9], a Takxke BO3JIEWCTBUE KEJIE3HOJOPOXKHOTO
TPAHCIOPTA, NPEANPUATUI MO MPOU3BOJACTBY 3SJIEKTPOIUTUYECKON (PONBIM MU
JUTBIO LBETHBIX METAUIOB, 3aBOAAa M0 NPOU3BOACTBY ONTO3JIEKTPOHHBIX
npuOOpPOB, MACOKOMOMHATA, KUPIMTMYHOIO 3aBOAa, 9-ro u 17-ro aBToOyCHBIX U 7-
ro " 8-ro TpoJuIe0yCHBIX MapKOB.

JInsi  uHTerpajibHOM OLUEHKM pPacCUMTaH CyMMapHbId [OKa3aTelb
oo6oramenuss TEF = Y EF—(n—1) npu EF > 1, rie n — uncno anemeHToB ¢ EF > 1.
Hopoxnas nmeiib IOAO no Benuunbe TEF XxapakTepu3yeTcsl HU3KUM yYPOBHEM
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3KOJIOTMYECKOTO PUCKA, a yacTulpl PM,, — BbicOkrM. OO0raleHHOCTh JOPOXKHON
neum 1 PM, TMM 3aBucur oT pasmepa Jopord (OT HMHTEHCUBHOCTH
TPAHCIOPTHOTO NOTOKa). Tak, HamOosnbume ypoBHM TEF XapakTepHbl st
NOpPOXHOW NbIM U ee ppakuun PM, Ha xkpynsbix goporax, MKAJI mn mocce
(puc. 1), rie MOMUMO JIETKOBBIX aBTOMOOWJIEH MEPEABUTAETCS OOJIBIIOE YUCJIIO
KPYITHOI'O TPy30BOr0 M OOLIECTBEHHOTO TPAHCIOPTA, MOCTABJISIOIErO OOJBIIOE
KOJIMYECTBO TBeP/bIX yacTull. Konrpactheie anomanuu Cu, Sb, Zn, Cd, Sn, Pb u
npyrux TMM ddopmupyrorcas B neumm  Bapmasckoro, Kammpckoro n
Becepunckoro mocce, MKA/I, npocnekta AnpponoBa, KaBka3sckoro OyJsbBapa,
JIunenkon ynuupl, pexe — Ha CPEHNAX M MaJbIX JOpPOrax U BO IBOPax JOMOB.

v TEF
160 17 } .
140 - BbICOKULL IKONOUHECKUTL PUCK
120 A
100 A cpeonuli axdrozuueckui} puck
80 A
601 — [~ "1 F [~ — ST T T T T — B
40 A HUuskull axqro2uudckut} puck
20 A1 i
0 duenv nyi3xuli skqro2undcxui) puck
T T T T 1
MKA]JI n miocce  KpynHble cpejHue Mauible U JIBOPbI IOAO

Onbinb OopPMI0
Puc. 1. CymmapHoe oboraitienue qopoxkHoit b u ee ppakuuu PM,, TMM B FOAO MockBbI.
I'papauuu TEF nasbl no [3]

YOopk#n [OPOXKHOrO MOJIOTHA TOPOACKMMHU CJIy>KOaMu, B Ppe3yJbTare
KOTOPbIX TMPOUCXOJUT «OOHOBJIEHHE» BEIlECTBA MbUIM, a TakKXe MeHee
MHTEHCUBHOE TEXHOTE€HHOE BO3/ICVICTBUE TPAHCIIOPTA MPUBOAUT K CHUKEHHUIO
TEF B nbumm u ee ppakuyun PM,, Ha cpeflHuX 1 ManbIX JOPOrax 1o CpaBHEHHUIO C
KpynHbiMU. Bo 1BOpax u Ha MaibIx goporax yposeHb TEF nbum u PM,, Bcero B
1,3-1,8 pa3a meHblle, 4YeM Ha KPYMHbIX U cpepHux jgoporax, MKAJI u mocce.
[ToaTOMy 3TH TEppUTOPUN HYXKJIAIOTCA B 00JIEE€ YACThIX YOOpPKax.

Takum oOpa3zoMm, yactuupbl PM, SBASIOTCA OfHOM W3 BaKHEUIIMX ¢as-
Hocutenenn TMM B nopoxnoi meum IOAO Mocksel. M3-3a nogBEp>KEHHOCTH
BBIIyBaHUIO C JIOPOr, CIIOCOOHOCTH [IOJIFO€ BPEMSI HAXOAWTBLCA B BO3[yXE BO
B3BELIECHHOM COCTOSIHUM UM BbICOKMX KOHUeHTpauuii Sb, Cd, Zn, W, Sn, Cu, Pb,
Bi 1 Mo, yactuupl PM,, co31atoT NOBBILIEHHYIO 3KOJIOIMYECKYH0 ONaCHOCTD JIJIst
NOCTOSTHHOT'O HACEJIEHUS M TOCTEN OKpYyTa.

[loneBble u mabopaTOpHblE PadOTBHI BbINOJIHEHBI NpPHU  (PUHAHCOBOMN
nojyiepkke Pycckoro reorpacguueckoro oo6wectsa (Hdorosop 18/2018-K),
000011IeHNEe pe3ynbTaToOB — MO MpoekTy Poccuiickoro HayuHoro ¢onpga (Ne 19-
77-30004).
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H./. IaBbinoBa

NI'CO PAH «HMuctutyT reorpacpum um. B. b. Couasel CO PAH», MpkyTck

BBISIBJIEHUE DJIEMEHTOB-3ATPSI3HUTEIIEN,
X HAT'PY3KHN U PACITPEJEJEHUE B OB'BEKTAX
MMPUPOIHOMU CPEDI

M3yyeH XMMHMYECKMII COCTaB IMOTOKAa BELIECTB, MOCTYNAIOLIMX OT 3aBOJOB IO
NPOU3BO/ICTBY AJIIOMUHMSI B pPacTBOpUMOi M ManopactBopumoit ¢opme. Cpemn 20-tn
aHanu3upyembix anemeHnTos (Si, Al, Fe, Ca, Mg, K, Na, Ti, Mn, P, Sr, Ba, Zn, Cu, Ni, Cr, Co,
Pb, F, V) BbisiBnennl ocHoBHble 3arpsisHuresu - F, Al, Na, Ni. B kauectBe npuoputeTHOro
3arpsi3HUTEIS BbIENIEH (DTOP, KOTOPBII OTIAMYAETCS BBICOKMMU HArpy3KaMH U TOKCUYHOCTBIO.
Ha Tteppuropuu, npuierarolieil K 3aBojiaM, 3JIEMEHT-TOKCUKAHT IPUCYTCTBYET BO BCEX
KOMITOHEHTAaxX JIaHAAaTOB: aTMOC(EPHOM BO3/lyX€, CHEXXHOM IOKPOBE, JJOXKJEBOM BOJIE,
pacTeHusix, TBEpAOW (pa3e MOYB, MOYBEHHbIX PACTBOpPaX M TPYHTOBBIX BOJAX JENpPECCHil
BOM3M 3aBOOB. [Ipy 3TOM ero KOHUEeHTpauuu B no4Bax U puromacce pasHble U Bbile [1[IK
OOHapy>KeHbl 3a TpefieJlaMi CAaHUTAPHOW 30HbI Ha paccTosiHuu 5—6 kM. Takas curyauus
MPECTABISIET ONPE/ICJIEHHYIO 9KOJIOIMUYECKYI0 OMacHOCTh U TpedyeT B 1,5-2,0 paza cHuKeHust
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nbuiera3oBbix  amuccuii  3aBojlamu OAO  "PYCAJlI CasHoropck" ¢ NpuUMEHEHUEM
MOHUTOPUHIOBOI'O COMPOBOXK/ICHMUSI.

KntoueBble cioBa: 3arpsi3HeHUe, MOJUTIOTAHTbI, CHEXKHbI MOKPOB, MOYBa, PACTEHUS,
Harpy3Kku, HOPMUPOBAHUE .

HccnenoBannsa nposefenbl Ha Teppuropun Xakacum (2004-2017 rr.), B
30HE€ pACIPOCTPAHECHMS] TMbBUIETA30BbIX 3MUCCUN 3aBOJIOB IO TMPOU3BOJICTBY
amomuHus OAO «PYCAJI CasiHoropck», pacnojio>kKeHHbIX B 1onvHe Enucest, Ha
€ro JIEBOM Oepery, B 5-Th KM K CEBEPY OT pycJa pPeKu.

JlanamapTHO-reOXMMMUYECKNA MOHUTOPUHT KOMIIOHEHTOB 3JIEMEHTAPHBIX
JaHAWadTOB U OUEHKA BIMSHUS MbUIETA30BbIX 3MUCCUI HA UX FEOXUMUYECKOE
COCTOSIHME NMPOBOAUJIMCH M0 IIMPOKON KOMIUIEKCHOM MPOrpaMMe OCHOBAHHOW Ha
NPUHLMIAX U METOAaxX reoxmmuu Janawadra [1, 2, 3].

[Tonmy4yeHbl HOBBIE 3KCIIEPUMEHTAJILHBIE [MAHHBIE O XMMUYECKOM COCTaBe
MOTOKOB TEXHOTE€HHBIX BEIIECTB B COCTABE 3MUCCUI MPEANPUATUI MO BbITYCKY
AJIIOMMHUS. Y CTAHOBJIEHO, YTO PACTBOPUMAsi B CHEIOBOM BOJIE YaCTh a3paJIbHOTO
MOTOKA BOJIM3M 3aBOJOB OOOralleHa MO OTHOLIEHWIO K CHEroBOM Bojie (poHa
MHOT'OYMCJIEHHOW TPYIMION TMOJUIFOTAHTOB (B HUXKHEM WHJEKCE KO3(PUIMEHT
KOHIIEHTpaLK Kc): F...Al..Na..Ni,Mn.,..Sr..Ca..,
Mg, .Si..Zn, Ba, K, Fe,V.Pb,Co,.. HaunbonbmmmMn K03 puyueHTamMmu
aHoMasibHOCTU BbiiensitoTes F, Al, Na, Ni. Onpenenenue BeTMUMHbI UX HATPY30K
(puc.) ¢ wenbt0 HOpMupoBaHMd (TalJl.) WMeEEeT OOJIbIIOE 3HAYEHWE JId
YCTPAHEHHUS IKOJIOTMYECKUX MPOOJIEM, CBI3aHHBIX C 3arpsI3HEHUEM ATMOCEPHI.
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[TocTynnenue noJItOTaHTOB, MOABUXKHBIX B BOJHOW CPEJIE, HA TEPPUTOPUIO,, IPUJIETAIOLLLY FO
K 3aBOJJaM 10 MPOU3BOJICTBY AJIFOMUHUS

TBepble MaTOPaCTBOPUMBIE a3PO30JIA MO CPABHEHUIO C MOYBAMU (POHA
cogepxar B OousblieM komuuectBe F.Ni, Al V,.Cu,.ZnCo,Sr,. B kauecTBe
rNaBHbIX nosunoTaHToB  Bbigensitorcss F, Ni, Al. Tloctymienue wux B
MaJIOPaCTBOPUMO¥ (POpPME COMOCTABMMO C XOPOIIO PAacTBOPUMOW B BOJE
(opmoii, KpoMe AMOMUHMS, HATPY3KM KOTOPOT'O HA MOPSAAOK OOJIbLIE.
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B oOuem, K NpUOPUTETHBLIM 3JIeMEHTaM-3arpsi3HUTENISIM MbLJIEra30BbIX
3MUCCUI TPEANPUSITUIA MO BBIMYCKY AaJIOMUHUSI OTHECEHbl T€ TMOJUIIOTAHTHI,
KOTOpbIE B OJIHOI WUJIM HECKOJIbKUX acCOLMALUSIX UMEIOT MHIEKC aHOMAaJbHOCTU
He meHee 10. O1o F, Al, Na, Ni u conyrctByromme um Mn,..Sr..Ca. Mg, . Tak KaKk
NPEBLILICHUE COJIEP>KAHUN TMOCJEHUX Hajl (POHOM XapakTEepHO TOJBKO J1Jisl
>KUAKOM (pasbl CHera.

Hopmupoanue Harpy3ok ¢pTopujioB (110 pTOpy) Ha NOYBEHHBIN OKPOB

Harpy3ka, T/kM® B rof | CopepxkaHue B MI0YBE, MI/KT
Kpurepuit DopMbl HaXOXKIEHUS
BopopactBopumas | ManopactBopumasi | BopopacTBopumast Banosas
HonycTumslii 0,10 0,12 10 500
Kputunueckuit 0,30 0,20 15 800
Hepnonyctumsblit 0,50 0,80 30 1000
Ddon 0,005 0,02 15 400

YCTAaHOBNEHO, 4YTO 30HA 3arps3HEHMs] CHEXXHOrO IMOKpPOBa (PTOPOM
pacnpocTpaHseTcss Ha paccrosiHue Oosnee 20 KM OT alFOMUHMEBBIX 3aBOJIOB
NPEUMYLIECTBEHHO B CEBEPO-BOCTOYHOM HAINPABJIEHUM CO CMELEHUEM B JJOJIMHY
p- Enuceit. Ha rpanune sToi 30HbI KOHUEHTPaLMs NOJUIIOTAHTA B CHETOBOW BOJIE
coctapisieT 0,5 mr/mw, pocturas BOmm3u 3aBofga 30-40 mr/mwe. Ilpu 3Tom
OTMEYEHO, YTO COAECPXKAHME €ro B CHEXXHOM ITOKPOBE HAa HE3arpsi3HEHHBIX
teppuropusx (¢pon) cocrasisgeT 0,03-0,07 mr/gw:.

Copepxanve ¢rTopa B [IOXKJAEBOM BOAE B TMpefienax UCCIENyeMOon
TEPPUTOPUU CYLLECTBEHHO MEHbBIIE [0 CPaBHEHUIO CO CHEroBoy Bojou. Ha
nepudepun 30HbI 3arpsi3HEHUsT €ro cojepKanue cocrasiser 0,11 mr/mwe, yro
omm3ko K cpegHemy mno crtpadHe (0,054 wmr/pw). B TO Xe Bpems B
HETMOCPEICTBEHHON OJIM30CTH OT AIOMUHUEBBIX 3aBOIOB B 90 % caydaes
KOHUEHTpaLUK fiocTuranu 1-5 mr/am, MakcumasbHoe KonuuecTBo — 13 Mr/pwe.

Onpepesieno, uro npegnpustus  OAO  "PYCAJI  Casnoropcek”
pacnoyiararoTCcsi  Ha ~ paBHUHE,  3allOJJHEHHOM  BAJyHHO—TAJIEYHUMKOBBIMU
OTJIOXKEHUSIMU, KOTOPBIE HMMEIOT BBICOKYIO CTENEHb (PWIBTPALMN BOJHBIX
pacTBOpoB (10 9 11 B cyTKM). B TOXe Bpemsi Teppachl MOKPHITHI CYIJIMHKAMU 1
cynecsimu.  IIpupopmHble  oTiMuUMA  3TMX  MOBEPXHOCTEW  OOYCIIOBUIN
(popmMHpoBaHuE pa3nMUHBIX MOYB, OOJAJAIINX HEOJAMHAKOBON CIIOCOOHOCTBIO K
AKKYMYJISIUK MOJUTFOTAHTOB COOTBETCTBEHHO B JIOJIMHE U HA yBajax.

BbisiBlIeHO, UTO NMEpBUYHOE MOCTYIJIEHWE TEXHOTEHHOro MOTOKa (propa B
JaHqadThl  3aBUCUT, TMpPEXAe BCEero, OT aTMOC(EPHON UUPKYJISIUUU U
pacnipefienTenbHON  (pyHKIMM — penbeda.  MakcumanbHOE — HAKOIUIEHWE
MOJUIIOTAHTA B MOYBaX OOHAPYXKEHO HA BEPIIMHAX W HABETPEHHbIX CKJIOHAX.
BropuuHoe nepepacnpesiesienue (Topa OCYLIECTBISETCS MPEUMYILLIECTBEHHO B
NpoLECcce MUrPALUM B KACKAJIHbIX JIAHAWA(THO-TEOXUMUYECKUX CUCTEMAaX, MPU
y4acTUM TOYBEHHO-TEOXMMUYECKUX OapbepoB. B pesynbraTe akKyMyJssiust
3JIeMEHTa MPOUCXOUT KaK BHYTPU MPOuisi moys (BCJAEACTBUE PAIUATLHON
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MUTpaliM), TaK B OTPULATEIBHBIX (hOpMax penbeda (BCIEACTBUE JIATEPATILHOM
Murpaumm). B nenom ke oTMedaeTcs NMOCTENEHHOE CHUXKEHUE KOHLEHTPALWn
¢propa ¢ yjaneHHOCTBIO OT MICTOYHMKA MbUIEra30BbIX IMUCCUM.

BroprnuHoe nepepacnpefeneHne MOJUIFOTAHTOB B OOJIBIIEN CTENEHU
OOYCJIOBJIEHO  HEOIHOPOJIHOCTBIO ~ TOYBEHHOIO  NOKpPOBa  (INIOTHOCTHIO,
CJIOXKEHUEM, TPAaHYJOMETPUYECKUM COCTABOM), KOJIMYECTBOM ATMOC(HEPHBIX
ocaikoB (300400 MM B rof), UCXOAHBbIM YPOBHEM COJEP>KaHUST XUMUYECKUX
3JIEMEHTOB, PACTUTEILHOCTBIO (OMONIOrMYECKAM KPYTOBOPOTOM).

OTMeYeHO, YTO B TVIMHUCTBIX (PPaKUUAX MOYB MOXKET KOHLIEHTPUPOBATHCS
[JIaBHASl YaCTh BAJIOBOIO COJIEp>KaHMs MOJUIFOTAHTOB 3arpsi3HEHHON MOYBbLI. B
LEJIOM, pacnpefiesieHle BOIOPACTBOPUMbBIX (PTOPUIOB B MOYBAX COMJIACYETCS C
pacnpefesieHueM TOHKUX (pakuuil Meako3ema. Hanvuue cosoHueBaToro
TOPU30HTA, 32 CYET BbICOKOW COPOUMOHHON CHOCOOHOCTH AUCIEPTUPOBAHHOIO
MaTepualna, Tak>XKe OOYCJOBIMBAET TMOBBILICHHbIE COJIEP>KAHUS 3JIEMEHTa,
CIOCOOCTBYSI OOPA30BAHUIO €0 MAJIONOABUKHOW (POpMBI. B 11€JI0M MeXaHU3Mbl
MUTPALIMU-aKKYMYJSIUUKA  (pTOpa OMpPEAENsiIioT  XapakTep €ero pajuajbHOro
pacnpeqeneHdss B npoduiie NMOYB M B 3HAYMTEJILHOW CTENEHU 3aBUCST OT
CUCTEMBbI OMOT€OXUMHUYECKNX U (PUBNKO-XUMUYECKUX MOYBEHHO-TEOXUMUYECKUX
O0apbepOB.

[lo cpaBHeHMIO C pacTeHussMM (POHAa PACTEHUS 30HBbI 3arpsA3HEHUS
oboraienbl F..., Ni,..Al,..,. BbisiBieHo, 4TOo copepxaHusi ¢Topa B CbIpOii
3€JICHON Macce pacTeHU B pagdyce 12 KM MMEIOT NMOBBILIEHHBIE 3HAYEHUS (1O
3,0 mr/kr), npesbiatowmue [IJIK. [ToBblieHHOE coepkaHue 2JEMEHTa B CEHE
oOHapyxuBaeTcsi Ha pacctosiHuu o 10-15 KM OT HCTOYHMKA 3MUCCUI
(MakcuMasibHO  y  3aBoga — 315 wmr/kr). C  yBeIMYEHMEM PACCTOSHUA
KOHUEHTpaLWK MOCTENEHHO CHUXKaroTcs u coctasisitor 0,5-0,7 TTIIK.

[IpoBOAUTE 3arOTOBKY CEHA HA KOPM >KMBOTHBIM BO3MOYKHO 3a IMpeeIaMu
5—6-Tu KUJIOMETPOBOI 30HbI OT CasiHOrOpCKOro U XakacCKOro ajJOMUHUEBBIX
3aBOJIOB, @ B HEKOTOPBIX MECTOMOJIOKEHUsX U paiblie. [TocTossHHBIA BbIMac
>KUBOTHBIX Ha 93TOW TEPPUTOPUM B JIETHUWA TNEPUOJI MOXKET TMPUBECTH K
MHTOKCHUKALIMU UX OpPraHu3Mma.

Ha ypanenun 15-18 KM OT aJlOMUHUEBBIX 3aBOJOB PErMCTPUPYETCS
npeBbILIEHNE (PTOPA B OPraHU3ME MEJIKMX MJIEKOMUTAOIINX [4].

HapamyBanue mnpou3BOACTBEHHbIX MOIIHOCTEN ¢ 230 TBIC. TOHH
amomMuHus B rof (1985 r.) mo 839, HecMOTpsl Ha UCNOJIL30BaHUE COBPEMEHHBIX
CUCTEM OYMCTKM M MojepHu3aumu TexHojornii npeanpusatuii OAO "PYCAIJI
CasiHoropek", cmoco06CcTBOBajio 00pa30BaHMIO (PTOPUAHON aAHOMAIMKA IJTO
NpUBEJIO 3a TMpefieslaMu  CaHUTApHOW 30HBI (o 5-7 KM) K YBEJIMYEHUIO
KoHueHTpauun ¢ropa B mnouBax (1-2IIJK) wu Bo3pocuiein MOIHOCTH
3arpsis3HeHHoro cjost (¢ 2,5-5 go 10 cm u rny6xe). Kpome 3TOro mpoucxoaut
MOBBILLIEHUE B IOYBAX U BAJIOBON (DOPMBI 3JIEMEHTA.

CHukeHne cofepykaHusl MOJUTFOTAHTa B BOJHBIX OOBEKTaxX (PTOPUIHOWM
AHOMAJIMY HAOJIIOJIAETCS B HAPABJICHNN CHETOBAs BOJA — OXK/IEBAst — TPYHTOBAS.
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He 3aTpoHyTbl 3arpsi3HEHMEM TIyOMHHBIE BOJbI MUTHEBOTO BOJOCHAOXKEHUSA W
Bojga p. Enuceii. [ToBbinennoe copepxkanue F, a mHorma u Al* B Bopme o3ep
00YyCJIOBJIEHO NMPUPOAHBIMU (PAKTOPAMM, TaK KAK OHM HAXOJATCS 3a Npefeaamu
TEXHOI€HHOW AaHOMAJIUH.

Pexomenpyerca OAO "PYCAJI CasHoropck", yMEHBIIUTH TOOBOI
BBIOPOC TBEPABIX M OCOOEHHO Tra3oo0pa3HbIXx ¢propugoB B 1,5-2 pasa no
CPaBHEHHUIO C CYLIECTBYIOLIUM OOBEMOM.
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E.1I0. UBanoBa
BopoHexxckuit rocyjapcTBEHHbIN YHUBEPCUTET

BNONHINKAIINA COCTOAHMSA ITIPUSEMHOI'O CJIOA
ATMOC®EPHOI'O BO3AYXA I' HOBOBOPOHEXK ITPA ITOMOIIIA
PINUS SYLVESTRIS L.

OueHuvBaIM  CTENEHb 3arpsi3HEHHOBICTUM MPU3EMHOr0  CJIosi  atMocgepbl B T.
HoBoBoponexk meTonamu OuonHaukauusi. Bbioop Mecta rcciieioBaHus ONpe/esieH HaluuueM B
ropojie KpynHoi aTOMHOW cTaHUuuu. KIcrnosnb3oBaH METOJ OLIEHKU MOBPEXKJIEHUS] XBOU COCHBbI
OOBIKHOBEHHO! MO CTENEHU MOBPEX/EHUSI U cTeneHu ycbixaHus. COCTOsIHUSL BO3yXa ObLIO
OLICHEHO KakK OJIaronpusiTHOE.

KntoueBble cnoBa: OuMoMHMKALIMSI, KJIACC YCBIXaHUsl, KJacC MOBPEXJEHUs, COCHA
OOBLIKHOBEHHAS.

buounaukauyss 3arpsi3HEHHOCTM  BO3[YLLIHOM CpPefbl IO COCTOSIHUIO
Pa3MYHBIX TMOKA3aTeslell XBOWHBIX (B YACTHOCTH, COCHbl OOBIKHOBEHHOH) 3a
rofibl MCMOJIb30BAaHUS 3aPEKOMEH/I0BAJIA CE0S1 KaK AOCTATOYHO MH(OPMATUBHBIN,
OOBEKTUBHBIN, HE TPEOYIOLMI 3HAYMTEBHBIX (DUHAHCOBBIX 3aTPAT METOH. DTO
CBSI3aHO C BBICOKOM CTENEHBID YYBCTBUTEJIBHOCTUM COCHbI OOBIKHOBEHHON K
TUMAYHBIM MOJUTFOTAHTaM COBPEMEHHBIX ypOocucTtem [1, 2].

B pmanHOi paboTe Obuia JJaHa OLEHKA KayecTBa aTMOC(EPHOTO BO3[yXa
r.HoBoBopoHekKa 1O OMOJIOTMYECKUM TMOKA3aTeNIIM COCTOsIHUSL XBou Pinus
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Sylvestris L. OCHOBHbIMA HMCTOYHHMKAMW 3arpsi3HEHUS aTMOC(EPHOrO BO3ayXa
SIBJISIFOTCS aBTOTPAHCIIOPT, 3aBOJ] «ATOM3HEPro3an4acThb», FOPOACKask KOTEJIbHAS
MYII «JHeprus», HosoBopoHexckuii MSICOKOMOMHAT; OCHOBHBIMHU
NOJUTFOTAHTAMU — OKCHJ] yIJIEpOia, JUOKCHUJ, Cepbl, OKcHbl azoTa.  CormacHo
V3YYECHHOH JINTEPATYPE MO NPUMEHEHUIO OMOMHIMKALIIMOHHBIX METOJJOB B OLIEHKE
COCTOSIHMSI ~ OKPY>KAlollleW  Cpefibl, CTENeHb YYBCTBUTEJIBHOCTH  COCHBI
OOBIKHOBEHHON K JJAHHBIM 3arpsi3HUTENISIM JJOCTATOYHO BBICOKA, YTO MO3BOJIUJIO
HAM  WCMOJb30BaTh [IaHHbIA CHOCOO OWOMHAMKALMKA [JIsl  OINpeeeHUs
3arpsA3HEHHOCTH aTMOC(EPHOro Bo3ayxa r. HoBoBopoHnexa.

B Xxopme BbmojHeHuWsT OMOMHAMKAIMOHHOTO  MCCIEAOBaHUS  ObLIU
3aJIICTBOBAaHbl: 6  TUMOJIOTMYECKUX  TOYeK (2  NpeAnosgoXUTETbHO
Onaromosiyunble ¥ 4 C 3arps3HEHMEM aTMOCEPHOTO BO3Ayxa), | Buf
ovoungukatop  (Pinus  sylvéstris), 2  OMOMHIMKAUMOHHBLIX  TpU3HAKA
(MaKCUMAJIbHBI BO3pACT XBOUW U CTENEHb MOBPEXJCHUS U YCbIXaHWS XBOU
BTOPOIO r'Ofia XKU3HH).

B xope orbGopa mpo® mMpoBOAMICS OCMOTP Yy KaXkJOro JepeBa XBOU
npefbiymero roga  (BTOpble  CBEpXy  MYTOBKM). BbICokue  fepeBbs
0o0cJeoBaiuch Ha OOKOBBIX mMo0Oerax B YETBEPTOM CBEpXy MyTOBKe. Bcero c
Kaxjioro oobekTa 0b110 coopano no 50 map (100) XxBOMHOK, 1Mo 2 TecT-00beKkTa
Ha yvacTke. bosee cBeT/bIi WMNMK XBOMHKM He oueHuBascs. [lo crenexHu
NOBPEXK/ICHUSI U YChIXaHUSI XBOU BbIESIIOT HECKOJIBKO KJIaCCOB.

Knaccel moBpexpnenuss: 1 — XBOMHKM 0e3 TATEH; 2 — XBOWHKU C
HEOOJIBLLIUM YUCIIOM MEJIKUX MSTEH; 3 — XBOMHKHU C OOJIBbIIMM YKMCJIOM YEPHBIX U
>KENThIX NSITEH.

Knaccbl ycbixanusi: 1 — Ha XBOMHKAaX HET CYXMX Y4YacTKOB; 2 — Ha
XBOMHKAX YCOX KOHYMK 2-5 MM; 3 — ycoxuia 1/3 XxBOMHKU; 4 — BCSl UM OOJbILIAst
YaCTb XBOMHKHU CyXasl.

Jlanee npoOBOAUIIOCH OMNpEEIeHUe MPOJOJKUTEILHOCTH YKU3HU XBOM.
OO6cnenoBanuch BEpPXyLIEYHbIE YacTWM CTBOJA 3a MOCJEIHUE TOfbl: Kaxjas
MYTOBKa, CUATAasi CBEPXY, - TOf] KMU3HU pacTenus [1, 3].

CornacHo OUEHOYHOM 1IKaJle, BKIKOYAOILIE BO3PACTHBIE XapaKTEePUCTUKU
XBOM, a TaKe€ KJIACcChl MOBPEXKJEHUSI XBOM Ha moOerax BTOPOro roja >KU3HU,
OblIa MpOBeJieHa OLIEHKA CTENEHU 3arpsi3HeHust Bo3ayxa (puc. 1, 2).

CpaBHUB TOJIyYEHHbIE JJaHHbIE TIO BCEM TOYKAaM, MOXHO CJENaTb BBIBOJ,
yTO HauOoJsiee 3arpsi3HeH aTMOC(EpHbI BO3AyX Ha yudacTke Nel. YwyacTok
pacnonaraeTcsi B  HENOCPEACTBEHHOM ONM30CTM Cpa3dy OT HECKOJBbKUX
3arpsI3HSIOLUX aTMocdepy OOBEKTOB  —  MSICOKOMOMHAT,  3aBOJ
«ATOM3HEpro3anyacTb» U aBTOMOOWJIbHAS IOPOTa C OXKUBJICHHBIM JIBUSKEHHUEM.
KommniiekcHoe BiMsiHME BBIOPOCOB OT 3TUX OOBEKTOB MPUBEJIO K TOMY, UYTO
NOJUTFOTAHTBI, MOCTYMNAlOLIMe B TKAHU XBOU COCHbI OOBIKHOBEHHOW J[IOCTUIJIU
KOHLICHTPALWK, TPEBLIIAIOUIEN HEUTPAIMIYIOLIME CIIOCOOHOCTA XBOW, YTO
NPOSIBUJIOCH B BBICOKOW CTENEHU €€ YChbIXaHWs M HeKpoTu3zauuu. Bosmyx Ha
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JaHHOM  y49aCTKE€ OLCHUBACTCA KaK OT «OTHOCUTCJIBHO 4YHUCTOr'0o» 10
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=
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Puc. 1. Pacnipepienienue xBou 1o Kjaccam NOBPEXKAEHUI - y4acTKaM
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Puc. 2 Pacnpefienenre XBou Mo KJlaccaM yCbIXaHUsl - y4acTKam

CrnenyronyM MO CTENEHN 3arps3HEHHOCTH SIBIISIETCSI aTMOC(EPHBIA BO3AYX
y4yacTka Ne 6, pacrnoJyiararoiierocsi BOJIM3u aBTOIOPOrM U rapaskHOro KOONepaTuBa.
Pacxop aBTOMOOMIIBHOTO TOIJIMBA OCOOEHHO BEJIMK B «TOPOAICKOM» PEXUME, YTO
NPUBOIUT K BBIOPOCY e€Ile OOJBIIEr0 KOJMYECTBA TOKCUYHBIX KOMIIOHEHTOB
BBIXJIONIHBIX Ta30B, TAKMX KaK OKCHJbl a30Ta, Caxka, AMOKCHA yriepopga. B
pe3yibTaTe MaKCHUMAJIBHBIM CPOK JKM3HM OOCJIEJOBAHHBIX XBOMHOK HA JJAHHOM
Y4YacCTKe — BCETO 2 rofja, BEJIMK MPOLEHT XBOM YETBEPTOIO KJIACCA YChIXaHMUS.

ATMmocdhepHblii  BO3yX ydacTka NS5 OLEHMBAaeTCsi KaK «OTHOCHTEIBHO
YHUCTBIA», HA IAHHOM y4YaCTKe TakxKe HaOJIFO/IaeTCs KOPOTKUMA CPOK >KU3HUA XBOU — 2
roja, BbICOKA JIOJII XBOM YETBEPTOrO KJlacca ycbixaHus. HeBbicOkoe KayecTBO
aTMOocepHOro BO3yXa OOBSICHSAETCS OJU30CTBIO MEPEKPECTKA C  KOJBLEBbIM
JIBVDKEHHMEM, IOCTATOYHO CHUJIBHO 3arpy>KEHHOTO ABTOMAILMHAMU, TaK KaK M0 HEMY
OCYILLECTBJISIETCS] BbE3[] M Bble3/1 U3 I'. HoBOBOpOHEXKa.
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YuacTtok Ne3 HaxOMTCS HAa OKpanHe TOPOACKOro MapKa, BOJIM3U aBTOIOPOIH.
ATMOC(EpPHBII BO3yX Ha J[IJAHHOM Y4YaCTKE OLEHMBACTCA KaK <«YHACTBbIA», YTO
OOBSACHAETCA  OTCYTCTBUEM B  HEMOCPEACTBEHHOWM ONMM30CTH  NPEANpUSTHN,
BbIOpACHIBAIOIIMX B aTMOC(Epy 3arps3HSIIOLME BELIECTBA, W OXKMBJIECHHOTO
JIBDKEHMS] TPAHCIIOPTA, Kak Ha ydacTkax Nel ,6 u 5.

ATMocdepHbIl BO3yX y4acTKOB Ne2 m Ned OLICHMBAETCSl Kak «HUJICAIBHO
YKCTBIM». Y4acTOK Ne2 pacrosaraercsi B XBOMHOM JIECY HA TEPPUTOPHAM CaHUTapHO-
3alMTHOM 30HbI «HOBOBOpOHEXKCKOrO Bofokanaa», ydacTok Ne4 — B IEHTpabHOM
30He ropojckoro mapka. Ha yuyactke No2 cBefieHa K MMHMMYMY AaHTPOMNOI€HHAast
Harpy3ka, OTCYTCTBYKOT WCTOYHMKUA BbIOPOCOB 3arpsi3HSIIOLMX BEILIECTB. JTHU
(pakTOpBI O0YCIABIUBAIOT BHICOKUI MPOLIEHT XBOU, OTHOCSILLEVCS K IEPBOMY KJIACCY
noBpeskzieHnii 1 ycbixanus. Ha yuactke Ned KOMMYECTBO MOBPEXKJIEHHON XBOU
HEMHOTI'O BBIILLIE, YTO CBSI3aHO C €r0 PacCHOJIOKEHUEM B TOPOJICKOW YEPTE, B 30HE
paccerBaHusl BbIXJIONOB aBTOMOOWJIEN.

B uenomMm, cocrostnue armocgepHoro Bo3ayxa r. HOBoBopoHeska olieHMBaeTCst
KaK OJaronpusiTHoe, 4To OOBSACHSIETCS OTCYTCTBMEM KPYIHBIX IMPOMBILIJIEHHBIX
MPEANPUSITUNA, MEHBbLIEN WHTEHCUBHOCTBIO TPAHCIOPTHOIO IMOTOKA, HEXEM B
O07bIIMX ropofiax [3].

[TonyyeHHble [1aHHBIE TaK>KE CBUJIETEBCTBYIOT, YTO CTENEHb 3arpsi3HEHUS
BO3/lyXa, KaK MPaBWJIO, NPSIMO NPONOPLMOHATBHA KOJIMYECTBEHHOMY W3MEHEHUIO
Pa3IMYHbIX MOP(OJIOTMYECKUX MPU3HAKOB OOBEKTOB OMOMHIMKALMU. Pe3ysibTarhbl
MPOBEJICHHOIO WCCJIE[IOBAHNs, O[HAKO, HE [AlOT TNPECTABJICHUMI O UHAMUKE
COCTOSIHUSI aTMOC(EPHOrO0 BO3/lyXa BO BpeMeHU. UTOObl MOMYYUTH JIaHHbIE VIS
MMPOTHO3UPOBAHUSI €€ W3MEHEHUI T10J] AHTPOIIOI€HHbIM BO3JCUCTBUEM, MOKHO
PEKOMEH/IOBaTh BBECTM OWOMOHUTOPHMHI aTMOC(EPHOrO BO3/lyXa MO COCTOSIHUIO
xBou Pinus Sylvestris B cHUCTEMY PpEryJsipHbIX HAOMIO[AEHUIA 3a COCTOSIHMEM
OKPY>KaroLLEN Cpeipl.

JIureparypa
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ITyoauxauusn ocywecmenena npu puHarcosoli noooepicke Poccuiickozo ¢ponoa
Gdynoamenmanvhvlx uccaeoosaruii (npoexm Nel7-05-00569)
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E.I0. UBanoBa, A.I'. backakoBa

BopoHexxckuit rocyjapCTBEHHbIN YHUBEPCUTET

MUKPOBHOE 3AT'PAZHEHUE NPUPOOHBIX BOJT
BOPOHEXKCKOHN OBJACTH

BobinonHeHa oueHka KayecTBa MPUPOJHbIX BOJ HA mpumepe peku [JoH 1 ee MpUTOKOB
Ha TeppuTopur  BOpOHEXCKOW 001acTM Ha  COOTBETCTBUE  MMKPOOMOJIOrMYECKUM
NOKa3aTeJIsIM.

KntoueBble cioBa: npupojiHbie BOfibl, OTHOCUTEbHASI TOKCUYHOCTh, 001ee MUKPOOHOE
YKCJIO0, KAYECTBO BOJIBI.

Llesb wnccienoBanusi — CaHUTAPHO-MUKPOOMOJIOTMYECKOE WCCIENOBAHNE
peku [lona Ha TeppuTopun BOpOHEXCKON 001acTM M OLEHKAa BO3MOXHOCTHU
MCIIOJIb30BaHUS TIsA 9KCIpecc-yyeTa CaHUTAPHO-NOKA3ATEIbHbBIX
MUKPOOPTaHU3MOB TECT-CUCTEMBI.

OOpasupl BOAbI U [IOHHBIX OTJIOKEHUH [JIsi MHUKPOOMOJIOTMYECKOTO
aHaimuza Obun otoOpanbl cornacHo ['OCT P 51592 — 2000 [1] u T'OCT
17.1.5.01-80 [2], cooTBeTcTBEHHO. OOpa3Lpl BOfbI ObuIM OTOOpaHbl U3 pek 1oH
Ha Teppuropun Cemmiykckoro, Pamonckoro, Ilopropenckoro, IlaBnoBckoro
paitonoB; Benyra n [Iesnna — CeMniryKCKOro paiosa.

OO01ee MUKPOOHOE YHCIO — 3TO MHTErPANIbHBIA CAHUTAPHBIN NOKa3aTellb,
MO3BOJISTIOLLIMI OLIEHUTD OOIIYI0 MUKPOOHYHO 00CEMEHEHHOCTh BO[JHOIO 00beKTa [3].
CyuiecTByrollM€ HOPMATHBbI MHMKPOOHOTO 4YWCJa PErVIAMEHTUPYIOT —oOuiee
cojiep>kaHue MUKPOOPraHU3MOB B MPOJIyKTaxX MUTAHUS U MUTHLEBBIX BOJAX, OJIHAKO
YETKUX CAHUTAPHO-TUTMEHWYECKUX HOPM JUsl OOBEKTOB OKpYXKarollen cpeibl He
pa3zpaborano. [Toka3aresib MUKPOOHOIO YKCiia CUITBHO BAPbUPYET B 3aBUCUMOCTH OT
THNA 00BEKTA, Er0 XUMUYECKOTO COCTaBa U APYyrux pakTopoB. B mpupoiHbIx Bogax
MUKpOOHOE urciio MoxkeT jocturatb 1 000 000 Ha 1 51, mpuemieMbiM yYpOBHEM
cuutaetcs 3HadeHure ot 10 go 1000 Ha 1 1 /iy1st mpecHbIX BOJ,.

Onpepnenenre oOLIEro 4YMCia MUKPOOPraHU3MOB, OOpPa3yIOLIUX KOJIOHUU
Ha NUTaTelIbHOM arape. Metoj ompefesnsieT B NMUTbLEBOI BOje OOILLEe YMCIIO0
Me30(UIIbHbIX a3pOOHBIX M (PaKyJbTATUBHO AaHA’POOHBIX MUKPOOPraHW3MOB
(OMY), cnocoOHbIX 00pa30BbIBATH KOJIOHMM HA MUTATEJILHOM arape mnpu
temniepatype 37 °C B TedyeHue 24 4, BUMMbIE C yBeauuyeHueMm B 2 pasza [1].
Takoii MeToy aHaM3a BOJIbI NPEANOJaraeT onpefiesieHue TOJIbLKO OOUIEro yucia
KOJIOHWI, OOpa30BaHHbIX OAaKTEepUsSMU pa3HbIX TUIOB, MNOITOMY IO €ro
pe3yJibTaTaM HeJb3sl OfJHO3HAYHO CYJUThb O TMPUCYTCTBUU B BOJE MATOr€HHBIX
MUKPOOpPraHu3mMoB. OJHAKO BbICOKOE MUKPOOHOE YHKCJIO CBUJETEIbCTBYET 00
o01Ieil 0aKTEPUOJOTMYECKON 3arpsA3HEHHOCTU BOJbl M BBICOKON BEPOSITHOCTHU
HaJIM4Msl NATOr€HHbIX OPraHU3MOB.

OnpeneneHrie oOLEro MUKPOOHOrO 4Kcia B MpoOax BOAbl MPOBOJWINA B
JULEH3UPOBAHHON  3KOJIOrO-aHAJIIMTAYECKOW  jabopatopun  (pakyJbTeTa
reorpacduu, reoskosoruu u Typusma BI'Y (muuensus Ne217.001/11).
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beuto oro6pano 20 npo6 BofbI, B KOTOPBIX OLEHUBAIN T'UIPOXUMUYECKHE
Y TOKCHKOJIOTUYECKHE TTOKA3ATENN, & TAKXKE ONpPEAETIEHNE OOLIEr0 MUKPOOHOTO
yucna (OMY).

[Tokazatenr OMY  BapbupoBasics ot 26 gpo 4893 KOE.
MakcumymanbHble NMPEBBILICHA OTMEYeHbI B 4 Toukax, p.JloH m p.JleBuua Ha
teppuropun  Cemmitykckoro u PamoHckoro paitoHoB, a Ttakxke p.JJoH Ha
teppuropun [IaBnosckoro paitona (Ta0J.).

B aTMx TOuyKax mokasaresm OTHOCUTENBHON TOKCUYHOCTH, ONpPEESIeMON
C MOMOILBI0 TECT-KYJbTYPbl XJOPEJUIbl, ObUIM MUHUMAJIbHBI U KOJEOAJUCh B
uHTepBane ot 24 no 54 %.

Touku npeBblllIeHUs: ToKa3aTess 001Iero MUKpOOHOT0 YKciia

Neri/mm BOJIOEM Paiion uccnenoBanust
1 p-JoH, MecTo nepep BnajeHuem B Bepyry PamoHcKuit paiioH.
2 p-Hesuua, mecto okosio K] MmocTa CeMuUnyKCKuil paiioH.
3 p.JJoH, HanmpOTUB pofHUK 3710p0oBbsl Y I.CeMunyku | CeMUITyKCKUil paiioH.
4 p.JoH, LlenTpanbHbiii misik ITaByiOBCKMIT pailoH
OueHka TOKCHYHOCTA METOflaMA OWOTECTUPOBAHUS — 3TO OAUH W3

HanOosnee WH(POPMATUBHBIX METOJOB, MNO3BOJISIOIMIA OLCHUTH CTENEHb
OMACHOCTH BOJIbI JIJI1 XKMBbIX OPraHU3MOB.

AHaM3  uccleqyemMoi BOAbl MOKa3ayl, 4To B Npo0ax, Ije MoKas3aTenu
OTHOCUTEJIbHOM TOKCUYHOCTU MEHBIIIE, MUKPOOPraHU3Mbl Pa3BUBAIOTCS JIyYIlIE.
Bo03MOXHO, 3TO CBSI3aHO C TeM, YTO OaKTepuu SBISIIOTCS OJHUM W3 HamOosee
AKTUBHBIX OJTHUM OPraHM3MOB, YYaCTBYIOIIUX B CAMOOYMIIEHUM BOIoeMOB. OHU
YYacTBYIOT B  Mpoleccax KOMIUIEKCOOOpa30BaHUS U OMOXUMHYECKON
TpaHcgopMali MOCTYNAKLIMX B BOJOEM 3arpsi3HUTENCN PAa3IMYHON MPUPOJIBI.
[ToaTroMy B Tex Touykax oTOOpa mpoO, rje 3apMKCUPOBAHbI BLICOKUE 3HAYECHUS
OOLIEro MHUKPOOHOrO 4KCJia HE OTMEUYEHO 3HAYUTEJbHON OTHOCUTEJILHOI
TOKCUYHOCTUA. BO3MOXKHO, 4UTO pa3jiMyHble TPyNnbl OaKTepwii, pa3jiararoT
OMOreHHbIE  COEIMHEHUS], KOTOpbIE  ONPEENSItOT  BBICOKME  3HAYEHUs
OTHOCUTEJIbHOM TOKCUYHOCTU, BbIPAXKEHHbIE B CTUMYJSILMAA POCTA TECT-
KYJIbTYPbI XJIOPEJIbI.

HccnenoBanre BbINOMHEHO mNpU (puHAHCOBOM mnoiepkke PODOU wu
[TpaBurennbcTBa BopoHneskckoi obaactu (mpoekT Ne 19-45-360003 p_a)
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T.B. Kuszepa, H.C. Tamouena, B.E. Korosa

PI'BY «I'mapoXxuMU4eCKUil UHCTUTYT», I'. PocTOB-Ha-[loHY

PEKA TEMEPHHUK: HEKOTOPBIE 9KOTOKCHUKAHTDI
N METO/JbI UX KOINMYECTBEHHOU OUEHKH

CoBpeMEHHbIMM M KJIACCMYECKMMM METOlaMM  XMMMYECKOrO  aHaJM3a  BbINOJIHEHA
KOJIMYECTBEHHAs! OLICHKA COAIEP>KaHMs1 HEKOTOPbBIX 3arpsi3HUTENIEN — TSKEIIbIX METAILIOB, (PTOPU/OB,
NPUOPUTETHBIX MOJMUMKIMYECKUX apomaruueckux yrieBofopopoB (ITAY) m cyxoro ocrartka B
BOJIE P. TeMepHUK OT UCTOKA JI0 YCThsl, @ TAKXKE MOCe BIajieHus1 ee B p. [1oH.

Knroueble cnoBa: TeMepHUK, 3KOTOKCUKAHTbI, aTOMHasi abcopuysi, XxpomaTtorpadusi,
CHeKTPOPOTOMETPUS, FPABUMETPUSI.

TeMepHUK — mpaBblii MPUTOK p. JJOH — OMH W3 Hambousee 3arpsi3HEHHbIX
BOJIHbIX OOBEKTOB PocToBCcKOM oOmnactu. B Hacrosiee Bpemsi TPOBOAUTCS
«peabunmuragusi» p. TeMEpPHUK: NEPUOIMYECKH THO PEKM OYMILIAIOT U YIIIyOJNsIOT,
COOpPY2KaroT AamMObl HA NUTAKOLIMX PYYbsX, I YJIYUYLIEHUS aspauuv HUA30BbLE
PEKM MOKPbIIM 0eTOHOM. OHAKO COfIEp>KaHUE 3arps3HSIIOIIMX BELWIECTB OCTAETCS
BBICOKMM. K OCHOBHBIM 3KOTOKCHKaHTaM P. T€eMEpHUK OTHOCSITCSI METAJllbl,
He(TENMPOYKThI, MOBBIILIEHHAS MAUHEPAIN3aLMsl, OMOTEHHbIE BEILIECTBA U JIP.

C penbto n3yuyeHust ypoBHs 3arpsisHeHust B 2019 r. ananmsmupoBany npoObl
BOAbl HA COAEpKaHME TsDKENbIX MeTauoB, ITAY, dropuioB m cyxoro ocrarka.
Cxema Toyek oTOOpa MpoO HA MPOTSKEHUM BCEM PEKM OT MCTOKA O BHAJICHUS B
p. Jon npusenena Ha puc. 1. [IAY onpepensimu B p. TeMepHuK B pafioHax ¢ BbICOKOM
TPAHCMOPTHOW Harpy3koii B r. Pocto-Ha-IloHy (Touku ot6opa 5, 6, 10).

N3mepennsi MaccoBOM KOHLEHTpauuu MeTtaiwmioB u I[IAY BemosnHsmm Ha
COBPEMEHHOM  OOOPY/IOBAaHMM: ABTOMATU3MPOBAHHOM  ATOMHO-a0COPOUMOHHOM
cnektpodoromerpe AA-7000 (SHIMADZU) wu >uaKocTHOM Xpomarorpade
Agilent Technologies 1260 co cnieKTpoyOpUMeTPUIECKUM JIETEKTOPOM.

OnpenenieHre TAXKENbIX METAJVIOB B BOJE 3aKJOYaeTCSd B aTOMM3aLMU
MOJKMCJICHHOM MpPOOblI B IJIAMEHW WM TpadUTOBOM M€Y, HArPEeBAEMOM IO
cnequanbHoi mporpamme 1o 2000-3000 °C, o6ayyeHun aTOMHOrO mapa npoObl
NPOCBEYMBAIOLIMM  CEJIEKTMBHBIM M3JIyYEHUEM OIPENEIIEMOrO0 MeTalia C
MOCJIEIYIOLIEN PETUCTPALME BEJIMYMHbI ATOMHOIO TOIJIOLIECHUS, CBSI3aHHOTO
NPSIMOITPONOPLUMOHAIILHON 3aBUCUMOCTBIO C KOHLIEHTpaLMen MeTasuia B mpooe [1].

Onpepenenne I[TAY B Bofie mnpeAcTaBisieT COOOR: 3IKCTPAKIUMOHHOE
U3BJIEYEHUE OpraHUYeCKUMHA PacTBOPUTEIISIMU; BbIJICJICHNE u3
CKOHLICHTPUPOBAHHBIX 3KCTPAKTOB (PPAKUUU MOJULUUKINYECKUX APOMATUYECKUX
YIJIEBOJIOPO/IOB METOJOM KOJIOHOYHOW Xpomarorpacgpuu Ha cunukarene [2] u
a"Haym3 MetogoM BOXKX.
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Touxka Mecto oTOOpa

1 p- TemepHUK, HCTOK

BepxHuit 6bed CeBepHOTO BOXP.
HIokHUi1 6be CeBepHOTO BAXP.

p- Temepnuxk, canaropuii «Hane:xma»
p- Temepnux, yi. IlleGonnaepa, MocT
p. TemMepHUK, HIKE 300I1apKa

p- Temepuuk, boranuueckuii casn

¥ Ceseproe

adxp. p. TemepHUK, ycTbe

O 00 3 O W s W N

PoCTOB-Ha-/loHy p- Jon, 600 M primie BuageHus p. TeMepHUK

10 p. Jon, 500 Hixe pnaaeHus p. TeMepHUK

Puc. 1. Touku or60pa npo6 Boabl p. TemMepHUK

MaccoByto KOHUEHTpauut0 (TOPUAOB ONPEACHSIN YyBCTBUTEIbHBIM
3KCHPECCHBIM (POTOMETPUYECKUM METOJIOM C HKCMOJb30BAHUEM CMEIIAHHOTO
ageToHoBOro pearenrta [3]. Iyis ompepesieHds CyXOro OcTaTKa MCHOJIb30Bajn
KJIACCUYECKUI METOJ] TPABUMETPUYECKOIO aHAIN3a, PEAIM30BAHHBIN B METOUKE
['XHU [4], TeXHNnYECKM OYEHb TPOCTOM U JOCTATOYHO SKCIPECCHOM.

Pe3ynbTaThl onpeesieHnii 5KOTOKCUKAHTOB MPEJICTABIICHBI B TAOJIHNLIE.

Pe3ynbTaTh! onpesiesiennst 3KOTOKCMKAaHTOB B pobax p. Temepuuk (P = 0,95; n = 2) n nx HopMaTHBbI

KoHueHnTpaiys 3K0TOKCUKAHTOB, MT/ M

Touka oT6opa BanoBoe copiep>kaHue METa0B E Cyxoit
Fe Mn Cd Cu Pb Zn OCTaTOK

1 0,97 1,32 0,0001 0,002 H/O 0,023 | 0,734 5152

2 0,27 0,24 H/0 0,002 H/O 0017 | 0410 2626

3 0,21 0,12 H/0 0,002 H/O 0,017 | 0425 2342

4 042 0,23 H/0 0,003 H/O 0,012 | 0425 2418

5 0,50 0,24 H/0 0,005 H/0 0,015 | 0410 2286

6 0,61 0,21 H/0 0,003 H/0 0018 | 0,409 2168

7 0,53 0,17 0,0001 0,005 H/0 0,019 | 0430 2492

8 1,81 0,24 0,0001 0,011 0,003 0,061 | 0426 2500

9 1,11 0,09 H/0 0,002 H/0 0,015 | 0,336 804

10 1,64 0,11 H/0 0,005 H/0 0,110 | 0,383 1330

MK 0,3* 0,1 0,001* 1,0% 0,01 1,000 0,7
(KJacc OnacHOCTH) 3) 3) 2) 3) 2) 3) 2) i

H/0 — HIKE Npefieia OOHapy KeHUs!; * — BAJIOBOE COfIEp>KaHUe

PesynbraTbl uW3MepeHMII BaJOBOTO  COMACPXKAHUSI TSKEJbIX METAIJIOB
nokaszaym npesblienue I1JIK coepunennit xxesne3a u Maprasua B Boje p. TeMepHuk
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OT UCTOKA A0 yCTbsl. OCOOEHHO SIBHO AQHTPONOIEHHOE 3arps3HEHUE IMPOSIBIISCTCS
NOCJIE  MPOXOXACHUST p. TeMEPHMK 1O TEPPUTOPUM  KEJIE3HOAOPOXKHOIO U
aBTOBOK3aI0B . PocToBa-Ha-IloHy. MakcumanbHOe COfIep>KaHUE COEOUHEHUI
JKeJie3a BBIABIIEHO B YCTbE peKM — Todka OoTOopa 8. CpaBHEHME pPEe3yJIbTATOB
n3Mepenuit B Bojie p. JoH (Touku 9 n 10) nokasbiBaeT yBEeIMYEHUE KOHLIEHTPALWIA
METAJIIOB MOCJIE BMAIEHUs p. TeMEPHUK.

Camoe BBICOKOE cofiep>KaHue Cyxoro ocrtartka 5152 mr/pme HaiijieHo B
UCTOKE p. TeMEPHMK, KOTOPBI HAXOAWUTCS B HEMOCPEACTBEHHOW ONM30CTU OT
CEJIbCKOXO3SIMCTBEHHBIX yrofnid. OCHOBHOM MCTOYHUK NOCTYIIJIEHUS] MAHEPAJIbHBIX
BEIICCTB MOXHO CBSI3aTb C IPUMEHEHWEM MMHEPAIBHBIX  YIOOpeHMid W
VHCEKTALWNIOB, OCTAIOLMXCS HA MTOYBE, a 3aTEM CMbIBAIOILMXCS B PEKY.

Hwxe uctoka pekn copepkaHue CyXOro OCTaTKa CHIXKAETCSl B 2 pa3a, HO
ocraercs BblcokMM (2500 mr/mvr) u noctynaer B p. HoH. B uweiide p. TemepHuk
BHM3 MO TeuyeHMO p.JloH maccoBasi KOHUEHTPALMS CYXOro OCTaTKa COCTABIISIET
1330 mr/mv, 4TO OYTH B 2 pa3a BbILLIE, YEM CPEHSS KOHUEHTpauys B p. 1oH.

BrnepBele B p.TemMepHMK  NPOBEEHO  ONpeAeiieHne  (PTOPHUIOB.
MakcumanbHag KoHueHTpauusi, npesbiatomast [TJIK (0,734 mr/mwr), BbisBIEeHa B
BbICOKOMMHEPATIM30BAHHOM  MCTOKE  p. TeMepHMK. DTO  Takke  MOXET
CBUJICTENBCTBOBATh O NMPUMEHEHWM M XPAHEHMM HA NPWIETAIOUMX TEPPUTOPUIX
(propcoepkalx MUHEPAJIBHBIX YIOOPEHWIT 1 MIHCEKTULAIOB. B Toukax orbopa 2-
8 maccoBasi KOHLEHTpauusi Oim3ka U B cpefgHeM coctaBwia 0,420 mr/mve, 4To
HECKOJIBKO BbIlIE, YeM B P. loH 0 BnageHust p. TeMepHuK; a HDKE BHAiEeHUs —
YBEJIMYUBAETCS HE3HAUUTENBHO, HO He npeBbiiaeT IT1K.

Ha pucyske 2 nmpepacraBiaeHbl XpOMAaTOrpaMMa 3KCTPAKTa  BOJbI
p- TemepHuk, oroOpaHHONl B TOYKe S5, M pe3dyybraThl omnpepeneHus [IAY.
Copepxanne kangeporeHublx IIAY  (xI[IAY) ouenumBamm Kak — cymmy
KOHLIEHTpaUMil NOTEeHUManbHO KaHueporeHnbix [IAY: Oensola]anTpauena,
xpuzeHa, OeH3o[b+k]dayopanrena, 6enzol[alnupena, nuden3o[ah]antpauena u
uHaeHo[1,2,3-cdJmupena. AHamu3 npoO peyvHoil BOAbI BBISBUII TPUCYTCTBUE
npuoputeTHbix [IAY Bo Bcex wu3yueHHbIXx oOpasuax. KoHueHTpanum
O0eH3o0[a|nupeHa u HapTaMHA BO BCeX 00pa3lax He MPEBbIIAIM YCTAaHOBJIEHHbBIX
[IOK. OrmeueHo yBenuuenne KoHuentpauuii [IAY B Boge p. Temepnuk u p. [lon
0 Mepe MPOTEKaHWsl UX B YepTe ropopa. Takum oOpa3oM BBISIBIICHO 3HAYMMOE
HEraTUBHOE BJIMSIHUE 93MMUCCUMM BbIXJIONHBIX T[a30B TPaHCNOPTA, KOTOPbIE
SIBJISIFOTCS HEMOCPEACTBEHHBIM UCTOYHMKOM [TAY .

COBpEMEHHBIMM ~ YYBCTBUTEIIBHBIMA ~ METOMKAMU, Pa3paOOTaHHbIMU
aBTOPAMM, OIPENICNICHbl HEKOTOPBbIE 3arpsI3HSIIOIIME BEIIECTBA IKOJIOTMYECKU
HeOsaronpusaTHoi p. TemepHuk. B uncToke peku Ha poHE caMoOil BbICOKOW
muHepanuzauu (6omnee 5000 mr/am) BoisiBiaeHo He MeHee 13 ITJ1K coenunenuit
maprania u 3 [IJIK-xene3a, a TakxKe Hajluyue COEMHECHWN KaJIMHs, MEIU U
LMHKA; YCTAHOBJIEHO He3HaunTenbHOoe npesbllieHne [1[IK no ¢gropupam. Bogpl
yCThbsi p. TeMEpHUMK BHOCSIT CBOW BKJaJ B 3arpsi3HeHUE p./lOH TNOBBILIEHHON
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muHepanuzanuein (2500 mr/gvw) u coequHenusimu MetaioB (Gonee 2 IMIK
mapranua u 6 I[J1K xene3a).

= =
% g . E g Konuentparm, Hr/am’
- ¥ Biz p Touka
. é B E38 5 &3 ot6opa | CyMMa ]
3 3 %9]5 g 2 & P _ | KITAY | Benso[a]miper | Hadramin
S | s EY - 1AV
— § > 2 | i &3
R 3 = 3 = g2 e
Z dg g4l | £ g4 5 49 12 1 10
g |5 & g Ve
g2 R 6 B 3 10
;:' | 5 NN ,‘J ‘\\/r"t/«" »/:i
= ' iz Jh g - 9% 12 0,6 w0 w/o
& . Bl EE N
=1 e |8E[| 36 10 68 23 5 8
0 § gl |/
= e IIJIK - 10 0.01%*
' | UV
IS * ~ ~ »
R V= —1poba 0ToGpaHa 3a 4epToii . PocToB-Ha-/loHY
. ¥ _ HOpMATHB IPIBEIEH B MI/IM
0 N 10 15 20 Bpeys, MitH

Puc. 2. Xpomarorpamma 3kcTpakTa Bofibl p. TeMepHUK U pe3yibTaTsl onpefeieHus [TAY
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10.1. KoBasiw, U.B. Bacuasnona, T.. bokoBa

HoBocnbupcknii rocyiapCTBEHHBIN arpapHbIii YHUBEPCUTET

CPABHUTEJIBHBIN AHAJIN3 AHTUOKCUIAHTHOM
AKTUBHOCTHA CIIMPTOBbLIX OKCTPAKTOB
PACTUTE/IBHOI'O CbIPbA

B crartbe mnpuBOpATCS pe3ynbTaThl CPAaBHUTENBHOIO aHaiu3a Koa(uuueHToB
CYMMAapHO# aHTMOKCHUAHTHON akTUBHOCTU 40 % cnMpTOBBIX 3KCTPAKTOB JIUCTHEB Oepesbl,
MaTb-U-U- Maye€xW, KpaluBbl, XBOM COCHbI, NpPOU3PACTAIOLIEN HA TEPPUTOPUM T.
HoBocubupcka u  HoBocuGupckoit  o6yiacTU.  YCTaHOBJAEHO, 4YTO  HAUWOOJIbLIUM
KO3(p(PULMEHTOM CYMMapHOW aHTUOKCUJAHTHOW aKTUBHOCTU OOJIalaeéT 3KCTPAKT Ha OCHOBE
0epe30BbIX JIMCTHEB, OCTANIbHBIE IKCTPAKTHI YCTYNAIOT [0 3TOMY MoKa3aTtesto 1o 1,5 pas.

KnroueBble cioBa:  pacTUTEsIbHbIE CHMPTOBbIE 3KCTPAKTbI, AHTUOKCHJAHTHAsI
aKTUBHOCTb, JINCTbs OEPE3bl, KPANUBbI, MaTh-U-MAaY€XH, XBOSI COCHBI.

Bomnpockl kucnopogHoro mMetadbosiv3Ma B OpPraHU3Me YEJIOBEKA SIBJISIFOTCS
00BbEKTaMU  IOCTOSIHHOI'O  BHMMAaHUS  MEAMKOB, XHWMMKOB,  OWOJIOTOB.
KoHueHnTpanyss CBOOOJHBIX pagUKATIOB BO3pACTAET 34 CYET CHUKCHUS
AKTUBHOCTHM €CTECTBEHHOI AHTUOKCHUIAHTHOM CHUCTEMbl UeJIOBEKa, CBSI3aHHOM C
BO3JIECTBUEM paguauyu, Y @ 00iydeHusi, CTPECCOB, MHPEKIMOHHBIX OOJIE3HEN,
HEKAYECTBEHHOIO MUTaHWsSl. BpenHoe BO3[AEHCTBUME HAa OPraHv3M «CBOOOJIHBIX
PaIMKAJIOB» MOYXHO YMEHBIIMTH 34 CYET CUCTEMATUYECKOro YHNOTpPEOJEHUs
HEKOTOPBIX JIEKAPCTBEHHbIX PACTUTENIbHbIX TNPENnapaTtoB W OMOJOTMYECKU
aKTHUBHBIX J00ABOK, 00JIa/IatONINX aHTUOKCUAHTHOM aKTUBHOCTHIO [1].

BaxxHbpIM  gBnSIeTCS  WCIOJIL30BaHME  OMOJIOTMYECKM  aKTHBHbIE U
9KOJIOTMYECKU Oe3BpefiHble MPUPOJHbIE MPOAYKTHI. [IprMeHeHre NpPUPOIHBIX
aHTUOKCUJIAHTOB (AQO) mMMeeT psiji MPeuMylIecTB: sl OOJILIIMHCTBA W3 HUX
XapaKTEPHO OTCYTCTBHE TMOOOYHBIX 3(P@PEKTOB, OHU OOJIAJAOT HU3KOW
TOKCUYHOCTBIO JlayKe MpU JIMTETHLHOM MCMOJIb30BAHUU, JIEKAPCTBEHHbIE (hOPMbI
SABJISIFOTCA AOCTYyNHbIMA. buonormueckas addgexkrtuBHocTs AO onpepnensieTcs
OCOOEHHOCTSIMA UX XMMHUYECKON CTPYKTYpPbI U, B MEPBYIO OuYepe/ib, HATUYMEM
TUJPOKCU- WJIM  aMUHOAPOMATMYECKMX TPYMINUPOBOK, T.6. CBSI3aHa C
NPUCYTCTBUEM TaKUX COEJMHEHUH, Kak JaaBaHOU/Ibl, THUAPOKCUKUCIIOTHI,
BUTAMUHBI [2].

bepesza nosucnasi (Betula pendula) w cocHa oOObIKHOBeHHasi (Pinus
silvestris L.) JnpeBHeilINMe [peBECHbIe JIEKAPCTBEHHbIE PACTEHUsI, LIMPOKO
pacnpocTpaHéHHble Ha Tepputopur 3anagHoit Cubupu. Ilo HekoTOpbIM
JUTEPATyPHBIM IAHHBIM B JIMCThSIX Oepe3bl cofiepKaTcst paBoHoufw! (2,77%), B
ToM uucne runeposupga — 0,77%, aBukynspuna — 0,26%, 3-puranakTo3uja
mupunetua — 0,18%, 3-rmokyponupa kBepuetrHa — 0,36%, KBepuuTpuHa —
0,12%, BbISIBIEHBI MOHOTEPIEHOBbIE TIIIOKO3U/Ibl OeTynaanb0o3uabl A u B;
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TPUTEPNEHBI — MPOU3BOAHBIE laMaponaHocTana (0etynagomentpuon — 0,8% un
0eTynaOJIMEHTETPONN U UX  3(upbl), MNOJUNPEHOJOBbIE  COEIUHEHUS
(OGeTynanpeHod, OyTanpeHou), a TaKXKe 3-B-D-riroko3upy 34-
JUTUIPOKCUNIPONPUOGEHOHA, BBISIBJIEHbI TAKXKE CTEPUHbI, yOUIbHbIE BEILIECTBA
nupokarexuHoBoii rpymnbl  (1,07-9%), ropeun, xymapuubl (0,09-0,44%),
aHTOLMAHbI, cMoubl  (OeTynectep), OyTWNOBBIA 3(Up OETYJIOPETUHOBON
kucaotel, 8—10% caxapoB, WHO3UT, ropeyu, ackopOoumHOByrO (g0 2,8%) wu
HUKOTUHOBYIO KHCJIOTBI, HUKOTUHAMUJ], KAPOTUH. HacToi 13 cBeXXUX MOJIOfbIX
JUCTbEB Oepe3bl UCMHOJIb3YIOT KaK MOYErOHHOE€ W MOTOrOHHOE CPEACTBO IMpHU
OTeKax, acuuTe, OOJIe3HSIX MOYeK, MPU ABUTAMMUHO3aX, ATEPOCKJEpo3e, MJis
NOBBILLIEHUSI CONPOTUBIISIEMOCTH OPraHU3Ma U BbIBEJICHUSI U3 HETO TOKCUHOB [3].

B xBoe cocHbl cofepxkatcs: youibHble BelecTBa (0kosno 5%), acpupHoe
Maciso (o 0,3%) — cocTaBHbIMUA YaCTSIMUA KOTOPOTO SBJSIETCSI OOPHEOJI, OOPHUII
aueTaTr, KaJWHeH, LEepPpaTeHAuOJ; aJKaJloubl, CMOJbI, XUpPbl (0Koso 3%),
kpaxman (okono 20%), kapoTuH, caxapa, MHUHEpPAJIbHbIE €O (OCOOEHHO
xenesa), 10 300 mr% sutramuna C, Butamutbl K, E (10 0,3%), dpaaBoHousbl —
MUPULIUTPUH, TOKCU(POMH, KeMiipepoa [4].

Cpenu TpaBSIHUCTBIX JIEKAPCTBEHHbIX PACTEHUN BHUMAaHKWE MPUBJIEKAIOT
Kpanusa iByfgomHas (Urtica dioica L.) u maTb-u-mauexa (Tussilago farfara L.).

B nucThsix KpanuBbl cofiepxKartcsi: ackopouHoBas kucioTa (1o 600 mr%),
ButamuH K (1,5-4 mr%), kaporuHousibl (6eTakapoThH U KcaHtogpui) — 50 mr%,
kapoTuH — 10-20 Mr%, xnopodunn — 5-8 Mr%, 1younbHbIE BelllecTBa (TaHWHBI),
(bnaBOHUBLI, CUTOCTEPUH U  IPrOCTEPUH, W3OMPEHOW[bI, KYMAapUHbI,
OpraHvyYeckre KucJaoThl (KodeiHas, s0J04Has, MypaBbMHas, UIaBeJeBas,
SIHTApHAas1), JIMTHaHbI, (PUTO3CTPOreHbl. Y CTAHOBJEHO, YTO JIMCThS KPANUBBI
NBYIOMHOW OKa3bIBalOT HA OpPraHu3M 4YeJoBeKa U >KUBOTHBIX TOMUMO
KPOBOOCTAHABIIMBAIOIIET0,  TakXke  TUIMOJMIUJIEMUYECKOE,  KETYErOHHOE,
NPOTUBOBOCNIAJIUTENILHOE,  YTEPOTOHU3UPYIOLIME,  CMa3MOJUTUYECKOE U
ajlanToreHHoe fericteue. [IpUMEHsIOT JIUCThS KpanuBbl U KaK aHTUMUKPOOHOE,
TMIIOTEH3UBHOE,, TPOTUBOOIMYXOJIEBOE CPEACTBO [J].

B TpaBe math Mauexu onpepensitorcs Fe — 0,912 %, Ca — 0,463 %, K —
0,295 %, Mg — 0,228 %, Cu — 0,081 %, Na - 0,057 %, Zn — 0,0353 %, pacteHue
COJIEPXKUT CIIM3U, TJIMKO3UJ| TYCCUJIAaTMH, CUTOCTEPUHBI, CAllOHMHbI, TaJlJIOBYIO,
0JIOYHYI0, BHMHHYHO, aCKOpPOMHOBYIO KHUCJIOTbI, MOJMCAaXapuibl W WHYJVH,
IEKCTPUH, O2(UPHOE Macjio, PYTHH, TUNEPO3U[. IKCTPAKTbl OOJA/IalOT
BbIPDA’KEHHbIMU  LIUTONMPOTEKTUBHBIMUA ~ CBOWICTBAMHU, WHIMOUPYIOT (DEPMEHT
TIIFOKO3KU/1a3y, NPOLECChl METACTa3upPOBaHUs MpU pake Jerkux. OTBapbl TpaBbl
OKAa3bIBAIOT MOJIOXKUTEILHOE BO3/ICCTBUE NMPU KOXKHBIX 3a00JieBaHUsIX [6].

B HacTosiee BpeMsi HAy4HO JIOKa3aHO, YTO U3MEHEHUsI B OMOJIOrMYECKUX
MeMOpaHax, KOTOpbIE TNPOUCXOMAT TMOJi JEWUCTBUEM CBOOOJHBLIX PaJIMKaJIOB,
SIBJISIFOTCS  TIPUYMHON Pa3BUTHUS MHOTMX 3a0o0jieBaHuil. BoO3HHMKaeT BONpoc O
KOJIMYECTBEHHOM  OLIEHKE  CYMMapHOW  AHTUOKCHUJIAHTHOW  aKTUBHOCTU
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NpEenapaToB, YTO NO3BOJUT 0OOJiee€ TIPaMOTHO MNOAXOAATH K KOMIUIEKCHON
AQHTUOKCHIAHTHOM TEPANK TOT'O WJIM MHOTO 3a00JIEBaHMS .

Lleavb: MPOBECTM CPABHUTEJBHBIN AHAIM3 KO3I(P(PUIMEHTOB CyMMapHON
AHTUOKCHJIAHTHON aKTWBHOCTU CIIMPTOBBIX 3KCTPAKTOB JIMCTHEB OEPE3bl, MATh-
U-U- MAa4e€XxW, KpanuBbl, XBOM COCHBI, NPOU3PACTAIOLICN HA TEPPUTOPUU T.
HoBocubupcka n HoBocnbupckoi o6nacTu.

Memoouka uccaeoosanuii. s BogHO-cMpToBOW 3KcTpakuuu BAB
MCMOJB30BAIM  PACTUTENILHOE ChIPbE, 3arOTOBJIEHHOE HAa TEPPUTOPUM T.
HoBocuObupcka m HosocuOnpckonn oOmactu, 40 % pacTBOpbBl STaHOJA.
DKCTpakLys NPOU3BOIWIIACK NO CleyoLe cxeme (cm. Tada. 1).

Taomuna 1
Cxema cnpToBOW 9KCTPaKUMKU NPUPOJHbIX 00BEKTOB
Chbipbe Cbipbe: 3TaHo Bpewms uzBneyenus
JInctbs Gepesbl 1:20 724
JIucTes MmaTh-U-Mavexu 1:20 724
JIucTes Kpanusbl 1:20 724
XBOsI COCHBI 1:10 724

AHTHOKCHJAHTHYIO aKTUBHOCTBL (AOA) 00pa3yoB onpeesisiiv, UCOJIb3Ys
METOJ KaTOIHOW BOJIbTamnepoMeTpun. MeToiMka sKCeEpUMEHTa 3aKJI04ajlach B
CBhEMKE BOJIbTOAMIIEPOIPAMM  KAaTOJIHOTO BOCCTAHOBJIEHMSI ~KHCJIOpPOfa C
nomoipto aHammszatopa AOA «Antnokcupant» (OOO «HIIII Ilosmant» .
Tomck).

AOA wuccnenyeMbIx npenapaToB OLEHMBANACh IO KUHETHUYECKOMY
kpureprto K (MKMOJB/IXMMH),  KOTOpPBII ~ OTPa)KaeT  KOJIMYECTBO
NpOpearupoBaBlIMX C OOpa3UOM KHUCIOPOAHBbIX (POPM, CJEJCTBUEM YEro
aBisieTcs:  9P(PEeKTUBHOCTh  B3aWMMOJACUCTBUS 00pa3ya C  KUCJIOPOHbIMU
pajuKaIamu.

Pesyavmamovt u ux obcyxcoenue. Anamm3 40% cOUpPTOBBIX 3KCTPAKTOB
PACTUTENBHOTO ChIPbsi (JINCTHEB KPAINMBBI IBYIOMHO, MaTh-U-MAa4€Xu, OEpe3bl 1
XBOM  COCHbI) TOKa3aJl, 4YTO OSKCTPAKTbl  OO0JAaJalOT  BbIPAXKEHHBIMU
AHTUOKCHUJaHTHbIMU CBOMCTBaMHU (CM. TaOJI. 2).

Tadmuna 2
KoaddunmeHnTbl cyMmapHOi aHTUOKCUJJAHTHOM aKTMBHOCTH CIIMPTOBBIX 9KCTPAKTOB,
K MKMOJIB/TXMUH

HaunmenoBanue skcTpakTa K MkMonb/axmuH
Jluctes Gepesbl 21,71 + 0,57%%*
JIncTesa MaTh-n-Mauyexu 20,47 £ 0,65%*
XBOSI COCHBI 14,56 + 0,48
Jlucmwva kpanuewt 1425 £ 1,24

[Tpumevanus: ** — P < 0,01, *** — P < 0,001 (B cpaBHEHNHU C 3KCTPAKTOM JIMCTHEB KPAIMBBI).
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AHTHOKCHJJAaHTHAs. AKTUBHOCTb BOJHO-CIIMPTOBBLIX 3KCTPAKTOB JIUCTHEB
0epe3bl, MPEBOCXOIMIIA TIOKA3aTENb IKCTPAKTA JIMCTHEB Kpanuebl B 1,52 pasa (p
< 0, 001), marb-u-mauexu — B 144 pa3za (p < 0,01) cooTBeTCTBEHHO,
JIOCTOBEPHBIX Pa3/IM4Mii AaHTUOKCUIAHTHOW aKTUBHOCTHU 3KCTPAKTOB XBOM COCHBI
U JIMCTBEB KpANMBbl YCTAHOBJIEHO HE ObUIO, OJHAKO  HAOIIONAIACH
HE3HAUYMTEJIbHAS TEHJCHUMS B YBennueHnu koapduuuenta B 1,02 paza.

Bce  wm3ydeHHble  00pasupl  SKCTPAaKTOB  OOJIQJalOT  BBLICOKOM
AHTUOKCHUJIAHTHOW AKTUBHOCTBIO, MPEBbILIAIOICH AHTUOKCHUJIAHTHY O
aKTUBHOCTb W3BECTHOIO AaHTUOKCHJAHTA JuruapoksepuetvHa, K = 146
MMOJIB/JIXMAH U MOTYT ObITh PEKOMEHJOBaHbl B KAauyeCTBE [OMOJHUTENbHbIX
AHTUOKCUJIAHTOB /U1 MPOPUIAKTUKH Psifia 3a00JI€BAHUI OpraH13Ma.

Buvisoo. B pesynabTare CpaBHUTEIBLHOTO aHamM3a Ko3(h(PUIMEHTOB
CYMMAapHON aHTUOKCUIAHTHOW AakKTUBHOCTU 40 % CHOUPTOBBIX 3KCTPAKTOB
JIUCTbEB Oepe3bl, MaTh-U-U- MAYEXU, KPANKUBbI, XBOM COCHbI, MPOU3paCTAIOLIEH
Ha Tepputopun r. HoBocubupcka u HoBocuObupckou 001acTi, yCTaHOBJIEHO:

1. Bce aKCTpakThbl pacTUTEIBLHOIO ChIPbs (JMCTHEB KPANUBBI [BY/IOMHOM,
MaTb-U-Mayexu, ©Oepe3bl M XBOM COCHbI) OOJaJalOT  BbIPAXKEHHBIMU
AHTUOKCUJIAHTHBIMU ~ CBOKWCTBaMHM,  TPEBLILAIOIMIUMUA  AHTUOKCHUIAHTHYIO
aKTUBHOCTb U3BECTHOTO AHTUOKCUJIAHTA [IUTU/IPOKBEPLETHUHA.

2. HaubonbmmM mnokasaTtejleM aHTUOKCUIAHTHAsT aKTHUBHOCTU oOO0JIafaliv
BOJIHO-CIIUPTOBBIX ~ 3KCTPAKThl JIUCTHEB O€pe3bl, KOTOPbIA MPEBOCXOWUI
nokasaTesim 3KCTpakTa JUCTheB KpamuBbl B 1,52 paza (p < 0,001), mMaTb-u-
Mauexu — B 1,44 paza (p <0,01).
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A.C. Koctun, ILII. KpeuetoB

MockoBckuii rocyiapcTBeHHbIN YHUBEpcuTeT uM. M.B. JIoMoHOCOBa

BJIMAHUE JOBbIMA CEPHUCTBIX YIJIEM B IOJMOCKOBHOM
BYPOYT'OJIbBHOM BACCEMHE HA MOP®OJIOTNH) 1 XUMNYECKHUE
CBOUCTBA CEPLIX [1OYB

B pailoHax 1waxTHOI [0ObIYM CEpHUCTBHIX yrieil B I1ogMOCKOBHOM OypOyrojibHOM
OacceiiHe NMOYBbI MOJIBEPXKEHbI BO3[EHCTBUIO KUCIbIX (PUIBTPALMOHHBIX BOJ U INPORYKTOB
3pO3UH, NOCTYNAOIMX OT OTBAJIOB CyNbduicogepKaiux nopoy. IlepekpbiTblie noj HaHOCaMu
cepble MOYBbl NMPUOOPETAIOT crneuudpuyeckue MopgOJOrMyecKue U XUMHUYECKHUE CBOWICTBA.
ITon BNMSIHMEM TEXHOTEHHBIX NMOTOKOB (DOPMUPYIOTCSI KUCIIbIE, 3aCOJIEHHbIE, HEHACHIIIEHHbIE
OCHOBAHUSIMU Pa3HOBUTHOCTU CEPBIX MOYB.

KnroueBble croBa: cynb(uacofepKalye OTBalbl BCKPBILIHBIX MOPOJ], TEXHOICHHbIE
HAHOCBI, CEpbIE M0YBbI

MHuoroneTHsis fooerya Oyporo yrias B [lToqMockoBHOM OacceriHe mpuBesa K
HAKOIJIEHWIO OOJIbIIMX OOBEMOB BCKPBIHBIX MOpoxa. OTBanbl 00pa30OBaHbI
rpy0OOOJOMOYHBIM ~ MAaTEPUAJTIOM  YIVIMCTO-NECYAHO-TJIMHACTOTO  COCTaBa C
BBICOKMM COJIEP>KaHMEM BOCCTAHOBJICHHBIX COEIMHEHUN cepbl (1o 4%) u Xenesa
(B popme nmpuTa), a TakKe YramcThix yactul [ 1]. Okucnenne nupura NpuBOANAT
K 0Opa30BaHMIO TOKCHUYHBIX /I OMOTBI CEPHOM KWCJIOTHI U CyJb(aTOB XKeJe3a.
Bo3geiicTBre JJaHHBIX COEMHEHUI HA OPraHUYECKUE KOMIIOHEHTBhI OTBAJIOB
BbI3bIBAET CEPHOKUCIIbIM TMAPOJIN3 INIMHUACTBIX MUHEPAIOB (AIFOMOCUIIMKATOB),
YTO CIOCOOCTBYET TOSIBJIEHUIO B pacTBOpe (PUTOTOKCHUYHBIX CYJIb(aTOB
amomunus [2]. BeaepcTBue JIETKOro rpaHyjoMeTPUYECKOrO COCTaBa MOPOJ, UX
OECCTPYKTYPHOCTH, CHWIBHOM KPYTHU3HbI CKJIOHOB, MOBEPXHOCTH OTBAJIOB
pa3mbiBaeTca atMocepHbiMUA ocankamu. OOpasyromuecs BCIEACTBUE 3pO3UN
TEPPUKOHOB 1UIEH(BI MOPOJHOrO MaTepuajga W KHUCJbIE [IPEHAaXKHbIE BOJIbI
SBJISIFOTCS.  OCHOBHBIMM MCTOYHMKAMU 3arpsi3HEHUS] MOYB. JTO MPUBOAWUT K
TpaHcopMauuu UX CBOICTB U MOTEPE MPOAYKTUBHOCTH.

Lenbto paboOThl SBISAIACH OLEHKA BJIMSHUAS TEXHOTE€HHBIX IMOTOKOB OT
OTBaJIA CyJib(pupicopepKalmx Nopoj Ha MOP(gOJIOTHUIO U CBOVCTBA CEPBIX MOYB.

Bbun M3yyeHbl MOYBbI B 30HE BJIMSHUSI MOPOJIHOTO OTBaia IIaxThl Neb
«CMUpHOBCKas» JInnkoBcKOro MECTOPOK/ICHUS [TopMOCKOBHOTO
OypoyrosbHoro OacceiHa. [IpoObl mMOYB OTOMpaNUCh W3 TEHETUYECKUX
FOPU30HTOB Pa3pe30B B Mpefeiax LuengoB HAa pa3HOM YJaJeHUM OT OTBaja
(pazp. JI-2, JI-3) u Ha d¢oHOBOM 3asmeceHHOM yyacTke (paszp. JI-1). U3
OTOOpaHHBIX OOpPAa3LOB MPU E€CTECTBEHHON BJIAKHOCTU 3TAHOJIOM BBIIEJSUIACH
noyBeHHbIe pacTBOpbl (MeTos MinepekoBa-Komaporoit) [3]. B mnouBeHHbIX
pacTBopax ONPEJIEISAIUCH: aKTyaJbHast KUCJIOTHOCTh (pH) —
MOTEHUMOMETPUYECKUM METOJIOM, 3JIEKTPONPOBOAHOCTD —
KOHJIYKTOMETPUYECKUM METOJ0M, OOIIasi KUCIOTHOCTh (TuTpoBanuem 0,01 M
pactBopom NaOH), o6umias umenouyHocts (TtutpoBanuem 0,01 M pactBOopom
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H.SO.), BopmopactBopumble Fe* m Fe* cnekTpodOoTOMETPUYECKUM METOMIOM,
COCTaB  JIETKOPACTBOPUMBIX  COJIEd METOAOM MOHHOW Xpomarorpadumu.
BeITecHEHNE OOMEHHBIX KATUOHOB M3 00pa3LioB NMOYB M BCKpbIWHbBIX nopop (H-,
Al+, Ca», Mg~, Fe>, Fe~) nposopuiiock 1M pactBopom KCl. OO0wiee copepxaHue
OPraHUYECKOro yIiiepoja ONpPENEIISIIA METOJOM OMXPOMATHOI'O OKUCIICHHS .

Hccnenyemass  TeppuTopys ~ paclosiodkK€Ha B CEBEPHOM  4acTH
CpenHepycCcKOil  BO3BBILIEHHOCTM HAa TeppuUTOpuM OacceriHa p. YIbl WU
NPEACTABIIAET COOON IPO3MOHHYIO MOJIOrO-HAKJIOHHYIO PABHMHY,, PACYJICHEHHYIO
CEeThIO JIOIMH M Oanok. PacTturenbHOCTH mnpepncTaBieHa yOOBO-KIIEHOBO-
JIMIIOBBIM JIECOM C SICEHEM Ha HEOOJIbIIMX y4YacTKax M 3J1aKOBO-Pa3HOTPABHBIMU
ayramu. Ha OHOBBIX ydacTKax npeoOsajatoT cepble, cnado- U CPEJHECMBITBIE
(OTCYTCTBYET 3JIFOBUANIbHBIA TOPU30HT), CIA00KKCIIbIE U HENTpalibHble (pH=5,3-
6,6) NOYBbI CO BTOPbIM I'yMycOBbIM ropusontom (BIT) nousbl Ha GypoBaTo-
JKENThIX TMOKPOBHBIX cCyrivHKax [4]. Honsg kpynHombuieBaToOM (pakuuv He
npesbliiaeT 50%, 4YTO TO3BOJSIET OTHECTM WX K TSIKEJIOCYTJIMHUCTBIM.
Copepxanue opranmyeckoro yraepoga B rop. AY mnouB okono 1,2%,
['ymycoBblii rop. AY MMeeT cepblil UBET U OPEXOBATO-KOMKOBATYIO CTPYKTYPY.
['ymycoBo-amoBuanbhbiii rop. AEL cBeTsio-ceporo ugeta opexoBaTO-INIATYATON
CTpyKTypbl. OnopzonuBanue nposiBiasieTcs: ToJabko B rop. AEL u BIT B Buge
6esnecoBaTo-cepoii KpemHe3zeMucTon npuckinku [5]. T'opuzonT BT opexoBatoit
CTPYKTYPbl, TEMHO-OYpbIii, C TIMHUCTO-TYMYCOBbIMUA KyTaHaMU Ha TIOBEPXHOCTHU
NeoB 3a CYET BHYTPUIIOUBEHHON MUrpauuu Wia U TYMYCOBBIX KUCJIOT. B
coctaBe kuakon pa3pl mouB mpeoOsamaroT  uwonbl  Ca* u HCO..
DJEKTPONPOBOIHOCTh MOYBEHHBIX PacTBOPOB HE mnpesbimaeT 290 uS/cm. Cymma
oOMeHHbIX Ca* nu Mg» cocrasisgeT ot 12,4 mmouns (+)/100 r moyBbl B ryMyCOBOM
rop. AY ¥ CTaHOBUTCS MakKCHMMaJIbHbIM B WJuIOBManbHOM rop. BT (mo 21,1
MMoJb (+)/100 r moussl). Copepxanune oomeHnbix Fer (0,4 mr/100 r mousbl) u
Fe(okono 0,3 mr/100 r nouBbl) HEBEJIMKO.

BcenencTeue spo3um  OTBAJIOB HAa MOBEPXHOCTM NOYB  (POPMHUPYROTCS
AemoBHaibHble TexHoreHHble HaHochbl (TCH) MomuocThio g0 1 M u
npoTsiKEHHOCTBIO 10 300 M. TexXHOreHHble HAHOCHI MPEACTABIAIOT COOON
HEOJHOPOJHBIN CYyOCTpaT CyTJIMHUCTO-CYNECYAHOro cocTaBa (C poJjier (ppakuun
MeJIKOro necka 10 50%), MIOTHOTO CJI0XKEHUs, TEMHO-CEPOTO LIBETA C OOUIIMEM
BKJIFOYEHUI YT, OOJIOMKOB OCaJOYHBbIX NMOPOA U 3epeH muputa. IloBepXHOCTH
11ei(POB MOKPHITA BbILIBETAMU CYJIb(ATOB KeJie3a U aTFOMUHMUSL.

Copiep>kaHue OpraHMYecKOro yrjiepoja B TEXHOT€HHOM  [JIEJIOBUU
nocturaet 5%. Ilo XuMrYeCKM CBOMCTBaM 3PO3MOHHBIE HAHOCHI OTJIMYAKOTCS
cunbHOKUCHON peakuuent cpefbl (pH=3,5-4,0) U BbICOKMMU KOHUEHTpALUSIMU
oOMeHHbIX Al* (10 23 MMonb (+)/100 r nopopsl), H- (mo 10,7 mmouns (+)/100
nopoppbl), Fe* (o 18,5 mr/100 r nopopel) u Fer (mo 16,8 mr/100 r nopopbi). B
KUAKKAX (pa3ax, BBIICICHHBIX 3TAHOJIOM M3 HAHOCOB OTMEYAIOTCSl BBICOKME
koHUeHTpamu SO (o 24 wmmouns (-)/mw), Ca» (mo 13 mmoas (+)/gm) u
TUTPYEMOW KACJIOTHOCTH ([0 11,2 mmons (+)/am).
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B nmepekpbITBIX [JEMIOBUEM TOPU30HTAX CEPBIX TMOYB W3MEHSIOTCS
Mopdgosiornueckue npusHaku. CTpyKTypa CTaHOBUTCS YIJIOBATO-NIPU3MOBUIHON
Y TJLIOUCTON. DJIOBAANIBHASL YAaCTh MPO(MUIIs MOYB NMPUOOPETAET OJHOPOHYIO
CEpOBATO-MANIEBYI0 OKPACKY, MOIIHOCTb FOPU30HTAa YBEJIUYMBAECTCS [0 25 CM,
NO-BUIIMOMY, 32 CYET YCUIJIEHUSI KACIOTHOIO THAPOIM3a (BBIHOCA M Pa3pyLICHNS
TOHKUX (Ppakuyii aTFOMOCUIIMKATOB), C1ab0 Pa3BUTOrO0 B 30HAIBHBIX CEPBIX
nousax. MmmoBuaneueiii rop. BT crTaHoBUTCA BMECTO KOPUYHEBATO-OypOro
OypOBaTO-OXPUCTbIM C P>KAaBbIMU TOUYKAMU W MSTHAMU 34 CUET OCAK/CHUS B
CyCHEH3UsIX U PACTBOPAax OKMCJIEHHBIX (popM Fe, mpoHmsaH OenecbiMH, p>KaBo-
OypbIMU U TEMHO-CEPbIMU KyTaHaMM C YIJIMCTbIM MaTE€pUaoM MO TPEUUHAM

MeoB.
Taomuna 1
Xumnueckue cBoyicTsa (pH, a351eKTponpoBOiHOCTb, COCTAaB BOAOPACTBOPUMBIX COJIEN,
conepxkanue Feru Fe, 00611as TuTpyemasi KUCIOTHOCTD) SKUIKUX (a3, BbIAEJIEHHbIX U3 MOYB U
TEXHOT€HHbIX HAHOCOB

TUTpyeMast
MeCTO riyouHa, SJIeKTPO- cocras HefKopaCTBoplflelx Fe, Mr/aM | KUCIOTHOCTS,
TOPU30HT pH | npoBojpHOCTS, coJieit, MMOJIB/ M
oT60pa npoo cM uSlem MMOJIb/AM®
’ HCO. | SO: | Car | Mg~ | Fe» | Fe- H- Al
pasp. JI-1, AY 0-17 6.4 291 1,1 0,2 24 0,3 0,0 | mer 0,3 HET
¢onoBast AEL 17-22 6,5 101 1,0 0,2 09 0,1 0,1 » 0,1 »
Tepputopusi, | BEL[hh] 22-29 6,6 78 1,1 0,1 09 0,1 | mer » 0,3 »
cepasi noisa BT. 29-78 53 69 0,8 0,1 0,7 0,1 » » 04 »
CO BTOPbIM
T'yMYCOBBIM BT. 78-110 | 6,3 43 0,8 0,1 0,6 0,1 0,3
TOPU30HTOM » » »
pazp. JI-2, WTCH 0-16 4,0 220 HET 1,2 12 0,1 2,1 | 1,8 94 0,2
cepasi mousa TCH 16-28 3,7 432 » 4.6 8,2 0,3 02 | 0,1 8,9 2,0
c [BEL] 28-50 33 2420 » 349 | 16,5 | 1,1 | Her | HeT 2.8 18,2
TEXHOT€HHBIM [BT] 50-80 3,7 1033 » 266 | 12,1 | 08 » » 20 15,2
HaHOCOM [BT.] 80-110 |39 1507 » 213 | 93 0,7 » » 0,8 12,1
pasp. JI-3, WTCH 0-7 35 1582 HET 243 [ 130 | 0,1 03 | 0,1 10 11,1
cepasi mousa TCH 7_32 37 993 » 136 | 70 04 | 04 | 03 0,5 6,0
c [AY] 32-52 4,1 1539 0,2 219 | 20,6 | 1,6 | Her | HeT 0,5 1,5
TEXHOIE€HHBIM [BT.] 52-84 39 1277 0,2 172 [ 131 | 0,8 0,1 » 0,7 3,6
HaHOCOM [BT.] 84-110 | 4,1 1062 0,5 158 | 150 | 2,0 | =er » 0,5 HET

B nepekpbITbIX MO HaHOCAMU TOPU30HTAX CEPbIX MOYB XKupKas ¢asza
UMEET CuJbHOKUCIY0 peakuuro (pH=3,3-4,1), a 2/1eKTponpoOBOIHOCTH
nocturaet 2420 uS/cm. ITouBeHHBIE pacTBOPBI XapaKTEPU3YIOTCS MOBBILIEHHBIM
conepxanueM Al (mo 18,2 mmouns (+)/am), He (mo 2,8 mmous (+)/am) u SO, (io
34,9 MMOJIb (-)/M°), YTO B IECATKM pa3 MPEBBIIAET NX (POHOBBIEC 3HAYECHNS.

[Tox BAMSIHUEM KUCJIBIX T€XHOT€HHBIX MOTOKOB OT OTBAJIOB NMPOUCXOUT
3amelienue oobmenubix Ca» u Mg» Ha H-, Al+, Fer u Fe-. Crenenb
HeHacbieHHOocTH [IITK ocHOBaHMSIMA NMEPEKPBITHIX TEXHOTCHHbIMA HAHOCAMU
rop. AY u rop. BEL nous 6osiee 50%. Cymma Ca» u Mg=B III1K chukaercs B 2-
S pa3 (o 2-11,5 mmons (+)/100 r nousbl). OOMEHHas1 KUCIIOTHOCTD, CBSI3aHHAS C
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oOMeHHbIM Al*, poxomut g0 10 Mmonb (+)/100 © MoOuYBBI, TUAPOIUTUYECKAS
KUCJIOTHOCTH gocturaet 13,5 Mmoub (+)/100 r moYBHbI.

B IIIIK 3arpsi3HeHHbIX MOYB TaK>Ke NPUCYTCTBYIOT oOMeHHble Fer (o 4,5
mr/100 r moussl) u Fe* (o 3,5 mr/100 r nousskr). CofepskaHusi OPraHu4ecKoro
yIJIepofia B TYMYCOBOM TOPU30HTE MEPEKPBIThIX HAHOCOM MOYB YBEJIMYMBAETCS
Ha 1,8-2% 3a cyeT NOCTYyIJIEHHS YIJIEPOAA C YrOJNbHBIMMA YacTULAMU W3
Marepuasa HaHOCOB.

Tabmuma 2
Copnepkanue Copr, 0OOMEHHbIX KATUOHOB U TUIPOJIMTUYECKAS] KUCTIOTHOCTb (POHOBBIX U
TEXHOT€HHO-TPAHC(OPMUPOBAHHBIX MTOYB

Ca- Mg- | H [ Al- [ Fer [ Fer | TK¥,
MecTo oTOopa FOPU3OHT riyouHa, pHL. C., mmones | CHO#*,
npoo cM % Mmoib (+)/100 r Mmr/100 r (+)/100 %
r

pasp. JI-1, AY 0-17 57 | 12 95 20 101 wer | 04 03 33 789

donoBast AEL 17-22 58 | 09 128 40 01| » 0.4 03 27 86,1

tepputopusi, | BEL[hh] | 22-29 53 | 04 15,1 43 01| » 0.4 02 20 90,6

cepast nouBa BT. 29-78 48 | 03 170 41 [0,1] 02 0.4 03 13 942
CO BTOPbIM

I'yMyCOBbIM BT. 78-110 | 50 | 02 16,8 43 0,1 0,1 0.4 03 05 977
FOPU30HTOM

WTCH 0-16 37 | 30 16 11 o1 ] 20 ] 185 |[168] 230 10,7

pasp. I1-2, TCH 16-28 32 | 32 10 08 |06 65 9,8 92 | 227 72

‘;Zii’(‘) ::H“lfli; [BEL] 28-50 38 | 13 1.1 08 |01] 99 | 45 35 | 117 138

anocont [BT)] 50-80 43 | 05 123 30 |01 15 20 18 40 796

[BT] 80-110 | 45 | 02 144 54 |01 07 0,5 03 35 85,0

WTCH 0-7 34 | 32 10 08 |01 25 8.2 56 | 228 7.1

pasp. I1-3, TCH 732 34 | 42 11 09 |02 49 24 2,1 | 194 94

‘;Zii’(‘) ::H“lfli; [AY] 32-52 39 | 19 9.1 24 |01 42 12 10 | 135 46,0

oot [BT)] 52-84 44 | 04 157 30 |01 10 0.4 0.4 52 783

[BT] 84-110 | 48 | 04 18.8 34 |01 02 0.4 03 39 85,0

[Mpumeuvanue. (*) T'K (%) - rugpoautuyeckass kuciotHoctb, CHO (%) - crenenb

HAaCbIICHHOCTN OCHOBAHUSIMU.

Takum oOpa3oM, NPOBEIEHHbIE UCCIIEJOBAHKS MOKA3aJIU, YTO TEXHOTEHHbIE
NOTOKU C YrOJbHLIX OTBAJIOB NPUBOAST K CWIBHON TpaHchopmaluu
MOP(OIOrMYEeCKUX U XUMUYECKUX CBOICTB CEpbIX MOYB B MEPBYIO Ouepe/ib 3a
CUET YCW/IEHUSI KUCJIOTHOTO TUAIPOJN3a, YTO BbIpaxkaeTcss B OTOEJIIEHHOCTHU
3IOBUAJILHBIX U OXKEJIe3HEHUU WJITFOBUAJIbHBIX TOPU3OHTOB. B xope peakuuii
noHHoro oomena npoucxoauT HacbieHue [IITK oomennbimu H-, Al», Fe» u Fe-.
Take, oTMeuaeTcsl yBeJMYeHUe aKTYaJIbHON KMCJIOTHOCTU MOJKUCIIEHUE BCEro
npocunst Ha (poHE 3aCOoNieHUs CylbgdaTaMUd ANIOMUHUSA U XeJe3a. B npodune
YBEJMYUBAETCS 10J1S1 OPraHMYECKOro Yriepojia 3a CUeT MOCTYIJICHUS YIIUCThIX
YacTUl,  JIMTOTEHHOrO  MPOUCXOXKJEHWS] W YCWUJIEHWE  MOJIBUXKHOCTU
OpPraHOMUHEPAJILHBIX YaCTHULl, (POPMUPYIOLIUX TIIMHUCTO-YIJIUCThIE KYTaHBI.
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B.E. KortoBa
PI'BY «I'mppoxuMmyecKkuil THCTUTYT» , PocToB-Ha-[loHy

ONIPEAEJEHHUE ITAY METOAOM B9XKX VI TAEHTUOUKAIINN
NCTOYHUKOB UX ITOCTYIIVIEHUA B P. CEBEPCKHUU JOHEIL

Jnst ompenenenusi MaccoBbIX KOHUEHTpauuil [IAY u BbIsIBI€HUSI MCTOYHUKOB UX
NOCTYIJICHUSI UCCJIEIOBaHbl  00pa3lbl  Bojbl, oToOpaHHble B p.CeBepckuii [lonen wu
ommsnexamux BopgoeMax. Cymmapuble koHueHTpauuu [TAY  coctaBumu  12-34 vr/pwe,
conepxanue KaHueporeHubix I[IAY — 1-12 ur/nmv. KoHueHTpauuu OeHn3o[a]nupeHa u
HadpTanuHa He npesbllianu ycraHoBneHHble [I[IK. ITposenena npenTndukanms nocTynjaeHus
ITAY 1o OTHOLIEHMSIM MAapKEpPHbIX COEIMHEHUI. Y CTAHOBIEHO, 4YTO YBEJIUYECHUE
KoHueHTpauuii ITAY B pa3sHbIX pailloHaX peku OOYCJIOBJIEHO BKIIAIOM YIJIEBOJOPO/IOB
NUPOTr€HHON NPUPOJbI.

KntoueBble cnoBa: mnonuuukiauyeckue apomartuyeckue  yrieopopopsl  (ITAY),
BbICOKO3(P(PEeKTUBHAsA >KUKOCTHasi Xxpomarorpacpus (BDXKX), ucrounuku nocrymieHus,
Cesepckuii [Tonels

[Tommupknuyeckne apomMarnueckue yriaesopopoasl (ITAY) saBnsrorcs
OOBEKTOM MPUCTAIBHOTO BHMMAHUS YYEHbIX yKe MHorue roael. Cpemu
MHOXKECTBa coeluHeHuil a3toro kmacca 16 IIAY BbIOpaHbl B KayecTBe
NPUOPUTETHBIX BELIECTB I 3KOJOTMYECKOr0 MOHUTOPUMHTA B CBSI3U C UX
BBICOKON OMOJIOTMYECKON (KAHUEPOT€HHOM W MYTAar€HHOW) aKTHUBHOCTBIO:
Hacpranun (Naph), anenacdprtunen (Acn), auenacdpren (Ace), cdayopen (Fl),
tpenantpen  (Phe), anTpauen (An), dayopanten (Flu), mmpen (Py),
oenszola]antpauen (B[a]A), xpuzen (Chry), Oenzo[b]dayopanten (B[b]F),
6en3olk]dayopanren (B[k]F), Oenszola]mupen (B[a]P), nubenso[ah]anTpauen
(DB[a,h]A), 6en3o[g.h,iJnepunen (B[g,h,i]P), unpeno[1,2,3-cd]mupen (In[cd]P).

Ucrounukn mnoctymnenuss [IAY MHOroumcieHHbl M UMMEKOT Kak
MPUPOJIHbINA (JIECHbIE MOXKapbl, U3BEPKEHUSI BYJKAHOB), TaK M aHTPOINOTEeHHbIN
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XapakTep (BBIXJIONMHBbIE Ta3bl TPAHCIIOPTA, CXKWATAHWE Mycopa, nepepadoTKa
He(PTH M rOpeHre UCKOMAEeMOro ToImBa). Hanbonbmit nHTEpeC Npyu U3y4eHun
3arpsi3HEHHs OOBEKTOB OKPYKAIOLIEW Cpefbl BbI3bIBAET WACHTU(UKALMS
uctoyHnkoB IIAY — nmporenHoro (oOpasoBanue IIAY npm BbICOKMX
temrniepatypax (650-690 °C) u HefgocTaTKe KHUCJIOpPOAa B IJIAMEHW) WJIU
neTporeHHoro (HedgrsHoro) [1].

Cesepckuit [loHen — npaBbiil (HanOOJbIIMI) MPUTOK [OHA, MpoTeKaromumi
yepe3 bearopoackyro u  PocroBckyro obOmactu  Poccum, XapbKOBCKYHO,
Honeukyto u Jlyranckyro obGmactu YKpauHbl. BakHOCTb M3y4eHHsl ypPOBHEN
3arpsi3HEHMS TOW PEKU Ui HAUIell CTpaHbl 3aKJIIOYAETCSl B €€ TPAaHCTPAHUYHOM
NOJIO>KEHUU .

Lenbto panHo padotsl sBasgeTca BOXKX onpepenenue I[TAY B npoOax
Bofibl p. CeBepckuii [loHen M Oau3ieskalux BOJOEMOB [IJIs WUACHTU(UKALANA
VCTOYHUKOB MOCTYIJIEHUS] 3TUX BEUIECTB.

B kadecTBe OOBEKTOB UCCHIENOBAHUSI WCMOJB30BAIIA MPOObI  BOJIbI,
oroOpanubie B utosie 2019 r. uz p. Cesepckuit [lonen, pyd. PeiruH, npypa-
oTcTOMHUKA KoMOnHaTa «Poccust», 03. Kpyriioe n 03. Qabnopajo (puc. 1).

TIpoba  Mecto otbopa

p. Ceeepcrumit Jowerr,
o r. Kamenck-Ilaxtiscruiit

1

(]

p. Ceeepcrumit Jonew, moct M-4

(V5]

p. Ceeepcruit Jowner, mocie x. bornaHoe

M-4

MpYI-OTCTOMHMK KoMOuHata «Poccuay,
r. Kamenck-llaxtuncruiit

pvu. Peirun, enagenne B p. Ceeepcruit JoHerr,
r. Kamenck-Ilaxtuscruit

6 03. Dapaopano, moc. YncToosEépHEIit

20
e
I - /j_d‘ .V‘ . “
I Kawm eHCK-]‘_HaXTHHCKHII
]‘

/ "“"- \

03. Kpyrmoe, nmoc. YncroosépHsrit

/
» MecTO oT00pa mposdel 12 .2
" : N. 8¢
B cymmalIIAV, HI/oM ! / I 2
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Puc.1. Mecta or6opa npo0, cymmapHbie KoHueHTpauuu [TAY u cofepkanue KaHUEpOreHHbIX
MAY

Onpepenienne [IAY B Bofe 3akio4yaloch B HMX 3IKCTPAKLUUOHHOM

W3BJIEYEHNM U3 00pa3lOB, BBIIEJIEHUM (PPAKLIMU M3Yy4YAEMbIX BELIECTB METOIOM
MUKPOKOJIOHOYHON xpomarorpagpum Ha cunmkarene [l1] w  mocnepyromem
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aHam3e ¢ nomoipo BOXKX xpomarorpacda (1260 Infinity LC, Agilent
Technologies) co cnekTpoayopuMeTpuIecKuM e TEKTOPOM.

Inst kaXpoil npoObl PacCYMTBHIBAIM KOHUEHTPALMIO KaHIEPOTr€HHBIX
BelecTB (KITAY) kak cymmy konuentpauuii B[a]JA, Chry, B[b]F, B[k]F, B[a]P,
DB[a,h]A u In[cd]P.

Onpenenenre BO3MOXKHBIX MCTOYHMKOB mnoctymiieHust [IAY Bo Bce
ucciegyeMble MpoObl MPOBOAWIM MYTEM OLEHUBAHMUS OTHOLLEHWIT MapKepHbIX
BELLECTB, KPUTEPUH KOTOPBIX NPEACTABIEHbI B TA0JUILIE.

Ha pucyske 2 mpeacraBieHa XxpomaTorpamma 3KCTpakTa MpoObl BOJBI,
otoOpanHou u3 p. CeBepckuit [onern (Touka 2).

XapakTepuCTUKM UCTOUYHUKOB noctyrienus [TAY [2]

. | CMelaHHbIi ITuporeHHbI NCTOYHUK (%)
[TeTporeHHslii
Ornowenue ITAY MCTOYHUK TCopexue TCopeHue ipeBecuHbl,
HCTOYHUK (A .
(47) He(PTENPOAYKTOB yIJIsl, TPaBbl
Flu/(Flu+Py) <04 - 04+05 > 0.5

B[a]A/(B[a]A+Chry) <02 0.2-0.35 > (0.35
(Flu+Py)/(Chry+Phe) <05 - > 0.5

[To pe3yabTaTam ananu3a npoO Boawl p. CeBepckuit [loner (puc. 1) camblie
BBICOKME CyMMapHble KoHueHTpaumu [IAY wu copepkaHne KaHUEpOreHHBIX
BEILIECTB ObUIM MOJYYEHBI 7151 0Opasua, 0TOOpaHHOro B paiioHe mocta M-4. 1o
MOXHO CBs3aTb C IIOCTOSIHHOWM BBICOKOM TPAHCIIOPTHOM HArpy3kKod WU
CTPOMTEJBHBIMA pa0OTaMu, NMPOBOJAMBIIMMUCS HA JIAHHOM YYacCTKe JIOPOTH.
Hanmvenee 3arpsisHeHHbIM — sBisieTcs:  paiioH  X. borpganoB.  MHTepBanbl
KOHLIEHTpauuili HadTanvHa u Oenszola]nupeHa coctaBuiu 2-6 u 0.4-1,5 Hr/gw
COOTBETCTBEHHO, UTO HE NpeBbIlaeT ycTaHoBJIeHHbIX TT/1K.

N3yuyenue okasbiBatrolux BivsgHue Ha p. CeBepckuii [loHey BOgoeMOB
NOKAa3aJI0, YTO HamOoJiee 3arpsA3HEHHBIM MO CyMMapHOMY KosiudecTBy IIAY un
KaHIEPOT€HHbIX BELIECTB SBISACTCS PYy4Y. PBI'MH, KOTOpBIA MNPOTEKAeT Ha
teppuropun  Bcero r. KameHck-llIaxTMHCKMIA W KMCHIBITBIBAET  OOJNBIIYIO

AQHTPOINIOTeHHYI0 Harpy3ky. HawnmMeHnee 3arpsisHeHHbII —  03. DJIBAOPAJIO.
WNurepBanbl  KoHueHTpaumii  6enzol[a]nupena  coctaBuiu — 0,3-1,5 Hr/nwe,
KOHLEHTpalusi HadTaluHa OJMHAKOBA [IJIi BCeX OOBEKTOB — 6 Hr/pwm,

NIOJIyYEHHBIE 3HAYECHMS! TAK>KE HE MPEBBIIAIOT yCcTaHOBJIEHHbIX TT/1K.

1o HaiineHHbIM MaccOBbIM KOHLEHTpauusaM ITAY paccunTbiBanm 3HaueHNs
COOTBETCTBYIOLIMX KPUTEPUEB W MNPEACTABISAIM B BUJE T'padpMKOB B3aWMHOMN
3aBUCUMOCTHM, KOTOpPbIE I HCCIEAYEMbIX OOBEKTOB IMPEACTABICHbI Ha
pucyHke 3. PesyabTaThl uaeHTU(UKAUUMM WCTOYHUKOB mnocTynieHust [IAY
(puc. 3) B BOly M3YUYEHHbIX OOBEKTOB NOKa3zaiu, 4yTo no kpureputo Flu/(Flu+Py)
OCHOBHAs JIOJISl TOYEK PACIIOJIOKEHA B 30HE MUPOr€HHOTr0 UCTOYHUKA. Kputepun

(Flu+Py)/(Chry+Phe) wu  Bla]A/(B[a]A+Chry)  BbISIBWIM  NUPOrE€HHOE
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npoucxoxjenrue [TAY B ogHux m Tex ke mpoOax, /il OCTABIUIMXCSI MOJYYEHO
NETPOrE€HHOE Y CMEIIAHHOE MOCTYIUIEHNE YIJIEBOIOPOJOB COOTBETCTBEHHO.
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Puc. 3. I'padpuku B3aMMHBIX 3aBUCUMOCTE OTHOLLIEHUI MapKepHbIX [TAY nis n3y4eHHbIX
00BEKTOB

IIpn comocTaBieHMM UCTOYHMKOB NpoucxoxaeHus [IAY m cymmapHbIx
KOHLIEHTPpALMI [ KaXKI0ro 00pasya CTaHOBUTCS OYEBUIHBIM TOT (PAKT, YTO IS
0oJiee 3arps3HEHHBIX MPOO BbISBJICHA MUPOTE€HHAs NMPUpOAa yriaesogoponos. HMx
MOCTYIUIEHUE MOXET ObITb BBI3BAHO CXKWI'aHWEM Pa3JIMYHbIX BUOB TOIUIMBA, a
Takke murpaguent [TAY ¢ BbIXVIONHBIMM ra3aMy TPaHCTIOPTA.

B  pesyabrare [aHHOrO  MCCIENOBAaHUSI  MOJYYEHbl  JIaHHbBIE O
koHueHTpauusx [IAY B p.Cesepckuin [loHey u OJumsiexammx BOJOEMAX.
Nnentudukanmss McTOYHUKOB mnocTymieHus [IAY Ha OCHOBE OTHOLIEHUI
MapKEpHbIX  COCAMHEHUN  BbISIBUJA  COIJIACOBAHHOCTb MO  KPUTEPUSIM
(Flu+Py)/(Chry+Phe) wu  B[a]A/(B[a]A+Chry). TIluporennass  mpupopa
YIJIEBOIOPO/IOB BbISIBIIEHA B 0OJI€€ 3arpsi3HEHHBIX OOBEKTAX, YTO MOATBEPXKIAET
3HAYMMOE HETaTUBHOE BIIMSIHUE 3MUCCUU BBIXJIONHBIX I'a30B TPAHCIIOPTA.
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B.B. Makyxa, T.U. bokoBa
HoBocnbupcknil rocyilapCTBEHHBIN arpapHblil YHUBEPCUTET

ONPEJEJEHUE ®JTYKTYUPYIOIENA ACUMMETPHU JINCTA
BETULA PENDULA

Onpepenena paykTyrpyroas acummerpusi mucta Betula pendula. Tlokazana 3aBUCUMOCTb
OT QHTPONOTeHHON HArpy3KU HA TEPPUTOPUIO NPOU3pACTaHus iepeBbeB Betula pendula.
KmmoueBbie cnoBa: uykTyupyroiasi acummerpusi, Betula pendula, anTpornoreHHas

Harpyska.

OnHYM W3 TOAXOMIOB WIS M3YyYEHMS XapaKTEPUCTUK KayecTBa CpPEfbl
SBJISIETCSI OLUEHKA COCTOSIHUSI >KMBBIX OPraHU3MOB IO CTAOMIBLHOCTU Pa3BUTHS,
KOTOpasi MOXET XapaKTEPU30BATHCS YPOBHEM (PIYKTYUPYIOLIEN ACUMMETPUU
(PA) MOpOJIOrHYECKUX CTPYKTYP.

[Ton daykryupyromein acummerpueil (PA) MOHMMAIOT HEHACJEyEMbIE
MEJIKME HEHAINPABJICHHbIE OTKJIOHEHMS OT CTPOroM OWilaTepaibHON CHUMMETPUM.
B kauectBe 0OBEKTa MOXET OBbITH BbIOpAaH MIO00W BHA, I KOTOPOIO
XapakTepHa OunarepanbHasi cummerpusa. Ha makpockommueckom ypoBHe PA
NPEJIOKEHO UCNONB30BATh B KAYECTBE MEPBI B OLEHKE CTAOWIIBHOCTU PA3BUTUS
opranusma [2]. YpoBeHb MOP(POreHeTUYECKMX OTKIIOHEHUN (T.€. PA) OT HOPMBI
OKa3bIBAETCS MWHUMAJIbHBIM JIMIIb [PUA  ONPEJCJICHHbIX (ONTUMAJIbHBIX)
YCIOBUSAX Cpeflbl M Hecneuyuuyueckd BO3PACTAET NPHU JIHOOBIX CTPECCOBBIX
BO3/ICHCTBUSIX .

CTaOunbHOCTH  pa3BUTMSA, OUEHMBaemas 1o  ypoBHioo PA, -
YyBCTBUTEJIbHBI MHAUKATOP COCTOSIHWUSI NPUPOAHBIX MONYJSLUUI, YTO SBUJIOCH
OCHOBAHMEM [IJIs1 YTBEPXKJIeHUsT MUHUCTEPCTBOM MPUPOAHBIX pecypcoB Pd sToit
METOJIMKM B KauecTBe HOpMATUBHOM. OuieHKa BeJMYuHbl A JIeKUT U B OCHOBE
METOJIOJIOTUM  XAPAaKTEPUCTUKM KAdyeCTBA Cpefbl OOWTaHusA, MOJy4YUBIIEH
Ha3BaHUE «METOJIOJIOTUSI OLEHKU 3[10POBbs cpefibl» [2]. OlieHKa KayecTBa Cpefibl

70



CTaHOBUTCS NPUHLMNUAIBHO BAXKHOW 3ajayeil, Kak MpU IJIAHUPOBAHUU, TaK W
MPU OCYLLIECTBJIEHUU JIFOObIX MEPONPUSITUI MO MPUPOJONOJIB30BAHUIO, OXPaHE
NpUpofbl M OOECNEUEHUIO0  3IKOJOrMyecKon Oe3omacHocTh. OpHuM U3
MEPCNEKTUBHBIX MOAXOOB /I UHTETPAJIIBHON XapaKTEPUCTUKU KAaYeCTBa CPEJbI
SBJISIETCSI OLUEHKA COCTOSIHUSI >KMBBIX OPraHW3MOB IO CTAOMIBLHOCTU Pa3BUTHS,
KOTOpasi  XapakTepu3yeTcsd  ypOBHEM  (QIYKTYMPYIOLIEH  aCUMMETpPUU
MOP(OJIOrMYECKUX CTPYKTYP.

W3 Bcex OpraHoB pacTeHUN JIMCTBS SIBJISIFOTCS CAMbIMUA YyBCTBUTEJIbHBIMU
K JIeWCTBUIO aTMoc(epHbIX 3arpsisHuTesieil. Takas  4yBCTBUTEJIbHOCTD
OOBSACHSETCS TEM, YTO OOJIBIIMHCTBO BAXKHBIX (PUMOJOTMYECKUX MPOLECCOB
OCYILECTBIISIETCS B JIUCTE.

Take JIMCT pacTeHus SIBISIETCS BbICOKOIUIACTUYHBIM OPraHOM, XapakTep
U3MEHUMBOCTA €ro MOp(OCTPYKTYpPbl CIY>XXUT WHAUKATOPOM 3arpsi3HEHUS
yCHoBUM BHeWIHeW cpefbl. C yBENIMYEHUEM CTENEHU aHTPONOTE€HHON HArpys3Ku
cphopma nMCTOBOV NMIACTUHKU Pe3KO u3MeHsieTcss. O xapakTepe 3TUX U3MEHEHUI
MOYHO CYJIUTb MO HAPYUICHUIO CTA0OUILHOCTH Pa3BUTUS U BEJIMUMHE MOKA3aTes
ACUMMETPUM.

Meronuka onpepesnenusi CTabUIbLHOCTH pa3BuTus B. pendula no Benuuuxe
(paykTyupyromein acCMMMETpPUU JIMCTOBBIX IUIACTUHOK OCHOBAaHA HA CUCTEMeE
npoMepoB JucTa. s 3TOro MUCHOJIb3YIOTCS TPU3HAKU, XapaKTepu3yrolue
obime MopgoJoruueckue OCOOEHHOCTH JIMCTa, YAOOHbIe [JIs1 ydeTa U
ofiHO3HayHOW oueHku [1, 2, 3]. Ilpu 3TOM Ha KaxJoi JIMCTOBOKM TJIACTHHKE
BBITIOJTHSIJTU 10 5 U3MEPEHMUI € JIEBOW U MPABOI CTOPOHBI JincTa (puc. 1).

Coop marepuana ocyuectsisics B aBrycre 2018 roga B HoBocubupckoi
o6nactu ¢ gecsatu Todyek. C Kaxkaoi Touku Ob110 B3siTO 1o 100 jucTheB (o 10
o6pazuoB ¢ 10 xgepeBbeB). Becero 6nu10 coopano 1000 nmuctbeB. COOp JMCTHEB
POBOJIUJIM, OCHOBBbIBasiCh Ha MeToiuky B.M. 3axaposa [2].

[Tpomepsl neBoit (L) u npaBoii (R) cropon mucta Betula pendula (no B.M. 3axapoy, 2000)
1 — mmpuHa neBoOW ¥ MPABOM MOJIOBUHOK JIUCTA (OT IPaHULbl UEHTPANIBbHON >KUJIKYU [0 Kpasi
JMCTA); 2 — JIMHA XUJIKU BTOPOIO NOPsifIKa, BTOPOM OT OCHOBAHUS JIMCTA; 3 — PACCTOSIHUE
ME3K/1y OCHOBAHUSIMU MEPBOIA U BTOPOM YKUJIOK BTOPOI0 NOpsifiKa; 4 — pacCTOSTHUE MEXKTY
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KOHIIaMH 3TUX 2KE >KNJIOK; 5 — yFOJI MG)Kle T JIaBHOI;‘I )KI/IJIKOI;‘I n BTOpOﬁ OT OCHOBAHM4 JINCTA
SKUJIKOW BTOPOTO NOpsijiKa

[Ipu cOope wmarepuana, AOOMBASICH TNPUOIUZUTEIBLHON OJHOPOIHOCTH
00pa3loB, ObUIM COOJIIOJIEHBI OJJUHAKOBBIE YCJIOBUSI cOOpa JIUCThEeB. MeTtoauka
ompefieJieHusi  CTaOWIbHOCTU  pa3BuTusi B. pendula 1o  BeluuuHe
(haykTyupyromein acuMMETpPUU JIMCTOBBIX IUIACTUHOK OCHOBAaHA HA CUCTEMe

NPOMEPOB JIUCTA.
Taomuna 1
BasnbHas mikana oleHKM KauecTBa cpefibl Mo BeJnyrHe (hayKTYUPYOLLEel aCUMMETPUN JIUCTA
Betula pendula (no B.M. 3axaposy, 2000)

bann KauecTBo cpeppl DA
1 Y c10BHO HOpMaJTbHOE < 0,040
II HavanbHble (He3HAUUTEIIbHbIE) OTKJIOHEHUSI OT HOPMbI 0,040-0,044
III Cpenuuil ypoBeHb OTKJIOHEHUI OT HOPMBbI 0,045-0,049
v CyuecTBeHHbIe (3HAYUTENbHbIE) OTKJIOHEHUS] OT HOPMbI 0,050-0,054
\Y KpuTtnueckoe cocrosinue > 0,054

st 2TOro  WCHOJIB3YIOTCS MPU3HAKU, XAPAKTEPU3YIOIUE  OOIIue
Moposorniyeckne OCOOEHHOCTU JIMCTA, YAOOHBIE ISl y4Y€Ta M OJHO3HAYHOMN
oueHku [2, 4]. Insg Kaxjaodl JMCTOBOW IUIACTUHKU Opanu mnpomepbl S
CTAHIAPTHBIX METPUYECKUX OuiaTepaibHbIX NPU3HAKOB [2]. Yrom Mexpuy
SKUJIKAMU U3MEPSJICSA € MOMOUIBIO TpaHcnmopTupa. [1s Kax/aoro miacTu4ecKoro
NPU3HAKA BEJIMYMHA ACUMMETPUM PACCUUTHIBACTCS KaK pa3jiMyue B MPOMEpax
caeBa u cnpasa. Crenys meropuke C.HM. Mapuenko [4], Obuio npousseieHo 1
000 u3mepeHuit sl KaXIoro MmyHKTa otoopa nmpod (5 MepHbIX MPHU3HAKOB X 2
CcTOpOoHbI McTa X 10 mucTheB ¢ Kaxyoro aepesa X 10 nepeBbeB).

s cratuctTuyeckoil OOpaOOTKM MPUMEHSUIM METOJ] MHOTOMEPHOrO
aHaIKM3a: METOJ| TJIABHbIX KOMIIOHEHT U METOJ| OLIEHKU CTAaOWJIbHOCTU Pa3BUTUS
no KaxjioMy npuszHaky. MeToj OleHKM CTAOWUJILHOCTU Pa3BUTHUSI MO KaXKAOMY
NPU3HAKY CBOJUTCS K OLEHKE acuMMmeTpuu. [IJs MIacTUYEeCKOro Mpu3HaKa
BEJIMYMHA ACUMMETPUU Y 0COOM PACCUUTHLIBAIM KaK pa3jinyue B MpoMepax ciesa
U CrpaBa, OTHECEHHOE K CyMME€ NMPOMEpOB Ha JIByX cTopoHax. Mcnosib3oBaHue
TaKON OTHOCUTEJLHOU BEJIMYMHbI HEOOXOIUMO JIJIl TOrO, YTOObl HUBEJIMPOBATH
3aBUCUMOCTb BEJIMYMHbI AaCHUMMETPUM OT BEJIWYMHbI CaMOro MNpHU3HaKa.
[TonynsiuuoHHasi  OLIEHKA  BbIpaXKaeTcsl CpefgHed apuMEeTUYECKON  ITOW
BeqnuuHbl. CTaTUcTUYecKas 3HAYUMOCTb pa3iMuuMil  MeXJy BbIOOpKaMu
onpepiensiercss no  t-kputeputo  CrhrofieHTa. I[lpum aHanmumze KomIsekca
MOP(OJIOTMYECKUX MPU3HAKOB JIyYllle UCTIOIb30BaTh UHTErPAJIbHbIE NTOKA3ATENN
CTaOUJILHOCTU Pa3BUTHs. PacueT MHTErpajbHOro nokaszaressl MPOW3BOAWIM MO
metouke B.M. 3axaposa [2].

st OLEHKM KadecTBa Cpefbl HKCMOJb30BAIA MATUOAIUIBHYIO IIKATy
CTENEHW  HapyLIeHWs  CTAaOMJIBHOCTM  pa3BUTUSI  Oepe3bl  MOBHUCIION,
paspaborannyro B.M. 3axapoBeiMm u jap. [3]. PesysnbraThl COOCTBEHHBIX
VICCJIE[IOBAHU MPECTABJIECHbI B TA0MLIE 2.
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Tabmuma 2

Ounenka kauectsa cpefbl HoBocuOupcekoit 061acT o BeIMUYUHE (PIIyKTyupyrouei
acummeTpuu ucta Betula pendula (no 6annsHoii mikane M.B. 3axaposa, 2000)

Teppuropust DA bamn
1 — oOepecra B. pendula, 0,040-0,044 II
Oepe30Bblit KOJIOK,
Bapadunck (HCO)
2 - oOepecta B. pendula, 0,040-0,044 I
Oepe3oBblil Jec, UynbIMCKUii
paiion (HCO)
3 — Oepecra B. pendula, 0,040-0,044 II
Kynpsimosckuii 60p (HCO)
4 — oOepecta B. pendula, 0,050-0,054 v
Oepe30Bblil  KOJIOK  TOpA
Hosocubupck;
S5 — oOepecta B. pendula, 0,040-0,044 I
6epe3oBblii Jec Mckutumckuit
paiioH
6 — Gepecta B. pendula, npu 0,045-0,049 II
nopore, bapa6unck (HCO)
7 - 6epecta B. pendula, npu 0,045-0,049 II
popore, YynbIMCKUI parioH
(HCO)
8 — 6epecra B. pendula, npu 0,045-0,049 III
nopore ropg HoBocubupcek;
9 — 6epecra B. pendula, npu 0,045-0,049 III
nopore, UCKUTUMCKUI paiioH
10.  Belesan u3  ropopja 0,050-0,054 v

HoBocubupcka B  CTOpOHY
Omcka

[Io pasHbIM TaOimupl 2 MOXKHO CAENATh CIEAYIOIME BBIBOJBL: B
HoBocubupckoit obsactu ¢uyKTyupyromas accumetpus aucra B. Pendula
pa3InyHa Ha Pa3HbIX TEPPUTOPHSIX, CBS3aHHO 3TO C AHTPOINOIEHHON HArpy3Kom
Ha TEPPUTOPHIO: TaM, IJIe Harpy3ka OoJblle (MCKYCCTBEHHOE OCBEILEHUE,
OO0JIBLLION NMOTOK TPAHCIIOPTA), MOKA3aTENb (PIYKTYUPYIOLIEN CUMMETPUM BbILLE.
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O.A. IInoTtHukoBa, P.A. Eneynosa

CapaToBCcKMi1 rOCYApCTBEHHBIN TEXHUYECKNAN YHUBEPCUTET
umenu ['arapuna [0 .A.

JIOMUHECHEHTHBIE METO/1bI BbIABJIEHWSI
IKOTOKCUKAHTOB B OB BEKTAX OKPY2KAIOIIEN CPEAbI

[IpencrapieHbl aHATUTUYECKKWE XapPAKTEPUCTUKKU U OOJACTU MPUMEHEHWE Pa3jIMyHbIX
JIOMUHECLIEHTHBIX ~ METO[OB  JIsl  BBISIBJICHMSI B OKPYKAloOLIei cpefe  pa3iMuHbIX
3KOTOKCUKAHTOB, MPUCYTCTBYIOIIMX MpPU OYEeHb HMU3KHUX KOHLEHTpauusix. PaccmoTpeHbl
CcrnocoObl  yJIyYllleHUSI AHAIMTUYECKUX  XAPAKTEPUCTUK  JIIOMUHECUEHTHbIX  METOJIOB.
[TpuBefeHbl pe3yabTaTbl 3KCIEPUMEHTANIBbHBIX UCCAEIOBAaHUA BO3MOXKHOCTU TMPUMEHEHUs!
MeTofla TBEpAO(A3HON JIIOMUHECUCHLIMU JJIi aHAJIM3a 3KOTOKCUKAHTOB MOJMLMKINYECKUX
apOMaTUYECKUX YTJIEBOJOPOJOB B BOJIHBIX Cpefax.

KntoueBble  cnoBa:  JIIOMMHECLUEHTHbIE ~ METOfbl  aHaiuMs3a,  TBeppodasHas
JIFOMUHECLIEHLUS, TOTULIUKIINYECKHE APOMATUUECKKE YTIIEBOIOPOJIbI

[IpucyTcTBHE B OKPYXKAIOWEN CpEAe Pa3IMYHbIX OPraHUYECKUX W
HEOPraHUYECKUX 3arps3HUTENIEN [aXe B OYEHb HU3KHMX KOHLEHTPALMSIX
NPEJCTAaBIsIET COOOM 3KOJIOTMYECKYID YIpo3y W3-3a MX MNOTECHUUAIBbHBIX
HEOaronpusATHbIX  BO3/ICVICTBUII HA  JKMBbIE CUCTEMbI UM  BO3MOXKHOMN
TOKCUYHOCTU. WM3BECTHO, 4TO B arMocdepe, NPUPOAHBIX BOAAX U TOYBE
NOBCEMECTHO MPUCYTCTBYIOT PpAa3JMYHbIE 3arpsi3HATENM - 3IKOTOKCHUKAHTHI:
NOJIMUMKJINYECKUE apoMaTthuyeckue yraesopgopoabl (ITAY), xnopopranmuyeckue
COEIMHEHUs, MECTULMbI U TsKenble MeTauibl. [loaTomy paisi cOBpeMEeHHOM
HAyK/ aKTyaJIbHOM SIBJISIETCS pa3pa00TKa HOBBIX BbICOKOUYBCTBUTEJBHBIX W
CEJIEKTUBHBIX METOJOB, A TAaKXKE YJIYUYIICHWE AHAIUTUYECKUX XapaKTEePUCTUK
UMEIOLIUXCST METOJIOB  OOHAPY>KEHWSI W  KOJMYECTBEHHOIO  OMNpeEieIeHUs
3arpsiI3HSIIOIIMX BELIECTB B OKpYyKaroulen cpefe. Hanbonee pacnpocTpaHEHHBIMU
METOJ/IaMM OIpPENIEJICHUSI MHOTUX 3arpsi3HUTeNiel, B ToM uucie [TAY, asasrorcs
xpomartorpacpuueckue metoipl [1-3], oHM XapakTepu3YyIOTCS NIUTEIbHOCTHIO
MPOOONOTrOTOBKY Y CJIOKHOCTBIO B UCMOJHEHUU. [[pyrumMu MeTopamu, IMUPOKO
MPUMEHSEMbIMU [IJISI  AHAJIM3a MHOTMX TPyNN 3KOTOKCUKAHTOB, SBJISIFOTCS
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CIEKTPAJIbHbIE METO/Ibl, B YACTHOCTH, JIIOMUHECLUEHTHbII aHamm3 [4, 5]. Tak,
(pnyopecueHTHass CIEKTPOMETPUS IUPOKO MPUMEHSIIACH JIJIs1 KOJMYECTBEHHOTO
aHanM3a  MHOIMX  OPraHMYECKMX  COCAMHEHUMH B OMOJIOTMYECKOM,
OMOMEIUUMHCKOM, TMUIIEBOM M 3KOJOrM4yeckoin oobmnactax. JIeicTBUTEIbHO, C
AHAJIMTUYECKOM TOYKM 3peHMs METOfbl uiyopecueHumu u gochopecueHuumn
NPEACTABIAIOT MHTEPEC KAaK OYEHb  YyBCTBUTEJBbHbIE, OTHOCUTEJIBLHO
CEJIEKTUBHBIE M MPOCTBbIE METO/bl, NPUMEHMUMBIE K OOBEKTaM OKPY KAroLEn
cpenbl [S]. [Tockonbky TTAY gBnstorcs moMuHOMOpPAMU, TO JIFOMUHECLIEHTHBIE
METO/bl BEChbMa MEPCIEKTUBHBI JJIsi aHAJIM3a MMEHHO 3TOr0 KJacca BEIIECTB.
Hanbonbiiee  pacnpocTpaHeHWe  MOJMY4YMJl  METO[  HU3KOTEMIEPATYPHOMN
JIOMUHECUEHIIUM, OCHOBaHHbIM Ha addekte Ilnonsckoro [6]. OnHako
CJIOKHOCTb ~ HM3KOTEMIEPATYPHBIX W3MEPEHUI MPENSTCTBYET  IIMPOKOMY
PacpOCTPAHECHHUIO JJAHHOTO MeTOo/a JI71sl aHaym3a [TAY .

IAnsg  yaydmieHusi  AQHAIMTAYECKUMX — XapakKTEPUCTMK B METOAax
JIOMAHECUEHIIMA M JIPYTUX CBSI3aHHBIX AHAIMTUYECKMX METO[AX I[IUPOKO
NPUMEHSIOTCS OPraHU30BaHHbBIE CPENbI, B TOM YHCIIE MUUEJUIBI, YTO, B LIEJIOM,
MO3BOJIIET MOBBICUTb YYBCTBUTEJIBHOCTb M CEJEKTUBHOCTH aHainu3a [7].
MuuennspHele CUCTEMBI TOTOBST NYTEM JOOABIIEHUSI COOTBETCTBYIOLLMX
KOJINYECTB MMOBEPXHOCTHO-AKTUBHBIX BEIIECTB B BOAY WJIM BOJHO-OPraHUYECKHE
pacTtBopbl. IIOBEpXHOCTHO-aKTMBHBIE  BEIECTBA MMEIOT  aM(PUPUILHBINA
XapakTep, MOJIEKYJbl MOBEPXHOCTHO-aKTUBHOTO BEILECTBA arperupyroT B
BOJIHOM WM YAaCTUYHO BOJIHOM PacTBOpe C OOpa30BaHMEM MULEJUT MpU
KOHLEHTPAUUU MOBEPXHOCTHO-AaKTUBHOIO BEILIECTBA BbIIIE OMNPEAETICHHOTO
NOpPOroBOr0  3HAYEHMS,  HA3bIBAEMOr0  KPUTUYECKON  KOHLEHTpauuein
muneanooopasoBanusa (KKM). Hcnonb3ys MULEMISIpHBIE CPefbl, MOXHO
U3MEHUTb PACTBOPUMOCTb U MUKPOCPEY AaHAJIUTOB, a TAaKXKe MOBBICUTH HUX
JIFOMUHECUEHTHbII CUTHAI.

Hdpyrum 2 PEKTUBHBIM CIIOCOOOM TMOBBILIEHUS] BEPOSITHOCTU IPOLIECCOB
U3JIy4YaTEJIbHON JIe3aKTUBAUMM BO30Y KIACHHBIX COCTOSIHUN MOJIEKYJ SIBJISIETCS
uMMoOuIM3anus JiroMuHOopopa Ha TBeppon nojyioxke [8]. Ha atom sBieHun
OCHOBaH MeToj TBepaogasznoi momuHecueHumm (TPJI). [Ipossaenne TPJI npu
KOMHATHOM TEMIEPAType CBSI3aHO C YMEHBIICHMEM CKOPOCTH TYLICHHS
KUCJIIOPOAOM  BO30YJKAECHHBIX  COCTOSIHUM ~ MOJIEKYJ ~ COPOMPOBAHHBIX
opranndeckux coeguHeHuil. [Ipn HaObmopenun TPJI copObumro moMHHO(POPOB
OCYILECTBIISIIOT Ha pa3imyHble MaTpuibl. COpOUMOHHOE KOHLEHTPUPOBAHNUE B
COYETAHUM C U3MEPEHUEM AHAJIMTUYECKOrO CHMTHAJIA HA NMOBEPXHOCTU COpOEHTA
NO3BOJISIET CHU3WUTB NPEAEN OOHAPYKEHUS ONPEAEISEMBIX KOMIIOHEHTOB.

Hamp  Obumn  mpoBefieHBI  WCCNENOBaHMs,  HANpaBJIEHHbIE  HA
YCOBEPILIEHCTBOBAHNE TBEPAO(A3HOTO JFOMUHECLHEHTHOIO METO/A ONPEACIICHHUS
[TAY yIJIEBOJOPO/IOB nyTeM PEBAPUTEIILHOTO COpPOLMOHHOTO
KOHLUEHTPUPOBAHMA  HAa  MOAU(MUUMPOBAHHYIO  MOBEPXHOCTHO-AKTHWBHBIMU
BELLECTBAMU LIEJIJTFOJIO3HYO0 MAaTpULy .
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B kauecTBe MOAENBHOrO  COENMHEHMS JIsl  IKCIEPUMEHTAIBHBIX
UCCJIEIOBAaHNI ObUT B3IT HAMMEHEe TOKCHUYHbIA mnpepctrasutTens [IAY mmpen.
BuOponHas cTpykTypa cnekTpa (uIyopeCUEHIMM MOJEIBHOTO COEMHEHNS
nupeHa HaOsroiaeTcsl B quana3zone JiivH BoJH 360 - 400 M. [11s1 npuroToBaeHus
BOJITHO-MULEJUISIPHBIX ~ PacCTBOPOB  NpuUMEHsuicss  katmoHHbmi  [IAB —
getuntTpumetTuiaammonns  opomup  (LITAB). I[TAY copbupoBasm Ha
LEJUTIOJNIO3HYIO MAaTpuly B JUHAMMYECKOM PEXMME B COPOLMOHHOW KOJIOHKE.
3aremM UEUIIONO03HbI copOeHT cymwn. CnekTpel momuHecueHuuu [TAY
noJiyyanu Ha paryopecuieHTHoM criektpomerpe LS 55 (Perkin-Elmer).

DKCNEPUMEHTAIBHO YCTAHOBIIEHO, YTO WHTEHCUBHOCTH (PJIyOpeCUEeHUMN
NMpeHa Ha MaTpULE BbIIE, YEM B BOJHOM pPacTBOpPE, M3 KOTOPOIo
OCYILIECTBIIANIACHL €ro copOuusi. DTO OOBACHIETCS NOTEpPEN MOABUKHOCTU
COpPOMPOBAHHBIX MOJIEKYJI IMPEHA U, KaK CJEJCTBUAEC, YBEIMUYEHUEM BEPOSITHOCTU
U3JIy4YaTeJIbHbIX NEPEXOfoB  ((pilyopecueHuysi) W3 TNEPBOrO0  CHHIJIETHOTO
BO30Y>KJIEHHOTO COCTOSIHUSI B OCHOBHOE.

[lepcnekTMBHBIMM  MOAM(UUIMPYIOIIMMU MaTPUIy areHTaMu SBJISIOTCS
noBepxHoCcTHO-akTuBHbIE BemecTBa (ITAB) [9]. CopOuus nupeHa w3 BOJHO-
MULEIUIAPHBIX ~ pacTBopoB  IIAB,  cnocoOCTByeT ~ KOHLUEHTPUPOBAHWIO
comoOonmm3npoBanHoro B wmunemwiax IIAB nmpeHa B NOBEPXHOCTHOM CJIO€
copOeHTa. AHanM3 CHEeKTPOB (payopecUeHIMA MNHpPEeHAa Ha  LEJUIIOJIO3HON
MaTpULE, TMOJYYEHHbIX IMpPU €ro copouMM U3 pacTBOPOB C Pa3IAYHbIM
copepkanmeM [IAB, mo3Bosmin NOCTPOUTH COOTBETCTBYIOLIME 3aBUCUMOCTH.
Y CTaHOBJIEHO, YTO MaKCHMMAJIbHBII CHUTHal (PJIyOPECUEHUMU COPOMPOBAHHOIO
UEJUTIOJIO3HOW MATpULiel NuMpeHa HaOmogaercss npu  KoHueHTpauusx [IAB
BOJIM3M KPUTUYECKUX KOHLEHTpauui mulesooopasoBanust (KKM).

CopbOupsa katmonHoro I[IAB Ha oTpUIATENBHO 3apSEKEHHYIO MaTPUILY
6osiee apekTrBHA 1O cpaBHEHNIO ¢ aHMOHHBIX [IAB. IIpn copbumm nupena u3
BoiHOro pacteopa LUTAB Ha uemnmono3Hyro maTpuily HaOMIOaeTcs pe3koe
BO3pACTaHNE WHTEHCUBHOCTU (PJIyOpECUEHUMM TMpEHa TpPU  YBEIWYEHUU
KoHUeHTpauun katnoHHoro [IAB B pactBope. IlonmydeHsl JMHENHBIE
3aBUCUMOCTH MHTEHCUBHOCTY JIFOMUHECLECHIMU MHAPEHA OT €ro COJIEP>KaHWs B
n3yuyeHHbIXx cucreMax. IIpepen ¢nyopecueHTHOro oOHapyxeHus nupeHa 4,9
HI/MJ1, 00JIACTh JIMHEMHOCTH TPAlyMPOBOYHOrO rpacpvka COCTABJSET [UAMA30H
ot 10 mo 2000 Hr/mi1.

Takum  oOpa3oM, O9KCHNEPUMEHTAIBHO  MOAOOpaHbl  ONTUMANIbHbIE
XapakTEPUCTUKMA  JIIOMUHECUEHTHOro  ompepenennss [IAY  Ha  ocHoBe
MOAU(PUUMPOBAHHON MMUEIUIIPHBIMA HAHOCUCTEMAMM LIEJUIFOJIO3HON MATPHULBI.
JlaHHBIE METOABI MOTYT OBITh WCIOJIb30BAaHbI B 3KOJIOTMYECKOM MOHWTOPWHIE
I ONIEPATUBHOTO KOHTPOUIS cofepxkanus [TAY .

Pe3ynbTarel paboThI MOMyYEHBI B pAMKaXx BBITOJHEHUSI TOCY/JAPCTBEHHOTO
3aganus Ne 5.3922.2017/64 Muno6puayku Poccun.

76



JIureparypa

1. Analysis of polycyclic aromatic hydrocarbons (PAHs) in environmental
samples: A critical review of gas chromatographic (GC) methods / D. L. Poster [at al.] //
Analytical and Bioanalytical Chemistry. — 2006. — V. 386. — P. 859-881.

2. Wise, S. A. Analytical methods for determination of polycyclic aromatic
hydrocarbons (PAHs) — A Historical perspective on the 16 U.S. EPA priority pollutant
PAHs /S. A. Wise, L. C. Sander, M. M. Schantz // Polycyclic Aromatic Compounds. — 2015.
- V.35.-P.187-247.

3. Recent advancements and future trends in environmental analysis: Sample
preparation, liquid chromatography and mass spectrometry / L. Pérez-Fernandez [at al.] //
Analytica Chimica Acta. —2017. - V.983. - P. 9-41.

4. Bortolato, S. A. A novel application of nylon membranes to the luminescent
determination of benzo[a]pyrene at ultra trace levels in water samples / S. A. Bortolato, J. A.
Arancibia, G. M. Escandar // Analytica Chimica Acta. — V. 613. - P. 218-227.

5. Ackerman, A. H. Methods for coating filter paper for solid-phase
microextraction with luminescence detection and characterization of the coated filter paper by
infrared spectrometry / A. H. Ackerman and R. J. Hurtubise // Anal. Chim. Acta. — 2002. —
V.474. —Ne 1-2. —P.77-89.

6. Determination of trace tin by solid substrate-room temperature phosphorimetry
using sodium dodecyl sulfate as sensitizer / L. Jiaming [at al.] // Spectrochim. Acta - Part A
Mol. Biomol. Spectrosc. — 2003. — V. 59. — P. 2081-2085.

7. Luminescence methods for study and determination of pollutants in the environment / T
V. Morales [at al.] / Macedonian Journal of Chemistry and Chemical Engineering. - 2010. —
V.29, Ne1.-P. 1-42.

8. Wang, H. Direct determination of benzo[a]pyrene in water samples by a gold
nanoparticle-based solid phase extraction method and laser-excited time-resolved Shpol’skii
spectrometry / H. Wang and A. D. Campiglia // Talanta. — 2010. — V.83. —P.233-240.

9. Environmental analytical applications of luminescence in organized
supramolecular systems / J. J. Santana Rodriguez [at al.] // Anal. Bioanal. Chem. — 2006. - V.
385.—P.525-545.

T.A. Ilpoxopuna, /1.A. Kapeouna

Boponexckuil rocyJapCTBEHHBIN YHUBEPCUTET

YCOBEPHLIEHCTBOBAHHUE OYUCTKHA CTOKOB OT ABTOMOEK
r. BOPOHEXKA C HEJIBIO IIOBTOPHOI'O UX TPUMEHEHUA

AHHOTauus: Moiika aBTOTpaHCOpTa MPUBOAUT K  pacxofly NpecHOM BOAbl U
00pa30BaHUIO OOJBIIOr0 00bEMA CTOKOB, YTO Hapsy ¢ OOJBIIMMU «BOJHBIMU» NpodjemMamu
HejonycTumo. B paGore npuBeieHb! JaHHbIE MHBEHTApU3ALMU BCEX aBTOMOEK I'. BopoHexa u
pe3ynbTaThl UCCIEJOBAHUII CEMU MApPOK Pa3IMYHbIX (PJIOKYJISIHTOB JIJIs1 MOBBILIEHUS] CTENEHU
OYMCTKU CTOYHBIX BOJI OT MOVKM aBTOMOOWJIEH C LEJBIO UX MOBTOPHOIO MCIIOJIb30BAHMUS.
PaspaGorana npuHuMNUanbHas CXeMa OYMUCTKM CTOKOB OT MOMKU aBTOTPAHCIOPTa C
000POTHBIM BOJIOCHAOXKEHUEM.

Kitouesble croBa: cTOYHast BOjia, TOPOJICKAsl KaHAIW3aLusl, aBTOMOVKA, KOAaryJsiys,
paokynsiuys, pAOKYISHTbI, CTENEHb OUUCTKU, 0O0POTHOE BOJJOCHAOKEHUE .
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IIpn moiike aBTOMOOMIEV 00pa3yeTcsds O0C000 3arps3HEHHbIA CTOK,
cofiep>KaluMil MOMHAMO B3BEILIEHHBIX BEIIECTB U HEPTENPOAYKTOB TaKUE
CJIOXKHBIE  3arpsi3HEHMs, KaK  IIaMIyHW, COJM, MAlIMHHBIE  MacJja,
aKKyMYJISITOPHBIM ~ aekTpoiuT u  T.J. Ilepenq cOpocom B TOPOJICKYIO
KaHAIM3aUMI0 CTOKMA JOJDKHBI NPOXOANTH OOS3aTENbHYIO OYHCTKY, KOTOpPas
TpeOyeT B3HAUYUTEJbHBIX 3aTpar npeanpusstuss. OgHO U3 PEWEHUur - 3ITO
NPUMEHEHUE TEXHOJIOTUI OOpaOOTKM CTOYHBIX BOJ, MO3BOJISIIOLIAX BEPHYTh MX
JUI. TOBTOPHOTO MCHOJBb30BaHUsl. OUYUIIEHHbIE CTOKM MOXKHO MCHOJIb30BaTh B
KAayeCTBE TEXHUYECKOW BOJbI, HAmpumep, /sl MOWKM  aBTOTPAHCIOPTA.
TexHuruyeckas Boja /Jisl IaHHBIX 1ieJieil He TpeOyeT BbICOKOro KauecTBa OYUCTKH,
JIOCTATOYHO MEXAHUYECKON OYMCTKU OT MYCOpa, KPYNHBIX TSKENbIX YaCTHUIL
TUMA TeCKa U HEe(PTENPOAYKTOB U (PUIUKO-XUMUUYECKON OUYUCTKU JJIsl OUUCTKU
BOJIbI OT B3BELIEHHbIX BEIIECTB U COJIEH TsKEJIbIX MeTasoB [1].

B Hacrosiliee Bpemsi TMPEAbsBISIOTCS OYEHb BbICOKME TpPeOOBAaHUS K
CTPOSILUUMCST aBTOMOWKaM. UTOObI YMEHBIIUTL PacXof] MUTHEBOW BOJbLI HE MO
Ha3HAUEHUIO, a TakK>Ke MOBTOPHO HCNoib30BaTh 90-95% wucxopHoll BOfbI U
UCKJIIOYUTh COPOC CTOYHBIX BOJI B OKPYKAlOUIYyI0 Cpedy Ha COBPEMEHHBIX
ABTOMOMKAaX JIOJKHA ObITh BHEJIPEHA CUCTEMA 00OPOTHOIO BOIOCHAOKEHUSI.

B r. BopoHexe pa3penieHue Ha 3KCIUIyaTauui0 aBTOMOEK TOJIbKO C
3aMKHYTbIM LMKJIOM BOfbl IO CUX MNOp He mnpuHaTo. [loaroMy B wensx
PAUMOHAIILHOTO BOJONOJIL30BAHUS U YMEHbILIEHUS] AaHTPONOTEHHOIO 3arpsi3HEHUS
NPUPOJIHBIX BOJ HEOOXOAUMO LIMPOKO BHEAPSTH BOJOCOEpErarolliye TeEXHOIOTUH,
B CBSI3U C YEM, MPEJIOKEHHAS TeMa HOCUT aKTyaJIbHbI XapakTep.

ABTOpamu paboThl ObLIa MPOBEJICHA WHBEHTApU3alUsl BCEX aBTOMOEK T.
Boponexa, no pesynbraram kotopol Ha 30.12.2018r. HacUMTBLIBAE€TCS BCETO
343 opraHuzalyy B KaTeropum «ABTOMOWMKW», U3 KOTOpbIX 230 aBTOMOUNKM
pacnojiokeHbl B TNpaBoOEpe’kHOW YacTu Tropopa, a 113 aBTomMoek — B
JIEBOOEPEKHOM .

YcTaHoBlIeHO, YTO B HacToslilee BpeMsi npumepHo Ha 80% aBTOMoOeK
ropoja MMEEeTCs TOJbKO MEXaHMYecKas OYUCTKA CTOKOB Mepej cOpocoM B
FOPOACKYHO  KaHalu3alldid U TOJHOCTBIO  OTCYTCTBYET  OOOpPOTHOE
BojlocHaOxeHue. I[loaTomy wenbp paboThl 3akiroyanach B UCCJEJOBAHUU
BO3MO>KHOCTH TIPUMEHEHUSI  COBPEMEHHBIX (DIIOKYJISIHTOB [iJIsl TMOBBILICHUS
CTENEHU OYMCTKM CTOKOB OT MOWKM aBTOTpaHcmopTa r. BopoHexka ¢ LEbio
MOBTOPHOT'O MCIOJIb30BAHUS 3TUX BOJ.

B kauyecTBe 00BEKTa UCCIEIOBAHUSI WCMOJIb30BAIM OPUTMHAIBHYIO
CTOYHYIO BOJly OT JIBYXIIOCTOBON aBTOMONKM «JlyOpaBa», pacrnojoXeHHOW B
KomunTepHOBCKOM parioHe no yia. MockoBckuil mpocnekT, . 102 B.

Becnoit 2019 r. Obuia oToOpaHa pa3oBasi mpob6a CTOYHOW BOJbI 0OBEMOM
30 71, KOTOpYIO OTKAaUMBAJIM W3 €MKOCTHU Uil MPUEMA CTOKOB NOTPY>KHBIM
HacocoM c rayounsl 1-1.5 m. [TpoOa paznuBanack No NATUIUTPOBBIM KAHUCTPAM.
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[lepen KaxpabIM aHaIM30M OCEBIIME HA JIHO B3BELICHHbIE BELIECTBA
B30aJITHIBAJINCH.

Ha paHHOM MOWIKE OTCYTCTBYET ABTOHOMHAsI CHUCTEMa OYMCTKMU BOJbI.
CTOoKM TpOXOfAT TOJIBKO MEXAaHMYECKYK OYMCTKY. B moisy momerieHus mnop
PELIeTKOI yCTaHOBJIEHbI 6 eMKocTel pa3Horo auameTpa. [locne Moiiku cTouyHas
BOJIa Yepe3 PELIETKY MOCJENOBATENLHO NEPEIUBACTCA U3 OOJbLIEN EMKOCTU B
MEHBIIYIO, B PE3YJIbTATE YErO TBEPAbIC YaCTULbI OCEJAIOT Ha AHO. OuuleHHas
TaKUM 00pa3oM Bojia cOpachbIBaeTCsi B TOPOJACKYK KaHamm3auuro. Pacxop
BOJIONIPOBOJIHOM BOJbI U3MEPSIOT MO CYETYMKY. OOOPOTHOE BOJOCHAOXKEHUE HE
BHEJIPSIFOT U3-32 HETIOCTATKA MAaTEPUATIbHBIX CPEJICTB.

Tak kKak Mo#Ka aBTOMOOWJIEH MPOM3BOAMTCS BOJOMPOBOHOM BOOM, TO
ISl CPAaBHEHUS MPOBEJIM XUMUYECKUN aHAJIN3 UCXOAHON BOJOMPOBOJHOM BOJbI U
CTOYHOHM BOJIbl, OOPAa30BaHHON MOCJIE MOWMKU. B CBSI3W C HENPUATHBIM 3araxoMm
OTOOpPAHHOW CTOYHOW BOJbl, HAMU ObLT MPOBEJIEH COKPAILECHHbI XWMWYECKUN
aHamm3 wuccaegyeMon mpoObl. Ilo ocagky, mnomyyeHHOMy Ha unbTpe,
paccuMTanM KOJMYECTBO B3BELICHHBIX YaCTHULl B CTOYHOW BOJE, a B (puibTpaTe
onpepensan pH, o011yro JKECTKOCTh U MUHEPATU3ALMIO.

XUMUYECKUI aHAJIM3 UCCIIEAyEMbIX MPOO BOJbI MPOBOAWICS B Y4YE€OHOW
3KOJIOTO-aHAJIMTUYECKON JJabopaTtopum (pakyJsbTeTa reorpaduu, re03K0J0ruu 1
Typu3smMa BOpOHEXKCKOr0 TOCYHMBEPCUTETA C MPUMEHEHUEM CJEAYIOLLIMX
METOJOB aHajM3a: BECOBOM (B3BELUCHHBbIE BELIECTBA); TUTPUMETPUUYECKUN
(oOmast KecTKOoCTh); noTeHuuoMmeTpudeckuii (pH); KOHIYKTOMETpUYECKUN
(oO1ast MuHepanm3auus) [2].

PesynbraThl aHanm3a noka3anM, 4YTO IO CPaBHEHUIO C MCXOJHOW
BOJIONPOBOJIHOM BOJIOW IMOCJI€ MOMKW aBTOMOOWJIE B CTOYHOM BOJIE BO3pOC]a
BemunHa pH (mo 7,71) 3a cuerT mNpuUMEHEHUsT WIAMITYHEW [UIsi MOWIKH
aBTOMOOWUJIEN, KOTOPBIE, B OCHOBHOM MMEIOT LLIEJIOYHON XapakTep. B pesyisbrare
CMBITBIX C aBTOMOOWJISI 3arpsi3HEHUII B CTOYHOW Bojie B koiuuecTBe 900 Mmr/n
NOSIBUJINCh B3BELIEHHbIE BelIECTBA; B 3,6 pa3a yBelIMuuwiach MUHEpaIv3aLys
(688 mr/n) u B 1,8 pasza noBbicWIach 00111as JKECTKOCTH (8,23 MMoJb/i). Bopa u3
paspsia «yMepeHHO-HeCmKaa» NEPELTIA B «HECMKYH».

OpHum  u3 HauboJiee pPacnpOCTPAHEHHBIX MPOLECCOB B  OOOPOTHOM
BOJIOCHA0OXKEHUM ABTOMOECYHBIX CTAaHUUHN SBJSIETCS (pU3UKO-XUMHUYECKAS
OYNWCTKA CTOYHBIX BOJI, KOTOpas  CBA3aHa C TaKAMH NpoOLEcCaMu Kak
KOaryJisuusi, pJIOKyJsiuus U cegumeHTanus (ocaikoHakomienue). Koarynsauus
HAnpaBJieHa Ha OOBEAMHEHUE MAJIbIX YACTUIL] B JUCHEPCHBIX CUCTEMAX, B Oolee
KpynHble. B pe3ysnbrare yero oOpa3yeTcst KOJUIOMHBIA OCaJoK U Xyonbs. s
YBEJIMYEHUS PA3MEPOB XJIOMBEB M MOCIAEAYIOLIETO MX YAAJIEHUS, NPUMEHSIIOT
(pIIOKyYIAHTEI.

JInsi OYMCTKU CTOYHBIX BOf ¢ 60-X rofj0B MPOLLJIOrO CTOJETUS B KAUECTBE
(pnokynsiHTa Havanu wmcnosnb3oBarth nojuakpuiaamuy (ITAA). B Hacrosiuee
BpeMsl IIMPOKOE MPUMEHEHUE HAXOAT OoJiee 3(ppeKTuBHbIE (DIOKYISHTHI,
obnaarome pspoM npeumyinectB nepen [IAA, v BbImycKaeMble B IIMPOKOM
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ACCOPTUMEHTE NOJ| TOProBbiMU MapKamu «IIpaecton» n «Akkoduok» (Poccus-
I'epmanusi); «Zetag» u «Magnafloc» (IlIeeituapus); «Floerger» (Ppanuusi) u
npyrue [3].

B «kauectBe koarynsHta wucnods3oBamu 10% pactBop AL(SO.), ¢
ONTUMAJILHOM 10301 1,5 r/n. JIJisi MOBBIIEHUSI CTENEHU OYMCTKUA CTOYHBIX BOJ] B
Ja00paTOPHBIX  UCHBITAHMUAX  ObUIM  WCCIENOBaHbl 7/  Pa3HOBUAHOCTEN
srokynsHTOB: MO0 Tpu Mapku «Zetag» u «IIpaecton» u ogHa mapka «I[IAA» ¢
Pa3IMYHON CTENEHBIO NOHOTEHHOCTH.

OcBeTyieHME CTOKOB OT MOWKM aBTOMOOWIIEW MPOBOAWIN «METOIOM
TOJTYECHUS» . [171s1 9KCepuMeHTa HEOOXOAMM MEPHBIN LUMAIMHAP U Melasika (Miam
«TOJIKYLIKa»), C MMOMOILBIO KOTOPOW CTOYHAsI BOJa NEPEMEILIMBAECTCI CHAYaja C
PacTBOPOM KOaryJigHTa, a 3ateM (paokyJisgHra. [Io OKOHYaHuM nepeMelBaHus
OMpEJNIEIISIIOT BpeMsi ocaxkjieHusi (PJIOKYJI M OKOHYATENIbHYIO BbICOTY OCaJKa.
DTOT METOJ] MO3BOJISIET MPOBOJIUTH CPABHEHKE PA3TUYHBIX (PJIOKYJISIHTOB MEX/TY
CcO00il C UEJMbI0 BbIOOpAa ONTUMAIBHOM MapKu W MOAXO/SIIMX YCJIOBUHN €€
PUMEHEHMUSI.

[TonHOTY OYMCTKM CTOYHOM BOfIbl C TOMOUILIO (DIIOKYJISTHTOB ONpPEEIsiin
N0 ONTUYECKOW TUIOTHOCTA €€ OCBETJEHHOW YacTU KOJOPUMETPUUYECKUM
MeTofioM ¢ noMoipio K®K-3 npu gnmne Bosnbl 540 HM.

Pe3ynbTarhl ucciaenoBaHuii Mokas3aiau, YTO BCe (PIAOKYJSIHTHI JOCTATOYHO
2(P(peKTUBHO OCBETJISIIOT CTOYHYIO BOJY W NPU HEOOXOJUMOCTH BO3MOIKHO
MCINOJIb30BAHUE KaXKJI0W U3 pacCMaTPUBAEMbIX MAPOK, HO, KOJIMYECTBO BBOAUMON
n00aBKU BapbUpyeTcsl B uHTepBaje oT 5 go 8 wmr/a. OpHako, u3 cemu
(pJIOKYJISIHTOB HAUJTY YLLIMMU MOKA3ATENSIMU 1711 OYMCTKU UCCIIEyEeMbIX CTOUHBIX
BOJI 00/1aJ]laeT MaJIOKATUOHHBIN (PIOKYJSHT Mapku Zetag 8115, Tak Kak OH
XapakTepu3yeTCsl HaMMEHBILIMM BpeMeHeM ocaxjenus (1,5 MuH), HaubonbIlIen
MJIOTHOCTBIO ocafika (2 ¢cM) M HauMeHbIIIEN ONTUYecKoi mIoTHOCTLIO (0,055).

Kpome Toro, crouHast Bojja, OUMILEHHAs! C TOMOLIBIO (PJIOKYJISTHTA MapKU
Zetag 8115 coOOTBETCTBYET YCTaHOBJIEHHbIM HOpMaTUBaM. YTNOTpPeOJsITh B
NUTHEBBIX LEJSAX €€ He PEKOMEHYETCS, HO B KAUYeCTBE «TEXHUYECKON» TaKasi
BOJIa BIIOJIHE MOKET ObITh UCMOJb30BaHa MOBTOPHO /1JIs1 MOMKM ABTOMAILIWH.

ABTOpBI pa3padoTain COOCTBEHHYIO CXeMy OOOpPOTHOTO BOJOCHAOXKEHNSI
C WCMOJIb30BAaHUEM COBPEMEHHbIX (DJIOKYJISIHTOB JIJIi aBTOMOEK I'. Boponexa,
NEPCNEKTUBHOCTb KOTOPOU MOATBEPKAAETCS MPOBEICHHBIMU UCCIIEIOBAHUSIMU.

[TpennoxeHHblil cnocod OYMCTKU aBTOMOEYHBIX CTOKOB OT B3BELIEHHBIX
BEILLIECTB U HE(PTENPOAYKTOB, BKIIOUAET 00513aTEbHYIO JOOABKY (DIOKYJISHTA
Mo cXeMe «omcmausaunue - @aokysayua - Guabmpayusa». CTouyHas Boja
NOCJEAOBATELHO MPOXOJAUT CJEAYIOLIME CTaud OYMCTKM: MEXaHU4ecKas
(BbIMAJIEHNE B OCAJOK KPYMHBIX B3BEIICHHBIX BEIIECTB); (PU3NKO-XUMUYECKAs
(ynaneHue MEJNKOUCIEPCHbIX YacTWI, U HE(TENpOAYKTOB 3a CYET BBEJICHUS
KOAryJastHTOB M (PJIOKYJSIHTOB) M TI'MAPOMEXAHMYECKAs OYMCTKA (OT/EJEHHE
BCIUIBIBAIOIIMX MPUMECEN OT OYMILEHHOW BOAbl MeTOM (punbTpauuu). [locne
YEro BOJja BBIXOJUT MOJHOCTBIO TOTOBOM K MOBTOPHOMY MCHOJIb30BaHuIo [1].
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JTOCTOMHCTBOM MPEJIOXKEHHOTO METOJAa OYKMCTKM ABTOMOEYHBIX CTOKOB
SIBJISIETCSI BLICOKASI CTENEHb OYMCTKM BOJbI (ONTUYECKas MIOTHOCTh (PUIIbTpATa
Haxoputcst B juana3zoHe 0,055- 0,069) u HeOGombliasi NPOAOIKUTEbHOCTD
BPEMEHU OTCTaMBaHWs CTOYHBIX Bof (OoT 1,5 10 5 MUHYT) B 3aBUCUMOCTU OT
BBEJIEHHON MapKu (PIIOKYJISIHTA.

BaskHbIM NpenMyIIecTBOM MPEAIAraéMoro crnoco0a OYMCTKHY SIBJISIETCS TO,
YTO JJaHHbIE OYMCTHBIX COOPYKEHUIl 3aHMMAIOT HEOOJIBIIYIO MJIOLIAlb U MOTYT
ObITh pa3MeleHbl MPAKTUYECKU B JIIOOOM MOMEILEHUU, HAPUMED, B rapaxke.

Pacuer sKOHOMMYECKOTO OOOCHOBaHMSI OT BHEPEHUs NPEJIOKEHHOMN
CXeMbI Ha aBTOMONKax r. BopoHexa nokasan:

1) OpueHTMPOBOYHASI CTOMMOCTD (PJIOKYJIIHTOB, MOLIEAIIMX HA OYMCTKY
IM CTOYHOI BOJIbI B 3aBUCHMOCTH OT Mapku B cpefineM coctaBuT ot 0,6 o 1,8
pyo.

2) IlpumepHblii 00BEM CTOYHBIX BOJI, KOTOPBIE HE MOCTYMST B TOPOACKYO
KaHAJIM3allMI0 COCTAaBAT OKojo 236618,55 M B rop. 3910 MMO3BOJIUT
CYLWIECTBEHHO YMEHBIINTH HArpy3Ky HAa OYMCTHBIE COOPYIKEHHUS rOpPOjia, KOTOPbIE
KaK MOPaJbHO, TaK U (PU3NYECKU YCTAPEJMU, U TTOITOMY HE CIMOCOOHBI OYMIIATH
NOCTYNAOIIKE CTOKU IO TPEOYyEMbIX HOPMATUBOB.

Takum oOpa3oM, BHEIpEHNE OOOPOTHOIO BOJOCHAOXKEHUSI HA aBTOMOMKAX
r. BopoHexa 1o NOpeNOKEHHON CXEeMe€ TapaHTUPYET  CJEAYIOLUE
NperMyLIEeCTBa:

- CHWXKEHWE HArpy3Kd Ha TOpPOJICKUE OYUCTHBbIE COOPYKEHHUSI, YTO
CHOCOOCTBYET MOBBILIEHUIO CTETIEHN OUUCTKU CTOYHBIX BOJI;

- YMEHbIIIEHWE AaHTPONOTreHHOTO 3arpsi3HEHUs] MPUPOJIHLIX BOJ, B
4acTHOCTH P. [ToH 1 BOpOHEKCKOro BOIOXPaHUIIMILA;

- 9KOHOMMUSI pacxojia NPeCHOM BOJIbI U .

HUccaeoosanue sbinoanero npu puHarcosoli noooepicxe PODU u
IIpasumeavcmea Boponexcckoii obaacmu, npoexkm Ne 19-45-360003 p_a
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T.NU. lIpoxopuna, 10.I1. MopryHosa
Boponexkckuil rocyJapCTBEHHbIN YHUBEPCUTET

PE3YJbTATBI SKCHEIUIIMOHHBIX UCCJIEITOBAHUN
BJIMSAHUS CBPOCOB OYUCTHBIX COOPYKEHUM r. JUCKH
HA KAYECTBO BOJ PEKU 1OH

C uenblo CHMXKEHMSI aHTPOINOrEHHOW HArpy3KM Ha NPUPOJHbIE BOJbI, HEOOXOAMMO
YJIyYIUUTh MEPONPUSITUS IO OUYUCTKE CTOYHBIX BOJ, @ TAKXKE BECTH IMOCTOSIHHbI MOHUTOPUHT
U KOHTPOJb 3a CTENEHbIO MX OYMCTKU. B pabore mpuBeAeHbl pe3yJbTaTbl UCCIENOBaHUS
BJIMSIHUSI CTOKOB OYMCTHBIX COOpPY>KeHUH T'. JIucku Ha kayecTBO BOji peku JIoH Ha OCHOBaHUU
pe3yNbTaTOB BU3YaJbHOrO OOCjeoBaHUs peku [IOH; XMMMYECKOro aHaau3a npod BOAbI U
pacueTa a(ppeKTMBHOCTU PaOOThI OUUCTHBIX COOPY KEHHUI.

KnroueBble cioBa: cTOYHAsl BOJla, OUUCTHBIE COOPY>KEHUS, 3(P(PEKTUBHOCTb OUUCTKH,
VICTOYHMKM 3arpsi3HEHUS], XUMUUECKUI aHaJIU3.

Boponexkckas 007aCTh OTHOCHUTCSI K YMCIY NPOMBILIJIEHHO Pa3BUTBHIX U
CEJIbCKOXO3SIICTBEHHBIX PErMOHOB, TMO3TOMY AHTPOINOT€HHOE [AaBJIEHUE Ha
BOJIHbIE OOBEKTBI MPOSIBIISAETCSI OCOOEHHO CUIIBHO B OacceriHax pek. Heooxomumo
CHU3UTH AHTPONOIE€HHYIO HArpy3Ky, YJIY4YLIUTb MEPONPUATUS IO OYHUCTKE
CTOYHBIX BOJI, AKTHBHEE BHEJPSTH HOBbIC TEXHOJOTMM HA LIEHTPAJIM30BAHHBIX U
JIOKAJIbHBIX OYMCTHBIX COOPYKEHUSIX, @ TAKXKE BECTU MOCTOSHHbIA MOHUTOPVHT
Y KOHTPOJIb 34 CTENEHBIO UX OYMCTKH [1].

B kauecTtBe o0OBEKTa wucCcienoBanusl OblM  BbIOpaHbl JIMCKMHCKME
OYKCTHBIE COOpYKEHUs1 BOpOHEXKCKOW 00macT, BXOJSAIIME B CTPYKTYPY
MYHULIMOATBHOTO YHUTapHOro  mpeanpusitus «Bopokanan» ropopa Jluckwu,
KOoTopble 3Kcmiyatupytorcss ¢ 1985 ropa. [IpoekTHass mpou3BOAUTEILHOCTD -
25000 m/cyT., akTryeckas Mpou3BOAUTENBLHOCTD - 15000 m/cyTKH.

TexHosornyeckass CXeMa OYMCTKM IPOMBILJIEHHBIX M KOMMYHAJIbHO-
OBITOBBIX CTOYHBIX BOJ BKJIIOYAET 3 3Tama: MEXaHMYeCKas OYMCTKA IyTEM
OCaK/JEHUsI TBEepAOW (pa3bl U3 3arpsI3HEHHBIX CTOKOB C MOMOIIBIO PELIETKU U
NIECKOJIOBKM; OMOJIOTMYECKAss OYMCTKA OT OPraHMYeCKUX BEIIECTB 3a CYET
AKTUBHOI'O WJla B a3POTEHKAaX; 00€33apa’kMBaHWE CTOYHBIX BOJ XJIOPOM WU €0
coenuHeHusaMu. [lanee ouwnineHHas Bofga noctynaet B p. [{oH [2].

Iesb paGoOTHI 3aKi0YANACh B MCCIEAOBAHUN BJIMSIHUS CTOKOB OYMCTHBIX
COOpY>KeHU# T'. JInckn Ha KayecTBO BOJ pekM [IoH Ha OCHOBaHWM:

— pe3yJbTaTOB BU3yaJIbHOTO OOCEIOBAHUSI UCCTIEyEMOro yuyacTku peku [1oH;
— pe3yJbTaTOB XMMUYECKOr0 aHa/li3a Npoo BO/IbI;
— pacueTta 3(ppeKTUBHOCTU pabOThI JIMCKUHCKMX OYUCTHBIX COOPY>KEHUM.

CreneHb aHTPONMOreHHON HAarpy3ku Ha p. JIOH O4eHb BbICOKA, TaK Kak IO
Oeperam PacnoJioKeHO MHOT'O MOCEJIKOB, NPOMBILITIEHHBIX u
CENIbCKOXO3SIMCTBEHHbIX ~ MPEANpPUITHIl, PEKY TMepecekaloT aBTOMOOUIIbHbIE
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Tpaccbl. OCHOBHBIM VUCTOYHMKOM 3arpsi3HEHUSI PEKM SBISIETCS  cOpoC
HEIOCTATOYHO OYHMILIEHHBIX KOMMYHAJIBHO-NIPOMBIIIIEHHBIX CTOYHBIX BOJ W
HEOUMILIEHHOTO MOBEPXHOCTHOIO cTOKA [1].

YTo0bl CyguTh O cTeneHd 3arpsi3HeHust p. IoH nopj BiausiHMEM COPOCOB
OYMCTHBIX COOPY>KEHMI, HaMu ObLT BbIOpaH 1,5 KM yyacTok OacceitHa peku [oH,
KOTOPBIN SIBJISIETCS TNPUEMHUKOM CTOYHBIX BOJ, MNPOLIEAUIAX OYMACTKY Ha
OYMCTHBIX coopyxeHui T. JIuckm Boponexckoit obmactn. Ha uccaegyemom
y4JacTke Obumd OTOOpaHbl NPOOBI BOABI M TPOBEEHO CpaBHEHUE (DOHOBBIX
nokaszarteneir (Ha 500 M Bbllle MCTOYHMKA 3arps3HeHus, npoda Nel) c
MoKa3aTelisiIMi KauyecTBa BOJIbl B MPO0ax, OTOOPAHHBLIX HEMOCPECTBEHHO B MECTE
copoca (npo6a Ne2) u na 1000 M HMKE MUCTOYHUKOB 3arpsisHeHusi (mpoba Ne3)
[3].

Jlerom 2019 ropma B Xo1e 9KCNEAUIMOHHBIX UCCIIEJOBAHUI OBbIJIO OTOOPAHO
9 pa3oBbIX Mpo6 Bobl U3 p. [oH (10 3 B KaX0i TOUYKE 0TOOPA).

XUMUYECKUI aHAIU3 HEKOTOPBIX 3arpsi3HUTENIEN UCCIIeAyEeMbIX TPOO BOJIbI
MpPOBOAMJICS B aTTecTOBaHHOW (cBupeTesbcTBO Ne217.001/11)  akomoro-
AHAJIMTUYECKON JlabopaTopun (akyybTeTa reorpaduu, re03KOJI0ru U Typu3sma
BopoHexkcKkoro rocyHuBepcUTETa C [MPUMEHEHHEM CIEAYIOUMX MEeTOJOB
aHalM3a: OPraHoJIeNTUYEeCKUi (HaluuuMe OcCajika, LBETHOCTb, MPO3PAaYHOCTD,
MHTEHCUBHOCTH 3araxa); BECOBOH (B3BEIIEHHbIE BELIECTBA); TUTPUMETPUUYECKUI
(oomasa xectkoctb, Ca» , CI , HCO, ,SO.); norenumomerpuueckuii (pH);
KOHIYKTOMETpUYECKHN (00wmasi MuHepanu3auusi); (POTOKOJOPUMETPUYECKUN
(Fe.., NH:, NO;, NO,); pacuetnbiii (Mg») u metopy aapoorocbemMku [4].

1o pe3ysbTaTam MoJIeBbIX U J1A00PATOPHO-MHCTPYMEHTAIIBHBIX UCCIIEOBAHNI
OBbIJIM MOJTyYEHBI CJIEYOLLNE BBIBOJIBI.

1. Pe3ynbrarbl Bu3yanbHOro ooOcnefgoBanus p. [IoH mnokaszanv, 4To Ha
UCCIIEYEMOM  YY4aCTKE PyClI0 PEKM CTaJO CWIBHO 3apacTaTb  BOJHOM
PaCTUTEILHOCTBIO, a ITO NMPUBOANUT K OOMEJIEHUIO, CHUDKEHMIO CKOPOCTU TEYEHUS U,
KaK CIIE[ICTBUE, - K CHVKEHUIO CITIOCOOHOCTM PEKM K CaMOOUHILIEHH0. OOHAPY>KEHO,
YTO KaK B NPUOPEXXHON 30HE, TaK M B BOAOOXPAHHOM 30HE p. [OH, wuMeroTcs
HECAHKLIMOHMPOBAHHbIE MECTA CKJIaqUpOBaHusi Mycopa. CocTaB Mycopa TUITUYHbI,
B OCHOBHOM - 3TO UCNOpPYEHHbIE MNPOAYKTbl U KYXOHHbIE OTXO/bl, CTEKJISIHHbIE U
IUJIACTUKOBbIE OYTHUIKM UM OaHKU, MAKEeTbl, UCMOJIL30BAHHAS KAapTOHHAsl Tapa,
NYCTbIE a3PO30JIbHBIE, XKECTSIHbIE OAHKU U T. [I.

Bonblas yactb Mycopa, He  MOABEpPXKEHAa €CTECTBEHHOMY IMpOLECCY
pa3okeHus U ¢ TEYEHUEeM BpeMeHM Oe3 CHelMaIbHON YTUIU3aUMU OYJIET TOJILKO
HAKaIjMBaThbCs Ha JIaHHOW TeppuTopur. Ho onacHOCTh [ijisl peku MpeACTaBiIsioT U
OpraHryecKue OTXOMbl, MPOAYKThI PA3JIOXKEHUSI KOTOPbIX MOTYT ObITh CMBITBI B PEKY
NIOXKJEBbIMM U TaJbIMUM BOJAMU, YTO MOXKET aKTUBU3UPOBAThb npoLiecc
3BTpO(pMKALMM PEKM B TEIUIOE BpeMsl rofa, a TakyKe MOXET NPUBECTU K
3a00J1aYMBAHUIO TIPUOPEKHON 30HbI PEKH.

2. Pe3ynbTaThl opeaHosenmuuecKux UCCA€008aHUll TIOKA3aJU, YTO BO
BCeX Mpo0Oax HaOIOIAeTCsl HU3Kasl MPO3PAavyHOCTh U MOBBILIEHHAS LIBETHOCTD 32
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cyeT mpeodsailanns OOJIBIIOrO0 KOJIMYECTBA MECYAHOrO OCajiIKa Oyporo LBeTa.
Kpome Toro, B mpobe, oToOOpaHHOII B MeCTe CcOpoca CTOKOB C OYMCTHBIX
COOPY>KEHUI, OOHAPY>KEH HEMPUSTHBIN 3aMax Mo CPABHEHUIO C (DOHOM.

OpraHosienTMYeCcKMEe  MOKA3aTEM  HE  HOPMUPYIOTCS I BOJ
PBIOOXO3SICTBEHHOTO HA3HAYEHUSI, OIHAKO WX TOBBILICHHbIE 3HAYEHUSI MOTYT
KOCBEHHO CBUJIETEJILCTBOBATH O 3arPsI3HEHUN BOJ.

3. PesynbTatsl xumuueckoz2o anaauia p. JJOH NO3BOIAIN yCTAHOBUTB:

A) DOHOBbIE 3HAYECHMS KOHLUCHTPAUMN 3arpsi3HSIOIIMX BEUIECTB B
uccaenyeMoM BoiHOM o0bekTe (500 M Bblllie cOpoca CTOYHBIX BOJ| TOPOJICKUX
OUKUCTHBIX  COOPYXKEHUI) HE COOTBETCTBYIOT HOpPMaTUBaM [jIsl  BOJ
PBIOOXO3SICTBEHHOTO Ha3HaueHus. B mpoOax Bogpl m3 p. [JoH oOHapysKeHbI
caepyroume npesbiienus [1[IK: NH: - B 2,9 pa3a; NO; - B 9,3 pa3za; Fe,, - B
18,5 pa3a. IlpuBeneHHble [JaHHbIE  CBUJIETEJIBCTBYET O 3arpsA3HEHHOCTH
OPUPOJHBLIX  BOJI, TPUHSITBIX B  KauyecTBe (POHOBLIX, UCTOYHUKAMMU,
PAacCMONIOKEHHBIMH BbILIE MO TEYEHUIO P. [1OoH.

b) ®akTryeckre KOHUEHTpAUWK 3arpsi3HSIOLIMX BELWIECTB B MPoOE BOJBI,
OTOOPaHHOW HEMOCPEJCTBEHHO B MECTE BBINYCKA CTOYHBIX BOJ, TaKXE HE
COOTBETCTBYIOT YCTAHOBJIEHHbIM HOpMaTUBaM. Tak, HapuMep, B CTOUYHbIX BOJaX
OYMCTHBIX COOpYy»KeHusAX ycTtaHoBieHbl npesbiuenus [I[K: SO - B 1,1 pa3a;
NH. -B84,2 pa3a; NO; - B 53,8 pa3a; NO, - B 4,7 pa3a; Fe.. - B 5,5 paza.

Pesynbprarel aHamms3a nmpoObl  Ne2  CBHUIETENBCTBYIOT O  HU3KOU
agppexkmuernocmu pabOTbl  OYUCTHBIX COOPYXKEHUM T. JINCKH.

B) B npo6e Bopibl (Ne3), oTroOpanHOi HUKe copoca cTouHbIX BOJ (Ha 1000
M), 3HAQYEHUS MCCJEyEMbIX  IOKa3aTesel MNpeBbIalT (oHOBbIe. Tak,
HampuMmep, ycTaHoBJIeHbl cienytoue npesbienus [TIK: SO - B 1,05 pa3a;
NH. -83,1 pa3a; NO, - B 17,3 pa3a; NO, - B 1,5 pa3za; Fe.. - B 3,4 pa3za. OTo
OOBACHIETCS TEM, YTO  HIWXKE [0 TEYEHUID HE NPOUCXOUT MOJHOIO
CaMOOYMUIEHUSI BOJIbI 32 CYET MEPEMEIIMBAHUS U PAa30aBIICHUS 3arPSI3HSIOLIAX
BEILIECTB CO CBEXKMMMU MOPUUSIMUA BO[HBIX TOTOKOB peKu JIOH.

Takum o0Opa3oM, MOBBILICHUE (pakTHUECKUX KOHLIEHTPALNA
3arpsA3HSAIOIIMX BELECTB B MPOOax BOMbI, OTOOPAHHBIX B MECTE COpOCa U HUXKE
cOpoca CTOYHBIX BOJi, CBUAETEJILCTBYET O TOM, YTO OUYUCTHBIE COOPY3KEHUS T.
JIucku SIBASIIOTCS UCMOYHUKOM 3aepA3HeHUs ydacTKa peku [JoH, mpoTekarolero
B npefiesnax JInckuHekoro painoHa BopoHexxckoi 06s1acTu.

4. OueHka sgpgpexmusrnocmu pabompt OUUCTHBIX COOPYXKEHMIA MoKa3ana,
YTO CTOYHBbIE BOJibl, MpOLIEMUIME OYMUCTKY Ha  JIMCKMHCKMX  OYMUCTHBIX
COOPYXKEHMSIX, SIBIISIFOTCS ~ HEOOCMAMmMO4HO — O4uujeHHbiMu. Bopibl uMeroT
HEY/JJOBJIETBOPUTENIbHbIE ~ OPraHOJIENTUYECKUE  MMOKA3aTeNlu:  MOBBIIIEHHYIO
UBETHOCTb U HU3KYIO MPO3PAYHOCTh, a TAKXKE B HUX HAOJIIOAIOTCS MPEBBILICHUS
[IIK no cnepyrowmm unrpepuenram: Fe ., - B 2,4 pa3za; SO - B 1,2 pa3a; NH.:- B
25 pa3; NO; - B 96,6 pa3a; NO. - B 3,8 paza.

O(PPEeKTUBHOCT OYUCTKM CTOYHBIX BOJ MO OTWM WHIPEAUEHTAM
HaxXoUTCs B npefienax (B cpepneM) ot 24,5 no 79,2%, T.e. XapakTepu3yeTcsl Kak
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Heoocmamoynas. B cBA3M C TeM, 4YTO (PaKTHUYECKUE KOHLEHTpALUU
3arpsA3HSIOIIMX  BEIIECTB HE  COOTBETCTBYIOT  HOPMaTwBam  JUisi  BOJ
PBIOOXO3SICTBEHHOTO HA3HAYEHUSI, MOXHO KOHCTaTUPOBAaTb, YTO OYMUCTHBIE
coopyxeHust ropopa JIucku paboOTaOT Hey006.4emeopumenbHo W SBISIOTCS
VMCTOYHMKOM 3arpsi3HEHMs ydacTKa peku [IOH, NMpOTEKarlero B Ipefesax
JInuckunnckoro paitona BopoHnekckoit 00J1acTu.

B  Hacrosimiee  Bpemsi  MAET  CTPOMTENBCTBO  KOJUJIEKTOpA W
KaHAJIM3aUMOHHON HACOCHOW CTaHUMM OT TyOepKyJie3Horo canaropusi «Pagon»,
PacCMoNIOKEHHOTO B T. JINCKKM, C BpE3KOW B TOPKOJIJIEKTOP, YTO €le OosblIe
YXYAUWHWT CTENEHb OYMCTKU BOJbl HA TOPOJCKMX OYUCTHBIX COOPYXEHUAX M
MPUBEET K JAOMOJHUTEIBHOMY COPOCY 3arpsi3HSIOLIMX BelEeCTB B peky [oH,
MO3TOMY BOMNPOC PEKOHCTPYKLUMMA M YBEJIWYEHUS  MOILIHOCTH TOPOJICKUX
OYMCTHBIX COOPY>KEHUM SIBIISIETCS] IPUOPUTETHBIM.

HeynosneTBopurenbHasi pab0Ta OYUCTHBIX COOPYKEHUN T. JINCKM CBA3aHa
C TEM, YTO TFOPOJICKME KaHAJIU3ALMOHHBIE CUCTEMBI, MOCTPOEHHbIE B 90-X rogax
MpoIIIOro Beka, pabotaroT Oosiee 30 JieT, MOITOMY KakK MOpajbHO, TaK U
dusndeckn ycrapeid. TpaJlMIMOHHO HKCMOJIb3YEeMbIE TEXHOJOIMU O0pabOTKU
BOJIbl HEJJOCTATOYHO 3(P(PEKTUBHBI U HYXK/IAIOTCS B COBPEMEHHBIX METO/aX.

Takum o0pa3om, PE3yIbTAThI MPOBEJIEHHBIX VCCJIE/IOBAHUI
MOATBEPXKAAOT, YTO CTOYHBIE BOMbI, COPACBHIBAEMbIE C OYMCTHBIX COOPY>KEHUN
r. JIncku, OKa3bIBaIOT HEraTUBHOE BIMSIHUE HA KA4€CTBO BOAbI p. [10H.

[IpeporBpaTuTth 3arpsisHeHue p. [JJOH Ha MCCIEyEMOM Y4YacTKE, a TaKXKe
NOBBLICUTh 3(P(PEKTUBHOCTL OYMCTKM CTOYHBIX BOJI  MOMOTYT KOHKPETHbIE
TEXHOJIOTMYECKUE MEPONPUSITUS U, IIPEXKJIE BCETO, - 3TO PEKOHCTPYKLMS CTAPbIX
WM  CTPOUTEJBCTBO HOBBIX OYMCTHBIX COOpPYXEHuil ropopga Jlucku
Boponeskckon obnactu.

HUccaedosanue 6binoaneno npu ¢unancosoli noooepycke PDPDPU u
[Ipasumeavcmea Boporexcckoii ooaacmu, npoekm Ne 19-45-360003 p_a
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JL.P. Paxmarynnuna, T.K. Banees, P.A. Cyneinmanon

OB YH «Y dpumckuii HayYHO-UCCENOBATENbCKUAN NMHCTUTYT MEULIMHBI TPy ia
Y 9KOJIOTMU YEJIOBEKA»

I'NM'NMEHNYECKAS OHIEHKA COCTOAHUA IIUTHBEBOI'O
BOOJOCHABXEHHUA 102KHOI'O PETTOHA PECITYBJIUKU
BAIIKOPTOCTAH

B paGore mnpuBopATCS pe3yJbTaTbl aHAIM3a KauyecTBa IUTHEBOI BOJbI CUCTEM
LEHTPAIN30BAaHHOTO BOJAOCHAOKEHMSI, OLEHKM KAHLEPOT€HHbIX U HEKAHUEPOIE€HHbIX PUCKOB
J1J151 3[I0POBbS1 HACEJIEHUS] HA TEPPUTOPUM C PA3BUTON MPOMBILIJIEHHOCTHIO.

Kirouesble cioBa: UEHTPAIM30BaHHOE BOJIOCHAOKEHUE , PUCKHU [TIsl 3A0POBbSL.

KayecTtBO  BOABI  WCCIEAYyEMOWM  TEPPUTOPUM  XaApAKTEPU3YETCHA
NOBBILIEHHBIM COJIEP>KAHUAEM >KEJe3a, KPEMHUS, MarHusi, CTPOHLMS U (pTopa.

YPpOBEeHb CYMMAapHOr0 KaHLEPOT€HHOTO PUCKA IS FOJKHOIO PErMOHa, Kak
I JeTed, TaK M I B3POCJIOrO HACEJEHUSI HAXOAUTCA B HENPUEMIIEMOM
quamna3oHe  pucka.  Puck  oOycliOBIIeH ~ 9KCNO3UMUMEN  COEMHEHUN
LIECTUBAIIEHTHOTO XPOMa, MBIIIbSIKA, JMOPOMXJIOPMETAHA, IEHTaXJIOP(eHoIa.

IlonynsaupMOHHBIA  KAHLUEPOr€HHbII PUCK COCTaBWJI Il B3pOCJIOrO
HaceJieHus — 255, a 715 ieTckoro — 19 ciyyaes.

Hnst  >kutejieid HKCCIEeyeMON TEPPUTOPUN CYLIECTBYET BEPOSTHOCTH
Pa3BUTHS HEOJArONPUATHBIX W3MEHEHUI CO CTOPOHBI CEPAEYHO-COCYAUCTOM,
KOCTHOM, IEHTPAJIILHON HEPBHOM CUCTEM, KEJTYJOYHO-KUILIEYHOIO TPAKTA.

KiroueBble cnoBa: mnuTheBas BOJA, XWMHUYECKHE BEILIECTBA, YPOBHU
KAaHUEPOr€HHOIO0 M HEKAHLUEPOTEHHOIO PHUCKOB, 3[I0POBbE HACEJIEHUSI, KAYECTBO
BOJIOCHAOKEHUS, 3arPsSI3HEHNE .

OOecnieyeHre  HaceJieHUMsT  MUTBEBOM  BOJIOM  COOTBETCTBYIOLUETO
COBPEMEHHBIM T'MTMEHNYECKMM HOPMATUBAM OCTAETCS OJHOW W3 NPUOPUTETHBIX
COLMAJIbHBIX M TUTMEHNYECKUX MpOoOJeM B Hallleir cTpaHe [3].

AHaimm3 OTEYECTBEHHBIX U 3apyOeKHbIX MyOJMKALMI MO OLCHKE PUCKA 3a
nocnefnre 10 et CBUAETENBCTBYET O HAJIWMYMU Psifia MPOOJIeM, IPUBOIAILMX K
HeJlooLIeHKe (PaKTUUECKOro pucka 3710poBbio HaceseHnus [1, 5, 6]. YcTaHoBieHO,
YTO B OTEYECTBEHHON JIMTEPAType HENOCTATOYHO OCBEIEHA OLEHKA pUCKa
30POBBIO HACEJIEHNS B KOMOMHALIMY C PUCKOM OT 3arpsi3HEHUs Ipyrux cpep [2].

Lesb uccnenoBaHusl — OLICHKA PHUCKA 3[A0POBBIO HACEJICHUS JJIs1 FO>KHOTO
permoHa  PecnyOnukm ~ bBamkoprocTaH — mpu MCHONB30BAaHUM  BOJ
LUEHTPAIM30BAHHOIO BOJIOCHAOKEHUSI.

Marepuanbl u mMeTopabl. {151 rUrMEHUYECKON OLEHKM HWCIOJb30BATUCH
nansble 3a nepuoy 2010-2016 rr. nabopaTopuit Y npasnenusi PocnoTpeOHagzopa
no Pb, ®bY3 «llentp ruruensl u oanugemuosorni B Pb», MYII
«MexpailkoMMyHBOflOKaHai» PB. AHamu3 pucka miist 300pOBbS HACENEHWS,
NPOXKMBAIOIIETO HA WCCJENYEMBIX TEPPUTOPUSIX, BBINOJHSIIACH C YYETOM
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NOJIOXKEHUN W TpeOoBaHMii «PyKOBOJICTBA MO OLEHKE PUCKA [JIsl 3[10POBbS
HACEJICHUS TNpPU  BO3JICVICTBUM  XUMUYECKUX  BEIIECTB,  3arps3HSIOLIMX
oKpyxarliy cpeay» [4]. Cratuctuyeckas oOpabOTKa MOJYYEHHBIX JIAHHBIX
npoBouiach ¢ noMolupsto nporpammsl MS Excel XP.

Pesynbrarel wncciepoBanusa: IOXxHbI pernmoH BkmoyaeT B ceba 15
MYHULMNAIBHBIX 00Pa30BaHUIN U XAPAKTEPU3YETCSA KaK TEPPUTOPUS C Pa3BUTON
He(pTexuMmyeckoi, HedrenepepadbaTbBaOIEd W MAUMHOCTPOUTEIBLHON
MPOMBIIUICHHOCTBIO.  [JaHHbIE OTpAaciW MPOMBILUIEHHOCTH CHOCOOCTBYIOT
VHTCHCUBHOMY  TEXHOT€HHOMY  3arpsA3HEHUI0  TOYBEHHOIO0  IOKPOBA,
MOBEPXHOCTHBIX U TPYHTOBBIX BOJI BOJIM3U MPOMBILLJIEHHBIX OO BEKTOB.

Pe3ysabTaThl rMrMEHMYECKON OLEHKM KadeCTBA BOMAbl IMOKAa3aju, 4YTO B
MUTHEBOM BOJIE OOHAPY>KEHbI MPEBBILLICHUS >KeJe3a, KPEMHUS, MATHKS, CTPOHLUS
u @Topa, 4TO OOBICHSIECTCS NPUPOJHLIM W30BITKOM COJIEP>KaHUS JIaHHbBIX
3JIEMEHTOB B BOJIE MOJ36MHBIX UCTOYHUKOB.

[lonyyeHHble pe3yabTaTbl CYMMAPHOIO KAHLEPOrE€HHOITO PHUCKA A
B3POCJIOTO M JIETCKOrO0 HACEJIEHUSI, 00YCJIOBJIEHHOIO YMOTPEOJEHUEM MUTHEBON
Bombl, coctaBumu 3,5E-04 u 1,1E-04 CcoOOTBETCTBEHHO, 4YTO COIJIACHO
PYKOBOJCTBY [4], OTHOCUTCS K TPETbEMY JUANa30Hy PHUCKA - HENPUEMJIEMBbIN
YPOBEHb I HaceyneHusi. HanOosblMil BKIIQJ, B CYMMAapHbIM KaHUEPOTE€HHBIN
PUCK 11 B3POCJIOTO M IETCKOro HaceseHus: BHocsT: xpoM « (1,9E-04 u 5,9E-05),
mbibsik (1,1E-04 u 34E-05), mubGpomxaopmeran (2,3E-05 u 7,2E-00),
neHTaxyaopgenon (1,1E-05 u 3, 4E-06).

YPpOBHM NOMYNSLMOHHBIX KaHLeporeHHbix puckoB (PCR) nis Hacenenus
COCTaBUJIU: JIJIsl B3pOCJIOrO HacejieHusi — 255, st AeTcKoro HacejeHusi — 19
NOTIOJTHUTEIbHBIX CITyYaeB.

[TonyyeHHble pe3yabTaTbl OLEHKA HEKAHUEPOTCHHOro0 pucka (s
B3POCJIOTO  HACEJICHWS), CBSI3aHHOTO C UCHOJb30BAHUEM NUTHEBBIX  BOJ
LUEHTPAJIM30BAHHOTO  BOJIOCHAOXKEHMSI, CBUJIETEJILCTBYIOT O  BEPOATHOCTHU
BO3HUKHOBEHMSI 3a00JieBaHUil CO CTOPOHBI cepieuHo-cocyauctoit (HI=1,445) u
kocTHoM cuctembl (HI=0,970). MHpekcbl onacHOCTHM .Sl IETCKOrO HaCEJICHUS
CBUJIETEJILCTBYIOT O MOpaxkeHWsix ceppaeuyHo-cocyaucTon (HI=2,243), kocTHO
cuctembl  (HI=1,500), xenymouHo-kuieyHoro Tpakta (HI=1,323) wu
ueHTpanbHoi HepBHOH cuctembl (HI=1,141). [ToBelueHHOE cofiep>kaHue B BOJIE
CTpOHUMSL U (TOpa OOYCIABIMBAET HEKAHUEPOTCHHOE JCHCTBUE HA KOCTHYIO
CUCTEMY.

[IpoBeneHHOe  uccliejOBaHME  MOKa3blBa€T, YTO NWUTbEBas  BOfA
LUEHTPAIIM30BAHHOTO  BOJIOCHAOXKEHUSI ~ MOXKET  SBIATBCS  MCTOYHUKOM
MOBBILIEHHON KAHLEPOT€HHOW W HEKAHLEPOTeHHON omacHOCTU. [IpuopureTHbIMU
3arpsi3HUATENSIMU TIUTHEBBIX BOJL SBJISIFOTCS: XPOM *, MBILIBSIK, IMOPOMXJIOPMETaH
U neHraxyiopgenon. s cHI>KeHUs1 HeOJIaronpusITHLIX MOCJENCTBUI TpeOyeTcs
NPOBEJICHNE KOMIUIEKCA TNJIAHOBBIX MPO(MUIAKTAYECKAX U O3J0POBUTEBHBIX
MEPOIPUATHN /17151 HACETICHUS.
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JInst  GoJiee TOJIHOM TUTMEHMYECKOM OLEHKM COCTOSIHUSI IUThEBOrO
BOJIOCHAOXKEHUST PETMOHA HEOOXOIMMO MPOBEICHNE YIITyOJIEHHBIX MCCIIEOBAHUN
KaK (paKTOpPOB cpefibl OOUTAHNUS, TAK M HACEJIEHUS B LIEJIOM.
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O.H. Topramkosa, C.I'.O. I'axpamanos, A.C. bei1ukos

CaparoBckuii rocyfapcTBeHHbI yHUBepcuTeT umenn H.I'. YepHbimeBckoro»

POJIb BLICIINX BOJHBIX PACTEHUM B OYUIIEHUM BOTOEMOB
OT IMPOMBIIVIEHHBIX 3ATPSI3HEHUN

[TpoBeneHa oueHka KauecTBa BOAHON cpefbl peku Hazaposku B ropope Capartose, B
KOTOpOfI CTOYHbLIC BOJbI COCTABJISIFOT OCHOBHYHO JOJIIO MX PACXOJ0B. BbISIBJIeHO, 4qTO 14
yIpaBJeHWs] KayeCTBOM BOJHOM Cpebl PEKM LEJecCOO0pa3HO HKCHOJIb30BaTh TPOCTHUK
OOBIKHOBEHHBI. OnpeiesieHbl MEXaHU3Mbl YCKOPEHUS] TPOCTHUKOM PA3JI0>KEHUS 3arpsi3HEHUI .

KntoueBble  cioBa: KayecTBO  BOJbl, 3arpsi3HEHUE, TEXHOIEHHbIE OOBEKTHI,
CaMOOYMIIECHUE, IETOKCUKALMSI.

[Io cBoeMy mNpOMBILNIEHHOMY NOTeHHMany r. CapaToB OTHOCHUTCS K
KpynHenmmM ropopam  Poccun, ¢ MHOronpouiabHOW MPOMBILIEHHOCTHIO,
IJIABHBIMU CPEM KOTOPOW SABISIOTCS HepTenepepadbaThIBaoIas 1 XUMUYECKast
[1]. Ha Teppuropum ropoga CapaToBa M €ro OKPECTHOCTAX COCTaB
NOBEPXHOCTHBIX BOJ (POPMUPYETCSI MO BIIMSHUEM KaK €CTECTBEHHBIX, TAK M
aHTpONOreHHbIx pakTopoB. K ecTecTBEHHbIM (haKTOpaM OTHOCATCS XUMUYECKHE
XapaKTEPUCTUKNA TMOA3EMHBIX M aTMOC(EPHBbIX BOJi, NMUTAIOLMX BOJOTOKU MU
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BOJIOEMbI. XWMHWYECKUI COCTAaB Ha OTHOCUTEJIBHO YHUCTBIX TEPPUTOPUSIX
OIPENEIIACTCS €CTECTBEHHbIMA (pakTOpaMu. B mpepenax ropoackoi 4YepTsl
(phopMupOBaHus MOBEPXHOCTHOTO CTOKA B 3HAYUTEJBLHON MEpE MPOUCXOJUT 3a
cYeT COPOCOB NMPOMBILIJIEHHBIX U OBITOBBIX CTOYHBIX BOJ. DTO OTPAXKaeTcs Ha
XUMUYECKUX XAPAKTEPUCTUKAX MOBEPXHOCTHBIX BOJ|, SBJISSACH MPUUMHAMM HMX
3arpsiHeHus [2]. Hambonee onacHbIM Kak MO KOJWMYECTBEHHbIM, TaK U MO
KAQYECTBEHHBbIM TIOKA3aTEJSIM  SBJISIETCS  3arPSI3HEHWE OTKPBITBIX  BOJOEMOB
CTOYHBIMU BOJlaMu HedprenepepadaTbIBatoleN oTpacan. Bobl oT mpons3BojacTsa
NOMAJIAIOT HENOCPEACTBEHHO B Bosarorpagckoe BOJOXpaHUIMIIE, KOTOPOE
SBJISIETCS. OJJHUM W3 OCHOBHBIX MCTOYHMKOM BOjoOCHaOXeHusi r. CaparoBa u
00J1aCTH, a TAK>KE BaXKHEMILIEH peKpeaunoHHON 30HON. B ycioBusax CapaTosa
TAKWE 3arpsi3HEHUs] MPAKTUYECKHM Cpa3y >KE€ CKa3bIBAIOTCA HA YXY/LLICHUU
KayecTBa OKpYyXKalollei Cpefbl, CHUXEHUU KOMMPOPTHOCTH TMPOKUBAHMUSI.
OTxopp1, Monajiasi B BOJIHbIE 00BEKThI, OTPULIATENIHHO BJIMSIOT Ha KAYECTBO BOJIbI
Y CAHUTAPHbIE YCJIOBUS >KW3HU U BOJIONOJIb30BAHUSI HACEJIEHUSI, HAHOCSI 9TUM U
3KOHOMUYECKUIA YIIEpO HAPOJHOMY XO3SIICTBY. DTO CBSI3aHO C OCOOEHHOCTIMM
MOBEJICHUS BEILLIECTB, cOpacbIBaeMbIX co CTOYHbIMU BOJIaMU
HedTenepepadaThIBAIOLIMX 3aBOJIOB B BOJJOEMBI, U, PEXK/IE BCETO HEPTH.

B 3aBopckom paitone ropoga CaparoBa UMEETCS MHOXKECTBO
OTCTOWHUKOB, UCTIOJIb3YEMBIX JIJIsl OUMCTKH CTOYHBIX BOAI. Pacnosiaratorcst oHu B
OCHOBHOM BJ10J1b peK YepHuxa, HazapoBka u bepe3una. 3anonHeHbl OTCTONHUKA
CTOYHbIMU BOflaMH, ¢ neHoW u mieHkow Hedptu. CHII3 HaxopmuTcss B uLeHTpe
MPOMBILVICHHOM arjoMepayu M HENOCPEJCTBEHHO TPAHUYUT C JPYTUMU
TeXxHOreHHbIMA 00BbeKTamu (OO0 «CapaToBOPrcuHTE3», Y BEKCKON HEPTEOA301
u np.). /[laHHas TeppuTOpHS B LEJIOM XapaKTEPU3YETCS BBICOKOW CTEMEHBIO
ypOaHU3alMy 1 MHOXKECTBEHHOCTBIO UICTOYHUKOB HETATUBHOTO AHTPOINOIE€HHOTO
BO3ICICTBUSA HAa OKpYKarowyr cpeny. JIokanbHasi 3KOJOrMYyecKasi CUTyalys
ycyryosnsietca  HeOsmaronpusiTHbiM — pacnojiokennem  CHII3  Ha  ckioHe
BOJIOPA3/IeJIbHON BO3BBILIEHHOCTU Haj| fojauHamu pek YepHuxu, HazapoBku u
Bousiru, B KOTOpBIX CTOUYHBIE BOJIbI COCTABJISIFOT OCHOBHYIO JIOJIFO UX PacXOfOB,
MHOXECTBEHHOCTbIO UCTOUYHUKOB 3arpsi3HEHUsi, pa3HooOpa3reM o0pa3yroluxcs
3arpsi3HUTENIe, a  TakXKe  MOCJEJCTBUSIMU  MPOLUIOH  3KOJOTMYECKU
HEPALMOHATILHON HedTenepepadoTKu. B Ka4ecTBe MOCJIEACTBUM
HedTenepepadOTKM HAOJIOaeTCs BBIXOJ] HA MOBEPXHOCTh HEPTIHBIX POHUKOB
B JoyiMHax Manbix pek HazapoBka n Yepnuxa. B ckBaxkuHax monuropuara OAQO
«CHII3» copepkanne HepTenpoayKTOB 3adpuKcupoBaHo Ha yposHe 1978 T1[1K.
ToniuHa HeTEeNnpoAyKTOB HAa MOBEPXHOCTUM TPYHTOBBIX BOJ| B paiiOHE pEKU
HazapoBku wusmensietcss ot 1,23 no 2,79 M. B uenom mno BOAOXpaHWIIUILILY
cofepkanue  HedrenpogykToB  oTrmevaercas Ha  ypoBHe 1,0 IIIK,
MPOCJIEXKUBAJIOCH yBeluueHue B Bopax B paitoHe Capatosa jgo 1,6 TIIK.
OrpoMHasi TEXHOT€HHasl Harpy3Ka, KOTOpasi B 3HAUYUTEJbHON CTENeHU U3MEHWUIIA
TUPOre0JIOrMYecKre yCJIOBUSI, B TEUEHUE [IJIUTELHOTO BPEMEHU HUCIbIThIBAIA
tepputopusi HII3 wu npuneratonme K Heil miomagu. B pesyiabraTte Ha
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TEPPUTOPHUHA 3aBOJja BO3HUK PAaHEE HE CYIECTBOBABLIMI TEXHOT€HHBIN TOPU30HT
TPYHTOBBIX BOJ, MPUYPOYEHHBIN K YETBEPTUYHBIM JIEJTFOBUAIBHBIM OTJIOXEHUSIM
Yl K BEPXHEN 4aCTU MEJIOBBIX MOPOA. BOOHOCHBI COBPEMEHHBIN AJIIIFOBUAIILHBIN
TOPU30HT PACIPOCTPaHEH B floanHax pek Hazaposku n UepHuxu, B npuOpe>KHON
noJioce BoJsrorpajickoro BOGOXpaHWINILA.

Kak n mo060i1 TeXHOIOrM4ecKnil Npouecc, nepepadoTka HeTU TpedyeT
JOCTATOYHOTO KOJIMYECTBA BOABI. 3aTpaThl BOJHOIO pecypca HEOOXOAUMBI sl
TE€XHOJIOTMYECKOr0 Ipolecca, MPOTUBOMOXKAPHBIX HYXKJ, IS XO3SMCTBEHHO-
OBITOBOT'O WCIOJIL30BAHMS M I OTBEJCHMS BOJIbI CTOPOHHUM OPTaHU3aLMsIM.
Hcnonb3oBanHas Boja Bo3BpaujaeTcs B Boarorpajckoe BOJOXpaHWIMLIE MOCIHE
NIBYXCTYNIEHYATOWM OYMCTKM BOJIbI, KOTOPAsi BXOAUT B TEXHOJOTMYECKUI MPOLECC,
M BKIIOYAaOWass B Ce0S MEXAHWYECKYHD) M OMOJIOTMYECKYIO OYMCTKM.
HccnenoBannss MNOCHEACTBUN  3TOrO  BBIABWIMA  YXY[ALIEHUE 3KOJIOTMYECKON
o0ctaHoBkM [3]. W3 OCHOBHBIX MHUKPOKOMIIOHEHTOB K 3arpsi3HUTEIISAM
Bourorpaackoro BOJIOXPAHWJIMILIA,  MPEBBILAIOIMM  JIAMUATHAPYIOLIUE
nokaszaTean, OTHocsaTcs 3kene3o mo 3,8 IIIK, amvonmin go 1,5 II[AK m
Hedrenponyktel  1,8-34 IIJIK. B pafione YBeka Bojga 3arps3HeHa
Hedrenponykramu (1-3 I1IK), dpenonamu (3-12 ITIK), meppto (7-14 I11K),
opranmyeckumu BeuectBamu (1-1,3 TIJ1K). B oTnenbHbie ropbl HaOMOIAOTCS
NOBBILLIEHHBIE COAECP>XKAaHUSI COEMHEHMWI a30Ta AMMOHMIHOTO W HUTPUTHOIO,
kenesa [4, 5]. HauGouiee 3arpsi3HEHHbIN y4acTOK - 3TO OKOJIO YCThs p. UepHuxa,
10 KOTOPO¥ cOpackIBatoTCsl B Bosry Bosibl ¢ psijia IpOMITPENpUATHIT 3aBOJCKOTO
parioHa.

YnpaBiATe KayeCTBOM BOAbI B BOAOEMAX IO COAEPXKAHUIO B HEN
OMOr€HHBIX 3JIEMEHTOB MOXHO C  MCIOJb30BAaHWMEM  BBICIIEN  BOJHOWM
pacturensHOCTH. B (QopmupoBaHMM KayecTBa BOJbI BAXKHYIO POJIb UTPAIOT
TPOCTHMK, KaMblIlll, pOro3, PpAECTbl, cycak u jpyrue [6]. W3BecTHO wux
NPUMEHEHUE IS TOOYMCTKM CTOYHBIX BOJ MPEANPUATHI MPOMBILUIEHHOCT U
ObITOBbIX CTOYHbIX Bof [7, 8]. IIpoBeneHHbIE WCCIEIOBAHUS —BJIVSIHUAS
NPOMBIUICHHBIX 3arpsA3HEHUI BOJHOW CpPEfbl HA PA3JMYHBIE BHU/bl BOJHBIX
PAaCTEHMI TO3BOJIMJIM BbIIBUTH CIHOCOOHOCTb HEKOTOPBIX BBICIIAX BOJHBIX
PAaCTEHMII AaKKyMYJUpPOBAaTb W O0E€3BPEXMUBATH OINPECIICHHbIE XWMUAYECKUE
3arpsAsHeHns. K TakuM BOJHBIM pacTEHUsIM, paclipoCTpaHeHHbIM B CapaTOBCKON
00JlacT, W OCOOEHHO B akBaTOpuM peku Bonrm, OTHOCATCA: TPOCTHUK
OOBIKHOBEHHbIN (Phragmites australis), kaMbllll 03€pHbIA (Scyrpus lacustris) n
poro3 y3komuctelii (Typha angystyfolia). Bce ath pacTeHusi mpou3pacTaroT
OOJILILIMMM MacCCUBaMM B NOMMe pekn Bounru, a Takke no 0eperam 3arpsi3HEHHbIX
NPOMBILIUIEHHBIMA ~ CTOKaMM  BOJOEMOB, TNPYOB-OTCTOMHUMKOB W  TOJEN
(punbpTpanum.

Ho pua ynpaeieHuss KadecTBOM BOJHOWM  CPefbl  LEIECOOOPA3HO
UCIOJIB30BAaTh CaMOE€ PACIPOCTPAHEHHOE PACTEHUE TPOCTHUK OOBIKHOBEHHBIN,
3apOCiIM KOTOPOro HanOoJIee MHOTOYMCIIEHHBI BJJOJIb MCCJIEJOBAHHBIX BOIOEMOB.
TpocTHUK cnoco0eH o0oramarbk KUCJIOPOIOM HE TOJBKO BOAY M IOYBY,
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yCUIIMBasl TPOLECCHI  OKUCJEHUSI, a YBEJIMYECHHE KOJIMYECTBA KHCIOPOAA
MOM(UIMPYET KOPHEBYIO CUCTEMY B CBOEOOpPa3HbII MEXAHWYECKUN (PUIBTP,
KOTOPBIN 3a[€P>KMUBAET B3BELICHHBIE B BOJIE YACTHLbI M OYMIJAIOT OT HUX BOMY.
OpmHako ponb TPOCTHMKA HE  OrPAHMYMBAETCS TOJIBKO  MEXAHUYECKOW
¢punpTpanmeit. C MOMOWIBIO KOPHEW PacTEHUsl M3BIECKAIOT W3 BOJbI
PACTBOpPEHHbIE TOKCUYHBIE BEIIECTBA U 3aTEM TPOCTHHK JIETOKCULIMPYET UX.

[Ipy w3yyeHMM TPOCTHMKA, NPOM3PACTAIOLIEr0 MO Oeperam pek,
OTMEYEHO, YTO TPOCTHUK B PANlOHE MCCIIECAOBAHNS HE CYIIECTBEHHO OTJIMYACTCS
OT KOHTPOJISI (B KAYECTBE KOHTPOJIS 711 CPAaBHEHMS ObIM 0OCJIEJOBAHbI 3apOCIIN
TPOCTHUKA, HAXOJSAMXCS B UCTOKE pekn HazapoBkm): BbIcOTa 2-3 M, HA/I3eMHAs
oromacca HOpPMaJIbHOW T'yCTOTbI NPOEKTUBHOE MOKpbITHE 90-95%, obunue no
wkasne dpyne — 6 Gamios.

Mexanu3M  yCKOpPEHMSI  Pa3jlOXKEHMsl  3arpsi3HEHMN  TPOCTHUKOM
CKJIQJbIBAETCS U3 HECKOJIbKUX 3JIEMEHTOB. BO-TIepBbIX, aspayusi 00eCneunBacT B
BOJIE HEOOXOMMOE KOJIMYECTBO PACTBOPEHHOI'O KHMCJIOPOAA, YTO CIOCOOCTBYET
XUMMYECKOMY OKMCIIEHMIO MHOTMX 3arpsa3HuTeneil. Bo-BTOpPBIX, TPOCTHMK
BBIJIEJISIET PACTBOPUMbBIE OPraHUMYECKWE BEIIECTBA M 3TUM CTUMYJMPYET
Pa3BUTHE OKMUCISIOIMX HE(MPTH M [Apyrue BuUAbl 3arpsi3HeHus Oakrepuil. B-
TPETBUX, KOPHEBAsA CUCTEMA TPOCTHUKA YBEJIMYMBAIOT 30HY KOHTAKTA MEXJY
HE(PTEOKUCTSIOIMMY ~ OakTepusiIMA M TUIEHKOW HedTtH, a Mukpoduopa,
Pa3BUBAIOILIASACS B 3apOCJSAX TPOCTHUKA, YCBAMBAET YTJIEBOOPOABI HEPTHU Kak
VCTOYHMK YTJIEPOJA U SHEPIUH.

Takum 00pa3oM, TPOCTHUMK OOBIKHOBEHHBIN MOXET OBbITh MCIOJIb30BaH I
OYMLIEHUS BOJOEMOB OT MPOMBILUIEHHBIX 3arpsi3HEHUN, B  YaCTHOCTH,
HepTenpoayKTaMu M Il PEKYJbTUBALMUA 3€MENb INPU JIMKBUANALMU TPYOB-
OTCTOMHMKOB NPOMBIBOYHO-TIPONAPOYHONM CTAaHIMM KAaK  JIOMOJHUTEJIBLHOE
CPEICTBO OMOJIOTMYECKON OUYHUCTKH.
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A. Tymu, H.A. IlonuraeBa
Cankr-IleTepOyprckuit nosmrexunyecknii yausepceuret [lerpa Benukoro

N3BJEYEHUE THXKEJIBIX METAJJIOB C UHCITOJIb30OBAHUEM
MUKPOBOIJOPOCI/IEA XJIOPEJLIA

B craTee npeacTaBiieHbl pe3yJbTaThl UCTIOIB30BAHUS JTMO(UIN3UPOBAHHON OrOMacChl
mukpoBopopocneir Chlorella sorokiniana B KayecTBe 3HTEpOCOpPOEHTa MpU COpPOLMU MOHOB
TsoKenblX MeTtannoB (MTM) npu pasnuusbix 3HaueHusix pH, O6mm3kux k pH  xenyaka
yesoBeka. [lokazaHo, yto BemmumHa Ouocopouyn MTM MukpoBopgopociisiMu B LEJIOM HE
3aBUCUT OT BeanuuHbl pH 1 focTuraet BbICOKON 3¢p(peKTUBHOCTU OUUCTKU (10 99 %).

KnroueBble ciioBa: MUKpOBOIOPOCIN, 3HTEPOCOPOEHT, COPOLIMS, TSIXKEbIE METAILIbI.

TsKesble MeTalIbl MPEACTABIISIOT COOON MPUPOJIHBIE SJIEMEHTBI, KOTOPbIE
00J1aJal0T OTHOCUTEJILHO BBICOKOM IJIOTHOCTBHIO (= 5 I/CM’) M BBICOKOI aTOMHOM
Maccoi [1]. DTh aneMeHTbl MPUCYTCTBYIOT B 3€MHOM KOpPE, U €CTECTBEHHBIM
00pa3oM BCTpPEYAKOTCS B BOJIE B CJEOBBIX KOHUEHTpALUMAX. 3arpsi3HCHUE
TSIKEJBIMA METAJIJIAMU MOXKET NMPOUCXOUThH BCIEACTBUE MPUPOJHBIX SIBJIICHUN,
HANpUMEP, U3BEPKEHUS BYJIKAHOB. OTHAKO B OCHOBHOM 3arpsi3HEHUST CITYYAOTCS
M3-32 aHTPOMOJIOTMYECKON [IEATEJbHOCTH, TAaKOM Kak [00bl4a TOJIE3HbIX
VCKOMAEMbIX, MPOMBIIUIEHHOE TPOU3BOICTBO M  CEIIbCKOXO3SIMCTBEHHOE
WCIMOJIb30BAHUE  METAJUIOB W METAUICOAECPXKAIIMX  CcoeauHeHun  [2-3].
Bo3MOXHbBIE MyTU MPOHUKHOBEHUS TAXKEIBIX METANVIOB B OPraHU3M YEJIOBEKA:
VHTAJIJISIIMOHHO, C 3arpsi3HEHHOW MUILIEW W BOJIOWM, aOcopOuuei 3arpsi3HEHHOTO
BO3/lyXa KOXe€HW. 3arps3HeHUE TSDKEJIbIMA  METAIJaMU  TaKXKe  MOZKET
MPOUCXOJIUTb BCJIEJICTBAE TPUPOJHBIX SIBJICHUI, HAMpPUMEp, W3BEPKECHUS
BYJIKAHOB. OJIHAKO B OCHOBHOM 3arpsi3HEHUSI CJIYYAKOTCS W3-32 aHTPONOTrEeHHOW
NESITEJIbHOCTU TaKOM, KaK J0O0blY4a TMOJIE3HBIX HCKOMAEMbIX, MPOMBIIIICHHOE
MPOM3BOJICTBO U CEJIbCKOXO3SIMCTBEHHOE  WCIMOJIb30BAaHWE  METAJLUIOB U
MeTasicofepxkaimux coeauHennin  [2-3]. C  OMOJIOTMYECKOW TOYKU 3peHwUsl,
TSIKEJIbIE METAJJIbl OOBIYHO JIEJIITCS HA JIBE TPYIMIbl B 3aBUCUMOCTH OT HX
BIIUSIHUSL HAa KJIETOYHBIM M (PU3MOJIOTMYECKUI ypoBeHb [1]. B mepByto rpymmy
BXOJISIT HE3aMEHUMbIE MUKPO3JIEMEHThI, KOTOpPbIE TPEOYIOTCS B OYE€Hb MAaJIbIX
KOHUEHTPALMSX JIJIsI HOpMaJbHOM (DYHKIWMM KUBBIX OpPraHnu3MoB. 2Kene3o, XpoM
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(IIT), ko6anbT, Meab, MapraHey, MOJMOEH, LMHK SBISIOTCS KOMIIOHEHTAMMU
HECKOJIbKMX KJIFOYEBBIX (PEPMEHTOB M WIPAIOT BAXKHYIO POJb B Pa3IMYHBIX
PEAKLMSAX OKUCIIEHUSI-BOCCTAHOBJIEHUS. TeM HE MEHEe, CYLICCTBEHHbBIE JIEMEHTHI
TaKXXE€ MOryT ObITb BpPEIHbIMU [JIsl JKMBOTO OpraHu3Ma 0OpU BbICOKUX
KOHUeHTpauusx [4]. JIpyrue meTtansbl, Takue Kak altoMUHUN (Al), MBILIbSIK
(As), Oapuit (Ba), xagmuit (Cd), cBuneny (Pb), pryts (Hg), He wumeror
YCTAQHOBJICHHBIX OMOJIOTMYECKUX (PYHKUUIA U CUUTAIOTCS HECYLIECTBEHHLIMU
METAJIJIAMU, U Yallle BCEro CBSI3aHbl C OTPaBJIEHUEM JItOeN 5]

B  HacTosimiee  BpeMsi ~ OpraHMuYecKuME€  XeJaTOpbl, Takue  Kak
aTuneHauaMuHTeTpaykcycHass kuciaorta (EDTA) u 2,3-puMepKanToCcyKUuHOBAs
kucsora (DMSA), aBasitoTCs TPeNOYTUTENIBHBIM CIIOCOOOM YIAIICHUS TSIXKENbIX
METaUIOB 13 opranu3ma. OfHAKO 3TU METO/bl MOTYT MOBPEJUTH MOYEUYHYIO
CUCTEMY, TMOCKOJIbKY X€JIaThbl METAaJJIOB BBIBOJATCSI M3 OpraHu3Ma, a TakKe
YAANSIOT WHbIE BaXKHblE METasllbl, KOTOpPbIE MOTYT BbI3bIBATH JI€(ULUAT
MUHEPAJIOB U CHOCOOCTBOBATH MOSIBJIEHUIO MOOOYHBIX 3(P(PEKTOB, TaKMX Kak
aHemusi (B ciayuae 3kene3a) [6]. B HeECKONbKMX Hay4HbIX MCCJIEIOBAHUSIX
M3Yy4yaeTcsl BOBMOXKHOCTb UCMOJb30BaHUSI HATYPAJIbHBIX MPOAYKTOB JIJIsl 3aXBaTa
Y BBbIBEJICHUS WOHOB TsKenbiXx MeTawioB (MTM) wu3 opranusma yenoBeka.
JlaHHBIMU TIPOJIYKTaMU SIBJISIFOTCS 3€JIeHble MUKPOBOJOPOCIHU, XJiopesna, Allium
sativum  (4ecHok), Coriandrum sativum (kuH3a), Silybum marianum
(pactoponuua), Ginkgo biloba (runarko), Curcuma longa (KypkyMa) u
pacTuTesbHbIe BOJIOKHA [7 - 8].

Llesbr0 TAaHHOTO UCCIIEIOBAHNS SIBJISUIOCH U3ydeHue BiausiHus pH pacTBopa
Ha ouocopourro U'TM MUKpOBOIOPOCIISIMU.

Marepuanst u w™erogpl. B oTOM KccnefgoBaHuM mpepsiaraeTcs
UCHoNb30BaTh Ouomaccy mukpoBopopocim Chlorella sorokiniana B kaudecTBe
ouocopbenta.  buomaccy  mukpoBopopocneir  Chlorella  sorokiniana
KyJbTUBUPOBAIM B 3aKpbITOM (poTodbropeakTope. ONTUMANIbHBIE YCJIOBUS
KYJIbTUBUPOBaHMUS, BKJIFOUYASI COCTAB NMUTATEJILHOI CPeibl U YCJIOBUSI OCBELLEHUS,
ObUIA ompefesieHbl B Mpebiaymx ucciaefgoBanusix [9 - 10]. [nsa onpepenenus
acppekTuBHOCTH OouncTKU OT MUTM MeTooM GuocopOuuu, rOTOBUIM pabouue
PacTBOpbI U3 CTAHJAPTHBIX 0Opa3lOB, COAEPXKAIIMX KATHUOHbI LIMHKA, KagMUs,
cBUHIA U Meau B KoHueHTpauuu 10 mr/n. HavanbHoe 3Hauenne pH cocTaBmsiio
2 en. pH. B aToM uccneoBaHuu u3yvyanu BAUsSIHUE 3-X pa3jIMyHbIX 3HauYeHuin pH
(2, 4, 6 en.). Heooxonumoe 3HaueHue pH pabounx pacTBOPOB IOCTUTAIA MyTEM
noOaBieHNsl MO KamjisiM pacTBopa OukapOoHata Hatpusa 595 M (pH = 9).
BukapOoHar HaTpusi Obul BbIOpAaH MOTOMY, YTO OH HAaXOJUTCS B OPraHu3Me
YyeJoBeKa M OTBEYaeT 3a HeuTpanuzauuio kenayaouyHour kuciotel (HCI) B
nBeHaguaTunepcTHoi kuke. 100 r mModunn3npoBaHHON 6MOMAacChl JOOaBISIIN
K 1000 mMa kaxjoro paboyero pactBopa, COAepKallfii YeTbIpEe MOHA TSXKEJbIX
METAaJJIOB B cMecH. Jlanee CycrneH3uu BCTPSIXUBAJIM Ha JJaOOpPaTOPHOM LlIeHKepe B
TEYEHUM 2-X 4YacoB. 3aTE€M CMECH OCTaBJsIM Ha 22 vaca Mpu KOMHATHOM
temneparype. Ilocie 3Toro copOeHT OTAeasuyidi OT pacTBopa MNYTEM
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(punbTpOBaHMST M OCTATOYHbIE KOHLUEHTPALUMM METAIOB B (PUILTPATE ObUIN
M3MEPEHBbI  BOJIbTAMIIEPOMETPUYECKMM METOOM Ha yctpoictee TA-Lab
(HopmaTuBHbIl fokymeHT [THI & 14.1: 2: 4.222-06). TouHoCcTh u3MepeHus
IAHHOTO MeTofia paBeH 25%. AHanu3 copiep>KaHusl TSXKEJbIX METaIOB MOCse
cOpOLMM NMPOBOAUTCS B TPEX SK3EMIUISAPAX, MO3BOJSIIOLIMX IMONYYUTh CPEHEE
3HAYEHUS] KOHLEHTpPAUUMM  TSDKENbIX  METAIOB B KaXjoM  oOpasie.
(P PEeKTUBHOCTb OYMCTKM PpacCUAThBIBAIA 1O ¢opmyne (1) m COpOLMOHHYIO
EMKOCTb 10 (hopmylJie (2).

C-Cp

= 100 %, (1)

H

rjae O — 9(pPeKTUBHOCTb OUUCTKU, %; CH — Ha4YaJIbHAsl KOHLEHTPaUusl pacTBOpa,
mr/n; Cp — paBHOBeCHas (OCTaTOYHAsI) KOHLIEHTpALWs B PACTBOPE, MI/ 1.

— (C,-Cp)* Vppa

A ,(2).

rme A — copOUMOHHAsi €MKOCTb, MKI/T; CH — HadalbHasi KOHUEHTpaUus
pactBopa, mr/i; Cp — paBHOBECHasl (OCTATOYHAs) KOHLEHTpalysi B pacTBOpE,
Mmr/m; Vp-pa — o0beM pacTBopa, JI; m — Macca copoeHTa (buomacca), T.

[Tomy4eHHbIE pe3yJIbTaThl MPEACTABIIEHBI B TAOJIMLIE.
Tabnua
DPHeKTUBHOCTb OUUCTKU U COPOLMOHHASI eMKOCTh Ouomacchl Mukpoopopocieit Chlorella
sorokiniana nocsue CylKy NyTéM JTMOPUIN3NPOBAHKS IPU TPEX pa3HbIX 3HaUeHusiX pH

Apcop0ar | Cp,mr/n | 9,% | A,mr/r

pH=2+0,2

B1%1%1%4 0,335 96,65 0,096

Kagmuit 0,251 97.49 0,097

CBuHer| 0,017 99,83 0,099

Menn 0,001 99,99 0,099
pH= 40,2

B1%1%1%4 1,175 88,25 0,088

Kamvuit 0,175 98,25 0,098

CBuHer| 0,515 94,85 0,094

Menn 0,001 99,99 0,099
pH= 60,2

B1%1%1%4 0,001 99,99 0,099

Kagmuit 1,154 88,46 0,088

CBuHer| 0,573 94,27 0,094

Menn 0,001 99,99 0,099

W3 Tabmuupl BUAHO, YTO BeanunHa ouocopouumn M'TM MukpoBopopocisimu
He 0CcO00 3aBUCHUT OT BennuuHbl pH M jgocTuraet BbICOKON 3(P(EKTUBHOCTU
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ouncTky 10 99 %. pH, XapakTepHOoe I >KEny/IKa 4eJIOBEKa U BapbUPYETCs OT
pH = 1,5 o 5. buomacca mukpoBofopocneit acpgektusHo copoupyetr UTM npu
NIAaHHBIX KOHLEHTpAaUMsiX, MO3TOMY CJEAyeT MpOAOXKaTh WCCIEIOBAaHUS B
o6nacTi ToTeHIManabHOro ucnonw3oBanus Chlorella sorokiniana B KadyecTBe
HTEPOCOPOEHTA.
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@ .X.A. An-®panu, H.A. IToauraeBa
Cankr-IleTepOyprekuii nonmrexunyeckuii yausepcuret [letpa Bemmkoro,

JTOOYUNCTKA MUTHEBOU BOJBI BAKTEPUIIMIHBIM
ONJIbTPOM HA OCHOBE BETYJ/JIMNHA

PaccMoTpeHnbl ocHOBHbIE cBoWcTBa OeTynuHa. [IpecTaBieHbl (pU3MKO-XUMUYECKHUE U
ononornyeckue cpoiictea OerynuHa. IToayyeHa KomMno3uuys AJisi U3rOTOBJIEHUST (DUIILTPOB 110
JIOOYMCTKE NMUTHEBOI BOJIbI HA OCHOBE YITIEPOJIHbIX COPOEHTOB (aKTUBHOIO yris Mapku [TAY)
C IPUMEHEHUEM PACTUTEILHOTO OMOLMHOTO NpoAyKTa OeTynuHa. [Toka3aHo, 4TO NpUMEHeHne
OeTyJMHa NpPU HAHECEHUWM €ro Ha AaKTHUBUPOBAHHBIA Yrojlb MOBLILIAET €ro CHOCOOHOCTb
nopasisaTh pasmHoxkeHue Escherichia coli. Ilpu konuentpaumum 0,5 — 1% OerynuHa Ha
MOBEPXHOCTU COpPOEHTa OO0EeCneurMBalOTCsl OWOLMHbIE CBOWCTBA (puibTpa B MNpoOLECCE
9KCILIyaTalyu.

KnroueBble  cioBa:  OeTy/nuMH, OYMCTKAa  BOAbl, AKTMBMPOBAHHBI  Yyrollb,
o0e33apakuBaHue

B Hacrodiiee BpeMs JKWATEIM MHOTMX PETMOHOB CTPaHbl HE WMEIOT
JIOCTyIIa K Ka4eCTBEHHOW MNUTheBOM Boje. IlosToMy pa3paboTka CUCTEMBI
OYKMCTKM BOJbl OT TOKCUYHBIX NPUMECEN [JI1 HEOOJbIUMX TPYMI HACEJICHUS
NPEJCTABISACT MPAKTUYECKUII MHTEPEC [ COXPAHECHUS UX 3[I0POBbS U
Omarononyuns. Ha oOCHOBE yriepopgHbIX COpOEHTOB pa3padOTaHbl M HALUIA
LIMPOKOE NMPUMEHEHUE MAJOra0apuTHbIE UHAUBUIYAJIbHBIE UM MAruCTpasbHbIE
puibTphl, OOECcneYMBAOIME MMOJYyYEHHE NUTHEBOM BOMbI, C IOKAa3aTENISIMU
3arpsi3HCHUA  HUDKE  MPEJICNIbHO  JIONYCTUMbIX  KOHUEHTpauuid. BaeneHue
TEXHOJIOTUM cepeOpeHnsi rpadura MO3BOJISIET MPENOTBPATUTH Pa3MHOXKEHUE
MUKPOOPraHU3MOB B Toule caMoro ¢punbrpa. Cepedpo JAaBHO HCIOJIb3YETCS
KaK 0aKTepUOCTATUYECKUN Ar€HT MPU JIUTEJIbHOM XPAaHEHUM NMUTHEBON BOJbI,
HanpuMeEp Ha MOPCKMX CYyJax, BO BpeMsi KOCMUYECKUX NoyeToB. Cepedpo - 3To
TsKENbI MeTaiul. B poccuiickux canurapsbix HopMmax - CanlluH 2.1.4.1074-01
"Bopma mutbeBas" (cm. "[1[IK nnst HeopraHndeckux npuMecei B Bojie") - cepeopy
MPUCBOEH KJIACC OMAacHOCTH 2, T.e. "BbICOKOOMacHoe BemlecTBo". HopmaTup mo
cepebpy coctaasier 0,005 mr/n = 50 Mmkr/n. Kak u OOJBIIMHCTBO TSIXKEJIbIX
METAJNIOB, CEPEOPO MEJIEHHO BBIBOJIUTCS U3 OPraHvM3Ma U MPU €ro NOCTOSSHHOM
NOCTYIJIEHUM MOXKET HakarumBaTbes. [Ipy mmrensHOM HakoreHuu cepedpa
BO3MO>KHO MPOSIBJIEHUE TPU3HAKOB aprupo3a - OTpaBjeHus cepedpom [1].

[ToaromMy 3aj1aua 3aMeHbI cepedpa Npyu U3roTOBJIEHUM (PUITBLTPOB SIBISIETCS
BEChbMA aKTYaJbHOM.

N3BeCTHO, YTO pacCTUTENIBHBIN CTEPOU]] OETYJIMH MOMUMO OMOJIOTMYECKU-
AKTMBHOI'O BIIMSHMS Ha 3/10POBbE 4YEJIOBEKA, TaKXKe 00JaaeT OMOUUIHBIMU
CBOMICTBaMHU. K3BECTHO, YTO OETYJIMH OKa3blBa€T MPOTMBOBOCHAINTEIBHOE,
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NPOTUBOMHUKPOOHOE, IPOTUBOBUPYCHOE, NPOTUBOIPUOKOBOE,
NPOTHUBOONYXOJIEBOE MPOTUBOPAKOBOE IEUCTBUSA [2].

[TosTomMy mnpeacTaBisieT NPaKTUYECKUN WHTEPEC W3YUYUTb MPUMEHEHUE
OeTynuHa ISl 3alUThl (PUIBTPOB MUTHLEBOW BOAbI OT PA3MHOXKEHHS B HUX
Oaktepuit u rpuoboB. Kpome Toro, OeTynMH SBISETCS BO300HOBJISIEMbIM
PaCTUTEJIbHBIM ChIPbEM.

Buoyuonvie mamepuanvt 0aa  guabmpos ouucmku  600bl. s
(pusbTpa BOfIbI U YNAIEHHWS TOKCHUYHBIX NPUMECEN MIMPOKO MPUMEHSIIOT
YIJIEPOJIHbIE COPOEHTBHI C BBICOKO PAa3BUTON MOBEPXHOCTHIO (aKTUBUPOBAHHBIN
yroJib, YrOJIbHOE BOJIOKHO WJIM BCIIEHEHHBbIN rpacuT) [3]. g nmpegoTBpamieHns
pasBuTusl B TOJUE (PUIbTpa MHMKPOOPraHU3MOB IIMPOKO  HCIONB3YIOT
flofcofepXXauye u cepedpocofiepKalye KOMIOHEHTHI.

CepeOpo gBASIETCA AOPOrOCTOSAIIMM METAJIOM W €ro MPUMEHEHUE
YJOPOKAaeT CTOMMOCTH copOenTa. Ha oguH Kr yriiepogHoro copoenra Tpedyercs
17,5 r. azoTHOKuUCHIOrO cepebpa (B Kotopom 12 r. uucroro cepedpa). Llena
cepeOpa coctasnsier okosno 1500 pyO. 3a r. Kpome TOro, mMcmnojib30BaHHbIE
(pMABTPBI yTUIHA3UPYIOTCA U 3TO CEPEOPO HABCET/IA BBIBOAUTCS U3 000POTAa.

Dusuxo-xumuueckue u buoaouueckue  ceoilicmea bemyauna. B
NOCJIE[IHNE JIECATUIIETUS] BCE OOJIblIEe BHUMAHME MCCIENOBATEJEN NPUBJIEKAOT
NPUPOJIHbIE OMOJIOTMYECKU AKTHUBHbIE COEMHEHUsA. be3 COMHeHusi, OflHy Wu3
JUUPYIOLIMX TMO3ULMA B Psily 9TUX BEUIECTB 3aHUMaET OETYJIMH M €ro
npou3BofHble. OCHOBHBIMU NPEUMYLIECTBAMMU, BbIICSIIOIIUMU OETYJIUH CPeu
NPYTUX OPUPOJIHLIX COECAUHEHUN, SIBJSIIOTCS: JOCTYMHAsl ChIpbeBasi 0a3a, BLICOKOE
cojfiep>KaHue OCHOBHOTrO BelllecTBa (OeTynuHa) B cbipbe (25 — 30%), NE€rkocThb
BbIJICJICHNS] TPOAYKTA. YUCTBIA OETYIMH NMPEACTABISIET COOOM MOPOLIOK Oenoro
yBera, 0e3 3amaxa, CO CJaObIM BsSKYLIMM BKycoM. berymuH ycroiuuB K
NICICTBUIO KUCJIOPOfla M COJIHEYHOrO I1BETAa, HE TOKCUYEH, Oe3omaceH [Jisi
yejgoBeka [4].

Buonornueckass akKTUBHOCTb 3KCTpPaKTa OepecTbl U €ro KOMIIOHEHTOB,
NOJITBEPK/IEHA B XOJI€ HAYYHbIX MCCleloBaHui Oojiee yeM B 40 3apyOesKHbIX U
POCCUICKMX HayuyHbIX UeHTpax. IIpopemoHcTprpoBaHa 3(@EKTUBHOCTL B
UCMOJIb30BAaHUM TPUTEPIEHOBLIX COEAVHEHUIN O€TyJMHA B KAayeCTBE MPSIMbIX
PeryisiTOpoB aKTUBHOCTHU (pepMEHTATUBHBIX CUCTEM 3al[UThl Opranusma [5].

Bbicokasi Temnepatypa niaBiaeHus OetyauHa (240-260 -C), cTabuibHas
(phopmyJita, MHEPTHBIE CBOMICTBA MOJIEKYJIbI, OOECNEYMBAIOT UINTEIBHBIE CPOKH
XpaHeHus1 0e3 W3MEHEHHsI CBOWCTB. BeTynuH pacTBOpHMM B OPraHMYeCKUX
PacTBOpPUTEIIAX, OOJIAAET 3SMYJNBIMPYIOLMMU W CTPYKTYPOOOpa3yoLMU
CBOJICTBAMM, OOpa3yeT MacCJIOXHUPOBYIO 3MYJbCHIO. Takue TEXHOJOTMYECKUEe
CBOJICTBA OO0YCJIAaBIIMBAIOT NPUBJIEKATENBHOCTh OETyJIMHA I NPOWU3BOJAUTEIS,
TaK KaK HE BIIMASIOT Ha BKYCOBBIE KAUECTBA TOTOBOTO MPOAYKTA U MO3BOJISIIOT
No/BEPraTh MPOAYKLMIO TEPMUYECKON 00pabOTKe, B OTJIIMYMU, HAMPUMEP, OT
npoOUOTHUKOB [6].
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[Io MeXayHapOgHOW TOKCHKOJOTMYECKON —KJilaccuuKauum OeTyJIMH
OTHOCUTCS K 4 KJIacCy MaJIOTOKCUMYHBIX BelllecTB: noJyjeTtanbHas fo3a (JII 50)
oetymuHa 9000 mr/kr. berynuH He oOJsafjlaeT ajsiepreHHbIM, KAHLEPOTE€HHbIM,
KOKHOPA3pakarolM, KYMYJITUBHbIM, MYTareHHbIM, CEHCUOUIM3UPYIOLIVM U
3MOPUOTOKCUYECKUM NEVICTBHAEM. [IpoBeneHsl VICCJIEIOBAHUS
MUKPOOMOJIOTMYECKUX MOKa3aTenein 0eTynnHa, Kak bAJl v ceIpbst Ayt MuieBow
NPOMBILIIEHHOCTH. [10 pe3yJsibTaTam UCHbITAaHUS MO NOKA3aTENsAM O€30MacHOCTH
(MUKPOOMOJIOTUYECKHX, COJIEP’)KAHMIO TOKCUYHBIX 3JIEMEHTOB, MECTULUOB U
PaMOHYKIUAOB) OeTyauH cooTBeTCcTBYeT TpeboBanusiMm CanlluH 2.3.2.1078-01
«I'uruennyeckue TpeOOBaHUSI OE30MACHOCTH W MMIIEBOW LUEHHOCTHU MUILEBBIX
npoayKToB» 1.1.10.5

Lenbro pgaHHOM pabOThl SIBUJIOCH W3YyYEHUE BJIMSHUSI OETYJIMHA Ha
AHTUMUKPOOHBIE CBOMCTBA YIJIEPOHBIX COPOCHTOB.

B kauecTBe yriepopHOro copOeHTa HCHOJb30BAIM aKTUBUPOBAHHBIN
yrojib mMapku JAY. [Ins noBblIEHUS] aHTUMUKPOOHBIX CBOWCTB YTIJIEPOJHbIN
cOpOeHT 00padaThIBAIM OETYJIMHOM, a 3aTEM MCCJICJOBAJIN JIEUCTBUE PAJIMYHBIX
MHUKPOOOraHu3MoB (Tabamua 1) Ha MoJy4YeHHbIN MaTeprall.

AHTUMUKPOOHOE JieficTBUE NpenapaTa 6eTyJIMH U YIJIEPOJHOrO COpOeHTa ¢
HaHeCEeHWeM Ha Hero OeTyJMHa WCCJEeIOBAM METOJOM pa3BefeHUs] B
nutareJbHOM  arape [7]. Pe3yabTaThl uccieoBaHWsI  MOKa3ajid, YTO
MUHUMAaJIbHASl MOJABJISIONIAs KOHUEHTpauust (MKI/MJI) TPUTEPIEHOUHOIO
npenapata coctasisna qist Escherichia coli 200 Mkr/mu.

[nst onpeneneHnss OAKTEPULMAHOIO JIEWCTBUSI MPUMEHSJIACH KaresbHast
merouka. [logcyeT KOJOHWMIA NPOM3BOAWICS B KaXJIOM Karmje OT/EIbHO.
[TpoBoguiicst pacyeT KOJUYECTBA MUKPOOPraHM3MOB B €IUHULE OObeMa
UCCIIElyeEMOro MaTepualia ¢ y4eTOM pa3BefieHUs] U1 O0beMa 3aCesIHHOW Karlju.
Pe3ynbTaThl npuBesieHbl B Tabmuuax 1 u 2.

AHanmu3 TNOJNYYEeHHbIX Pe3yJbTaTOB MoKa3ad, 4yro OerynauH (Tabma. 1)
o0ecrneyunsl CHUXKEHHME KOJIMYECTBA TECTUPYEMbIX MUKpoopraHuaMoB. IIpu
COBMECTHOM JIEVICTBUU OeTyJiMHA U cOpOeHTa (Tabj. 2 MPOUCXOAWUIIO YCUJIEHUE
aHTUMUKPOOHOTO JIeNCTBUS - oTcyTcTBOBaN pocT E.coli, B.cereus; HaOmofanoch
yMeHblIeHue Kkonuuectsa S.aureus u P.aeruginosa.

Taomuna 1
Biusinue 6eTynnHa Ha pa3BUTHE MUKPOOPraHU3MOB
berymun
MukpoopraHusmbl KonnuecTtsBo Ki1. Oumo6ka ITyaccona JloBepuUTEJIbHBIN
B 1 Mn WHTEPBAI
P.aeruginosa 2,5E+08 1,6E+07 2,2E+08
S.aureus 4,6E+08 2,1E+07 3 4E+06
E coli 3,6E+07 1,9E+06 1,3E+06
B.cereus 2,3E+07 1,5E+06 1,2E+06
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Ha ocHOBaHuMM BbIlIE W3JOXKEHHOTO MOXHO CEJIATh BBIBOJ, YTO
HauOoJbass OaKTepMUUHAS AKTUBHOCTH MPOSBISETCA INPU OJHOBPEMEHHOM
UCIOJIb30BaHUM OeTyJiMHA M yriepopHoro copOenrta. bumaropgapss aromy
HEOXKUIAHHOMY o((eKTy OETyJIMH MOXHO PpEKOMEHAOBATH B KAyeCTBE
QHTUMMKPOOHOIO TOKPBITUS TPU  W3FOTOBJIEHUM  YIJIEPOAHBIX  (PUIBTPOB.
CopOeHT MOXKHO MCNOJIB30BaTh MHAMBUYAJILHO NPU COAECP>KaHUM OeTyauHa 1 —
5%, a TakXKe B COYETaHUU C CEPEOPOM, IIPA €r0 TONOJHUTEITBHOM YMEHBIIEHHOM
cofiepKaHuu Ha noBepxHoctTu copoenra ot 0,1 o 1%.

Tabmuma 2
Bnusinue OeTysiMHAa HAHECEHHOTO HA YIJIEPOJIHbINA COPOEHT HA Pa3BUTUE MUKPOOPTraHU3MOB
berynuH+copGeHT
MukpoopraHusmbl KonnuecTtBo Ki1. Ommbka JloBepuUTeIIbHbIN
B 1 mn Ilyaccona VHTEPBAIl
P.aeruginosa 1,6E+07 1,2E+06 1,2E+06
S.aureus 1,1E+08 1,1E+07 3,1E+06
E coli 0 0 0
B.cereus 0 0 0

3akarouenue. Ha OCHOBE yriiepojHbIX COPOEHTOB (AKTMBHOTO YIJISI MapKH
HAY) ¢ npuMeHeHMEM pacCTUTENBHOrO OWOLMAHOTO MNpofayKTa berynuHa
NOJIyYeHa KOMITO3ULMSI [JI1 U3FOTOBJIEHUS (PUIIBTPOB MO JIOOYMCTKE NMUTHEBOMN
Bofbl. [Ipumenenne beTynnHa npu HaHECEHMM €ro Ha aKTMBUPOBAHHBIN YIOJlb
NOBBIIIAET €ro CIOCOOHOCTH TMOJABIATL pasMHOXeHue Escherichia coli. Ilpn
KoHueHtpauuu 0,5 — 1% OGeTynrHa Ha NOBEPXHOCTU COPOEHTa 00ECTIEUMBAIOTCS
OnouujHble CBOWICTBA (punbTpa B TIpouecce skcmiayatauyuu.  CHukeHne
CTOMMOCTH (PUIILTPOB JIs1 JTOOUYMCTKY BOJIBI 3a CUET MCIOJIBb30BaHNUS IPUPOHOTO
(13 KOpbI Oepe3bl), HETOKCUYHOTO (4ii KJ1acC ONAaCHOCTH), OoJsiee JIEMEBOro, YeM
cepeOpo, OMOLMIHOTO BO30OHOBISIEMOTO PACTUTEIBLHOTO ChIPbs - OETYJIMHA.
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H.N. XoTBKO
Poccuiickas akageMus ectecTBO3HaHus, T'. MocKkBa

K TEME BbIABJIEHUA KPUTEPUEB MEJINKO-
IKOJOI'MYECKOU CUTYAIINN

CnoxHas aKonornyeckasi 00CTaHOBKA, ONPEJIEIsoNIasl 3[I0pOBbE HACENEHUs!, TpeOyeT
BbIGOpa NMPUOPUTETHLIX U HWHIUKATHUBHBIX HaHpaBHGHMﬁ, OG'bGKTl/IBI/I?;aU,I/ll/l PUCKOB B
COLMATILHO-TEPPUTOPUATILHOM ~ TPOCTpaHCTBE  coBpeMeHHou  Poccun. B paGote
paccMaTpuBarOTCsl  NpoOJieMbl  KPUTEPUAIBHOI  OLEHKM MpPU  PA3JIMYHON  MEJIUKO-
9KOJIOTMYECKON CUTYALUMN.

KmroueBble cjoBa: KpUTECprn MC)II/IKO-SKOJIOFI/I‘-IGCKOﬁ CUTyallun, KpuUTCpUuaJbHas1
OLIEHKA, 3/I0POBbE HACEJIEHUs!, (DAKTOPbI BHELIHEN CPEJbI.

[10MM3THONOrMYHOCT MPOOJIEMBI YTPO3bI 3IOPOBBIO YEJIOBEKA OT BPEHBIX
pakTopoB  okpyxaromieri cpegpl  (OC) TpeOyeT BbIOOpa NPUOPUTETHBIX
HAIpPABJICHA W WHMKATUBHBIX KPUTEPUEB MX OLEHKU. BbIsiBieHne (hakTOpoB
pUCKa, 10Ka3aTeJbCTBA UX POJIM B HAPYLICHUSX 3[0POBbsl YEJIOBEKA, a TaKXkKe
KOJINYECTBEHHASA XapaKTEPUCTHKA 3aBUCUMOCTEN BPEAHBIX 3(p(PEKTOB OT yPOBHEN
BO3/IEVICTBHS. KOHKPETHBIX (PAKTOPOB OKPY>KAOLIEN Cpefpl SIBISIETCS OJHON W3
(pbyHmaMeHTanbHBIX 3aa4  MEAUKO-3KOJIOIMYECKUX uccyenoBannii. [Ipyrumm
CJIOBaMM — aKTYyaJlbHOCTb W3Y4YaeMON NPOOJIEMBbI OINPENEIAECTCS OTCYTCTBUEM
CTAHIAPTU30BAHHBIX HAMIEXKHBIX KPUTEPUEB OLECHKU 3KOJOTMYECKOTO COCTOSHUS
TEPPUTOPUI M HEJOCTATOYHO Pa3pabOTAHHOW METOMOJOrMM OLUEHKM Y aHalIn3a
pUCKa 310pOBbIO HaceseHus [1].

CnoxuBiasgcsi HeOJIaronoyiyyHasi CUTyalus C 3arpsi3HEHUEM Cpeibl U
COCTOSIHMS 3[10pOBbsl Jtofiel B [IpUBOIDKCKOM (beiepaibHOM OKpYre, CHUXKEHUE
KayecTBa M NPOAOJDKUTEIIBHOCTH >KU3HU HAceJeHUusl, Hea(p(heKTUBHOCThb, a B
HEKOTOPBbIX  CJIyyassX  HEJOCTATOYHA  TUTMEHM4YecKass  OOOCHOBAHHOCTb
MPUPOAOOXPAHHBIX MEPONPUSITHIA, pa3pabaTbIBaEMbIX 0e3 YETKUX
KOJIMYECTBEHHBIX KPUTEPUEB TMOTEHUMAIBHOTO M PeajbHOro yuepoda s
300pOBbsl, HU3KasA 3(P(PEKTUBHOCTh 3aTPAYMBAEMBIX HA CHUXKEHUE 3arpsi3HCHMS
CpelCTB, OOYCJIOBJIEHHAs] B OOJILIIMHCTBE CJIY4a€B OTCYTCTBUEM OOSI3aTEJILHOW
OLICHKM JEMCTBUTEJBLHOIO BKJIAQJa TOrO WM WHOrO NPEANpPUSTUS B yXY/ILICHHUE
COCTOSIHMSI  310POBbSl HACEJIEHUSI, HECOONIOICHWE, a B psAfe CIy4daeB
HEIOCTUKHUMOCTb HEKOTOPbIX TMTMEHUMYECKMX HOPMATHUBOB, CBSA3aHHbIE C
3KOHOMUYECKMMM W TEXHUYECKUMU TNPUYMHAMM, HACTOSTEJILHO TPEOYIOT
W3MEHEHUSI U TMEPEHOCA AaKLEHTOB C NpoOJieM 3KOJOrO-TMrMEHMYECKOro
HOPMMPOBAHMUSI HAa KOJIMYECTBEHHYIO OLICHKY MOTEHUMAIBHOW M peallbHOM
OINACHOCTEN OT YPOBHEW BO3/ICVICTBUS, CYLIECTBYIOUIMX B PEAJIbHBbIX YCJIOBUSX
HaceJIeHHbIX MecT [2,3].

YCTOMUMBOCTD ~ 3KOJIOTMYECKOTO  PAaBHOBECUSI UM HOPMAJIbHOIO
(pyHKUMOHMPOBAHUSI TEPPUTOPUM HAXOAUTCS B 3aBUCUMOCTU OT BHELIHEW U
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BHYTPEHHEN aHTPOINOIeHHON Harpy3ku. K mepBoii OTHOCSTCS OMOreOXMMUYECKUE
HapyLIeHWsl, KO BTOPOM — aHTPOIOTEHHbIE W3MEHEHUS, OOYCIIOBJIECHHbIE
HETOCPEACTBEHHBIM KOHTAKTOM NPUPOJIbI U YeJI0BeKa. [JOBOJILHO MOJTHAsA OLECHKA
OTBETOB OMOTbI HAa BO3JCHCTBUE AHTPONOIEHHBIX (PAKTOPOB MOXKET OBITh
JOCTUTHYTAa TPU W3YYEHUM BCEX YPOBHEN MEPAPXUYECKU OPraHW30BAHHBIX
OMOJIOTMYECKUX CUCTEM, OT MOJIEKYJISIPHOTO 10 OMOLUEHOTNYECKOTO. B 3101 CBSI3N
BO3HMKAET HAAOOHOCTH BbISBJICHMSI HECJIOXKHO KOHTPOJIMPYEMBIX IOKa3aTelien,
NO3BOJISFOLLAX IMarHOCTUPOBATh 9KOJIOTMYECKHU ONACHBbII  ypOBEHb
aTMOXMMHUYECKOTO  BO3/ICVICTBMS HA PaHHMX CTaAudX JI0  HACTYIUIEHUS
HEOOpaTUMBIX W3MEHeHui. [l MonHOro aHanmmMs3a ynpasisieMOW CUTYaluu
HEOOXO/IUMa HE TOJBKO CPAaBHUTEJIbHAS, HO M KpUTEpHabHas oueHka. OHa
NPEAINOAracT ONPENETICHAE OCHOBHBIX XapAKTEPUCTUK YIPABIIIEMON CUCTEMBI, HA
OCHOBAaHMMA KOTOPBIX NPOM3BOAUTCS aHamu3 e€ cocrosiHus. Ilpm stom puis
CJIOKHOM CHCTEMbl XapaKTEepHa JACTaNM3alysi KPUTEPUEB HAa KaXK/OM YPOBHE.
Hampumep, kpurepueM 1yis  MEAMKO-OMOJIOTMYECKON CUTYaUUH, KaK CHUCTEMBI,
MOXET OBbITh COCTOSIHME 3[JOPOBbsI HACEJIEHUs, KaK mojcucremMa. B cBoro ouepenp,
B KA4eCTBE MEpWia 3[0POBbsl OINPEACIEHHON TPYMIbI HACEJEHUS MOXKET ObITh
COCTOSIHUE WMMYHHOW 3allThl OpraHusma. Takoe COCTOSHME MOXET ObITb
OLIEHEHO HAJIMYMEM TEX WM MHBIX UMMYHOITIOOYJIMHOB, MMMYHOKOMIIETEHTHBIX
KJIeTOK. Bmecte ¢ TeM, HEOOXOOMMO BBIIENATb INPUOPUTETHBIE KPUTEPUH,
UCTIOJIb3YEMBIE ISl YIIPABJICHUSI MEIMKO-IKOJOrmyeckon curyauuu. I[Ipn stom
NPEACTABISIETCS  LENeCOOOpa3HbIM  yYWTHIBATH  CIEAYIOLIME  TPU3HAKU:
MH(OPMATUBHOCTb;  IOCTYMHOCTb  OINpPEAEJEHNs;  A[IEKBATHOCTb  CUTYalWu;
3HAYMMOCTb; HAJIEXKHOCTh; CBOEBPEMEHHOCTb.  HEBO3MOXKHO pPEKOMEH[IOBATH
KaK/e-TO YHUBEPCAIbHbIE KPUTEPUM, XapaKTEepHbIe I BCEX CUTYaluil.
Hampumep, B BbIOOpE NPUOPUTETHBIX KPUTEPUEB CAHUTAPHO — TMTMEHWYECKON
CUTyalluu  MOXKET  OKa3aTb  MEJUKO-IKOJOIMYEeCKOE  pailOHMPOBAHME,
NPUHLMANMAIBHON YEPTOM KOTOPOrO, SIBJISIETCS TO, YTO €r0 OCHOBY COCTABIISIET
MECTHbBIE, XapAaKTEpPHbIE TEPPUTOPUMU, OCOOEHHOCTU INPUYUHHO-CJIECTBEHHbBIX
CBSI3el MEXJly COCTOSIHUEM 3/I0POBbsS  HacesJeHuss U (PaKToOpamMH, €ro
onpefensromMu. Pazymeercs, 4To K 4MCIly NPUOPUTETHBIX KPUTEPUEB [NOJIKHbI
ObITb OTHECEHbl TE, KOTOPbIE OTPaXKalOT [JAHHYIO MEIUKO-3KOJIOTMYECKYIO
CUTYalI0 UCCIIEyEMON TEPPUTOpPUUA. BaKHOCTH siieMeHTa OIpeAenseTcs: npu
NOMOILY 3KCIEPTHBIX OLEHOK Y MOXKET 3HAYUTENBHO BAPbUPOBATH B 3aBUCUMOCTH
OT COCTOSIHUS CUCTEMBI B LIEJIOM U €€ XapaKTepUCTUK [4].

B onpepenennn 3HauMMOCTH (PaKTOPOB OKPY>KAFOLLEN CPEfibl BAXKHYIO POJIb
UTPAIOT KPUTEPUU OINACHOCTU, T.€. BO3MOXKHOCTU BO3JEHCTBUSL ONPEECIEHHOIO
(pakTOopa Ha cocrosiHME 310poBbA HaceneHusi. [lostomy mnpu ynpaBieHUM
COCTOSIHAEM Cpeflbl OOMTaHUS] NPUOPUTET OTAAETCS CHUKEHUIO U MCKIIFOUYEHHUIO
HauOosiee omacHbIX (PaKTOPOB BpelHOro Bo3nevcTBUsA. HanéxXHOocTh Kpurepus
OIPEJENSETCA €ro YCTOMYMBOCTHIO KAK WHAMKATOPA COCTOSIHUSI CUCTEMBI, €ro
ONMpENEEHHbBIM MECTOM B  KOMIUIEKCE MPUYMHHO-CIIEICTBEHHBIX  CBS3EN.
Hanpumep, ypoBeHb cofep>kaHisi KCEHOOMOTUKOB B KPOBU M OpraHax-MUILEHSIX
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JIOCTATOYHO HAJIEXKHO XapaKTEPU3yeT UHAVBUY UTbHYIO HArPY3KY Ha OPraHu3M, B
TO BpeMsl KaK KOHLIEHTPALMSl TOTO K€ BEWIECTBA B CIIFOHE W MOYE 3aBUCUT OT psijja
npyrux (hakTOpoB.

K Hacrosiiemy BpeMeHM pa3pabOTaHO [JOCTATOYHO TECT-CUCTEM W
CoCOOOB  OLICHKM  COCTOSIHMSI ~ 3[I0POBbS  JIOJEH, HampuMep, 3HAYCHUE
COOTHOLLIEHUSI TEMATOJIOTMYECKUX W  OMOXMMUYECKMX TOKas3aTejiel Mpu
TUTAEHUYECKOW  OLEHKE  COCTOSHUS  HECneuupuyecKon  pe3UCTEHTHOCTH,
OMpENICIICHNE VUMMYHOIIIOOYJIMHOB; 3BOJIOUUSI UMMYHOJIOTMYECKHMX TMOKa3aTesen
(ITLIP, ceponornyeckue peakumm) Npu peCnmpaTOpHbIX MHPEKUMAX U T.J1.,00HAKO
MpakTUYeCKU BCE M3 HUX TPeOyIT CleuuajbHbIX —HCCieoBaHuii  [5].
[TepcnieKTHBHO MCMOJL30BAaHUE MapKEPHbBIX MOoKa3aTeei, HanpuMep, Ipy MOMOLLY
(pakTOpHOrO aHanM3a, LUUTOrEHEeTMYECKUX TEeCTOB, YTO TMO3BOJISIET BbLIOPATH
NIOCTYITHbIE CPEJICTBA /ISl OLEHKM COCTOSIHUSI 3/I0POBbSI HACEJICHWS, HE CHILKas
MH(OPMATUBHBIX KPUTEPUEB.

BbiOop kpuTepueB Jisi yOpaBieHUs MEAUKO-3KOJOIMYECKON CUTyaluen
1eJ1eCO00pa3HO OCYLIECTBIISITL C YUYETOM BCEX NMEPEUMCIICHHBIX NMpu3HakoB. [1pu
3TOM JIONYCTUMO OIMpefieJieHne MPUOPUTETHBIX KPUTEPUEB C BO3MOXKHBIM
V3MEHEeHVEM MPUOPUTETHOCTHU MO Mepe KOPPEKLMU IKOJOTMYECKO 0OCTaHOBKU.
KonuyecTBeHHbIM BbIpaXKEHHMEM KpUTEpPUEB CJy»KaT Moka3atenau. B kaudectBe
UEJeBbIX WM  KPUTEPUAIbHBIX  [OKa3aTeJded  MOTyT  MCHOJIb30BaThCs
HalMOHAJIbHBIE, PErMOHAJIbHbIE WJIM TPYNNOBbIE CTAaHJAPThI UM PEKOMEH/IyeMble
ypoBHu. Eciii B KauecTBe KpuTepusi NMPUHUMAIOTCSI 3arpsi3HEHUST OKPY>Karollen
cpefibl, TO MoKa3aTesjeM OyayT KOHLEHTpalusi BPEJHOIO BElIECTBa, a LEJEBbIM
KpPUTEPUEM MOXKET ObITh MPEEbHO JOCTYIMHAs KOHIEHTPALMs TOTO XKe BellleCTBa
B 00BbeKTax cpefbl ooutanusi. [Ipum oueHke COCTOsSIHMS 300pOBbSI, OYEBUIHO, YTO
nokazaTreJsisiMid OyIyT YpPOBHU 3a00JI€EBA€MOCTU M CMEPTHOCTU Pa3JIMUHbIX BUJIOB
oOl1liell, TMOBO3PACTHOM, MO nNpuuMHaM MW T. . OTHOCUTENBLHO LEJEBbIX
nokasareJieil, TO OHU MOT'YT ObITb ONpefiesieHbl HECKOJIbKMMU CIIOCOOaMMU.

Takum o00pa3oM, LENbI0 yNpaBieHUs] MEAUKO-3KOJIOIMUECKON CUTYaluei
SIBJISIETCS] TAKOE COCTOSIHUE CUCTEMbI, IPU KOTOPOM OT/IEJIbHBIE €€ 3JIeMEHThI U
MPUYMHHO-CJIE/ICTBEHHbIE  CBSI3W  Oy/lyT  XapaKTepu30BaTbCSl  KOMILIEKCOM
nokasareJieil, COOTBETCTBYIOILMX LI€JIEBbIM YPOBHSIM.

HecomHeHHO, uTO mpo6siema BbIOOPOB KPUTEPUEB OIPEETICHUS LEIEBbIX
YPOBHEW MMEIOT OOJIbIIOE 3HAUYEeHWE MPU YHPaBICHUM MEJUKO-3KOJIOrMYeCcKomn
cutyauueii. OnbIT KpUTEPUATILHON OLIEHKU MEMKO-3KOJOTMYECKON CUTYyalUu B T.
CaparoBe ObUl BNEpBbIE MPEJACTABICH B HAlIMX HAYYHO-NPAKTUYECKUX padoTax
[5,6]. Kputepuu OLIEHKHM 30H 3KOJOTMYECKOro OJIaronoyyyusi B HACTOSILEe BpeMsi
TpeOytoT onpeaeiaeHuss X 3(P(EeKTUBHOCTU, BbISBICHUSI HamOoJiee 3HAYMMBbIX
VHJIUKATOPOB COCTOSIHYUS 3[I0POBbsl HACEJICHUS U CPEJIbl SKU3HEAEATETHLHOCTH [S].
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H.A. XoTbKO
Poccuiickas akageMust ecTecTBO3HaHusI, T'. MocKkBa

METO/JOJOIT'MYECKUE MOAXOJbI K KOJNYECTBEHHO
OIIEHKE ITPUPOJIHBLIX ONMACHOCTEN B YCJIOBUSIX
SAI'PASHEHUSA CPEABI OBUTAHUSA HA OCHOBE AHAJIN3A
DOAKTOPOB PUCKA 310POBbI0O HACEJIEHUA

B nocaepHue ropbl akTWBHO pa3padaThbIBAIOTCS METOAUYECKME MOAXO/Ibl K OLIEHKE
COYETAaHHOrO BJMSIHUS (PAKTOPOB BHEIIHEN Cpefbl OOWTaHMST Ha 3[0POBbE YEJIOBEKA.
[IpepsiaraeMblil METOAMYECKMI TNOAXOJ K OLUEHKE 3KOJIOTMYECKOrO0 PUCKA MOAPa3yMEBaeT
popMHUpOBaHUE 3KOJOTMYECKUX 0a3 IaHHbIX MO KAYECTBY CpeJibl OOMTaHUsl U OOILECTBEHHOTO
3I0POBbSl, OLEHKY BEPOSTHOCTHO-CTATUCTUYECKUX METOAMK W  MEAUKO-3KOJIOIMYECKOe
30HUPOBAHUE MPUPOJHBIX ONACHOCTEH TEPPUTOPUN C MOMOLILI0 MHMOPMAUUOHHBIX
TEXHOJIOTUI.

KuiroueBble ciioBa: mpupojHbIe OMACHOCTU, MPUPOJHbIA PUCK, MHTErpajibHas OLICHKA
pUCKa, 310pOBbE HACEIICHUE , SKOJIOTMYECKHIA MOTEHUMA.

B namm AHWU KOHLCIIMS OUCHKU PUCKaA 3TOPOBbIO HACCJICHWA MPAKTUYCCKU
rJ100a7bHO paccMaTpuBacTCs B KAa4CCTBC IJIABHOI'O MEXaHM3Ma p33pa6OTKI/I n
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NPUHSTHS YIIPABICHUYECKUX PELICHU B 00JIACTU OXPaHbl 3[I0POBbS U pa3padOTKn
NPO(PUIAKTAYECKUX MEPONPUSITHI POTUBOJAECUCTBUSI BPEHbIM (pakTOpam Cpefbl
obutanusi. B cBA3uM ¢ 2TOl KOHUenuuew Oblia pa3paboTaHa mporpamma Mo
M3YUYEHUIO M OLEHKE PUCKA ISl 3[A0POBbS HACEJIEHMS, TPOXKUBAIOLIETO B 30HAX
3AlIATHBIX MEPONPUATUI ONACHBIX MPOMBILIEHHbIX 00BbekTOB [1]. Ha
OCHOBAHMM W3YYEHHsI 3aKOHOMEPHOCTEW reorpaduy OTAEIbHBIX OOJIE3HEN
YeJI0BEKA HAMM MPEMIOKEHbI IMpOrpaMmMa M MAaKeT MEMKO-3KOJOTMYECKOro
aTjaca g o0JacTH, a TakXKe KapTa SMUAEMUOJIOTMYECKOr0 PaiiOHMPOBAHUSA
CaparoBa ¢ y4eTOM KOMIIJIEKCA MHTETPUPOBAHHBIX MOKA3aTENEN .

BmecTe ¢ Tem, B Hacrosiee BpeMSI B TEOPUMU U IPAKTUKE AOBOJIBLHO
CBOOOJIHOE HCIIOJIb30BAHNE TEPMUHOB «3KOJOTMYECKOE U T.I. OJIArONOIyYHre»,
«XAMMUYecKasi, Ouojormyeckasi, oKojormyeckas  Oe30ImacHOCTb».  Her
OTIpefie/IeHNsI TePMUHOB «OMACHOCTb» W «pUCK». EcTh MMpPOKO mNpuHsITAS
dopmynupoBka Komurera mo BOCHPUSITHIO pUCKa U MH(POPMUPOBAHUIO O HEM
HauuyonansHoro uccnepoBatensckoro cosera CIIA — «omacHOCTbL — fENCTBUE
VUM SIBJIEHWE, TPUYMHSIOWIEE NOTEHUMAJbHBIA YIIEpO WM Bpef JIIOAAM WU
npeaMeTam». MacmTaObl BO3MOXKHOTO yiuepOa WM Bpefa ONpefessiioTCs
KomMureToM Kak «BeJMYMHA» OMACHOCTU, KOTOPAsl BbIPAXKAETCS «YUCJIOM JIUI]
WU TPEAMETOB, KOTOPbIE MOTYT TOABEPIHYTbCI €€ NENCTBHUIO, a TaKXKe
CEpPbE3HOCTBIO MOCHEACTBUI». Cpeid COBEPLICHCTBYEMBIX B HACTOSILLEE BPEMsI
HAyYHbBIX MOJXOJ0OB B pELICHMM MNpOOJIEMbl OXPaHbl OKPYKAIOLIEH Cpefpl U
3alUTE  3[0POBbSl  HACEJIEHUS  Mbl  CUMTAEM  MEMKO-3KOJOTMYECKOE
KaprorpapupoBaHvue,  YUMTHIBAIOLIEE  MHOTOIUIAHOBYK)  AHTPOIOTECHHYO
Harpy3Ky Ha MpUpOy U 4YesIoBeKa. 3HAUEHUE ITOr0 METOJa C MO3ULUU OXPaHbI
OKPY>KAlollleW Cpeflbl W 3[00pOBbsl 4YEJOBEKAa COCTOUT B BO3MOXKHOCTHU
mpepeHIMPOBAHHOTO MPEACTABICHUS] TIIyOUHbI 3KOJOTMYECKUX HAPYILLICHUN
O0OBEKTOB, JIOJTOCPOYHOTO MPOTHO3UPOBAHUSI TpaHC(OpPMALMil HEraTUBHBIX
TEHACHLMI, ONpeeseHus] (ECTECTBEHHO C PA3JIMYHON CTENEHbIO TOCTOBEPHOCTH)
HauOoJiee OMACHbIX «TOPSYMX» TOYEK HEraTMBHOIO  BO3[ACHCTBUS  Ha
OKpYXKaIIIyI0 Cpefly C 1Lelbld OOOCHOBaHMS aJIeKBATHBIX 3((EKTUBHBIX
MEpONPUATHIA MO YJIYYLIIEHAD OOCTAHOBKM TMEPBOCTENEHHON W OTHAJECHHOM
peanu3aguu.

B HacTosimiee BpeMs OLIEHKA CTENEHU 3KOJOTMYECKOW OMACHOCTH BIIUSIHUS
NPOU3BOJCTBEHHbIX  (PaKTOPOB  HA  COCTOSIHAE  OKpPYXKarllei  cpefpbl
OCYLIECTBJISIETC MO TPEM OCHOBHBIM  HAMpPABJEHUSIM:  OMOJOTMYECKUI
MOHUTOPUHI, XUMUYECKHE U pajuosiornyeckue uccienopanus [2]. IIpu atom
NPUHUMAIOTCS BO BHUMAHUE BCE BO3MOXKHBIE (M3YUYarOTCS NOCTYIHbIE) IPU3HAKU
BIIMSIHUSL (PAKTOPOB OKPYIKAIOIIEH Cpefibl HAa OUOTY.

C no3uyuii  9KOJOTMYECKOW  3NUAEMMUOJOTMMA HamMHu  MpejlaraeTcs
OLICHMBATh COCTOSIHAE TOM WIM WHOW  TEPPUTOPUM MpPU  [OMOILIU
«3KOJIOTMYECKOro noreHuuana». Ilpm arom akosormvyeckuit norenuuan (II1)
paccMaTprBaETCA KaK NMOKA3aTeNlb B3aUMOJACHCTBUSA NPUPOAHBIX M COLMAIbHBIX
(pakTOpOB, OTpaXKaIWMX CTENEHb MOTEHUMAIBHON ONACHOCTHU ONPEACIICHHOM
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TEPPUTOPUMA [IJISI HACEJICHWS B ONPEJEJICHHbIE OTPE3KWM BpeMeHH. [Ipyrumm
caoBamu JII cnegyeT paccMarpuBaTh KAaK KOJWYECTBEHHYKO MEPY COCTOSIHMS
teppuropun  [3]. B feranbHOM mopsKe pa3padaThIBAeTCsl  KOMIUIEKCHAS
OaJuIbHAsA 3KCNEPTHAs OLUEHKA CTENEHM OMACHOCTM KOHKPETHO TOW WJIM WMHOW
NPOMBILIEHHON 30HbI C YYETOM COCTOSIHUSI OKPY>KArOLEN CPebl U MPUPOJHBIX
pecypcoB (aTMocepHblid BO3lYyX, Truapocdepa, MoYyBa M PACTUTEJbHBIA U
>KMBOTHBIA ~ MWpPbI,  paJiMallMOHHAs,  METEOPOJIOTMYECKAsA,  CaHUTAPHO-
TMTMEHNYECKasi OOCTAaHOBKY, NPUPOJHbIE KATACTPO(pBI U CTUXUIHBIE OEACTBUS),
NPOM3BOJICTBEHHOI'O MPOLIECCA, TEXHUYECKON OCHAILEHHOCTHU, YEJIOBEYECKOrO
(pakTopa, BpeMeHM M  T.. YUUTHIBAIOTCA: JAHHBIE MEAUKO-3KOJOTMYECKOro
paioHMpoOBaHus (T.K. €ro 3KCIEPTHYK) OCHOBY COCTABJISIOT TEPPUTOPHUAIIBLHBIE
OCOOEHHOCTU TMPUYMHHO-CIIC[ICTBEHHBIX CBA3€ MEXJy COCTOSHUEM 3[I0POBbS
HaceJIeHHs U (PaKTOpaMU €ro ONPEAEISIOIIMMHA ), BBISIBICHUE 3KOJI0r03aBUCUMbIX
3a00JIEBaHUM. B panbHediiem muaHupyeTcsi pa3padOTKa KOMITBIOTEPHOM
MPOrpamMMbl, 0OECTIEYMBAOLLIECH ABTOMATA3UPOBAHHYO OLICHKY JI1.

OueBUHO, YTO TMPEIOKEHHbII HamMM MOAXOJ, MOXET OKa3aTh
CYLWIECTBEHHOE BJIMSHAE HAa PELIEHUE CJEAYIOLIMX BOIPOCOB: HE3aBUCUMON
3KCNEPTU3bl M OOBEKTUBHOW apryMEHTAUUM [JaJbHEWIIEro HapauuBaHus
(MCTNIOJIB30BaHMS) WM COKPALLCHWE MPOMBILUIEHHOTO MOTEHUMAla HA TOW WJIM
VHOW  3arpsi3HEHHOW TEeppUTOPUM; OOBEKTUBHOM OLEHKH BO3MOXKHOCTHU
rPajJOCTPOUTENBCTBA, PACCENICHUS JIIOJEN; ONTUMU3AUUU CPOKOB IPOBEICHUS,
pa3pabOTaHHBIX C YYACTUEM TMTMEHUCTOB, IOJTOCPOYHBIX POrpaMM, KOHEYHOTO
MO3TAMHOIO  YJYYIICHUS YCJIOBMIM >KWU3HM HACEJIIEHWs] B  KOHKPETHBIX
a/IMMHUCTPATUBHBIX  pallOHAX; HANPABJIEHHOrO, HAYYHO OOOCHOBAHHOIO
BBIICTICHUS] MaTEpPUANIBHBIX CPENCTB, B MEPBYIO OYepeab, B Haubosee
9KOJIOTMYECKH OMACHbIE PANlOHBI.

JIureparypa

1. Haropubiit C.B. u np. PazpaboTka nporpammbl 10 M3yUYEHUIO U OLIEHKE pUCKa JJIsi
300pPOBbsSl HACEJIEHWs, MPOXKMBAIOLIET0 B 30HAX 3alUTHBIX MEPONPUSITUI  OMACHBIX
NPOMBILIJIEHHbIX 00BbeKTOB // Xumuueckasi 6e3onacHocTb PO B coBpemenHbIx ycnoBusix: CO.
TpynoB Beepoc. Hayu.-npakT. KoHd. — CI16.,2010. C.290-292.

2. Khotko N., Pinto R. Fernanda A. Carlos S. Investigagao medica-geografica por
passportizacgdo dos focos naturais das doencas endemicas / Os cadernos do Gabinete
Regional da OMS para a Europa. — Luanda, 2012. P. 123-128.

3 Doblo A., Khotko N. The impact of environmental factors on the health of the
population (on the example of the Saratov region) / Proceedings of the international
conference: «Actual problems of environmental security of territories and population». —
Bangkok-Pattaya, Thailand. 2000. P24-129.

4 Khotko N., Dmitriev A., Mitroshin A., Doblo A. Salud e ecologia de los ciudadanos
no Regiao-de Volga Los resultados del experimento cientifico toca un problema ecologica /XI
international Symposium " Monitoring, audit, inform. provision of medical and environmental
safety in the system» — Espagna, Costa Daurada, 2002. P. 60-63.

105



5. Khotko N. et al. B tpygax 4-th International Conf. on ecology.13 june 2011. —
Annapolis Merilend, USA.P. 617-618.

6. Tperyo A.Jl, Xoreko H.M. 3kojoruueckoe 30HMPOBAHME B  YCIOBMSIX
TEXHOTE€HHOT'O 3arpsi3HEHMs Cpeflbl OOUTaHUsI Ha OCHOBE aHaIM3a (PAKTOPOB PUCKA 3[J0OPOBbIO
Hacenenus // Marepuanslt MHIIK «Pucku B coupanbHO-TEPPUTOPUAIBHOM NPOCTPAHCTBE
coBpemeHHoi1 Poccun». — Caparos. 1U3n-Bo «CapaToBckuii uCTouHuK», 2016. C.63-67.

7. [TpokocreBa A.A. OueHka pucka NpUpPOJIHbLIX onacHocTeil pecnyoauku Mapu D /
Marepuanst MHIIK «Pucku B coumanbHO-TEPPUTOPUAIIBHOM IMPOCTPAHCTBE COBPEMEHHOM
Poccun». — Caparos. 1U3n-Bo «CapaToBckuii uctouHuk». 2016. C.177-182.

8. Xotbko H.M. K Konn4yecTBEeHHO! OLEHKE OMACHOCTH TEPPUTOPUIA U MOTEHLIMAIBHBIX
puckoB st 310poBbst HaceseHust / CO. marepuanoB BHIIK «Menuko-6uonornyeckue
npo6sieMbl obecnieueHust xumuieckon 6e3onacHoctu Poccuiickoit ®enepauumn». — CI16., 2017.
C.148-150.

9. Xotsko H.M., Kyknes E.B., Congatkun W.C. Onpepenenue 3nueMnyeckoro mno-
TEHLMAaNa yJyacTka npupoaHoro ovara / ZKypH. Mukpoo6uod., 1983. Nel1. C. 120-121.

10. Xorsko H.M., Puskyc 10.3., HaymoB A.B. Onupemuosnorust u npounakTika uy-
mbl /Ilop pen. H.M. Xorbko). — Amra6at: U3n-Bo “Marapbid”,1992. 242c.

11. Xorbko H.M.Yymuc B.H, Omutpues A.Il. K mnpoGneme MopeaupoBaHusi
(buomeTpun) OMOJOTMYECKUX CHUCTEM [IJIsl SKCHEepTHOW (OajulbHOM) OLEHKU CTeneHu
9KOJIOTMYECKOI OMACHOCTU Ha TEPPUTOPUSIX, TNie HAXOAATCS OOBEKTbl MO YHUUYTOXKEHUIO
xuMuueckoro opyxwust //  «OkpyKawolasi cpefa M 3IKOJIOrMyeckoe oOpa3oBaHUE U
Bocnutanue»: CO. TpynoB X Mexaynapopnoit HITK. — ITen3a, 2010. C.45-47.

A M. Xyxwuna, J.C. AmMunena, 3.C. HacsipoBa
Y pumckuii rocyjapCTBEHHbI ABUALMOHHBINA TEXHUYECKNAN YHUBEPCUTET

XAPAKTEPUCTUKA CHE2KHOI'O IIOKPOBA B 2018 r.
HA TEPPUTOPUU PECITYBJIIMKHN BAIIKOPTOCTAH

B cratbe paHa XxapakTepucTMKa CHeXXHOro nokposa 2018 roga Ha Teppuropun
Pecny6imku Bawkoprocran. [Ipeacrasiena quarpaMma, XapakTepu3yoLLasi CHEXKHbII MOKPOB
3a oceHHe-3uMHuil nepuop 2017-2018 rr. BbINOSHEH CpPaBHUTENBHBI aHAJIU3 BbICOTHI
CHEXKHOT'O NMOKPOBA Pa3IMYHbIX PaiiOHOB.

KnroueBble croBa: 3arpsi3HeHue aTMocgepbl, CHEXXHBIN OKPOB, XUMUYECKUII COCTaB,
BBICOTA CHEXHOI'O NOKPOBA, IJIOTHOCTb CHETA.

BBIOpOCHI MCTOYHHUKOB 3arpsi3HEHUS] TOPOAOB M NPOMBILUIEHHBIX OOBEKTOB
NEPEHOCATCS BO3AYLUHBIMM TOTOKAMM HA 3HAYMTENBHBIE PACCTOSHUS, ONPENENss
(pon 3arpsizHeHMs atMocepHOro Bo3ayxa. KOCBEHHbIM MoKas3aTeneM COCTOSHUS
3arpsi3HEHUsT  aTMOCEPBI  SIBISIFOTCSL  JIAHHBIE O XUMHMYECKOM COCTaBe IMPOO
CHEYKHOTO MOKpoBa [1].

CHEXHbIV MOKPOB SBIISICTCA OJHUM W3 CaMbIX KPYIHBIX CE30HHBIX SIBJICHUI,
KayK/bli FOf] TOKPbIBAIOLIMI [IOYTU BCXO TEPPUTOPUIO HALLEN CTPaHbl, B TOM YHCIIE
Pecnyonuky bamkoprocran (PB). CHeXHbII OKPOB NPEACTABISET COOOM CION
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CHera, KOTOPBIN JIEXXUT HA MOBEPXHOCTU 3eMJIM Wi Jibia. OH 00pa3oBbIBacTCS B
pe3ynbTaTe CHEroMNajoB, a TAaKXKE METeNeld B 3uMmHee Bpems ropa. McTouyHmkom
CHEXXHOTO TOKPOBA CIIy>KaT TBEPABIE OCAAKUA (B OCHOBHOM 3TO CHET), KOTOPbIE
COXPaHSAIOTCSI HA TOBEPXHOCTM 3€MJIM IIPU OTPULATENIbHBIX TEMIIEpPATypax.
dopMHpOBaHME CHEKHOTO MOKPOBa OOYCJIABIMBAETCA PENbe(POM MOBEPXHOCTH,
reorpau4eckoi 30HATLHOCTBIO U OOLIEH UUMPKYJISLMENR aTMOC(EPBI.

Pasnnuaror fBa BHa CHEXKHOIO INMOKPOBA: BPEMEHHBIA CHEXKHBIN IMOKPOB,
TAIOLMI 3a HECKOJBbKO YacOB WM AHEN Mocye OOpa3oBaHWsl, U yCTOWYMBBIN
CHEXKHBII ITOKPOB, KOTOPBIN COXPAHIETCS B TEYEHUE BCEW 3UMbI WJIA C HEOOJIBILIMU
nepepbIBaMu.

Ha Tepputopun PB cHexHbII1 TOKPOB 00pa3yeTcsi MOBCEMECTHO U €XKETOJHO.
JJMTEeNIbHOCTh €ro 3ajieraHusl CoCTaBiseT B cpegHeM 155 nueit. B PecnyOsamike
bamkoprocran cpegHErofoBoe KOJMYECTBO OCAKOB, BBIIABIIMX 32 3WMHHAN
nepuof, coctaisieT 20% OT 00LIEro KOIMYECTBA BCEX CE30HHBIX OCAJIKOB, TO €CTh
npuomsutenbHo 80-110 MM, B ropeeix paitoHax 100-120 mm. HaumOonbluee
KOJIMYECTBO OCAJIKOB, KaK MPABWJIO, BHINAJAET B sSTHBape [2].

Yawe Bcero B PecryOnmke bamkoprocTaH yCTOMYMBBIM CHEXKHBIN TTOKPOB
00pa30BbIBAETCA B TPEThEW [IEKale OKTSOpsi — BTOpOW fiekajae Hosiopsa. Camoe
paHHee ero nospieHue 3adukcrupoBaHo — 18 u 24 ceHTsi0pst. B HEKOTOpBIE TOMIBI
NOSIBJIEHNE CHEXKHOTO NMOKPOBA 3AMA3/IbIBAET MPAKTUYECKN HA MECHLL, YTO CBA3AHO C
OCOOEHHOCTAMM KJIMMATUYECKUX YCIIOBUIA KaXK0ro rofa. Tak ke, Kak U B Apyrux
parioHax Poccuiickoit denepauym, MaKCMMalIbHas BLICOTA CHEXKHOTO NOKpoBa B Pb
N0 MHOT'OJIETHUM JIaHHbIM OTMe4YeHa B Jiecy: okoso 100-110 cm, a B nosie — 60-65
CM.

IlepBbi cHer Ha Teppuropuun Pb B 2018 r. mossuics paxe pasbliue
KJIMMATUYECKUX CPOKOB, OUYEHb TeIJiasi Moroja B OKTSIOpe MPUBOAWIA K TOMY, UTO
4acTO OTMEYAJIMCh XKUIKME U CMELIAHHbIE OCA/IKH, A BbINABILMWI CHET Tasul. B cBsi3u
C 3TUM BbICOTA CHEXKHOIO MOKPOBAa B MEPBYIO MOJOBUHY 3UMbI B 3TOM PETrMOHE
YBEJIMYMBATIACH OYEHb MEJJIEHHO, M 10 WTOraM 3MMHEro Ce30Ha OKa3asach
3HAYUTEJIBHO MEHBIIE KJIIMMATUYECKON HOPMBI [3].

Ha pucynke 1 npepncraBneHa puarpamMma, XapaKTepU3YIOILAs CHEXKHbIN
MOKPOB 3a oceHHe-3uMHui nepuoy 2017-2018 r.

B 2018 rony B Pb ycTOiuMBbI CHEXXHBIM MOKPOB 0OpA30BAJICS BO BTOPOWA
fieKkaje HosIOpsi, a ero pa3pyllieHue MPOM3OLIO B MEPBOM M BO BTOPOIl fieKagax
anpesnsi. CTOUT OTMETUTD, YTO B 3aMaJHbIX pallOHaX pecnyOIMKU CHEXKHBIN MOKPOB
pa3pywiaetcss Ha 1-2 fieKajbl paHbllie, 4eM B BOCTOYHbIX. CpefHsisi BbICOTA
CHEYKHOT'O MOKpOBa B OOJILIIMHCTBE paiioHOB cocTasiisiia 40-50 cM (Ha 3amajie oHa
ymenblliaeTcss o 30 cM, B ropax yeemuuuBaeTcs fo 70-80 cm). IIpouecc
CHEroTasiHMSl 3aBEepIIWJICSl BO BTOpoW Jiekaje amnpedisi. OKOHYaTeIbHbIA CXOf
CHEYKHOTO MOKpOBa npuiiiesics Ha 18-26 anpensi.

B Teuenue 3umb1 2018 ropa BbICOTa CHEKHOTO MOKPOBA MOCTENEHHO POCIIA U
NPUMEPHO BO BTOPOIA JIEKaJie MapTa JJOCTUTJIA CBOEIO MaKCUMYMa.
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CHexHblil nokpos Ha 2017-2018 rr.

Caenyer OTMETUTB, 4TO 1O NMEpBON Jekanpl stHBaps 2018 r. Ha TeppuTopumn
MecAryToBCKO# JIECOCTENM BBICOTA CHEXHOTO NMOKPOBA ObljIa 3HAYMTEIIBLHO BbILLE
(ckopee Bcero, 3T0 OOYCJOBJEHO O0OJIee pPaHHMM €ro TMOSIBJICHWEM), YeM Ha
30HAJIbHBIX paBHUHAX. [10 TeppuTopnmn necocteny HanOOIbIIAsE BBICOTA CHEXKHOTO
MOKpPOBa MEHsIach OT 48 cM B 3amafHbIX U 10 39 CM B BOCTOYHBIX paiiOHAX
pecnyosmmku. Yarie Bcero B peciyOarke HauOObIIME BBICOThI CHEXKHOT'O MOKPOBA
HaOJIIOMIAlOTCA B T€ TOfbI, KOITIA BBINAJIEHAE CHETa MPOUCXOAUT MPU JOCTATOYHO
HU3KMX TEMIepaTypax M €ro IUIOTHOCTb CPAaBHUTEJIBHO HeBeaMKa. [Jist 3uM c
YaCTbIMUA OTTENENSIMU XaPAKTEPHbI MaJIble BICOTbI CHEXKHOIO NMOKPOBA (CHET B 3TU
Nepuofbl MMEET 3HAYUTEJIbHYIO IUIOTHOCTh). CpaBHMTENbHASI XapaKTePUCTHKA
BBICOTBI CHE>KHOT'O TIOKPOBA Pa3jiMyHbIX pernoHoB Pb npusenena B Tabimie.

BricoTa cHeXXHOro nokpoBa (CM) B HEKOTOpbIX pernoHax Pecny6smku banikoprocTtan u

ropopa ¥ ¢wl 3a 2018 rop
Peruon \ paiion Cpennee 3HauyeHue AOGCOIOTHBIN MaKCUMYM
CanaBaTckuit I cMm 3cMm
JIOpTHOIMHCKUI I cm I cm
NummoOaiickuit I cm 3cMm
r. Yoa I cMm I cm

3a 3uMy 2018 ropa MIOTHOCTBH CHEra MOCTEMEHHO YBEJIMYMBAIACH 32 CYET
€ro HaKOIUIEHWs: B NEPBOH JieKasie fAekaOpsi oHa Obuia paBHa 220-230 kr/cm?, a B
KOHLE 3uMbl — 320 kr/cM® Ha ceBepo-BocTOKe M 380 Kr/cM® Ha ceBepo-3amaje.
CpenHuit 3amac BOfibl B CHEXXKHOM TMOKpPOBe Mpu 3ToM cocTaBisl 105 u 153 mm
COOTBETCTBEHHO. B CHEXXHOM TOKpPOBE COCPEIOTAYMBAETCS OKOJIO YETBEPTH
rOJIOBOM CYMMbI aTMOC(EPHBIX OCAAKOB, OOpa3yIOLIMX 3anachl Blark B IOYBE,
KOTOPbIE HEOOXOAMMBI JIJIs1 PACTEHUA.

CHEeXHbIi TMOKPOB OKa3bIBaE€T OrFPOMHOE BIMSHME HE TOJBKO Ha
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PaMALMOHHBIN OAJTAaHC M CBA3aHHBIA C HUM TEMIEPATypPHbI PEXWM, HO M Ha
JIABJICHNE, BETPBI, BJIAXKHOCTb BO3/lyXa M COCTAaB IPU3EMHBIX CIIOEB BO3yXa.

Kpome Toro, BnusiHME CHEXKHOIO NMOKPOBA HA KJIMMAT CKA3bIBAETCS U MOCIIE
ero cxopa. I1ouBbl, B 3aBUCMMOCTHM OT XapakTepa CHEra B NMEPUOJ] CHETOTASIHUS, B
OOJBILIEN WJIM MEHBIIEH CTEMEHU YBJIAXKHSIOTCA. BiaXKHbIe »Ke NMOYBbI BCJIE[CTBUE
OOMBIIEN TEMJIOEMKOCTM BECbMA MEJJIEHHO HArPEBArOTCs, OXJIAXKas M cMsArdas
TEMIEpaTypHbIE KOJIEOaHNS.

TakuM  00pa3oM, HAKOIUIEHME  3alacoB  CHEra Ha  TEPPUTOPUM
BamkoprocTana mponcxopuT Ha MPOTS>KEHUHU BCErO XOJIOAHOTO NMEPHUOJIA 1O Havasa
OTTENENEN, C HACTYIUIEHWEM KOTOPBIX NPOMCXOAWUT YBEIWYEHUE IUIOTHOCTHBIX
XAPAKTEPUCTHK, & TAKXKE 3aKOHOMEPHOE YMEHBLIEHNE BbICOTBI CHEXKHOT'O TTOKPOBA.
CTouT OTMETUTD, YTO BAXKHYIO POJIb B (POPMUPOBAHUA BBICOTHI CHEXKHOI'O TIOKPOBA
WrPatlOT OCOOEHHOCTHM KJMMAaTa KaXJOoro KOHKpeTHoro ropa. [laHHbie o
COACP’KAHMM  BEIIECTB B CHEKHOM TIOKPOBE  SBIIIIOTCSI  €IMHCTBEHHBIMU
MaTepUasIaMu /sl OUEHKU 3arpsi3HEHMsT aTMOC(EPBI B 3UMHUIA NIEPUOJ] U BBISIBIICHUS
apeajla paClpOCTPAHEHUSI 3arPS3HSIOIIMX BEILECTB OT MMPOMBIIIJIEHHBIX LIEHTPOB U
ropoyios [4].
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E.A. YanTapoBa, A.A. ®a3yiuHa, C.B. ®punnang
Ka3zanckuil HalMOHAJIBHBIN UCCIIE0BATEILCKUANA TEXHOJIOIMYECKUI YHUBEPCUTE

YOAJEHUE NOHOB HUKEJ/IA N3 MOAEJBHBIX BO/I ITP1
NCITIOJb30BAHNN MUKPOBOJIOPOC/IN U BUOJOI'MYECKHN
AKTUBHOTI'O BEHIECTBA

N3ydeHo u3BeueHNEe MOHOB HUKEJNS] U3 MOJEJbHBIX BOJ KJIETKAMU MUKPOBOJOPOCIU
Chlorella vulgaris. WccnegoBaHa BO3MOXHOCTb WHTEHCU(PUMKALMM TpoLiecca 3a CYET
NpUMEHEeHUs] OUOJIOrMYeCKM — aKTUBHOTO BeUIeCTBa — Juu3onponuwioBoro acupa 1 —
MUMETUITUIPA3UHOTOIYOJ — 3 — oKca — 4 — OeH3UJI0Nl — 7 — IuMeTuirujipa3ud pocoHOBOI
kucnotel (JJOBO®K). HaiiieHo, 4TO WKCMONBb30BaHKE HA3BAHHOIO peareHTa B HU3KUX
KOHUEHTPALMSIX CHOCOOCTBYET Kak pOCTy OMOMAacChbl MUKPOBOJIOPOCIM, TaK U YBEJIUUYEHUIO
creneHu ypanenust nonoB Ni(IT).

KmoueBbie cnoBa: Chlorella vulgaris, wonbl Ni(Il), OuonornyecKku-akTUBHOE
BelLEeCTBO, uu3zonponuiioBklil acpup JOBADPK, noouncTka, npupocT, KOHTPOJIbHBIN 0Opasell,
MIPOLEHTBI, ONBITHBIN 00pa3eL, MUIIUTPAMMBbI

B nocsiegaue rofpl CylmecTBEHHO OOOCTPUIIMCH MPOOJIEMbI, CBSI3aHHbBIE C
3arpsi3HeHAsIMM  Bopibl.  KappamHanmbHOe — peuieHre  npoOJieMbl  OXPaHbI
OKPY>KAlolllel Cpefbl COCTOUT B Ppa3pabOTKE W BHEJAPEHUU IKOJOTMYECKU
0€30MaCHbBIX , 0€30TXOHBIX TEXHOJOTMYECKUX MPOLECCOB U MPOU3BOJICTB.

3arpsi3HEHHbIE CTOYHBIE BOJbI HYXJAKOTCS B ouncTKe. CylIeCTBYeT
HECKOJIbKO 3TanoB OYUCTKMA CTOYHOW BOJbl: MEXaHUYECKUH, (PUIUKO —
XUMUYECKUI, XUMUYECKUI, OMOJIOTMYECKNI 1 KOMOMHUPOBAHHBIA.

B paGorax mocnegHero fAecsATWIETUS BHUMaHUE HCCIeoBaTesen
NPUBJIEKAIOT OMOJIOrMYECKe METO/IbI OUYMCTKKM CTOYHBIX BOJI, C UCMOJIb30BAHUEM
dOTOTPOPHBIX OPraHU3MOB — MHUKPOBOJIOPOCIIMA, LMAHOOAKTEpUM W BbICHIUE
BOJIHbIE pacTtenus [1].

Chlorella vulgaris 1MPOKO WCNOJAB3YETCS B TNPAKTUKE OYUUCTKU
NPUPOJIHBIX U IOOUYUCTKU CTOYHBIX BOJl OT Pa3JMYHOIO BU/IA MOJUTFOTAHTOB [2].

B paznuuHbix uccreqoBaHMSIX OTOOPa’K€HO W3BJIEUEHUE U3 BOJHBIX
00BEKTOB MOHOB TsKeJibIx MeTannoB (MTM), takux kak Cd>, Cu>, Ni», Pb=(II),
Fe», Fe+, Cr-, Zn» [3]. Bbicokag apdekTtuBHOCT, wu3BneyeHuss WNTM
00YCJIOBJIEHA, MO BCEW BUIMMOCTH, BBIJEJIEHUEM MUKPOBOJOPOCIIBIO B MPOLECCE
CBOEW XKM3HEJEATEJbHOCTH B BOJIHYIO CpEly aMHUHOKHUCJIOT, KOTOpPbIE, KakK
U3BECTHO, 00Pa3ylOT C MOHAMU METAJIJIOB HEPACTBOPUMBIE B BOJIE KOMIIJIEKCHBIE
COEIMHEHMS. Y Ka3bIBAETCS TAKXKE, YTO XJIOPEJUIA CIIOCOOCTBYET 3(p(PEKTUBHOMY
YIAJIEHUIO U3 BOIHBIX CPEJl Pa3JIMYHbIX KPACUTENIEH.

[Tonagast B Bogoem, XJiopesuia He OCaXKJAeTCsl Ha [HO M HE NMPWINIAET K
BBICLIEN PACTUTEBLHOCTH, a MapuT B BepxHeM (1o 40 — 120 caHTMMETpPOB) Cl1oe
BOJIbI UHTEHCHUBHO JIEJIACh. 34 HECKOJIBKO JIHEW OHA CTAHOBUTCSI JOMUHUPYIOLIEN
B YKa3zaHHOM Ouotone. Bopga HachlmaeTcss KHACIOpOAoOM Ojarofapsi MpoLeccy
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¢orocunTe3a. B pe3ynbrare 4ero MpOMCXOAUT CHUKEHUE COJEP>KaHWSl B BOJIE
TSIKENbIX META/UIOB. B mpouecce OHTOreHesa XJopeila aKTUBHO MOTPeOJIIeT
OpPraHMYeCKMe W HEOPraHWYECKUE BEILIECTBA, YTO MPUBOAUT K YJIYYLIECHUIO
Ka4yecTBa BOJbI. TsKelble METAIIbI NEPEXOASAT B BBICIIME CTENEHU OKUCIICHUS U
00pa3yloT C aHNOHAMHU HEPACTBOPUMBIE COEeIMHEHUS [4].

YuutbiBas ToT akT, uro Chlorella vulgaris HaXOgUT UCNOJL30BAHUE B
Pa3IMYHBIX OTPACISAX MPOMBILIJIEHHOCTU, OCTPO CTOWUT BOINPOC YBEJIUYEHUS
npupocTa ee OuomMacchl. B kauecTBe BElIeCTB, CTUMYJMPYIOLUX POCT BO3MOXKHO
MPUMEHEHUE PA3JUYHBIX XMMUYECKUX COCOUHEHUI — OMOJIOTMYECKU AKTHUBHBIX
BeulectB (BAB). B kauecTBe moOC/eHUX 3apPEKOMEHIOBAIA CE0S1 HEKOTOPBIE
ocdopoprannyeckue BelIeCTBa, B TOM YHUCJIE W AUU3OMPONWIOBbIA 3chup 1—
AMETUITUAPAZUHOTOIY OJ1—3—0KCa—4—0€H3UI0NI— /—TUME TUITUAPAZH
docdonoBoit  kuciotel  (JJOBO®PK) [5]. IlokazaHo, d4TtO mnoOcCiHeAHUl B
KoHueHTpauusx 10°— 107 cnocoOcTByeT NpupoCTy OGMOMACChl MUKPOBOJOPOCIIN
M0 CPABHEHMIO C KOHTPOJIbHBIM OOpa3uoM. Ha pucynke 1 m3oOpaxkeH rpaduk
npupocTa OGMOMACChl MHUKPOBOJIOPOCIM B KOHTPOJIBHOM OOpa3sue u odOpasuax,
conepxamux Konuentpauuto bBAB 10— 107 r/gw.

40 1
35 1

30 1

\

25 1

20 A1

15 1

Mpupoct 6uomacchbl KNeToK

O T T T T T 1
0 1 2 3 4 5 6

OHn
@=KoHTponb ¢ 107-5, r/gmA"3 107-7, r/gmA"3

Puc. 1. I'padpuk npupocta 6uomaccbl MUKPOBOAOPOCIIM B KOHTPOJILHOM 00pasie 1 oOpa3uax,
cofepxaiux KoHuentpauuo BAB 10— 10 r/gm.

NmeroTcsi MHOrouucsennble cefieHusi o ToMm, 4utro Chlorella vulgaris
cnocooctByeT ypanenuro WMTM w3 Bopsbix cpep [6-8]. B artoit cBsizu
NPEICTABISNIOCh MHTEPECHBIM OLEHUTh BJUSHHUE [IUU30MPONUIOBOro adupa
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HJOB/®K B HM3KMX KOHLEHTPALMSIX HA MPOLECC M3BIICUYECHUS MOHOB TIXKEJbIX
METAJIJIOB U3 BOJIHBIX cpefi B pucytctBun Chlorella vulgaris.

B kaudecTBe MCKYCCTBEHHOTO 3arpsi3HSIIOLIECTO BEIIECTBA MCIOJIb30BAIUCH
uonbl Ni(Il) B KkoHUeHTpauuu 5 wMr/pw. B MopenbHble CTOYHbBIE BOJbI,
cofiep>Kalue MOHbI KeJjie3a B YKa3aHHOW BbIIIE KOHLUEHTPALWU, TOO0ABIISIOCH
ornpefeneHHoe KosmvecTBo ouomaccbl Chlorella vulgaris v quM300pONUIIOBBIA
acpup JOBAPK, 4TOOBI KOHLEHTpALMs MMOCJIENHETO B pacTBOpe cocrasnsina 10+
— 107 r/pwe. BpeMmsi mpoBejieHUsI 3KCEpUMEHTa cocTaBisiio 6 cyTok. Yepes
Kax/iple 24 4Jaca Mmocje Hadajia MPOBEJEHUsI MPoLecca U3MEPSIIOCh OCTATOYHOE
KOJIMYECTBO MOHOB KeJje3a B pacTBope. Ha pucyHke 2 npuBefieHbl rpapuyeckue
3aBUCHMOCTH W3MEHEHMSI OCTATOYHOW KOHLEHTpauyu WOHOB Ni(ll) B
3aBUCMMOCTM OT BpPEMEHM WM KOHIEHTpauuu ucnonsdyemMoro bBAB B
koHueHTpauuu 10+ u 107 r/gme.

IS

CoxkepxaHue HuKena, mr/gm3
N w

[

W= KOHTPO/b *=10A-5r/am3, mr/am3 *=10-7r/am3, mr/am3

Puc. 2. I'padpuik 3aBUCUMOCTH COfiep>KaHUsI MOHOB HUKEJISI B MOJIEJILHOI BOJIE OT BPEMEHU NPU
uccaenoBanuu guuzonponuiaosoro agpupa JOBIPK B konuentpapsix 10+ u 107 r/gwe.

ABHO, 4yTO Hanmuume ucciienyemoro bAB cnocoOCTByeT onpefesieHHOMY
YMEHBILIEHUIO OCTATOYHOI KOHLEHTpAaLMYM MOHOB METaljla M, COOTBETCTBEHHO,
NOBbILIEHUIO 3(P(PEKTUBHOCTH U3BJICUYEHUS MOCEJHUX U3 BOJHOM CpeJibl.

TakuM o0Opa3oM, TNPPOBEEHHbIE WCCIEIOBAHUS MOKAa3bIBAIOT, YTO
[AV30NPONMIIOBBIN 3pUp 1-TMMETHITMAPA3NHOTOITY Oll—3—0Kca—4—0eH3nnon—7—
IAMETWITMAPa3uH (POCcOHOBON KHUCIOTHI B KOHUEHTpaumu 107 r/mpm mydie
BCEro CTUMYJMpyeT mnpupocT MukpoBopopociu Chlorella  vulgaris n
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CHOCOOCTBYET CHMXKEHMIO OCTAaTOYHOWM KOHLEHTPALMM WMOHOB HMKENIS B HX
NPUCYTCTBUMU.
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vulgaris and Scenedesmus quadricauda / P.O. Harris, G.J. Ramelow // Environmental Scence
and Technology. — 1990. — vol. 24. — Ne 2. — P. 220-228.

O.B. lllonuna, H.E. Komenena, [I.B. Biacos
MockoBcKuUit rocyJapCTBEHHbIN YHUBepcuTeT uMenn M.B. JlomoHocoBa

3ATPSI3HEHUE JOPOKHOM NBIJIM MOCKBBI BEH3(A)IIMPEHOM

Ha teppuropun Mocksbl B nmpeaenax MKAJL npoBefeHa reoxuMuyeckasl CheMKa ¢
otoopom 208 npo® [JOpPOXKHOM MbIIM Ha JOporax pa3HOro TUMA M BO [IBOpax C
aBronapkoBkamu. OnpenenieHo copepxkanue Oen3(a)mupeHa (ball), B cpepnem nyist MockBbI
oHO paBHO 0,25 mr/kr. Munumanehble 3Hauenust ball 3adgpukcupoBansl B JOBAO, nHa TTK un
palMIIbHBIX 1IOCCE, MAaKCuMajbHble — BO ABopax. Hakonnenue ball 3aBucut oT CBONCTB
NbUIA: COAEPYKaHUsI OPraHUYECKOro BEILECTBA, uia, 3HayeHuil pH. M3-3a npeBbillieHUit BO BCeX
obpasuax popoxHoit nbum [IJIK no Ball pns mouB B MockBe cKiaibIBaeTcsi onacHasi
3KOJIOTMYECKAsS] CUTYyaLUs].

KnroueBble cnoBa: [IAY, BbIOpoChl aBTOTpPaHCNOPTA, MHTEHCUBHOCTbH [IBUXKEHUS,
(pU3UKO-XUMUYECKUE CBOMCTBA MbLIU

Ball — opuH u3 Haubosiee TOKCUYHBIX MOJULIUKIAYECKUX APOMATUUECKUX
yraesogopoioB  (ITAY). On o006najaeT KaHUEPOT€HHbIMM W MYTar€HHbIMU
CBOMCTBAMM U B OKPYXKAIOILIYIO Cpely TNOCTyNaeT MpPeuMyIIeCTBEHHO B
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pe3ynbTaTte HenmoiaHoro cropanus tommmsa [1]. B Mockse 0onee 90% BpeaHbix
BBIOPOCOB CBSI3aHO C aBTOTPAHCNIOPTOM [2]. B cBSI3M ¢ 3TMM [IOpPOXKHast NbUIb
SIBJISIETCSI OJJHUM W3 TJIABHBIX aKKYMYJISITOPOB MOJIJIFOTAHTOB B TOPOJICKOM Cpefie.
[lenb paGoThI — OLIEHKA OCHOBHBIX CBOMCTB U 3arpsi3Henus ball nopokHoit nbum
r. MOCKBBI Ha pa3HbIX THMAX JIOPOT U BO IBOPAX C ABTOCTOSTHKAMM.

Marepuansl nu mMeropabl. [IpoObl JOPOXKHOI MbUIM OTOMPATUCH JIETOM
2017 r. B mpegenax MOCKOBCKOIN KOJIbLIEBON aBTOMOOUILHON foporn (MKA]L).
Bcero oroOpano 208 o0Opa3uoB B agMUHHACTPATUBHBIX OKpyrax (AO) ropopa —
Cesepnom (CAO, kommyectBo npod n=12), Ceepo-Boctounom (CBAO, n=23),
BocTounom (BAO, n=21), IOro-Boctounom (FOBAO, n=30), IOxxnom (IOAQO,
n=26), IOro-3anagnom (FO3A0, n=20), 3anagnom (3A0, n=29), Cesepo-
3anagaom (C3A0, n=16) u UenrpanbHom (LHAO, n=31). Touku otT6opa
pacnpeesisiiuch N0 TUIMaM JJOPOT C pa3HOW MHTEHCUBHOCTBIO JiBMxKeHns: MK AT
(n=19), Tperbe TtpancnoptHoe konbuo (TTK, n=7), pagmanbHble woOcce ¢
KOJIMYECTBOM TIOJIOC JIBUXKEHUSI B OfJHY CTOpPOHY > 4 (n=16), kpynHble ¢ 3-4
nosiocamu (n=38), cpefHue ¢ 2 nosiocamu (n=46), manbie ¢ 1 nonocout (n=35) u
aBTOIMAPKOBKM BO JIBOPAX >KUJIbIX JOMOB (n=32).

Onpenenenie  ball npoBoguioch METOOM  HU3KOTEMIEpaTypHON
cnektpoduyopumetpun ¢ addekrom D.B. lInoasckoro [3] nabopartopuu
YIJIEPOJIUCTBIX BelEeCcTB Ouocdepbl reorpadguueckoro gaxkyuaprera MIY
(ananutuk — H.M. XnblHKMHA), @ OCHOBHBIX (PU3MKO-XMMUYECKUX CBOWCTB — B
DKOJI0ro-reoxumMmudeckom reHtpe MI'Y obuenpunsaTbiMu MeTofamu [4].

CraTuctuueckass oOpaboTKa JJaHHbIX BBINOJIHEHA B MPOrPAMMHOM MaKeTe
STATISTICA 10. Crenens 3arpsizHeHusi JopoxkHou nbiin ball onennBanach Ha
ocHOBe KoapduipenTa akosornyeckoit omnacHoctu Ko=Ci/IIIK, roe TTJIK —
ruruennyeckuii HopmMatus ball B mouBax, paBubiit 0,02 mr/kr [5].

Pe3synbsTaTel. Pusuko-xumuueckue ceolicmaa nwviau. Peakuus cpefbl B
b1 MOCKBbI HEUTpalibHast, cpefnsisi BeanuuHa pH 7,4. Cpeau pa3HbIX TUIOB
nopor MuHuManbHble 3HadyeHuss pH Ha MKAJl — 7,27 u Bo pgBopax — 7,23.
Cpennsiss ypenbHas 2sekTponpoBogHOoCcTh (EC) — 208 MxCwm/cm. st 60X
nopor (MKAJIL, TTK, paguaibHbIX WIOCCE WM KPYIHBIX JOPOT) XapaKTEPHBI
nosbilieHHbIe 3HaueHnus EC — 248-277 mxCMm/cm, a qiist CpEeHNX,, MAJIBIX JIOPOT
U ABOpoB — noHrKeHHble (159-192 mMkCwm/cm). Ilpu cpepHeM copep>kaHuu
oprannyeckoro BewectBa (Copr), paBHOM 2,6%, MakcumalabHO OOOramieHa
Copr nbb Bo ABOpax — 4%, 4TO0 OOBSACHIETCS BLIHOCOM MOYBEHHBIX YaCTHUI] C
KJIyMO, ra30HOB M Yy4YacTKOB OTKpbITOro rpyHra [6]. Cpennee copnepkanue Al,
Fe, Mn B popoxHo#n mnbumm MockBbl coctaBiger 27; 24 u 04 r/kr.
I'panysnomeTpuyeckuil  COCTaB [IOPOXKHOM MNbUIM B MOCKBE [10BOJILHO
OJJTHOPOJIEH; B cpefiHeM B Heil 45% KpYyMHOro U cpefiHero necka, 27% Melkoro,
13% xpynHoit nbliu, 6 % cpenueit u 7% menxoii nbuu, 2% una (tadun. 1).
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Taomuna 1
DU3MKO-XUMUYECKUE CBOCTBA JOPOXKHON b MOCKBBI

Oxpyr/rTun | pH, | EC, | C,, I'panynomeTrpuyeckuii coctas, % Al, | Fe, |Mn,
0oporu en. |[MKCM/| % | <1 | 1-5|5-10|10-50{50-250{250-1000| r/kr | r/Kr | r/kr
cM MKM |MKM | MKM | MKM | MKM MKM
Mocksas | 738 | 211 | 26 | 2 | 7 | 6 | 13 27 45 27 124104
LEJIOM
Oxpyr
CAO 732 211 (26| 3 |9 | 7 | 13 24 44 31 | 24 |04
CBAO | 732 19 |31 | 2 | 8 | 7 | 17 29 37 30 26 |04
BAO 745 | 174 (22| 2 | 6 | 5 11 26 50 24 121 |03
IOBAO | 744 | 242 [ 27| 2 | 7 | 6 | 12 24 49 23 120 (03
I0OAO 736 | 214 |29 2 |5 | 4 | 14 26 49 25 123104
IOBAO | 740 | 176 |24 | 2 | 7 | 5 12 30 44 27 124104
3A0 744 | 184 (25| 2 | 8 | 6 | 15 30 39 29 127104
C3A0 | 725|248 (27| 3 | 8| 7 | 13 25 44 28 125 |04
[HAO 733 | 243 |24 | 2 | 6 | 5 12 27 48 27 125104
Tun goporu
MKAL | 727 | 256 |27 |2 | 8 | 7 | 15 23 45 30 | 30 |04
TTK 742 277 (28 | 2 | 8 | 7T | 16 28 38 32 |33 105
IMMocce | 750 | 262 | 20| 2 | 7 | 5 11 27 48 29 | 25 104
Kpynuble | 745 | 248 | 22| 2 | 8 | 6 | 13 29 42 30 | 26 | 04
Cpeguue | 739 | 170 | 22 | 2 | 6 | 5 12 29 46 27 | 24 104
Manbie | 740 | 192 | 25| 2 | 6 | 5 13 28 46 24 120 103
HBoper | 723 | 159 |40 | 3 | 6 | 6 | 15 22 48 21 | 17 10,3

Cooepicanue u pacnpedeaenue ball. Cpennee copepxkanue ball B
nopoxkHoit nb Mocksbl — 0,25 mr/kr npu konebanusix ot 0,02 (KOBAO) no 1,0
mr/kr (HAO) (tabn. 2). HanbGonee 3HauMMble pa3iidyuvs CO BCEMU APYTrUMU
okpyramu nmeet IOBAO, rane cpegnee 3nauenue ball 0,12 Mr/kr MuHMMAanbHO,
HECMOTPS Ha HAIMYME B 3TOM OKpyre HedprenepepadarbiBatowiero 3apoga. Ctosb
HU3KHE 3HAYEHUSI, BOBMOXKHO, CBA3aHbI C TEM, YTO HE(PTENPOAYKTHI B OCHOBHOM
naroT 3arpsisHeHue yerkumu [TAY ¢ 2-3 OeHzonbHbIMEM KOJibLaMu, a ball nmeer
S kozney. Kpome TOro, B JaHHOM OKpyre MOYBbI MPEUMYILIECTBEHHO MECYaHbIE,
pa3BuThie Ha (DIIIOBUOTIISIIMAIIBHBIX U JIPEBHEAJUTIOBUAIILHBIX MECKaX, MO3TOMY
JIOPOXKHASI MbUIb, B KOTOPOW MPUCYTCTBYIOT MOYBEHHbIE YACTULIbI, UMEET MaJyIO
COPOLMOHHYIO CIIOCOOHOCTb.

Makcumanbhble cofepxkanust ball xapakrepusl st qsopoB — 0,35 mr/kr,
YTO CBSI3aHO CO CTapTOM U HU3KON CKOPOCTBIO JIBUXKEHUSI AaBTOTPAHCIOPTA,
OOJIBIIMM ~ KOJIMYECTBOM MAHEBPOB, YBEJIMUYMBAKOIIMMU OOBEM  BBIOPOCOB.
Munumanbibie 3HadyeHuss ball BwisiBaenbl B nmbumm TTK (0,14 mr/kr) u
paguanbhbix mocce (0,18), 4To cBsI3aHO C peryJisipHON MOMKON KPYMHbBIX JOPOT
KOMMYHAJIbHBIMU CJTy>K0aMu U OOHOBJIEHMEM MaTepuasia AOPOXKHON Mbutu. [Iys
MKA]I acpdexT or ybopok He CTOJb 3aMEeTeH, TaK KakK Ciojla B HOUHOE BpeMmsi
pa3pelieH Bbe3J] IPy30BOr0 TpaHcmopTa /0 12 T u 10 2-r0 3KOJOTrH4ecKOoro
Kjacca, Torja Kak Ha TTK u paguanbhbie mocce — o 1 T u 1o 3-ro kiacca [7].
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[TIK Ball B mouyBe nmpeBbillieHa BO BceX 00pa3yax JOPOXKHON MbUIHA.

Tabmuna 2
Copnepxanue ball B jopokHo# nbuin MOCKBbI
Oxpyr/ Cpennee | Menuana | Munumym | Makcumym |Cranpaptoe| Cv Ko
THUI IOPOTU OTKJIOHEHUE
Mocksa B uenaom | 0,25 0,22 0,02 1,0 0,18 69 12,7
Oxpyr
CAO 0,30 0,27 0,11 0,56 0,14 45 152
CBAO 0,29 0,26 0,05 0,77 0,17 59 14,5
BAO 0,28 0,28 0,04 091 0,20 69 14,2
IOBAO 0,12 0,10 0,02 0,33 0,08 63 6,0
I0OAO 0,28 0,29 0,02 0,69 0,18 65 139
I03A0 0,26 0,24 0,05 0,81 0,16 62 12,8
3A0 0,27 0,24 0,03 0,68 0,20 72 13,6
C3A0 0,26 0,21 0,06 0,52 0,14 56 12,8
HAO 0,28 0,27 0,05 1,02 0,20 72 14,0
Tun goporu

MKA[L 0,26 0,21 0,03 091 0,19 74 13,1
TTK 0,14 0,12 0,05 0,33 0,10 70 7,2
Iocce 0,18 0,14 0,02 0,36 0,10 57 8.9
Kpynuble 0,28 0,24 0,02 0,77 0,19 68 14,1
Manblie 0,20 0,17 0,02 0,56 0,13 65 9.8
Cpennue 0,24 0,23 0,04 0,56 0,13 54 12,2
JBOpbI 0,35 0,30 0,02 1,02 0,22 62 17,5

Munnmansabele Ko Haomoparorcst B JOBAO, makcmmanenabpie — B CAO.
Makcumanenbie copepxxanust ball xapakrepuel mia nsopoB — 0,35 mr/kr, 4ro
CBSI3aHO CO CTAPTOM U HU3KOW CKOPOCTBIO JIBUXKEHUSI ABTOTPAHCIIOPTA, OOJIBIINM
KOJIMYECTBOM MAHEBPOB, YBEJIMYMBAKOIIMMUA OOBEM BBIOPOCOB. MUHUMAIBbHBIE
3HaueHns: ball BeisiBnensl B mbimm TTK (0,14 Mr/kr) m paguanbHbIX IIOCCE
(0,18), 4TO CBA3aHO C pEryJSIpHONM MOMKOW KPYMHBIX JOPOr KOMMYHAJIbHBIMU
cay>k0amu 1 OOHOBIIEHMEM MaTepuana JopoxxHo nbum. s MKATTL adpdekT ot
yOOpOK HE CTOJIb 3aMETEH, TaK KaK CIofla B HOYHOE BpeMsl pa3pelleH Bbe3f]
FPY30BOr0 TPAHCNOPTA JI0 12 T 1 10 2-ro 3KOJOTMYECKOro Kjaacca, Torjga Kak Ha
TTK un paguanbnbie mocce — 1o 1 T 1 go 3-ro knacca [7]. ITIK Bball B nouse
NpeBbIIEHA BO Bcex o0Opa3uax [JOpoXHON nbuiM. MwuHumanbHble Ko
Haomonarorcs B OBAO, makcumanbabie — B CAO.

Hau6onbiiee BIIMSTHUE Ha cofiepKaHue ball OKa3bIBAKOT
NPOCTPAHCTBEHHOE  MOJIOXKEHWE  TeppuTopur B mpefenax  MOCKBBI
(MpUHATIEXKHOCTL K TOMY WJIM UHOMY OKpyry) u tun goporu. Hakonnenue ball
yCUJIMBaeTCs C yBeJauueHueM copepxanuss Copr u wia U yMEHbLIEHUEM
3HaueHuin pH. IlocienqHee oTpakaeT 3HAYUTENBLHOE MOCTYIJIEHUE C BbIOpOCAMU
aBTOTPAHCIIOPTA OKCUJIOB a30Ta, Cepbl, a ¢ Humu 1 ball.

BeiBogbl. Cpennee copepxkanue ball B jgopoxkHoit nbutn MOCKBBI
coctapyset 0,25 mr/kr, BaBoe Menbiiie oHo B JOBAO (0,12 mr/kr), 3HaueHus aJis
OCTalbHbIX OKpyroB Omm3ku — 0,26-0,30 Mr/kr. MUHUMaJIbHBIM YPOBHEM
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3arpsAsHeHns nbumm xapakrepusyrorces TTK w pagmansnbie mocce (0,14 m 0,18
MT/KT' COOTBETCTBEHHO) MAaKCUMaJlbHbIM — IBOPbI ¢ aBTOCTOsIHKaMu (0,35 mr/kr).
Hakonnenue ball B JOpOXXHON NbIIM YCUIIMBAETCSI C POCTOM COJIEP>KaHUs B HEN
oprannyeckoro Bemectsa, wia u 3iadenuit pH. I[1JIK Ball B nouse npesbiiena
BO BCEX 00pa3lax [OPOKHOW MbUIA, YTO CBUJIETEJILCTBYET O KpaiHE OMACHOW
9KOJIOTUYECKON CUTYalM Ha TEPPUTOPUU MOCKBBI.

Pabota Bbmonnena npu nogiaepxkke PH® (mpoekt Ne 19-77-30004).
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OGocHOBaHME PAlIOHAJILHOM CHCTEMbI MOHMTOPHHIOBBIX HAOIIOEHUH 32
COCTOSTHHEM OKPYKaien cpeabl MPON3BOICTBEHHO-TEXHUYECKUX
KOMILJIEKCOB 110 00pad0TKe, yTHJIN3alMU U 00e3BpexxuBanmnio oTxonos I u I1
KJIACCOB OMACHOCTH

M.J1. bBakuun

Bbenropojckuit rocyjapCcTBEHHbIV HAMOHAIBHBIN UCCIIENOBATENbCKUI
YHUBEPCUTET

IMMPUMEHEHMEM PE3UCTUBHO-AKYCTHUYECKOI'O METOJA
B CUCTEMAX MOHUTOPHUHI'A ObHAPY XKEHUA I'PYHTOBOI'O
HEOTEINITAMA OJIA HIOBBIMEHUA OOPEKTUBHOCTHU
OBHAPYXEHUA

B naHHOiI pa®oTe pacCMOTpeHa Ba’KHOCTb CBOEBPEMEHHOE OOHApyKeHHs U
npefynpexk/eHnsl Hayaso MPOJIMBOB HE(PTENPOAYKTA HA OOBEKTAX TONJIMBHO-3HEPreTUUECKOTO
kommiekca (TOK). IIposegeHo onucaHue TpsSMBIX METOAOB OOHApyXKEHHs yTedyek
HE(PTENPOAYKTOB M MX HEAKTYaJbHOCTb IPU HUCMOJIB30BAHMM. PacCMOTpeHbl NMpenochbuiKu
yXofa OT NPsSMBbIX METO[OB KOHTPOJISI M MX HEAaKTYaJbHOM HCIOJIb30BAaHMM Ha TpUMEpe
UCMOJIb30BaHUs, NPU MPOJIMBaX, HenocpencTBeHHO Noji KoHcTpykuusmu TIK. ObocHoBaHO
VICTIOJI30BAHUE PE3UCTUBHO — aKyCTUYECKOTNO METOfa NMpU OOHApy>KEHUMM U MOHUTOPUHIE
He(TelIaMOB, HA OCHOBE PE3UCTUBHO — aKyCTMUYECKOIO METO/]a, PACCMOTPEHbI OCOOEHHOCTHU
CO3/laHMsl CUCTEM PAHHEro INpPEeAYyNpPEeKACHUS TEXHOIeHHbIX HEe(TEIIaMOBbIX IMPOJMBOB B
paMKax palyoHaJIbHOIO MPUPOAONOJIL30BaHNUS.

KnroueBbIM  ciioBa:  re03KOJIOTMYECKUII ~ MOHMTOPMHI,  Hedreuuiam,  yTedka
HeTenpoyKTa, Pe3UCTUBHO-aKYCTUUYECKUI METOJ], CEUCMO3JIeKTpUuuecKuil aggekT 1-oro
pona.

B Hacrosmee Bpemsi CEepbEe3HON NPOOJIEMOV, BO3HUKAIOLIEN IPHU
9KCIUTyaTAlMU Pa3JIMYHbIX OOBEKTOB TOIJIMBHO-3HEPTETUYECKOIO KOMIUIEKCA
(TOK), sABisgerca oOpa3oBaHue TpPyHTOBOro Hedremmama. Hedrenunam
oOpa3yeTcsl B pe3yJbTaTe TEXHOTCHHBbIX yTe€ueK He(TENPOAYKTa M B IpoLecce
NPOU3BOJICTBEHHBIX ONEpauuil, MO0 NPU aBAPUMHBIX CUTyaUUsIX HAa OOBEKTAX
TOK. IlpoHukass B TpyHT, HEPTENPOAYKTbI CO BPEMEHEM IpPeoOpa3yroTCs B
HedreuwiaM. B pesysnbraTe OfHMM K3 ONACHEMIIMX MOCJEACTBUN SIBJISIETCS
00pa30BaHNE TEXHOT€HHbIX HE(PTELUIAMOBBIX JIMH3 B MPUIIOBEPXHOCTHBIX CJIOSIX
IPYHTa, KOTOPbIE MOTYT JIOCTAraTh KaK MaJjbIX, TaK W OOJbLIMX Pa3MepoOB B
cllyyae HEOCBEJJOMJIEHHOCTH aBapUIHON yTe4YKHW HeTEmpoayKTa U Oe3/IeiCTBUS
B CJIOKMBLIEWCS cuTyauuu [1].

OCHOBHBIMM  33JlayaMy  TIPU  3TOM, SBJISIETCST OOHApPYXKEHUE yTeuyeK
HE(PTENPOAYKTOB HAa PaHHUX CTauAX [UIsl NPEAOTBPALLECHUS KPUTUYECKUX
NOCNIEACTBUA U BO3HMKHOBEHMSI HEOOpPaTMMOro Ipouecca  3apOoXKACHUs
HE(TEUUIaMOBBIX JIMH3 M MONAJaHusl NPOAYKTOB He(dTelulaMa B CUCTEMBI
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BOJIOCHAOKEHUSI, OKOHTYPHUBAHWE JIMH3 W CJEXEHWE 3a MX [VMHAMUKOW U
NEPEMEILIEHUEM, KOHTPOJIb MPOLECCAa PEeKyJbTUBALMU YXE€ OOpa30BABIIMXCS
HE(PTEUNIAMOBBIX JIVH3.

DTO O03HAYAET, YTO WCMOJIb30BAHUE TMPSMbIX CKBAXKWHHBIX METOJIOB
KOHTPOJII M PAaHHEr0 OOHAPY>KEHUsI yTEeYeK, a TaK >XE& yIpaBJIEHUS
PEKYIbTUBAUMEN NMPAKTUYECKM HEBO3MOXKHO, 4 B HEKOTOPBIX CIIy4YasiX MOXKET
NPUBECTU K aBApUIHBIM cUTyaumsm. s pelieHns 3ajad nmogoOHOro Kjiacca B
JJAHHOM pa0doTe MpEJaraeTcsl MPUMEHATh KOCBEHHbIE Te€O(PU3NYECKUE METOJIbI
KOHTPOJISI, HCMOJIb3YEMbIE B HACTOSILIEE BpeMsi [JIsi T€03IKOJOTMYECKOro
MOHUTOPUHIA COCTOSIHUSI JIUTOCEPO Cpelbl B  NPUPOAHO-TEXHUYECKUX
cucremax. [nsg apmantagum reopu3MUYECKUMX METOIOB KOHTPOJS K 3ajavyam
OOHApYKEHUSI M KOHTpOJsl HedTewsaMa MpeIaraeTcsi HOBbIA  METOJ,
OCHOBAHHBII  HAa  COBMECTHOM  JIEMCTBUHU CEMICMOAKYCTUYECKUX W
3JIEKTPOMArHUTHBIX TOJIEM B AHAIM3UPYEMOUM CPEME - CEMCMOIICKTPUYECKUN
(pe3uCTUBHO-aKyCTUYECKUIT) METOJT KOHTpoJis [1,2].

OO00CHOBaHVE MPUMEHEHNS PE3UCTUBHO-AKYCTUYECKOTO METO/A
MpY KOHTPOJIe HepTenmama

[IpakTyecKu rpaHrLa MEXAy 30HAMU MOJHOTO M YaCTUYHOT'O HACHILIEHUSI
rPYHTa HE(PTENPOAYKTAMUA 3TUMU METOJAMU HE (PUKCUPYETCS, YTO 3aTPYAHSET
MX WCIHOJIb30BaHUE TMPU PAHHEN [IMATHOCTUKE TEXHOTEHHbIX IMPOJMBOB Ha
oobekTax TOK [3.4].

Pe3ncTuBHO-akycTryecKkui METOJ OTHOCUTCS K KJ1accy
MEXAHORJIEKTPUYECKMX METOMIOB KOHTPOJIsl, OAa3upYyIOLIMXCS HAa BTOPUYHBIX
ceiicMuyeckux a@eKTax, Mbe30TEKTPUUECKOM U cercMoaieKTpruueckoM. OH
OCHOBAaH Ha pEruCTpauuu Bapuauvil CWJIbI TOKAa B TOPHBIX MOPOAAax IMpu
PaclpOCTPAHEHUM YNPYrMX KOJeOaHU U MNpu  (PUKCUPOBAHHON Pa3HOCTHU
NOTEHUUAJIOB Ha  HCCJEeyeEMOM y4acTke reoJIOrMYECKON cpenpl
(cericMoanekTpuueckuii  apcpekT 1-oro popa). Ilpu 3TOM B KayecTse
MH(OPMATUBHOIO TMapaMeTpa B HalleM CJiydya€ MOXHO MCIOJIb30BaTh
napamMeTpuyecKyro  TMepefaTOuYHyr0  (PyHKUMIO B  BHU€  KOMILIEKCHOIO
COINPOTUBJIEHUS UCCIEYEMOI0 Y4acTKa TeOJIOTMYECKOn cpefpl. Takon mopxop
SBJISIETCSI HOBbIM WM HWIJIE HE PACCMOTPEHHbIM, MO3BOJISIIOIIMM Ha OCHOBE
PE3UCTUBHO-AKYCTUYECKOIO METO/IA BbIAEIATh HEOJHOPOJAHOCTHU B CPEJE 3a CYET
perucTpanuy O0IIEero COMPOTUBIICHUS C JIOKAJIM3AUUEN yYaCTKA HEOJTHOPOHOCTHU
32 CYET CEMCMOAKYCTHUYECKOro BO3AeHCTBUA. VI3MEHSI 4aCcTOThI 30HMPOBAHNUS
MO>KHO MEHSITb [NIyOMHY 30HAMPOBaHMS 3a cUeT CKUH-3d¢ekTa. Cnenyer Takxke
OTMETUTH, YTO MPHU UCMOIB30BAHUN HU3KOYACTOTHBIX METOJOB 30HMPOBAHNS, CO
CHUKEHMEM YaCTOThI MOJSL BO3pacTaeT audpepeHuuanust JEKTPOMArHUTHBIX
CBOJCTB IOYB B 3aBUCUMOCTH OT €€ BJIa>KHOCTH [3].

Bce Hedremnambl copepxkart Kak TBEP/AbIE MPUMECHU KPYITHOTO U MEJIKOTO
nUamMeTpa, TaK U BOJY B BUJIE€ CTOWKOW BOJHOM 3MYJIbCUEW, KOTOpasi Ha (poHe
CYXUX, OTHOCUTEJIbHO BBICOKOOMHBIX MOPOJ] UMEET MOHUKEHHOE COMPOTUBJICHUE

[5].
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MeXaHO2JIEKTPUYECKHE METObl XOPOIIO 3apEKOMEH/IOBAIA  ce0sd B
3a/layax OKOHTYPUBAHUS U OMPEEJICHUS] TPAHUL] TOPHBIX MOPOJ C Pa3IUYHbIMU
3NIEKTPUYECKMMUA W MEXAHUYECKUMM CBOWICTBAMM, a TAKXKE IPU BbIJCJICHUN
KapCTOBbIX HapyLIEHWUI. Pazpemaromas CIMIOCOOHOCTD PE3UCTUBHO-
AKyCTUYECKOI0 METOfIa ONPEAENsIeTC CUCTEMOW 30HIUPOBAHUS, a TaKXKe
YCJIOBUEM COU3MEPUMOCTH TIJIyOMHBbI 30HAMPOBAaHUS C pasMEpaMh HMCKOMOTO
oObekTa. Ilo cBoelr cyTm B HameM cllydyae NPUMEHEHUE PpE3UCTUBHO-
AKyCTMYECKOIO  METOfla  AHAJIOTUYHO  MCHOJIb30BAHWIO  MHOTOIOJIFOCHBIX
3JIEKTPOJIOKAIIMOHHBIX YCTAaHOBOK [6]. OHM 1O3BOJSIET CO3/aTh B TOYKE
HaOJTIOJICHNS SJUIMIITUYECKN TOJISIPU30BAHHOE 3JIEKTPUYECKOE T0JIE, BCIIECTBUE
TOr0, YTO WCTOYHUKM TEPPUTOPHUATILHO PA3HECEHbl W HMEIOT W3HAYaJbHO
pa3MyHbIE MapaMeTpbl 30HAUPYIOIIMX CUTHAIOB. ClleyeT OTMETUTH BaKHOE
CBOWICTBO, XapaKTEPHOE VIS MHOTOMOJIFOCHBIX YCTAHOBOK — 3TO BO3MOXHOCTb
0aJTaHCUPOBKMU PE3YJbTUPYIOWIETO MOJISI B TOYKE HAOJIIOJICHUSI, YTO MO3BOJISIET
pa3MelaTb YCTAHOBKY OKOJIO OOBbeKTa KOHTpossi yredek. [Ipu aTom
0aJTaHCUPOBKM MOXKHO JIOOUTbCSI 3a CYET YIPaBJICHUS 30HAUPYIOLIUMU
CUTHAJIAMM C UEJIbIO 33/JaHUs] aMIIUTYJHO-(pa30BbIX COOTHOLIEHU MEXK/Y STUMU
CUTHAJIAMU. DT0 MO3BOJISIET yCTPaHUTh BJISIHUE MCKayKEHUMN
MYJIbTUIJIMKATUBHOIO TUMa Ha (pa30Bble XApPaKTEPUCTUKUA PETUCTPUPYEMOTO
nojass W oOecneyuTb OO0Jiee BbICOKYIO YYBCTBUTEJIBLHOCTb W3MEPUTEILHOM
cuctembl. OneHKa reofiMHaMUYeCKUX Bapualyid NpM MPOJIMBaX Ha OOBEKTax
TOK, Kak U T1pu TreoiMHaMUYeCKOM KOHTPOJie  MPUITOBEPXHOCTHBIX
HEOJTHOPOJJHOCTEN  SIBJSIETCSl  3ajilaveil  WAeHTU(UKALMA  TeoiMHaMUYeCcKomn
MaTeMaTUYECKON MOJIEJIU B 3a/IAHHOM KJ1acCe 0ObEKTOB MO 3KCIEPUMEHTATbHbIM
naHHbIM. [lpy NpUMeHeHuM pe3UCTUBHO—AKYCTUYECKOTO METOfla KOHTPOJISL C
JCNOJIb30BAaHUEM  MHOTOMNOJIFOCHBIX ~ KMCTOYHMKOB  MOXKHO  3HAUYMTEJIBLHO
ONTUMU3UPOBATH CUCTEMY KOHTPOJISI 0Opa3oBaHMs HETEUIJIAMOBBIX JIMH3 3a
CUET yNpaBJICHUS] UICTOYHUKAMU 1 00Jiee TOYHOM fieTanu3auuu Mopenen [7].

[Io cBoell CyTM NOPUMEHEHUE PE3UCTUBHO-AKYCTUUYECKOTO METOA
AQHAJIOTMYHO HCIOJIb30BaHUIO MHOT'OMOJFOCHBIX 3JIEKTPOJIOKALMOHHBIX
yCTaHOBOK. OHM TO3BOJIIET CO3/1aThb B TOYKE HAOIIOEHUS 3JUIMIITUYECKU
MOJIIPU30BAHHOE  AJIEKTPUYECKOE TIOJI€, BCJEACTBAE TOrO, YTO WCTOYHUKU
TEPPUTOPUAIBHO PA3HECEHbl M HMEIOT W3HAYAIBHO pa3jMyHbIe MapameTpbl
30HAMPYIOIMX CUTrHaNOB. ClelyeT OTMETUTh BAaXKHOE CBOMCTBO, XapaKTEPHOE
JUId  MHOTOINOJIIOCHBIX ~ YCTAaHOBOK — 3TO BO3MOXHOCTb  OallaHCUPOBKU
PE3YNBTUPYIOLIETO MOJA B TOYKE HAOJIOACHUSI, YTO MO3BOJIIET Pa3MelIaThb
YCTAHOBKY OKOJIO OOBEKTa KOHTpOJIs yTeueK. [Ipn aToM GanmaHCMPOBKM MOXKHO
NOOUTBHCST 3a CUYET YMPABJEHUS 30HAMPYIOLIMMM CUTHAJIaAMU C LEJbIO 3aaHus
aMIUTATYTHO-(pa30BbIX COOTHOILIEHUI MEXK/y 3TUMU CUTHAJIAMU. DTO MO3BOJISIET
YCTPaHUTh BJIMSIHAE WCKAXKECHWA MYJIbTUINIMKATUBHOIO TUMa Ha (¢a30BbIe
XapaKTEPUCTUKU PETUCTPUPYEMOTO TMOJIsI M 00ecneyuTb Oo0jiee BBICOKYIO
YyBCTBUTEJIBHOCTH U3MEPUTEILHON CUCTEMBI.
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Pe3ncTuBHO-aKyCTUYECKHIT METOJI SIBJISIETCSI HOBBIM METOJIOM KOHTPOJIS,
NPECTaBISIET COO0N KOMOMHALIMIO U3BECTHOTO PE3UCTUBHOIO M aKyCTUYECKOTO
METOOB KOHTPOJISI M HA TEKYIIUI MOMEHT He uccieioBaH. OIHAKO, MPOsIBICHNE
PE3UCTUBHO-aKYCTUYECKOr0  adpekTa  MOATBEPKAEHO  J1aOOpPaTOPHBIMU
ucciiefioBaHusiMi. Ero mnprMeHeHre npu peleHud 3afad TEeXHOJOTMYECKOro
KOHTPOJISI HE(PTEUITIAMOBBIX MPOJIMBOB €IlI€ HE MU3YYEHO U TPEeOYyeT MPOBEACHUE
HAYYHO-UCCIEOBATENbCKUX PadoT. [Insg 3TOro HEOOXOAMMO HCCIEN0BATh
B3aMMHOE NMPeOOPa30BAHUE U B3aUMOJICVICTBUAE YIPYTUX U 3JEKTPUUYECKUX MOJIEN
Npy PE3UCTUBHO-AKYCTUYECKOM 3(deKkTe B 30HaX 0Opa3oBaHusl Hedreuuiama
[4,6,7].

Paboma ewvinoaneno npu ¢hunarcosoii noooepicke PODU e pamxax
HayuHoz20 npoekma Ne 19-38-90261/19
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MaremaTu4eckoe MoO/ieJIMPOBaHUE OLIEHKH TOKCMYHOCTH KCEeHOOUOTUKOB,
PHMCKOB 3J0POBbIO HacejieHus1 M 3(P)(PeKTUBHOCTH TEXHOJOTUYECKUX CUCTEM
Ha MPOU3BOACTBEHHO-TEXHUYECKMX KOMILIeKCax Mo 00padoTKe, yTHIN3aluu
u ooe3BpexnBaHuio orxonos I u Il K1accoB omacHocTH

I''M.AxmaaueB

Kazanckwnii (IIpuBoskckuil) peiepaabHblii YHUBEPCUTET,
r. HaGepexubie HYenHbl

TEXHOJOTI'MYECKHUWE MPUHIMIIBI NOJAYYEHUSA YTITEPOOCOJEPXAIIEI'O
TBEPAOI'O TOIIJINBA

CraTbsl NOCBSILIEHA TEXHOJIOTMU MOTYUYEHUs! YTIIePOJICOAEPKAIEero TOIUIMBA, KOTOPOE
MOXET ObITh UCHOJB30BAHO, KaK ObITOBOE TOIUIMBO U Jlake B mpombiiuuieHHocTH. CocTaB
BKJIFOYAET OPraHMYeCcKOe CBS3YIOLIEe U U3MEJbYEHHBIE JPEBECHbBIE OTXO/IbI U OMABILUE JIUCTbSI.
[Ipumenenue cnoco6a MO3BOJISIET MOBBLICUTH 3KOHOMUYHOCTH M 3KOJIOTMYHOCTH IMpOLEcca
NOJIy4YeHUsl TBEPJIOro OPMKETHOro TomMBa. Takxke JOCTUraeTcsl paclIMpeHre BO3MOXKHOCTEN
UCIOJIb30BAHUSI OTXOJOB >KMBOTHOBOJCTBA ISl MOJy4YeHUs crneuuguyeckoro OpUKETHOro
TOIUIMBA U CHUXKEHUE (PUHAHCOBBIX 3aTpar.

KnroueBble croBa: pa3paboTKa, TEXHOJIOTHUS, IOJyYeHUE, OTXOf], YIJIEPOACOiepIKalliee
TOIIMBO.

AKTYaJIbHOCTb HACTOSILIEN PadOThI CBSI3aHA C TEXHOJOTHUEW MOJIYyYEHUS
YIJIEPOJICOAEPXKAILETO TOIJIMBA, KOTOPOE MOXET ObIThb HCIOJIb30BAHO, KakK
ObITOBOE TBEPJOE TOIJMBO [IJII KOMMYHAJIbHO-OBITOBBIX HYX/I, B CEJbCKON U
TOPOJICKO MECTHOCTHM [IJI1 OTOIUIEHUSI BarOHOB M BO3MOXKHO NPUMEHEHUE B
Pa3MYHBIX OTPACSAX MNPOMBILIIEHHOCTU. COCTaB BKIIIOYAET OPraHUYECKOe
CBSI3YIOLIEE U M3MEJIbYEHHBIE JIPEBECHBIE OTXOfIbl, BKJIKOYAsl U OMABLIUE JIMCTHSI.
B kauecTBe OpraHmyeckoro CBSI3YIOLIErO UCHOJIb3YIOT COPOXKEHHbI OCTATOK,
oOpa3yrolmiicsi B  pe3yJibTaTe Mpouecca aHaspoOHOro  cOpakMBaHUA
OPraHNYyecKrUX OTXOAO0B KMBOTHOBOACTBA [1-3]. COOTHOLIEHWE KOMIIOHEHTOB
cienytolee, Mac.%: ApeBeCHbIE OTXOJbl C BKJIFOUEHWEM OMaBLIUX JUCThEB 10-
90, oceBuIMI OCAIOK — OCTaJILHOE.

Bcsa Omomacca coOupaemass Ha cpefe OOMTaHMSI KMBBIX OPraHU3MOB,
COrJJaCHO KJjaccudukaluu, TMpeAcTaBleHHOW B [4], mnogpasjensieTcss Ha
NEPBUYHYIO (pacTUTeNibHasE OuWomacca) W BTOPUYHYIO, OOpa3ymoLIyIOCs B
pe3yJibTaTe pa3iuyHON CTeneHW nepepadoTKu nepBUYHON. OTAENbHYIO TpYIITy
BO BTOPUYHOI OMOMAcCe 3aHUMAIOT TAaKWE€ BU/bl OPraHUYEeCKUX OTXOJO0B, KaK
«OTXOfIbl >KU3HEMIESITEIbHOCTU YeJIOBeKa, >KMBOTHbIX M MNTUll». Bce 31O
MPOUCXOUT exXKeHEBHO U oOpa3zyrowuecss OCB ckanaupyroTcsl Ha TEPPUTOPUN
BOJIOOYMCTHBIX COOPYXKEHUI Ha WIOBbIX KapTax [5,6]. YuurbiBas, uto B 99%
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CIIy4a€B BOJOOYMCTHBIE COOPYIKEHHUS PacCnojiararoTcsi Ha Oeperax pek M Jaxke
BO3jie BO1oeMOB. [Ipr 3TOM BO3HMKAET ONACHOCTH BbIXOfa HakomieHHbIx OCB
3a TpeAesbl WIOBBbIX KAapT, YTO MPUBEAET K 3KOJOTMYECKOW KaTtacTpode C
cepbe3HbIMU NOcencTBUAMA[7,8]. He MEHbIIYI0 ONaCHOCTBH C 3KOJOTMYECKOW,
3NU300TOJIOTMYECKON U 3MUJEMUOJIOTMYECKON TOYKM 3PEHUSI MPEJICTABISAIOT U
CKOIUIEHUSI KYPUHOI'O IOMETA B OKPECTHOCTM OOJBIIMHCTBA NTHULE(AOpPUK,
>KMBOTHOBOJTYECKUX KOMIUIEKCOB. [l0 [laHHBIM BCEMMpPHOW OpraHu3anvu
3apaBooxpanenns (BO3) nomer saBnserca akrtopom mnepepgaun 6osee 100
BO30yuTENiell MH(EKIMOHHBbIX W WHBA3UOHHBIX OOJIE3HEN, MOXET CJY>KWUTb
OnaronpusITHOW Cpelol Il Ppa3BUTUS W JVIMTEJLHOM  BBDKMBAEMOCTH
MaTOT€HHON MUKPO(JIIOPbI, COEP>KATh MOBBILIEHHOE KOJIAYECTBO MECTULU/IOB,
MEMKAMEHTO3HBIX MPENApaTOB, CEMSIH COPHbIX PACTEHUI U IPYTUX 3arps3HEHUN
[8].

Lenbto HacTosein padOThl SIBISETCS pPa3pabOTKa  TEXHOJOTMYECKUX
MPUHLMIIOB TOJYYEeHUS YTIIEPOACOAECP>KALETO TBEPAOro OPUKETHOTO TOIIMBA.

Marepuan u Meroasl ucciiefioBaHuM. B HacTosiiee BpeMsi M3BECTEH
crnoco0 mojyyeHuss TOP(QSHBIX TOIUIMBHBIX OpUKETOB U  COCTaB  [IJIs
OpuketupoBaHusi [9], BKIIOYAKOLMI  YIVIEPOACOACPXKALIMI  HAMOJHUTEIb
(IpeBECHbIE OMNMWJIKM, JIY3ry, OTXOAbl XJIOMYATHMKA WU T.J.) U IUIACTU(PUKATOP
(HEMTpaIM30BaHHBIA NTUYMN TOMET, HABO3, JUCTUJUISIHT, TyMYC, WJIOBBIE
OCTATKU U T.I.).

N3BecteH Takxke coctaB OpukeTrpoBaHHoro Tommusal10]. OH copepKuT,
Mac.%: HaBo3 10-90, yronbHas Mejioub - ocTajbHOe. HemocTaTkaMy aHajioroB
SBJISIFOTCS. MX HU3Kasg O9KOHOMUYecKass 3(P(PEKTUBHOCTb U 3IKOJOTUYHOCTD,
CBSI3aHHAsl C HAJIMYMEM B HABO3€ M IIOMETE MATOT€HHOM MUKPOQIIOpbl U
MUKPOOPraHU3MOB, SWI M JIMYUHOK TEJIbMUHTOB, YTO OOYCJIOBJIMBAET
MOTEHUMAJILHO BBICOKYIO CTENEHb OaKTEPUOJIOrMYECKON ONACHOCTH  JIJIsl
OKPY>KaKoLLEeN cpefibl, 00CITY>XKMBAIOLIErO MEPCOHANA U >KUTEJIE ONMU3JIexKamx
HacesieHHbIX NYHKTOB[11-14]. CyiecTByeT HEOOXOAMMOCTDH MpeABAPUTENIbHOM
00pabOTKM Macchl HaBO3a, IS JajbHellero opuketTupoBaHusi. OCOOEHHO 3TO
BAXKHO U1 TEX NEPUOIOB I'Ofia, KOIJA TEMIIEpaTypa BO3[yXa ONYCKAETCsl HUXKE
0°C. ITpu aTOM HaBO3, BBUAY OOJBIION BIAXKHOCTU CMEP3AETCsl, HAPUMED, MTPU
TPAHCIIOPTUPOBKE, YTO MPUBOJUT K [AONOJHUTEBHBIM 3aTpaTaM TeIlIa U SHEPruu
Ha €ro pa3MopaxkMBaHWe. JTO 3aCTaBIISIET MOUCKOBBIX UCCJIEIOBATEIIEN BBOIUTD
JIONOJIHUTEJIbHBIE CTaud O00paOOTKM HaBO3a, T.€. YCIOXHATb TEXHOJIOTMIO
NPUrOTOBJIEHUS COCTABA TOIJIMBA, YTO OOYCJIOBJIMBAET K MPUBJIECYEHUIO OOJIBLLIMX
3aTpaT Ha MOJIyYEHUE TOIUIMBHBIX OpUKETOB. [Ipyrum U3BECTHBIM TEXHUYECKUM
pelieHueM, TPUHATBIM 32 OJM3KUIA TEXHOJOTMYECKUd BApUAHT, SIBJISIETCS
KOMMO3ULMS 17181 ipeBeCHbIX OpukeToB[14]. OHa MOXKET U COJEPIKUT JIPEBECHbBIE
OMWJIKA C OMABIIMMM JIUCTHIMU WU CTPYXKU - 50-80 Mac.% u HaBO3 C
coepxanueM Bofbl  50-66 wmac.% - oceBumii ocagok. HepmocraTkom
NpeIaraéMoro CocTaBa OpPMKETMPOBAHHOTO TOIJIMBA SIBJSIETCS €ro Hu3Kasi
3KOJIOTUYHOCTD, CBSI3aHHASI C MPUCYTCTBUEM UM KU3HENESITEIbHOCTHLIO B HABO3€
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NaTOreHHON MUKPOQJIOPbl U MUKPOOPraHU3MOB, SIUL U JIMYMHOK TEJIbLMUHTOB,
yTO OOYCJIOBIMBAET OMACHOCTU [JIsl OKPYXKAKLIeH cpefbl, 0OCITY>KUBAIOILIErO
nepcoHana W KWTeJen OJM3iesKalmx HaceJeHHbIX NMyHKTOB[13,14]. B cambix
ONU3KUX  AJBTEPHATUBHbIX  TEXHOJIOTMSIX  YKa3bIBaeTCS  HEOOXOAUMOCTD
CMEIIeHNs] HECBEXKEro HaBo3a C ropsiueil BOjIoN 0 copiepKaHus ee B HaBo3e S0-
60%, 9TO yYCJOXHSIET TEXHOJIOTMKO TMPUTOTOBJIEHUS] COCTaBa KOMIO3ULUH,
NPUBOJUT K HEOOXOAMMOCTH MOTPEOIEHUsT OOJIBIIOrO0 KOJIMYECTBA BOJbI, & €I
€e 3arpsi3HEHUIO, TEMJIO- U SHEPropecypcoB JIJIsl €€ Harpena.

Pe3yabTaThl HCCEIOBAHMNA M HMX 00CyXAeHUe. TexHUUECKUMU
pe3yibTaTaMy KCCJIe[JOBAaHUI SIBJISIETCSl TOBBIIIEHUE 3KOJOTMYHOCTHU Ipoliecca,
paciliipeHrie BO3MOXKHOCTEN WCIOJb30BaHUSI OTXOJIOB >KMBOTHOBOJCTBA U
NTULEBOJICTBA ISl TMOJYYEeHUs] TBEPJOro OPUKETHOrO TOIUIMBA 3asiBJSIEMOrO
COCTaBa W CHIXKEHUE (pMHAHCOBBIX 3aTpaT. Y Ka3aHHbIA TEXHUYECKUIN pe3ybTaT
JIOCTUTAETCS TEM, YTO B COCTaBE /ISl OJTyUYeHUsI TBEPJOro OpMKETHOTO TOIJIMBA,
BKJTIOYAIOILIEM OPraHMYecKoe CBSI3YyOllee M U3MEJbUeHHbIE IPeBECHbIE OTXOfIb,
IpU CJIEAYIOIEM COOTHOUIEHUU KOMIIOHEHTOB, Mac.%: NpeBeCHble OMUJIKUA WJIU
cTpykKku 10-90,cOpokeHHbI 0cTaTOK OocTalibHOE. MI3BECTHO, YTO B pe3yJibTaTe
npoiiecca aHaIpPOOHOIro COpa>kKMBaHUSI OPraHUYECKUX OTXOJIOB >KMBOTHOBOJICTBA
(HaBO3, MOMET W T.N.) OOpa3yroTCs [iBa MPOAYKTAa - COPOXKEHHBIM OCTAaTOK,
MCIIOJIb3yEeMbIl B 3asIBJISIEMOM COCTaBe, Kak CBsI3ylolliee, 1 6uroras, coiep>kaiiui
no 60-70% wmetana[10,14]. Ilocae cOpakvBaHUsI OPraHUYECKUX OTXOJOB
WCTIOJIL3YETCSl B 3asiBJIIEMOM COCTaBe B KaueCTBE CBS3YIOLIEro BellecTBa JJIsi
MOJTyYeHUs] TOIUIMBHBIX OpUKETOB. [IJIi MPUrOTOBJIEHUS 3asIBJSIEMOr0 COCTaBa
TBEPJIOrO0 OPUKETHOrO TOIMJIMBA WCMOJB3YIOT HAMOJHUTENb - W3MEJbUEHHbIE
IPEBECHBbIE OTXOJbl: OMWJIKM M MOKHO J00aB/ISITh OMNaBIIME JIUCThS WU
CTPY>KKM C JIOObIMU pa3mepamMu U opMaMud 4YacTUl] M OpPraHMYECKoe
CBs3yIOlee - COPOKEHHbII OCTATOK, MOJYUYEHHbI M3 OPraHUYeCKUX OTXOJ0B
>KVBOTHOBOJICTBA (HaBO3, MOMET M T.II.) IyTEM aHA3pOOHOro cOpakuBanus. s
3TOr0 MCXOJIHOE OPraHMYECKOE ChIPbe 3arpy>KaroT B OMOPEaKTOp, 3aMOJHSIOT
ero Ha 75-80% mno oO0bemy, JOOABJSIIOT OMNpPENICIEHHOE KOJUYECTBO BOJIbI ISl
NIOCTUXKEHUSI ONTUMAJbHON BiaxHOCTU 85-90%. Cmech mnepeMelmBaroT,
MeTaHTeHK repmetusupyet. [lo ucreyenun nepuoga cOpakMBaHus OMOPEAKTOP
OTKPbIBAIOT, U TMOJYYEHHbIA COPOXKEHHBI OCTATOK MCHOJIb3YIOT B KadyecTBe
cBa3yroniero BeuiecTBa. OKOHUaHME mpouecca cCOpa>kMBaHUsSI OMNPEESIOT MO
M3MEHEHUIO COCTaBa OuMorasza M JUHaAaMUKHU ero BbleseHusi. [1IockobKy B xofe
npoiiecca cOpakMBaHKWsI KOJIMYECTBO OMOpA3laraeMbIX OpraHMYecKuX BelleCTB B
COCTaBE WJIa CHUKAETCS, TO YMEHBIIAETCS U 00BbEM BBIJICSIOLIErocsl Ouorasa B
enuHully BpeMeHu. Opranumyeckoe cBsizywouiee coctasiasier 10-90 wmac.%
COCTaBa, HAMOJIHUTENIb — OCEBIIMI OCajIoK, ocTajbHOoe. B ciyuyae copepskanus
opraHuyeckoro cpssyroiiero meree 10 mac.% chopMoBaTh OpPUKET HE yaeTcs,
MOCKOJIbKY JIJIs1 00ecrneueHrst CBI3HOCTH YacTull HAMOJHUTENS, UEJOCTHOCTU U
KOMITAKTHOCTU OpHKeTa, Kak LeJOoro He JIOCTAaTOYHO KOJMYEeCTBA CBSI3YIOILErO
BewlectBa. CopepkaHue opraHmyeckoro cpssywuiero oOosee 90 wmac.%
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SKOHOMMYECKM HE BBITOIHO, TaK KakK wu30bITouHOEe (cBbimie 90 Mac.%)
COJIEPKAHME OPraHUYECKOro CBA3YIOILLEro, 0OJIee TOPOroro, 4eM HarOJHUTED,
NPUBEJET K YBEIWYEHUIO LEHbl OpHMKeTa, IpPU COXPAaHEHWH NPEXKHUX
NOTPEOUTENBCKUX  CBOMCTB. (CMEMIMBAIOT KOMIIOHEHTBI [0  NOJIyYEHMS
OJHOPOJHOM TOMOreHHOW pa3bl M s (pOpMHUpPOBaHUSI OpPUKETA MOJB3YIOTCA
meTtopom OpukernpoBanus npu jaasieHun 0,01-0,07 MIla, cymar Ha BO3ayxe B
teuenne 7-10 pHeit, mi6o B cymmike B TeyeHue 100-115°Ce teuenuwe 1-1,5
YacoB.».

3akaouenne. TakuM 00pa3oM, NPUMEHEHUE 3asIBISIEMOrO COCTaBa
NO3BOJIUT CHU3UTH TMOTEHUMATLHO BBICOKYIO CTENeHb OaKTEepUOJIOrMYeCcKOn
OMACHOCTHU JIJI1 OKPY>KAlollel cpefibl, 00CIyKMBAIOUIETO NEPCOHAIA U KUTENeH
O/M3eXalux HACEJEHHbIX TMYHKTOB, CBSI3aHHYIO C HajlMyleM B HaBO3e
NaTOreHHON MUKPOQJIOPbl U MUKPOOPraHU3MOB, SIUL U JIMUYMHOK T€JIbMUHTOB.
DKOHOMUYECKUI A(PPEKT NPUMEHEHMS] TMPENIAraeMOro COCTaBa  SIBIISIETCS
NOJIOKUTENbHBIM U CBSI3aH C KCIMOJIb30BAHMEM BTOPOro O€30MaCHOr0 MPOAYKTa
nmpouecca aHa3poOHOro cOpakuBaHusl - OMorasa.
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Pa3pa0oTka NHHOBAIMOHHBIX METOIOB IKOJOrMYECKON peaduuTanumn
QHTPOMOreHHO HAPYIIEHHBIX TEPPUTOPUN

I.B. Anekcanapos, 3.B. Hagukosa, O.B. Cokonosa

PI'BOY BO «Y dumcknii 'ocyrapcTBeHHbIN ABUALMOHHBIN
TexHuyeckuil Y HUBEPCUTET

PA3PABOTKA PEABMJIMTAIIMOHHBIX MEPOIIPUSITUN
A MAJIBIX 'OPOACKHUX BOAOTOKOB HA ITPUMEPE PEKUA
IYTOPOBKA

B paHHO# cTaThe paccMOTpeHa NpolOsieMa yXy/LICHUsI COCTOSIHASL MajlbIX T'OPOJICKUX
BOJOTOKOB Ha mnpumepe peku Illyryposka Pecny6muku bBamkoprocran. IIpennosenst
peadMIIMTalMOHHbIE MEPOIIPUATUS] CHUXKEHUS aHTPOIIOI€HHOI'O BO3JEMICTBUS HA BOIOTOK.

Kntouesble cj10Ba: ropojickue BOJOTOKM, PEAaOUIUTALMOHHBIE MEPOINPUATHUS, CXEMa
OYUCTKU BOfbl, IPUPOAONPUOIIEKEHHOE BOCCTAHOBIICHUE .

AKTyanbHOW NPOOJEMOM, CTOSIEN MEPE COBPEMEHHBIM OOILECTBOM,
SBJISIETCSL YXY/LLICHUE COCTOSIHMS BOJHBIX pPecypcoB. B HacTosiee Bpewmsi
XO3SMCTBEHHOW JIESITENIBHOCTU TmoaBepratorcss Oonee 95% Bcex BOJHBIX
00bekToB Poccun.

C Kax/bIM TOJOM BCE OO0JIbIlIE BO3PACTAET AHTPOINOrE€HHOE BO3JICVICTBUE HA
KOMIIOHEHTbI OKpyKarouler cpenpl. Ilepepacnpenenenne u  NoOCTyINJIEHUE
3arpsi3HAIOLIMX BELIECTB B BOAHBIE OOBEKTHI MPUBOAUT K MX 3arpsi3HEHUIO U
JIerpalaliy MPUJIETAIOLIUX TEPPUTOPHH.

OCTaHOBUTH HETraTUBHbIE W3MEHEHWSI MOXKHO TIpU  HAMPABJICHHOM
BO3JIEICTBUM HA (PAKTOPbI, KOTOPbIE CHOCOOCTBYIOT CHUIKEHUIO 3arpsi3HEHUS
COpPOCHBIX BOJ] M AaKTUBM3AUMU TMPOLECCOB CAMOOYMCTKU BOJHBIX CHUCTEM; a
TAKXKE AHAIM30M U Pa3pabOTKON METOJOB PEaOWIMTALMA U BOCCTAHOBJICHUS
BOJIHbIX OOBEKTOB.

AHam3 MmpoOemMbl MPUPOJONPUOTMKEHHOTO BOCCTAHOBIIEHUS — BOJHBIX
OOBEKTOB SIBIISIETCA aKTyaJbHOM TeMoOW wuccienoBanusd. g craduimvszauumn
3KOJIOTUYECKOTO  COCTOSIHMSI ~ HEOOXOIMMO  COBEPLUEHCTBOBATH  METOJIbI,
BOCCTaHABJIMBAIOLIKE MPOLECCHI CAMOOYMIIEHUST BOJOTOKOB [1].

Pexa IlyrypoBka (mputok p. besasg BTOporo mopsjika) npoTeKaeT Ha
ypOaHU3UPOBAHHON TEPPUTOPUH, u MOJIBEPraeTcst MOCTOSTHHOMY
AHTPONOTr€HHOMY BO3JEHCTBUIO. B  BOOTOKE HAOMIONAETCS MPEBLILICHNE
HOPMATUBHBIX 3HAYEHUI ISl PbIOOXO3SMCTBEHHOIO BOJOMOJIB30BAHUS  JIJIsI
caeyrolux BellecTB: Mapradel, — B 11,86 pa3, Hedprenponyktsl — B 4,05 pa3sa,
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meb — B 3,2 pasa, peHousbl — B 2 pasa, cynbgaTel — 2,67 pa3, a30T HUTPUTHBINA —
B 1,80 pa3za (Tabmn.).

Hnsg obecrnieyeHuss KayecTBa BOAbl B COOTBETCTBME HOPMATHBOB
PbIOOXO3SIICTBEHHOTO TOJIb30BAHUSI, CHUXKEHUSI BO3EWCTBMS Ha BOJ03a00pbI
HeoOXxoiuMa pa3paboTKa CHCTEMbI, HANpPABJIEHHONM Ha OYMCTKE PEYHBbIX BOJ U
BOCCTAHOBJIEHUS] CAMOOYMILIAIOLIEH CTOCOOHOCTU BOJJOTOKA.

BoccraHoBieHMe MallbIX PEK JOJDKHO OXBaThIBaTh 3IKOCUCTEMY PEKHU
NOJIHOCTBIO C TNPWIETAloUENd TeppuTopun Bogocoopa. OCHOBHOV NMPUHLMI MTPU
NPUPOIONPUOIIMKEHHOTO BOCCTAHOBJIEHUSI PEK — BOCCTAHOBIIEHME MCXOHBIX
€CTECTBEHHbIX MapaMETPOB PEKU: IIUPUHbI, IIyOUHbI, KOJIMYECTBA U XapaKTepa
rOJJOBOTO PACIpPENICIICHUS CTOKA, 001Iel MOP(OJIOTMU PyCJia U €ro OEPeros.

Xumnueckuil coctas Bofibl peku llyryposku (o ganHbiM 3a 2011-2016rT.)

CpenneropioBast
KpaTtHocTb npeBblieHns
3arpsi3Hsitoliee BelecTBO KOHIIEHTPALS BEIleCTBa, TIK
Mr/ oM "
CoenuHeHust Mapratua 1,183 11,83
HedrenponykTsl 1,215 4,05
Coenunenust Meau 3,200 3,20
denoJnl 0,002 2,00
CoenuHeHus keje3a 0,297 0,99
CoenuHeHust HUKEJISt 0,018 0,90
Cynbdarsl 13333 2,67
A30T HUTPUTHBIN 5,940 1,80
A30T aMMOHUIHBIN 1,875 0,938
BIIK, 179,000 0,967
B3Beliennbie BellecTBa 314 1,05
CoenuHeHns IMHKA 0,998 0,998
A3OT HUTpaTHbI 43,478 0,966

O PEeKTUBHBIM METOIOM OYMILICHHUS BOJOTOKOB SIBJIIETCS MPUMEHEHUE
OMOJIOTMYECKUX U NPUPOAONPUOIMKEHHBIX crioco00B. [IpupoponpubnmkeHHbie
METOIbl BOCCTAHOBJICHUSI BOJIHBIX OOBEKTOB O0a3UPYIOTCS HA MPUMEHEHUU
OPUPOJIHBIX ~ CTPOUTEJBHBIX  MAaTEPUANIOB, KOTOPBIE  YCJIOBHO  MOXHO
NOJPa3eJNTb HA TP OCHOBHBIX THIA (JKMBbIE, MEPTBbIC, KOMOMHMPOBaHHbIE). B
3aBUCUMOCTH  OT  TPOUCXOXJECHUS  CTPOUTEJIbHbIE  MaTepuaibl s
pEBUTANM3AIMA MOTYT OBbITb  «MEPTBBIMU» — MATEPHUAJbl HEPACTUTEBLHOTO
npoucxoxjenusi (IJvHa, Mecok, 1ebeHb, KaMeHb, XBOPOCT, IEpeBO, coJioma,
KaMbIlll U [Ip.) U <«XKUBbIMU» — MaTepUasibl PACTUTEIBLHOTO MPOUCXOXKICHUS
(TpaBSIHUCTBIE PACTEHMS, IPEBECHO-KYCTAPHUKOBASI PACTUTEILHOCTD).

OpgHuM W3  TOMYJSIPHBIX  METOIOB  C NMPUMEHEHUEM €CTECTBEHHBIX
MPOUECCOB  SIBJISIFOTCSL  BOJIHO-OOJIOTHBIX ~ YrofibsiX WM Ouomnaro. BopgHo-
OOJIOTHBIE YrOfbsl JIJIsl OUUCTKU PEUHbIX BOJl MOTYT ObITh KJacCU(PUIMPOBAHbI B
COOTBETCTBUU C (DOPMOI >KU3HU JIOMUHUPYIOILLIEr0 MakpoduTa, B CUCTEMBI C
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CBOOOJHO TUIABAIOLIMM, IUIABAIOLIME JINCTBEHHBIE, BHEIPEHHBIE BCIUILIBAIOILUE U
norpy>keHHble Makpopursl [3].

PaznuuHble TUNBI  MOCTPOEHHBIX  BOAHO-OOJIOTHBIX  YrOAUN  MOTYT
KOMOVHHUPOBATHCS WA OOBEAMHATHCS [JIsl JOCTMKEHUSI 00Jiee BBbICOKOIO
appexTa OYMCTKM. PasnnuHble TUNBI CKOHCTPYWPOBAHHBIX BOJHO-OOJIOTHBIX
YrOWii Pa3jInyarOTCsl MO CBOWM OCHOBHBIM NPOEKTHBIM XapaKTEPUCTUKAM, a
TAKXKE B MPOLECCAX, KOTOPbIE OTBEYAIOT 32 YIAJICHUE 3arPsI3HCHU .

Hns  yBenmuyeHns o(P(PEKTUBHOCTH OYMCTKM BOJOTOKA HEoOXoguma
MpeIBapUTEIIbHAS OYMCTKA MOBEPXHOCTHOIO CTOKA, MOCTYMAKOWErO0 B peky. B
CBSI3M C OTUMHU OOCTOSITENILCTBAMU AKTYAJIBHO TPUMEHEHHE TaOUOHHbIE
OYMCTHBIE (PUIBTPYIOLIME COOPYXKEHUS JIMBHEBBIX CTOKOB, B OCHOBY PaOOThI
KOTOPBIX ObLI MOJIOXKEH U3BECTHBIN 9KOJOTMYECKUIA MOXO/T, 3aKTOYAOLIUICS B
MOOMIN3ALMYA MPUPOAHBIX BO3MOXKHOCTEN CAMOOYMILICHUSI SKOCUCTEM BOJHBIX
OOBEKTOB.

Pa3paboTka TeXHOIOrMM U KOHCTPYKUUU OYUCTHBIX COOPY>KEHUI HUKOTAA
HE MOTEPSIET CBOEN AKTYaJIbHOCTU B CBA3U CO CJIIOXHBIM XapaKTepPOM MPOLIECCOB
¢OopMUPOBaHUS TOBEPXHOCTHBIX BOJ|, HEOOXOAUMOCTHIO MUHAMHU3ALMK 3aTPAT HA
UX CTPOUTENBCTBO U OOCIY>KMBAHUE U TPEOOBAHMUSMU OXPaHbI IPUPO/BI.

CornacHo aToMmy pa3paboTaHa NPUHUUMUAAIIbHAS TEXHOJOTMYECKasi cxema
ounctku peunor Bopbl llyrypoBkm (puc.). PazpaboTka KOMIUIEKCA OYMCTHBIX
COOpPY>KEHUII Ha BOJIOTOKE ocyllecTBieHa Ha ocHoBaHuu CHull 2.04.03-85
«Kananuzauusi. Hapy>kHble ceTH 1 COOpPYKEHUS» .

[IpuHyunuanbHas cxema ounctku Bopbl peku Llyryposka

[IOBEpXHOCTHBII CTOK CaMOTEKOM C aBTOAOPOr, HPOMBILIEHHBIX
IUVIOLAIOK M TOPOACKMX CBAJIOK IOCTYNAET B COOPYKEHHblIE W3 TaOWOHOB
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otctoiHuku (O-1...0-3), rge npOUCXOUT OCAXK/IEHUE B3BEIICHHBIX BellecTs. M3
OTCTOMHMKOB OCBETJIEHHAs Boja ¢uibTpyeTcsa uepe3 kKamepbl (P-1...P-3),
3aMOJIHEHHBIE 3€PHUCTON 3arpy3Koi, MPOXOfs JIOMOJHUTEIBbHYIO OYUCTKY OT
3arpssHsommx BewecTs. [locne ¢unbTpyromen Kamepbl MOBEPXHOCTHBIA M
JIMBHEBOW CTOK MOMAJAET B BOAOTOK. 3aTEM BOJia HANPABISIETCS B MEPBUYHBIE
orctoiiHukn  (0-4...0-9), rHe OocCyLEeCcTBIAeTCS MPOUECC OYUCTKA  OT
B3BCIICHHbIX BEWECTB. KOHCTPYKIMM OTCTOMHUKOB PACMOJIATAFOTCS TaKUM
00pa3oM, 4YTOObI MNONYYMWIHMCHh KacKajibl, Osarogapsi KOTOPBIM IPOMCXOJUT
HACBILLEHNE BOJIbI KACIOPOJIOM.

[Ipoiiig cucTteMy OTCTOMHMKOB, OCBETJIEHHAsT BOfa NOCTYNAeT Ha
OuomiIaTo, NPEJCTABISONIEE COOOM WMCKYCCTBEHHBI BOJAOEM, 3aCa>KEHHBIN
BBICILIIMHA BOJJHBIMH PACTEHUSAMU (MAKPOUTAMU).

[ns  yBeauuyeHust appeKTUBHOCTH (PYHKIMOHUPOBAHUSI OMOMIIATO
BO3MOYKHO MX 3aCEJIEHUE TMIpOOMOHTAMU, MPUMEHSIEMbIE JIJIs1 OYUCTKU BOJbI OT
opranmyeckux 3arpsisHuteneil. Hanuume B cocTaBe OTKPBITBIX CaMOTEYHBIX
OYMCTHBIX COOPYKEHMI OHONIaTO CO30aET MPEANOCHUIKU MOAACPKAHUAS W
peaiM3auuu  COOCTBEHHBIX  PEaOMJIMTALMOHHBIX  PECYpPCOB  CO3[AHHOM
3KOCUCTEMBI.

bnarogapss coBMeCTHOMY  JEMCTBHUIO  COOOLIECTBA  PACTEHUd U
MUKPOOPraHU3MOB, HACEJAIOUX OMOIUIATO, MPOUCXOAUT OYMCTKA CTOKA HE
TOJIbKO OT OPraHMYECKMX BEIIECTB M HEMTENPOAYKTOB, HO M OT TAXKEIbIX
MetamoB. [lpemyioxeHHass cxema OYMCTKM BOJOTOKA TO3BOJIAT CHU3UTH
COJIEp>KaHUE 3arpsi3HAIOLIMX BELLECTB B BOJIE.
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NuctutyT 3k0n0rum u reorpacpumn CPY r. Kpacnospck, Poccust

0 BO3MOXKHOCTHA UCIIOJb30BAHUS POTOJIMCTHUKA
[NOT'PYXKEHHOT'O IJIA PUTOPEMEINAIINN BOOJHOU CPEbBI
OT TAXEJDBIX METAJLJIOB.

B nanHOM pabGoTe npuBeeHb! pe3yJIbTaThl UCCIIEOBAHNS YCTONYMBOCTU POrOJIMCTHUKA
NOrPY>KEHHOTO K BO3[EMCTBUIO COEMHEHUI TSKEJIbIX METAJIOB, HAa MPUMEpPE CylbgaTa Meu
Y LMHKA. Y CTAaHOBIIEHO, YTO POTOJIMCTHUK NMOTPY>KEHHbIN COXPAHSET >KU3HECIIOCOOHOCTh NpU
JEVCTBUMA BBICOKUX KOHLEHTPALMI TSKEJIbIX METAJJIOB, IIPU 3TOM YCTOMYMBOCTH PACTEHUS
BbILIE MPU MUCIOJIb30BAHUM B XOJIe SKCINEPUMEHTA BOJbl U3 €CTECTBEHHBIX BOJOEMOB — PEK
Enncein n Kaya.

KnroueBble ciioBa: poroMCTHUK NOTPY>KEHHbIN, (PUTOPEMEULIMS , TSIXKEIbIE METAILIIbI

B nacrosiiee Bpemst mpo6isiema 3arpsi3HEHUs] BOJTHON CPefibl COEIMHEHUSIMA
TsKENbIX MeTAIOB (TM), CTAaHOBUTCS BCE aKTyaJlbHEE, B TOM YHCJIE B TOPOJE
Kpacnosipck. CambiMu pacnpocTpaHeHHbIMA TM, NOCTynmaromyMu B pPEKHU
Enuceit u ero nputokos, siBisitorcst coepuHenust Ni, Cu, Zn, Mn, Pb [1]. B
HACTOSIIIEE BpeMsl 0CO00€ 3HAYEHUE MPUOOpeTaeT MpoOJEMa OYUCTKU CTOYHBIX
BOJI M BOJ] ECTECTBEHHBIX U UCKYCCTBEHHBIX BOJJOEMOB OT OOJIBLIOTO KOJNYECTBA
3arpsi3HAIOLIMX  BEIIECTB, OJHMM M3 CHOCOOOB PpELICHWs 3TOW MNPOOJIEMBI
aBnsieTcd  (puropemenmauusi. HekoTopeie BbICIIME BOAHBIE PACTEHMs OOJIAIAlOT
BBICOKOW AKKYMYJISITUBHOM CIMOCOOHOCTBIO M MOTYT ObITh KCIHOJIL30BAHBI ISl
uropemenuanmm BogHOM cpenbl. s pacliMpenus cnucka nojoOHbIX pacTeHUN
HEOOXOJUMO 3HATh, HACKOJILKO UYBCTBUTEJIbHbI WU YCTONYMBBI T€ WM UHbIE
OPraHu3MblI K JIENCTBUIO UOHOB TSKEJIbIX MEeTaJJIoB [2].

Lenbto paHHOM pabOThl  SBJISIETCS  MCCJEJOBaHUE  YCTOMYMBOCTH
poronucTHUka norpyxeHHoro (Ceratophyllum demersum) K [EACTBUIO MOHOB
UUHKA U MEJIU B MOJIEJIbHBIX CUCTEMAX U MPUPOHON BOJIE.

[nsi  3KCNEepMMEHTOB MO W3YYEHUIO YCTOWYMBOCTU POTOJUCTHUKA
NOrpy>KEHHOr0 B KAUYe€CTBE TOKCUKAHTA MCIOJIb30BAJICSI PACTBOP CyJibdaTa Meau
B KoHueHTpauu 0,5 wmr/a, 1 wmr/n m wumaka 10 wmr/a. [IOK memu pmst
pbI0OXO3siicTBeHHbIX ~ BojjoemMoB — 0,001  wmr/n.  II[AK  uueka  jos
pbhI60X0351iCTBEHHBIX BOI0eMOB — 0,01 Mr/J1.

B crakanbl o6bemMom 500 M B 3 moBTOpHOCTsAX HanuBasachk 20% cpena
[IITeitnOepra Ha OCHOBE MAWCTUJUIMPOBAHHOW BOfbI, U TMPUPOJHBIX BOJ| - PEKU
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Enuceit n pekun Kauva. Eme 3 oOpa3ua ObLiM MOTPYyKEHbI B CHUCTEMY 0Oe€3
NOOABJICHUS] MOHOB - KOHTPOJIb.

J171s1 KOHTPOJISL 32 COCTOSIHUEM PACTEHUI MCTIOJIb30BaIN (PJIyOPECUEHTHBIN
Meropn. Perncrpaumsa mnapameTrpoB  3amepiieHHON  (ayopecueHuyn - (3P)
nposoguick Ha 1, 3, 5, 7 cytku payopumerpe «®@OTOH 10». M3mepsinack
MHTEHCUBHOCTh 3P mnpu BO30YKACHUM CBETOM BbICOKOM M  HU3KON
nHTeHCUBHOCTU (3PB u 3®PH, COOTBETCTBEHHO). /[IJIsI OLIEHKM BIMSHUS
Pa3IMYHBIX KOHLEHTPALMI MOHOB MEU U LIUHKA HA YCTOMYMBOCTb POrOJIMCTHUKA
PACCUUTBIBAIM OTHOCUTENBHBIN TOKA3aTelb 3aMEJICHHOM (DiIyOopecleHIn
(OII3®), npexpcrapnstomiero cooor otHomieHrne 3PB K 3PH, YTO MO3BOJSIET
UCKJIFOUUTD 3aBUCUMOCTD PE3YJILTATOB OT IUIOLIAU 00pasLa.

[IpoBeileHHbIMM ~ paHee  OKCIepUMEHTaMu  ObLIO  MMOKa3aHO, 4YTO
POTOJIMCTHUK TOTPY>KEHHbI MPOSIBISIET YCTOMYMBOCTHL K HOHaM MeEIud B
MOJIEJIbHBIX CUCTEMaX Ha OCHOBE [MCTWIJIMPOBAHHOW BOJbl BIUIOTH [IO
koHueHTpauuu 0,1 mr/n. [Ipu manbHeieM MOBBILIEHMM KOHUEHTPALMU MOHOB
meu 1o 0,5 mr/ma, yto conoctaBumo ¢ 500 ITIK, poroaucTHUK COXpaHsii CBOIO
>KM3HECTIOCOOHOCTh B T€UEHUE BCETO MepUojia IKCIIEPUMEHTA B Cpejle Ha OCHOBE
NPUPOJHOI BOJbI, B MOJIEIbHOW CHCTEME HAOIOfIaeTCsl MOCTENEHHOE CHUXKEHKE
nokazaresiss OII3®d, na 7 cytku - rubenb pactenusi (puc. 1).

4 7\

- J
Puc. 1. Bnusuue nona megu B KoHueHnTpauuu 0,5 mr/n Ha Benmunny OIN3P

PoronuctHuka nor PY>KEHHOI'O TTPU UCTIOJIb30OBAHWUU PA3HLIX BAPUAHTOB CPEbI

[Ipn pmanbHeeM NOBBILICHNN KOHIEHTPpAaUuK cynbgara meau 1o 1 mr/i B
MOJIEJIHOV CUCTEME PACTEHMS MOTUOAOT Y>XXE B 1 CyTKM KyJIbTUBAPOBAHMS, 4 B
cpefie Ha OCHOBe BOfbl U3 pekn Enuceil n Kaya poroimcTHAK COXpaHSET CBOXO
>KU3HECTIOCOOHOCTH (pHC. 2).

B mnpenBapuTeNbHBIX 3KCIIEPUMEHTAX C MOHAMM LMHKAa ObLja BbISBJIEHA
YCTOMYMBOCTb POTOJIMCTHMKA IMOTPY’KEHHOrO K KOHUEHTpauusMm jo 1 mr/a. B
XOfIE€ MPOBEJEHHBIX MCCIEAOBAHUN ObUIO BBISBJIEHO, YTO MpPU KOHLEHTPALUU
cyabdara yuHka paHoit 10 mr/m (comoctaBumo c¢ 1000 ITJIK) poronmmcThHuk
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MOTPY>KEHHbII COXPAHSJI CBOIO KMU3HECHOCOOHOCTh B TEUYEHHE BCEro nepuoja
3KCNEPUMEHTA BO BCEX BapUaHTax cpefpl (puc. 3).

n3

KU

\ J
Puc. 2. Bausinue nona mepu B KoHueHTpauuu 1 mMr/n Ha Beauuuny OII3P
POrOJIMCTHUKA MOTPYKEHHOTO MPU UCTIOJb30BAHMY PAa3HbIX BAPUAHTOB CPEfbl

M1 cyTKK

M3 cyTkn

A\ J

Pucynok 3. Bimsinue nona uuHka B KoHueHTpauuu 10 mr/n Ha Beamuuny OII3P
POrOJIMCTHUKA MOTPY>KEHHOT'O MPU UCTIOJIb30BAaHUU PA3HbIX BAPUAHTOB CPE/bl

Hdns  omnpepeneHusi  CNOCOOHOCTM — POTOJIMCTHUKA — MOTPYXKEHHOTO
AKKyMYyJIMPOBaThb TSDKENbIE METAIbI ObUla MPOBEJEHA OLEHKA W3MEHEHMS
TOKCUYHOCTA TECTUPYEMOM BOJbl, COfepxKalleil MOJENIbHbIE TOKCUKAHTbHI B
KoHUeHTpauyu, paHoi 5 [1J1K, Ha 7 cyTku KyabTuBUupoBaHus (puc.4).

DNeMEHTHbI aHayM3 npoBoauscss B WMHCTUTYyTE XUMHM WM XMMUYECKOMN
texHonorun CO PAH MeTtopoM mMacc-CieKTpOMETpPUM C MHIYKTUBHO-CBSI3aHHOMN
mnazmont (MCIT MC) Ha kBajipynojbHOM Macc-cniektpoMerpe Agilent 7500a
(AgilentTechnologies, CIIIA)
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OcTraTouHoe
coaepxaHue
MeTannos, Aonu
nAak

Puc. 4. OcraTounoe copiepkanue noHoB B fossix [IJIK B BoyiHOIT cucteme
nocse 7 CyTOK 3KCIMO3UIUU C POTOJIMCTHUKOM TOTPY>KEHHBIM.

AHaJIM3 TaHHBIX MOKa3aJl, YTO POrOJIMCTHUK MOTPY>KEHHBIN B HAMOOJIbILIEH
CTEeIEeHU MOTJIOAET U3 pacTBopa Mefb. KOoHIeHTpalys MeTanaoB CHU3UIACh C 5
IAK no 0,07 MOK (acpdextriBHOCTL copbuuu 98,6%). B cucremax ¢ quHKom
PE3yNbTAThI MEHEE YIOBIETBOPUTEIBHBI — 3(hpekTuBHOCTL copoumu 40,0%.

[To pe3ynbTaTtaM NPOBEJICHHBIX 3KCHEPUMEHTOB MOXHO 3aAKIIFOYUTH, YTO
poroauctTHUk norpyxeHHblin (Ceratophyllum demersum) NposIBASIET BbICOKYIO
YCTOMYMBOCTD K JIEVUCTBUIO MOHOB MEU, OCOOCHHO B Cpefie MPUTrOTOBJICHHON Ha
OCHOBE MpUpOaHON BOAbI U3 peku Kaua m Enwuceit. Pe3ynbrathl nccnenoBanus
MOKa3aJiy, YTO POrOJMCTHUK MOTPY>KEHHBIA, MOYTU MOJTHOCTHIO MOTJIOWAET W3
BOJIHOW cpefibl coefuHeHust meau — 98, 6% u no 40% coegvHeHUII UUHKA, YTO
CONPOBOXKIAETCS CHUXKEHUEM WX KOHUEHTPALMU B CPENE, MPU 3TOM COXPAHSET
CBOIO >KM3HECTIOCOOHOCTD

B nesom, MOXHO cpienaTh MOJIOKUTENBHOE 3aKJIFOYEHUE O BO3MOXKHOCTH
UCNOJIb30BaHUSI POTOJIMCTHUKA MOTPYKEHHOro [isi purtopemMeuauuu BOJHOMN
Cpefibl OT MOHOB MEJIU U LIMHKA.

JIureparypa

1. [ab6axosa, E.B. DOkorokcukosoruss u mnpobnembl HopmupoBaHusi [Tekcrt]:
monorpadus / E.B [Ta6axosa, B.1 Turosa.- Hosropoa: 13n-80 BBAI'C, 2005.- 165 c.

2. Jlana, H.H. Pa3paboTka MeTofa OUMCTKU 3arpsiI3HEHHBIX BOJl OT TSIXKEJbIX METAJIJIOB
U OpPraHnYecKuX BEILECTB COUYETAHUEM (PUUMKO-XMMUYECKUX U €CTECTBEHHO-OMOJIOrMYECKUX
npoueccoB [Tekcr]: aBroped. nuc. kana. Tex. Hayk: 03.00.16 /H.H. Jlana.- Tyna, 2006. - 22
c.

134



H.B. Aunukuna

OI'bOY BO "Jluneukwnii rocyJapCTBEHHbIN MEJArOrMYECKNA YHUBEPCUTET
umenu I1.I1. CeménoBa-Tsau-Illanckoro"

PEKYJIbTUBAIINA BOAHBIX OBBEKTOB CTAPOOCBOEHHbBIX
I'OPOACKHUX TEPPUTOPUUN N EE OTPUHATEJ/IbHBIE
MOCJ/IEACTBUA

B crathe paccMaTpuBaeTcs NOCNEACTBUSI peKyiabTuBauuu 70 reKTapoB IMPUPOIHO-
aHTponoreHHoi cucrtemsl IleTpoBckoro npypa, nposefgénHoin B 1974 ropgy (JIuneuk) Ha
npuiieraroiye reppuropur. Ha ocHoBaHMM NPOBEEHHBIX UCCIIEJOBAHUI aBTOP NPEAIOIAracT,
YTO peabuanTaLsl HEKOTOPbIX OOBEKTOB HEXesaTesbHa U, HEOOXOAUMO MPOBOJUThL OLIEHKY
PUCKOB IIpU pa3pabOTKe MPOEKTOB 9KOJIOTMYECKON peaduInTalyy, U BIIOJIHE BO3MOXHO, 4TO
BO3BPALLEHNUE K UCXOIHOMY COCTOSIHUIO TEPPUTOPUU MOABEPIrLLIEHICS I1yOOKON aHTPONOreHHON
TpaHcOpMalyy HE BCEITA SBJISIETCS ONPABAAHHbIM.

Kitouessle cnosa: npya, peKyabTUBaLWs, IOABEM IPYHTOBBIX BOJI, peKpeauysi, TOPOf.

I'opop — >xmBOW OpraHMs3m, B OMOr€OXMMMYECKOM LMKJIE KOTOpPOroO,
IJIABEHCTBYIOILIEE MECTO 3aHMMAET YEJOBEK, M AHTPOMNOIr€HHO HAPYLIEHHbIE
TeppUTOpUM Bcerfga OyAyT MpeBaIupoBaThb Ha UX Teppuropuu. Hacenenue
ropoja npeoOpa3oBbIBAET TOPOACKOE NMPOCTPAHCTBO YEPE3 BOIUIOLIEHUE CBOMX
MUPOBO33PEHYECKMX WJEN COTJIACHO YPOBHIO pa3BuUTUs TexHoJiorui. M3yuas
XO3SICTBEHHO-OBITOBYIO JIEATEILHOCTh TOPOKaH B MPOCTPAHCTBE U BPEMEHU,, Mbl
MOXKEM CJieflaTh BbIBO[bI O CTENEHW B3aWMOJCHCTBUS TNPUPOJHON Cpelbl U
AHTPOMNOTE€HHON JIEATELHOCTH 32 BECH IEPUOJ] C MOMEHTA OCHOBAHUS MOCEJICHUS .
N3yyaa kpaeBefieHne 0O0ro ropoja, Mbl HaiIEM TEPPUTOPUM, HA KOTOPBIX
ObLIa MPOBEJIEHA PEKYJbTUBALMS HE M3-3a TOTO, YTO JJAHHBIN OOBEKT NepecTa
ObITb BOCTPEOOBAHHBbIM, a W3 HEXEJIaHWs MOIEPXKMBATh €ro B HAJJIEXKAIIEM
COCTOSIHUM M I YTUJIN3ALMA MATEPUAIIOB, BOZHUKIIMX NPU 00JIaropa>kMBaHuu
NIPYroro ropojickoro oObeKTa.

[IpumepoM MOJOOHOrO TNOAXOAA MOXKET CIYKUThb PEKyJbTUBALMS
[TeTposckoro npypa B ropoje Jluneuke. [laHHbIi npyp ObLT CO3J]aH B MOMME PEKU
BopoHexx B KOHIIE CEMHAIIATOM BEKE I MOCTPOMKM Trajnep. 3epkajo npyja
3aHMMaJsa OKOJIO ceMUecaTn rekrap. HemocpencrtseHHoe cBOE npeHa3HaAYeHNE
NPY/l BBITOJHSUI HEOJAT0, HO 3aTO MPOCYILIECTBOBAN BIIJIOTH 10 1974 ropa. B
BOCEMHQ/IUATOM BEKE BOAa W3 MpPyAa WCMIOJIb30BAIACH [JIsi O0ecneyeHust
JKeJIe30/]eIaTeNIbHbIX  3aBOJOB, A C JEBATHAAUATOrO BEKAa OH BbINOJHSII
pekpealoHHyo pyHKIuto (puc.l), okazaBIIMCh BOCTPEOOBAHHBLIM MPU CO3[IaHNN
OJIHOTO M3 MEPBbIX POCCUNCKUX KYPOPTOB, CTPOUTENBLCTBO KOPIYCOB KOTOPOIO
Havajmock B 1803 rogy, a BecHoit 1805 roga ummmnepatop Amnekcanap [
NOJIMMCHIBAET yKa3 O co3fjaHuu Kypoprta [1].
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JHnenKs. Buxs ma msepxuifi maprn ¢n Herponeraro npyia.

Puc. 1. Crapas otkpeiTKa (https://yandex.ru/search/, nara o6paienus 28.11.2019).

O nonyJIIpHOCTH 3TOTO MECTA B JIEBITHALIATOM BEKE TOBOPUT Ja’Ke TOT
(pakt, uro MMeHHO Ha Oeperax I[leTpoBckoro mpypa pelidiMm NPOBECTH CBOMU
BCTPEYM HAPOJIOBOJIbLBI (MIOHB 1879) kenaromme He NPUBJIEKATb BHUMAaHUS
NOJIMLIAA U COXPAHUTh KOHCMUpaUuo. BbIOOp MeCTO ObI1 00YCJIOBJIEH TEM, YTO
10J] BUJJOM NUKHKWKA OT/BIXAKIIMX Ha OEpery npyja OHU MOIJIM 00CYK/IaTh CBOU
BOITPOCHI, HE 00SCh NPUBJIEYb BHUMAHUE BJIACTEN.

[IpekpacHOe Xy[I0>KECTBEHHOE OINUCAHME JaHAadTa 3TOM TEPPUTOPUA
octasun  Toncroit A.C.: "Bbl crouTe Bble KpbIll CJI000KM MOHACTBIPKH.
[Ipsamo paccTunaercst riagkasi BOHas MOBEPXHOCTH OrPOMHOro npypa. bepera
€ro MOPOCIM BBICOKMM KaMbIIIOM M OCOKOW, TOJBbKO H3PEKa MEXK/JYy HUMU
MPOMEJIBKHET 3AJIMBYMK, HEKOTOpPbIE M3 HUX OYEHb [JJAJEKO YXOJSAT B Oeper.
Jlanee, Ha KOHUE Mpyja, YEpPHEETCS IMOJ0Ca, KOTOpas OTAENSIeT BOJHYIO
NOBEPXHOCTH MpyAa OT peku BopoHexka, — 3TO MJIOTMHA, KaMEHHasi, OYeHb
IMpPOKasi Mpu OCHOBaHUM. bin3 Hee, HalleBO, HA Oepery npyja BUJHEIOTCS JIBeE-
TPU MaJeHbKUE XAaTKW, YTONMAKOLIME B 3€JICHU BeTes] M Kamblien. Cuguiib Ha
CKaMeeyke M TJia3 He XO4YyeTcsl OTopBaThb. B kambiax kpuyar daiku. OT
MOoOHACTBIPKHU TO U1 JIEJIO OTIUILIBAIOT JIOJOYKHU PbIOOJIOBOB U TEPSIOTCS B 3aIMBaX
cpenu Kambiei" [2].

IIpyn Ob1  cBoeoOpa3sHOW BUM3WTKOW ye3gHoro Jlumenka u Korja
MOJLICKMBAJIM MECTO [ BO3BefieHus nepBoro namsitHuka Iletpy 1 (1839 rop)
[3] TO ObLIO pellleHo NMOCTaBUTh €ro Ha CIYCKe, YTOObI (POHOM ISl HEr'O CITY>KUIT
npya. IIpyn cayxun KypopTy ¥ Kak UCTOYHMK JIeYEOHBIX Tps3eil il JIeUeHUs!
OT/IbIXAFOLUX .

Ho ko Bropoit nonoBune 20 Beka Mpyj, MPOCIY>KUBIINNA JIHOASAM OoJiee
IBYX BEKOB 3aWJIAJICSI U HA MOBECTKY JIHS CTaJl BOMPOC O €ro ouucTke. B 310 ke
BpeMsi pa3pabaThIBAIUCh MEPONPUSITHUS O OYUCTKE U YriayOJIEHUIO pycila peKu
Boporex B rpanunax ropopa Jluneuk. M BcTanm Bonmpoc, Kak NPUMEHUTb MTOTOM
OrpoMHbIE OOBEMBI TECKa, HaMbITble 3emilecHapsgamu u3 peku. W BmecTo
OYUCTKU Mpyja ObUIO PELIEHO MPOBECTH €ro PeKyJIbTHUBALMIO. 3eMJeCHaps/bl
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HaMBbIBAJIM NIECOK B peKe BOpOHEX, KOTOPBIM TYT Ke 3achinanu yamy npyaa. 1 B
1974 ropy mnpymn nmepecranm CywecTBoBaTb. Ero teppuropusi  crana
npoposkenneM Hwknero mapka, rme  nmo nmpoekrty Ilonynuna H. P. mocapmmm
nepeBbsi. Ho pekynbpTMBanmsi TEppuTOpMM, Ha KOTOpon Oonee uyeM 270 jer
HAXO[WJICA NPYA, KOTOPBIA 3a TOAbI CBOErO CYILIECTBOBAHUSI CTall YaCTBIO
9KOCHCTEMBI NMOMMBbI pekKu BOpoHEX, uMena pe3KO HEraTUBHbBIE INOCJE[CTBHUS.
3ackInKa npyfa NpUBENa K MOABEMY TI'PYHTOBBIX BOJ M BEKOBBIE [IEPEBbS
Hwuxnero napka, nomusiipe mManeHbKyro Hartaneto ['onuapoBa, cranm najats. B
HACTOSLLEE BPEMSI HA TEPPUTOPUM MApPKa HE OCTAJIOCh AEPEBBLEB, KOTOPBIE ObLIN
NOCAXKEHbI B HAyaJsle IEBSITHA/ILATOrO BEKa MPY pa30MBKE AHITIMICKOTO Cajia Mpu
JIuneukom Kypopre.

B mnopBamax 4yacTHbIX JOMOB pailoHa HwukeHku mnosiBmiiach BOja, 4YTO
BBI3BAJIO HEOOXOUMOCTH MPOBEJEHUS pa0OT MO APEHAXKY 3TUX TeppuTopuid. [1s
NPOKJIAJIKU JIPEHAXKHBIX KOJUIEKTOPOB OBUIM [Ia’K€ CHECEHbI JBa YKWJIbIX JIOMa,
NOCTPOCHA CTAHLMS, 3aKAYMBAIOIIAsl W3JIMIUKU TPYHTOBOM BOAbI B TIIyOOKHE
ropu3oHTbl. Ho y umrofell KopoTkasi maMsaTb M S BUXKY, KaK Ha MECTax,
OCBOOOXKJIEHHBIX [IJI1 TMOCTPOWKMU [IPEHAXKHOW CHUCTEMBI, CElYac BO3BOASTCS
>KWMJIBIE JIOMA.

[TpubnuzurensHo rae Obu1 Geper mpyaa, B 1972 rogy Obul BO3BEAEH
NaMsITHUK HApOJIOBOJIbLIAM M KaK Mbl BUJJMM Ha COBPEMEHHOM (hoTorpacun (puc.
2) Ta TeppuTOpHUsA, B HACTOSILIEE BpPEMs, MOPOCiA BIArOJOOMBOI JAPEBECHOM
PacCTUTEIBHOCTHIO.

acvazul-v2010.tourister.ru

Puc. 2. Huxxnuiil napk B pafloHe namMsiTHUKa HapOJlOBOJIbLIAM (CailT
https://www .tourister.ru/world/europe/russia/city/lipetsk/placeofinterest/31401/responses/469
9, nara o6paienus 28.11.2019)

Heckonpko gner Haszag Ha Teppuropuu HukHero mnapka, kKoTopas
IUIAHAPOBAJaCh  MOJ  3aCTPOVIKY, YIS  YBEJIMYEHUS  MHBECTULMOHHOW
NPUBJIEKATENBHOCTH, ObUI BBIPBIT HEOONBIION NMPY/, KOTOPBIA CeYac aKTUBHO
UCHIOJIB3YETCs XUTEasAMU. Boga B HEM 1OCTATOYHO YMCTAsI, THO MECYAHOE, BOAA
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NPOrpPeBAETCs JOCTATOYHO OBICTPO, HO 3TO O CBOMM Pa3MepaM 3TH JBa BOIHBIX
00BEKTA MPOCTO HE CONOCTABUMBI.

BeiBopbl.  Pa3dpaOarbiBasi NPOEKTbI  3KOJIOTMYECKOW  peaduimTanun
AQHTPOINIOT€HHO HAPYLIEHHBIX TEPPUTOPUMI  HEOOXOAMMO NPOBECTH OLEHKY
PUCKOB Ha MPEAMET TOT0, Kak (PYHKUMOHUPYET JAHHbIA OOBEKT U HACKOJIBKO OH
ye€ BCTPOWJICA B OMOT€OXMMMYECKME LMKIIbI 3KOCUCTEM, (PyHKIMOHUPYHOLIMX
Ha Tepputopuu ropoaa. M Kkak n3MeHeHne peabuimTUPyeMOro OObEeKTa OKaXKeT
BJIMSIHUE HA COCTOSIHAE MPWIETAIOIIMX TEPPUTOPWM, TAaK KAaK BO3BpPAILCHME K
VCXOJTHOMY COCTOSIHUIO TE€PPUTOPUM MOABEPTILICHCS TIIyOOKOW aHTPONOTreHHOM
TpaHC(OpMaLyX HE BCEIJIA ABJISIETCS ONPABJAHHBIM.

JIureparypa

1. Aumukuna H.B. Hwxnuii mapk Jluneukoro xypopra CoBpeMeHHble NpOOJeMbl
cepBuca u TypusMma. 2018. T. 12. Ne 2. C. 140-149.

2. TonctoB, A.C. Jlero Ha JluneukoM KypopTe : ouepK : (mpu ouepke 12 BuAOB
Jluneuka u ero kypopra) / A.C. Toacros. - Mocksa: Tunonurorpagus A.B. Bacunsesa u Ko,
1902. - 108 c.

3. MaptbiHOB A.®. u ap. XpecromaTus no ucropuu JIuneukoro kpas. - JIuneuk: Kopa,
1995.- 282 c.

O.M. AnTonosa, E.. Tuxomuposa, K.H. UBanos
CapartoBcKuil rOCYJapCTBEHHbIN TEXHUYECKUI yHUBEpCUTET MMenH ['arapuna 10.A.

AHAJIN3 3KOJIOTMYECKON 9PPEKTUBHOCTHA
COBPEMEHHbBIX METOJOB TEPMNYECKOU ITIEPEPABOTKHN
TBEPAbBIX BbITOBBIX OTXOJ0OB

Pemienne mnpobGnembl  [le3aKTUBALMM  NOJMXJOPUPOBAHHBIX  IETEPOLMKINYECKUX
YIJIEBOIOPOAIOB  CBS3aHO C OOECHeYeHWeM 3KOJIOIMYECKO Oe30MacHOCTH  TEXHOJIOrMi
nepepaboTKM COOTBETCTBYIOIMX OTXOA0B. HayuHble M npakTuueckue pa3pabOTKM B 3TOM
HalpaBJICHUM SIBJISIIOTCSI OCOOEHHO aKTyalbHbIMA Ha COBPEMEHHOM JTale CO3JaHusl
NPOU3BOJICTBEHHO-TEXHUYECKUX KOMIJIEKCOB.

KuoueBble croBa: TBepple ObITOBbIE OTXOfbl, TEPMUYECKAs YTWIM3aLMs IUIACTHKA,
0o0pa30oBaHME [IMOKCUHOB, 0O€30MacHble  3KOTEXHOJIOTMH, 3KOJIOrMyeckasi — 0e30MacHOCTb
NPOU3BOJICTBA

B Hacrosee Bpemst HanOousee NepefoBble TEXHOJIOTMH MO NepepadoTKe
OBITOBBIX OTXOMIOB MPUMEHSIIOT B cTpaHax EBpocoro3a; Kanane, Snonum u np. B
[lIBeuyn, HampuMmep, TEXHOJIOTMM MO CXKWIAaHUIO W TEepepadOTKE OTXO/0B
cooTHocaTcs 1:1. B OGonplueit cTeneHn TEXHOJIOTUNA CXKUTAHUS UCTIOJIb3YIOTCS B
Anonuu — go 80% [1].

[To pannubim Pocnpupopnag3zopa Poccuiickonn depepauum  €XerogHo B
Hallel ctpaHe odpasyercs nopsijika oT 35 1o 40 MIIH. TOHH TBEpJbIX ObITOBbIX

138



otxofoB(TH(K)O), npu 3TOM TOJIBKO 2% W3 HUX CXKUTAeTCs U 7% yTWIM3UPYETCS
MHbIMKA crioco0amu, a 10 90% pa3melaeTcss Ha MOJUTOHAX TBEPABIX ObITOBBIX
OTXOJIOB WM CBalKax [2].

AHanu3 COBPEMEHHBIX METOOB TepMuyeckon mnepepadotku TKO
NOKa3aJl, 4TO NCNOJIb3YETCS:

o cxwuranne TKO B meunm ¢ konocHukoBbiMH pemetkamu (KP) wmm

KOTJIOarperare Ha KOJIOCHUKOBBIX PEIIETKAX Pa3HbIX KOHCTPYKIIUIA;

o cxkuranue orxofoB B kunseM cioe (KC) naeptHoro marepuana (OObIMHO

NIECOK ONPEAECNEHHON KPYITHOCTH);

o CXuranue B 0apOOTUPYEMOM PacCIlIaBE;

e CKWraHue-razuguKanys OTXOJ0B B MJIOTHOM CJIO€ KYCKOBOIO Marepuasa
0€3 ero NpUHYAUTEIBLHOTO NEPEMELIMBAHUS U IEPEMELLIEHNS;

e BBICOKOTEMIIEPATYPHOE C>KUTaHUE B IIA3ME;

e THPOJIA3 OTXOJIOB.

Cxwuranne TKO B meyax ¢ KojgocHMKOBbIMM pemieTkamu (mpouecc KP)
BBUJly CpaBHUTEIbHO HM3KMX TemmnepaTyp (600 — 900 °C) npakTUYecKu He
pewaeT npoodyieMbl 00pa3oBaHKs TUOKCUHOB. Kpome Toro, npu aTom 00pa3yrorcst
BTOPUYHbIE (TBEPABIE HECTOPEBIUME) LUIAKM W MbUIM, KOTOPbIE TPEOYIOT
OT/IENIBHON NEPEepad0TKM MJIM HANPABJISIIOTCS HA 3aXOPOHEHUE C MOCJIEAYIOLUMU
HETaTUBHBIMU TIOCJIC[ICTBUSIMUA V11 OKPY>KAIOWIEN Cpefibl. DTU HEAOCTaTKU B
onpeniesi€HHol Mepe npucymm v npoueccy KC, nmporekaromemMy npu HECKOJIBKO
0o0Jiee BBICOKMX TEeMIIEpaTypax. 3[eCh J00ABIIETC HEOOXOAUMOCTh MOATOTOBKU
CBIPbs K NepepabOTKe C UENbI0 COOIIOACHNS IPaHyJIOMETPUYECKOro cocTasa. [1s
paspywenust JuokcuHoB nociie neyern KP u KC nenonb3yroTest JONONMHATENbHbIE
JIOKUraTend, padoTalol|Me Ha >KUAKOM WM Tra3oBoM Tommse. CornacHo
HopmatuBam  Esponeiickoro Coroza (HEC) reomerpusi ropsiuern  30HbI
MIOKUTATENS IOJKHA OOECNeunTh MpeObIBaHME Ta30B B 30HE C TEMIEpPATypor He
Hike 850 °C B TeueHMe He MeHee 2 CeKyHJ («IpaBWIO 2 CEeKyHj») IMpHu
KOHLIEHTpaUUK K1cjopoyia He meHee 6% [3].

TexHoJiorum TepMUYECKOW MepepadOTKM OTXOAOB B 0apOOTHUpyeMOM
pacmiiaBe 1ulaka nporekaroT npu Temnepatype 1400-1600 °C, mostoMy OHu
pewiatoT npobieMy o0Opa30BaHUSI UOKCUHOB, T.K. YXE€ Ha BbIXOfE U3
0apOOTa>kHOr0  arperata NPAKTUYECKM OTCYTCTBYIOT — BbICOKOTOKCHUYHbIE
coefquHeHus (IMOKCUHBI, (ypaHbl, MNOJMapoMaTUYEeCKue yriaeBogopoanl). K
HEJJOCTAaTKaM MPOLECcca OTHOCITCS HEOOXOMMOCTb COPTUPOBKU M APOOJEHHUS
OTXOJIOB JIO ONpPENENEHHBIX Pa3MEPOB U MOTPEOHOCTH B IOPOTOCTOSILIEN CUCTEME
OYMCTKU BBIXOJSIIEr0 W3 MEYM CHUHTE3-Ta3a, MPECTaBISIIOLIEro coO0oi CMeCh
OKWCU YIJIepofia U BOJOpOjia, TPeOYyIOLIME IOMNOJHUTEILHOTO YCTPOWCTBA X
CXKWTaHUsl, a TaKXKe y3J1a yJIaBIUBaHus JieTy4eii 300bl. [Ipu aToM cienyeT umeThb
B BHUJY, YTO TpeOOBaHME «MIpaBWjia 2 CEeKyHJ» NOAPa3yMeBaeT, 4YTO
KOHLEHTpaLUs UOKCUHOB B OTXOMSIIMX ra3ax JI0JKHA ObITb MPUEMIIEMOW [JIst
UX OYUCTKHU JI0 peraameHTupyembix 0,1 Hr/vr. OgHaKo Npyu 9TOM HE YUUTHIBAETCS
0c000€ CBONCTBO [MOKCHMHOB — HX CHOCOOHOCTb K IOBTOPHOMY CHHTE3Yy B
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XOJIOHOM 30HE. PeallbHO CHUXKAIOT COAEPKAaHME TUOKCUHOB B OTXOMSIIMX ra3ax
TOJIBKO YTOJIbHbIE (PUIIBTPBI, HA KOTOPBIX IMOKCUHBI HEOOPATUMO CBA3BIBAOTCS,
a TakXKe CHeUMAbHbIE KaTaluTuyeckue joxwurarenau. VImMeHHo B cuiy
TPY/IHOCTE! KX YJIABJIMBAHUS OYMCTHBIE COOPY>XKEHUSI COBPEMEHHBIX 3aBOJOB
CTOSIT OYEHB JIOPOTO.

Cxxuranue-razudukagusi OTXO0B B MJIOTHOM CJI0€ KYCKOBOIO MaTepuasia
B IIAXTHOW Me4Yd (AHAJIOT JJOMEHHOW MEeYM) COBMELIAET MPOLECChl MUPOJIM3a U
razudukanuu. Temnepatypa razoB B HUXKHel yactu neuu pocturaet 1600-1800
°C u no Mepe JIBUXKEHUSI BBEpX yepe3 cjoil Marepuana cHukaercs o 150-200
°C. CoOTBETCTBEHHO MATEPHUAJ IO MEPE ONYCKAHWS HATPEBACTCS U MOJIBEPracTCs
CHayasa CylIKe, 3aTeM MUPOJI3Y U B HUKHEW YacTU CropaeT ¢ 0Opa3oBaHUEM
pacmiiaBa MeETa/uIoB M 1Iaka. B 30HE BbICOKOTEMMEPATYPHOIO MUPOJIH3A
UMEIOTCSl YCJIOBUS JIJISI CUHTE3a IMOKCUHOB, XOTSI U B MEHBIIMX KOJIMYECTBAX MO
CPaBHEHMIO C TOPEHUEM HA KOJIOCHUKOBBIX PELIETKAaX U B KUIISILIEM CJIOE.

[Tpumep TEXHONOrMYECKUX PELIEHWIl M0 TEPMUYECKOMY 00€3BPEKUBAHUIO
U YTAIU3aUUM BCEX BUJIOB OPraHMYEeCKUX OTXOMIOB JKUJKMX, TBEPAbIX U
nacToo0pa3HbIX, BKIKOYAsi OTXO/bl (papMalleBTUYECKO MPOAYKUMU MPEJICTABIIEH
Ha cxeme (puc. 1) npeanpusitusi OAO «HITO «Texsneproxumipom» (r. OpexoBo-
3yeBo) [4].

Tonnueo (ras)

Bozgyx  —
Boga

OTxogb!
o)

.

JKcnAnKauua o6opynoBaHns
| PeaKiop LMKNOHHEIR BOJOCKIANILI IR

Puc. 1. TexHonornyeckas cxema ONbITHO-POMBILLIEHHON 0a3bl
OAO «HIIO «Texaneproxumnpom» (r. OpexoBo-3yeBo)

TexHOIOrM4eckue  JIMHUM ~ ONBITHO-NPOMBILUIEHHOW — 0a3bl I
00€3BpEXMBAHUA  XKWJIKWAX,  TBEPABIX M MAaCTOOOpPA3HbIX  OTXOJOB
9KCIUIyaTUPYIOTCS TOOYEPENHO, TAaK KAK MMEIT OOLIyI0 CHACTEMY OYMCTKH
NBIMOBBIX Ta30B OT MUHEPAIbHOW MNbIIM. OCHOBHBIMM Y3JIaMU YCTaHOBOK
SIBJIIFOTCS PACXOJIHbIE EMKOCTH JIJIs1 JKUJIKUX , TBEPABIX U MACTOOOPa3HbIX OTXOMOB,

140



PEAaKTOpPbl  TEPMUYECKOTO  OOE3BpEXXMBAHUSA, CKpyOOEpbI-UCHAPUTENN IS
OXJIAXKJICHUS] (3aKaJKM) JIBIMOBBIX Ta30B, PYKaBHbII (PWILTP [UIsi OYUCTKH
IBIMOBBIX I'a30B OT MUHEPAJILHOM MbLIM, ILIMOCOC, ILIMOBAs TpyOa.

IInst TBepAbIX M NACTOOOPA3HbIX TOKCHYHBIX OTXOAOB 1-2 KiaccoB
OMMACHOCTH HamOoJiee PpaclpOCTPAHEHO TEPMUUYECKOE OOE3BPEKMBAHNE BO
Bpaaronmxcst 6apabaHHbIX mevax. TexHomornyeckas cxema BKITIOYAeT B ceOst
O0apa0aHHYIO NMeYb, KAMEPY MOXKUTaHUs, KOTEJ-YTUIN3ATOP, MHOTOCTYTIEHYATYO
CUCTEMY OYKMCTKHU IbIMOBBIX ra30B (PUCYHOK 2) [5].

Oemoran

Tpy6a

Ca(OH),

T Oxnagurents KOKC
MCMAPEHMEM
o ‘ Kamepa goxuraqma p Ckpybbep | CrpyBbep

BexTypn

| PyKaeHBIA
‘ HunLTp

|

~ — ‘1

)
i

Bapab. ney y -

‘_: L —he/

EyHrep P

— — :
Winak o
g . Xpananiue
MogLemMHNK E
( N

XpaHunuwe ana Gouex OTXO0B
anA Gouex

-

Puc. 2. [IpuHuunuanbHas cxema TEpMUUYECKOro 00€3BpEKMBAHNS BO BpallatoLIencst
OGapabaHHON neun

HeoOxopMo NOAYEpPKHYTb, YTO B TEXHOJIOTMYECKOM OTHOLIEHUU
Oapa0OaHHbIE BpPALLAOIIMECS TMEYA C SKUAKUM [IJIAKOYAJIEHUEM  SIBIISIFOTCSA
HamOoJiee YHMBEPCANBHBIMA TEPMUUYECKMMU PEAKTOPAMM I NepepadOoTKu
KPYITHO KYCKOBBIX OTXO[OB IIEPEMEHHOr0 cocTaBa. [laHHAas TEXHOJIOrUs
UCMOJIb3YETCSl B YCTAHOBKAX, MPEJICTABICHHbIX HAa pucyHke 3 [5]. ¥YcraHoBKa
¢upmbl AVG (I'epmanusi) BKIIOYAET 2 TEXHOJOTMYECKME JIMHUM, MO 6,3 T/4
KaXpasi, Il TEPMUYECKOro  OOE3BPEKMBAHMS  TBEPABIX,  KUJKMX W
NaCTOOOPA3HBbIX OTXOAOB, B TOM 4YHUCJIE MEJUUMHCKUX, MIOCTABISEMBIX W3
Ncnanun. 'aGaputel Gapa®aHHOW neuyu: auameTp BHyTpeHHuil D.,., — 4,85 M,
mmHa— 12,0 M. YcranoBka ¢upmbl « Texnukam» (Mtamus) npegHazHadyeHa st
TEPMUYECKOr0 00E3BPEKUBAHNS MEAUIMHCKUX OTXO/IOB: MOIIIHOCTb YCTAHOBKY —
2.5 T/4., rabaputsl 6apadanHoii neuu — D,,, — 2,35 m, pimHa — 12,5 M [5].
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VeranoBka upmer « Texuukan» (Mranus)

]
g
<
-
-
-?

v
Wnax Nposeisnon  HCI Cynedar
pacTROp KANRAINR / TANC IKTHRHPORAH-

VYcranoBka GpupmMbl «AVG» (I'epmanns)

Puc. 3. Bapa6anHbie Bpaujaronpecs neuu ¢ XKUAKUM 1IIaKOy/aJIeHueM

[Impomm3 — Tepmuyeckass mnepepadOTKa OTXOAOB B T'€PMETUYHBIX
NUPOJIM3HBIX Teyax 0e3 joctyna kuciaopopa mnpu temmneparype go 1000 °C,
UMEeT Nepef] MPSMbIM CXKUTAHUEM CYLIECTBEHHOE MPEMMYILIECTBO: MPU TAKOM
NpoLecce JMOKCUMHOB O0Opa3yeTcsl Ha HECKONIBKO MOpSAKOB MeHblue. [Ipu
NPOBEJICHUMA HU3KOTEMIIEPaTypPHOro nupoJivia npu temmnepatype ao 450-500 °C
MOJIHOCTBIO UCKJTFOUAKOTCS YCJIOBUSI CUHTE3a JUOKCHUHOB [6].

[Ina3meHHOe 00€3BpEXMBAHUE TPUMEHSETCS sl OOpaOOTKM TPYAHO
rOpPIOYMX U HECTOPAEMbIX coeiuHeHHiA. CUUTAeTCs, YTO TOKCUYHbIE BelecTBa 1-
2 KJaccOB OMNACHOCTH, COJEpyKallle OPraHUYECKUE COEIMHEHUS, MECTULIU/IbI,
drop-, docdop-, cepocofepKallye COEAUMHEHUSI MOTYT ObITh MOJHOCTBIO
00€3BpeKEeHbl TOJIbKO IMJIa3MEHHbIMM METOflaMU, CTEeNeHb MepepaboTKU
nocturaet 99,9999. B BbicokoTemnepaTypHyto cTpyto miasmel (5000 °K) BBogsT
UCXOJHbIE BEUIECTBA B 3KWUAKOM BWJE, MACTOOOPA3HOM WJIM MOPOLIKOBOM,
KOTOpbIE TMPU 3TOM pa3jararmTcs [0 aTOMOB, MOJIEKYJ, MOHOB. Perynupys
TeMIIepaTypy U COCTAaB ra30B MOXKHO JOOUTbCS HEOOXOAUMBIX PE3yJbTATOB
nepepaboTku. B HacTosilee BpeMsi CyILLIECTBYIOT CTAJMOHAPHbIE U MEPEABUXKHbIE
nja3MeHHble TreHepaTtopbl. Ha poccuiickoM pbIHKE Mpejjiaraercss MHOTO
Pa3paboTOK C UCMOJb30BAHUEM IUIA3MEHHOI TexHosioruu. [TpakTruecku Bce oHU
MMEIOT OJIMH CYLIECTBEHHbIN HEJOCTATOK — HU3KUI pecypc paboThl MIa3MOTPOHA.
BoirogHo otnmuaercss pazpaborka MeKIyHApOJHOIO HAy4YHOrO UEHTpa Mo
temopusnke u sHepretuke (r. HoBocubrupek) ¢ ucnosab30BaHUEM MIa3MOTPOHA C
>KMAKOMETAJUIMYECKAMH  JIEKTPOJIAMU, YTO TO3BOJIAET JOCTHMYb MPAKTUYECKU
HEOrpaHUUYEHHOT'0 pecypca IKCIuTyarauuu [5, 6].

B Hacrosiee Bpemsi M3BECTHBI TaKXe OTAENbHbIE (PYHKUMOHUPYIOLIME
YCTAaHOBKHA TEPMHUYECKOrO OOE3BPEXKMBAHUAA MEAMUMHCKUX (B TOM  YHCIIE
OMOJIOTMYECKMX) OTXO/0B, HATPUMEP YCTAHOBKA C KAMEPHOW MEYbIO, TOCTABJICHHAS
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pupmonn «bepmmn KoncaneT» (I'epMaHusi) Ha CaHUTApHO-BETEPMHAPHBIN 3aBOJ
«3kogor» B T. JIro6epupl MOCKOBCKOM 00MacTU. Y CTaHOBKA BKJIOYAET B CeOs
NPEIBAPUTENILHYIO KaMepy CXKUTaHUs UM Kamepy JOXKUTaHWsl, KOTEJ-yTUIN3aTop,
CUCTEMY XEMOCOPOLMOHHOM OYMCTKM Ta30B OT BTOPUYHBIX JIMOKCHHOB (peakTop
BIPbICKA cOpOauTa U TKaHEBbII puiIbTp) [S].

Haunbosiee nepcrnekTMBHBIM, Ha HAL B3I/, SIBISIETCS METOJ OE30TXOAHOMN
yrumzaupm TBO, npu KOTOPOM WKCHOJIB3YETCSl Psi TEXHOJIOTMYECKMX CTaIui
nepepadOTKM  OPraHMYeCKMX OTXOAOB B 3aBUCUMOCTA OT WX arperaTHoro
COCTOSIHUSA (PUCYHOK 4).

* Cxema npoMbIlWNEHHOro KoMnaekca
) no 6es3oTrxoaHom nepepaborke TbO

chE)Eslg Tenno 4B fysens- Ouncrka Yrnexucnora
R reHepaTo BLIXN0NA
JnekTposxeprun G TP
T60 CH, CO, KoMnpumuposaHue
' PyuHas coptupoeka
Knn Wpenep buoras JleTokcukaums
Mexau. coptposka l

Dedexar ‘ Oumcrka MousorpyHTsI

Maxkynarypa,

YaenvHan CTOWMOCTb INEMEHTOB KOMNAEKCA

YTruns NAACTHK, TEKCTHAL,
CTeKno, Aepeso, (§ Ha aywy Hacenenus)
. MeTannonom
3,75 7
MyHKTbI Mepepabarvisaowme 2,25
n;uema npgugsoncma 1,25 1,25
M—
' ‘ l ' ' Coprmposka [pecc Imeprobnox TMossorpymr
Toeapbl WKpOKOro notpebnexns O6wan croumocTs ~ 155 /uen

Puc. 4. Cxema 6e30Txoanoi nepepadotku THO

TBepyble opraHMYecKue OTXOJIbl B CMECU C OKUCHIO KAJIbLIMS IEPEBOJSITCS
B KapoOWj Kalblids, >KUJIKME U Ta3000pa3Hble OTXO[bl NPEeBpAILAlOTCS B
CUHTETUUYECKUE He(PTENPOAYKThI MyTEM MPOMYCKaHUsI UX Yepe3 KapOuj| Kaablust
B CBepXKpuTHueckux st auetuwnena ycaosusx T = 500 °C u P = 0,2 MIla u
NOCJIEYIOLIEH KOHJICHCALMEH U cenapanyen noJlyYeHHbIX MPOAYKTOB [4].

Hcnonb3oBanne Takoro crnocoda nepepadborku TKO no3BossieT He TOIBKO
YTUJIU3UPOBATh OTXOfbl, HO W MOJY4YaTh LIEHHbIE YIJIEBOJIOPObl HE(TSIHOrO
psifia, BCIIEACTBUE 4YEro 3HAYUTENIbHO COKPATSITCS pacXxofbl Ha mnepepaboTKy
MycoOpa 1, B KOHEUHOM CUeTe, IPUBEJIET K 9KOHOMUU 3HEPreTUUECKUX pecypcoB.
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O.M. AnTonosa, E.. Tuxomuposa, K.H. UBanos

CapartoBCcKuil rOCYJapCTBEHHBIN TEXHUYECKNI yHUBEpcUTeT MMenu ['arapuna 10.A.

OBOCHOBAHHUE KPUTEPUEB 110 BbIbOPY NTHHOBAIIMOHHBIX
IKOTEXHOJOI'MN OBE33APAXKHNBAHNSA, YHUYTOXEHUSA
NN YTNIN3AIINUAU [TIOJINMEPHBIX OTXOOOB

Croiikue opranuueckue 3arpsisuurenu (CO3) sBASIOTCS TOKCUUHBIMU BELIECTBAMM,
KOTOpbIE TMOMAJIal0T B OKPYKAIOLIYI0 Cpefly B NpPOLECcCe XO3SMCTBEHHON JesITebHOCTU
YeJioBeKa, CBSI3aHHOI C 00e33apakMBaHUEeM WM YTWIM3ALUEN MOJUMEpPHbIX 0TXo10B. K Hum
OTHOCST NEeCTULMAbI (AJbAPUH, XJIOPAAH, JWIbAPUH, 3HAPUH, FeNTaxjop, reKcaxjaopOoeH3oll,
TOKcapeH ), MONUXJOPUPOBAaHHbIE OU(PEHUIbI U [UOKCUHbI. DTU COEMHEHUS BbI3bIBAIOT
0co00e OECrnOKOWCTBO B CBS3M C KX BBICOKMUM TOKCUYECKUM MOTEHUUANIOM. JIMOKCUHBI
00pa3yloTcsi B pe3ysbTaTe MOOOYHbIX NPOAYKTOB BBICOKOTEMIMEPATYPHbIX peakUuil C
y4yacTHeM XJIOpa, U MOTYT MOMNAacTb B OKPYXKAIOLIYIO Cpedy C NPOAYKLUMENd WM OTXOlaMu
MHOrux  mpou3BoacTB. [loaToMy  OOOCHOBaHME  CHUCTEMBbI  BbIOOpA  ONTUMAJbHBIX
3KOJIOTUYECKUX TEXHOJOTMi N0 OO0E3BPEeXKUBAHUIO, YHUUYTOXEHUIO WM YTUIU3ALUU
NOJIMMEPHBIX OTXO/I0B UMEET BasKHOE MPAKTUYECKOE 3HAUCHUE.

KnroyeBble ciioBa:  9KOTOKCUKAHTBI, 9KOTEXHOJIOTUM, CTOWMKHE OpraHuyecKue
3arpsI3HUTEIH, IMOKCUH, MOJIMXJIOPUPOBAHHbIE YTJIEBOIOPO/Ibl, NECTULIM/bI

HenpepbiBHOE yBeIMYeHME NPOMBILUIEHHOTO MPOU3BOJACTBA XUMHWYECKUX
BELLECTB, M PACILIMPEHNE UX ACCOPTUMEHTA, HEM30E>KHO NPUBOANT K MOBBILLIEHUIO
TpeOOBaHMUi B OOJIACTHA IKOJOTMYECKON OE30MAaCHOCTU B CBSI3M C IKCIUTyaTauuen
W3[ENNANA, a TaKXKe HEOOXOAUMOCTBIO TPAHCIIOPTUPOBKU, YTUIM3aUUU |
BTOPUYHON NepepadoTKu 00pa3yromumxcs oTxXofos [1].

OpmHolt M3 Ccepbe3HbIX 9KOJIOTUYECKMX  MPOOJEM  SBJISIETCA
o0e33apaXKMBaHUe, YHUUTOXKEHNE U YTWIIM3ALMS OTXOA0B Ha OCHOBE MOJIMMEPHBIX
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OPraHUYeCKUX COEUHEHUI, KOTOpble HauOoJee YacTO TMOJYy4YalT U3
nosmBrHUIXJI0pUaa (ITBX) B KauecTBe KOMIIO3UIIMOHHBIX MATEPUAIIOB U U3/IENINN,
VCTOJIB3YEMBIX B O3JIEKTPOTEXHUYECKOM, JIETKOW, MUIIEBOM, ABTOMOOWIBHOM
NPOMBILJIEHHOCTHA, MAIIMHOCTPOCHUU, CY/IOCTPOEHUM, TpU MPOU3BOJICTBE
CTpOMMATEPUATIOB, MEULIMHCKOTO O00PYAOBaHud [2].

[TomuBunaunxnopuyn ob6paszyer Oonee 3000 BUAOB KOMIO3WIMOHHBIX
MaTepuangoB, YTO OOYCJIOBJIEHO €ro YHUKaJIbHbIMU (PU3NKO-MEXAHUYECKUMHU,
U3JIEKTPUYECKUMU U JPYTUMHU KCIUTyaTalMOHHbIMU CBOVicTBaMU. OfIHAKO, NpU
cTapeHuun nosmMepoB Ha ocHoBe [IIBX, Hapsagy ¢ norepeit  ¢pusuko-
MEXaHMYEeCKUX  CBOWMCTB  HAOMIOaeTCsl  HEraTMBHOE  BO3JCHCTBUE  HA
OKPY>KAIOLIYI0  Cpely M  4YeJoBeKa,  OOYCJOBJIEHHOE  MPOLECCAMU
neruppoxiopupoBanns  [IBX ¢ oOpa3oBaHMEM CTOMKMX  OPraHUYECKUX
3arpsasauTesnen (CO3), TakMx Kak MONUXJIOPUPOBAHHbIE OM(PEHWIIBI U JMOKCHHBI
[3]. B cBa3M ¢ TEpPMOCTOMKOCTBHIO, PA3JIOKEHWE B TMPUPOJE MATEPUAIOB Ha
ocHoBe mnosmMepoB cocTasisieT ot 150 go 1000 ner. I[lostomy pereHue
npoOJieMbl  00€3BpEXMBAHUSI  MOJUXJIOPUPOBAHHBIX  TE€TEPOLMKINYECKUX
YIJIEBOJJOPO/IOB CBSI3aHO C PEeLICHUEM NPOOJIEMBI IKOJIOTMYECKON O€30MacHOCTH
TEXHOJIOTWIA NEPEepabOTKM  COOTBETCTBYIOLIUMX OTXOAOB, UYTO  SIBJISIETCS
AKTyaJIbHbIM HA COBPEMEHHOM 3Tare CO3/IaHWs MPOU3BOJICTBEHHO-TEXHUYECKUX
kommyekcoB (ITTK).

Heo6xopumo oTmeTnTh, uTOo 0Opa3zoBanme CO3 sBISETCA HE TOJBKO
pE3yNbTATOM AHTPONOTEHHOM JESITENILHOCTA, HO W TNPUPOJHBIX MPOLECCOB.
JIMOKCUHBI MOTYT 0Opa30BbIBATHCS! B MPUCYTCTBUM MEPEKUCEN, 030HA U PYTUX
OKHCJIUTEJIEN B PE3YJIbTATE JIECHBIX MOXKAPOB, KU3HENIESATEIBHOCTH HEKOTOPBIX
rpuOOB 1 O0aKTepuil, 00pa3yIOLIMX XJIOPUPOBAHHbBIE NPOAYKTHI [4].

[Ipy TEXHOTEHHBIX MPOUECCAX, TAKUX KaK CKUTAHUE OCAJIKOB CTOYHBIX BOJ,
MYHHULIMNATIBHBIX W JIPYTMX MPOMBILIJIEHHBIX M OBITOBBIX OTXOJOB (Hampumep,
w3nemns w3 [IBX, nemmnono3Ho-0yMmaxkHass MpOAyKUUsl U MJIACTAYECKUE MACCHI)
TaKXKe€ IPOUCXOAUT OOpa30BaHME 3KOJOIMYECKM omnacHbIXx kosmyectB CO3.
W3BeCTHO, YTO NpH CXKUTAHUM OJIHOW TOHHBI OBITOBBIX OTXOJOB B 30JI€ OCTAETCS
75 WMKC/T 3071bl JUOKCUHOB, TMpPU KOKCOBAaHUM OJIHOM TOHHBI yIJIsi C
NPOU3BOJICTBEHHLIMUA CTOYHbIMU BofamMu cOpackiBaeTcsi okojio 0,06 Mkr
MOoKCUHOB [5].CpaBHUTENBHO HEJJABHO MOJMXJOPUPOBAHHbIE YIJIEBOIOPOJbI, B
YACTHOCTH, IMOKCUHBI ObLIIM OOHAPY>KEHBI B LIJITAMaX, CKJIAMPOBAaHHbIX paHee 70-
x rosoB B llIBeuuu, copepxaiux oTpabOTaHHble rpadUTOBbIE MEKTPOAbI [6].
Yxe Ha CcTauu MOJY4YEHUs] CBOOOHOTO XJIOpa MPHU 3JIEKTPOJIU3E PACTBOPOB
HEOPraHMYECKUX XJIOPUOB HA rpapUTOBBIX 3JEKTPOAAX BO3MOXKHO O0Opa30BaHUE
HEKOTOPOTO KOJIMYECTBA JUOKCUHOB.

3HAUUTEJIbHBIA BKJIAJ] B 3arpsi3HEHUE OKPYXKAKOLIEH Cpefbl IMOKCUHAMU
BHOCSIT HECAHKIIMOHUPOBAHHOE TOPEHKE OTXOI0B Ha MOJUroHax (Tadauna) [6].

W3 BBIIEU3NOXEHHOTO CJEAYET, 4YTO MMPOU3BOJCTBA, OCHOBAHHBLIE Ha
nepepaboTKe MO CKWTAaHWIO OTXOJOB, A TakXe MpU CHUHTE3€ W NPUMEHECHUU
NPEIIECTBEHHUKOB  MOJIMXJIOPUPOBAHHBIX ~ apPOMAaTUYECKUX  COEIMHEHUH, K
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KOTOPBIM OTHOCSTCA HE TOJILKO HOJII/IXJIOp(i)CHOJIbI " MOJINXJIOPIMPOKATCXUHbI, HO
n XJiopcojcpxKaiue NneCTuuabI, JOJI2KHBI NMETb TEXHOJIOI'NHA o
MpeaoTBPALICHNIO O6pa3OBaHI/I$[ AUOKCHHA 1 €TI0 IMPOU3BO/JHBIX.

WcTounuku 3ar PA3HEHUA TUOKCUHAMU

HcTounnku 3arpsi3HeHus Komuecto % OT 00IIEro NOCTYIIIEHUs B
AUOKCHHOB, T B OT OKPY>KAIOILYIO Cpefy

Csxuranme 6bITOBOrO Mycopa 1467 25,5
CokuraHme JpeBeCcHHbI 945 16 4
CKuranme MEIMIMHCKUX OTXOIOB 816 142
CoKurasye IpOMBIIITIEHHBIX OTXOJI0B 37,5 0,7

JToObIva MOJIE3HBIX UCKOMAeMbIX 1348 23,5
O6paboTKa IpeBeCUHbI MEHTAXJIOPhEeHOTAMU 381 6,6
ABTOMOOWIBHBIN TPAHCHIOPT 111 1.9
BoicokoTemnepaTypHble MPOLECChl U CUHTE3 B 21 1,5
XUMHUYECKO! IPOMBIIIEHHOCTU

ITpon3BozicTBO LeMeHTa 20 04

pyrue 454 93

HaunOosnee nepefoBblie TEXHOIOTUM 1O NEPEPa00TKE OBITOBBIX OTXOMIOB, B TOM
YHCJIE TOJIMMEPHBIX, NpuMeRsitoTes B 1lIBenyu, rjae TEXHOJIOrMM MO COKUTaHUIO U
nepepaboTKe OTXO/IOB COOTHOCUTC 1:1. B GonblIEl CTENEHN TEXHOIOIMA CKUTAHUST
ucnonb3ytores B Anonnu — 10 80 % [7]. 1o nanubM PocnipupopHanzopa, ekerogHo
B Poccun oOpasyercs nopsiaka ot 35 10 40 MIH. TOHH TBEPBIX OBbITOBBIX OTXOJOB,
npuueM 710 90 % or aroro obOwvema pasmenjaerca Ha mnomroHax 1bO,
CaHKUMOHMPOBAHHBbIX Y HE CaAHKIVMOHMPOBAHHBIX CBaJKax. Tombko 2 % wu3
YKa3aHHbIX 00BEMOB OTXOJIOB CXKUTaeTCsl U 7 % yTUIM3UPYETCS] UHBIMK CIIOCOOaMU,
U3 KOTOPbIX TOJILKO 1,5 % mnpuxoiuTcst Ha MepepaboTKy MOJUMEPHBIX MaTEPUATIOB
13-3a OTCYTCTBHSI KAK HEOOXOIMMOIN MH(PPACTPYKTYPbI, TAK Y CAMUX MPEANPUASTAN —
nepepadoTynkoB [8].

[Tocne BcTymienuss B cuily Ykaza Ne 7 or 5 guBapa 2016 ropa «O
NPOBEJICHNM ToOfila 3Kojormm», HauumHasg ¢ 2017 ropga BCTymuaum B CUily
OOJILIIMHCTBO 3IKOJIOTMYECKUX HOPM, 3aJIOXKEHHbIX B MPHUHATHIX MOMPaBKax B
COOTBETCTBYIOLIME 3aKOHBI, M0 KOTOPbIM CTPOrO PETYJIMPYIOTCA BBIOPOCHI M
CcOpOCHI 3arpsi3HAIOLIMX BELIECTB 34 CYET BHEAPEHUS B NMPAKTUKY HAMITYYIINX
JIOCTYMHBIX TEXHOJIOTHI, 000CHOBAHHBIX B 3aK0HE «O0 oTxopmax» [9].

B Toxe Bpemsi [l TApaHTUPOBAHHOTO CHVDKEHMS W Pa3pyLUCHUs
JMOKCUHOB Ha coBpeMeHHbIX IITK npu yruimsauuu NOJMMEPHBIX OTXO[OB
HEOOXOAMMO coOoeHue psiia ycsosuii [10]:

- YMEHBbLIEHUE B UCXOHOM Cbipbe KOHUeHTpauuu Cl- u Br-copepxkammx
MaTepHUaJIOB, CIIOCOOCTBYIOIIMX OOPa30BAHUIO JMOKCUHOB;
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- MMHAMM3aLMs. 00pa30BaHMs IOJM 30JIbl IbIMOBBIX a30B U YMEHBIICHHE
30JI0YHOCAQ;

- obecnieuenne npu cxkurannn TKO Hanbonee MOJHOrO MX CropaHusi U
NIPUMEHEHNE IOKUTAHUST OTXOMISIINX Ta30B;

- yOpPAaBJIIEHWE TEMIIEPATyPHbIM PEXMMOM Ipolecca MNepepaboTKh
VCXOJHOTO CbIpbl C HAarpeBOM OOpa3yloLMXCSl MNPOAYKTOB, COAEPKALMX
muokcnHbl, Bbie 1250 °C ¢ Bbigepxkkoil Oonee 2 c. TepMmopasnoxeHue npu
MEHBIINX TEMIIEPATYpPAX SIBIETCS OOpaTMMbIM mpoueccoM. I[lpu oxmaxkaeHun
nbIMOBBIX Ta3oB 0 200-450 °C [MOKCHHBI CUHTE3UPYIOTCSI BHOBb, MO3TOMY B
UeJsiX  MpefoTBpalleHus O00pa3oBaHUSl BTOPUYHBIX JIMOKCMHOB B 30HE
OXJIZXK/IEHUS] OTXO/SIIUX ra30B YCTAHOBOK MO CXKUTAaHUIO BpeMsl MpeObIBaHUS B
unTepBaie temnepatyp ot 200 go 450 °C noskHO ObIThH He Oosee 1 c;

- MpefoTBpAlLlEHUE MOBTOPHOTO CHUHTE3a [IMOKWMHOB MYTEM XOJIOHOW
"3aKagKn" IbIMOBBIX Ta30B WJIM JIETYYNX MPOAYKTOB TEPMUYECKON NepepadOTKU;

- yJaJeHue U YJABJIMBAaHUE JIETYYMX COEAUHEHUN B 3aMKHYTOM LUKJIE
XUMHUYECKON OYMCTKU U nepepadboTku. [ HedTpanu3aluuu ra3oB UCHOJIb3YHOT
crelMayibHbIE LEJTOYHbIE UJIH 11IeJIOYHO3EMETIbHbIE PeareHThbl, B pe3yJIbTaTe Yero
HEMOCPE/ICTBEHHO B TEPMUYECKOM pEaKkTope 00pa3yloTcsi HETOKCHUYHbIE
muHepanbhble conu NaCl, Na,SO.,, Na.P.O,, Na,CO,, CaCl,, CaF..

OMHccHust JTMOKCMHOB W3 [IbIMOBOW TPYyObI CYIIECTBEHHO CBSi3aHA C
BBIODOCAMM 4YaCTHL[ NbUIM W yriepoga. Ha MHOrMx MycOpOCXKHraTeJIbHbIX
3aBOJjaX ra300YMCTKA OCHOBAHA HAa MPAKTUYECKU MOJHOM IMOITIOLEHUN JUOKNHOB
U3 [ABIMOBBIX Ta30B NPU NPOIMYCKAHUM MX 4Yepe3 (PuiabTpbl C aKTMBUPOBAHHBIM
yIJIEM WJIM TKaHEBBIMU (PUIIBTPamMH, CIIOCOOHBI 3(P(PEKTUBHO BBIAEIATH 3011y W3
rasa.

Takum oOpa3oM, cucrtemMa BbIOOpPA ONTMMAJIBHOW TEXHOJIOTMHU JOJDKHA
OCHOBBIBATLCS B pE3YJIbTaTe aHAIU3a Psifia KPUTEPUEB, 00ECTIEUNBAIOLLINX

1. be3omacHOCTb TEXHOJIOIMA (CTENEHb OOE3BPEKMBAHNUS MCXOJIHBIX
3MNUAEMUOJIOTMYECKU OMACHBIX U TOKCUYHBIX KOMIIOHEHTOB OTXOJIOB, OCTATOYHASI
KOHUEHTpaLKsl TOKCUYHBbIX KOMIIOHEHTOB B ra3000pa3HbIX BbIOPOCAX U TBEP/IbIX
WJIM KUAIKAX OCTAaTKax npouecca 00e3BpeKUBaHNs OTXOJ0B).

2. CreneHb 0OOCHOBAaHHOCTY TE€XHOJIOTMYECKOr0 000pY/I0BAHUS (HAIMYME
J1a60paTOPHOTO, OMBITHOTO, JEMOHCTPALIMOHHOTO UJIM MPOMBILIJIEHHOTO 00pa3ua
Y TPAKTUYECKUIA OTBIT).

3. OnbIT 06CHyXXKUBaHUSI 000pY0BaHUS (PEMOHTONPUTOJHOCTh, MPOCTOTA
€ro 00CITy>KMBaHUS1, IKCIUTyaTAlLMOHHAS HAJIeXKHOCTh, PECYPC).

4. YHUBEPCATBbHOCTH NMPOU3BOJICTBA.
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O.B. AramanoBa, A.A. IlogokceHoB

CapaToBCKMil rOCYIAPCTBEHHBIN TEXHUYECKNN YHUBEPCUTET UMEHU
[Narapuna 10.A., Poccus

PEI'EHEPALINA OTPABOTAHHBIX COPBIIMOHHDLIX
MATEPHNAJJOB HA OCHOBE BEHTOHUTA ITIOCJIE
BOJOOYUCTKH

[TpoBopsiTCS aHAnNM3 JIUTEpPATYpPHbIX JIAHHBIX M paHee MOJYYEHHOW MH(popmauuu mno
pereHepayyu OTpabOTAHHBIX COPOLUMOHHBLIX MaTepuanoB. OOOCHOBLIBAETCS HEOOXOAUMOCTH
pelueHus npo6JieMbl pereHepalnyy OTpab0TaHHbIX COPOEHTOB HA OCHOBE OEHTOHHUTA.

KnroueBble cioBa: pereHepauusi, OpraHMueckoe BELECTBO, COPOLMOHHBIN MaTepuai,
OEHTOHUT, IeCOpPOLUSI.

IIpou3BOACTBEHHBIE  CTOYHbIE  BOAbI  NPEANPUATANA  XUMUYECKON,
JJAKOKPACOYHOM, (papMaUEeBTUYECKOW M MAP. BHAOB IMPOMBILJIEHHOCTA OOBIYHO
COMIEPXKAT 3HAYMTENBHOE KOJUYECTBO OPraHUYECKUX 3arpsA3HUTENIEN, B TOM
yucae apomarmyueckux BewecTB [1].  CoBEpHIEHCTBOBAaHME  TEXHOJIOTUI
aICOPOLIMOHHON  OYMCTKM CTOYHBIX BOJl, COJIEpXKAIAX apOMATUYECKUE
COEJIMHEHNsI, TPEOYET CO3/aHMsl HOBBIX OoJiee 3(P(PEKTUBHBIX (PUIBTPYIOLIMX
3arpy30K, COCTOSIIIMX W3 BBICOKOI(P(PEKTUBHBIX, MCILIEBbIX W JIOCTYIHBIX
COpOLMOHHBIX MarepuanoB. K 4yuciay Takmx MaTepUaTOB  OTHOCUTCS
MOM(ULMPOBaHHbIA OEHTOHUT. Kak mokaszanu MCCeIOBaHusl, TPOBEJEHHbIE HA
6aze HOL[ «IIpombimunennas oskogorust» PI'BOY BO «CaparoBckuit



rOCY/IapCTBEHHBIN TEXHUYECKUI yHUBEpCUTET nMeHn ['arapuna 10.A .» B pamkax
HayyHoro npoekTta ['oczaganuss MOuH P® Ne 5.3922.2017/64, ucnosas3oBanue
MOAU(PUUMPOBAHHBIX HAHOCTPYKTYPUPOBAHHBIX OEHTOHUTOBBIX MaTEpPUAJIOB
NO3BOJISIET OOECNEYUTh OYMCTKY IPOU3BOJCTBEHHBIX CTOYHBIX BOJ OT
apomatryeckux coenunenuit 1o 80-99% [2].

OpHako mNMpM OYMCTKE CTOYHBIX BOJ OT ApPOMAaTHYECKUX COEAMHEHUN
MOM(PUIMPOBAHHBIMU OEHTOHUTAMU OCTAETCS HE JJO KOHIIA PELIEHHON polJema
pereHepauum OTPa0OTAaHHBIX COPOLMOHHBIX OEHTOHUTOBBIX MAaTEpPUAJTIOB. DTO
BAXKHO, MOCKOJIbKY MHOTOKPAaTHOE WCHOJIb30BaHUe (PUIbTPYIOLIEH 3arpy3Ku
MO3BOJINT  3HAYUTENILHO  YBEJIMYATb CPOK €€ CIY>XObl U  Y/ICLICBUT
3KCIUTyaTalMOHHbIE XAPAKTEPUCTUKU YCTAHOBKH.

B Hacrosiiee BpeMs CYIIECTBYET HECKOJbKO TPYINIl  CHOCOOOB
pereHepayum OTpaOOTAHHBIX COPOUMOHHBIX MaTepuajoB. B mepByr rpymmy
CIOCOOOB BXOJAT CMOCOOBI, KOTOPbIE MO3BOJIIIOT BBIJIEIUTh U3 OTPAOOTAHHBIX
COPOLMOHHBIX MAaTEPUAJIOB MOIJIOLICHHBIE COE[IMHEHNS B BUJIE BELLECTB, KOTOPbIE
NPEJCTABISIIOT ONPEACTICHHYIO TEXHUYECKYIO LIEHHOCTh. 3/1ECh BOCCTAHOBJICHHE
padboTOCNOCOOHOCTH COPOLUMOHHOIO MaTepuana KOMIIEHCUPYET YMEHbUIEHUE
NOTEPh LEHHOrO MNPOAYKTA W MATEPUATOB NPOU3BOJACTBA, JHUOO MNPOAYKLMS,
nojiydyaemasi B pe3yJibTaTe PEUMKIIMHIAa KOMIIEHCUPYET B ONPEJECIEHHON Mepe
3KCIUTyaTALMOHHbIE 3aTPaThl OUUCTHBIX COOpPYKeHui [3].

Bropas rpynna MeTogoB pereHepauuu COPOUMOHHBIX MAaTEpUaiOB
OCHOBAaHa Ha KaK MOYHO 00Jiee MOJIHON IECTPYKLMHU aJICOPOMPOBAHHBIX BEILECTB
U UX OKHUCJEHUM [0 KOHEYHbIX MPOAYKTOB. DTU METOMbl NMPUMEHWMbI B TEX
cllyyasix, KOIJla M3 BBIICJICHHbIX [YTEM pereHepauyyd MOIJIOLIEHHbBIX
3arpsi3HAIOLIMX  BELIECTB  HEBO3MOXKHO  CO3[aThb BTOPUYHYIO  TOBAapHYIO
NPOAYKIMIO. DTO OOBIYHO HMMEET MECTO B TeX CJy4dasiX, KOrja MpPOUCXOJIUT
OYMCTKA  MHOIOKOMIIOHEHTHBIX  NPOW3BOJCTBEHHBIX  CTOYHBIX  BOJ C
HEBO3MOYKHOCTBIO Pa3ieJIeHUs] CIIOXKHBIX CMECe M0 TEXHUYECKUM WJIN
3KOHOMUYECKUM IPUYUHAM.

K mnepBoil rpynmne cnocoOoOB pereHepanyy OTPa0OTaHHBIX COPOLMOHHBIX
MaTepuasioB OTHOCSTCS TPU OCHOBHBIX CIOCO0OA PEKyNEPATUBHOW pereHepauuun
aIcOpOLIMOHHBIX MaTepuanioB. OUH U3 HUX MPEACTaBIsieT co00M Oecopbyuro
OPRAHUYECKUX BeUeCME C NOMOWbIO Uux uorudayuu. I1oCKONbKY MpoucCxoguT
ONpEeJIEICHHAasl OPUEHTALMS [UIOJIEN BOJAbl BOKPYI OpPraHM4eCcKOro WoOHa,
VOHM3ALMS MOJIEKYJl BELIECTBA B PACTBOpPE BOMAbI CIOCOOCTBYET PE3KOMY
yBEJIMYEHUIO uX ruaparauuu. Hanbonee nogpoOHO M3yyeH MEXaHU3M [ecopOLUn
OpPraHMYECKMX BEIECTB C MOMOIIBI0 MX MOHM3ALMK Ha MpUMEpPE ajicopOeHTa —
aktuBHoro yrias [1]. Eme opuH cnoco0 peKynepaTuBHON pereHepauuun
a/ICOPOLIMOHHBIX MaTepUaioB NPEACTABIISACT coboi pezenepayuro
A0COPOYUOHHBIX MAMEPUAN08 IKCMPAKUUEL OPAHUHECKUMU PACMBOPUMENAMU.
DTOT CNOCcO0 SABISIETCS JOCTATOYHO 3aTPATHBIM, IOCKOJIbKY 3KCTpaKLUys TpeOyeT
JIONOJIHUTEJIbHOM ~ TEIUIOBOM  SHEPruM Il JIOTNOJHUTEJBLHOTO  YIAJICHUS
OPraHMYecKOro PpacTBOPUTENS K3 YaCTULl COPOLMOHHOIO MmaTrepuana o
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3aBEpLIEHUN Mpolecca IKCTpakyu. PUHAHCOBAs 3aTPATHOCTH IAHHOTO CIOCO0a
JIEIAET €ro ONPABJAHHBIM TJIABHbIM OOpAa30M Ha MPEANPUATUSIX XAMUYECKOWU
VHJIyCTPUH, T7I€ IPyTUe COCOObI HE MPUMEHUMBI. B psjie ciy4daeB UCNob3yeTcst
elle OfIMH CIOCO0 pereHepauuu — 3TO OMROHKA A0COPOUPOBAHHBIX 6EU4ECME U3
ompaboOmManHo20 COPOYUOHHO0 MAMePUAId 800AHbIM hapom. CUnTaeTcs, 4To
JIAHHBINA COCO0 HanOoJiee MPUEMIIEM NIPU OTTOHKE COEIMHEHUI, KOTOPBIE MaJjlo
pacTBOpPUMBI B BOJIE M OOpa3yrOT B NPOLECCE OTTOHKU A3€OTPONHO-KUIISIIYIO
CMEChb CO 3HAYUTENbHBIM COJIEP>KAHUEM OPraHMYECKON COCTABJISIIOLICH.
A3eoTpornHasi OTTOHKA MPU JIECOPOLUM OPraHUYECKUX COCUHEHUI, B YaCTHOCTHU
MPOU3BOHBIX O€H30J1a, HanOOoJiee XOpOWO M3yYeHA Ha MPUMEpPE AKTHBHBIX
yIJIEN.

CnocoObl  pereHepaumy COPOUMOHHBIX MAaTEpUANIOB IMYTEM  IMOJHOW
NECTPYKUMK aICOPOMPOBAHHBIX BEIIECTB BKIIIOYAIOT, B TMEPBYK O4Yepelb,
BbICOKOMEMNEPAMYPHYIO ~ MEPMUYECKYIO  peeHepauuio  OTpabOTaHHOIO
COpOLMOHHOTO  Marepuana. bumaromaps ToOmMy, 4YTO TNpPaKTUYECKM BCE
a/ICOPOMPOBAHHbBIE COEIMHEHUS PA3JIaraloTCs NPU YBEJIMYEHUM TEMIIEPATYPbI 0
1000-C, mnpm mpoKaJMBaHMM COPOLMOHHOIO MaTepuana, HACbIILEHHOTO
OpPraHMYeCKMMHU BEILIECTBAMU, OOPA3YyIOTCS HUBKOKUIAILIAE OPraHUYECKUe
COEIMHEHUS WM KOHEYHble NpoAaykThl ux okuciaenus — CO,, NO, u ap.
ApoMaTu4eCcKue COEJMHEHUSI HAUYMHAIOT pas3jlaraTbCid NpPU MPOKAJIUBAHUU
OTpabOTAaHHOTrO  COpOUMOHHOrO  Mmarepuasna yxe pgo  700-800-C  [2].
BricokoTemnepaTypHas pereHepauusi OTpadOTaHHBIX COPOLMOHHBIX MATEPUATIOB
OCYILIECTBIISIETCS B OJJHOKAMEPHBIX WJIM MHOTOIOJIOBBIX IIaXTHBIX nevax [1] nmpu
NJIOTHOM, [IBVKYILIEMCST UJTM KUIISILIEM CTI0siX [4].

Hu3xomemnepamypryro — mepmudeckyro  pezeHepayuro  aacopOEHTOB
NPUMEHSIIOT TJIaBHBIM 00pa30M /ISl aKTUMBHBIX YIJIEW MPU pealiu3auuu npolecca
fecopOumy pacTBOPEHHBIX BewecTB. [IoHMKeHne TemnepaTypsbl I€CTPYKTUBHOTO
OKWCJIEHHS] aICOPOMPOBAHHBIX COEIMHEHUN [0 3HAYEHUI, KOTOPbIE MO3BOJISIOT
pereHepupoBaTh AACOPOCHT B TEX K€ EMKOCTSX, [JIe MNPOXOAWJ TMPOLECC
ajicopouum 6€3 JONMOJHUTENBHON BBITPY3KHU afICOPOEHTA, MO3BOJIIET 3HAYUTEILHO
CHU3WUTH 3aTpPaThbl Ha peaau3alMio Mnpouecca pereHepauuu. s CHUKEHUS
TEMIEpaTypbl  pereHepauyu  OTPaObOTaHHBIX  COPOUMOHHBIX  MAaTEPUAJIOB
PEKOMEH/IYETCSl MCMOJIb30BaTh KaTalU3aToOpbl JIE€CTPYKTUBHOTO OKUCJIEHUS
OpraHMyecKkux  coeguHeHui. [lpm  HHU3KOTEMIEpATYpHOM  TEPMUYECKOMN
pereHepayum akTUBHBIX YIJIedl OOBIYHO HCMOJIB3YIOT BBICOKOAUCIIEPCHBIE
MeETaJllbl, TAKUE KaK MAJUIANIA WA OKCU/IbI MapraHua, Mejiy 1 JIp.

Kpome ykazaHHbIX cOCOOOB BHUMAHUE 3aCy>KMBAIOT CIIOCOOBI: HarpeBa
Ui pereHepauyyd  aacopOeHTa SJEKTPUYECKMM TOKOM, a TakXKe Crnocod
3JIEKTPOXUMUYECKON pereHepauuy ajcopOoeHTa Mnpu TNOMOLIM  KAaTOIHOM
oOpa6otku B pactBope NaCl.

[IepeuuncisieHHble CnOCOObI pereHepayuu afcoOpPOLMOHHBIX MaTEPUAJIOB
XOPOLLIO M3YyYEHbI MPUMEHUTENIBHO K AKTUBHBIM YIJISIM, HO Majl0 M3y4YeHbl Ha
OEHTOHUTOBBIX COPOLUMOHHBIX MaTepUaJax.
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Panee [5-8] HamM yCTAaHOBJIEHO, 4YTO MpU TNPOTEKAHWU ACOPOLMHU
OpPraHMyecKux  (apoOMaTUYECKMX) COEIMHEHUN Ha  MOAU(UUMPOBAHHBIX
OCHTOHUTAX MPOUCXOAUT CJIOXKHBIA COPOLMOHHBIM MPOLECC, BKIKOYAIOLIUN
(pusmyeckyro agcopOLMIO MPU HEBBICOKMX TEMIIEPATYpaxX JIsI OPraHUYECKUX
BEIIECTB C HEOOJIbIIMMKA 3HAYEHUSIMM PABHOBECHBIX KOHUEHTpALUA, JIETKO
O0OpaTUMyI0  XEMOCOPOLUMIO Y  TOJIHOUEHHYK)  XEMOCOpPOLMIO, O  4YeM
CBUJIETEJILCTBYIOT ~ 3HAYEHUSI CPEeJHEN CBOOOJHOM SHEpPruM  apcopouumn
U3MeHsroIMecs B auanasone ot 8 k/Ix/monb o 40 x/Ix/mMonb (Hanpumep, st
o-tonyupuHa 11+40 x[/Ix/Monb; miug o-PHA  8+17 kJIk/monb;  pnst
n-quHuTpoOen3oda 11+20 k/Ik/Momb).

Hanuuue xemocopOuuu npu NpOTEKAHWM aICOPOLMOHHBIX MPOUECCOB Ha
MOIM(PUIMPOBAHHOM OEHTOHUTE HAKJA[IbIBAET crienupuieckue TpPeOOBAHUS K
peanu3aluu  MEXaHM3Ma  JecopOuMM  apOMAaTUYECKUX  COCIMHEHWH W3
OTpabOTaHHbIX COpPOUMOHHBIX MarepuanoB. Cuumraerca [l], uyro npm
aICOpOLIMOHHOM TPOLIECCe MPOTEKAET XEMOCOPOLHs, MOCEAYIOIIAs iIeCOpOuus B
3HAUUTEJILHOM CTENMEeHW 3aTPy[HEHa, YTO 3apaHee WCKJIII0YAeT BO3MOXKHOCTb
pereHepauuum  OTpaOOTAHHOIO  aicOpOEHTa W MPEANOJaracT  EAUMHOXK/IbI
OTpabOTaHHBI  aICOPOEHT OTHPaBIsATHL Ha yTuiuMzauuto. OpHako 1pu
WCIIOJIb30BaHUM OEHTOHUTOBBIX AJCOPOEHTOB HAOJIOAeTCS Cpa3y HECKOJbKO
BAPUAHTOB COpPOUMHU, YTO MO3BOJSIET MPEANOJOKUTh BO3MOXHOCTb XOTSI Obl
YAaCTUYHONM pereHepanyv OTpad0TaHHOTO COPOLMOHHOIO MaTeprala.

[IpoBeneHHbI aHamM3 WHpOpMaUU MO JUTEPATypPHbIM MCTOYHUKAM, a
TaKe pe3ysbTaTbl 00Jiee PAHHUX MCCIEIOBAaHUIN afiCOPOLMOHHOrO Mpouecca Ha
MOIM(PULIMPOBAHHOM OEHTOHUTE, TO3BOJISIIOT O0OOCHOBaTbH HEOOXOIUMOCTD
MPOBEJEHUS JAJbHEUIIUX WCCIENOBAHUI C LEJIbI0 Pa3pabOTKh MeXaHu3Ma
pereHepaiyu OTpadOTAHHBIX COPOLUMOHHBIX MATEPUAJIOB HA OCHOBE OEHTOHMTA,
MOJIM(ULIMPOBAHHOIO Pa3HbIMU CHOCOOAMU, 3arpsi3HEHHBLIX APOMATUYECKUMU
COEIMHECHUSIMU.
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A.B. baigocoBa, C.XK. KyxamoepaueBa, b.b. Ao:xkanesoB,
.. OppIHOEeKOB

KbBbutopguHcKnil rocyiapcTBeHHbIN yHUBepcUTET UM. KopkbIT ATa,
Pecny6mmka Ka3zaxcran

OIIEHKA KAYECTBA IIUTBLEBOM BOJIHI
N3 PASHBIX UICTOYHUKOB I'. KbI3bIJIOPIA

B panHO# paGoTe npenacTaBlieHbl OCHOBHBIE 3Talbl KUCCIEAOBAHMIA, Ky[la BXOJMT:
3HAKOMCTBO C JIMTEPATYPHbIMM WMCTOYHUKAMUA U TPOU3BOACTBEHHbIMU JOKYMEHTAMU [0
M3y4aeMOMY BOIPOCY; BBISIBJIEHUE OCHOBHBIX KCTOYHUMKOB NHUTHEBOWM BOMAbI IO TOPOAY;
OIpEfICNICHNs Ka4yeCTBa MUTHEBOW BOJIbI

KuroueBnble cnoBa: Cyxoi OCTaTOK, HUTPAThI, XJIOPU/Ibl, LIBETHOCTb, MyTHOCTb.

OpHoll M3 caMbIX akTyalbHbIX npoOnem jnsi Kaszaxcrana, saBnseTcs
obecrnieyeHre HaceJIeHUs JOOPOKAaYeCTBEHHON MUTHEBOM BOfIO. OOECNEYEHHOCTD
TOPOJICKOTO M CEJbCKOTO HACEJICHWs] MUTHLEBOW BOJOW BO MHOTIMX OOJIACTSIX
cTpaHbl cocTasisier MmeHee 50 % noTpeGHOCTU B BOJIE, K TOMY K€ KaueCTBO He
OTBEYAET TPEOOBAHUSAM HALMOHAIBHOIO M MEX/YHAPOJHOIO CTaHJApTOB.
Ceropust Ha otHOTO XUTENs KbI3bIOpAMHCKON 001aCTH MPUXOANTHCS ik 120
mutpoB [1]. Mcxonst u3 BbIle CKa3aHHOTO C LEJIbIO MPUBJICYEHUS BHUMAHUS
CTY/IEHTOB K BOINPOCaM OXPaHbl OKPY>KAlOLIEN Cpefibl U B YACTHOCTU BOJIHBIX
pecypcoB ob6sacTv Ha Kadeape: «IKOJOTUsl U XUMMUYECKUe TexHosnorum» KI'Y
uM. KopkbIT ATa mNpakTUKyeTCsl B JIETHEH MEpUof], COIJIACHO TUIOBOW
nporpamMme Npou3BOJCTBEHHASI MPAKTUKA CTY/IEHTOB — 9KOJIOTOB TPETHEr0 Kypca
B KbBbUIOpAMHCKOM OOJACTHOM LIEHTPE CAHUTAPHO-3MUEMUOTIOTMYECKON
akcnepTusbl areHrctBa PK mo 3ammre npaB norpeburtenein. I'e ogHum u3
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BAXKHEMIINX CMOCOOOB TMOJYyYEeHWS] KOHKPETHBIX 3HAHWN JIJI1 3HAKOMCTBA C
METOAVKAMM TPOBEJEHUS TMPUPOJOOXPAHHON PaOOTbI B PETUMOHE SIBIISIETCS
y4yacTHE€ CTY/JEHTOB B MCCJIEJOBAHMSAX JAHHOTrO mpeanpusaTtus [2]. B yacTHOCTH
CTY[IEHTBl ~ y4aCTBYIOT B  TIOBCEJHEBHOW  MCCJIEIOBATENILCKOM  padoTe
naboparopun: «KOMMYyHAJTbHON TWIHEHBD», IJIE€ 3HAKOMSTCS C OCHOBHBIMU
METOJJaMU KOHTPOJISI TMUTBLEBOW BOMAbI, Ky/la MOXKHO OTHECTH OIpEACIICHUE:
>KECTKOCTH, CYXOrO OCTaTKa, HUTPATOB, XJIOPUJIOB, LBETHOCTH, MYTHOCTH,
NEPMAHTaHATHON OKUCIISIEMOCTH U T.J.

B pesynbrarte MapuIpyTHBIX UCCIEOBAHUI YCTAHOBJIEHO, YTO OCHOBHBIMU
KPYIHBIMU UCTOYHUKAMU MATHLEBOM BO/IbI B Topofie KbI3butopyia sSBisieTcs:

~ pexa Ceipaapss;

— MOJ3€MHbIE WCTOYHMKHM, COIJIACHO MMEIOIMMCSI [IaHHbIM 3amachl
NOJ3EMHBIX BOJ] HA TEPPUTOPUM 00JIACTU pa3MEILIEeHbl HEPABHOMEPHO;

— 0oTOOp MpoO BOABLI JISI XMMHUYECKOrO AHAINW3a MO XO3SMCTBEHHO-
NUTHEBOM  KATErOpPUM  BOJIONOJIL30BAHUSI  NPOU3BOIUTCA U3  TOPOJACKOrO
BOJI03a00pa — BOJJONPOBOJIHOM BOJIbI nepen MOCTYIJIEHUEM B
paclpeieNIUTENbHYIO CETh, U3 OTKPBLITOrO BojoeMa (BOja, NOCTYNALIAs U3 p.
Colpgapby 10 OYMCTKM # (PWIbTPAUMU), W3 TNOJA3EMHBbIX WCTOYHUKOB —
rTyOMHHBIX CKBaXKWH, TAKYKE PACIOJIOKEHHBIX HA TOPOJICKOM BO03a00pe;

— OCHOBHBIMM KPUTEpPUSMM KadyecTBa MNpPOO BOAbI H3: TOPOACKOrO W
pafiOHHBIX  BOJI03a00pOB; TJyOMHHBIX CKBaXKWH W JICLEHTPAIM30BaHHbBIX
VICTOUYHUKOB SIBJISIFOTCSL:

— 3”HaueHnst [IJIK BpefHbIX BEWIECTB B BOAE€ BOJHBIX OOBEKTOB
XO3SMCTBEHHO-MMUTHEBOIO W KYJbTYPHO-OBITOBOIO  BOJONOJIB30BAHUS, 11
BOJIONIPOBO/Ia — TMTMEHWYECKUE HOPMATMBBI COJIEP>KaHUS BPEHBIX BEILECTB B
MUTHEBOM Boje [4].

3HAKOMCTBO C pabouyMMuM JIOKyMEHTamMM akumarta u paokaagoB COC
rmokaszaJia:

- no  KbIBbUIOPIUMHCKOVM  00aCTA ~ OCHOBHBIMM  3arpsI3HSIIOLLIAMUA
BEILIECTBAMU SIBIIIIOTCSI LIBETHOCTb, MYTHOCTb, XXECTKOCTb, CYJb(aTbl, CyXOun
OCTAaTOK, MarHuu, XJIOPU/bI;

~ xmmuueckuil coctaB Celpmappn  opmupyeTrcss B Y30€KHCTAaHE. B
Ka3zaxcran Bofia mocTymnaeT co CpeJHUM COIEPXKAHUEM:

— azora HuTpuTHoro okoJio 4 IIJIK, MakcuManbHasi KOHUeHTpauus — 16

IaK;

— memu gocturaroiee — 4 TT1IK;

~ (penonos - 3 I11IK;

— cyabparos — 6,5 I1]IK;

— MakKCUMaJIbHbIA YPOBEHb 3arpsi3HEHHOCTU HAOJIOAAETCS B BECEHHUN
MEPUOT;

— MWCIOJI3YEMBIC U1 INMUTBLEBOI'O BOHOCH36)KGHI/I$[ nOoA3€EMHBIE BOAbI I1I0
CBOCMY Ka4C€CTBY HC OTBECYAOT OCHOBHBIM HOPMATUBHBLIM Tpe6OBaHI/I$[M.
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[Ipo6bl NUTHEBON BOABI I aHaIW3a B JaOOPATOPHBIX YCJIOBUSAX
oToupanuce u3: peku CbIpiapby, CKBa>KUHbI, BOJOIPOBOJIHOTO KPaHa.

AHam3 (PU3MKO-OPraHOJUNTUYECKAX MOKA3ATENIEN BbIBUI CIEAYIOLLYIO
3aKOHOMEPHOCTb:

— HAWJy4llAE Pe3yJbTAaThl MO BCEM IMOKA3aTENsIM 3apEeruCTPUPOBaHbl B
NUTHEBON BOJIE, MOJIYYEHHOM M3 CKBa*KUHbI, 3HauyeHuin npesblarommx I[TIK
3[1ECh COBCEM HET ¥ OHUM HAMHOT'O HUKE TMTMEHNYECKUX HOPMATUBOB;

— CpeflHee 3HAYeHUsI MO BCEM IMOKa3aTessiM 3aHMMAEeT NUThbEeBas BOJjA,
B3dTass ¢ BojgonpoBopgHoro kpana. [lokaszaremu Beiue IIJIK orcyrcTByror, a
CPaBHEHHE C TMTMEHMYECKUMU HOPMATMBAMHU BbISIBUIM CJIEYIOLIY) KapTUHY:
NOKa3aTesb UBETHOCTh HA 17 eMHUL HUXKE HOPMATUBA, MYTHOCTb KOJIEOJIETCST B
OJJMHAKOBbIX Mpefienax, pasauna juiib B 0,04 eqruHALBL;

— caMble  HM3KHE Pe3yJibTaTbl MO  UCCIEAYEMbIM  MOKa3aTessiM
NPEJICTABJIEHBI M0 MUTHEBOM BOJIE, B3SITOM U3 UCTOYHHUKA PEKa.

O nmnokasarensx NUTHEBOM BOJbI IO WHIPEUEHTAM, BJUSIOUM Ha
OPraHoJIENTUYECKUE CBOMCTBA MOXKHO CKa3aTh CJICAYIOLIEE:

— HAWJy4lllAE MOKa3aTelM OTMEYEHbl B MHUTHLEBOW BOJE, B34TON CO
CKBAXXVHbI, CpEHME 3HAYEHWS 3apEerMCTPUPOBAHBI B BOJE, B34TON U3
BOJIOITPOBOJIHOTO KpaHa, HauOosnee Hu3kue u3 peku Coippapbsi. HecMoTps Ha
KOJIMYECTBEHHOE Pa3IMuyve B TMOKA3aTeNsAX BOMAbl B3SITOW C Pa3IMYHbIX
VICTOYHMKOB U3 7 MHIPEMEHTOB TOJILKO 2, 00IIasl 3KECTKOCTb U CyXOW OCTaTOK
npesbimaroT [T1K.

[Io OakTepuoONOrMYecKMM TOKA3aTessIM Ka4eCTBO NUTHEBOM  BOJbI
LUEHTPAIM30BAHHOTO BOJIOCHAOXKeHUs1 no obnactu 2018 roga mo CpaBHEHHUIO C
MPOLIIBIM FOJJOM OTMEYAET HEKOTOPOE YXY/ILLICHUE:

— yJI€NbHBIA BeC, HECOOTBETCTBUI NMUTbLEBON BOJIbI 1o
MUKPOOHOJIOrMYECKUM Mokaszarensm coctaBui 7,1 %. 3 oroOpanubix 98 nmpo6
HE COOTBETCTBOBAJIO MO OAKTEPUOJIOrMYECKUM MOKA3aTesiM 7 IpoO BOJIbI;

— NPUYMHAMM YXYJUIEHUSI KAYeCTBA MUTHEBOW BOJbI SIBUJIUCH aBapuM Ha
BOJIONTPOBOJIHbIX ceTdX. [[aHbl caHWTapHbIE NPEANKUCAHUS N0 CBOEBPEMEHHOM
JMKBUJIALIMMA TPOPLIBOB, MO 0OpaOOTKE WCXOAHOW BOAbI HAa BOAO3ab0Opax,
NPOU3BE/IEHA NPOMBIBKA U E3UH(EKIUS CETEM.

[To XMMHUKO-OPraHoJENTUYECKUM MOKA3ATENSIM IUTHEBOW BOJIbI U3yYaIUCh
Te 10 WHIpeguEeHTOB, KOTOPbIE OMNpPEAENSIOTCS B Ja0OpaTOpUud MO TOPOAY
Kb13b1110paa, NosyyeHsl Caeayomme JaHHbIE:

— TI0 MHTPEUEHTAM: M€[lb, A30T aAMMHAKa, a30T HUTPATOB, 30T HUTPUTOB,
KeJe30, (propusbl JIydlInMe pe3ysbTaThl 3aPErMCTPUPOBAHbI B MUTHLEBOW BOJIE,
B3ATON CO CKBaxKuHbl. HecMOTps Ha pasHuny B MOKA3aTessax MO COAECPIXKAHUIO
VHTPEJUEHTOB B BOJIE, B3ATON CO CKBAXKWHbI, U3 PEKU M BOJIOIMPOBOJHOIO KpaHa
BCE€ MOJIyYEHHbIE PE3yJbTaThbl UMEJIM MOKA3ATEM 10 MHTPEJUEHTAM HMXKE TOCTa
Y BEJIMYMHOV TMTMEHUYECKOr0 HOpMaTrBa. Ta >Ke TeHJeHUUsl HaOIoIaliach U 1o
VHTPEUEHTY XJIOPUMbI, TOJBKO 3HAYEHUs IOKa3aTess HamOosiee HU3Kue ObLUIv
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3aperucTpupoBaHbl B Bojie, B3aTon ¢ peku (110), cpegHee B Bopie, B3ATON C
BOJIONPOBOJIHOTO KpaHa (140) 1 4y Tk BbIllie B BOJIE, B3ATON CO CKBaxKUHbI (170);

— TI0 Maprasily Ham0oJiee BbICOKUI MMOKAa3aTellb 3aPETUCTPUPOBAH B BOJIE,
B3siTON 13 peku (0,4) 1 4yTh HIKe ofmHaKoBble pe3ynbTaTsl (0,02) mosydeHHbIe
B BOJIE, B3SITOM CO CKBAXKMHBI M BOJIONPOBOJHOTO KPaHa;

- N0 WHIPEAUEHTY XPOM HAWMMEHBIIWNA [OKa3aTeNlb 3apEruCTPUPOBAH
(0,001) 3apermctprpoBaH B BOJONPOBOHON BOAE M YYTb HUXKE OJIMHAKOBBIC
pe3yabraTel (0,01) momyyeHsl U3 peKr U CKBaXKWHBI,

— yBeJIMYEHUEe IoKa3arejsd M0 cpaBHeHUMIO co 3HadeHueM I[IIIK 1o
cynbdaraMm Bo3pactaia ot 1,07(nmurbeBast Boja, B3dTas ¢ peku), 1,1 (murbeBas
BOJIa, B3sdTas CO CKBaXKWHbI), 1,2 (mUTbeBasi BOjA, B3siTasi C BOJOMNPOBOJHOTO
kpaHa). CTOUT 3aME€TUTb, YTO MMEHHO B BOJONPOBOJIHOM BOJE HAMOOJIbIIEE
cofiepKaHue CynbpaTos;

— cyabdaTbl OTHOCSITCS K 4 KJaccy OmacHOCTH. B opranusme yenoBeka
npyu NOTpPeOJeHUE, NUTHEBOM BOMbl TMPECHILIEHHON CyJibaTamu, MOrYyT
pa3BUBaTbCSl OOJIE3HM CBSA3AHHBIE C HAPYLIEHUWEM PAOOThI MUILEBAPUTEILHON
CUCTEMOM.

OcHOBHBIE BBIBO/IBI IO NTPOJIETIAHHON padoTe:

I. nuteeBasgs Bopma ropopa KbBbulopga 1O MHIPEIUEHTAM  XUMUKO-
OpraHoJIENTUYECKUX TMokaszarenen coorBercTByer crangapram u ['OCT.
HckimodeHneM sBisieTCsl MHIPEJUEHT Cyb(]aThl (KJIacC 0nacHOCTH 4), BENMIruHa
koToporo Beie [IJ1K v BenM4nHbI TMTUEHNYECKOTO HOPMATUBA, HE3ABUCUMO OT
TOr0 U3 KaKOro UCTOYHMKA Oblla OHA B3dTa (peKa, CKBa>KWHA, BOJIONPOBOIHBIN
KpaH);

2. BBICOKOE  COfIEp>KaHue CyJabgaTOB B NUTHEBOM BOJAE MOLYT
CTUMYJIMPOBATh pa3BUTUE OOJIE3HEN CBSI3aHHBIX C HApYILIEHUEM pPabOThI
NUILEBAPUTENILHOM  CUCTEMbI, HEOOXOAUMO  MpOMNaraHaupoBaTh  METOJbI
CHUXKEHUSI CYJb(aToB B IPECHOI BOJIE;

3. HauJIy4ylIMe MoKa3aTeJau Mo (PU3MKO-OPraHOJIENTUYECKUM CBOWCTBAM
UMeeT NWUThEBasl BOjA, B3siTas W3 CKBaXkuHbl. CpelHue MokazaTeau UMEET
nuThbeBas BOja, B3siTas W3 BojonpoBofia. Bopga JBYyX MpefcTaBIEHHBIX
VCTOYHMKOB MOJHOCTBIO cooTBeTcTBYeT [I[IK M rurmeHnyeckum HoOpmaTHUBaMm.
[TutbeBas Bopa, B3sITass U3 PEKU, UMEET MOKa3aTeJIu UBETHOCTA U MYTHOCTH,
npeBbliatome [IJIK wa 2,0; 49 emunHui, a BEJWYMHbI TUTMEHUYECKUX
HOpPMaTHBOB Ha 35 1 3.4 COOTBETCTBEHHO;

4. nuTbEBasi BOJA, MMEIOIAs BBICOKME IMOKAa3aTelad MO LBETHOCTH W
MyTHOCTM ONacHa JUig YNOTpeOJieHusl, TaK Kak TMpU [OBCEHEBHOM
UCNOJIb30BAaHUM MOXET TMPUBECTH K 3a00JIeBaHMSIM CBS3aHHbIM C PpadOTON
NUILEBAPUTENBHON CUCTEMBI;

5. BO BCeX UCTOYHMKAX MpecHoi Bojbl ropofa Kbi3buiopaa, HabmoaoTes
BBICOKME T0KAa3aTeJM M0 MHIPEIMEHTaM: O0Iasi KECTKOCTb U CYyXON OCTATOK.
[ToBbllIeHWE TOKa3aTeedl IAHHbIX MHIPEUEHTOB BbI3bIBAIOT TAaKWE ONACHbIE
00JIe3HM YeJIOBeKa Kak: 3a00JieBaHWE CYCTAaBOB, KAMHM B MOYKAX; HApYyLICHUE
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BOJIHO-cOJIEBOro oOmeHa. IlosToMy HEoOXomMMO nponmaraHgupoBaTh CpERU
HaCeJIEHUS] METO/Ibl YMEHbLUEHHS XKECTKOCTH BOJIbI.
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ThIcsTuesieTun. — AnMatel, 2004, — C. 48-49.

A.B. baigocoBa, C.XK. KyxamoepaueBa, b.b. AoxkanesoB,
.. OppIHOEeKOB

KbBbutopguHcknil rocyiapcTBeHHbIN yHUBepcUTeT UM. KopkbIT ATa,
Pecny6nnka Ka3zaxcran

BJINAHUE KOJEBAHUSA MAJIOI'O APAJIA HA 9KOJIOI'MYECKYHO
OBCTAHOBKY B IIPUAPAJIBE

B crarbe pacckasbiBaeTcsi 0 npobiieme Apaiibckoro mMopsi. O TOM Kakue maru Obuiu
NPEANPUHATEl U NPEANPUHUMAIOTCA Ui YJIYULIEHUs] 9KOJIOTMYECKONM OOCTAaHOBKU M [t
coxpaHeHust Apajibckoro mopsi. bbula nocTpoeHa niaoTUHA /17151 pa3fiesieHus] MOps Ha JIB€ YacTu
JIJ1S1 COXPAaHEHUs1 XOThbI Obl HEOOBILYIO YAaCTh APaIbCKOIO MOPSI.

Knrouesble ciioBa: Apanbckoe Mope, IJIOTUHA

N3BecTHO uTO, 3KOJoruueckasi odcraHoBka B [lpuapanbe nepexxuBaet
HErnoInpaBuMbIe MOTEPHU, yTpaTUia CBOE MPUPOAHO-XO3SMCTBEHHOE 3HAUEHUE U
pagu COXpaHEeHUs NPUPOJIbl perMOHa ObLIO PELIEHO CHACTH XOTS Obl HEOOIBIITYIO
yacTb Apasibckoro mopsi. B uensix oxpansl npupopbl, B aprycte 2005 ropa, Obiia
coopyxeHa Kokapanbckasi niotuna, otaesstomas CeBepHoe ApaabCKoe Mope
OT OOJBIIOTO MOPSI.

DKOJIOTUYECKUI W  COLUAIBHO-9KOHOMUYECKUI 3(eKT, mnosb3a OT
MJIOTHHbI ObUIa B TOM K€ TOAYy, C OKOHYaHWEM CTPOUTENLCTBA. Bo-mepBbix,
OECUMCIIEHHOE KOJIMYECTBO MNpecHON BOAbl ChIpapbu, KOTOpoe 0€3 MOJb3bl
BBITEKAJIO B OOJIbIIOE MOpE, cTano coouparbcst B CeBepHoM MasnoM mope. Tem
CaMbIM JIOKa3aB, YTO €CJIU Mbl OyJieM 0O[JyMaHHO JIEIICTBOBATh, MOXKEM HE TOJIbKO
BOCCTAHOBUTH MPUPOJY, KOTOPYIO Pa3pyllWJii CBOUMU PYKaMU, HO U YIPaBJISITh
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€10 M aIaITUPOBATh K HOBBIM 3KOJIOTMYECKMM 0O0CTaHOBKaM. Ecim panbuie Mope
OTJANWIIOCH OT ropofa Apaibcka Ha 75,0 KM, TO Tenepb cTajno 6yu3ko Ha 12,0
kM. Ho He TosmbKO 3KoJIOrMuyeckasi, HO M 3KOHOMMYECKAs BbIrola Oblla OT
II0TUHBI, Tak Kak B 2006 rogy ¢ CeBepHOro Mops ObLIO BbUIOBJIEHO 2,3 ThIC.
TOHHBI PbIObI. DTO OoJbIe B 10 pa3 mpoLUIOrogHero pe3yJpTrara.

Hekoropble 3a0polIeHHbIE MPUMOPCKUE HACEJIEHHBIE NYHKTBI OXKWJIH,
CTAJI0  Pa3BMBATbCSl  PBIOOJIOBCTBO M >KMBOTHOBOAYECKOE  XO3SMCTBO.
YMEHBIINIIUCH COJISIHBIE BETPbI, MbLIECOPOC B aTMocdepy, BOCCTAHOBUIICS
yAOOHBIN MUKpOKMMar. PaGouunit ypoBenb KokapanbCKON INIOTMHBI PaCCUATaH
Ha 40,0 METPOBYIO OTMETKY 3€pKasa Mops. Beixogur, eciu, ata cutyauust Oyjier
MOCTOSIHHOM, 00beM BOJIbl coOupatoiuiicss Ha CeBEpHOM MajioM MOpe He OyjeT
npesbiiath 21,0 kv . [ Manoro Mopst aToro HeoctaroyHo. [Toromy uto, u3
yeTblpex yacteil CeBepHoro Apana nosiHoBopue OyaeT TonbKo B LieHTpanbHoil u
B 3amuBe llleBueHko, a roro-zamajHble OKpauHbl 3amuBa byTtakoBa u
CapplmibIraHak, KOTOpBIE JIeXKaT BbILIE OTMETKHM, OyAaeT MajoBofgHOW. M3-3a
3TOrO MOTYT OCTAThCA BJAJIEKE OT MOPSI I'yCTOHACENECHHBIN TOpofi ApalIbCK U
npuMopckue HacesieHHble MyHKThl (Kapamanan, byrens, Kaparyn, TactyOek,
Akecne, AkOactel). 3HauuT, KokapanbCckas NJOTMHA HE MOXKET MOJHOCTBIO
PELIUTH IKOJIOrMYecKue npooJiemsl [1].

[To pesynbraram HabmoaeHuit, B 2018 rogy B Manoe Mmope noctynuio 3,6
KM BOJIbI, a 3a 9 mecsaueB 2019 roga 060beM MOCTYNMUBIIEH BOABI COCTAaBUJ 2,7
KM’. DTO TOBOPUT O TOM, C KaX/ibiIM rofioMm CeBepHOE ApajibCKOE MOPE MOJy4aeT
Majio BOAbI. YeM MeHbIIE BOAbI MOJyYaeT MOPE, TEM HIKE €ro ypoBeHb [2].
IIpUTOK peKku NMOCTOSIHHO MEHSIETCS, 9TO NPUPOAHBII Ipouecc. MOXKHO cKa3athb,
YTO BCE BOCCTAHOBUTCSI, HO YMEHBILIEHWE BOJbI B MOPE CKa3bIBa€TCAd Ha
9KOJIOTMYECKOMN, COLUMAIbHO-3KOHOMUYECKON 00CcTaHOBKE B peruone. Ilocne
cnauu B akcrmutyaranuio Kokapanbekoit niotusbl B 2005 rofy, 0Kupaioch 4To,
BCs Bopla peku Cheippapeu Brnajaromasi B CeBepHblii Apaj OCTaHETCS B CaMOM

Mope. MuHepaIbHOCTE MOPCKOM BOJbI AOJI’KHA ObUTa YMEHBIUMTHCH (Ta0JI.).
MunepanbHOCTb Bofbl Apasibekoro mops. 2018 rop

M H KecTKOCTb, M/ =
Pt P wroks | HCO, | €I | SO. | Ca | Mg |Na+K|SYxod
OCTaTOK
CeBepHoe
Apanbckoe | 7,45 90,0 183,0 | 7090,0 |3789,09| 6000 | 729,6 |4797.5{16090,0
Mope
Boubioe
Apanbckoe | 7,45 93,0 256,2 |13612,8| 3622,8 | 580,0 | 772,2 | 9267,5 |265120
Mope

Tak Kak ¢ 3aBepILICHMEM MPOEKTA Macca BOAbl Majoro Mopsl yBeJIM4NTCS,
YPOBEHB COJIM B JINTPE MOPCKOM BOJIbI YMEHBIIUTBCA € NpexkHux 23,0 r/n o 17,0
r/n, 3Ha4nT, Bofa B CeBEpHOM MOpe CTaHEeT Ooyiee ONPECHEHHOW.AHAIU3NPYS
NPEACTABICHHYI0 B TaOimue MHPOPMALMIO, KOHCTATUPYEM — MHUHEPAJIbHBIE
NOKa3aTenu Bof ABYX Mopeil pasHble. ConeHocTb bosbmoro Apanbckoro Mopst B
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autpe Bofbl 26,5 /1, nosTopser ypoBeHb 2000-ro roga. Conenocts CeBepHOro
Apanbckoro Mopst B utpe Bofibl 16,1 /11, 310 Ha 10,4 r/n MeHblle noka3arenaei
00J1bIIOr0 MOPSi. BbIXOOUT, M3-32 TOTO, YTO OCHOBHYIO Maccy Bojibl Masioro mopst
COCTAaBJISIET PeYHasi BOJa, TO U MEHbIIAs KOHUEHTPALUsl COJIU (TBEP/bIA OCTATOK)
B BOJIE.

AHanmM3upysi KOHLEHTPALMIO HEKOTOPbIX WOHOB, Mbl BWJUM, YTO
MoKa3aTesiM BOAOPO/IHbIX MOHOB (pH) oleHMBaromye peakuuto BOfbI, B BOAX
NIBYX MOpeil OfuHakoBble — 7,45. DTOT nokas3aTesib OJU30K K HEWTpaTbHOMN
peakumu, TOYHee  cjaOblil  MIEJOYHOW. 2KeCTKOCTb  MOPCKOM  BOJbI
coorBeTcTBEeHHO 90 u 93 wmr-skBuBaneHT. Ilokazarenu Omnus3kme. Takas
JKECTKOCTb CBOMCTBEHHA TOJILKO MOPCKO# Bojie. 2KeCTKOCTb BOJIbI ONpefiesieTCsl
KOHLEeHTpauusimu cosnent Kanbuus (Ca) u maraus (Mg). [1o namein uncpopmanum B
BOJIaX MaJIoro M OOJIbIIIONO MOpPE KOHUEHTPALMs COJIeH IEeJOUYHBIX METAJJIOB
omm3kas: B Bofjax Masoro mopst Ca — 600 mr/n u Mg — 729,6 mr/n, a B Bosabiiiom
Mope cootBeTcTBeHHO 580,0 m 772,2 Mr/a. DTO OoueHb BBICOKWI MOKa3aTeb.
Ecnu, XecTKOCTb NpecHOi BOfbl NpeBbiiaeT 12-15 Mr-sKBUBaJIeHT, TO €&
3ampelaroT  KMCMOJIb30BaTh B XO3SIMCTBE, Hampumep, i  OpOLIEHUs,
SKUBOTHOBOJICTBA, B OBITOBBIX LEJSIX. DTO HEOOJIbIIIOE CPaBHEHUE JIJIsl OLIEHKU
KE€CTKOCTU MOPCKOM BOJIbI.

OO6ujas 1iesoyHocTh Bofbl Majnoro mopst 183,0 mr/a, ato Ha 73,2 mr/n
MeHbllle KOoHUeHTpauuu bosbimoro mopsi. MI3BeCTHO, YTO KOHUEHTpALMsI WOHOB
COOTBETCTBYET CyXoMmy ocTaTKy. M3-3a Toro, 4yro Boja Masioro Mopsi npecHasi,
o01asi 1EJOYHOCTh Huke. CaMoe OYeBUJHOE TO, YTO KOHUEHTpalMsl MOHOB
xJiopa B Bojie bounbioro mopst Ha 65228 r/n 6oablue yeM B Bogax Masioro Mopsi.
PacTBopuMOCTb, B BOjIe M TMNPOJBUXKEHUE 3TOrO0 3JIEMEHTAa HE 3aBUCUT OT
TeMmnepaTypbl cpefibl. BbIXOogUT, MOHBI XJopa B Bofax boJbiioro Mops
HAKOMUJIUChL C faBHUX BpemeH. KoHueHtpauus nonos cynbdara (SO.) B Bogax
IBYX Mopen Omm3Kasi: B JmTpe Bofpl Manoro mopst — 3789,1 mr/n cynbdara, a B
Bojax bosbmoro mops — 3622.8 r/n voHoB cyibgara. KoHueHTpauusi aTux
VIOHOB B BOJIE 3aBUCHUT OT TEMIIEPATYPHOro pexkuma. Eciun, Bojia oxnaxpgaercsi, To
VOHbI OCEJAl0T U UX KOJIMYECTBO B BOJAEC yMeHblIaeTcs. MIOHOB HATpusi MHOTO.
HNoHoB HaTpusi u Kaimusi B IUTpe BoAbl Manoro mopst — 47975 mr/a, a B Bojgax
Boabmoro mopss — 9267.5 r/n. MoHbl HATpusi B OCHOBHOM COEUHSIIOTCSI C
MoHamu cynb(gara u ocefatoT B Buje mupadbminTHbIX coner (Na.SO.-10H.O).
DTHU COJIA U COCTABJISIIOT COJIM, KOTOPbIE COOMPAIOTCS HA OOE3BOKEHHOM T'PYHTE
MOPCKOTO JTHA.

B neTHue mecsdupl Temneparypa BO3ayXxa MOAHUMAECTCS U MUPAOWIIUT Ha
NOBEPXHOCTU TPYHTA HKCMAPSET BOAY C CEO0sl, MOSBISETCS TEHAPAUT — CyXas
cepHas kucyiota Hatpust (Na.SO,). 9T1o — mopowok 6enoro uera. ToTr cambliid,
KOTOPBIN C/IyBAE€TCS C MOBEPXHOCTU FPYHTA, MOMAJAET HA MOJISl, NAIIHU U TOPTUT
NJIOJJOPOJIHYIO 3EMIIIO.

Bocrounas ManmoBogHast 4YacTh Apainbckoro Mops B 70-bIX ropax
NPOLIOrO BE€Ka OBbICTPO OCYLIWJIACh, OCTABIIYIOCS B MOBEPXHOCTUM TPYHTA
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COJIEBYIO MACCy C MOPCKO# BOJIbI B BUJIE COJIEBBIX BBIHOCOB NbUIEBBIX Oypb CTAJIO
CllyBaTb BO BC€ CTOPOHBbI. DTOT mpouecc B nepBbie 10-15 jer men odveHb
nrHaMUYHO. [1oTOM BOCcTOUYHAsI HAGEpeXKHAsA MOPSI CAABUHYJIACH AJIEKO HA 3amaj u
YPOBEHb COJIEHOW BOAbl B IJIaCTax MOHU3WIACH, W3-32 YEro, OCTAHOBWIICS
NPOLECC KANMWJIJISIPHOTO BbIXOfla BOfbl No npodwmo rpyHra. Iloromy uro,
npoWiib I'PYHTA COCTOMT M3 BCSIKHUX OTJIOXKEHWH, NIacToB. MexaHndeckui
COCTaB 3THUX IUIACTOB pa3Hblil, B OCHOBHOM MECYMHKM, TJIMHA, TJIMHUCTBHIE W
aJIeBpUT, TPYHT, COOpPaHHbIA U3 OTJIOKEHUI MPOIMYCKAEeT BOAY MO Kamuuisipam
oueHb mioxo [3].

N3-3a 3TOr0, MEX/y COJIEHON BOJOW B MJacTax W MOBEPXHOCTHIO TPYHTA
HeT cBs3u. [loka3aTelbCTBO TOMY, BO MHOrMX Yyuactkax Bepxuuin 1,0-1,5
METPOBBI Npouib TPyHTa CyXOl. B Takux ycJoOBUSIX CONM OCTAaBLUIMECS OT
MOpPCKOM BOJbl HAa MOBEPXHOCTU TPYHTA, 3TO B OCHOBHOM COJIM KaJbLUs
(CaCO.,CaSO0.) u vatpus (Na.SO, - TeHapauT) ciyJ0 BeTpoM, a oT raiuta (NaCl)
OCTAaBILIEroCs Ha TPYHTE MNOSIBUIACHL KecTkas (OpoHb) ckopayma. Ceidac
NOBEPXHOCTh BOCTOYHOW OCYLIEHHOM 4YacTW MOPSI TaKbIPOBHUHAs M KOE-TJIE
BCTPEYAIOTCS PACTEHMs, IOBEPXHOCTh TpyHTa cremu «MaccareT» xectkasi. M3-
3a 4ero B CTENM Ha OCYLIEHHOM MECTE MOPS COJIEBBIX BLIOPOCOB HET. 3HAUMT, 3TA
npoOJsiemMa He I1aBHasi TOJIOBHAsI 0OJIb.

[To nocnepnenn magopmaumm, nocrynusiiein B 2019 ropy (ceHtsi0pb) B
3acoxmme o3epa Kapamanan, basx, ZXKeuangel, [omamak, Kaprtbma,
KbBbupkapma mnoctymuino 82,0 muH. M? BOAbl. DTO B CBOIO  O4Yepenb
CHOCOOCTBOBAJIO 03€JICHEHUIO MPUMOPCKUX U TPUOPEKHBIX 30H, TEM CaMbIM
YMEHbIIIAas CONeBON BBIOpOC. B pernone cpopmupoBascss MIrkuid MUKPOKJIUMAT
yAOOHBII i1l JOMAILHErO CKOTAa, XUIHbIX 3Bepeil U NTull. MecTHble XUTeau
BOCCTAHABJIMBAIOT PbIOOJIOBHOE XO3SIMCTBO W HUCHOJb3YIOT PaCTUTEILHOCTD
BJIAKHBIX 3€MeJIb B KAUECTBE MallHMU.
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I.E. bopuckos, A. A. Ky3pmun, H.A. Komaposa, M.A. [laBbiioBa,
C.10. E¢pemona

[leH3eHCKMiA TOCYIapCTBEHHBIN TEXHOJIOTMYECKUI YHUBEPCUTET, Poccust

O BO3MO2XKHOCTHU UCITIOJb30OBAHUA
MOOANO®UIINPOBAHHOI'O IUATOMMUTA IS OYUCTKHN
BbICOKOKOHIEHTPUPOBAHHBLIX CTOYHbBIX BOA,
COAEPXKAIUX TAKEJDBIE METAJLJIDBI

UccnenoBanbl  mpouecchl  (PpU3MKO-XUMUUYECKOr0  MOAU(UUUPOBAHUS  JUATOMUTA
AxmaToBckoro MectopoxjeHusi IlenseHckoit obnactu. [locTpoeHbl u3oTepMbl aacopOLmu,
NOJIy4YeHbl KOJMYECTBEHHbIE XapaKTEPUCTUKUA BEJMYMH aicOopOUMM KMOHOB MeAM Ha
NOBEPXHOCTU MoOfupuMpoBaHHbIX copOeHToB. [lokazaHa NpUHUMNUATIBLHAS BO3MOXKHOCTb
UCMOJIb30BAHUSl JIUATOMUTOB [JIsl OYMCTKM BBICOKOKOHLIEHTPUPOBAHHBIX CTOYHBIX BOJI,
3arpsi3HEHHbIX TSKEJbIMU METAIJIAMMU.

KntoueBbie cioBa: auatoMuT, MopuguUUUpPOBaHKWE, aCOPOEHT, OYMCTKA, CTOYHbIE
BOJIbI, TSKEJIbIE METAJIJIbI.

B nocnepgnue necAtuneTvs 3HAYATENILHO BO3POC MHTEPEC MCCIENOBATENEH K
pa3pab0OTKe HOBBIX METOJOB M MATEPUAJIOB JIJIsl YAAJIEHUS ONACHBIX 3arpsi3HUTENEN
U3 CTOYHBIX BOJI. 3arpsi3HEHME TSDKEIbIMA METAIaMUA, OCOOEHHO OTXO[AMH
raJIbBAHMYECKOTO MPOM3BOJICTBA — HaMOOJIee 3HaUnMasi npooJiemMa J1J1si BOHOW Cpefipl,
BBUJy CBOE¥ BBICOKOW TOKCUYHOCTH [1].

B Hacrosiiiee Bpems I OYMCTKA CTOYHBIX BOJ] TaJIbBAHUYECKOIO
MPOM3BOJCTBA  NPUMEHSIOT  KOMIUIEKC ~ MEp, BKIIOYas  J[IOPOrOCTOSIILIVE
anekTpoxumuyeckue. [loaToMy B COBPEMEHHBIX 3KOHOMMYECKMX — YCJIOBHSX
MPUOPUTET JIOJKEH ObITh OTJAH TakKWM METOJIaM OYKCTKM, KOTOpbIE, Oyayuu
3(ppeKTUBHBIMU, OMUPATTUCH Obl HA UCNIOJIL30BAHKUE HEJIOPOTOrO MECTHOT'O ChIPbSI.

B nocnennee BpeMsi IMaTOMUTBLI MPUBJEKIIM K ce0€ BHUMAHME XUMUKOB,
CIIeUMaNM3UPYIOIIMXCsl B 00/1aCTH aJICOPOLMOHHBIX HaHOTexHosorui [1, 2, 6].
[TockonbKy  [IMAaTOMUTBI  MPEACTABISIIOT  COOOM  OTJIOXKEHUS  MaHUUpPEN
MUKPOCKOIMYECKUX  JIMATOMOBBIX  BOIOPOCHEH, oOOJajarommx  OOJbIION
MJIONIA/IbI0 MOBEPXHOCTH, TO OHM MOTYT OOJa/laTh BBICOKOW a[iCOPOLMOHHOM
aKTUBHOCTBIO [4]. B KadecTBe 00beKTa MCCIENOBAaHUN ObL BbIOpAH AMATOMUT
AxMatoBckoro mectopoxjenusi [leH3eHcKkoi 006J1acTH, XMMMYECKMI COCTaB U
CBOWCTBA JUAaTOMHUTA MpuUBEJeHbI B padore [2]. Mcxonss w3 JauTepaTypHbIX
JIAHHBIX, IPUPOHbIE IMATOMUTHI 00JIAJIAFOT JOCTATOYHO BBICOKOW COPOLMOHHOWM
CIIOCOOHOCTBHIO, WU3MEHEHWE M MOAU(UKAUUs IMOBEPXHOCTHBIX CIIOEB MOKET
CYLIECTBEHHO YBEJUYUTL COPOLUMOHHYIO0 €eMKOCTD [ 1.4].

Mopmudukanusi quatomurta npoBopauiachk 1N HCI (kucioTHast akTuBauus);
IN NaOH (wenounasi aktuBauusi) B Teuenue 1 yaca. [To ncreyeHun ykazaHHOTO
BpeMEHN 00pa3lbl MPOMBIBAJIUCH IUCTUIIIIMPOBAHHON BOJION, HEUTPAIU30BAIUCH
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npumepHo 10 pH paBHoe 7, BbICylIMBAIUCH NPU KOMHATHOM TeMmIeparype, 10
COCTOSIHMSI BO3AYLIHO-CYXOr'0 BELIECTBA. TepMuyecKasi akTMBaLUsl TPOBOJIAJIACH
NyTEM HAarpeBa NPUPOJHOrO TMPOCESHHONO W MNPOMBITOrO JMATOMUTA B
MyenbHOI neun B Tedyenure 3 yacos npu temneparype 440-460-C [4].

M3mepeHre KOHLEHTpAUUMM MEOM B CYCHEH3USAX INPOBOAWIOCH METOOM
noreHupomMeTpun. HM3ydenue COpOLMOHHBIX TPOLECCOB HA  aicOpOEHTax
NPOBOAUIIOCH MO cTangapTHoi metonuke [4]. ITo ¢popmysie (1) paccunThiBaIUCH
BEJIMYMHBI aIcOPOLUK, IO KOTOPbIM CTPOUJIMCH U30TEPMBI agcopoumii aist 1 u 24
KOHTAaKTa aJIcCOpOEHTa C aicopOoaToOM.

ey

Pe3ysibTaThl ccnenoBaHuil NpPeCTABIEHbI B TAOIULE.

Apcopbuusi (A) u creneHb noryouieHus (o) Ha guaTomure noHoB Meni Cu-,
macca ajcop6enta = 0,002 kr, V,,=0,1 n

Tun mopupukanun G, 1 yac lyac | 24 4yaca | 24 yaca | 1 yac 24 u.
IMaTOMUTA (Mr/n) | C,(mr/n) A C, (mr/m) A o, % a, %
(mr/Kkr) (mr/Kkr)

1 .«Ienounoit» OH 100 0,7564 | 462,18 | 0,0241 | 498,79 932 99,7
2.«Kucnotuerii» H 100 0,0079 | 499,64 | 0,00105 | 499,95 99,9 99,9
3.«Tepmuueckuit» T 100 44416 | 27792 | 00450 | 497,75 550 99.5
4 «[Tpuponnblii»N 10,0 1,5324 | 43238 | 0,0295 | 498,53 84.6 99.7
1 .«Ienounoit» 250 2,92 11040 0,428 1228.,6 88,3 98,3
2 .«KucnoTHbIi» 250 2,52 11240 0,238 1238,1 899 99,1
3.«Tepmuueckuin» 250 22,6 120,0 8,81 809.,5 99 67,7
4 «[TpupopHbIii» 250 13,12 5940 0,75 12125 459 96,9
1 .«Ienounoit» 50,0 7,588 2120,6 1,46 2427 840 97,1
2 .«KucnoTHbIi» 50,0 20,292 | 14854 1,44 2428 594 97,1
3.«Tepmuueckuin» 50,0 46,092 1954 8,81 2059 74 82,4
4 «[TpupopHbIii» 50,0 49,251 3745 5,93 2203 14 88,1
1 .«Ienounoit» 1127 21,52 | 45590 5,17 5376,5 809 954
2.«KucnoTHbIi» 1127 69,05 21826 1,66 55520 38,7 98,5
3.«Tepmuueckuin» 112,7 107,55 2575 24,59 44335 5,1 78,0
4 «[TpupopHbIii» 112,7 132,55 185 22,14 4528,1 0 80,3

HccnenoBannst mokasanu, 4TO MPAKTUYECKM BO BCEX ClyyasxX IUATOMUTHI,
MOJM(ULMPOBAHHBIE IIEJTOYLIO U KHUCJIOTOW, AaBaJM JIyYllIWe Pe3yJbTaTbl MO
CPaBHCHHIO C He MOAU(PUUUPOBAHHBIM OOpa3uamMu. AKTUBALMS IIEIOYaAMU
NPUBOJIUT K PACTBOPEHUIO aMOP(GHOT0 KPEMHUSI, BLICBOOOKIAET IMPOKCUIILHbIE
rpynnbl, YTO B KOHEYHOM UTOre YBEJIMUMBAET UMCJIO AKTUBHBIX COPOLMOHHBIX
LUEHTPOB, YTO B LEJIOM MOATBEPXK/IAET JuTepaTypHble JlaHHble [3-6]. OcobeHHO
3HAYMMO 3TO MPOSIBUJIOCH B ClIydyae MUHMMaNbHOTrO (1 yac) KoHTakTa ajgcopOeHTa
¢ ajicop0aToM, UTO MOKA3aHO HA PUCYHKE.
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N3oTtepmbl aicopObumm Meu, BpeMst KOHTakTupoBaHus 1 u 24 yaca

KucnotHass akTuBauyss NMpUMBOAUT K PACTBOPEHUIO COEAVHEHUN KEJe3a,
BBICBOOOX/IA€T MUKPO M HaHO MOPbI, UYTO B KOHEYHOM HUTOrE TAKXKE MPUBOJUT K
YBEJIMYEHUIO COPOUMOHHON aKTuUBHOCTU [3, 5], mpu 3TOM afcOpOLMOHHOE
PABHOBECHE JJOCTUTAETCA 3HAYMTENILHO pAoJblie. ['pacduku 3aBucmmocTein
MPEACTABJIEHbI HA PUCYHKE.

HemogudpuumpoBaHHblil NPUPOJIHBIA IMATOMUT OOJAJAET 3HAYUTENIBHOM
COPOLMOHHON aKTUBHOCTBIO MO OTHOLIEHUIO K MOHAM MefI, OCOOEHHO B 00J1aCTH
HU3KKMX KOHLEHTpauui ajicopbata, Npy yBEJIMYEHUM KOHLEHTPAUUU UOHOB MEu
B pacTBOpax MPOUCXOUT CHUKEHUE COPOLUMOHHON aKTUBHOCTH, OCOOECHHO IMpU
MaJiOM BPEMEHN KOHTaKTUPOBaHuA. (Tabamua 1)

JIMaToOMUTBI MOCJIE MIEJIOYHON M KUCJIOTHOW AKTUBALMU UMEIOT MPUMEPHO
PaBHYIO aJICOPOLIMOHHYIO CIMIOCOOHOCTH M CTeneHb noryoieHuss TM, ocoOeHHO
pU JUVIUTEJILHOM BPEMEHU KOHTAKTUPOBAHUS, B OTJIMYKAE OT TEPMUYECKOIrO U
MPUPOJIHOTO IMATOMUTA, YTO JAET OCHOBAHMUE MPEANOJIOXKUTH BO3MOXKHOCTH
WCMIOJIb30BAHUSI TAaKOW AaKTUBAUUU JUMATOMUTA W JJIsl TOTJIOIIEHUSI W JPYTUX
METaJIJIOB, HE TOJILKO MEJIU, HO M CBUHIIA, KaJIMUSI.

YyuuTbiBas, YTO TaJbBAHUYECKUE CTOKHM, COEpIKAIUE Meb, KaAMUNA WU
npyrue TM, umeror pH 3HaunTenbHO MeHbLIE 7, MOXKHO NPEANOJIOXUTh, YTO
AATOMUT,  AKTUBUPOBAHHbI  KUCJIOTamMu, OydeT UMETb  OOJbIIYIO
a/ICOPOLIMOHHYI0 €MKOCTb, MO CPAaBHEHUIO CO BCEMU OCTAJbHbIMU. AKTHUBHbIE
LUEHTPbI IIEJOYHOTO [UATOMUTA BCJEACTBUE HEUTPAIMU3ALUA KHUCJIOTHBIMU
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CTOKaMH, CKopee Bcero, OyAyT HENTpaIu30BaHbl W MOTYT MOTEPSITh CBOIO
AKTUBHOCTD.

Ha ocHOBaHMM MOJyYEeHHBIX [aHHBIX MOXHO 3aKJIOUUTb, 4YTO JIr0Oas
XUMHUeckas mMoaudukanys Kak IIeJI0YHasl, TaK W KUCJOTHasi, NPUBOAUT K
YBEJIMYEHUIO COPOLMOHHON CMOCOOHOCTHU JUATOMUTA MO OTHOLUEHUID K HMOHAM
TSIKEJbIX METAJUIOB MO CPaBHEHWIO C MPUPOAHbIMU HE MOAU(UUIMPOBAHHBIMU
oOpa3Lamu.

PesynbraTsl HCCJIeOBaHUN MO3BOJISIIOT creaTh BBIBOJ] 0
NPeNnOYTUTENIbHOM HUCMOb30BAHUU KUCJOTHONM MoAU(UKALMM UATOMUTA B
cllyyae WCIMOJIb30BaHUSI KUCJIOTHBIX CTOKOB U TMPOJIOJIKUTENIbHOIO KOHTAaKTa
ajicopbeHTa ¢ ajcopbaToM MO CPaBHEHUIO C [PYTUMM HCCJIEIOBAHHLIMU
METOJaMU aKTHUBALVIN.

XUMUYECKU MOAUPUIUPOBAHHBIE COPOCHThI XapaKTePU3yHTCS I0OCTATOYHO
BLICOKMMH 3HaUYeHUSIMU cTerneHu n3BnedeHnst oT 80% 1o 99% B 3aBUCUMOCTH OT
UCXOJJHOW KOHILEHTPALVH.
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10.A. BumnsikoBa, B.A. Boakos, U.H. Mensnukos, JI.H. Oabmanckast

CapaToBCKHil rOCYIAPCTBEHHBIN TEXHUYECKNN YHUBEPCUTET UMEHU
[Narapuna 10.A., Poccus

YHUBEPCAJBHBIVI PECYPCOCBEPET AN
OTHETYIIAIMI COCTAB

[TpencraBnenbl 3Tanbl pabOT MO CO3[AAHUIO PECYPCOCOEPErarolliero OrHEeTYIIALIEro
CoCTaBa C IKCINTyaTAUMOHHBIMU XapAKTECPUCTHUKAMU, NMPEBLIIIAIOIIUMUA U3BECTHLIC AHAJIOTU,
CKOHCTPYUPOBaH n MN3roTOBJICH HpOMbILL[JIGHHO—3KCHepl/IMeHTaJIbeIﬁ MOyJib JJIA
COCTABJICHUS] KOMINIO3ULMI U3 MHTPEIMEHTOB MOPO30yCTOMYMBOIO OTHETYLIAIIErO COCTaBa U
MHTUOUTOPA KOPPO3UH.

KatoueBble cioBa: orHeTyllanyii cocTaB, KOPpO3usi, UHTMOUTOP KOPPO3UH, 3allliTa
METAJIMYECKUX COOPYIKEHUI, TEMIIEPaTypa 3aMep3aHus.

B HacTosiee BpeMs U3BECTHbI Pa3jMYHbIE BU/bl OTHETYILIALIMX COCTABOB.
Tak, Hanpumep, u3 aBropckoro csujeresbcTda SU 865303 (MIIK-3: A 62 D
1/02, ony6us. 23.09.1981) u3BecTeH cocTaB NMEHOOOPA30BATENS, BKIIFOYAOIINIA
AHMOHHOE NMOBEPXHOCTHO-AKTUBHOE BELIECTBO, BOAY M I00ABKY - CMECh XJIOPU/A
KaJlbLMsl U XJIOPHUAA MarHusi, - MpU CIEIYIOLEM COOTHOLIEHUM KOMIIOHEHTOB B
BecoBbix %: ITAB - 0,75+22 Bec.%; xyopup kKanbuus - 0,02+0,12 Bec.%;
xnopup, maraug - 0,005+0,04 Bec.%; Boga - octaibHOe. B pesynbrare
NO0ABJIEHNS B COCTAB CMECU XJIOPU/IA KAJIBLIWS U XJIOPU/IAa MarHus COKpAalaeTCs
BpeMs TYILIECHUS] NOXKapa, MUHUMU3MPYIOTCS 3aTpaThl OTHETYILIALIEro COCTaBa,
YTO B LIEJIOM MOBBIIIAET OrHETYIIAIYI0 3(P(PEKTUBHOCTb COCTABA.

Lensb - pa3paboTaTh OrHETYIIALUI COCTAB C MPOTUBOMOPO3HON JOOABKOW,
CofIep>KalllMii UHTUOUTOP KOPPO3UM U KOMIIOHEHThI, 00€CNeYNBAIOIIME BbICOKYIO
3(p(PEKTUBHOCTDL TYILIEHHAS BO3TOPAaHUI 3a CUET OOpa30BaHUSI BBICOKO KPaTHOWM
NEHbI 7151 00 BEKTOB HEPTSIHON U ra30BOI MPOMBILIJIEHHOCTH.

3ajjaueil SBASETCS CO3[AHME Ha TIOBEPXHOCTU TOPEHUS YCTOMYMBOWM
TEIJIOU30JIMPYIOLE BOAHOM IJIEHKM, 32 CYET CO3[aHUs BBICOKO KpaTHOMN
BO3/1yLLIHO-MEXaHUYECKOI NMEeHbI, MPENSTCTBYIOLIEN MOCTYIUIEHUIO KUCIOPOa U3
aTMocepbl K Ooyary BO3rOpaHWsl M UCHAPEHUIO JIETYYMX BELIECTB C TOpsiliei
NOBEPXHOCTU B OKpYyKarollee MpocTpaHCTBO. [Ipyu 3TOM OrHeTyllammii cocTas
JIOJDKEH ~ 00JlalaThb ~ AaHTUKOPPO3MOHHBIMU ~ CBOWICTBAMHU,  XPAHUThCS U
IKCITyaTUPOBAThCA O€3 CHMKEHUSI OrHeTylIalel 3(ppeKTUBHOCTH B LIMPOKOM
NAANa30He HU3KUX Temnepatyp oT +35 o -55°C.

PesynbraToM OypieT SIBASITbCS MOBbILIEHHE 3(P(EKTUBHOCTH TYLICHUS
OYaroB BO3rOpaHUsl BbICOKO KPAaTHOI MEHOW M COKpAIIEHWE BPEMEHU TYLIEHHUS
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BO3FOPaHMs TNPU XPAHEHUWM M MWCNOJb30BAaHWM IMEHOOOPA3YIOIIEr0 COCTaBa B
yCIOBUSIX HU3KUX TemmnepaTyp (1o -55°C) Kak Ha rOpu30OHTAJbHBIX, TaK U Ha
BEPTUKAJIBHBIX MOBEPXHOCTAX 32 CYET 00pa30BaHMs CTAOMIIBHON OXJIaXKAArOLIEH
TEIUIOU30JIUPYIOLIEA BOASHOM IUIEHKM W TOBBILIEHUS TUAPOCTATUYECKOW
CTOMKOCTM TEHbI, a TakKX€ TNOBBIIIEHUE AHTUKOPPO3MOHHBIX CBOWCTB
OTHETYLIAILIETO COCTABA 34 CYET BBEICHNS NHIMONTOPA KOPPO3UH.

N3 onucanus k aBTopckomy cuietTesibectBy SU 1780774 (MIIK-5: A 62
D 1/00, omy6m. 15.12.1992) wu3BecTeH cocTaB [isl TYUIEHUs TOKApOB,
COfiepKaluil TUAPaTUPOBAaHHbIA XJjopua MarHus. IloBblllleHMe OrHeTyamen
3(p(PEKTUBHOCTU B M3BECTHOM PELICHNWM JOCTUTAeTCSl 32 CYET KCIIOJIb30BAHUS
BOJIOPACTBOPUMBIX MOJISIPHBIX KUAKOCTEN (CNUPTHI, 3(PUPbI, NIMKOJIU, AMWUHBI)
Il pacTBOpeHns OnmoguTa (MpUpopHas KPUCTAIIIMYECKAs COJb, COAepXKalas
88-99% MgCl.-6H.0O).

JlaHHBI cocTaB OO0JIAA€T BBICOKOW OrHEeTywmamen 3¢ (EKTUBHOCTHIO,
OJJHAKO €r0 HEJb3sl MCNOJb30BaTh I TYLIEHUS MOXAPOB B YCIOBUSAX HU3KHUX
temnepatyp. Kpome Toro, BcienacTtBue oOpa3oBaHMsl KpaiiHE HEYCTOMYMBOM
IUIEHKW TPOUCXOAUT TOCTYIUIEHUME OKMWCIUTENST W3 OKPYXKAIoLIEd Cpefbl K
NOBEPXHOCTM TOpeHMsi. B  pe3yabTare 3TOr0 HE WCKIIOYEHO IOBTOPHOE
Bo3ropanue. CienyeT OTMETUTD, YTO NPU NOBBILIEHNN COJIEP’KAHNS B U3BECTHOM
COCTaBE YKCYCHOKHMCJIOTO aMMOHMS, BIIMSIIOILIETO HAa MOPO30yCTOMYMBOCTb M
KOPPO3MOHHYIO AaKTMBHOCTb OTHETYIIAILIErO COCTaBa, NMPOUCXOAWT CHIXKEHUE
YCTOMYMBOCTM  MNEHbI M, COOTBETCTBEHHO, CHWXKAETCA  OTHETYyLIAILAst
3(ppEeKTUBHOCTHL Fr€HEPUPYEMON NIEHBI.

Hanbonee Omm3kuM K TNpeaaracMomy SBJISIETCS OTHETYIUIAILIMNA COCTAB
(ITatent RU 2290240 A62D1/02. OrHeTywanmii COCTaB), KOTOPbIA COAEP>KUT
TMApPAT XJOpWJa MAarHusi B BHUJIE BOJHOIO PAcTBOpPa M INIEHKOOOPA3yIOLIMI
NeHOOOpa30BaTelb Ha BOJHOW OCHOBE IMPU  CJEAYIOLIEM COOTHOLUEHUU
KOMIIOHEHTOB B OOBEMHBIX NPOLEHTAX OT OOLIEro OO0BbEMA OTHETYIIAILErO
COCTaBa: BOJHBI  pacTBOp rujapaTta xJjopujga Maraua -  85+88%,
IUIEHKOOOpa3yloLMii NMeHOo0Opa30BaTe/ib HA BOJHON OCHOBE - ocTajbHOe. IIpm
3TOM COJIEp>KaHME XJIOpU/ia MarHusl B OTHETYIIAILIEM COCTaBE COCTABIAET 15+25
BeC.% OT 00ILIEro KOJIMYeCcTBa OTHETYyIalero cocrasa. Hacrosmas pa3padorka
o0ecreunBaeT NoBbIEHNE d(P(PEKTUBHOCTH TYLIEHUS O4aroB BO3TOPaHUM HU3KO
KPaTHOW TEHOM W COKpAalllcHWE BPEMEHM TYIIECHUSI BO3rOpaHUi, KakK Ha
TOPU3OHTAIBHBIX, TaK W HAa BEPTUKAJIbHBIX MNOBEPXHOCTAX TMPUA XPAHEHUU
NEHOOOPA3YIOLIErO0 COCTAaBA B YCJOBUSIX HU3KMX Temrneparyp. OfHako JlaHHOE
N300pETEHNE UMEET PSijl HEJOCTATKOB!
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1) ucnonp30oBaHMe HU3KO KPATHOM NEHbI HA OCHOBE (PTOPOPraHMYECKUX
kuciaor, Hanpumep, «I[10-6A3F», «Jlerkas Bopma», «Sthamex-AFFF» He
o0ecneynBaeT HEOOXOIMMOTO COKPAILIEHUSI BPEMEHU TYILIEHUSI BO3TOPaHMIA;

2) npeyiaraéMbIil IEHOOOPA3YIOLIUI COCTAB HE MOKET OBITh MCIIOJIb30BaH
B ycjoBusx Hu3kux Ttemnepatyp (Huxke -35°C) Kpaitnero Cesepa mnpu
BO3HMKHOBEHNU BO3rOpPaHMii HA OObEKTAX ra30HEPTENOOBIUN.

B kaudecTtBe MIeHKOOOpA3yIOLIEr0 NEHOOOPA30BaTeNsl HA BOJHONM OCHOBE
MOTYT MCIOJIb30BaThCS MEHOOOPA30BATEIM HA OCHOBE JIAypeTCyJb(aT HaTpus
(anmonnoe IIAB) wm okcup naypamuHa (HewoHoreHHoe [IAB), nHanpumep,
«Fairy», u pgpyrue mnopmo6Hble neHooOpazoBatemu (¢ copepxaHueM 10-15%
naypetcyibdar Hatpus, 3-5% oxkcuj JaypamuHa, 5-7% NpONUIEHIJIMKOIb,
OCTaLHOE BOJIA).

[Ipn TywieHun BO3ropaHuii, MpejjaraéMblii COCTaB U3 pe3epByapa yepes
neHooOpa3oBaTeb MOIAETCI HA o4yar Bo3ropanusi. OOpa3yrolascs neHa co3jgaeT
Ha TOPSLUEN MOBEPXHOCTU 3ALLUTHBIN CJIOU, MPEAOTBPALLAIOLIMA MOCTYIJIEHUE
KMCJIOpOJja K NOBEPXHOCTH TOpAWEN XuakocTu. K Tomy ke sTa IuIeHKa
CIOCOOCTBYET OXJIAXK/EHUIO NMOBEPXHOCTH OYara BO3TOpPaHMs, a TUIPOKAPOOHAT
HATpUSl, BCIIEACTBUE TEPMUYECKOTO PA3JIOKEHUS, BBIICISIET YIVIEKUCIbIA ras.
IIpouecc rameHus IMUIAaMEHM WHTEHCU(PUUMPYETCS U, COOTBETCTBEHHO,
COKpAILAeTCsl BPEMSI TYLLIEHHS MOXKapa.

3a cuet [TAB co3paercst BLICOKO KpaTHasl BO3[IyLLIHO-MEXaHUYECKas TIEHa,
NO3BOJISTIOIIAs 3(P(PEKTUBHO MOAABISATh OYard BO3TOPAHUS 3a CUET YCTONYMBOIO
IUIEHKOOOpAa30BaHMWs Ha TOBEPXHOCTM TOPEHMST W NPEKpaAlIEHUs [JOCTyna
Kkucnopoga. Mcnonb3oBaHME BOJHOTO pacTBOpa TMAPOKAapOOHaTa HATPUS
NPUBOJUT K €r0 TEPMUYECKOMY PA3JIOXKEHUIO C BBIICJIIEHUEM YTJIEKUCIIOrO rasa,
NO3BOJISIET  NPEAOTBPAaTUTH  JAJIbHENIIEE  MPOTEKAHWE  OKMCIUTENBHO-
BOCCTAHOBUTENIBHOM peakuMM W NpekpaueHntro noxkapa. Kpome Toro,
VICNIOJIb30BAHUE BOIHOTO pPacTBOpPa rMApoKapOoHaTa HaTpus, caxapo3bl u ITIAB B
YKAa3aHHBbIX COOTHOILLIEHUSIX CHWXKAET TEMIIEpAaTypy 3aMep3aHusi pacTBOpa, 4To,
HECOMHEHHO, Ba’KHO NPU XPAHEHUM COCTABa B YCIJIOBUSAX HU3KMX TEMIIEPATYP.
JlaHHbIE WHIPEMEHTHI TaKXe SBIAIOTCI WHIMOMTOpPaMM KOPPO3WM, YTO
NO3BOJISIET YBEJIMYUTh CPOK CJIY>KObl pe3epByapoB (EMKOCTE) C OrHETYIIALUM
COCTaBOM Ha BOJJHOM OCHOBE.

W3 nostyYeHHbIX NPEABAPUTENBHBIX IKCIIEPUMEHTAIBHBIX JAHHBIX CIEAYET,
YTO pa3padaTbiBa€MbIil OTHETYILIAIMI CcocTaB OyAeT 007aaThb BbICOKON
3(p(PEKTUBHOCTBIO MOXKAPOTYLICHNS NPU UIMTEIbHOM XPAHEHUM B YCJIOBUSIX
HU3KUX Temneparyp (o -55°C) um MOXET HCNONb30BaTbC B CPENCTBAX
NOXAPOTYLIEHUS ~ Pa3JIMYHOrO  HA3HAYeHWs Ui TYLIEHUS]  BO3rOpaHUi
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JIETKOBOCIINTaMECHATIOIIINX CA H(HHKOCTGIZ N HWHBIX TOPIHOYHMX MATCPHUAJIOB B
PAa3IMYHBLIX KJIMMATHYCCKHUX YCJIOBUSAX.
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I.B. I'mnbmaen, 3.C. HacbipoBa

PI'BOY BO Y dumckuii rocygapcTBEHHbI aBUALMOHHBIN
TEXHUYECKMI yHUBEPCUTET, Poccus

9PO3NOHHLIE ITPOIECCHI HA TEPPUTOPUU PECITYBJ/INKHN
BAIIKOPTOCTAH

B craTtee paccMOTpeHbl OCHOBHbIE BHAbI 3po3uil Ha Teppuropuu PecnyOnvku
bamkoprocran. IIpoaHanu3upoBaHa TMJOWIA[AbL 3€MEJb, TMOABEPXKEHHBIX 3PO3UOHHBIM
npoueccam B 2018 r.

KroueBble crioBa: BeTpoBasi 3po3usi, BOJIHas 3p03usi, 6eperosast 3po3us

Dpo3uss — ITO pa3pylleHWE TMO4YBbI NOTOKAMUA BOAbI W BETPA,

MPEACTABIIIOLMI COOOM OTPbIB M BBIHOC YacTEN MOYB. Pa3nmyaroT HECKOJIBKO
BUJIOB 3PO3UMU:
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1) BerpoBast 2po3usi — 3TO OfIHA W3 TJIABHBIX NMPUYUH U3MEHEHUS perbeda
HEKOTOPBIX BUJIOB TEPPUTOPHUI, BO3HMKAET M3-3a Pa3pyLIArOLIETO W CUIIBHOIO
BETpA.

2) BopHasa spo3ust — BO3HMKAET M3-3a BO3/ICVCTBUSI HA NMOYBY Pa3JIMUHBIX
BUJIOB BOJ. JJaHHBIN BUJ| IEJIMTCS HA TIOATPYIIIBI:

— KareJibHas 3pOo3usl — PAa3jiOM NOYBBI MOJI BO3/ICICTBUEM Y/IapOB Kanesb
JIOK/IS;

— IJIOCKOCTHAs 3pO3Us — CMbIB IIOBEPXHOCTHOM YaCTU MOYB CO CKJIOHOB,
NPOLECC MPOUCXOAUT M3-3a TIOABUXKHOTO CJI0S BOJBI;

— JIMHEVHAs 3PO3Us — OTIAMYAETCS OT INIOCKOCTHOM TE€M, YTO BO3HUKAET Ha
MEJIKMX YYaCTKaxX 3€MJIN: TJTyOMHHAs (JJOHHAs)) — pa3beUHEHUE JHA BOJJOEMOB U
O00KOBasi — 6eperoBoe pa3pylIcHUE.

OCHOBHBIM  (paKTOPOM, KOTOpPBIA CHOCOOCTBYET PAa3BUTHIO 3PO3MOHHBIX
npoueccoB, sBiserca  penbed. B reorpadmueckom mimane  PecmyOmmka
Bbamkoprocran (PB) oxBaTbIBaeT rOpHyIO0 CUCTEMY M XapPAKTEPU3YETCS CIOKHBIM
YCTPOMCTBOM penbeda M NOYBEHHO-KIMMATUYECKVMU YCIIOBUSIMUA. Y Ka3aHHbIE
OCOOCHHOCTM  JIAHHOM TEPPUTOPUM  CIIOCOOCTBYIOT ~ OBICTPOMY  Pa3BUTHIO
3PO3UOHHBIX MpoueccoB. 644% mniouaaM MNaxoTHbIX 3eMenb  balkupun
NOJBEPYKEHO BETPOBOM M BOJHOW 3pPO3MM PA3HOW CTENEHU, B CBSI3U C ITUM
HeoOXouMa pa3pad0TKa U MPUMEHEHUE POTUBO3PO3UOHHON CUCTEMBI.

Jpyroil npyYrHON Pa3BUTHS PO3MM HA TEPPUTOPUM PECITyOJIMKHU SBIISIETCS
OypHas iesTenbHOCTh pek benas n Ya. [Imomage 3Tix pek 3aHnMaeT OOJIbLIYIO
yacte Tepputopun PB [1]. CMbIB MOYB BO3HMKAET MpPHU HAKJIOHE MOBEPXHOCTHU
natHy Ha 1 rpajgyc u 6osblie. B To Bpems Kak Ha Tepputopun Pb Oonblias yactb
naleH HaxofsTCsl Mo yKJoHoM oT 1 o 5 rpagycos. [laHHble MO MIIOLIAA
3PO3MOHHBIX MAXOTHBIX 3eMeNb B Pb 1o 30HaM, mpuBeieHsb! B Tabmmue 1.

Tadbmuna 1
[Tno1anb 3po3MOHHBIX NaXOTHBIX 3eMelb B PB [2]
[Tpupopno- ITnomany marxu, 1o crenenn 3po3UOHHOCTH,
CEJIbCKOXO0351CTBEHHbIE TBIC. Ta TBIC. T
3OH®I Bcero | 9po3roHHbIX Cnabas Cpennss CunbHas
Toic.Ta| % |Tbic.Ta| % |ThiC.Ta| % |ThIC.TA| %
CeBepHasi jecocTenb 844 532 | 63 | 415 49 109 19 7 1
CeBepo-BocTOUHas 346 262 | 76 | 221 64 38 11 3 1
JlecocTenb
IOxHas necocrenn 856 | 410 | 48 | 351 41 53 6 6 1
[Ipepypanbsckasi necocrens | 1567 | 1098 | 64 | 876 56 202 13 19 1
3aypanbckasi cTenb 442 335 | 76 | 290 65 16 4 28 7
['opHonecHast 30Ha 78 61 78 34 43 12 15 15 19
Bcero no pecny6svke 4188 | 2670 | 64 | 2189 52 430 10 79 2
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N3 Ttabmuupl 1 BUIHO, 4TO HaMOOJbIIAS MO TUIOLIAAW IPO3MOHHAS 30HA B
npelypaIbCKON JIECOCTENM, HAMMEHbIIAss B TOpHOJEeCHOW 30He. HamOonbluas
MJIOLIAJlb C CWJIbHOM CTENEHbI0 3PO3MOHHOCTU HAOJIIOAaeTCAd B 3aypajibCKOM
CTENH, HAMMEHBILIAS TUIOLIA/lb B CEBEPO-BOCTOYHOM JiecocTenu. B mpoueHTax ot
oOlIel  IMUIOWAIA, SPO3UMOHHBIE MPOUECCHl  3aHMMAKOT  OOJIbIIE  BCErO
TOPHOJIECHYIO 30HY, 3aTE€M 3ayPAIbCKYIO CTEIMb U CEBEPO-BOCTOYHYIO JIECOCTEND.
MeHbliie Bcero 3p03uMOHHBIM MPOLieccaM MOJIBEP>KEeHA FO3KHAsI JIECOCTETb.

AKTHUBHOCTb NPOSIBJIEHUSI PEYHON (OOKOBOI) 3pO3UU MOXKHO Pa3euTh Ha
TpU BUjA:

- Bbicokas (>0,3 m/ro) — c. CeiitsikoBo Ha p. Kurasel — 0,3 Mm;

- cpepnsis (0,2 m/rom) — n. YrarynoBo Ha p. Kacmapka; n. Hwkauit
Capabunb Ha p. bonbwmas Cypenb; . Crapsle Kuemiku, c. Mpa Ha p. benas;
c. Urnuno Ha p. benekec;

- cmabas (< 0,1 m/rox) — c. IOnnb (0,1 M) Ha p. ba3za; c. bakassr (0,0 m),
n.Ilenbko3aBopga (0,1 m) Ha p. Cronb, r. Crepauramak(0,1 M) Ha p. Crepans;
c. Taznaposo (0,1 m), 1. Crapomewieposo (0,0 m), 1. HoBememeposo (0,1 m) Ha
p. Aii; r. bupck (0,1 m), n. Measkomounar (0,0 m) Ha p. benas.

B Tabnuue 2 npuBefeHbI JaHHBIE O CKOPOCTH pa3MbIBa PEYHBIX OEPETOB,
13 KOTOPBIX CJEAYET, YTO CKOPOCTb pa3MbIBa PEYHbIX OEperoB Mo BCEN
teppuropnn PecnyOnukn bamkoproctan B ocHoBHOM citabas (0,0-0,1 m/rop), HO
€CTh YYaCTKM C BBICOKOM CKOPOCTBIO pa3MbIBa peuHbIx Oeperos (>0,3 m/ropn),
3TO JI. Y TAryaoBo u c. CenTsaKkoBo.

Tabmuma 2
CkopocTb pa3MbliBa pe4yHbIX OeperoB Ha yyactkax Pb
YyacTok Peka AKTHBHOCTb TIpoliecca, M/Tofl
c. fOHHbI p. baza 0,0
c. bakanbl p- Cronb 0,1
C. Y3yHJIapOBO p- UH3ep 0,0-0,1
r. Crepnuramak p. Crepas 0,0-0,1
c. Upa p- benas 0,1-0,2
NI. YTSryJaoBo p- Kacmapka 0,5
r. bupck p. benas 0,1
1. HoBomereposo p- Al 0,0
1. CrapomeliepoBo p- Al 0,1
c. Huxeropopka p- Hema 0,0-0,1
1. YeObIKOBO p- lagwr 0,0-0,1
c. CenTIKOBO p. Kura3sbi 0,1-0,6
c. Urnuno p- benekec 0,0-0,2
r. Cubaii p- Y3siK 0,0-0,1
r. Yda (JIeHuHCKMil pailoH) p. Cyxas 0,1

DPpO3UOHHBIE MPOLECCHI, B OOJBbIIEH YacTH, PACIPOCTPAHEHbI B CEBEPO-
BOCTOYHOM 4acth PecnyOnmumkm bBamkoprocTan, TaM OHM OXBAaTBIBAIOT Oouee
IIOJIOBUHbI [TPUPOAHO-CENILCKOXO3AMCTBEHHON 30Hbl Y MMEEIOT pa3HbIE CTENEHU
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9PO3MOHHOCTU. MeHblIasi yaCTh 3p03Mil HAOMIOJAETCs HA Iore pecnyOIMKU, TEM
HE MEHEEe, OHM TaKXe WMEIOT CcJladble, CWJIbHBbIE W CPEJHHUE CTENECHU
3pO3MOHHOCTHU. [ln01agp 3pO3MOHHBIX MOYB MO PECHyOJIMKE COCTAaBIsET 5,6
MJIH. ra. B o0umem, bamkupust 3a cyeT CBOEro pacoyioXKEHUsI U CBOEro KJIMMATa,
SBJISIETCA OTJIMYHBIM MECTOM JJIsi 0Opa30BaHUs U PACIIPOCTPAHEHNS 3PO3MOHHBIX
POLIECCOB, 4yTO 00yCJIaBIMBAET HEOOXOJIMMOCTh pa3paboTKn
NPOTUBO3PO3MOHHBIX MEPONIPUATH.
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NCITOJb30BAHNE BUKOHNYECKUX I'MAPOLIMKJ/IOHOB
IS OYUCTKHU CTOKOB ABTOMOEK

B crarbe nmpepnaraeTcss COBEPLUIEHHO HOBasg  KOHCTPYKUMS — TMAPOUMKIIOHA
NO3BOJISIIOLIAST  TMOBBICUTH ~ KayeCTBO  OYMCTKM, MNPOU3BOUTENLHOCTbL,  OOJajarouas
3HAYUTEJILHO MEHBIIMMM 3aTpaTaMyM Ha OYUCTKY MO CPAaBHEHUIO C CYLIECTBYIOLMMU
aHaJIoramu.

KroueBble cjoBa: OUYMCTKA CTOYHBIX SKUAKOCTEH, CTAaHIUM MONKU aBTOMOOMIIEN,
TUPOLIMKJIIOHBI.

B coBpeMeHHOM MUpe BONPOCY OYMCTKU CTOYHBIX BOJ YAEJSIIOT OOJIBLIOE
3HAYEHUE, TaK KaK OYMILEHHYIO BOAY NPUMEHSIIOT B OBITOBBIX, XO3SMICTBEHHBIX
LEJSAX U HA MHOTMX IPOM3BOJICTBEHHBIX MPEANPUSATHSIX .

CywecTByeT MHOro CnocoOOB OYMCTKM >KMAKOCTH, CPEAM KOTOPBIX,
OYMCTKA >KUJKOCTHU C TOMOILBIO TUIPOLMKIIOHA (puc. 1).

['mppoumKiIoOH mnpeacTaBiasieT CcOOOM  anmapar, MpeHa3HAYEHHbIA I
CTYLICHHS LIJAMOB M TMPOAYKTOB uioTaumu. ['MAPOUMKIOH TpavLMOHHO
COCTOMT W3 UMJIMHAPUYECKONM M KOHMYECKOW yvacTtei. B mpouecce ouymcTku
JIEVICTBYIOT JIBE OCHOBHBIE CHWJIbI: LUEHTPOOEKHAs CUJjla M CWJIa TSDKECTH. B
3aBUCHMOCTM OT pa3Mepa TMAPOLMKJIOHA W [IaBJIEHWS HA BXOJI€, OH CIIOCOOEH
OYMILATh KUJKOCTb OT TBEP/ABIX YACTHUL, B IIMPOKOM JMANAa30HE KPYMHOCTU
BIUIOTH IO 5 MUKPOH.
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Puc. 1. Cxema TpaluMOHHOTO T'MAPOLIUIIOHA.

[IpumeHeHne TUAPOLMKIOHOB Ha aBTOMOMKAX OOBIACHIETCA MAJIbIMU
rabapuTamMy, BbICOKON TNPOM3BOJAUTENBHOCTBIO W HU3KMMHU OSHEPro3aTpaTaMu.
OpHako, CylecTBYOLAsl KOHCTPYKIMS UMEET PSifi CYILIECTBEHHBIX HEOCTATKOB,
a MMEHHO, €CJIM CIPOEUMPOBATH CUJIbI TSKECTH W CWIIbI MHEPUMM HA CTEHKY
KOHMYECKON YaCTH, OKA3bIBAETCS, YTO OHM HAIPaBJIEHbI HABCTPEUy JPYT APYry,

9TO NPCIITCTBYET NPOJABUKEHUIO TBEPABLIX YACTUI] K BBIXOJJHOMY OTBCPCTHUIO.
z
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Puc. 2. PacnipepieneHue cui B rujIpOLMKIIOHE .

[ns ycTpaHeHWsl JTaHHOrO HEIOCTaTKa MpeIaraeTcsd KOHCTPYKLMS, B
KOTOpO# TPAAMLMOHHO CY>KAIOLIAsICsl KOHMYECKas 4acTh 3aMEHEeHa, Ha00OopoT,
PaCILIMPSIIOLIENCS YaCThIO, YTO MO3BOJIMT UCIOJb30BATh LEHTPOOEXKHbIE CUJIbI HE
BO Bp€/]l, Kak B CYILECTBYIOLIMX T'MIPOLMKIIOHAX, & C MOJIE3HbIM BO3/IEICTBAEM Ha
BbIBOJIMMbIE YaCTHULbI.
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Puc. 3. PacnipenieneHue cuin B OMKOHUYECKOM TU/IPOLUKIIOHE .

[loaToMy Jysi yBEIMYEHUSI CTENEHW OUYMCTKM JKUJKOCTEN MNPEMJIaracTcs
VCIIOJIB30BaTh OMKOHWYECKUI TAIPOLMKIIOH.

Y CTpPOCTBO COCTOUT U3 ABYX KOHMYECKUX PACIIMPSIIOIIMAXCA KOPIYCOB U,
MMEIOIIMX OOILYI0 OCh U OOpaIEHHBIX APYr K APYrY CUMMETPUYHO LIMPOKUMU
OCHOBAHUSIMU C 0Opa30BaHMEM KAHAJIA [IJIs1 BBIBOJIA B3BECU U3 TM/IPOLIMKIIOHA.

-

Puc. 4. Bukonuyeckuil rufJpOLUKIIOH.

[IuTanue rupOUMKIIOHA OCYLWECTBISIETCS CaeayommmM oopa3omM. K y3koii
YaCTU KOPIyCa TAHTCHLUAIBHO MPUCOEIMHEHBI MUTAIOLIME NATPYOKU KPYIJIOro
WJIU TIPSIMOYTOJILHOTO CEYEHUS.

OpurvuHanbHbIM  KOHCTPYKTHBHBIM 3JIEMEHTOM, B [AHHOW MOJIEIH,
SIBJISIETCSI CUCTEeMa OTBOJIa OCAJIKOB.

[Ipouecc OYMCTKM NPOMCXOAMT ciaeayromuMm oOpasoMm. Oumimaemas
>KUJIKOCTh IOCTYNAET B TMIPOUMKIIOH Yepe3 BXOAHble naTpyoku (1), npuoOperas
KPYrOBO€ [IBUXKEHWE JIBUXKETCS B UEHTP T'UAPOLMKIIOHA, [JIe OCBETJIEHHAs
>KUJIKOCTb OTBOJIUTCS C MOMOLIBIO OTBOAHBIX MATPYOKOB (2), a 3arpsi3HCHHbIE
YACTULBI YIAISAIOTCS C MOMOILBIO CIMpAIe00pa3Horo KaHana (4).
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Inst  yCKOpeHMsi TPOJBIKEHUS  OTJAENSIEMbIX 4YacTUL, K  BBIXOLY
NpeIaraeTcsl yCTpamBaTb BXO[JHOW MAaTPyOOK HE HOPMAjJbHO K OCH
TMAPOUMKIIOHA, A MOJ] HEKOTOPBIM YIJIOM (.

a= arctg% (1)

e & — BBICOTA BXOIHOTO MaTpyOKa,

¥ — paiiyC KPbILIKA KOpIyca.

[IpenyiokeHHble W3MEHEHHWs] KOHCTPYKUMU THUAPOLUMKIIOHA TO3BOJISIT
MOBBICUTH €r0 MPOU3BOJUTEIBHOCTD U KAYECTBO OUYHUCTKH.
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BUOKOHBEPCHUA OPTAHUYECKHUX BEIIECTB
CTOYHbLIX BOJ B JIEKTPUYECTBO C IOMOIIbLIO
MUKPOBHbBIX TOIIJIMBHBIX 9JIEMEHTOB

CtouHble BOfbI, COfIEp3KAllME OPraHMYECKUe BELECTBA — MOTEHUUAIbHbIE OOBEKTbI
nepepadoTKu, U3 KOTOPbIX MOXKHO MOJIy4aTh OUO3HEPIUI0 U OMOXUMUKATBI. OUMCTKA CTOYHBIX
BOJ| C TMOMOIIbIO MUKPOOHBIX TOMIMBHbIX 3jemMeHToB (MTDJ) sBnseTcss opHOW U3
OMOJIOTMYECKUX CTpaTeruii 00pabOTKM MPOMBILUIEHHBIX U CEbCKOXO3SIMCTBEHHBIX CTOYHbIX
BOJI. B pabGoTe mokaszaH anroputMm onTUMU3ALUKA OUOINEKTPOXUMUYECKUX CUCTEM 3JIEKTPOJ —
cyocTpar — 6akTepualbHble KJETKM JjIsl pa3pab0TKU TEXHOJIOTMUA OMOKOHBEPCUU CTOUYHBIX
BOJI, COIEp>XKAlUX OPraHUYECKHUE BELIECTBA, B IJEKTPOSHEPTUIO C MOMOLILIO MUKPOOHBIX
TOIJIMBHBIX 3JIEMEHTOB.

KntoueBbie coBa: MHUKPOOHbIE TOIUIMBHBIE 3JIEMEHTbI, KOHBEPCUS CTOYHBIXBOJI B
OMO3HEPrUI0, MUKPOOHbBIE 3JIEKTPOXUMUUYECKUE TEXHOJIOTUU.
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CokpaleHue 3aBUCHMOCTM OT KCKOMAeMOro TOIUIMBA WM CHUXKEHUE
3arpsi3HEHUN — 3TO OCHOBHBIE TEHJICHLIMY, 3aCTABJISIIOIIME YEJIOBEYECTBO UCKATh
HOBbIE UCTOYHMKM 3Heprun. OO6padOoTKa CTOYHBIX BOJ — 00/IACTh, B KOTOPOH JIBE
3TU LEJIM MOTYT ObITh COBMEILICHBI.

[IpoMbIITIEHHBIE CTOYHBIE BOfbI, HANPUMEP, OT OTPACIEH MHUILEBOW
NPOMBILIEHHOCTA W NMMABOBAPEHHBIX 3aBOJIOB, CEBLCKOXO3SMCTBEHHbIE CTOYHBIE
BO/IbI OT J>KMBOTHOBOAYECKMX (PEPM SBISIFOTCI WACAIBHBIM CBIPbEM  JIJIsI
O0MO00pabOTKM, TNOCKOJBKY OHM  COAEP>XKAT BBbICOKME YPOBHM  JIETKO
IErpaJUpyeMOro OpraHMYecKoro Matepuajia, YTO NPUBOAUT K 3KOHOMUYECKOW
BBITOJIE JJA>Ke KOorja TpeOyeTcsl MofiorpeBanue Xujakoctu. Kpome Toro, onn yxe
UMEIOT BBICOKOE COJIEp>KaHWe BOfbl, UYTO WCKJIOYAET HEOOXOIUMOCTh €€
noOasneHus. Takne CTOYHbIE BOJIbI — MOTEHUMAIbHbIE 00BEKTHI EPePadOTKU, U3
KOTOPbIX MOXHO TNOJIy4yaTb OMO3HEPIMI0 U OMOXMMUKAThI. BoccTaHoBieHUE
3HEpPruM W UEHHbIX MPOAYKTOB MOIJO0 Obl YAaCTUYHO CKOMIIEHCUPOBATH
CTOMMOCTb OOpabOTKM CTOYHBIX BOJ, M HECKOJBKO YMEHBIIUTH Hally
3aBUCUMOCTb OT UCKOIMAEMOr'0 TOIJIMBA.

EcTbh HECKOJNIBKO OMOJIOTMYECKMX CTpaTeruii 0OpabOTKU MPOMBIIIEHHBIX
U CEJIbCKOXO035MCTBEHHBLIX CTOYHBIX BOJ [1, 2]:

1) MUKpOOHBIE TONJIMBHBIE 3J1eMeHThbl (MTD);

2) METaHOT€HHOE aHa’POOHOE (pepMEHTATUBHOE paCUIEIIIEHUE;
3) OuoJoruyeckoe Npou3BojCTBO BOJOPO/IA;

4) depMeHTauus 15l MOy YEHUs] HEHHbIX MPOAYKTOB.

Tpu W3 mnpefcTaBleHHbIX BbIIE CTpaTeruii OOpadOTKU CTOYHBIX BOJ
NPUBOMSAT K BbIPpAaOOTKE OMO3HEPruu (JEKTPUYECTBO, METAH, BOJOPOJ), a
4yeTBEpPTas — K PepMEHTATUBHOMY MOJYy4YEHUIO OMOXVUMUKATOB.

Lenbto faHHON palOOThI SBISIETCS MOJIEIMPOBAHUE NPOLECCA OYUCTKHU
CTOYHBIX BOJI C TMOMOIIBIO MEIMATOPHBIX U O€3MEIUAaTOPHBIX MUKPOOHBIX
TOIUIMBHBIX 2JIEMEHTOB, a TakxXe OleHKa 3(P(eKTUBHOCTH MHUKPOOPraHU3MOB,
UCHOJIb3YEMBIX B KayecTBe OorokaTanu3aTopa B npouecce
OMO3JIEKTPOXUMUAYECKOTO OKHUCJIEHUS] PA3JIMYHbIX MOJIENIbHBIX CYOCTpaTOB B
HENTpaJbHBIX Cpeflax.

MuKpoOHbIE TOMJIMBHBIE 3JIEMEHTHI TPEACTABISIOT COOON YCTPOWCTBA,
KOTOpbIE KCMOJB3YIOT OMPEAEIEHHOIO TUNAa MUKPOOPraHM3Mbl B KayeCTBE
KaTaau3aTopoB JJIsl reHepauuu ajiektpudectsa [3, 4]. MukpoopraHusmbl s
BbIPAOOTKU 3JIEKTPOIHEPIMU MOTYT UCMOJB30BATLCS B YEThIpEX Tunax MT3 [3].

I. B MUKPOOHBIX TOIUIMBHBIX 3JIEMEHTAX KOCBEHHOI'O JECHCTBUS
MUKPOOHBII OGMOPEAKTOP OTAEIEH OT COOCTBEHHO TOIJIMBHOT'O 3JIEMEHTA.

2. B MUKpOOHBIX TOIUIMBHBIX 3JIEMEHTaX MPSMOro JEWCTBUS TMPOLECC
MUKPOOMOJIOTMYECKON (DEPMEHTALIMUA MPOTEKAET HEMOCPEACTBEHHO B AHOJIHOM
OTCEKE TOIUIMBHOIO 3JIEMEHTA.

3. MenuaTopHble MUKPOOHBIE TOIUIMBHBIE 3JIEMEHThI TAKXKE OTHOCSTCS K
MUKPOOHBIM TOIJIMBHBIM 3JIEMEHTaM MPSIMOro JeucTBus. B HUX MeauaTopbl
3JIEKTPOHHOIO  MEPEeHOCa  MEPEHOCAT  NEKTPOHbl  MEXAY  MUKPOOHOK
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OMOKATATIMTUYECKON CHUCTEMOM U INEKTPOAOM. MoJeKyabl  MeMaTopa
NPUHUMMAIOT O3JIEKTPOHBI OT LENA OMOJIOTMYECKOrO0 TEPEHOCA 3NIEKTPOHOB
MUKPOOPraHM3MOB 1 IEPEHOCAT UX K aHOAY OMOTOIIJIMBHOT'O 3JIEMEHTA.

4. B  0e3MegMaTOpHbIX  MHUKPOOHBIX  TOIUIMBHBIX  3JIEMEHTAX
METAJIOBOCCTAHABIIMBAIOIIME OaKTEpUM HANPSMYIO OOECIEYMBAIOT padoTy
MUKPOOHOT'O TOINIMBHOT'O 3JIEMEHTA.

OpHuM M3 BaKHEWIIMX TOCTOMHCTB OMOTOIUJIMBHBIX 3JIEMEHTOB SIBJISIETCS
TO, YTO OHHU TPEACTABISIOT COOOM SKOJOTMYECKM YUCThIE WCTOYHUKU
aneKTpuueckoil sHepruu. OHUM pabOTaOT B YMEPEHHbIX YCJIOBUSIX — MpU
TeMIIepaType U JaBJIECHUM OKPYKAIOLLEN CPeJIbI.

MacconepeHoc UrpaeT BaxKHYIO POJib B 3JIEKTPOXUMUYECKUX peakuusx. B
(bepMEHTATUBHOM  3JIEKTpOKaTaiu3e MpoOsieMbl  MaccolepeHoca  Havyaiu
NpUBJIEKATh BHUMAHWE MCCJeoBaTeNel B CBSI3M C W3YYEHHEM KHUHETUKU
necTBUsl (pepMEHTOB U MUKPOOPTaHU3MOB B 3JIEKTPOXUMUYECKUX CUCTEMAX.

['eTeporennbie nMpeBpanieHrsl Ha TpaHuUe pasfieda ¢a3 (YJaCTHBIM CIIydYaeM
KOTOPBIX SIBJISIFOTCSI OMO3JIEKTPOXUMUYECKUE PEAKLIMU) COCTOSIT U3 HECKOJIbKUX
MOCJIeJOBATENLHBIX CTAUI, CPEI KOTOPbIX 0053aTEJIbHBIMU SIBJISIFOTCS: IEPEHOC
pearupyrommx BeUEeCTB K MeCTy peakuuu, COOCTBEHHO TIe€TEepOreHHOro
npeBpallieHusi, 1 OTBOJ| MPOJYKTOB PeaklUu OT PEeaKUUOHHON MoBepxHocTu. B
MUKPOOHOM 3JIEKTPOKATAIM3€e TaKasi CXemMa CYIIECTBEHHO YCIJIOXHSETCS, TaK KaK
OCHOBHOI MpoOsieMON $IBJISIETCS BbIBOJl 3apsijla U3 KJETKUM W J[0CTaBKa €ro K
MNOBEPXHOCTH 3JIEKTPOJIA.

OnTumuzanys TEXHOJOTMM  OMOKOHBEPCUM  OpPraHUYECKUMX  CTOKOB
OMpeJieIIeTCsl, TMPEeXJe BCEro, MNPUPOJON MIErpaupyeMOro OpraHu4yeckoro
BEILIECTBA, noj KOTOpOe nofoOupaeTcs COOTBETCTBYIOLIAS
OMO3JIEKTPOXUMUYECKASI CUCTEMA, KOTOpasi, B CBOKO OYepe/ib, ONTUMU3UPYETCS
N0 COCTaBy MHKPOOPraHU3MOB, TMPUPOE€ MEAMATOPOB U  MaTepuajiam
31eKTpofioB. IMEHHO 3TOT aJlrOPUTM UCTIOJBL3YETCSl U IPU CO3[JaHUM MUKPOOHBIX
TOIUIMBHBIX 3JIEMEHTOB.

B pa6ore [5] Hamu ObUIO MOKa3aHO, YTO TPU OKMUCJIEHWM TJIFOKO3bI C
noMoulp Kietok Escherichia coli B TPUCYTCTBUU PEIOKC-MEUATOPOB
METUJIEHOBOTO CHUHEr0, HEWTPAJBHOIO KPAaCHOTO M TaJUIOLMAaHWHA Haubouee
3(pPEeKTUBHBIMA MEAUATOPAMU B OMO3JIEKTPOXUMUYECKOW CHUCTEME TJIOKO3a —
menuatop - Escherichia coli SBISIOTCS METWUJIEHOBbI CUHUI W TAJJIOLMAHUH.
[Ipy 2TOM YCTaHOBJIEHO, YTO MPOLECC OKHUCJEHUSI METUJIEHOBOIO CHHErO Ha
OMOaHOJiE NPOTEKAET B PEXUME CMELAHHOro UM dy3MOHHO-KUHETUYECKOTO
KOHTPOJISI, a MPOLECC OKUCJICHUS TAUIOLUMAHMHA — B pexkume Jud@y3uOHHOM
KUHETUKH.

CpaBHUTENIBHOE U3YyUYEHHE OMO3IEKTPOXUMHUYECKOTO OKUCIIEHUS TITFOKO3bI
B HENTPAJbHBIX Cpefax C MOMOILIBID MUKPOOPraHu3moB Escherichia coli m
Enterobacter cloacae B TpUCYyTCTBUM  MeauaTOpa METUJIEHOBOTO CHUHErO
MOKa3aja0, 4YTO 3JEKTPOXMMHUYECKAs peakuusi BOCCTAHOBIICHUS METUJIEHOBOIO
cuHero u3 kiietok Escherichia coli w Enterobacter cloacae NpoTeKaeT B pesKUMe
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md@Py3MOHHOM  KMHETMKM.  3HaueHuss  KoapduuuentoB  muddysmm
METUJIEHOBOI'O CMHETO Y€pe3 KIIETOUYHbIE MEMOpaHbI PUBE/IEHBI B Ta0auue 1.

Taomuna 1
Kietkn D, 107, cm/c
Escherichia coli 4.51+0.24
Enterobacter cloacae 1.26+0.38

M3 mnonyyeHHbIX [AaHHBIX BUJHO, 4YTO 3HA4YeHHUd KO3(P(PULMEHTOB
mdPy3um METUIIEHOBOTO CHUHETO B NPEACTABJIEHHBIX SKCHNEPUMEHTAX 3aBHUCST
OT NpUpOfbl OaKTEpUAJbHOW CYCNIEH3MM, MCIOJb3yEMOW B  KAayeCTBE
KaTaJIM3aTopa MPOLECCA OKUCIIEHUS TIIFOKO3bl. DTO CBUJETEIBCTBYET O TOM, YTO
Mbl HaOmopaeM BHYTpUIM((PY3MOHHBI KOHTPOJIb, T. €. JIMMUTUPYIOLIEN
CTaMell SBJISIETCS NEPEHOC MeauaTopa 4Yepe3 HapyXXHyK  MeMOpaHy
OaKkTepUAIIbHON KJIETKM. 3HaueHrne Koapduuumenta aud@ys3unm METUIEHOBOIO
CUHET0 B CBOOOIHOM 00beme pactBopa cocrtasnseT (1.3+0.1)-10 cm/c [6].

B KkauecTBE MHMKpPOOPraHuM3MOB, CIIOCOOHBIX K TMPSIMOMY TIEPEHOCY
3JIEKTPOHOB HA aHOJ| ucciefoBaIuch Oaktepuu Shewanella xiamenensis. B
KayecTBe CyOCTparoB ObuM BbIOpaHbl PACTBOPbI TJIIOKO3bl, Caxapo3bl W
JIMMOHHOW KUCJIOTBI, KaK MOJIEJIA CTOYHBIX BOJ OT MMILEBOW NPOMBILIIEHHOCTH.

B Ta0mMLe 2 [IPUBE/ICHBI pe3ynbTaThl VHTETPUPOBAHUSA
NOTEHIMOCTATUYECKNX KPUBBIX aHOJIHOTO OKUCJIEHWS PA3JIMYHbIX CyOCTpaTOB Ha
BpALAIOLEMCS JIMCKOBOM 3JIEKTPOfIE B Pab0YeM dJIEKTPOJIUTE, COAECPXKALEM
1-10* Monw/n cybcTpaTta U 5 Mr BiI. Beca/Mi KIEeTOK Shewanella xiamenensis
(w=1000 o06/c; E= +0.400 B) c memuaTtopoM METWJIEHOBbIM CHHUM U O€3
MenaTopa.

Tabmuna 2
Q, MKn/cme
Cyocrpar Bbe3 meguaTtopa C menmaTopom
JInMoHHas Kuciora 0,88+0,04 1,03+0,041
I'mroko3a 1,88+0,08 2000+0,08
Caxapo3sa 2,53+0,10 2400+0,10

W3 nosy4eHHbIX TaHHBIX BUJIHO, YTO BBEJICHUME MEAMATOpAa HE BIMSET Ha
XapakTep AHOAHOIO TpOoUecCa, KaTaIn3upyeMoro kietkamu Shewanella
xiamenensis, T.€. B JAHHOM Clly4ae MMEET MECTO MpsiMas Nepefiada 3JIEKTPOHOB
OT KJIETOK Ha 3JIEKTPONI.

CpaBHUTENBHBI KMHETUYECKUI aHAIM3 MOKa3all, YTo KieTku Shewanella
xiamenensis SIBISIIOTCA MeHee 3(P(PEKTUBHBIM OMOJIOTMYECKUM KaTaau3aTOPOM
npouecca OKHUCJIEHH TIIFOKO3bI 0 CPAaBHEHUIO C MUKPOOpraHu3smMoM Escherichia
coli Ha MeIUaTOPHOM aHoJIE.

[Ipy pemieHuM nNpakTUYECKUX 3afad Uil MOBbILEHUS 3(P(PEKTUBHOCTH
OYMCTKM CTOKOB OT OPraHMYeCKMX BEIECTB HEoO0Xoiuma ONTUMU3ALMS
OMO3IEKTPOXUMUYECKON CUCTEMbI MO KOHLEHTpalUuy OaKTepuasbHbIX KIIETOK
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Shewanella xiamenensis, TMOO HY>KHO BECTH MOMCK HOBBIX KJIETOK, B TOM YMUCJIE
U IPYTHX KJIETOK pofa Shewanella.
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A.B. Kocapes, [I.10. AnymeBa

CapaToBCcKMii rOCYJApCTBEHHBIN TEXHUYECKNAN YHUBEPCUTET
umenu ['arapuna 10.A.

YCOBEPHLIEHCTBOBAHUE CUCTEMbI XPAHEHUA
HN3KO- U CPEJHEAKTUBHbBIX KUAKHUX PAO

Hamu npepmaracrTca  Moae/ib  CUCTEMbI KOHTGﬁHGpHOFO XpaHEHUdA  HU3KO- U
cpeaHeakTUBHBIX Xkuakux PAO. npeacTasnstoasi coooil Nog3eMHbIN pe3epByap C MOJOCTbIO
MEX/ly CTEHKaMH, 3allOJIHEHHbIMU 3KPAHUPYIOLIMM BEILECTBOM (OOpHasi KUCJIOTa), BHYTpU
KOTOPOrO MOMELLIEHbI KalCyJibl, U3rOTOBIICHHbIE U3 KEJIe300€TOHA, COiep>XKallie CBUHLOBbIE
KOHTENHEPbI C KOHLIEHTPUPOBAHHBIM PaJIMOAKTUBHBIM OTXO0/10M. CBEPXY BbIBOJ] KOHTEHEPHOM
CUCTEMBI 3aKpbIT 3ariaylkoi. IIpenMyIiecTBo JaHHON CUCTEMBI B TOM, YTO OHA MO3BOJISIET
HOI[GI/IpaTb 9KpaHUpYyromee BEECTBO B 3aBUCUMOCTU OT OpUPOAbI W aAKTHUBHOCTHU
PAAUOAKTUBHOI'O OTXO[d, a TaKXE BAPbUPOBATH KOHUCHTPAUWIO BCHICCTBA-IIOTJIOTUTETISI B
CJlyyae ero NpMMeHEHMs B BUJIE pacTBOpA.

KoueBbie cnosa: PaAUOAKTUBHBLIC OTXOMbI, KOHTeﬁﬁep, XpaHECHUEC, MAaTEMATUYICCKast
MOJIENb
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B Hacrosiee Bpemsi BO3pacTaeT akKTyaJIbHOCTb CUCTEMbI CKJIAIMPOBAHUS
U nepepabOTKM HU3KO- M CPEAHEAKTHUBHBIX KUAKUX PAO. D10 cBsizaHO ¢
(pyHKIUMOHUPOBAHUEM CHUCTEMBI ATOMHOW SHEPreTUKM, a TaKXKe TPaHCIOpPTa U
npombIlUIeHHbIX cucteM. K PAQO npOoMBIIIIEHHBIE OTXOfbI, COJAEpKalUe
PaIMOAKTUBHBbIE  HYKJWJbl  TEXHOTEHHOIO  MPOUCXOXJIECHUS, TO  €CTb
00pa30BaHHbIE B PE3yJbTATE AEATEIBLHOCTUA MPEANPUSTAIA OOOPOHHOTO U MHOTO
BUJIA ATOMHOWM NMPOMBILUIEHHOCTH, NPEJNPUSTUAN SIIEPHOTO TOIUIMBHOTO LMKJIA,
ATOMHBIX 3JIEKTPOCTAHUMI, NPU 3IKCIUTyaTallud CYAOB aTOMHOro ¢uorta, npu
MPOU3BOJICTBE U WCMOJIb30BAHUM PAAMOUZOTONHON NPOAYKLMU, a TakXKe IMpU
PalMALOHHBIX aBapUsX.

B Hacrosiiliee BpeMsi CylIeCTBYET IIMPOKUI CIIEKTP CUCTEM JIJIsl XPAHEHUS
PAO. Ux kparkasi xapakTepuUCTUKa NPUBEJICHA B TAOMILIE.

Ta6numa
Bup orxopa Cnoco6 IHocTouHcTBa HepocraTku
yTUIN3auun
TpancmyTauus Hexkoropsle oTienbHbie HccnenoBanus u
OTtxoppl ¢ KJ1acChl PAJIMOHYKIIN/IOB pa3BuTusi TpedyeT
HU3KUM U MOTYT ObITh IOBTOPHO KPYIHbBIX BJIOXKEHWIA;
CpeHEM WCTOJIb30BaHbI; BHepgpenue koHuenuuu
YPOBHEM ["apantupyer paszienieHus u
pagroaKTUB- JIOJITOCPOYHYIO O€30MAaCHOCTh | TPAHCMYTALMK 3aiiMET
HOCTH. Ha J10JITU€ TOfibl. JECATKU JIET, HO TaK U HE
CIPABUTCS C
OKOHYATEJIbHOI
nepepadotkoit OAT.
OxkoHyaTesbHOe CyuwecTByeT BO3MOXHOCTL | Her rapanTuii, uro
3aXOpOHEHUE JI0JITOCPOYHOTO Oapbepbl OyayT
MIPOTHO3UPOBAHUSI COCTOSIHUS | (PYHKLIMOHUPOBATh
PAO; nouro (OguH MUJITIMOH
Baaropapst 6apbepHbIM JIET) Y HAJIE>KHO;
cucremam PAO o6yayT byper orpannuena
M30JIMPOBaHbI OT OKpYXKaroulel cgepa 1esaTeJbHOCTH
Cpefibl U YENIOBEKa; NOCJIEYFOLLMX
I'eonornyeckue Gapbepbl NIOKOJICHU];
OynyT obOecneunBaThb
0€30MaCHOCTb XPAaHUJIULLL JIaKe]
B CJIyyae yTe4yku MH(opmalumumn
0 HUX;
BepositHOCTB
NPOU3BOJICTBEHHbBIX
NPOMCILECTBUIA U BbIOpOCa
pagvany 3HAYUTETBHO
CHI>KAETCS 3a CUET
re0JIOTMUYECKUX CIIOEB;
Huskoe Bo3aenicTBue
BHEIIHUX (pak-B (TEppOpU3M,
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3eMJICTPSICEHUS)

3axopoHeHue B

PaﬂﬂoaKTﬂBHbﬁioTXOﬂbl

Heunb3s rapantupoBsatb

OTHOCUTENBHO MPOCTOE
HaOII0/IeHHUE 32 OTXOJAMU.

riyO00KHUX PacnosioXeHbl JaNeKo OT NpaBUJIbHOE
re0JIOTMYECKUX | OKpY>Karolley cpefibl, cTabuIIbHOE
popmanumsax 3aJieras riyooKo B Hefipax (pyHKUMOHMpPOBaHUE
3eMIIN; 06apbepoB B TEUYEHUE
Bce oTxopbl HU3KOro 1 TpeOyeMOro BpEMEHH.
CPEJIHETO YPOBHEN
PaOaKTUBHOCTH
COOTBETCTBYIOT TPEOOBaHUS
TaKOro BUJja 3aXOPOHEHMUS;
[IpunosepxHocT Bbnaropaps copepzkanuto B cnyyae Hapyuienus
HOE KOPOTKOXKUBYLIUX XPpaHUJIULLA
3aXOpOHEHNE PaMOHYKJIM/IOB yXK€E Yyepe3 PaMOHYKJIU/IbI
PAO HECKOJIbKO CTOJIETUI OyJIeT OecnpensiTCTBEHHO
rapaHTMpOBaHa nonajyT B
JIOJITOCPOYHAst 6€30MACHOCTD; | NMOBEPXHOCTHBIE BOJIbI;
[TpunosBepxHocTHOE OnacHocTb
3aXOpOHEeHUe OoJiee HapylUEHUs 13-3a
JIOCTYIIHO; BO3MOXKHBIX

3eMJIETPSICEHUI WU
CEPBbE3HOr0 BHEILIHETO
BO3JICUCTBUSI,
3aXOpOHEHUIO MOTYT
OBITb MOJIBEPTHY ThI
TOJILKO OTXOJIbI,
cojepxartuye
KOPOTKOKUBYILIYE
PAAUOHYKJIU]IBI.

Hamn npepstaraetcst MOfIesIb CUCTEMbBI KOHTEMHEPHOTO XPAHEHUSI HU3KO- U
cpenHeakTuBHbIX Xuakux PAQO (puc.), mpepacTtaBisiomas coOO¥ MOA3EMHbIN
pe3epByap € MOJIOCTBIO MEXJy CTEHKAMM, 3alOJIHEHHBIMU SKPaHUPYIOLUM
BELIECTBOM (OOpHAasi KHUCJIOTAa), BHYTPUM KOTOPOrO TOMELIECHbI KarcyJbl,
U3FOTOBJIEHHBIE M3 KEJE300€TOHA, COMEpP KAIIME CBUHIIOBBIE KOHTEMHEPBI C
KOHLUEHTPUPOBAHHBIM PAIMOAKTUBHBIM OTXOAOM. CBEPXY BBIBOJ KOHTEHHEPHOMN
CUCTEMBI 3aKPbIT 3arJIyLIKON.

[TpenMy11eCTBO TaHHOW CUCTEMBbI B TOM, YTO OHA MO3BOJIIET NOAOMPATh
9KPAaHUPYIOLIEE BELIECTBO B 3aBUCHUMOCTM OT TMPUPOAbI W AKTUBHOCTH
PaJJMOAKTUBHOIO OTXO/la, a TaK>Ke BAPbUPOBATb KOHLEHTPALMIO BELIECTBA-
NOTJIOTUTEIS B Clly4ae ero NpUMEHEHUS B BUJIE PACTBOpA.
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Pucynok 1. KoHreitHep 1 XpaHeHUs] HU3KO- U CPE/IHEAKTUBHBIX >KUKUX PAO

1 - BoiTsixkHasi cuctema, 2 - pesepByap ¢ o0osoukon copepxxaiueir H.Br,,
3 - keJsie30-0eTOHHAs1 KarncyJa, 4 - CBUHUOBbIN KoHTelHep ¢ PAO, 5 — 3arnyiika

N3meHenne aKkBMBaJIEHTHOM 103kl H M3n1yYeHrs ucnyckaemMoro MCTOYHMKA,

HaXOJISIIErocsl B KOHTEMHepe, 3aBUCUT OT €ro TOJIIIMHBI CJIeYOIUM 00pa3oM
dH _ 2

E-',DH 5(1)

e p- KO3(pPULMEHT 3AUTHYIO (PYHKUUIO XPAHUPYIOLIETO MaTepralia
Yr1o6bl ycTanoButh Bujf 3aBucumoctu H(R) pemmm nudpdepennmansuoe
ypasHenue (1):

dH
2 = pdR )

WHTerpupys ypaBHeHue (2) nosyyaem:
1 1
() =R 3)

rae H, — sKBUBAJICHTHAsI 71032 B OTCYTCTBUM 3KpaHa; H — 5KBHUBAaJCHTHAs
1032 IPU HAUTMYXAU SKPaHa
[IpeoGpasoBbiBas cooTHOLICHKE (3) MONTyYaeMm:

5t =R 4
Orkyna cnegyer:
—?11 = - ;—O—pR (S
O6e yactu ypaBHeHus (5) Ha (-1) mosmyyaem:
% = ;—0 + pR (6)
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1
~H,
Kak Bugum n3 COOTHOIIEHN (6) BenmnunHa H CHMXKAETCSl C yBEJIMYEHUE
pajmyca, a BeJIMYnHa — COOTBCTCTBGHHO BO3pacTaeT (puc.2).

1
H

1

PucyHok?2. 3aBucUMOCTb BEIMUMHbBI 3KBUBAJIEHTHON 103kl H OT TomuuHb R sxpana

Kak Bugum wu3 puc (2) BemmumHa H,

BEPTHUKAIBHO TMPOMOPLMOHATILHA
BEPTUKAIILHOI OTCEYKE b T.€

11

Lol ()
a BCJIMYMHA p ONpPEeACIsICTCA 10 COOTHOCHUTIO
p =tana (8)
rae O- yroJ HakJjioHa 3aBUCUMOCTH 2 oT R

Takum oOpa3om, HaMu pa3pabOTaHAa MOJENb KOHTEHMHEpa ISl XPaHEHUS
HU3KO- U CpeHEaKTUBHbIX uakux PAQO, ocHOBaHHas Ha BapbUPOBAaHUU

3(p(PEKTUBHOCTU IKPAHUPYIOLIETO ACUCTBUS IMyTEM MOA0OPa BEIIECTBA 9KpaHa U
M3MEHEHUS €T0 KOHLEHTPALMKA B PACTBOPEHHOM COCTOSIHUA
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A.B. Komenes, E.!. Tuxomupona, O.B.ATamaHoBa

CapaToBCcKMii rOCYJAPCTBEHHBIN TEXHUYECKNAN YHUBEPCUTET
mmenu ["arapuna 10.A., Poccus

IKOJOINYHAA TEXHOJIOI'MA PEKYJJIbTUBAIINN ITIOYB
3AI'PABHEHHDLIX TEXHOI'EHHBIX TEPPUTOPUU BE3
TPAHCIIOPTUPOBKMU HA ITOJIUT'OH

B crartbe onucaH cnoco0 peKkyJbTUMBALMM TEXHOTEHHO 3arps3HEHHbIX IOYB Ha
TEPPUTOPUM OOBEKTOB HAKOIJIEHHOTIO 3KOJIOTMYECKOro yiiep0a, B YaCTHOCTH, MO YTUIU3ALUA
OMacHbIX OTXOJOB, 0€3 BbIBO3a HA [MOJWIOH. $BHOE MPEUMYILIECTBO NPEII0XKEHHOM
TEXHOJIOTUU, TOMUMO OTCYTCTBMSI TPAHCIIOPTUPOBKHU, TAKXKe 3aKJHOYAETCS B 3KOJOTMYHOCTU
Meropa. [leTokcukauusi CTPOMTENBHBIX MATEpUAOB M TPYHTA OCYIIECTBISIOT METOAOM
BbIIIEJIAYMBAHUSI B CHELMATLHOM KOTJIOBaHe. [IHO popMUpPYIOT C YKIIOHOM B CTOPOHY
KOJIJIEKTOpA C KOJIOAUEM /il cOOpa CTOYHBLIX BOJI U CUCTEMON MX AAJIbHENIIeN Mofgavyd Ha
CTAHLIMIO BOJOOYUCTKMU.

JIukBuauys 30aHUi, CTPOEHUIN WM UHBIX OOBEKTOB, MPSIMO UJIM KOCBEHHO
HEraTMBHO BIIMSIIOLIMX HA OKPYXKAIOUYK Cpefy, OCYILIECTBISETCS CTPOrO B
COOTBETCTBUU C TPEOOBAHMSAMM OXpaHbl OKpyxKarowen cpenbl. O0g3aTenbHO
NIOJKHBI TIPOBOATBHCS MEPONPUSITAS IO BOCCTAHOBJIEHUIO TPUPOJHON CpENbI,
NPUPOJHBIX  PECYpPCOB,  OOECIEYEHMIO  IKOJIOTMYECKONM  OE€30MaCHOCTH.
Hapymennble 3emMam  — 9TO  3eMiIM, YTPAaTUBIIME  TEPBOHAYAIBHYIO
XO3SIICTBEHHYI0 LEHHOCTb B CBSI3M C WX TEXHOTNCHHbIM WCMOJIb30BAHUEM W
SBJISIFOIMECS MCTOYHUKOM OTPULATEJLHOTO BO3ACMCTBUS HA OKPYXKAKOUYIO
cpeny.

PexynbTuBanms 3eMesib — 3TO KOMIUIEKC Pa0OT MO BOCCTAHOBJICHUIO
COCTaBa W CBOUCTB HAPYLIEHHOW MOYBBI, 4 TAKXKE YJIYYILICHUS OKPY>KaIOILIEn
cpenbl. Ha Tepputopun Poccuiickoit ®enepauyy peKynbTUBALMS HAPYIIEHHbBIX
3emenb BbinoJHseTcs: cornacHo 'OCT 17.5.3.04-83 [1, 2]. [lanHas nmpoueaypa
HEoOXofiMMa, B TEPBYIO OYEpENb, /I TNPUBEACHUS COJAEP>KAHUS OMACHbIX W
BBICOKOTOKCHUYHbIX BemecTB K Hopmam [IJIK B mouyBe B COOTBETCTBUU C
TUTMEHNYECKUMU HOpMmaThBaMu P®P, a Takke BOCCTAaHOBJICHUS TIOJOPOAUS
3eMedib. [1o cTeneHn onacHOCTH B CAHUTAPHO-IMUIEMUOJIOTMYECKOM OTHOLIEHUN
NMOYBbI PA3JICNISIOTCS HAa HECKOJbKO KaTErOpUM: «YHUCTas», <«JJOMyCTUMash»,
«YMEpPEeHHO oOnacHas», «OIacHasi», «4dpe3BbluaiiHO omacHas» [3, 4]. OueHka
XUMUYECKOTO 3arpsi3HEHUsI MOYBbI B COOTBETCTBUM C ITUMM KaTErOPUSIMU
npeficTaBjeHa B Ta0auue.

K.. — MakcuMasibHOe 3HayeHue JIOMYyCTUMOrO YPOBHSI COJiep>KaHUs
3JIEMEHTA 110 OTHOMY U3 YEThIPEX MOKA3aTeJIeH BPEJHOCTH.

Z.. — pacyeT MpOBOJUTCS B COOTBETCTBUU C METOJUYECKUMU YKa3aHUSIMU
110 TUTHEHNYECKOI OIIEHKE KauyeCcTBa MOYBHI [3, 4].
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Tabnuma
OueHka cTeneHr XMMUYECKOro 3arpsi3HeHust noussbl [1,2]

Copnep>kanue B MoyBe (MI/KT)
CymmapHblit
I xnacc onacHocTn II xnacc onacHocTn
Kareropust | nokasareinb
3arpsi3HEHUS | 3arpsI3HEHMSI HEOpranu
P P OpraHUYecKHe | HEOPraHMYECKue | OpraHuyecKu qeCKIE
(Zo) COEJIUHEHUST COCJIMHEHUSI | € COCUHEHUS
COEJIMHEHUST
Yperas i Ot ¢ona Ot dona Ot ¢ona Ot ¢oHa
no ITJIK no ITJIK no ITJIK no ITJIK
Ot 2 ¢oH. 3Hau. Or1lpmgo?2 Ot 2 ¢oH.
Honyctumas <16 Ot 1 o 2 ITAK 10 TIIK MK sy, 1o TIIK
YMepeHHo 16-32 ) i ) )
onacHas
Ot IIJIK mo Or2mo5 Or IIIK o
OnacHast 32-128 |0t 2 po 5 MK Kmax TIK Kmax
Hpessbruaiiio) g >5 TJIK >Kmax >5 TJIK >Kmax
-onacHast

CymMmaphblii mnokasaTtenb (Zc) XapaKTepu3yeT CTENEHb XUMHUYECKOIO
3arpsi3HEHUS] TOYB UM TPYHTOB  OOCJIEAYEMbIX TEPPUTOPUN  BPEIHBIMU
BEILECTBAMM.

CornacHo poccuiiCKOMY 3aKOHOMIATENbCTBY OTPAHMYEHHO MCIOJIb30BaTh
Ha PpEKyJIbTUBUPYEMOW TEPPUTOPUM YMEPEHHO ONACHbIE M  ONACHbBIE
3arpsiI3HEHHBIE TIOYBbI I OTCBINKMA BBIEMOK W KOTJIOBAHOB C NEPEKPBLITUEM
CJIOEM YMCTOrO IPyHTa paspelieHo [4].

OTxofpl, MOJyyaeMble BO BPEMSI YHUUYTOXKCHUSI 3aPa’KCHHBIX 3[IaHUN U
COOpPY3KEHU, OTHOCATCS K TOKCUYHBIM  OTXOflaM, HUX 3aXOPOHEHUE
MPEyCMOTPEHO HA CrieqyasbHbIX NosuroHax. [lousa kareropum «4pe3BbIYaiHO
OMacHasl» HECET BbICOKYIO 3KOJIOTMUECKYI0 YIrpo3y OKpYyKarouel cpene u
I0JIKHA ObITh BbIBE3€HA HA CIELUAIM3UPOBAHHDII MMOJIUIOH, JIMOO MOJBEPrHY ThCS
caHauuM (OYMUCTKE) C BbIICTICHUEM 3arpsi3HSIONIETO KOMIIOHEHTA Ha MeCTe.
YnaneHue ¢ TEXHOTEHHOM  TEPPUTOPUM  3HAYUTEJBHOTO  KOJMYECTBA
3arpsI3HEHHBIX MOYB OCJIOKHSIETCS IByMSI MPUYUHAMU: OTCYTCTBUEM IMOJIUTOHOB
3aXOPOHEHUSI TOKCUYHBIX MPOMOTXO/J0B B OOJILIIMHCTBE pernoHoB Poccuiickoii
denepalv ¥ BLICOKOW CTOMMOCTBIO TPAHCIIOPTUPOBKU TOKCUYHBIX OTXOJIOB.

Cnoco6 caHalMyM TEXHOTEHHbIX OOBEKTOB METOJOM BbIlEIaUMBAHUS
(MpoMBbIBaHMS, SKCTPAKUMK) 0€3 BbIBO3a OTXO/JOB HA MOJIMTOH — 3TO MU3BJICYEHUE
OT/IEJIbHBIX COCTAaBJISIIOLIUX TBEPAOrO0 MaTepuaja C HUCMOJIb30BAHUEM pac
TBOpPUTEJNSl (PUCYHOK), OCHOBAaHHOE€ Ha CIIOCOOHOCTU WM3BJIEKAEMOIO BEIIECTBA
PacTBOPATHLCS JyUlle, YeM OCTaIbHbIE KOMIIOHEHTHI [5].
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Yucmasn eooa

I'psiznan 6ooa

Hacoc Jpenasncnan mpyoa

Pucynok — CaHayyst 3arpsi3HeHHbIX TPYHTOB U CTPOUTENBHBIX MaTEpUaIoOB METOJIOM
BbILLIEC/IAYNBAHNS

[Ipennaraecmoe  M300peTeHME  MO3BOJIMT  MOJHOCTBIO — 00€33apa3vThb
CTPOMTEJIbHBIE MAaTEPHUAIIbI ¥ TPYHT NPH JIMKBUJAUUU ITOCIIEICTBUI IEATETBHOCTH
OOBEKTOB M0 XPAHEHUIO U YHUUTOXEHUIO XUMUYECKOTO OPY2KMsl, IPOU3BOJICTBY
XUMHMYECKOTO OPY>KMS M BBICOKOTOKCUYHBIX BEILECTB, a TAKXKE OCYIIECTBUTH
PEKYJILTUBALMIO NPWJIEraroLen TEPPUTOPUA 0e3 BbIBO3a Ha
CHEMANIM3UPOBAHHBIE TOJUIOHbI. Pa300op 3maHmMil M COOpPYKEeHM (BKIIIOYAst
(pyHJAMEHT) OCYLIECTBIIAETCA MEXAHMYECKM C MUHAMAJIBHBIM BbIOPOCOM MbLIN
3a CYET BOJIHOTO NbUICNOAABIEHUS. PparMeHTbl KOHCTPYKUMI M3MEIbYAOT B
CTaHJIAPTHBIX JIPOOMJIBHBIX YCTAaHOBKAX [0 KOHEYHOro pa3mepa He Oojee 20-40
MM. [losyyeHHbI HIEOEHb CKIAAUPYETCS HA IUIOLIAJKE C TUPOU30JIUPYHOLIUM
nokpeiTueM. [lpuneraromas K 371aHAIO 3apak€HHas MO4YBa W3BJIEKACTCA U
pa3sMelaeTcsl Ha 3TOW MJIOLIA/IKE .

[TonuroH no JETOKCUKAIUKA CTPOSIT HA MECTE MOJYUYEHHOTO MPU UIbSITUU
IPYHTa U CTPOUTENBHBIX KOHCTPYKUMI KOTJ0BaHE. CTEHbI BHIPABHUBAIOTCS, JIHO
3aKJ1a/IbIBAETCA C YKJIOHOM B OJIHY CTOpPOHY, ruapousonupyrorcs. [Io HuxkHen
rpaHy KOTJIOBaHa OOYCTpPaMBAKOT KOJUIEKTOp M cOOpHbIM KoJiopen. Ha mHO
POBHBIM CJIOEM YKJI[IbIBaeTCsl 1e0EHb B KayecTBE [IpeHaXka, a Bbllle —
3arpsi3HEHHBI TPYHT. Y POBEHb YJIOKEHHOIO M BBIPOBHEHHOI'O T'PYHTA JOJIXKEH
ObITh Ha 20 CM HUZKE YPOBHS OKpY>Karoien noysbl. [loBepX yJIO>KEHHOIrO rpyHTa
NOo BCEll MJOLIad COOMpaeTcsi CUCTEMa OpOLUeHUsl. PsApoM c KOTIOBaHOM
pa3MellaeTcsi BpEMEHHasl CTaHIMSI BOJOOYUCTKHU, B KOTOPOIl TOTOBUTCSI PaCTBOP
IJI  BbILEJAYMBAHWS 3arpsi3HATENE K3 TOYBbI W 1EOHs, a Takxke
OCYLIECTBIISIETCSI ~ OYWCTKA  CTOYHbIX  (MpopykToBbiX)  Bof.  IIpouecc
BbILIEIAUYMBAHNS TPOBOJST CNELMAIBLHO MOIOOPAHHBIM PACTBOPUTEJIEM MYTEM
HEMPEpPBbIBHOIO MPOJIMBA COAEPXKUMOr0 KOTJIOBaHAa, NPU 3TOM PACTBOPUTEIb C
3arpsA3HUTEIEM W MEXaHWYECKUMHU TMPUMECSMHU TMPOXOAUT MHOTOCTYNEHYATYIO
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OYMCTKY Ha CTaHOWKU BOAOIIOJATOTOBKU M IMOCJIC KOPPEKTHUPOBKH COCTaBa BHOBbL
nogacrcss Ha CUCTEMY OpOLICHUA 10 JOCTUXKCHMUS 0e30MacHOro YPOBHA
KOHUOCHTPpAUUHN 3arpA3HUTEJIAA.
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I'.B. JIo0OKoBa

CapaToBCcKuii rOCyJapCTBEHHbI TEXHUYECKUI YHUBEPCUTET UMEHU
["arapuna I0.A., Poccus

IMNPUMEHEHHME '’NCTOXUMHNYECKOI'O METOOA [IJIs
OBHAPY XEHUNS HUKEJA B TKAHAX RAPHANUS SATIVUS

N3yyeHa BO3MOXKHOCTb MUCIOJIb30BaHMsI TMCTOXMMUYECKOIO METOfA /ISl ONpe/ieIeHus
crnocoOHocTU Raphanus sativus HakaliMBaTb HUKENsSE B TKaHSAX BEreTaTMBHBIX OPraHoB.
Y CTaHOBJIEHO, YTO OCHOBHAsi Macca MeTaljla JOKAJIU3yeTCsl B pU30AEpMe, KOpe U SHI0AEepMe
KOPHS.

KnroueBble c0Ba: TMCTOXMMMYECKUI METOJl, AMTU30H, 30HA BCACbIBaHMS KOPHS,
credenb.

ExeromHo B mnpupopHble Cpefpl MOCTYNAET OrPOMHOE KOJIMYECTBO
PA3INYHBIX XUMUYECKUX BELWECTB, N3 KOTOPBIX 3HAUUTENbHAS YaCTh MPUXOANUTCS
Ha TspKenble MeTamnbl (TM), B pe3yapTare Yero BO3HHUKAKOT CEPbE3HBIE
9KOJIOTUYECKUE TMPOOJIEMBI, CBA3AaHHbIE C HAKOIUIEHWEM OIACHBIX OTXO[OB MU
3arpsi3HEHUEM TNPUPOAHOM Cpefibl. B 3TOM CBSA3M OHOM W3 Ba’KHEMIIMX 3aay
9KOJIOTUA PACTEHUIN SBJISIETCS W3YyYEHUME OTBETHOM pEakuuM MOCIEJHUX Ha
IEVICTBUE MOHOB TSIXKEJIBIX METAIIJIOB, YTO MMEET BAXKHOE 3HAUEHME B BONPOCAX
NOHMMAaHUSI MEXAHU3MOB ajianTauuy U ycronunBoctn pacrennii Kk TM. Ilo pspy
MPUYMH PACTEHUS CIOCOOHBI HAKAIUIMBAThL UX B OOBIIMX KONIMYeCcTBaX. FIMEHHO
MO3TOMY NpOoOJieMa KOMNAPTMEHTALMM METAJJIOB B PACTEHUU SBIISIETCS
ONPEAETSIOIIEH NPU W3YyYEHUM HUX TOKCUYECKOTO JEUCTBUSI M MEXAHU3MOB
ycronuuBocTu. PacteHuss HakammBairor TM B KJIETOYHBIX O0OJIOYKaxX U
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BAKYOJISIX, KPOME TOrO, CYWECTBYIOT OapbepHbIE TKAaHU, OTrPAaHWYMBAIOLIUE
nepefiBkKeHne psja Tsokeabix metawioB [1]. Iloctynasgs B KieTkd, OHuU
pearupyroT ¢ PyHKUUOHAIBHBIMU IPynnamMu OEJKOB M IPYTUX COEAVHEHWUIA, YTO
MOXKET SIBJISIThCSl OIHUM U3 ME€XaHU3MOB [IETOKCUKALIWH.

Lenb paboOThI COCTOsIAa B BBISIBJIEHUU C MOMOUIBIO TMCTOXUMUYECKOTO
METOa 30Hbl HAKOIUIEHWSI HUKEJSl B BEreTaTMBHBIX OpPraHax MNpPOPOCTKOB
Raphanus sativus.

B oskcnepuMeHTax MCHOJb30BaIM OTKAIMOpOBaHHbIE ceMeHa Raphanus
sativus copt «3apsi», KOTOpbIE Mepej] MPOBEJIECHUEM IKCIEPUMEHTOB MOMEILAIN,
mig obe33apakuBanusi, Ha 10-20 muHyT B 1%-HbII pacTBOp NepMaHraHara
KaJlisi, a 3aTeM OTMbIBAIM BOjoi. [lanee ceMeHa mpopaiyBaim B €MKOCTSIX CO
CTEPUJIM30BAHHbIM KBapLUEBbIM MECKOM MPU MOJMBE AUCTULIMPOBAHHON BOJIOW.
Yepe3 5-6 pHeir mocjie MpopacTaHusl 3[0POBbIE OIHOPOJHBIE MPOPOCTKHU
nepeHocwsiv 1o 10 mTyK B rOPUIKY CO CHEUAATBHO MOJArOTOBJIEHHBIM FPYHTOM.
[Tocne JABYXAHEBHOrO TMepuOja afanTalUuu PACTEHUSI HAYMHAIM TOJIMBATH
pacTBOpamu alieTaTa HUKeJsl B KoHueHTpauusx 5,00, 2,50, 1,25,0,62, 0,31, 0,15,
007, 0,03 wMr/a, nNpUroTOBJAEHHLIMU TMOCJEOBATEJIbHbIM pa30aBJIeHUEM
MUCTWIJIMPOBAHHON  BOJOM. ODKCHNEPUMEHT TPOBOAWICA B  TPEXKPATHOM
MOBTOPHOCTHU B TeueHue 14/Heri.

Ha nepBom aTane uccieqoBanuii U3Mepsiivi INIMHY KOPHEN. Y CTAHOBJICHO,
YTO aLeTaT HUKEJISI UHTMOUPYET POCT KOPHEW, OCOOCHHO CUIIBHO 3TO BbIPAXKEHO
y pacTeHuil MOJMBAaEMbIX pacTBopaMu ¢ KoHueHTpauuein 0,15 u 0,3 mr/a. Ilpu
3TOM MpHU KOHUEHTpauuu 5,0 Mr/11 jiMHa KOpHer NpuoJIM3uIach K KOHTPOJIbHbIM
3HAUYCHUSIM. BO3MOXKHO, 3TO CBSI3aHO C TEM, YTO MOHbI HUKENsl B OOJIbIIMX
KOHUEHTpAMSX 00pa3yroT 0OBbEMHbIE THIPATUPOBAHHBIE YACTUUbI, KOTOPbIE HE
CIOCOOHBI MPOHUKHYTh BHYTPb KJIETOK KOPHEBBIX BOJIOCKOB.

s onpenesieHnst JIOKAIW3aUMA  HUKEJIST B PACTEHUSIX TOTOBWIA
MUKPOITPENAPATHI MOMEPEYHBIX CPE30B KOPHS HA Pa3HbIX PACCTOSIHUSX OT arekca
n cTeOJisd Ha Pa3HbIX PACCTOSIHUAX OT OCHOBAHU, KOTOPbIE MMOMEIIAIN Ha
npeMeTHOe CTEeKJIO B 3-4 Kaniau auTu3oHa [2]. MeToy 0oCHOBaH Ha CHOCOOHOCTH
JMTU30HA, OOpAa30BbIBATH C METAJIaMA HEPACTBOPUMBIE COJIM, KOTOpbIE
OKpAILIMBAIOTCSI B XapaKTEPHbI KpacHbI 1BeT. CTeneHb HAKOMJIEHUS HUKEJIS
OMpeieyisiyii -~ ¢ TNOMOUIbI0  MuKpockona MukMen-1 1o  MHTEHCMBHOCTH
OKpallMBAaHMS CPE30B B MPOLUECHTHOM OTHOLIEHUU K KOHTPOJIIO.

B Xope TIUMCTOXMMMYECKMX UCCJENOBAHMM JIOKAIM3aUUMd HUKES B
pacTUTENIbHBIX TKaHSAX ObLIO YCTAHOBJEHO, YTO OCHOBHAs Macca MeTajljia
HaKanjuBaeTcss B KOpHSAX Raphanus sativus, a B cTeOJUM OH MNPOHUKAET B
HE3HAYUTEILHbIX KonnyecTBax (TadJ.).
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Tabnuma

[Tnoiwanb cpe3a okpalleHHast AUTU30HOM, %
KonuenTpauust pacTBOpoB, Mr/i

Mecrononoxetiite cpesa 1563710 07 10,15 031 062 [ 125 250 | 500
30Ha BCacblBaHusl KOpHA | ~1 ~2 ~5 ~7 ~8 ~10 | ~15 | ~18
30HA pacTsiKeHust KopHst | ~15 ~18 ~20 ~25 ~30 ~35 ~40 ~50
Haj3eMHas YaCTh ~1 ~1 ~3 ~5 ~5 ~10 ~10 ~15

MakcumanbHOE HAKOIUIEHAE HUKENST HAOJIIOAETCS B BEPXHEN YaCTh KOPHS
HAJ1 30HOM BCAChIBaHUSI (KOPHEBBIX BOJIOCKOB). IIpym 3TOM B OCHOBHOM, METAJII
JOKAIM3YETCSI B PU3OAEPME, KOope U sHpopepMe KOpHs. CTpyKTypHbIE
OCOOEHHOCTHM KJIETOK 3THUX TKAaHEW OrPAaHUMYMBAIOT MOCTYIUIEHWE TOKCUYHBIX
VOHOB B COCY/Ibl KCUJIEMBI, &, CIIE0OBATEIBHO, U B HA3EMHBIE OPTaHbl PACTEHHUS.
IIpn sTrom anpopepMe ¢ nosickamu Kacmapm oTBOmMTCS OCHOBHasi OapbepHast
POJIb B KOPHE.

Y Bcex uccelyeMbIX PACTEHUI COJIEP>KAHUE HUKEJISI B KOPHE HANPSIMYIO
3aBUCEJIO OT KOHUEHTPALMU PACTBOPOB AlETATa HUKEJSI, KOTOPBIMU MOJMBAINUCH
pacTeHUsI — YEM BbILIE KOHLCHTPALMS MOCJEJHUX, TEM BbILLIE OHA B TKAHIX KOPHS
[3].

B HamzemHoit yactu Raphanus sativius HUKEb B OCHOBHOM COCPEIOTOYEH
B MPOBOJSIIMX TKAHSAX — B TPaxewjax M YIECHUKAX COCY/IOB, B OTHOCHUTEJIBLHO
HEOOJIBLLIOM KOJIMYECTBE, YTO YKA3bIBAET HA CYLLIECTBOBAHKE 3aLIMTHOIO Oapbepa
B [IEPEXOJIHON 30HE MEXK1Yy KOPHEM U HA/I3EMHOMN 4acThio pacteHus. CopepxaHue
HUKEJISI B BEPXHEW YaCTU PAaCTEHUsl KOJeOJIeTCa B Mpefesax 3-15%. B
NIPYIUX TKaHSX M YaCTIX PACTEHUN COJEP>KaHUE JUTU30HATOB HE YCTAHOBJIEHO.

N3yyeHue nokann3anmm TS>KeNbIX METAJJIOB B PACTUTEBbHBIX TKAHAX U UX
NEPENBUXKEHNS MO TKAHAM BaXXHO /I BBISIBIICHUS PACTEHWI CHOCOOHBIX
VHTEHCUBHO W3BJIEKATh U3 MOYBbI TXKeJble METAIUIbI Oe3 Bpena ans cebs. s
VICCIIE[IOBAHUI HEOOXOAMMO BOBJIEKATH HOBBIE BH[bl PACTECHUI [JIs1 BbISBJICHUS
Cpey HUX OBICTPO PACTYUIMX C BHICOKOM OMOMACCOM U BBICOKOWM CIIOCOOHOCTBHIO
K aKKYMYJISLMA TSKEIIbIX METAIIIOB.
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'Cankr-IleTepOyprckuil rocyJapCTBEHHBIN YHUBEPCUTET,
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‘Cankr-IleTepOyprckuil nosmrexunyecknii yausepceuret [letpa Bemmkoro,
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N3YYEHUE CBOVICTB IUTUDGUKATA, IOJJYYEHHOI'O
N3 PUJILTPATA ITOJIUI'OHA TKO

CyuiecTBytone TEXHOJIOTMM OYMCTKM (PUIIbTpaTa BKIIOYAIOT B ce0sl KOMILIEKC
pa3anuHbIX COCOO0B 00pabOTKM (pubTpaTa U SBJSIOTCS Aoporocrosiuymu. Ilpencrasinena
TEXHOJIOTUSl yTWIM3auuy (puibTpaTa METOIOM MEpeBofja €ro B TBEPAbld NPOAYKT —
mutudukat. Ilpencrasnen ananmusz MK-cnektpoB nutudukara. Takke Obuia uccriefoBaHa
MOBEPXHOCTh 00Pa3L0B HA JIEKTPOHHOM PacTPOBOM MUKPOCKOIIE.

Knroueble cnosa: noauronsl TKO, dunbrpar, yrunmsauus gunstpaTa, muTugukar,
HK-cnekTpockonus.

B Hacrosimee Bpems B Poccum mnopaisirouiee  60sbIMHCTBO  (90%)
TBEPABIX KOMMYHAIBHbIX OTX0A0B (TKO) cknagupyercss Ha 0OOpPYHOBAaHHBIX
nommmrodax TKO wu cBankax. B xopme OMOreoXuMmMYecKuMx peakuuil B Teje
NOJIUTOHA MO IENCTBUEM BHEIIHUX ((PU3NYECKUX) U BHYTPEHHUX (XMMUYECKUX U
OMOJIOTMYECKUX)  (PaKTOPOB  NPOUCXOAUT TpaHcopmaums OTXomoB. B
pe3yJibTaTe 00pa3yroTCsl NPOAYKTHI: TBEPABIE, XKUAKNAE — (PUIIbTPALVOHHBIE BOJIBI
1 rasoo0pasnele — Ownora3s. IIpogykTbl mpeoOpa3oBaHKs OTXOAOB ONPEACISIOT
3arpsA3HAIONIEe JCMCTBUME TOJMIOHOB HAa OOBEKTHI OKPYKAKOUIEH CpeEfpbI.
HecmoTps Ha coOmrofieHME 3allUTHBIX MEPONPUSITANA MMPU  IKCIUTyaTalun
NOJIMTOHOB, OHM OCTAOTCSl NCTOYHMKAMM 3arps3HSIIOLIMX BEIIECTB JJa’Ke MOCIE
3aKPbITUSI MOJIUTOHOB [ 1-3].

Puibrpar nosmroHoB TKO copgepXWT MNOBBILIEHHBIE KOHLEHTPALUKU
3arpsA3HEHAI OPraHMYeCKOr0 Y MHUHEPAIBHOTO NPOUCXOXKJICHUS, TSXKEbIE
METAJJIbI, U OOLIMPHBIA CIMCOK 3arpsi3HAIOIIMX CoefuHeHnii. B pesynbrare
NpocayMBaHus (PUWIBTPATA YEPE3 U30JMPYIOLIME CIOU B NOYBY, IOBEPXHOCTHBIE
Y TPYHTOBBIE BOJbI MPOUCXOAWT 3arpsi3HEHUE MCTOYHMKOB BOABI M TMOYBBI. B
CBSA3M C 3ITUM HEOOXOAMMO TNPUMEHEHME TEXHOJIOTMI OYMCTKM TOJUTOHHOTO
¢punbTpara [4].

XAMHAYECKMI ~ cocTaB  (pWiIbTpaTa  M3MEHSIETCSI  CO  BPEMEHEM
CyLIECTBOBAHUSI TIOJMIOHOB M MOAPA3JICIAECTCS YCIOBHO HA «MOJIOION» W
«cTapblii». «Monopoi» ¢uabTpaT (OpPMHUpPYETCS HA HAYAIBHBIX CTaIAAX
3KCIUTyaTauuyM noJroHa 4epe3 2-7 gjer 3axopoHenus TKO, ero
npopoKuTeNbHOCTh S5-10 ner. Takoil Bup (punbTpaTa OTIMYAETCS CPEHUM
3HauyeHueM pH, BBICOKMM coOfiep>KaHMEM aMMOHHMIHOIO a30Ta M JKeJesa,



BblcokuMu 3HaueHussMu XIIK u BIIK; cocraB opraHmyeckux COEIMHEHUN
BKJIFOYAET B €€0s JIETYYME OPraHUYECKUE KHUCIOThI XXUPHOro psja. «Crapbiii»
(pusibTpaT BBIJIENSIETCS B OCHOBHOM MOCJIE 3aKPbITUS NosmroHa. 3Hayenns XI1K
n BIIK cHmxarorcs, copepxkaHue CyiabgaToB, XJOPUIOB U TMIPOKAPOOHATOB
TAaK>KE€ YMEHBLIAETCS, NMPU 3TOM COAEPXKAHUE AMMOHMIHOIO a30Ta OCTAETCs
HEU3MeHHbIM, a pH gocturaer 3nauenus 8,5 [S].

Cl0>KHOCTB MPOONEMBbI OYUCTKU (PUIILTPATA OT 3arpA3HSIOIIMX BELIECTB
COCTOMT B TOM, 4YTO Ha TMPAKTHKE HE CYWECTBYeT 3(PPEKTUBHOIO
YHUBEPCAJIBHOIO CIOC00a, MO3BOJSIIOLIETO JOCTUTHYTH CAHUTAPHBIX HOPM IO
BCEM MPUCYTCTBYIOLIMM COeAUHEHUsIM. [losTOMy NpUMEHSIOTCS pa3nuyHbIe
CcrocoObl OYMCTKM: MEXaHMYeCcKue (OTCTamBaHue, (puiabTpayus, cemnapanus),
XUMUYECKUE (HEWTpannM3auus, KOaryJssigusi), COPOUMOHHBIE, OMOJIOTMYECKUE
(a3poOHBIE u aHa’POOHBIE), 3JIEKTPOXUMUYECKUE (a;ekTponus,
3JIEKTPOKOATYJISIUSI, SJIEKTPOAUAIN3), MeMOpaHHble (yJabTpapWiIbTpauus |
OOpaTHbII ~ OCMOC),  O30HMPOBaHME, (POTOXMMUYECKOE  OKHUCJIEHHE C
UCIOJIb30BAaHUEM pa3IMUHbIX okucautTenenn [5-7]. Kak mpaBusio, Kaxjbli u3
cnoco0 NMOAXOAUT JII OYUCTKHU OT OINPENEIIEHHBIX 3arpA3HUTENICH, IOITOMY IS
NOCTKEHUS]  BBICOKOWM  CTENEHM  00pabOTKM  (puibTpata  HEOOXOAMMO
KOMOMHMPOBATh CyILIECTBYlOLMe TexHojoruu. IIpm osroMm B pe3ynbrare
00pa3yeTcsi TOKCUYHBIN OCAJOK, OTHOCAIIMIACS K 3-My KJAcCy OIACHOCTH,
KOTOPBIN MOJIEXKUT IIOBTOPHOMY 3aXOPOHEHHIO.

N3BecTeH cnoco0 0OpaOOTKM MHOTOKOMIIOHEHTHBIX XKUJIKUX OTXOJIOB,
3aKJIFOYAIOIIUICS B CMELIEHUM >KUJKUX OTXOJOB CO CBS3YIOLIEN /1I00aBKOW U
NOCJIEAYIOIIEM 3aXOPOHEHMM TOJlydyeHHON cMecu. [Ipm 3Ttom B KauyecTBe
CBA3YyIOLIEN JO0AaBKM MCNOJB3YIOT CJAHLEBYIO 301y, a MOJYYEHHYIO CMECh
BBIICP>XKMBAIOT 10 OTBEPXKJEHUST B TeueHue He MeHee 240 wyacoB [8].
HepocraTkoM [aHHOM TEXHOJOTMM SIBJISETCS HEOOXOAUMOCTH 3aXOPAaHUBATH
NOJIy YEHHBIN TPOJYKT.

CiepyeT OTMETMTB, YTO CIAHLEBAas 30J1a XapaKTEPU3YETCS OYEHb
CJIOXKHBIM XMMMYECKMM COCTaBOM M B 3aBUCUMOCTHM OT THUIMA CJIAHLEB MOXKET
BKJIIOYATh OKCUfbL: Kanblys - 10 70%, kamag - no 10%, xpemuus - o 30%,
amomMunus - 10 10%, maruus - 10 5%, xkenesa - 10 6%, Hatpusi - 10 2% [9]. Ilpu
TaKOM COCTAaBE€ CIIAHLEBYIO 30JIy MOXKHO OTHECTHM K BBICOKOOCHOBHOW CMECH Ha
OCHOBE CWJIMKATOB C BBICOKMM COJIEP>KAHUEM IIEJIOYHO3EMEIIBHBIX METAJIOB,
YTO IMUPOKO UCTOJIB3YETCA B TEXHOJIOTUY BSKYILMX.

Corpypaukamn AO «Asronapk Nel «CpnenrpaHc» ObUIM MTPOBEJEHDI
padoTbl MO MOAM(UKAUMM ONMCAHHOM TEXHOJIOTMM MEPEBOfia 3arpsA3HEHHON
>KMJKOCTH B TBEPABINA MPOAYKT. B OCHOBE KOMIIOHEHTHOI'O COCTaBa JUTU(UKATA,
nonydyeHHoro u3 uibtpata nomuroHa TKO «Hoebeii CeerT-OKO», nexwur
ClaHUeBasl 30Jla, OJHAKO, WCIHOJIb30BAHUE [IOMOJHUTENBHBIX XUMUYECKUX
PEAreHTOB MO3BOJISIET MOJYYUTh MPOAYKT, KOTOPBIA MOXET ObITh MCIOJIb30BaH
NOBTOPHO, HAanpuMep, B KayeCTBE [IPEHAXKHOIO CJIOSI TNpU PEKYJIbTUBALUU
nosimrona. [lanHeni cnoco6 oOpabOTKM (punbTpaTa SBISETCS NEPCIEKTUBHBIM,

189



T.K. KPOME pELIEHUsI MNMpOOJEeMbl YTWIM3alAd TOKCHYHOrO (UiIbTpaTa, OH
BKJIFOYAET B €€0s BO3MOXHOCTb IOBTOPHOI'O HWCIIOJIb30BAHUS TTOJYYEHHOTO
NPOYKTAa HEMOCPEACTBEHHO HA OOBEKTE Y TUIIA3ALWH.

AHamu3 cofepXaHus TMOABMIKHBIX (POPM  TSIKENIBIX  METAUIOB B
mutudukaTe He BbisiBua npesbiiienus Haj [IK gns nous (FH 2.1.7.2041-06).
Ilanee ObUI MPOBEJEH aHAIM3 XUMHUYECKOrO COCTaBa JIMTA(UKATA METOIOM
nHppakpacHoin cnekpockonuu. 3anmuck MK - cnektpos nponssogunacek Ha UK -
dypre-cnektpomerpe PT-801, ¢ mpucraBkoirt HIIBO ¢ snementom HIIBO u3
cenenyja umHKa. [Ipm anammse mpoBogum 2 mapasuleNbHBIX 3KCIIEPUMEHTA.
HNHdpakpacHble CIEKTPHI CHATHI B CpefHEM MH(ppakpacHOM auana3zoHe ot 500 o
5000 cm. Pe3ynbTaThl NCCIIENOBAHUI NPEACTABIEHBI HA PUCYHKE 1.
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Puc. 1. UK-cnekTpsl cusitbie Ha I'C B o6sactu ot 500 go 5 000 cm”

1o pucynky 1 BugHo, yTo B MK-cniekTpe TBEpABIX 00pa3LoB, NOJIYYEHHbBIX
n3 puiabtpara TKO, NpucyTCTBYIOT NMOJOCHI NOTJIOLICHUS, XapAKTEPHBIE I
KapOOHAaTOB M CWJIMKATOB, YTO COOTBETCTBYET TEOPETUYECKMM BbIKJIAJKaAM,
OCHOBAHHBIM HAa XMMHWYECKOM COCTABE MCXOJIHbIX KOMIIOHEHTOB JIMTU(PUKATA.
HNuTepecHbIM gBisIIOTCA BajlieHTHbIe Kojiebanuss —OH rpymmbl. ['mjipokcunbHbie
IPyNIbl SIBJISIOTCA NOTEHUMATIBHBIMA  (PYHKLIMOHAJIBHBIMU TPYIIIaMHU, KOTOPbIE
00pa3yrOT KOMIIEKCHI C MOHAMM TSKENBIX METAJUIOB B IPOLECCE XEMOCOPOLIMHN.

YunTbiBasi TMONYYEHHbIE [IJAaHHbIE OBUIO IMPOBEJEHO MCCJEOBAHUE
NOBEPXHOCTM OOpPAa3LOB HA PAacTPOBOM 3JEKTPOHHOM MuKpockone JSM 7001F
(JEOL, Anonust), OCHAIIEHHOM CUCTEMOW HEPrOIUCIIEPCUOHHOTO IETEKTOPA JIJIS
NPOBEACHNs peHTreHocnekTpanbHoro Mmukpoanammsa INCA PentaFETx dpupmbl
Oxford Instruments (England). Pexxum  nmonmyyenus ~ ¢oTo: BTOpUYHBIE
3NEeKTPOHbI, TOK Mydyka 12 nKA, yckopsrouiee HampsikeHue - SkoB.
Pe3ynbTaThl NpeaCcTaBIEHbl HA PUCYHKE 2.

MUKpPOCTPYKTYPHBII aHAJINA3 [I0Ka3aj HaJIA4Me MNOPUCTON IOBEPXHOCTH,
YTO MPEAINONAraeT MEXaHN3M (PU3NYECKON afICOPOLMN NOHOB TSKENBIX METAJIIIOB
B NIOPBI IUTU(UKATA.
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a)

= 1 y
X 500 5.0kv sEM X . SEI  sSEM

Puc. 2. MukpocTpyKkTypa nosepxHoctu mtudukara: a) x 500; 6) x 3000

Takum 00pa3oM, NMOJTyYEHHbIE PE3YJbTAThbl CBUAETEILCTBYIOT O TOM, YTO
npoaykT Jjutugukagun ¢uiabtpata TKO MOXET nposiBIATE COPOLMOHHBIE
CBOJMICTBA 3a CYET HAJIM4YMA TMOPUCTOM NOBEPXHOCTM MAaTEpUalla M HAINYMS
akTuBHbIX rpymn —OH. DTo wuccnenoBaHue SBISETCS aKTyalbHbIM, T.K. B
pa3pabOTKe CXEMbl PEKYJIBTMBAUMM TOJUTOHOB C MCIOJIB30BAHUEM IPOYKTOB
TpaHcopMalid OTXOAOB NPEANOJAracTCd WCNOJB30BaHUE JIUTA(UKATA B
KAQyeCTBE JPEHAXHOIO  CJI0si, TOBEPX KOTOpPOro OyfeT yCTpaumBaThCS
NJIOAOPOAHBIA  CJIOW, TNOJIyYEHHbII W3 opranndeckon ¢pakumm TKO wn
cofiepKaluil B c€0€ MOHBI TSIXKEJIbIX METAINIOB, KOTOPbIE MOTYT COPOMPOBATHCS
NOACTHUJIAIOLMM CJIOEM M3 MPOAYKTA JUTU(PUKALMN (PUIBTpATA.
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A.3. Munnyoaes ', J.B. 536EIHHH3, E.K. bBaneesa:,
C.T. Mun3aHoBa :, I.A. Akocax:

'‘O00 «/HHOBAMOHHBIE TEXHOJIOTUHU eTOKCUKAIUN» , Kazanb,
‘MIHCTUTYT Oprannyeckon u pusndyeckonn xumun nM. A.E. ApOy3oBa
KaszHII PAH,

T'AOY BIIO Ka3zauckuit (IIpuBospkcknit) eepasibHbIil YHUBEPCUATET

BUOJOI'MYECKOE OBE3BPEXNBAHUE BEIIECTBA IIEPBOI'O
KJ/IIACCA OITACHOCTMU - BEJIOI'O ®OCPOPA

Hamu BniepBble npou3BefieHbl MOCEBbl MUKPOOPTaHM3MOB B KYJbTYpPaJbHbIE Cpefbl,
cofepxaiue Oenblii pocop B KayecTBE €IMHCTBEHHOrO MCTOYHMKA ochopa. B naHHbIX
Cpeflax MUKPOOPraHU3Mbl POCJIM M HE UCHBITHIBAIU (pOocOpHOE rojiofjaHue. DTO NEPBbIA B
MUpe npuMep BKJItoUeHUs: 6esioro gocgopa B 6uocepHblii KpyroBopoT asemenTa gocdopa.
Camast BbICOKasi KOHLEHTpauusi cooTBeTcTByeT mnpesbilienuto [IJIK 6esnoro docdopa B
crouHbIx Bosiax B 5000 pas3!

KnroueBble cnoBa: Ouopnerpapauus, 6enbiii poccop, Aspergillus niger AMI.

Buoperpaganust  sBasieTcd  OgHUM K3 HaMOOJEe BaXKHBIX METOJIOB
00€3BpeKMBaHUSl MPOMBILUICHHBIX CTOKOB, OOOrallleHHbIX HEMPUPOJHBIMU
BEILIECTBAMU CaMbIX Pa3HOOOPa3HBIX KJIACCOB, B TOM YUCJIE OYEHb TOKCUYHBIMU
[1]. 'maBHOE mpemMyliecTBO OMOAETrpajaly 3aKJIFOYAETCS B TOM, YTO MPU €€
VICTIOIb30BAHUM B OKPYKAIOLIYI0 CpPEAy HE BHOCSITCSI  HOBBIE XMUMHWYECKUE
3arpsi3Hstomme areHTol. Ha pucyHke 1 mpopemMoHCTpupOBaHa MOKa3aTesbHAs
CXEMa YCBOEHMSI TOKCHYHOTO Omouujla B  MeTa0OJMYECKOM  TNYTH,
IEMOHCTPUPYIOIIAsi ~ COBEPILIEHCTBO  OUMOXMMUM  MUKPOOPraHU3MOB U
N300pakKeHHasl HA OCHOBE JIMTEPATYPHbIX UCTOYHMUKOB [2].

[IpencraBneHHbIl Ha PUCYHKE TPOLECC SBISIETCS  yOEUTETbHbIM
npumepom Ouoperpagauuu. OKHUCIIEHME MeETaHa, KOTOpbId caM  SIBJISIETCS
OPOIYKTOM MUKPOOHOro metabonmm3ama [3] [0 MeTaHoa OCYLIECTBISIETCS
MeTaHOTPO(HbIMU  OakTepusimu  [4]. CuHTe3 cepuHa, QPYKTO3bl WM
TPEXYTJAEPOAHbIX CaXxapoB W3 MeTaHOoJa U (POpMaJbleruja OCYIIECTBISETCS
HEKOTOPBIMU METUJIOTPO(HBIMU OAKTEPUSIMU U TIPOXKKAMH.

OpHocTaIMITHOE BKJIIFOYEHME TOKCUYHOTO KCEHOOMOTMKA (POpMalberuja
(MeTaHOJIa) B COCTaB CaxapoB, JIUMUJOB U AMUHOKUCJIIOT, SIBJISIETCSI, IOXKATY,
HanOoJsiee MOKAa3aTeIbHbIM MPUMEPOM OMoferpajlaiuv. DTO SIBISIETCS BECOMbBIM
(pbyHIaMeHTaIbHLIM apryMEHTOM B MOJIb3y BO3MOXHOCTH OWOJErpajialivuv Jjaxe
CaMbIX OMNACHBIX BEILECTB, TaKMX, KaKk OOBEKT HAIIero uccjeqoBaHusi Oeliblil

docdop [5].
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Puc. 1. Bxiitouenue metanosna u popMasiberuja B COCTaB caxapos,
AMUHOKMCJIOT M JIMNUAOB B OfHYy cTaiuto (Pucynok A.3. Munny6aeBa)

Hamu  BnepBbie  NMpOM3BENEHBI  MOCEBbI  MUKPOOPraHW3MOB B
KYJbTYPAJIbHbIE  Cpefpl, cofepxamyme Oenbii  ¢gocop B KayecTBe
€IMHCTBEHHOr0 MCTOYHMKA (pocopa [6]. B maHHBIX cpegax MMKpPOOPraHu3Mbl
POCAM M HE UCTbIThIBAIM (pocopHoe ronofanue (puc. 2). ITO NEepBbIi B MUPE
npuMep BKJOYeHust Oenoro ¢ocopa B OMOChEpHBI KPYroBOPOT 3JIEMEHTA
docdopa. Camas BbicOKasi KOHUEHTpauusi cOOTBETCTBYET npeBbiieHuto 11K
oesoro ¢gocgopa B crounbix Bojax B 5000 pa3, a B BOgax XO3SIFICTBEHHO-
OBbITOBOTO Ha3HAYEHUSI — B CTO MUJUIMOHOB pa3 [7]!

JI51s1 reHeTHYecKoi uaeHTU(UKaIUU rpuba, MeTabOIU3UPYIOLIETro OelIbIii
¢dochop u orHeceHHOro K Bupy Aspergillus niger, Obuia omnpejeyeHa
HYKJIEOTH/IHAsA TOcyaenoBaTenbHOCTh ero pernoHoB ITS1 um ITS2. CpaBHenue
MOJIYyYEHHON TOCJIEIOBATEIbHOCTU C TOCJIEOBATENBHOCTSIMU 0a3bl  [JAaHHBIX
GenBank ¢ nomouipto cucrembl BLAST, no3BoJisieT npeHTuUuMpoBaTh TaHHbIN
MUKPOOPraHu3M, Kak HOBbI wWTamMM A. niger. EMy MblI npucBowsnv Homep A.
niger AM1. HykneoTuiHasi mocaenoBaTebHOCTD ITaMMa ONyOJIMKOBaHa B 0ase
nannbix GenBank, rie eit npucBoen Homep KT805426.
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Puc. 2. IToceB ycToitunBbIx rpuOoB

A. niger. K(+) — cpena c pocaTom: Habmoaasncs poct 49 cnopooOpa3yrolux
kosioHuit A. niger. K(-) — cpena 6e3 ucrounuka goccopa: B Heil Habrofancst poct 33
ocnabneHHbIx KosioHuii. OnbIT — cpefa ¢ 0.05% 6Genoro docgopa: Hadaopancs poct 11
KPYIHBIX CIIOPOOOpa3yolIuX KOJIOHU A. niger. Yamku cororpaupoBaHbl uepes 1ecThb
CYTOK TIOCJIE TTOCEBa.

[ToceB A. niger AMI1 B cpeny, copepKailyr cpa3y [Ba HCTOYHHKA
docdopa (dochar u Oenbiii ¢ocdop) npoaeMOHCTpUpoOBan, 4YTo P, He
NPOSIBIISIET TOKCUYECKHE CBOMCTBA MO OTHOLUEHUIO K 3TOMY MUKpoopraHusmy. B
npucyTcTBuM 6enoro ¢ocdopa OH pacTeT C TaKOW XK€ CKOPOCTBIO, KaK B €ro
OTCYTCTBMU. DTO  €IUHCTBEHHbI MPUMEP  OTCYTCTBUSI  BbIPaXKE€HHOI
TOKCAYHOCTHU 6esioro pocopa /ijist >)KUBOro OpraHusma.

[IpoBeneHa oueHKa TEHOTOKCMYHOCTM Oesioro ¢ocdopa npu NOMOLIA
SOS-lux Tecta, KoTOpasi MPOAEMOHCTPUPOBAJIA ee HaIuuue [8]. DTOT pe3ynbTar
NOJIyYyeH BIEpPBble — BO BCEX HAICHHbIX HAaMU KCTOYHMKAX COOOIIaeTcsi 00
OTCYTCTBAM TE€HOTOKCUYECKUX CBOMCTB y Oenoro ¢ocdopa. benbni docdop
NPOSIBIISIET CJA0YI0 MyTareHHYH aKTUBHOCTb.
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Hapn. B. Hukutuna', 1. A. Kazapusnos:, Har. B. Hukutuna:,
B.B. Onuckesuw, U.I'. OcTpoymoBs:

'O00 «HayyHO-uccnenoBaTeIbCKAil MHCTUTYT TEXHOJIOTMI OPraHNYECKO,
HEOPraHM4eCKON XUMHUHA 1 OMOTEXHOJIOTUIT»
‘PI'BOY BO «CapaToBcKkuii HAMOHATBLHBIN UCCIIENOBATENbCKUI
rocyjgapcTBeHHblil yHusepcureT uMeHu H.I'.YepHbleBckoro»

BBICOKO®PEKTUBHBIE COPGEHTBI HA OCHOBE
MMPUPOJHOI'O BEHTOHUTA OJA O4YNCTKHU BOJHBIX
OBBEKTOB OT KUCJIOPOICOOJEPXKAIINX AHUOHOB

MeTonoB il OYACTKM CTOYHBIX BOJ| CYLIECTBYET MHOIO, HO HamOoJjiee
3(p(PEKTUBHBIMA U Yallle UCHOJb3YEMbIMU SIBISIFOTCA aJICOPOLMOHHBIE METO/bI.
JIOCTOMHCTBOM  3THX  METO[IOB  SIBJIAETCS  BbICOKAsA  3(PPEKTUBHOCTD,
BO3MOXKHOCTb OYMCTKM CTOYHBIX BOJl COAEPIKAIIMX HECKOJBKO 3arpsi3HSIOLLIMX
BelecTB. IPPEKTUBHOCTD AICOPOUMOHHON OUYUCTKU focTuraet nopsjaka 90% u
3aBUCUT OT XUMMUYECKON MPUPOAbl COPOEHTA, BEJIMYMHBI COPOLUMOHHON
NOBEPXHOCTU M €€ JOCTYNHOCTHM, OT XHWMHUYECKOrO CTPOEHUSI BELIECTBA U
XUMHAYECKON (pOPMBI €r0 HAXOXKJIEHUSI B BOJTHOM Cpefe.

B kaudecTBe COpOEHTOB MOrYT BBICTYNATh PAa3/IMYHbIE MATEpUANA, HO C
3KOHOMMYECKOW TOYKM 3pEHUsl Haubosiee LesecoO0pa3sHO MCIMOJb30BaTh
NPUPOJHBIE TJIMHUCTBIE MUHEPAJbl U AIMFOMOCUIMKAThl. Oco00e MECTO B psy
NPUPOHBIX AJTIOMOCWIMKATOB 3aHMMAIOT OEHTOHUTBI, KOTOPbIE SBJISFOTCS
NICLIEBBIMU U 9KOJIOTMYECKU YUCTHIMU MaTepUalamMH.

JlaHHOE WuCciiejoBaHUE TOCBALLICHO pa3pa0OTKE TEXHOJOIMM IMOJIYYEHUS
COpPOEHTOB /11 OYMCTKM BOJHBIX OOBEKTOB PA3JIMYHOIO HA3HAYEHUSI OT
KUCJIOPOACOAE PIKALLMX AHUOHOB, OCHOBAHHOW Ha HAIPaBJIEHHOM
MOM(PULMPOBAHUNA TPUPOAHOIO OEHTOHUTA MOJUTUAPOKCOKATUOHAMUA METAJIJIOB
METOJIaMU «30JIb-TeJIb» U «COOCAXKJICHUS» .

B kauecTBe OOBEKTOB UCCIEIOBAHUS BLICTYNAJIN CIEyomue 00pa3upl:
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1 — npupopnbii  GeHToHMT Jam-CanaxJIMHCKOrO  MECTOPOXKACHUS
(Pecnybnuka AzepOaijKaH);

2 — npupopsblii 6eHTOHMT Capurtoxckoro mecropoxjenust (PecnyOnuka
Apmenus);

1-O — OeHTOHMT, OTOXXKEHHBIA npu Temmnepatype 550° C B TeueHue
I ygaca;

Fe 5-3r, Al _5-3r - OE€HTOHUT, MOM(PULIMPOBAHHBIN
nonuruipokcokatnonamu  xkenesa(lll)/amomuans mo mMeromy  «305b-Teib»
(5 mMous [Me]/r 6eHTOHNTA);

Fe_5-O-3r; Al_5-O-3r — O€HTOHUT, MOAM(UUMPOBAHHBIA MO METOHY
«30J1b-TeJib» (5 MMosb [Me*]/r 6EHTOHMTA) U OTOXK3KEHHBII MPU TeMmrepaType
550°C B Teuenne 1 4gaca;

Fe_5-c; Al_5-c - OCHTOHMT, MOAU(ULUPOBAHHBIN
nonurugpokcokatruonamu kenesa(lll)/anmroMunust no mertopy «coocaxaeHus» (5
MMOJIb [Me*]/r 6eHTOHuTA);

Fe 5-I'0O-c; Al 5-T'O-c — OEHTOHUT MOIM(PULIMPOBAHHBIN
nonuruipokcokatruonamu kenesa(lll)/anroMunust mo metopy «coocaxaeHus» (5
MMoOnb  [Me*]/r OGeHTOHWMTA), TpaHyJUMPOBAHHBIA W  OTOXXKEHHBI IpPU
temneparype 550°C B Tedyenue 1 yaca.

Pe3ynbTaThl peHTreHO(ha30BOro aHajim3a UCXOHbIX 00pa3uOB OEHTOHUTOB
NOKA3aJIi, YTO OCHOBHBIM MUHEPAJIIOM B UX COCTABE SIBJIIETCS MOHTMOPWJIOHUT
(puc. 1). Ha  peHTreHoBckMx  gudpakTorpamMmax  MOHTMOPWIJIOHAT
IMArHOCTUPYETCSl HATMYMEM CepUU TUMMYHBIX pepieKcoB B 06J1acTH yrioB 20 =
6,40, 20 = 19200 u 20 = 26,80. YcTaHOBIEHO TaKXe MPUCYTCTBUE Ol
KpPUCTA00UTA, MJIArMOKJIa3a.

N3 aHanmu3a peHTreHOBCKUX NU(PPAKTOrPaMM OTOXKEHHOTO MPUPOIHOTO
oenronnTa [Jam-CanaxJIMHCKOro MecTOpOXKAeHHs (00p. 1) M OTOXKEHHBIX
MOIM(ULMPOBAHHBIX  MOJUTMAPOKCOKAaTMOHaMK  amomuuns u  kene3a(Ill)
COPOEHTOB HAa €ro OCHOBE (puC. 2) BUJIHO, YTO HA HUX MCYE3AIOT peieKcChI,
XapPaKTEPHBbIE /1711 MOHTMOPHUJIJIOHATA, BMECTO KOTOPBIX MOSBIISIIOTCS peIeKChbl
UIUTa (TUPOCIIONIBI).

B Tabmuuax 1 m 2 mnpuBeneHbl OCHOBHBIE XapaKTEPUCTUKU TMOPUCTOM
CTPYKTYpPbl MOAU(MUUUPOBAHHBIX MO METOAY «30Jb-T€lib» U «COOCAXKJCHUS»
COpOEHTOB Ha OCHOBe OeHTOHMTA. W3 JaHHbIX TaOJWL, BUHO, YTO
MoguuIMpoBaHUE OEHTOHWTAa B OOOMX CJydYasiX NPUBOAUT K YBEJIWYECHUIO
KonuuecTBa nop B obdaactu 1,5-4,0 um (60-70%) no OTHOWIEHUIO K UCXOJHOMY
OCHTOHUTY U K CYILIECTBEHHOMY CHMXKEHUIO KOJIMYECTBAa MOp C pa3Mepamu
Bblllle 8 HM; MOAU(UIMPOBAHHBIE COPOEHTHI SIBJISIFOTCS MEJKOIMOPUCTHIMU
(HAHOCTPYKTYpPUPOBAHHbIMUA) OOBEKTAMU C BEJWYMHON Y/CJIBHOW TUIOLIAN
MOBEPXHOCTH, focturarouein 100 u 6onee m/r.
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HurencieeocTs

20, rpaa.
Puc. 1. PenrreHosckue qupakTorpaMmbl NpUPOHbIX OEHTOHUTOB:
1 —06p. 1 (Pecnybsuka Azepbaiiizkan); 2 — o0p. 2 (Pecny6nuka Apmenust); rae O —
MOHTMOPUJIJIOHUT; O — O-KpUCTOOAINUT; M — IJIarMOKJas.
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Puc. 2. PentrenoBckue ugpakTorpaMMbl HCXOTHOTO OTOXKXKEHHOTO OEHTOHUTA U
OTOXK>KEHHBIX MOAM(ULIMPOBAHHBIX 00pa3LoB copoeHTOB: /— 00p. 1-O (Pecnybmnuka
AsepoOaiikan); 2 — oop. Fe_5-O-3r; 3 — 06p. Al_5-O-3r; rie: © — MOHTMOPWIJIOHUT;

O — O-KpUCTOOANNT; M — MJIarMOKJIa3; ® — WIIJIUT; « — TEMATUT.

197



Taomuna 1

OcCHOBHbIE XapaKTEPUCTUKU NOPUCTOI CTPYKTYPbl COPOEHTOB,
MOJIyYEHHBIX 110 METO/Y «30JIb-TeJIb»

YnenbHast OOGuuuii Pacnipesienenue nop no paguycam, %
O6pazer nIomaab 00BEM Mop

NOBEPXHOCTU VW, 1 ,5—2 ,O 2,0—4 ,0 4,0—8 ,0 oonee

S,., M1 cm/r HM HM HM 8,0 um
O6p. 1 5143 0,061 9 21 21 49
O6p. 1-O0 37+2 0,092 6 16 23 55
O6p. Fe_5-3r 73+4 0,141 17 39 22 22
O6p. Fe_5-O-3r 39+2 0,139 17 39 22 22
O6p. Al_5-3r 105+6 0,097 18 41 23 17
O6p. Al_5-O-3r 75+5 0,092 18 41 23 17

Ta6nuua 2

OcCHOBHbIE XapaKTEPUCTUKU NOPUCTOI CTPYKTYPbI COPOEHTOB,
MOJIYYEHHBIX 10 METO/Y «COOCAXK/CHUSI»

YnennHas

O6bEM
IoMAIb Hop Pacnipepenenue nop no paguycam, %
OG6paszery MOBEPXHOCTHU Vv
S w/r CM/; 1,520 | 2,040 | 4,0-80 | 6onee 8,0

HM HM HM HM
O6p. 2 5543 0,052 11 24 28 36
O6p. Al_5-c 865 0,125 22 46 19 13
Oo6p. Fe_5-c 172+10 0,122 23 47 18 12
O6p. Al_5-T'O-c 104+6 0,112 21 43 20 16
O6p. Fe_5-T'O-c 5143 0,114 21 42 21 16

AncOpOLMOHHBIE CBOVICTBA NPUPOIHOTO OEHTOHNUTA ¥ MOIM(PULIMPOBAHHBIX
00pa3loB COPOEHTOB 10 METOAY «30/1b-T€JIb» B BOIHBIX PACTBOPAX M3YYEHBI IO
OTHOLUEHUIO K NEPMaHraHaT-uoHy. IlosydeHHble M30TepMbl ObUIM OTHECEHBI K
n3orepmam Ttuna Jlenrmropa. I[lostoMy panpHeimas ux oOpadoTka B 0OpaTHBIX
KOOp/IMHATax YypaBHeHus1 JleHrmropa
NPEACNbHON  aicOpOLMM TMEPMAHTAHAT-UOHOB JJIsl UCCJIElyEMBIX COpPOEHTOB

(Tabm. 3).

MMO3BOJIMJIA

ONpeAC/INTL  BCJIMYMHY

Taomma 3

3HaueHus npefiesbHON aICOPOUMOHHON EMKOCTU NIEPMAHTaHAT-UOHOB J171s1 COPOEHTOB,
MOJTYYEHHBIX 110 METOJY «30JIb-T'E€JIb»

O6paserr [IpepenbHas ancopOLMOHHAS EMKOCTD,
Mr/T
Oo6p. 1 4,0+0,2
Oo6p. 1-0O 2,2+0,1
O6p. Al_5-3r 14,2+0,7
O6p. Al_5-O-3r 10,0+0,5
O6p. Fe_5-3r 12,5+0,6
O6p. Fe_5-O-3r 9,1+0,5
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B kayecTBe TECTHpPYIOIIMX WOHOB NPA W3YYEHMH aCOPOLIMOHHON
COCOOHOCTU MOIM(PULIMPOBAHHBIX COPOEHTOB MO METOMY «COOCAXKACHUS» ObUIN
BbIOpAaHbl OMXpOMaT-, apCeHaT- W CEJEHUT-aHUOHbI. [losydyeHHble M30TEpMBbI
aJIcopOLMM aHMOHOB HA MCCJIEyEMbIX COPOEHTAaX, KaK W MpEAbIAyLIEM cllyvae,
MOTyT OBITb OTHECEHbl K u3oTepMaMm Tuna Jlenrmtopa. OOpaboTka uX B
COOTBETCTBYIOLIMX KOOPAMHATAX MO3BOJIMIIA ONPEAEINTh 3HAYECHUS MPENEIbHON
aicopoLMM UCCIEyEMbIX aHUOHOB (Ta0m.4).

Ta6muua 4
3HaueHus npeiesbHON aICOPOLMOHHON EMKOCTHU apCceHaT-, OMXpoMaT-, CEJICHUT-aHUOHOB J1JIsI
COPOEHTOB, MOJTYUYEHHBIX [0 METO/IY «COOCAK/ICHUS»

[TpenenbHast ancopOLUMOHHAS EMKOCTb, MI/T
OGpasen APCEHAT-aHUOHbl | OMXPOMAT-AHUOHBI | CEJICHUT-AaHUOHBI

O6p.1 2.9+0,1 1,1+0,1 2,0+0,1
O6p. Al_5-c 12,5+0,6 10,0+0,5 16,7+0,8
Oo6p. Fe_5-c 8,3+0 4 9,10 4 16,7+0,8
O6p. Fe_5-T'O-c 7,740 4 - -

O6p. Al_5-T'O-c 8,3+0 4 - -

O6p. (Zr_5+Fe_5)-c 249+1,2 - 9,1+0 4
O6p. (Zr_5+Al 5)-c 279+14 - 11,5+0,6

Kak cienyeT u3 npuBeI€HHBIX JJaHHBIX, MOIU(PUIUPOBaHUE OCHTOHUTA 1O
METOIY «COOCAXK/IEHUST» MPUBOAUT K YBEJIMYEHUIO a[ICOPOLMOHHON CIOCOOHOCTH
M0 OTHOWIEHUIO K HMCCIIEAYEMbIM KUCJOPOACOAECPXKAIIMM aHMOHaM. BesmuuHa
MPENICJIbHON aICOPOLIMOHHON €MKOCTH BbIILIE HA COPOEHTE, MOAM(PULIMPOBAHHOM
nosiruapokcokatTuonamu uupkonusi (IV) u amomunus (III) — o6p. (Zr_S+Al_S)-
¢ (27,9 mr/r). IIpoueccel afcopOuuMm aHMOHOB, MPOTEKAIOIIME HA OEHTOHUTAX ,
MOJM(ULMPOBAHHBIX  MOJUTUIPOKCOCOEIMHEHUSIMA METAaJJI0OB, SIBJSIFOTCS
CJIOXHBIMA TpoueccamMu. AJCOpOLUsi aHMOHOB MOKET MPOXOUTH Kak IO
MEXaHU3My MOHHOTO 0OMEHa, TaK U M0 MEXaHU3MY KOMILJIEKCOOOPAa30BaHUSI.

B pesyabTaTe npoBefieHHbIX UCCIIEAOBAHUI MOJTYUYEHbI TPAHYJIUPOBAHHBIE
COpOEHTbI Ha OCHOBE OEHTOHWTA, cooTBeTcTBYyrome TpedoBanusm ['OCT P
51641-2000 «Marepuanbl (PUIALTPYIOLIUME 3E€PHUCTBIE» MO XUMHYECKOU W
MEeXaHW4YeCKor CTouKocTu rpaHyna. IlokazaHo, 4to MoauduuMpoBaHue
OEHTOHMTA MO METOJIy «COOCAKJCHUS» B TEXHOJOTMYECKOM IJIaHe 3HAYMTEIbLHO
MPOILe U SKOHOMUYHEE METO/IA «30JIb-Te€JIb».
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JL.LH. Onsmanckas, E.A. Tatapunuena, E.H. JIazapesa

CapaToBCcKMi1 rOCYJApPCTBEHHBIN TEXHUYECKNAN YHUBEPCUTET
umenu ['arapuna 10 .A.

YTUIN3AIUA HUKEIA, HIUHKA, XKEJE3A N3 OTXO040B
I'AJIbBAHOIINTAMOB

JlaBHO MOIMEYEHO: OE30TXOIHBbIE TEXHOJOIUN Yalle U ObICTPEE CO3AAKOTCS
B CTpaHax, WCIBITHIBAIOIIAX OCTPYIO HEXBATKY B ChIPbEBbIX pecypcax. K
puMepy, (pMHCKast yCTaHOBKA ISl TOPSYErO0 OPUKETUPOBAHUS METAIIMYECKON
CTPY>KKH J1a€T BO3MOKHOCTb HE TOJIBKO MOJIYy4YaTh a0COJIIOTHO YMCTOE ChIPHE, HO
Y 3HAYUATENBHO TMOBBICUTH Oe3omacHOCTL onepaumii. Hanpumep, B PunnsHamm
nepepadaTbIBacTCA €KEeroqHo okojo 40 ThIC. TOHH METAJNIOOTXOAO0B. B Hamen
CTpPaHE CYET MOKET WJTH HA MUJUIMOHBI TOHH, OCOOEHHO C y4€TOM TOr'O, 4TO B
Poccum orpoMHOe KOIMYECTBO OTXO0B NOJIEKUT 3aXOopoHeHuto [1 ] (puc. 1).

Apyrue cnocobbi
MpombiwneHHan
nepepaboTtka
= MycopocKuraHue
H 3axopoHeHue Ha
NosIMroHax

EC-28 AnoHua Kurtam Poccua

Puc. 1. OcHoBuble Hanpasnenus: yruausauuu THO no crpanam mupa
(B % k ob6wemy koanuectsy THO)

B Poccwuiickoi ®@enepanyn €KerofHo 00pa3yeTcsi OKOJIO 7/ MIIPA. T OTXOJIOB,
U3 HUX BTOPUYHO WCMOJB3YIOT NMOPAKA 2 MIPH. T, TO ECTb OKOJIO 28 %. W13 o01ero
00BbEMA UCNOJB3YEMBIX OTXOA0B OKOJO 80 % COCTABISIFOT BCKPBILIHBIE MOPOMBI 1
OTXOflbl OOOralieHKsi, KOTOpbIE HAMpaBISIIOT ISl 3aKJIaKM  BbIPAOOTAHHOIO
NPOCTPAHCTBA LIAXT U KAPbepoB; 2 % HaxXOfST NPUMEHEHHE B KAuyeCTBE TOIUIMBA U
MHHEpAJIbHbIX Y00peHuii, n juiib 18 % (360 MIH. T) UCTIONIB3YIOTCS B KAYECTBE
BTOPUYHOTO ChIPbsI, U3 HUX 200 MJTH. T B CTPOVIUHITYCTPUM.
YuuTebiBasi, 4YTO OTXOfbl SIBJSIIOTCS, C OJHOM CTOPOHBI, TJaBHbIMU
3arpsi3HUATENSIMU OMOCepbl, a C APYroM - 3a4acTyr NPEACTABISIOT COOOM
LEHHbIE NPOAYKTbI, NOTEHUUAIBHO NPUTO/IHbIE JJIsl NEpepabOTKU U BTOPUYHOTO
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UCTIOJIb30BAaHUSI, OJIHOM W3 HamOoyiee aKTyaJbHbIX SBISETCA Npodiema
PAUMOHAIILHOTO YNPABJICHUSI OTXOJAMM.

B Poccunm B [AEBAHOCTBIX TOfax Hayajaud 3aHUMATBCH YTUIM3AUUEN
ranbBaHouiaMoB  (I'll), kotopble eXerogHo B OOJBIIMX KOJAYECTBAX
KOHLICHTPUPYIOTCS HA MPOMBILIEHHBIX NPEANPUITAIX U B LIJIAMOHAKOIUTESIX.
MunnuoHel TOHH TalbBAaHOOTXO[OB, YK€ MMEIOLIUXCS W MOCTOSIHHO
oOpasyromuxcs, cogepxkar 10 30 % ueHHbix uBeTHbix MeTayoB (Cr, Ni, Fe, Zn
u ip.) [1]. YunrsiBas ocoOyr0 3KOJOrMYecKyr onacHocTh Bo3aencTeus 'l Ha
OKPY>KAIOILIYIO Cpefy, UX HEOOXOIMMO YTUIM3UPOBATH TAKUM O0Opa3oM, YTOObI
NPOUCXOAWIIO  OO0E3BPEXXMBAHME  TSXKEIbIX  METANIOB  (MepeBoj B
CJ1a00paCTBOPUMBIE WJIM HEPACTBOPUMBIE MAJIOTOKCUYHBIE COEMHEHUS) U UX
W3BJICYEHUE JIJIS1 IOCIIEAYIOLIETO PUMEHEHMS .

K coxanennro, no cux nop pomuHupyet B3risg Ha 'l Tosbko Kak Ha
9KOJIOTMYECKN BPEJHBIE OTXOMbI, YTO W ONPENEsieT NYTA MX JMKBUJALWA -
UCTIOJIB30BAHME KaK KOMIIOHEHTAa CTPOMMATEPUANIOB, KEPaMHUKH, ac(ajJbTOBBIX
cMmeceir U fAp. [2-5]. DTo npuBOAUT K O€3BO3BPATHLIM TMOTEPSIM B OOJIBLIIMX
KOJIMYECTBAX TIOPOroCTOAIMX KOMMOHEHTOB [Tl - TSKenbIX LBETHBIX METAJUIOB.
X cymmapHasi TofioBasi CTOMMOCTb COCTABIISIET AECATKM MWJUIMOHOB JOJUIAPOB
CIIA. CormacHo kotupoBke «CETTJIMEHT» nBeTHbIX METaJUIOB Ha JIOHJOHCKOM
OMpXXEe METAJJIOB LEHbl HA HUX B TEUYEHUE IOCIEAHUX JIET HEYKJIOHHO PaCTyT.
TakuM 00pa3oM, ralbBaHOOTXOABI MOTYT CIIyXKUTb WCTOYHUKOM TOJTyYEHUS
LUCHHbIX YEpPHbIX M LBETHbIX METAUIOB, YMEHbIIAd CKOPOCTb WCTOLLCHUS
NPUPOJHBIX PECYPCOB. Y YATBHIBASI, YTO COCAVHEHUS TSKEIIBIX METAJUIOB B 3€MHOMN
KOpPE 3a4acTyl0 COCTABISIFOT JIECSATbIE W [IaXKe TBICSYHbIE MO NPOLEHTA,
nepcnekTMBHO ucnosib3oBanue I s momyyeHnst YucThIX METAIIIIOB, UX OKCH/IOB
WIN CIUIABOB M MX MOCJEAYIOLIEEe MPUMEHEHNE B Pa3IMYHBIX OTPACISAX HAPOJHOIO
xo3siictBa  [2-5]. nst  peuieHust 3TUX OpoOOJieM  IJIAHUPYETCS  CO3aHue
PETMOHANBHBIX LEHTPOB MO KOMIUIEKCHON nepepabotke I, oGcmykmBarommx
TrAIbBAHUYECKAE W JIPyIMe IPOW3BOJCTBA OT/CNIBHBIX PETMOHOB. JTa 3ajada
SIBJISIETCS] AKTYAJILHOM, TAK KaK MOJIHOCTBIO U30exkath oopa3oBanud [l He ypacTcs
U B OyaymeM. OKOHOMMYECKHM LEJIECOOOPAa3HO OPraHW30BbIBATb  LIEHTPHI
MOIIHOCTBIO OT 10 T B cyTkum m Bblue. IIpy 3TOM OHOBpEMEHHO pemaeTcs
coupanbHas 3aj1aya Mo CO3/1aHUIO0 HOBBIX padOYMX MECT.

CaparoBckas 00J1aCTb BXOJUT B [IECATKY MHAYCTPUAIBHO Pa3BUTBIX PETMOHOB
Poccun, e umeroTcst crapefiime MpenpusIThs MAIMHOCTPOUTENBHOTO MPOGUIS
(OAO «Tpoma», OAO «Tpancmair», OOO «CurHan-HeaBrKUMocTb», OAO
«Pobepr-bom-CapaTos u p.) ¢ KpyITHbIMM FJIbBAHMYECKUMU LIEXAMU M YYaCTKAMM,
HA TEPPUTOPUMMA KOTOPBbIX HAKOIUIECHO M 00pa3yercss OOonblIoe KOJIMYECTBO
raJIbBaHOOTXOMIOB. B CBsI3M ¢ 3TuMM mpoOsiieMa KBATM(ULMPOBAHHON YTUIN3ALWN
9TUX OTXOJIOB BECbMA aKTyaJIbHA M CBOEBPEMEHHA.

B nHacrosmein paboTe npeacTaBieHbl JAaHHbIE N0 W3BJICYECHUIO U3 HUKEIIb-,
JKENe30- M LMHKCOJIEp>KAIMX TajbBaHouuiamoB npepnpustuii OAQO «Pobepr-
Bom-Caparos» n1 OO0 «CUrHas-HEIBU>KUMOCTb>» THIPOKCHNIOB HUKEIS, JKene3a,
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UUHKA, METAUIMYECKOrO0 HUKEJd W WCMNOJb30BaHWE OSTUX TMPOAYKTOB B
TEXHOJIOTUSIX TMPOU3BOJICTBA TNUTMEHTOB HAMOJIHUTENICA I JIAKOKPACOYHBIX
MaTE€pUAJIOB, MPU W3TOTOBIICHUM 3JIEKTPOIOB XWMHUYECKUX HKCTOYHUKOB TOKa
(nukenb-kagmueBblie Ni-Cd u Hukesb-xkene3nble Ni-Fe akkymyasitopbl).

[MonyyeHne NMUrMEeHTOB-HAMOJIHUTEIEN U U3TOTOBJIEHNE KPACOK.

HccnenoBanna  ranpBaHouuiamMa — npegnpusstuss OO0 «Curnan-
HeppuxkumocTe»  (pEHTreHO(a30BbI,  AepUBATOrpadUuecKuil)  MOKa3aiu
HAJIMYKE B €r0 COCTaBE TOHKOMCIEPCHBIX COCMHEHUI B MEPECUYETE HA METAILIBIL:
~ 21 % xene3a (Il u III), ~ 22 % uusKa, ~ 7 % nuxkens u ~18 % xpoma (II u III).
MeTtofgamu MOCIENOBATEILHON KHUCIOTHON W LIEJOYHON 00paboTKU (OCaKiaeHUe
TUPOKCUIOB METAJVIOB U3 KUCJIOTO pacTBopa mpuiBefeH B Tabu. 1 [6]) uz 'l
ObUIM M3BJIEYEHbI TMPOKCHU/IbI Keje3a W LUMHKA, KOTOPbIE MOCHe JIerupaTauun
(600 -C) 6buTM NMoJIyYeHbl B BUJIE OKCUIOB (ITOPOILLIOK cMecu okcujoB kenesa (I1 u
III) MarHeTUT MMEN XKENTO-KOPUYHEBBI OKpPAaC, a OKCHJA LMHKA — OeJblii C
OTTEHKOM OexKeBOro 1LIBET).

Tabmmua 1
Psint ocackieHust rufipoKCUIOB METAIJIOB U3 KUCJIOro pacTBopa [6]
Hon | Fedl) | Crl) | Cul) Zn (1) Fe (1) Ni(l) | Mn (1) Mg(l)
pH* |,5%-4,1%% 40-68 | 53-62 | 5480 | 6,5-9,7 | 72-95 | 78-104|94-124

*MnepBast Luhpa — HAYAJIO OCAXKICHNS; BTOpasi** - TIOJTHOE OCasKEHNE TMIPOKCH/A

Cpennuii  pasMep 4YacTWL, MUTMEHTOB - HAMOJHUTEJIEN MO JIAHHBIM
CEeIMMEHTAIMOHHOro aHamm3a coctaBuil 10-40 MKM, 4TO XapakTepusyeT JJaHHbIN
MaTepuall, KaK MMEIOLIMI BBICOKYIO CTENEeHb MOHOAMCIIEPCHOCTH, MO3TOMY B
NPEeABAPUTEILHOM [OMOJIE HE OBbUIO HEOOXOAMMOCTU. MMKPOCTPYKTYpPHBIE
UCCJIe[JOBAHUSI MOKa3aid, YTO OCHOBHasi 4yacTh vactul (> 60 %) npepacraBisieT
HEMOPUCTBIE CTPYKTYpPbI pasmMepoM OT 5 10 30 MKM. DTO CBHJIETEILCTBYET O
HU3KON MACJIOEMKOCTU MaTEpUasIOB, U SIBIIIETCSA BAXKHOW XapaKTEPUCTUKOW [
NUTMEHTOB-HanoyHuTesier. OKCHfl UMHKA W TUAPOKCHJ Keje3a MOJyYEeHHbIE W3
'l 66wt uccnenosanbl cornacHo 'OCT 10503-71 «Kpacku maciisiibie, rOTOBbIE
K MPUMEHEHUIO» HA MJIOTHOCTb YACTHL], MACIOEMKOCTb U pH BOJIHBIX BBITSDKEK U
NOKA3aJlM MX COOTBETCTBUE TPAAULIMOHHO WCHOJIb3YEMBbIM B MPOMBILIICHHOCTH
MATMEHTAaM-HAMOJHUTEISIM, TaKMM, KaK KaoJiuH, meJl (Tabj. 2). M3roroBiaeHHbIE
KPacKyM LWHKOBbIE O€juia M XKEJE3HbId CYPUK Ha OCHOBE MHUIMEHTOB IO
COMIEPKAHMIO JIETYYMX M HEJETyYMX BELIECTB, YKPbIBUCTOCTH, BpPEMEHU
BBICBIXaHMSl, BS3KOCTH U JIp. oTBevyann TpedoBanusim 'OCT 10503-71 (Ta6a. 3)

Tabmuma 2
CBoicTBa MUTMEHTOB-HAMIOJIHUTEIIEN

Hanonxuresns HcTrHHas nnoTHOCTh, KI/m Macy10eMKOCTb pH BbITsKKU
Kaonun 2540-2600 13-20 5-8
Men 2710-2715 10-14 9-10
Fe.O. 4830-4910 23-25 8-9
Zn0O 5380-5640 24-28 8-10
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Taomma 3
XapakTepuCTUKU KPACOK HA OCHOBE MUTMEHTOB-HANIOJHUTEIEN

Xakrepu Copep:xanue Bas- Crenenb | YkpbiBuc- | Bpems | Tseppoctb
CTUKU BEUIECTB, % KOCTbC |I€peTupa, | TOCTb, BbICbIXa
JIETY4YU |TBEPABIX MKM r/me HUS,
X 4ac
Fe O, 11,1 74,7 59,6 289 110,2 21,3 0,074
Zn0O 49 79,6 614 30,3 59,26 22,8 0,062
I'oCT o 20 =600 65-140 <70 <170 24 >0,05

[TonyyeHHble pe3ynbTaTbl MO3BOJMIM Pa3padOTaTh TEXHOJOTMYECKYIO
CXEMY IO MPOU3BOJICTBY NMUTMEHTOB-HAIMOIHUTENEN (pUC. 2).

DKOJIOr0-3KOHOMMYECKAsi OLEHKa TMOKa3ajla, 4YTO TMpU NPOU3BOJICTBE
KPACOK MOXKHO TOJIYYUTb 3KOHOMMYECKYIO (pacllMpeHue NpOM3BOJICTBA,
YBEJIMYEHUE ACCOPTMMEHTA MPOAYKUMM, KOJMYECTBA pabO4mMx MeCT), U
9KOJIOTMYECKYIO BbIMOAY — YMEHBLIEHUE IUIOLLA/IEN A1 OpraHnu3alyy MOJIMIOHOB
U CBAJIOK, CHUXEHME BpegHOro Bo3AcvcTBUA 0TX0foB I'lll Ha OKpyKarouyro
cpeny.

FLIJ

Pucynok 2- TexHonormueckas ¢Xema noayuc Hus
MHIMCH TOB- Hanoaau Tea ¢ii: 1— Tpancnoprep; 2 —
03aT0p; 3 —BAHHAKMCNOTHOI 0dpadoTku; 4 - gozaTop
OIhI; 3 — 102aTOP K HCR0Th; 6 —pH-meTphi; 7— mAeku-
MU TATCIH; § — J0ZATOP IMCNOMH; 9 —BAHHA WICT OMH O
odpadoTk u; 10 —nentpudyra; 11— neun oGxmra;

12— divaken rorarad nnnavknum: 13 —na dhacork v

;-|-];/
I

B

=

8
Puc. 2. Texnonoruueckast cxema rnojryueHusi MeTAJUIMUECKOro HUKeIsl: [ — TpaHCTopTep;
2 — io3arop; 3 — cMecuTeb C KUCIIOTOM; 4 — 103aTOp BOJIbI; 5 — 103aTOP KUCIIOTHI;
6 — KOHTpOJb pH; 7-BBITSKHON OTCOC; § — LLIHEK-NUTATENb; 9 — aHofibl; /0 — KaTop;
11 — pnacdpparmsl
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ITonyyenne MeTanIM4ecKOro HUKes. Y untbiBas, yTo Ha OAO «PobepT-
Bour-CaparoB» 3a rog oopaszyercs B cpeqaeM 60 Tonn I'lll ¢ copep>kaHuemM MOHOB
Ni» nopsinka 60+10 %, HamM NPeIOKEHO W3BJEKaThb W3 HEr0 METAJUIMYECKUi
HHUKEJIb 3JIEKTPOXMMUYECKUM METOIOM B COOTBETCTBMM C TEXHOJOTMYECKON
cxemoini (puc. 3). OCHOBHbIE CTaUM: PACTBOPEHUE HUKEJILCOAEPIKALIETO
rajbBaHoLUIaMa B BOJE JUIsl OTHEJEHUS HEPaCTBOPUMOW MUHEPAIBHON 4YacTh
(Mecok, TavHA, KapOOHAThl KaJblid, MarHusi W Jp.) OTCTAWBAHUEM WJIN
(punbTpOBaHMEM; NTOOABIEHUWE B BOJHYIO CYCINEH3MIO TAJbBAHOLLIAMA CEPHOM
KUCIIOTBI (M0 pH=2) mnpu TINATEIBHOM MEPEMELIMBAHUM W OXJIAXKIACHUM IS
NOJy4YEeHUs. CyJb(aToOB METANJIOB; OCAX/CHUE METAJUIMYECKOrO HUKENs B
rajJbBaHUYECKON BAaHHE C HEPAaCTBOPUMbIMU TIpaUTOBbIMM  AHOAMM  Ha
CTEKJIOrpapUTOBOM (CTATLHOM WJIM MEIHOM) KaTofle B MOTEHLMOCTATUYECKOM
pexume npu E.=475+2 MB; obgup Meramna [jisi BTOPUYHOTO MPUMEHEHMS.
[TopcuntanHasi exerofgHasi NMpUObLUIL MPEANPUATHS NPU W3BICYEHUHA M MPOJAXKE
METAJUTMYECKOrO HUKEJISI COCTABUT OoJiee 1 Muiummona pyOosen.

ITonyyenue rugpokcuaa HuKesa ajs usrorosiaenus: karoga Ni-Cd, Ni-
Fe akkymyasaropos. [Iposogumu pactBopenue ucxognoro 'l OAO «Pobepr—
bom-CaparoB»B KOHUEHTpUPOBaHHON cepHor kuciore (mo pH=3). Ilocne
OTJIEJIEHUS] PAaCTBOPUMBIX B KHCIJIOTE CYJIb(aTOB METAIUIOB OT HEPACTBOPUMBIX
BEUIECTB (IVIMHUCTbIE MUHEPAbI, IECOK U JIP.), MOJYYEHHbI MATOYHbIA pacTBOP
oOpabatbiBasm 40 % pactBopom menoun NaOH. Ilocsie ynaneHusi BbIMaBIIMX
npu pH=30 - 5,5 rusipokcuioB LMHKa, Keye3a u Meau (Tabus. 1) ux oTaensiu ot
pactBopa (uUIbTpOBaHMEM, a npu joctikenun pH ~ 7,7 npoucxoguno
oOpa3zoBaHue ruapokcuaa Hukens. [locne cywku npu 155 °C. mIOTHOCTB
BBIJICJIEHHOTO BellecTBa coctaBuia 3,96-4,12 r/cm, YTO COOTBETCTBYET IJIOTHOCTHU
toBapHoro npogykra (4,09 - 4,10 r/cw). CuroBoit aHanm3 nokasai, yto 94.2 %
YacTull, UMEIOT pa3mMep MeHee 15 MKM, YTO MO3BOJISIET PEKOMEHJ0BATh €ro s
u3rotopnenusi anekTpogoB Ni(OH), 06e3 mnpeaBapUTesbLHOrO — U3MENIbUEHUS.
Maketnble ucnbiTanust Ni-Cd  akkymyssitopoB  (HKA)  nmpoBopmimm  Ha
UCTbITATENLHbIX CTEHAaX 3aBojla «ABTOHOMHbIE MCTOYHMKM TOKa» r. Capatosa.
AnekTpomurom cayxui pacteop KOH+10 r/n LiOH (mnotHocts 1,19-1,21 r/cw).
[Ipn opmMUpOBKE 2JEKTPOIOB (PUKCUPOBAIM Pa3PSAHYI0 €MKOCTH (puc. 3 a) B
teueHre 100 uuKII0B Npon3BOICTBEHHBIM pexxuMoM: 3apsp 200 MA B Teyenue 12 u,
pa3psp 140 MA — o HanpsikeHust 1,58 B. KoadduipenTs! renosib30Banust HUKeIst
B mnojoxureabHon Macce oanektpogoB Tuna KH, KL, wu3roroBneHHeix wu3
IWIpOKCcHaa HUKeds, nosydeHHoro u3 ' npusenens! Ha puc. 3 6.
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a) 0)
Puc. 3. 3aBUcUMOCTD 37IEKTPOXMMUYECKUX XAPAKTEPUCTUK: EMKOCTH (a) U Ko3(ppuumeHra
UCMOJIb30BaHUsI HUKEJs1 (0) OT ayuTesibHOCTH LuKavpoBanus HKA

0,4

0,2

HOMep uuKna

Pe3ynbraTbl NpPOBENEHHBIX MAKETHBIX WCIBITAHUA MpU  (POPMUPOBKE
3NEKTPOAOB MOKAa3aJlM, YTO €MKOCTb KAaTOJIOB MOCTENEHHO YBEJIMYMBAIACH C
mukaMpoBaneM M Ha 3-10 muknax agpdekTuBHOCTE IMKIMpoBaHus (puc. 4 0)
coctaBuna 82,0-86,3 %, uto Ha ~ 3 % Bbllle B CpPaBHEHUU C 3aBOJCKUMU
aAKKyMYJIITOPaMH.

Takum 00pa3oM, NPOBECHHBIE HAMU HUCCJIEOBAHMS TOKA3AJIM, YTO OTXO/bI
ralbBaHMYECKUX  MPOM3BOACTB  MOTLYT TMOCJE€  MNMEPEPAdOTKMA  yCNELIHO
UCIOJI30BATBhCSI B KAayeCTBE TOBAPOB HAPOAHOIO MOTPEONEHMS: B KAyeCTBE
NUTMEHTOB-HATNOJHUTEJIEN U KPACOK HA MX OCHOBE; I M3rOTOBJIEHNS AKTUBHOMN
Macchl 3NEKTPOJIOB LIEJTOYHBIX aKKyMYJISITOPOB, Cc BBICOKMMH
9KCIUTYaTALMOHHBIMU XapAKTEPUCTUKAMHA Y BBIJIEJIEHUST METAJIIIOB.
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JL.LH. Oabmanckasi, M.A. UepHoBa, B.A. Boakos, 10.A. BumHsikoBa

CapatoBCcKMii rOCYJApCTBEHHBIN TEXHUYECKNAN YHUBEPCUTET
nmenu ["arapuna 10.A., Poccus

PASPABOTKA MATHUTHOI'O COPGEHTA 1JIA YIAJEHUA
PA3INBOB HE®TU N HE®TEINIPOAYKTOB
C IIOBEPXHOCTH BOJI 1 I1IOYB

B pabGore uccaegoBaH cOCTaB KOMIO3UIMOHHOIO MarHUTHOrO COpPOEHTa Ha OCHOBE
OTXOJIOB arpoNpOMBIIIIEHHOIO KOMIUIEKCA JIJIs OYMCTKU HedTe3arpsi3HEeHHbIX BOJ U IMOYB.
Onpepenenbl pu3nko — xuMuyeckue (rugpodoOHOCTb, 01€0(PUIBHOCTL) U COPOLMOHHbIE
(HedTeeMKOCTb) CBOMCTBA MArHUTOCOPOEHTA.

KntoueBbie cnoBa: cop6uusi, He(pThb, HE(PTENPOAYKTbl, MATHUTOCOPOEHTbI, OTXOMbI
arponpOMBIIIJIEHHOTO KOMILUIEKCa, OYMCTKA, TOYBA, CTOYHbIE U MOBEPXHOCTHbIE BOJIbI.

[To oueHkam cneupanucToB 1/3 4YacTh MOBEPXHOCTH MUPOBOTO OKEaHA
3arpssHeHa Hedptu(H) m nmedprenpopykros (HII), macca KOTOpBIX €>KErogHo
NoNajiafoniasi B MUPOBOM OKeaH cocTaBisgeT npumepHo 10 muH. T. Benmko
KOJIMYECTBO OTXOJIOB HE(PTENPOAYKTOB, CKAIUIMBAIOIIMXCS HA MPOMBILLUICHHBIX
00BEKTAX, KOTOPBIE, COOTBETCTBEHHO, CTAHOBSITCSI MOCTOSIHHO JIEVCTBYIOLMMU
VMCTOYHMKAMU BTOPUYHOTO 3arpsi3HeHus. B CBgI3M C 3TUM BaXKHOW MPOOJIEMON
SIBJISIETCS. OYKMCTKA BOJIHBIX, MOYBEHHbIX U JIPYTUX OOBEKTOB OT aBAPUIHBIX
pa3nmmMBOoB HedTM M HePTENpOAyKTOB. B wHenom ciepyer OTMETUTbh, 4YTO
NpefoTBpallieHUe 3arpsi3HEHUs] OKPYXKalollel cpefibl He(PThIO U MPOAYKTAMU €€
nepepaboTKM —3TO OfjHA U3 CJIOKHBIX M MHOTOIUJIAHOBBIX MPOOJIEM OXpaHbl
npupopHoW cpensbl [1,2].

Lens HacTosiein padoOThl 3aKiOyajach B pa3pabOTKE HOBOIO
MarHUTOCOpOEHTa Ha OCHOBE OTXOJIOB OKAJMHbI CTAJIBLHOU MbUIA JIJIsl OYUCTKU
3arpsi3HEHHBIX BOJ, OT HE(PTU U HETENPOAYKTOB U MUHUMMU3ALUU HETATUBHOIO
BO3JIEVCTBYS MPEANPUATUI HE(PTEXUMUYECKOTO NPoussi Ha rugpocdepy.

Bbl1  M3roTOBIEH U UCCIENOBAaH CJEAYIOWIMA BWJ COPOLIMOHHOIO
Matepuaia CM nmpu COOTHOLIEHUU KOMIIOHEHTOB: MbUIb FA300YUCTKU CTAIbHAS
He3arpsizHeHHas (III'CH) + menyxa nopcosHeynuka + napadgpu(l:1:1).

Ha nepBoM osTame mnpoBOAWIM YCTAaHOBIIEHUWE 3JIEMEHTHOTO COCTaBa
crtasnibHoll [II'CH ¢ ncnonb3oBaHueM peHTreHO(IyOpeCEHTHOTO CIEKTPOMETpa
«Cnektpockan Makc» ¢upmbl CIIEKTPOH (Poccusi, Cankrt-IleTepOypr).
PesynbTaThl ucciienoBanus nokasanu (Tadu. 1), 4To B HanbOIbLIEM TPOLEHTHOM
COOTHOLIEHUM B COCTaBe cofiepKuUTcsl kene3o Fex67 %, B He3HAUUTEJbHBIX
KOJIMYECTBaxX NpUCYTCTBYIOT: Si, Mn, Al, Na, u ip. DT0 yKa3bIBaeT Ha BbICOKKE
MarHUTHbIE CBOWCTBA MaTepuaja il W3TOTOBIEHUSI KOMIO3UIMOHHOTO
MarHATHOTO COpOEHTA.

Onpepenenue TokcuynocTu [II'CH npoBoaunu cornacHo meToaukam [3.4].
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DJIEMEHTHBINA COCTAaB IbLUIN

Taomuna 1

Kommnonent MaccoBas nods,| [lorpeisocTs, DnemeHT  MaccoBas joJisi,| [lorpemHocTs,
% % % %

Fe.O, 95,38000 0,11000 Fe 66,71000 0,07000

SiO, 2,00000 0,07000 Si 0,93300 0,03300

MnO 1,09000 0,05000 Mn 0,84700 0,04000

AlO, 0,47800 0,02400 Al 0,25300 0,01300

Na,O 0,29900 0,02200 Na 0,22200 0,01600

buorectupoBanne Ha AByX TecT oObekTax (pauku Daphnia magna n
Bojlopociin Scenedesmus quadricauda) MO3BONWIO YCTAHOBUTh, YTO OTXOJIbI
CTAJILHOM MbUIM HE TOKCHYHbI M MOTYT OBITb HCIOJIB30BaHbl B KAyeCTBE
KOMIIOHEHTa MarHUTOCOPOEHTA.

Hnst n3rorosiaennss CM oTXOfbl MbUIA HAMPABISAIM B 3KCTPYJAEP, TN
CMELIMBAJM C PACIUIABJICHHBIM MAapa)MHOM M MPEABAPUTEIBLHO M3MENbYEHHON
LIETYy X0 MoACOoNHeYHuKa. [locae cMelenns nomyyeHHyo CMeCh OXJIaXKAaI J10
3aCTBIBAHMS, @ 3aTEM U3MEJIbYAIIM 10 HY>KHOrO pa3Mepa yactuy, (puc. 1).

Temneparypa
45 - 60°C

IrcH

KCM

H3MeabYeHHel VIIAKOBKA
—= oxXJIaKIEeHHE

IKCTpyAEep

MeJbHHOA

Puc. 1. TexHonorunyeckas cxema nojyuyeHus MAHIMTOCOPOEHTa

nst 6oJiee ymoOHOW TPAHCMIOPTUPOBKU U 3KcyaTauuu CM MoXeT ObITh
M3rOTOBJIEH B BUJE rpany (¢ pasmepoM yactul 0,5-5 mm), niam nopomka(< 0,1
MM) Mg BbiOOpa papuoHanmbHOro cocrasa CM wuccnepoBamm ux  (pu3mKo-
XUMHUYECKUE U COPOLMOHHBIE CBOVICTBA.

CmaumBaemocTts. Mccaenyemblii COpOSHT HAchIanu Ha (PUILTPOBATBLHYIO
Oymary, 3aTeM Ha MIOBEPXHOCTU COpOEHTAa HAHOCUJIU BOAy , (hoTOrpacupoBay no
NpOoUIIIO ¥ ONIPEAEIISUIN YIJibl cMaunBanus (puc. 3). [5]

Puc. 2. Onpepenenue yrina cmauuBanusi CM
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a Macno

Puc.3. Onpepenenue neopusibHocTu copoenta CM

B ananornyHbIX sKkcnepumMeHTax oTpabOTaHHOE MAIlIMHHOE MACJIO U HE(PTh
NpakTUYeCKU Cpa3y BIUTHIBAIUCHL He o00pa3zys cusliell Kami, 4YTo
CBUJIETEIILCTBYET O €ro ojeoduibHOCTH (puc. 4) [4].

HedreemkocTts MarmutHoro opoenra (CM) onpepensiii 1o pasHULE
HavyaJlbHOM Macchl cyxoro copoeHta (m=0,5 r), MOMEUEHHOrO0 B YMAKOBKY W3
kanpoHa (m,=0,5 Tr) 10 ¥ nocjie KOHTaKTa ¢ MallMHHbIM MacjioM (MHTepBas 5
MUH.) U TIOCJIEYIOLIEro [MOJIHOIO CTeKaHusi WU30bITOYHOIO KOJMYECTBA
HETENPOAYKTOB [4]:

— S —
e

—

Puc.4. OuucTka 3arpsi3eHHOI BOJbI OT MAILIMHHOIO MacJa: a - Bojia 3arpsi3ieHHast HIT;
6 — 3arpsi3HeHHast Bojia ¢ CM; B — CM, coOpaHHbIii MarHUTOM; T - OYMILIEHHAs! BOfIa

3AKJTIOYEHHE

1. Pazpaboran coctaB u cnoco6 nonydyeHnus CM Ha OCHOBE OTXOJIOB
nponsBopicTBa — [II'CH co cBsa3yrommm napagprHOM M HANOJHUTENEM — LIEyXa
NOJICOJIHEYHMKA JIJIS OYUCTKHU 3arPA3HEHHBIX BOJ| OT HE(PTU M HEPTENPOAYKTOB.

2. buorecTupoBaHue Ha ABYX TecT oO0beKkTax (pauku Daphnia magna v
Bojlopociin Scenedesmus quadricauda) TNO3BONWIO YCTAHOBUTb, YTO OTXOJIbI
CTaJbHOW TNbUIM HE TOKCHYHbI WM MOTYT OBITh MCIOJb30BaHbl B KayeCTBE
KOMIOHEHTA MAarHUTOCOPOEHTA.
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3. UccaepoBanbl (PU3MKO-XMMUYECKHUE CBOVICTBA MOJyYEHHOTO COPOEHTA.
YcTaHOBIEHA X BBICOKAs TMAPOGOOHOCTD - KpaeBor yrosa cmaumBanus - 130:;
HedreémkocTs copbenTa coctapuia 2,5 — 4,0r/r.

4. CopOLUMOHHOE PAaBHOBECUE JOCTUTAETCS 3a NepBble S5-10 MUH. KOHTAKTa
matepuana ¢ H m HII, Ha copOumio oka3bIBacT BIMSIHME NMPUPOAA M TOJILLMHA
CJ1051 HEPTEMPOTYKTOB.

JIureparypa
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J.I'. HoapyoHbIit

l'ocypmapcTBEHHBIN YHUBEPCUTET MO 3€MJIEYCTPONCTBY, MOCKBa

UJES CO3JAHMS TAPKOBOW 30HBI HA TEPPUTOPUN
3AKPBITOI'O NOJIUT'OHA TBO «<KYYUHO»
MOCKOBCKOHU OBJACTHA

CknagupoBaHKe TBEp/bIX ObITOBBIX OTXOMI0B — HanboJee 00Ccy>Kaemasi IKOIornyeckast
npo6aema MockoBckoii o6mactu nocnefHux JjeT. Ha jaHHbIil MOMEHT ocTaeTcsl MpoOJIeMHbIM
(pyHKIMOHMPOBAHUE W MpOLECC peKybTuBauuu pspa noauroHos ThO. B paHHON cTaThe
paccMOTpeH BapuaHT ucnoJsib3oBaHust nosmrona TBO «KyuumHo» mocne 3aBepuieHust
PEKYJIbTUBALUY, & UMEHHO — CO3/IAHUE MTAPKOBOW 30HBI.

KntoueBble croBa: skojorumueckue npodsemsl, noauron TBO, pekynbTuBayus,
napKoBasi 30Ha.

[Tomuron THO «KyumHo» pacnonaraercs Ha Bopopasaene pek Ilexopka n
ee MpaBoro npuroka Yeuyepsl, Ha TEPPUTOPUM FOPOACKOro oKpyra banammxa B
HENOCPEACTBEHHON Omm3ocT K MukpopailoHaM Kyuuno u I[laBiuHo, pepeBHe
®enuno (200 MeTpoB OT Tena noauroHa). [loauron Bo3sbIlLaeTcs Ha 55 M Haj

209



NOBEPXHOCTHIO 3€MJIM, Ha 58 M HaJl Ype30M peK, IJIOMlb COCTaBISET 0KOJIo 0,5
KM [2].

[Tonuron Havan paesitenbHOCTHL B 1964 romy Ha MecTe OTPabOTaHHOIO
[VIMHSIHOTO Kapbepa KyuMHCKOro kepamMmueckoro KOMOWHATa, CKJIQUPOBAHUE
HAYaJoCh 0€3 MOArOTOBKM JIOXKa. DKCIUTyaTauusl NOJMIOHA MPEKPAIleHa B UIOJIE
2017 roma. 3a KpaTKue CpPOKM ObUI BBINOJHEH OOJIBIION Psji padoOT 1o
peEKyabTUBAUMMU MNOJMroHa. OfIHaKO NPOLECC YTUIU3ALMKA OTXOJIOB TOBJIEK 3a
CcOOO¥i MHOTO HETaTUBHBIX MOCJEJICTBUI: BO3HUKHOBEHUE HEMPUSTHOIO 3amaxa
cepoBofiopoia (Kak nokasanu nposepku, HopMbl [I[IK npu o6paboTke Omorasa
NENCTBUTEJLHO TPEBBIIAINACH), 3aPa’KCHHbIE TMOJ3EMHbIE BOAbI TMOKa HE
MOJJIal0TCsI OUnCTKE [3, 4].

[TapkoBast 30Ha — B 4uWclie WAECH, KACAIOLIMXCS JAJbHEWIIEH >XWU3HU Ha
nosiurone. Tepputopusi ¢ pymHoi 20 KM U ¢ miowaabo 950 ra BXoguT B COCTAaB
KOHLIeNIMMA OJIarOyCTPOMCTBA MAPKOBBIX MNPOCTPAHCTB MO Oeperam peku
[Texopka. IIpepmonaraercsi, 4TO CEBEpPHbIE M IOXHbIE Mepudepun ropoaa
CBSKYTCSI MEXKJy COOON MEHIEXOHbIMU W BEJIOCUIEHbIMA TpOMNamMu, a Ha
BEPXHEM sIpyc€ MOJUTOHAa OyjeT (PYyHKIMOHMPOBATH 30HA OTMbIXA, BKIIIOYAs
canHble Tpacchl. Ha nonHoe 3aBepuieHne napka MoxeT norpebdosatbest oT 10 o
30 ner [4]. Pemienne mo mapky He OKOHYATEJIBHOE, MOCKOJIBKY €CThb JIpyrue
MMPOEKTHI — MPOCTOE O3EJICHEHUE WUJTU OpaHXKepes.

B xope paboT nmo BO3BEEHUIO PEKPEALMOHHOTO OOBEKTA TEJIO NMOJUTOHA
MpPETEPNUT U3MEHEHUsI. B yacTHOCTM OyayT M3MEHEHbI CKIIOHBbI Tena (CKJIOHBI
NOJKHBI TPUHATH MeHee Kpyrton Bup). K okrsaopro 2017 r. momuron THO
«Ky4rHO» MOJHOCTBHIO 3achINajy MOYBOTPYHTOM. CJI0f 3€MJIM COCTaBUII OKOJIO
meTtpa. Beero Obw1o 3aBe3eHO 400 ThICAY TOHH FPYHTA, KOTOPBIA COOTBETCTBYET
OATOMY KJIAaCCY ONACHOCTM U CYUTAETCS TMOJIHOCTBIO O€30MacHbIM  JIjIst
pactutenbHOCTU. JlecHOI MaccuB MAapKOBOW 30HbI JIOMXKEH TMPEBbILATH
HEJIECHYIO MUIoa/ib (MUHUMANIBHO B cooTHoleHnn 60 Ha 40) [4].

Hamu npepnoxensl Tpu BapuanTa co3fanus u 6naroycrponctsa [IKuO Ha
tepputropuu 3akpbITOro ThO «KyunHo».

XapakTepucTuka BapuaHTa Nel: O0O0BEKT TMUIOTHO 3aHSIT JIECHBIMU
HacaXXJIeHUsIMI, HO He TOJHOCThIO (cooTHoineHue 65 Ha 40); jJecHoi MaccuB
CMEULIaHHbIX BUJIOB; JIECHOI MACCHUB Pa3fIeJIIIOT Mpoceku (Bcero 3) U TPOINbI
(Bcero He Ooniee 10); KyCTapHMKOBasi pPaCTUTEJIBLHOCTb Ha CKJIOHAX; OOJIbIIast
IUIOLIA/Ib OT/IbIXA, BKIIIOYasi 6a3y JIJIsi CAHHOT'O CIOPTA.

XapakTepucThka BapuaHTa Ne2: 0OBEeKT 3aHST JIECHBIMU HaCaXKJEHUSIMU
1o oTneabHbIM MaccuBaM (cooTHomenne 60 Ha 40); B KaXKJIOM MacCHUBE MOKET
ObITh KOHKPETHAasl JIECHAasl PACTUTENbHOCTb; BHYTPU JIECHBIX MAacCCUBOB TOJILKO
Tponbl (He Oojiee 4 Ha MacCHB); KyCTapPHUKOBAsl PaCTUTEJIbHOCTh Ha CKJIOHAX;
HEeOOJIbIIIasl 30Ha OT/bIXa, BKJIt0Yas 0a3y JIJisi CAHHOT'O CIIOPTa.

XapakTepuctuka BapuaHTa Ne3: OOBEKT MAKCUMAIBLHO 3aHSAT JIECHBIMU
HacaxjaeHusiMu (cooTHomeHue 80 Ha 20); JeCHON MacCUB CMEIIaHHbIX BUIOB;
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yepe3 JIECHOI MAacCUB MPOXOMST mpoceku (Bcero 6) u Tpomnbl (Bcero He Oosee
12); 30Ha OTABIXa MUHUMAJIBHOM TJ10IIA M (6€3 0a3bl JIJIsi CAHHOTO CIIOPTA).

Bapuant Ne3 ornmuyaeTcs OOJBLION IUIOWA/IBIO JIECHOTO MAacCHUBa, YTO
MOXeET OJIArOTBOPHO CKa3aThCA HA COCTOSIHMM aTMOC(EpHOro Bo3ayxa. OnHako
OKPY>KaroI|asi MECTHOCTb XapaKTEPU3YyeTCs JIECHBIM (POHJIOM U JIECONIAPKOBBLIMU
3oHamu (CanTtbeikoBckuil, [TaBnmuuckuit, Onpruackuit jieconapku). Taksxke B 10ro-
3amajlHON 4YacTu r.0. banammxa HeT 3alyIaHMPOBAHHBIX NMPOMBILJIEHHBIX 30H U
Npyrux KpymnHbIX o0bekToB. M3 Toro cnepyer, uro BapuanTbl Nel m Ne2, rpe
JiecHasl PacCTUTENIbHOCTb MPEJCTABICHA MEHbIIEH IUIOMAbI0, TAKXKE MOTYT
OTBEYATh TE03KOJIOrMYecKuM TpeboBaHusiM. Bapuant Ne2 mnpepoctaBisieT
00JIblIE BO3MOXHOCTEN [ 9KOJOTMYECKOrO0 BOCIUTAHUSI, MOCKOJBKY IS
Pa3HbIX JIECHBIX MACCUBOB MOTYT ObITh CO3/aHbl TeMaTUYECKUE MOfpa3eIeHUs
napka (Hanpumep, paCTUTENILHOCTD, TpUCYILast JoauHe peku [lexopka).

Co3paTh NapKOBYIO 30HY MJIAHUPYETCS] HA MHOTUX 3aKPbIThIX MOJUTOHAX
TBO B Poccun (Hanpumep, «CamapbeBo» HoBomockoBckoro AO r. MoCKBHI,
«JIeBoOepexHbIii» T. XuMk MOCKOBCKO# o6nacT). ECTh HeygauHble mpuMepsbl
Oonaroyctpoiictea. B Tom ke r.o. bamammxa (yHKUMOHMPYET TOPHOJBIKHBIN
KypopT «Jlucess ropa» — mnoauron TBO, npekpaTuBlIMil [IESITETLHOCTH B
coBerckoe Bpemsi (80-e rompl). B peke Ilexopka BbISIBIEHO MPEBLILIECHUE
HOPMATHBA IO COJIEP>KAHUIO MAPraHLa, YTO OOBSICHSETCS] HAJTMUYKUEM MOJI3EMHOTO
YEeTBEPTUYHOTO TFOPU30OHTA B TEXHOIEHHbIX OTJIOKEHUSX B pailOHEe CBAJIKH,
KOoTopas o0pa30BaHa OTXOJaMW pa3IMYHbIX MPOU3BOJACTB, B TOM 4YHUCJE
JmreiHoro [1].

[TonoxurenbHple NpPUMEPHI €CTh 3a TpaHuLed. PpelKusuIc-napK Ha
octpoBe Craren-Aiineny B Heto-Mopke (CIIA) — mocne 3aKpbITHS MOJIMTOHA B
2003 roay 31ech PYHKUMOHUPYET 30HA OT/IbIXa CO CIIOPTUBHBIMU TUIOLIAIKAMA 1
ye BOCCTaHaBjuBaeTcsi payHa (Cpeau AUKMX >XUBOTHBLIX: OHAATPbI, 3aillbl,
€HOTBI-NIOJIOCKYHbI U 6esioxBocThle ojieHr). B KoTko (PuHnsHAus) JecHYyIo
PACTUTENBHOCThL COBMECTWIM C CaHHOWl ropkoi, Ha KaHapckux ocTpoBax
pa3ounm Oortanmyeckui caj, B [{yonune (Mpiangusi)) mOIWroH cTajdl 4YacThiO
BOJIHO-0O0JIOTHOT'O KOMILJIEKCA.

B  pesynbrare um3yueHuss penabeda, TNPOEKTAa  PEeKyJbTUBALMH,
OKPYXKaIOWIEN MECTHOCTM M MPOYMX KAPTOrpapuyecKMx, CTATUCTAYECKUX
JAHHBIX, MOXHO C/ENaThb BBIBOM, YTO IUIAaH MO CO3[aHUIO NApKOBOW 30HBI —
Hawiydlasi upes sl «BTOpoi ku3Hm» nosmroHa TbO «Kyumno». Ha
TEPPUTOPHHU TNAapKa JOJDKHA NMPeo0sIagaTh JECHAsl PACTUTENBHOCTD, OJJHAKO 30HA
OT/IbIXa, BKJIIOYas CaHHbIE TPACChbl, HE J[OJDKHA TNOBIMATH Ha OOBEKT
OTPULATEIIBHO C FE03KOJIOTMYECKON TOYKH 3PEHUS.

JIureparypa
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K.I'. [lyrun, B.A. Uyagunos, A.C. XapuToHOB

[Tepmckuii HALIMOHATIBHBIN UCCIIEA0OBATEIbCKUI
MOJIMTEXHUYECKUIN YHUBEPCUTET

NCITIOJNb30BAHUE PECYPCHOI'O IOTEHIUAJIA ITOJIMMEPHDBIX
OTXO010B ITPU ITPOU3BOACTBE JOPO2KHOI'O
ACOAJIIBTOBETOHA

B cBsi3u ¢ poctom aBTOMOOMIIM3aUMM MOBBILAKOTCS TPeOOBAHUSI K TPAaHCIIOPTHO-
OKCIUTYaTallMOHHBIM XaPaKTEPUCTUKAM J1OPOr', YTO TaK 2KE€ CKA3bIBACTCs Ha 3KOHOMUYECKON
COCTAaBJSIIOLEN. B [aHHON CTaTbe PpAacCMOTPEHO PELICHUE BBILICYKA3aHHbIX MPOOJIEM,
MOCpEACTBOM HUCIOJIL30BAHUSI HOBBIX TEXHOJIOTUI C NPUMEHCHUEM TOJIMMEPHBIX OTXOJOB B
KayecTse MoAu(pUKaTopoB BsoKyuwlero. IIpomsBeneHO cpaBHEHME ONbITa MPUMEHEHUSs
[IOJIMMEPOB B peruoHax co cxoxumu IlepmckoMy Kparo NPUPOJHO-KIMMATUYECKUMU
YCJIOBUSIMU.

KntoueBble  cioBa:  CTpPOUTENLCTBO, acanbTOOETOH, TMOJUMEPHbIE  OTXOfbI,
TEPMOIIACTUYHbIE NOJUMEPDI, BSKYILME BELLECTBA, AC(ATBTOOETOHHOE MOKPITHE.

Ha ceropnsiiHmMii f€eHb CYIIECTBYIOT OTE€YECTBEHHbIE M 3apyOe>KHbIE
pa3paboTKu B cepe CTPOUTENBbCTBA JOPOr C WMCMOJIB30BAHUEM MOJMMEPHbBIX
OTXOJIOB, KOTOPbIE HE TOJBKO PELIAIOT HEKOTOPbIE MPOOJIEMBI 3KOJIOIMHU U
YACLIEBJISIOT TMPOLECC MPOU3BOACTBA, HO M CHOCOOHBI NMOBBICUTH KAa4€CTBO
acparbTOOETOHOB, YTO YBEJIMYMBAET MEKPEMOHTHBI TNEPUON AOPOXKHOMN
KOHCTPYKIMHA M TO3BOJIAET Oosiee 'MOKO M3MEHATh €€ mapaMeTpbl MCXOAs W3
KJIMMATUYECKUX YCIIOBUAN U HATPY30K, MPUXOASIIMAXCS HA JOPO>KHOE MOJIOTHO.

Psap nocTynHbBIX MOIMMEPOB, MOTYYaEMBIX U3 OTXO/IOB:

® pe3uHa;

® KayudyKW,

®  HU3KOMOJIEKYJISIPHBIE Kay4YyKU (OJIMTOMEPHI);

® TEPMOIUIACTUYHBIE TIOJMMEPHI (B Pa3IMYHbIX (POPMaAX).
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JlaHHBIE MaTepUasibl [JOJITOBEYHbI M YCTOMYMBBLI K BO3[EWUCTBUIO BHEIIHUX
KJIMMATAYECKUX (PaKTOPOB.

[poGneHasi pe3MHa M OJMIOMEPHI TMOBBILAIOT TPEIIMHOCTOMKOCTh M
CUEMHBIE XAPAKTEPUCTHUKHU TOPOXKHOIO NMOJIOTHA. UTO MO3BOJMISET 34 CUET JAHHBIX
MaTEpUaAJIOB CHU3UTH NMOTPEONICHNE HE BO300HOBIISIEMBIX NPUPOJHBIX PECYPCOB
JIJIs1 IPOU3BOJICTBA CMECEN.

[ToMumO 3TOro, MOPOLIKOBBLIE HE BYJKAHW3UPOBAHHBIE KAYYyKM XOPOLLIO
CMELIMBAIOTCS C OUTYMOM, B CBS3M C YE€M, MOBBIMAECTCA TEMIIOCTONKOCTh
BSKYILETO, COOTBETCTBEHHO YBEJIMYMBAIOTCA (PU3MKO-MEXAHUYECKUE CBOWCTBA
acasbTOOETOHA NPY NMPUMEHEHUM MAJIOBSI3KMX OWTYMOB, OMTYMHOTO CBIPbSl U
TSIKEJION HEPTH.

TepmonnacTyHble  nmonMMepbl  (MONMAMPONWJIEH  aTaKTUYECKUNA U
NOJIMCTAPOJ) TMOBBIIAKOT CJABUTOYCTOMYMBOCTh M KOPPO3MOHHYKO CTOWMKOCTH
CJIOEB JJOPO>KHOT'O MOJIOTHA.

CpenHsiss MMHMMaNbHAsI TEMIIEpAaTypa B 3UMHEE BpeMs B HAILlEW CTpaHe
cocrasisgeT -24°C, MeXy TeM, 3TO Ta TeMIepaTrypa, pu KOTOPOW HAYMHAET
paspywiaTtbcsi OUTYM IpU Harpyske. B To Bpemsi, Kak y noJmMepoB, KOTOpBIE
NOOABJISIIOT B OMTYM I IOPOT, TEMIIEpATypa pPa3pyLIEHUsI TOpa3fio HIXKE — 0 -
40°C. IlpumeHeHME NONMMEPHBIX MAaTEpPUAJIOB B JIOPOXKHOM CTPOWTEIBLCTBE
CTAHOBUTCS MONYJISIPHBIM €III€ MOTOMY, YTO OHM UMEIOT XOPOILIYI0 CTOMKOCTH K
necpopmagum — Kako Obl He OblLIa HArpy3ka Ha HMX, OHM, KaK IPaBWIO,
BOCCTAHABJIMBAIOT CBOIO U3HAYANIBHYIO (hopMy.

HecmoTpss Ha [OCTOMHCTBA NPUMEHEHUS [JAHHON TexHosioruu B Poccun
KOJIMYECTBO BSDKYIIMX MMOJMMEPHBIX COCTAaBOB B ac(ajbTOOETOHHOW CMECH
cocTaBisieT Bcero 2% ot oOwein Maccol, B Kanajie, KoTopasi oueHb 0Jin3Ka K 1Mo
KJIMMATY , KOJIMYECTBO noJmmepoB pocturaet 5S0%, B 'epmannn — 23%, CIIA —
15% [2].

Ha ocHOBaHMM BBIIEYKA3aHHBIX [IAHHBIX MOXKHO CKa3aTb, 4YTO
HEOOXOJMMO TOBBIIIATL YPOBEHb MCIOJIB30BaHNUs MOJMMEPHBIX OTXOJOB B
JIOPOKHOM CTPOWTEINIbCTBE, BElb OHU MO3BOJISIIOT HE TOJIBKO YACWIEBUTb, HO U
ClieJIaTh KOHCTPYKIMIO YCTOMYMBEE U IPOYHEE.

K mpumepy, B 2018 rogy B pamkax texHonoruu "IlonnmepHo-OMTyMHBIE
CTBIKOBOYHBIE JIEHTbI IIPM PEMOHTE CJIOEB NOKPBHITHA' AKTUBHO Havyajau
CTPOMTENBCTBO AOPOr C HCIMOJB30BAHAEM IMOIMMEPOB M MOJIMMEPHBIX OTXO/OB
pernonsl cpepHenn nosiockl Poccun. Ilpy npuMeHeHnn nonvMepoB B [TaHHOM
CJlydyae MMEET MECTO TaK Ha3bIBa€Mas pEreHepanysl TPELMH Ha BaxX MOKPbITHUS
B JIETHWI CE30H, YTO TMOJIOXKWTEIBHO BIMSET Ha TOKa3aTejb POBHOCTHU, C
TEYEHUEM BPEMEHM OH YXY/IIAETCA B MEHBIIEH CTENEHU 1O CPAaBHEHUIO C
JIOpOraMy IIpY MPOU3BOJICTBE KOTOPBIX HE UCHOJIB30BAIMCH MOJIMMEPHI.

Huarnoctuka popor, nposefeHHass [1® ®AY POCIHOPHUNU nokazana,
YTO JIOPOKHOE TMOKPBITME C WCIOJNB30BAHMEM IMOJMMEPHBIX MaTEpHaJIOB
COOTBETCTBYET TPAHCHOPTHO-3KCIUIYaTALIMOHHBIM NapamMeTpamM aBTOMOOWJIBHOM
noporu. JJaHHOE MCCIENOBAHNE PACCUYMTAHO HA 5 JIET, MO Pe3yabTaTaM KOTOPbIX
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Oymer caenaH BbIBO 00 o((PEKTUBHOCTH WCNOJIb30BAHUAS TMOJIMMEPHBIX
MaTepuanoB. HO MONOXNATENbHBIA 3KOHOMAYECKUN 2(PPEKT MOXKHO OLECHUTH
yXe€ cefyac 3a CYET CHWXKEHHAS CTOMMOCTM MATEPUANIOB, YBEJINYCHUS
9KCIUIyaTALMOHHBIX ~ CPOKOB M SKOJIOTMYECKAs  COCTABJSIIOIIAs I[P
VICTIOJIb30BAHUM HE TOJILKO HOBBIX IOJMMEPOB, HO U NEPEPAOOTAHHBIX OTXOJIOB.

OcHOBHOM MPOOJIEMONI B pELIEHUM BONPOCA SBISETCA OTCYTCTBUE
HOPMATHBHBIX JIOKYMEHTOB, TO3BOJIAIOLIMX IIMPOKO BHENPATH JIaHHbBIE
TexHosornu Ha Teppuropun P®. Hammu pekomenpyercsi, Ha 6a3e Poccuiickoro
Hopoxunoro  Hayuno  HccaepoBarenbckoro — MHcTUTYyTa  MPOJOJIKUTH
00CJIeJOBaHME [JOPOXKHOIO MOKPBITHSI, TPOBOIUTH J1A00PATOPHBIE MCCIIEIOBAHMS,
B IIPOU3BOJICTBE KOTOPBIX NPUMEHSUINCH NMOJUMMEPHblE MaTepuanbl. [Io wmrory
uccleoBaHus OyyT pa3paboTaHbl HOPMAaTHUBHBIE JOKYMEHTbI, PEKOMEHIAMH 1O
BHEJJDEHUIO  WUCMOJb30BaHUSl  MOJMMEPHBIX  OTXOAOB B  NPOMW3BOJICTBE
acanbTOOETOHA.
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pa3BUTUSl TNPOMBIIUIEHHOCTH MO OOpabOTKe, yTWIM3auud U O0O0E3BPE>KMBAHUIO OTXO/OB
MPOU3BOICTBA U MOTpebaeHus Ha nepuop 1o 2030 roga

N.N. lllenenes, A.M. Hemepos, E.H. EcbkoBa, H.B. Opaerosa
KpacHosipcknii rocyapCcTBEHHBIN arpapHbIil yHUBepcuTeT, Poccust

PA3BPABOTKA UHHOBAIIMOHHBIX METOIOB
IKOJOTNMYECKOV PEABMJINTAIIMUA AHTPOIIOTEHHO
HAPYUEHHBIX
B [IPOLIECCE IPONU3BOACTBEHHOM NEATEJIBHOCTHU
TEPPUTOPUN

Peanmu3oBanbl Ha MNpakTUKE WHXXWHUPUHIOBBbIE WHHOBALMOHHBIE —MEPONPUATHS
9KOJIOTMYECKOI  peadunuTauuyd, B  pe3yabTaTeé KOTOPbIX  CHU3WIOCH  BO3JEWCTBUE
LUTAMOXPAaHWINLIA ¥ YMEHBIIUJIOCH 3arpsi3HEHUE MPUIIErarollell K Hemy Teppuropuu. Beopj B
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9KCIUTyaTali0 HOBOW IIJIAMOBOM KapThl C TUAPOU3OJISILMOHHBIM 3KPaHOM obecneuut
COKpaIlleHHe IpeHaXKell B MOJI3EMHbII TOPU3OHT U 3arpsi3HEHUE MOJI3EMHBIX U MOBEPXHOCTHBIX
UCTOYHUKOB. Pa3paGoraHa cXemMa 1O BOCCTAHOBJIEHUIO HApYyLIEHHbIX 3€MeJb C
UCMOJIb30BAaHMEM HEWTpaau3alud CyJlb(aToM aMMOHHMS U TNpUMEHEeHHeM CcyOCcTparToB,
NPUTOTOBJIEHHbIX W3 HETOKCUYHBIX TEXHOTEHHbIX MAaTepuajoB. YCTAHOBIEHO, YTO
NpUMEHEHNE HEeNTpajau3aTopa M Wjla C OYMCTHBIX COOPYXKEHUH B KayecTBE OCHOBHOIO
KOMIIOHEHTA MMOYBEHHOr0 CcyOCTpaTa NpUBOAMT K M3MeHeHuto 3HaueHus pH c¢ 9.8 po 7.5
equunl. Mcnonb3oBaHMe MCTOYHMKOB MPUPOAHOIO M TEXHOTEHHOT'O MPOUCXOXKACHUS JIis
9KOJIOTMYECKON ~ peaduauTauyM HapyLIEHHBIX 3eMellb o0GecrneyuT BOCCTAHOBJICHNE
HApYILUEHHbIX 3€Mellb U CHU3UT aHTPOMOreHHOE BO3AEWCTBUS TJIMHO3EMHOIO MPOM3BOJICTBA HA

OKPY>KaIOLLYIO Cpefy.

KuroueBble  cinoBa:  skosorvueckasi — peaOuiMrTanysi,  MOJULIAMOBBIE  BOJIbI,
mnaMoxpaHuﬂmme . HeﬁTpanmau,uﬂ . HpOMbIH.UICHHbIe UCHbITaHusA, BOCCTAHOBJICHUEC
HapYLIEHHBIX 3€MEJIb.

B  pesyabrare  NPOMBIIUIEHHOW  JESTENBHOCTA  TJIMHO3EMHOIO
npon3BoAcTBA B AO «PYCAJI AumHCK» BO3HMKAET TEXHOTEHHAs MWIPaLys
3HAYNTEIIBHBIX OOBEMOB 3arpsI3HSIOLIMX BEILECTB B MOA3EMHBIE BOAbI U IOYBBI
NPWIETAOIIMX K LUIAMOXPAaHWIMLLY TEpPpUTOpUil. Takoe aHTPONOreHHOe
BO3/ICIICTBME TEXHOIE€HE3a OTPULIATENIBHO CKAa3bIBAETCSI HA COCTOSTHUM IOYB, IPU
3TOM MOXKET HaOMIOaTbCsl «OMEPTBJEHUE» TOYBbI. B OCHOBHOM 3TO
00YCJIOBJIEHO OTCYTCTBHMEM 3allATHOM reOMEMOpPAHbI Ha LUIAMOBOM KapTte Nel,
KOTOpasi Obula MOCTPOEHA M NPUHATA B 3KCIUIyaTaUUI0 B COBETCKOE BpPEMs U
aBapUIHbIMU CUTYAUUSIMU, PUBOJSIIMMU K pa3iMBaM NoAlIaMoBbiX Boj (¢ pH
no 12 epn.) Bemymmx K OOpa30BaHUIO CTOMKOM «IIEJOYHOW» KOPKM Ha
MOBEPXHOCTU TMOYBbI, NPWIETAIOWMX K LUIaMOXpaHuavyy teppuropuin [1]. B
HaCToslee BpeMsl LutaMoBasi Kapta Nel 3amosiHeHa U BBINOJHSIIOTCS paboThl MO
ee KoHcepBauuu. [l CHMKEHUSI BO3ACHCTBUSI OOBEKTOB Pa3MELCHUSI OTXOJ0B
[JIMHO3EMHOTO  MPOWM3BOJICTBA ObUIM MOCTPOEHbI IIJAMOBbIE KapThl IO
COBPEMEHHbIM WHHOBALIMOHHBbIM TEXHOJIOTMSIM C TPUMEHEHUEM 3allUTHBIX
TUJIPOU3O0JISIIMOHHBIX MOJIMMEPHBIX MeMOpaH (puc.1).

Puc. 1. Yknanka npoTuBo(UIbTPALMOHHOTO KpaHa Ha JIHE LIJIaMOBOM KapThbl Ne3

[IpoTMBO(UIBTPALMOHHBIN 3KPaH U3 MOJMMEPHOW MEMOPAHBI HA OCHOBE
MOJIM3TUIIEHA BBICOKOM TUIOTHOCTM OBbUT YJIOKEH Ha [JHULIE LUIAMOBOW KapThbl U
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Ha BHYTPEHHEM OTKOCE OrpakKiarouiey JamObl. BHepeHre [aHHOW ILIJIaMOBOW
KapTbl 00ECNEYUJIO CHIXKEHUE JIPEHAXEN WLIEJI0YbCOAEPKAIMX MOAIIAMOBBIX
BOJI B MOJI3EMHbIE TOPU3OHTBHI. BMecTe ¢ TeMm, 3alleI0YEHHOCTh MOYBbI BOKPYT
LUTAMOXPAHWIAILA OOBSACHSETCS aBApPUMHBIMU CUTYyalUUsIMH, OPU  KOTOPBIX
NPOUCXOAWIA PO3JMBbI MOALIJIAMOBBIX BOJ] Ha MPUJIETAIOLIME TEPPUTOPUM.
3nayenne pH BOJHOM BBITSXKKM MOYBbI C PA3IMYHbIX YYaCTKOB B pallOHE
nutamMoxpanmwimina kosiedanmock ot 8,1 pgo 10,7 en. Llenmouynast cpepa moyBbl
NPENsITCTBYET YCBOCHUIO MUKPO- U MAKPO3JIEMEHTOB JIJI1 Pa3BUTUSI PACTCHMUIA.

B uuciie kommniekca MHHOBALMOHHBIX WH>XKUHUPUHIOBBIX MEPONPUATHUI 110
BOCCTAHOBJIEHUIO HAPYILIEHHBbIX 3€MEJb BO3MOXHBIMUA ISl peanu3alyv B
KPaTKOCPOYHOW MEPCNEKTUBE OCTAIOTCS JIOKAIU3ALUS 3€MEJIbHbIX Y4YaCTKOB U
MX TEXHUYECKas W OMOJIOrMYecKasi peKyJbTHBAaUUsl C 3aMEHOM 3arpsi3HCHHbIX
FPYHTOB HAa HETOKCUYHbIE MaTepuaybl [2]. B neTHuii nmepurop Ha 3arpsi3HEHHOM
TEPpUTOPUM ObUT BbIOpAH OMBITHBIA YYaCTOK, HA KOTOPbIA ObUIM 3aBE3E€HBI
KOMIIOHEHTbI CyOCTpaTa M BBINOJHSUIACH MOArOTOBUTENBbHbIE PA0OTHI MO €ro
NPUTOTOBJICHNUIO. Y YUThIBasi 00pa30BaHME KAJIU-HATPUEBOU 1IETIOYHON «KOPKU»
Ha ONBITHOM y4YacCTKE€ NPEJBAPUTEILHO B MEPUOJ ONBITHO-NOJEBBIX UCIbITAHUNI
ObLIa MPOBEJICHA HEWTpANM3alys 3arpsi3HEHHOW WIEJIOYHbIMUA BOJIAMUA IOYBHI.
JIOCTaTOYHO XOpOLIME PE3yJbTaThl MO BCXOXECTU MHOIOJIETHEN TpaBbl
MOJIy4YWJia TEXHOJIOTUS C TNPEABAPUTEJIBHOW HEWTpaIM3auuer 1EJIOYHOU
3arpsiI3HEHHON MOBEPXHOCTHU CYJIb(PATOM aMMOHMSI C NOCJEAYIOLIMM BHECEHUEM
Ha HENTPAJM30BAHHBLIA TPYHT BCKPBIIIHOW MOPOJbI AOOBIYM TECKAa CIIOEM HE
MeHee 20 cM. MOHMUTOpPUHTOBBIE WuCcieoBaHWs pH BOJHON BBITSDKKU W3
NOYBEHHBIX O0Pa3LOB MOKA3aJIM, YTO MOCJE HEUTPAIU3AUUU TPYHTA CYJIb(aTOM
aMMOHMSI mokazateiab cHu3uiacsa ¢ 9,82 (10.07.2017 r.) po 8,12 epuHuly
(01.10.2018 r.). B panpHeimmx ucclieloBaHUsIX Oblla MCIIOJb30BaHa CXema
3KOJIOTMYECKON PeaduIMTAlMA HAPYLIEHHOTO 3€MEJIbHOIO Yy4yacTKa, KOoTopas
NpUBEJICHA HA PUCYHKE 2.

ILTonOopoaHbIi CIIOH (ITIOYBEeHHO-PACTHTEIbBHBIH
CJIOH M3 MOHMBI P.UyIIBIM)

MIOTEeHUHAIBHO IUIOAOPOAHBIH ci1oi (11 ¢ OC)

HaHECEcHHCS HeI‘fn‘pa.rn»Barop OB

MECTHBIIf TPYHT

= = = = | = = = = = = = = =
—_—TTEO OO OEEOEOG GGG GG SESEES.SESSS
]

~ = +

<

Puc. 2. Cxema 3K0oJ0rnyeckoi peabuanTaluy y4acTka HapyLIeHHbIX 3€Mellb

N3 cyOCcTpaTOB MOYBEHHBIX 00PAa3L0B, OTOOPAHHBIX C PA3JIMYHBIX CJITHOK
ONBITHOTO yYacTKa, YJOBIETBOPUTENbHbIE pE3YyJIbTAaThl MO HOPMUPYEMOMY
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3HaYeHni0 pH moyBbI Mokaszanu cMecu CyOCTpaToOB U3 3arpsi3HEHHOTO TPYyHTA C
WJIOM C JIEBOOEPEKHBIX OYKMCTHBIX COOPYKEHMH T'. AUYMHCKA W TOYBEHHO-
PaCcTUTEJILHOIO TPYyHTA U3 Kapbepa I00bIYM MecKa.

AHanM3 WiIa C OYMCTHBIX COOPYKEHMH I'. AYMHCKA TPEX-, MATUJIETHETO
XpaHEHUs] Ha WJIOBBIX IUIOHankax (Tabin. 1) yka3blBaeT Ha €ro HENTPAIbHYIO
PEAKLMIO Cpefibl, BBICOKOE COACPIKAHNE OPraHUYECKOr0 BEIIECTBA U MOABUKHBIX
coenuHeHnin pocdopa, azora, MapraHya U oOMeHHoro kamnusi. [IpoBeneHHbIN
AHATM3 BCKPBIIIHOM TOPOABI W3 Kapbepa [00bIYM TMecKa TMO3BOJISIET
PEKOMEHJIOBATh €r0 B KA4eCTBE KOMIIOHEHTa CyOCTpaTa MpU BOCCTAHOBIICHWU

3an${3HeHHbIX nogujIaMOBbBIMU BOJJaMU I1OYB B paﬁOHC IHJIaMOXpaHI/IJII/IHla.
Tabmuna 1
Pe3ynbTaThl aHanmM3a npUMEHsIEMbIX TEXHOME€HHbIX KOMIIOHEHTOB CyOcTpaTa

pH Opraund. | docop| Kamuit Mn N-NO,
KommnoneHT BOJIHOI | BENIECTBO,

BBITSKKU %

[TopsrxHble POPMBI, MI/KT

Nn ¢ neBoGEpeKHbIX
OYUCTHBIX COOPY>KEHUI 6,9 50,1 10050 | 5800 5787 1175,0
(3-neTHero cpoka XpaHeHus1)

Nn ¢ neBoGEpeKHbIX
OYUCTHBIX COOpPY3KeHuit (5- 6,3 50,2 1670 543 7204 394
JIETHETO CPOKa XPaHEHUsI)

ITouBEeHHO-pacTUTENBHBII
IPYHT (BCKpBILLIHAS TOPOAA
N00bIYM TIECKA B MOMMe
p.-Yynbim)

7.8 9,52 480 3540 | 4499 309

[TpoBenieHHbIE  MPOMBILUIEHHbIE  WCMBITAaHWS 1O  (DOPMUPOBAHUIO
CcyOCTpaTOB Ha pa3JIMYHBIX JIEJSHKAX ONBITHOIO y4YacTKa MOKAa3ald XOPOLIYIO
BCXOKECTb Y MPOYKTUBHOCTD TPABSIHOI'O MOKPOBa (puc.3).

Io npoBefeHust MEpONPUSITUIA [Tocsie npoBeneHust 9KONOrn4eCcKom
9KOJIOTMYECKOI peaduuTauuu peabunurauuu (ceHtsaops 2018 r.)
(centsiopn 2016 1.)

Puc. 3. TeppI/ITOpI/IH OIBITHOI'O Y4aCTKa, NpUJICraromero K NijiaMOXpaHWJIUILY
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[Io pe3yabraTaM arpoOXMMHUYECKOT0O M XUMHMKO-TOKCHKOJIOTMYECKOTO
aHanM3a, NPOBEACHHOTO B akKKpeAMTOBaHHOW  yadopatopun  PI'BY
«KpacHosipckuil pepepeHTHbIN UEHTP (PeepaIbHON CITy>KObI 10 BETEPUHAPHOMY
1 (PUTOCAHUTAPHOMY HAJI30PY», OTMEUYEHO SIBHOE MPEUMYLIECTBO CyOCTPaTOB U3
NOYBEHHO-PACTUTEJILHOTO CJIOS Ipouecca JoObIuM necka B nonme p. YynbiM u
uia ¢ JIEBOOEPEKHBIX OYMCTHBIX COOPY>KEHUN I'. AUMHCKA 5-TU JIETHETO CpOKa
XPAHEHUSI MO CPAaBHEHMIO C TEXHOTEHHO-3arpsi3HEHHOW MMOYBOW M MPU 3ITOM
nocTUrHyTo cHuxkenue pH o 7.5 eni., yMeHbllleHUe KOHUEHTpaluud OOMEHHOTO
Kalnuss W HATpus W YBEJIWYEHUE COJAECPXKAHME OPraHUYECKOro BEIECTBA.
[IpucyTcTBHE COEMHEHNIA TSXKENBIX METAJUIOB B IPUTOTOBIIEHHBIX CyOcTpaTax
HE OTMEYEHO.

BbIMONHEHHBIE  TEXHOJOTMYECKME  MEPONPUSTUS  3KOJIOTMYECKOro
WHXVHUPUHTA TPU CTPOUTENILCTBE HOBOM IIJIAMOBOM KapThl C YKJAAKON
TMPOU30JIALMOHHOIO 3KPAaHAa M BHEPEHUE MEPONPUSTUI IO 3KOJIOTMYECKON
peadunuTau 00ECTIEUYNIIN CHUXKEHUE BPEJHOIO AHTPOIOTEHHOIO BO3JENCTBUS
LUTAMOXPAaHWIMLIA TNPEANPUATUS UBETHONM METAIYPrMM HAa OKPYXKAIOILYIO

MPUPOJIHYIO Cpeay.
JIureparypa

1. lenenes, .M. Pa3paboTka KOMIIJIEKCHBIX MEPONPUATUI MO (PUTOCAHALUU [JIs
BOCCTAHOBJICHUSI arpoakocucTeM B npombliuieHHoM peruone / M.W. lllenenes, E.H. EcbkoBa,
A M. Hemepos [u f1ip.] // Becthuk Kpacl’AY. —2018. - Ne.5. C. 285-290.

2. BiusHue aHTPONOIEHHOrO 3arpsi3HEHUss Ha cBoyicTBa mnous // mop pep. JLA.
I'pyimzoii. — M.: Y3a-80 MI'Y, 1990 .— 205 c.
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