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OBIIAS XAPAKTEPUCTHUKA PABOTHI

AKTYaJIbHOCTh TeMbl HCCJIE0BAHMsI OOyCIOBIEHAa NPHOPUTETHBIMU 3aJadaMH B
cooTtBeTcTBUU ¢ Ykazamu [lpesumenta P® Ne 176 ot 19 ampens 2017 r. “O Crpateruu
sKoJornyeckoil 6esonacHoctn Poccuiickoit @enepanuu Ha nepuon mo 2025 roga”™: m. 11 p)
YCTpaHEHHE HEraTUBHBIX IOCIEICTBUN U1 OKpYy:Karolled cpeabl XO3sSHCTBEHHOM M HHOM
NIeITeTbHOCTH 4YenoBeka, M Ne 645 or 26 okrsa6ps 2020 r. "O Crpaternn pa3BHTHS
Apxkrrdeckoit 30HbI Poceniickoit denepannu 1 obecrieueHns HalMOHAIBEHOH 0€3011acHOCTH Ha
nmepuon mo 2035 roma™ m. 15 k) mpoBeAEHHWE PETYISAPHOW OICHKH SKOJOTHYCCKHX H
COIHAIbHO-9KOHOMUYECKHX MOCNIEICTBUI aHTPOIIOTEHHOTO BO3JCHCTBHUSI HAa OKPY)KAIOLIYIO
cpeny ApKTHYECKOH 30HBIL.

AKTHBHOE Pa3BUTHE TOPHOAOOBIBAIOIIEH OTpACIN MPUBOAUT K HHTEHCHBHOMY POCTY
YPOBHS 3KOJIOTHYECKUX PHCKOB JJIs OKpY)Karomeid cpensl Apkrudeckoil 30HbBI PD. Jlms
TEPPUTOPUI BOKPYr TOPHBIX MPEANPUATHH XapaKTEpPHO 3arpsA3HEHUE TPYHTOB M BOIHBIX
00BEKTOB INMPOKUM CIEKTPOM BELIECTB, B TOM YHCIE TSDKEIBIMH M PEIKO3eMEIbHBIMU
MeTaJsIaMHU. JI0NOIHUTEIbHBIM HCTOUHHKOM 3HAYUTENILHOTO 3KOJIOTMUYECKOTO PUCKa SIBIICTCS
1 TOT (haKT, 4TO JI0 HACTOSIIIETO BPEMEHN OCHOBHBIM CIIOCOOOM pa3MeNIeH s OTX0H0B J00BIIN
n OO0OTameHus BO BCEM MHPE IO-PEKHEMY SBISCTCS 3allOJHEHHE ITOBEPXHOCTHBIX
XBOCTOXPAHHJIMIN. [HWIeprene3 Ae3MHTETPHPOBAHHOTO, YBIAKHEHHOTO U CMEIIAHHOTO C
ocTaTkaMy (UIOTAIMOHHBIX PEAareHTOB MaTepHalla XBOCTOB B OTKPBITBIX K aTMochepe
YCIOBHSAX W NBUICHHE XBOCTOB B JIETHHH IEPHOA MPU BO3HUKHOBEHHH HEOIATrONpPUSATHBIX
METEOPOJIOTHYECKAX YCIOBHH CIIOCOOCTBYIOT YCKOPEHHIO MOOMIM3AllMM METAuIOB U
BTOPHUYHOMY 3arpsi3HCHUIO TEPPUTOPUM C BOJHBIMM U BO3AYHIHBIMU HoTokamu. Ilpu
a’POTEXHOTCHHOM TIePEHOCE YacTHI[ HaONIO#aeTcsi B3aUMOJICWCTBHE HE TOJNBKO C
aTMOC(EPHBIMH OCaZKaMH, HO ¥ C TOYBEHHBIMH OPTaHOCO/Iep KAIlUMHU pacTBOpamMu. CIIOKHBIN
KOMIUIEKC B3aMMOAEHCTBHI PaCTBOPOB OPTaHUYECKUX KHUCIOT MPUPOJHOTO TIPOUCXOKICHUS C
TOHKOJWCTIEPCHBIMH XBOCTAMH OOOTAIlleHHs HWHTEPECEH C TOYKM 3PEHHS BIMSHHUSA Ha
MOOMIIBHOCTh 3arpsI3HSIONINX BEIIECTB: YBENMYEHHS WX ITOABIDKHOCTH, OO (HKcaruu
3arpsi3HATENEH B MoYBax. MakCHMalIbHOMY BBIHOCY ITOJBEPIKEHBI PACTBOPUMBIE COCTIMHEHHUS
TMOJUTIOTAHTOB, JIETKO BKJIIOYAIOLIUECS B OMOTC€OXMMHUYECKUE LIMKIIBI 2JIEMEHTOB U, B KOHEYHOM
UTOTe, OKA3BIBAOLINE BO3JIEHCTBHE HA OMOTY M 3710pPOBbE HACEIICHUSI.

JIns 3amuThl yHUKanbHOH npupoaHoii cpensl bapenniesa EBpo-ApKTHdyecKkoro peruoHa
B HACTOSIIIEE BPeMs pealu3yeTcsl pa MeXIyHapOIHbIX HHULINATUB 10 Pa3INYHBIM TEMaTHKaM,
B TOM uYmcie TOo mpoGieMaM W3MEHEHHs KIHMaTa, COXpaHEeHHIO OHopa3sHOOOpasms u
€CTECTBEHHBIX MeCT OOHWTaHMS, YCTPAaHEHHIO XPOHHUYECKOTO cTpecca Il 3KOCHUCTEM,
H3Y4YEHHI0O W CHIDKEHHIO BBIOPOCOB 3arps3HSIOMINX BEIIECTB M BHEAPEHHIO TEXHOJOTHit
«3€JIEHOTO IPOU3BOICTBA.

AKTyaJbHOCTb MOHHMTOPHHTAa COCTOSIHUSI KOMIIOHEHTOB OKpYXKAIOIIEH Ccpexsl u
U3y4EHUS OTXOAOB OOOTAlICHUS PEIKOMETANIBHBIX pPYA OOYCIOBIEHA MOBBIIIEHHBIM
paauanroHHBIM (HOHOM TO0OBIBACMOTO U TIepepabaThIBAEMOTO ChIPhS U HU3KOM CITOCOOHOCTHIO
K CaMOBOCCTAHOBJICHHIO 9KOCHUCTEM B YCIOBHSIX CYyOapKTHYECKOTO KiIMMara.

3HaunTeNbHBIA BKJIAJ] B M3YYEHHUE BIMSIHUS TOPHBIX MPENPUSITUH Ha OKPYKAIOILYIO CPELLy 1
T€09KOJIOTMYECKYIO OLIEHKY WX BO3JEIHCTBHS, JIMKBUIAMY HAKOIUICHHOTO yIep0a, peKy/IbTHBAIIH
HapyIICHHBIX TEPPUTOPHI BHECIIM POCCUHCKHE M 3apyOerkHbIe ydaeHsble: akan. B.A. Uantypus, I.B.
Kana6un, T.. Mouceenko, C.b. boptaukosa, O.J1. I'acekoBa, JI.T. Kpymickas, M. A. [Namikeswy, B.H.



Makapos, /I.B. Makapos, O.JI. Kauop, JI.A. MIBanosa, 1.I1 Kpemenenkas, U.B. lllanpyHosa, J.H. Fu,
M. Lindsay, B.G. Lottermoser, M. Moncur, P. Thomas u ap.

OmpeneneHyue XapaKTepHBIX OCOOEHHOCTEH pacHpOCTpaHEHUs] M MPEXyHpexICHUS
JambHEWIIero  3arpsa3HEHUs, BOCCTAHOBIEHHS  TEXHOTGHHO  HApYIICHHBIX  3€Mellb
MPECTaBISAIOT cO00H BaXKHYIO HAYUHO-TIPAaKTHIECKYIO 3aady.

Hens paboTsl. Brrisnenne ocobeHHOCTeH Murparun TsoKelblx MetamioB (TM) u
penxo3eMeNnbHBIX 2meMeHToB (P3D) m3 XBocTOB oGoramieHus JIONApUTOBBIX Py M OIEHKa
COCTOSIHUSI KOMIIOHEHTOB OKPY>Karomiei cpebl.

Hpest paborel. lcnons3oBaHMe KOMOWHAIMM TEXHOJOTMH —ITBUICTIOZABIICHUS U
HpeIyNPeKAeHNs TaTbHEUIIIEro 3arpsI3HeHHs 1 BOCCTAHOBIIEHHS TEXHOT€HHO HApYIIEHHBIX 3EMelTb.

3anauu:

1) aHanm3 IUTEpaTypHI O TEMaM: SKOJOTHUECKUE aCTICKThI BIUSHUS XBOCTOXPAHMIIHII]
Ha OKPYXAIOIyl0 Cpely, COBPEMEHHBIC METOABI OLICHKU 3aTPSA3HEHUS] IKOCHCTEM, CIIOCOOBI
CHIDKEHHUS HeraTUBHOTO Bo3zeicTBrs, P3D kak cneruduueckue 3arpsi3HATENN;

2) omnpeneieHHe WH)XCHEPHO-TCOJIOTHYECKUX XapaKTePHCTHK M BEIIECTBEHHOTO
COCTaBa Pa3HOBO3PACTHBIX XBOCTOB 00OTAIICHHU JIOAPUTOBEIX PYI;

3) wuccrenoBaHHE TPOIECCOB MOOMIM3AIUK HKOJOTHYECKH OIACHBIX JJIEMEHTOB W3
MaTepHana XBOCTOB MOJ JACHCTBHEM aTMOC(HEPHBIX OCAJKOB M MPH IONAJAHUU ITBIIEBBIX
YaCTHI] B TIOYBY;

4) oKojoruMuYecKas OILEHKA COCTOSHHS BOJHBIX OOBEKTOB, MOYB M PACTCHUH B 30HE
BIIVSTHUSL TIPEAIPHUSATHS;

5) oOocHOBaHME NPHMEHEHHs CBS3YIOLIMX PEareHTOB JUIsl  IBUICTIONABICHUS
JIEUCTBYIOIIEr0 XBOCTOXPAHHIININA;

6) monGop  crmoco0OB  PEKYNBTHBAlMK  BBIBEJGHHOTO M3 OKCIUIyaTalud
XBOCTOXPaHMJIMILIA.

Hayunasi HoBU3HAa:

1. BrepBble onpeneneHbl MHKEHEPHO-TEOJIOTMYECKUE XapAKTEPUCTUKU U BEILECTBEHHBIN
COCTaB Pa3HOBO3PACTHBIX XBOCTOB 00OTAIICHHS JIOMIAPHTOBBIX Py, YCTAHOBIIEHO KOHIIEHTPHUPOBAHNE
P33, TM 1 paauoHyKIIHIOB B TOHKOAMCIIEPCHOM MaTepHasie XBOCTOB.

2. PackpbITBl 3aKOHOMEPHOCTH IPOLIECCOB MOOWIIM3ALUHM SKOJOTHYECKH OITaCHBIX
JJIEMEHTOB M3 XBOCTOB 00OTAIEHUSI 10T IEHCTBHEM aTMOC(EPHBIX 0CaKOB U MPH HOMaAaHIN
NBIJIEBBIX YaCTHUIL B TIOYBY.

3. Ha ocHoBe pe3ysbTaToB IMPOBEACHHOW TI'€0IKOJOTHUSCKOW OLICHKH HCCIETyeMbIX
TEpPUTOPHH YCTAaHOBIEHBI XAPAKTEPUCTHKH HMIIAKTHBIX 30H 3arpsi3HEHHS KOMIIOHEHTOB
okpyxaromieit cpenst P30 1 TM BeneicTBHE a3pOTEXHOT€HHOTO MIEPeHOCca MaTepraa XBOCTOB.

4. OrmpeneneH ONTUMAIBHEIA pacxoj cessyromiero pearenta Dustbind (Nalco) mms
CO3JaHHS MPOYHOTO IOJMMEPHOTO TOKPBITUS W 3aKPEIUICHUS MBUIIIEH IOBEPXHOCTH
JEHCTBYIOIMIET0 XBOCTOXPAHIININA W OOOCHOBAaHO IPHMEHEHHE OCAJKOB CTOYHBIX BOJA B
KayecTBe MeNHOpaHTa Uil  (UTOCTAOWIM3alMy  BBIBEICHHOTO M3  OKCIUTyaTalllH
XBOCTOXPaHMJIUIIA.

TeOpeTqucKaﬂ 3HAYUMOCTD paGOTbI 3aKJIIOYACTCA B IMOJYYEHUH HOBBIX HAay4YHBIX
3HaHUH 00 OOBEKTE M COCTOSIHUM KOMIIOHEHTOB OKpY’Kalolleil cpeasl B 30HE BIMSHUSA
TOPHOIPOMBIIUICHHOTO TIPEANPUATHS 10 JOOBIYe M 00OTAIEHHIO PeIKOMETAIUIBHEIX PYA, B
TOM UHCIIE:



1) ompenmeneHNMM WHXEHEPHO-TEOJIOTMUSCKUX  XapaKTEPUCTHK W YCTAHOBJICHUH
BEI[ECTBEHHOT'0 COCTaBa Pa3HOBO3PACTHBIX XBOCTOB 00OTAIIEHHs JTOIAPUTOBBIX PY/I;

2)  BBIABICHHH (DAKTOPOB, BIMAIOIINX Ha MOOHMIM3AIMIO SKOJOTUYECKH OINACHBIX
3JIEMEHTOB M3 XBOCTOB 000TaIlEHNs TP XPAaHEHHUH U TTOTIAJaHUH MBUIEBBIX YaCTHUI] B TIOUBY;

3) ycraHoBneHnu conepxanuii P39 u TM B npoOax JOHHBIX OTIOXeHHH 03.Mibma,
M0YBaX W PACTEHUSX, OTOOPAHHBIX B 30HE BIIMSHUS XBOCTOXPAHIIIHIIL.

IIpakTHYeckas 3HAYUMOCTb PadOThI

[lomyyenHele  Hay4HBIE  pe3yJbTaThl  MOTYT  OBITh  HCIIONB30BAaHBl  JUISL
HETIOCPEICTBEHHOTO  NIPUMEHEHHMsS PacCMOTPEHHBIX CIIOCOOOB — IBUICTIONABIEHHS  Ha
MPEINPHUATUH, B KadecTBe 0asuca i pa3paboTok crocoOoB mepepadOTKH XBOCTOB KOO s
METOJI0B PEKyIbTHBAINH/KOHCEPBALMH XBOCTOXPAHIIIHII PEKOMETAIUIBHBIX PYA U B yaeOHOM
mponecce Ha Kadeape Teo3KOoNorHH MypMaHCKOTO TOCYAApCTBEHHOTO TEXHHYECKOTO
YHHUBEPCHUTETA.

O0BbeKTHI HCCIeN0BAHNS

— XBOCTBI 000TaNIeHHs JIOIAPUTOBBIX PY;

— 1poOBI BOZIBI 03ep | pek, crounsle Bojsl OO0 «JloBosepckuit 'OK»;

— noHHsle oTioxenus (JI0) ozep Miema u Kpusoe;

— TeXHOTEHHO 3arps3HEHHbIE TOYBHI B 30HE BIMSTHUS XBOCTOXPAHHIIHIIL

— pacTeHHs BUJOB, IIUPOKO MPOU3PACTAIOMINX HA HCCIETYEMOH TEpPUTOPHUH: IyTOBUK
n3BWINCTHINA Avenella flexuosa L., uBbl: u. punmukonuctras Salix phylicifolia, n. monapckas S.
lapponum, n. cuzas S. glauca, oroOGpaHHBIE B IMITAKTHOH 30HE.

Mertoabl uccienopanusi. B pabore Hcronb30BaHbl CIEAYIOIME METOIbl aHAIHM3a:
pentrenodasoseiii (mudpaxkromerp JPOH-2), pagnoHyKIuaHBIA (COMHTHUIALHOHHBIA Y-
CIIEKTPOMETp ¢ HporpaMMHBIM obecrieueHneM «IIporpecc»), GU3MKO-XUMHUYECKHE (aTOMHO-
a0COpOLMOHHEIN CIEKTPOMETP ¢ IulaMeHHo! atomu3anumeii, AAnalyst 400 PerkinElmer, macc-
CHEKTPOMETP C HMHAYKTHBHO cBsi3aHHOW mumazmoi, ELAN 9000 PerkinElmer) u npyrwue.
HccnenoBanuss ~ WHXKEHEPHO-TEOJIOTHYECKHX ~ XapaKTEPUCTHK ~ XBOCTOB  OOOTaIieHHs
nonapuToBBIX pya npoBoamn coriaacHo [OCT 5180-2015 «['pyHTEL. MeTons1 1a00paTopHOTO
onpeneneHnss PU3NIECKUX XapaKTepucTuk». OTOOp MpoO XBOCTOB 00OTAIeHNUS, 03EPHBIX H
PEUYHBIX BOJ, JOHHBIX OTJIOXKECHHWH, MOYB M HAJ3EMHON 4YacTH pPAcTEHMIl NpPOBOIMICA B
COOTBETCTBUM C YTBEP)KACHHBIMH METOAMKaMu. B paboTe WCIIOIb30BaHBI JIaHHBIE
IKCTIEPUMEHTANIbHBIX HCCIICOBAHUIT M pe3yNbTaThl aHAIN30B 0TOOpaHHBIX Mpob. ObpaboTka
Pe3yIbTaTOB IKCIICPHMEHTOB MPOM3BEACHA C HCIOIB30BaHUEM CTATHCTUYECKUX METO/OB B
porpaMMHEIX IpoaykTax Microsoft Excel u STATISTICA 10.

3amuiaeMsble MOJI0KeHH:

1. PesynpTaTsl TeoOro-MHHEPAIOTHYECKOH OIEHKH OIMACHOCTH CKJIAIWPOBAHHBIX
orxonoB OOO «JloBozepckuit I'OK», ompenenuBmme Hambonee TOKCHYHYIO ()PaKIIHIO,
BBIHOCHMYIO B aTMoc(epy 3a CUeT NBUICHHS MEIKO3ePHHCTHIX XBOCTOB C HE3aKPEIUICHHBIX
Y4aCTKOB XBOCTOXPAaHWJIMIL, & UMEHHO — TOHKoAucHepcHbIH MaTtepuan (-0.071 MM), KOTOpBIi
XapaKTepu3yeTcs MOBBIIEHHBIM coaepxkanueM TM, P3D u paguoHyKnuaoB, OTHOCUTCSA KO
BTOpPOIl KaTeropHu OTXOJOB C PAcUETHBIM 3HAYCHHEM YACNbHOH 3((PEKTHBHONH aKTHBHOCTH
cebiie 1500 Bi/kr.

2. MexaHu3sM M 3aKOHOMEPHOCTH HHTEHCH(HKAIMM Mpolecca MOOMIM3AINU
9KOJIOTHYECKH OIIACHBIX JJIEMEHTOB M3 XBOCTOB OOOTAINCHUS JIOMAPUTOBBIX PYA IOI
JeWcTBUEM aTMOCQEPHBIX OCAIKOB, 3aKHUCICHHBIX IyTeM TIPaHHYHBIX PETHOHAIBHBIX



HEepPEeHOCOB B aTMOC(epe, U NPH IT0TIAJaHUH TOHKOAUCIICPCHBIX YaCTHUII XBOCTOB B M0uBy. [Ipn
3TOM, pa3pyLIEHHE CUIIMKATHOM MaTpHIbl OCHOBHBIX MHHEpAJIOB XBOCTOB OOOramieHus u
MepeXol 3KOJOTHYECKH OMAaCHBIX 3JEMEHTOB B PAaCTBOPHMBIE (DOPMBI PE3KO BO3pacTaeT:
KoHLeHTpauuu TM mpeBbIIal0oT KOHTPOJbHBIE 3HaueHus 10 267 pa3, P30 — no 70 pa3 B
cnabokucnoit cpene, 1o 4 u 7 pa3 i TM u P3D coOTBETCTBEHHO — NpH YBEIWYECHHU
COZIEPKAHMS PACTBOPEHHOTO OPTaHUIECKOTO BEIIECTBA.

3. CHmwKeHHe HEraTHBHOTO BO3JICHCTBHUS Ha COIIPE/ICNIbHBIC CPEAbl, IIPOUCXOISIIETO 3a
CUeT NBUICHUS XBOCTOB, JOCTHUTaeTcs KOMOWHAIMEHl MeponpHsTHi: HaHeceHHeM 3%-To
pactBopa cBssyromero nokpbitus Dustbind (Nalco) ¢ pacxomom 1 1/m? Ha aelcTByONIEM
XBOCTOXPAHUJIMINE, a MOBBIILICHHE OMOT€HHOCTH XBOCTOB BBIBEJEHHOTO M3 AKCILTyaTallud
XBOCTOXPAHMININA — ()ParMEHTAPHBIM BHECEHHEM OCaIKOB CTOYHBIX BOJ OOILIMM PacxojaoM 2
7/M2, CIOCOBCTBYIOMMX HAKOTUIEHWIO B HAI3EMHOI YaCTH PACTEHHil OCHOBHBIX JJIEMEHTOB
nutasust Gpocdopa, Kamus, KaabLIs, MarHAS IPH CHIDKEHHHN JOCTYITHOCTH AIIOMUHHS U JKele3a
JUISL paCTeHUH.

JlocToBepHOCTE M ODOCHOBAHHOCTH HAYYHBIX IIOJIOKCHUH, BBIBOAOB U
peKoMeHIaIuii  oOeclieynBaeTcsi NPUMEHEHHEM  COBPEMEHHOW  HpHOOpHOW  0askl,
anpoOUPOBaHHBIX METOIOB aHANIN3a U CTATUCTHYECKOH 00paboTKN (pakTHIECKOro MaTepHaa,
MPEICTaBUTEIBHOCTRIO HCXOMHBIX JAHHBIX, HCIIOIb30BAHHEM OOIIETIPUHATEIX KPUTEPHEB
OLICHKM MONYy4YCHHBIX pPE3ydbTaTOB; IOATBEPXKAAECTCS  COTIACOBAHHOCTHIO  BBIBOIOB
TEOPEeTHYECKOTO aHalW3a W IAaHHBIX 3KCIEPUMEHTa, YHOBICTBOPUTEIBHONH CXOJMMOCTBHIO
Pe3yIbTaTOB N3MEPEHHH U KCIIEPUMEHTAIBHBIX HCCIIEJOBAHHUH.

Anpodanusi padoThl

OCHOBHBIE  TOJIOXKEHHS W pe3yiabTaTbl  HCCIENOBAaHMH, W3JIOXKECHHBIE B
JIMCCEePTAlMOHHON padoTe, JOKNIAAbIBANIICH Ha MEX/IYHapOAHBIX coBemanusx «IlnakcnHckue
gyrenus» (Mpkyrck, Amatutel, Bmagumkaska3, 2019, 2020, 2021 r.); Bcepoccuiickoi (c
MEeXIyHapoaHbIM ydactueM) DepcmanoBckoiit HayuHoi ceccun (M KHL] PAH, Amatutsl,
2020, 2021 r.); MexayHapogHOH — MyJIBTHAWCIMIUIMHAPDHOW  KOH(PEPEHIWH 10
MPOMBIIUIEHHOMY WHXXWHUPHHTY W COBpeMeHHBIM TexHonormsM — FarEastCon-2020
(BmagmBoctok, 2020); II mw IV MexnyHapooHbIXx KOH(epeHIusXx «ArpobusHec,
9KOJIOTMUECKUI MH)XUHUPUHT ¥ OnOTeXHOJIOTUM» - «Agribusiness, Environmental Engineering
and Biotechnologies» (AGRITECH-III — 2020, AGRITECH-IV - 2020); XX n XXI Hay4HbIX
cemuHapax «MuHepanorusi TexHoreHesa» (2020, 2021), MexayHapoaHol KOH(EpeHIHH
"D¢dexkrtuBHoe mpomsBoacTBo u nepepadborka’ (ICEPP-2021), Bcepoccuiickoli Hay4HO-
TexHuueckoit koHpepeHwn «LludpoBeie TexHONMOTMU B TOpHOM nene» (Amatuter, 2021),
MexIyHapomgHOH  HAayIHO-HCCIIENOBATENbCKOH  KOH(GEPEHIMHM MO  MEepCIeKTUBHBIM
uccrenoBannsiM B Haykax o 3emie «ReEarth» (2021), Konrpecce MexmyHapoaHoit
Acconmarun Hlaxtaex Bog (IMWA 2021).

JInuHbIi BKJIAJ aBTOpa

Ananus COBPEMECHHOI'O COCTOAHHUA l'[pOGJ'leMbI BJIMSAHUA XBOCTOXPAaHWJIMIL Ha
OKPYXKaroulyr cpeay 1 METoA0B CHU)KEHUS UX HETATUBHOI'O BOSJIei’ICTBHS[, IOCTAaHOBKA LICJIN U
3aJa4  MCCIIeOBaHMi, OOOCHOBaHHWE MPHUMEHSEMBIX METOJIUK, OTOOp MpoO XBOCTOB
oboraieHusi JOMapUTOBBIX pPyA, BOJBI, MOYB, PACTEHWH, OpraHU3aLUs U IPOBEACHHE
IKCIIEPHMEHTOB, 00pab0OTKa 1 aHAJIN3 TOJyIEHHBIX Pe3yJIbTaTOB, IIOArOTOBKA ITyOIUKAIUI 1
anpobanys MaTepHaIoB Ha KOH(QEPEHIUSIX PA3IMIHOTO YPOBHS BBIIOJIHEHEI aBTOPOM JINYHO
WY TIPH €T0 HETIOCPEICTBEHHOM yJacTHH.



My6ankanun

ITo Teme paboTsl omyOnuKoBaHO 19 mewaTHBIX TPyHoB, B ToM uucie 10 crarteil B
KypHanax, Bxonsamux B nepeueHb BAK MunoOpnayku Poccum, 1 — B pereHsupyeMom
KypHaie, naaexkcupyeMom B WoS, Scopus.

HccnenoBanue nposeaeHo npu GpuHaHCOBO# moanepskke mporpammel Kolarctic CBC
2014-2020, nmpoext Ne KO1030 «Supporting Environmental, Economic and Social Impacts of
Mining Operationsy.

O0beM u cTpyKTYpa padoThl

Juccepramyst COCTOMT W3 BBEACHMS, WIECTHM TIJIaB, 3aKIIOYEHHS, CITHCKA
HCIIOJIb30BAHHBIX MICTOYHHUKOB U3 225 HaUMEHOBAaHHUH, COACPKUT 55 PUCYHKOB U 25 Tabmui,
M3JI0KeHa Ha 126 cTpaHMIaxX TEKCTa.

I'maa 1 mocssimeHa 0630py IMTEPATYPHI, B KOTOPOM PACCMOTPEHBI OCHOBHBIE ACTIEKTHI
HETaTHBHOTO BIMSHHS CKJIAQJUPOBAHHBIX OTXOAOB TOPHOIPOMBIIIIEHHOTO KOMIUIEKCA Ha
OKPY)KaIOIIYI0 Cpeqy, B YAaCTHOCTH, IIPH pa3pabOTKe pPEIKOMETAJUILHBIX MECTOPOXKICHUMH,
METOJBI OLCHKH COCTOSIHHS KOMIIOHCHTOB OKpYXKarolleil cpenbl, ocodeHHocTH P3D kak
3arpsi3HUTENCH.

B I'maBe 2 npuBOAMTCS KpaTKas XapakTePUCTHKA 00BEKTOB U METOJIOB HCCIIECIOBAHHH.

B I'maBe 3 mpencraBieHBl pe3ynbTaThl HCCICAOBAHHSA HHKEHEPHO-T€OTOTHUECKUX
XapaKTEepPUCTUK U BEIIECTBEHHOI'O COCTaBa XBOCTOB OOOTAIIEHNS JIOIAPHTOBBIX PY/I.

B I'maBe 4 mpuBeneHbl pe3yabTaThl SKCIEPUMEHTAIBHBIX HUCCIEIOBAHUI MPOLIECCOB
MOOMIM3AINH 3KOJIOTHIECKH OIIACHBIX 3JIEMEHTOB M3 XBOCTOB 00OTAIEHNS JIOTTAPUTOBBIX Py
1oJ AeficTBHEM aTMOC(EPHBIX 0CAIKOB M IPH MOIAIaHUH MBIIEBBIX YAaCTHIl XBOCTOB B ITOYBY.

B I'maBe 5 npexcTaBieHsl pe3yabTaThl aHaIU3a Ipo0 BOABI U JOHHBIX OTIOXKEHUH U3
03ep U peK, JjaHa OIIeHKa 3arpsI3HEHHMsI I0YB U PaCTeHHUi, 0TOOpaHHBIX B pailoHe NCCiIeI0BaHMsI.

B I'maBe 6 mpexacTaBieHbl pe3ybTaThl JAOOPATOPHBIX HCCICAOBAHUIN 110 IPHMEHEHUIO
CBSI3YIOIINX PEareHTOB IS MBUICTIONABICHHS ASHCTBYIONIETO XBOCTOXPAHIIIMINA U MOA00pY
MEJIMOPAaHTOB IS (GPUTOCTAOMIN3AIMH BBIBEICHHOTO U3 3KCIUTyaTalluy XBOCTOXPAHMIIHINA.

BaarogapHoctu

ABTOD BBIpaXXaeT NPU3HATENFHOCTh HAYYHOMY PYKOBOAUTENIO, A.T.H. J[. B. Makaposy;
mianemy HaydyHoMy cotpyanuky JIIITuTBA ®ULL KHI] PAH u UIITIISC KHI[ PAH B. B.
MakcumoBoif; crapmiemy HayuHoMy corpyaHuky MWIINIDC KHI[ PAH, xr.a. C. C.
CanauMupoBy; BedylleMy HayuyHomy cotpyanuky HWIIIIOC KHII PAH, x.6.m. T. T.
I'opb6aueBoif, Benymemy HayuyHomy cotpyauuxy UIINIOC KHIL PAH, n.6.1. JI. A. VIBaHOBOH,
crapmiemy HayyHomy coTtpyzuuky ['M KHI[ PAH, kr-m.u. E. A. CenmuBaHoBO#i; 3aB.Kad.
«"eoskomorus» YITVY, nr.-m.H. A. U. CemsuxoBy; nmxenepy UXTPOMC KHIT PAH I1. B.
VkkoHeHy; COTpyAHHKaM IIeHTpa KoiulekTuBHOro mons3oBanus WIINIOC KHI[ PAH;
crapuieMy HayuyHoMy cotpynauky, UIIIIDC KHI[ PAH, k.T.H. A. B. CernoBy, riaBHOMY
HaygyHoMmy cotpymauky WIIIIOC KHII PAH, nr.H. B. A. Macno6GoeBy; 3aMecTHTENIO
nupektopa UIINIOC KHI[ PAH, x.6.H. E. A. boposuueBy; crymenry A® MI'TY H. JL
AndeptreBy; crapuiemy nabopanty UIIIIOC KHL PAH H. A. Unbunoii; umxenepy UITIIDC
KHI] PAH A. B. TumoxuHy; Miaamemy HaydHoMy coTpyanuky JIIITuTBA ®UL] KHL] PAH
n UIIIDC KHI PAH A. A. T'opsaueBy; Beaymemy umkenepy UIIIIDC KHI PAH A. A.
UYepenaHoBy.



OCHOBHOE COJEPKAHUE PABOTbBI

XBOCTOXPAHW/IHIIA M UX BJIHSHHE HA OKPYKAIOIIYIO CPeay

Haubonpmmii 06beM 00pa3oBaHHsA OTXOI0B MPOU3BOACTBa U moTpebienus B 2019 .
MIPUXOAUIICS Ha BUJ SKOHOMHYECKOH IEATETBHOCTH «00bIUa MOJIE3HBIX HCKOMAeMBIX» — 7.257
MIIPJ T, IPHYEM C KaXKJIbIM T'OJOM 3TOT 00beM yBenmuuBaercs. [Ipsmoii BBIXOI NPOIyKTa B
TEXHOJIOTHIECKOH LEeIoYKe «ChIphe — LEeJIEBOH MPOIyKT» penko mpesbimaer 10 %, To ects
nopsiaxa 90% uaeT B OTXOMBL, YTO MIPUBOAUT K 3arpsI3HEHHIO SKOC(hEPHI.

B Mypmanckoii 0051acTi COCpeIoTOUeHO HECKOJIBKO KPYITHBIX TOPHOIIPOMBIIUICHHBIX
npeanpuaTHii. B mponecce ux nesaTenbHOCTH 00pazyeTcs 3HAUNTENbHOE KOJTUIECTBO OTXOI0B:
3a0aaHCOBBIE PY/BI, BCKPHIIIHBIE TIOPOABI, XBOCTH 00OTAIEHUS PA3NIUYHBIX Py U CTOYHBIC
BoAbl. Jlms BHAA SKOHOMHYECKOH MAEATENPHOCTH <«I00BIYA MONE3HBIX HCKONAEMBIX»
oTpacieBoii copoc Ha Tepputopun Mypmanckoit obiactu 3a 2020 rog cocraBui 304.7 MIH T.
K HacTosimeMy BpeMeHN HaKOIUICHHBIH 00beM TBEP/bIX OTXOIO0B IPEBBIIIACT 8 MIIPJ T.

H3yuenue maTepuanaa XBOCTOB 000ralieHus JJONAPUTOBBIX Py

B nanHO# Ti1aBE MpUBEICHBI PE3yNIBTAThl UCCIEAOBAHMS MHKEHEPHO-T€OJIOTHUECKUX
XapaKTePUCTUK U (H3UKO-XUMHYIECKHX CBOWMCTB XBOCTOB OOOTAIEHMS JIONAPUTOBHIX PYA,
0TOOpaHHBIX Ha JABYX MOJSIX XBOCTOXPAHUIIHII TOPHOIPOMBIIIIIEHHOTO PEAPHUATHSI.

Topropynnoe mpennpusitue OOO  «JloBozepckuit ['OK»  mpuypoueHo K
MECTOPOXKICHHUIO B JIOBO3EPCKUX TyHAPAX PeAKOMETAIIIBHBIX PYA [IEPHEBOI TPYIITEI, HHOOUS
n Ttanrana. Ha pynnumke «KapHacypt» mnpousBoautcsi no0biMa M oboramieHne pynasl C
MOJTy4EeHHEM JIOIIAPUTOBOTO U HBIUATUTOBOTO KOHIICHTPATOB.

OoOoramieHre JIONAPUTOBBIX PyJ TMPOMCXOJUT B TPU OTama: TPaBUTALMOHHOE
MOJTy4eHHE YEePHOBOTO KOHIIEHTpaTa, (JIOTAIMOHHAs MEpPEeYrCTKa M JIOBOJKA KOHI[EHTpara
3JIEKTPOCTATUUECKOM U JIEKTPOMAarHUTHOW cenaparien.

3a mepuoj SKCIUTyaTallud TIEpBOrO Tois XBoctoxpaHmwmuma (1951-1985 rr.)
HaKOTUICHHBIH MPEANpPHUATHEM 00beM XBOCTOB oOoramieHusi coctaBui 6.7 miH T. C nexadps
1985 r. mo Hacrosmee BpeMsi cOPOC XBOCTOBOHU ITyJIBITEI OCYIIECTBISIETCS Ha BTOpOE TOJIE
XBocTOoXpaHwna. [IpumepHbIii 00beM OTXOJOB BTOPOro MOl cocTaBmsieT 11 MIH T ¢
exeroHeiM npupaieHreM B 400-450 ToIC. T.

Cxema To4ek onpoOoBaHMs NpescTaBieHa Ha pucyHke 1. [IpoGsl oTOMpanu MeToaoM
PEXKYIIEro KOJblia ¢ MOBEPXHOCTHOTO cjiost 1 riyounsl 0.3 M. B psiie Touek ObutH mpoiiaeHs!
ryp¢si 1o 1.5 m.

Ha ocHoBe pe3ynpTaToB aHamM3a rpaHyJIOMETPHUYECKOTO COCTaBa OTOOPAHHBIX MPoO
yCTaHOBJIEHBI Iipeobuafatomue Gpakuun B mpodax odoux noieit — -0.5+0.25 mm u -0.25+0.1
MM, MOKHO C/IeJIaTh BBIBOJ{ 00 OTHECEHHHU HX K MEJIKO- H CPeTHE3EPHICTHIM ITeCKaM.

OTMedueHO 3aKOHOMEpHOE YBEIWYEHHE 3HAa4eHHs IUIOTHOCTH MaTepHana XBOCTOB C
pPOCTOM BIAKHOCTH (KO3(D(HUIIHEHT KOppesiiuu goctatouHo BbicOKk — 0.6-0.8). O6patHas
KOpPEIALMOHHAsA 3aBUCUMOCTb XapaKTepHa JUld INIOTHOCTH U nopuctoctd — 0.93-0.98.

[To BennunHe ko3¢ dHIMEHTa NOPUCTOCTH (€) MPOOBI BapbUPYIOT OT IUIOTHBIX 0
HECBSI3HBIX TPYHTOB, YTO YKa3bIBa€T HAa BEPOATHOCTh BO3HMKHOBEHUS IBUICHUS B YCIOBHSX
CyXOM BETPEHOM MOT0/bI.



Pucynok 1. Cxema oT60pa mpo6 XBOCTOB 00OTAIIEHHS JIOTIAPUTOBBIX PYI
[peo6aanaromMy MUHEpaIaMHy SIBISIFOTCS: He(eIIMH, OJIeBOH IIMaT, STHPHH (pHc.2).

CpenHee coepkaHue JonapuTa B XBoctax oboramienus cocrasisiet 0.64-0.98%, spauanura —
0.01-0.09%.
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Pucynok 2. Pentrenorpammer mpo6 xBocToB: (1) — ToHKast ppakiys, (2) — cpexusst mpooa.
Pednexcsr: 1 — nedennn, 2 — srupuH, 3 — MUKPOKIINH, 4 — COAJIAT, 5 — JIONAPUT, 6 —
aHaJblIUM, 7 — albOUT, 8 — HATPOIUT

9



BrisBiIeHa HEOTHOPOIHOCTH BEHIECTBEHHOIO COCTaBa M COJCP)KaHUH I[EHHBIX
KOMITIOHEHTOB. [IpoBeieHHbII XMMUYECKHI aHAN3 PaCCUTOBAHHBIX (DPAKLUA YyCTAaHOBHUII, YTO
coxepxanue P33 serkoii rpymmsl Bo ppakieu -0.071 MM B 1.5-2 pasa mpeBbliaeT conepikanust
3JIEMEHTOB B cpenHeii npobe (puc. 3).
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Pucynok 3. Conepxanue P3D B MaTepuase XBOCTOB 000TaIlleHNs] B 3aBUCHMOCTH OT pazMepa
YaCTHII, MI/KT

AnHanmm3, TpPOBENCHHBII Ha Oojiee IIUPOKHHA Ha0Op DJIEMEHTOB, YCTaHOBHII
KOHIICHTPHUPOBAHNE B TOHKOJUCIEPCHOM MaTepHane He TONbKo P33, HO U APYTHX 3/IeMEHTOB,
B 9acTHOCTU: Mn, St, Zn, Zr, U, Th, Ta (puc. 4).

20
B XBOCTh
Odp. -0.071 Mm

Koadunnent oborawerns

o dl._all |

Al Ba Cd Ce Co Cr Cu Fe LaMnNbNd Ni Pb Pr Rb SbSm Sn Sr Ta Th Tt U V W Zn Zr
DnemeHT

Pucynok 4. KoaduumeHTsr 000TaneHusi XBOCTOB 3JIEMCHTAMH
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JlaHHBI (haKT MO3BOJSET NPEIIIONIOXKUTH 3arps3HEHHE KOMIIOHEHTOB OKpY)Karomien
Cpeibl BBIIIEyKa3aHHBIMH 3JIEMEHTaMH.

YcTaHOBJIEH PaIueBO-TOPUEBBIN XapaKTep paguoaKTUBHOCTH XBOCTOB. Ha ocHOBaHuM
pacuera 3HAYEHHUH yIeNbHBIX aKTHBHOCTEH 2*°Ra, 232Th 1 “°K XBOCTBI 060ralIeHHs] OTHECEHBI
K IIEpBO KaTETOpUU OTXOJI0B, CTPOUTENBHBIM MaTepuanaM Il knacca u I kiaccy MuHepaabHOTro
CBIpBS (puC. 5).
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Pucynoxk 5. Y nenbHas 3¢ (hexTHBHAS aKTHBHOCTH XBOCTOB 00OTAIIEHUS JIOTIAPUTOBBIX PY/I,
Bx/kr

OtneneHnble TOHKOAUCTIEPCHBIE 0TX0 5! (-0.071 MM) XapakTepH3yIOTCS IOBBIIIEHHBIM
pacyeTHBIM 3HaYeHHEM d(PPEKTUBHON yAETbHOW aKTUBHOCTH. JlaHHBIM MaTepuan OTHOCHTCS
KO BTOpoi Kateropuu otxonoB, III u IV kmaccam crpoutensHbix mMarepuanoB u Il ximaccy
MHHEPAJIBHOTO CHIPbS.

MeTo/10M 311I0aTHOTO (PUTOTECTUPOBAHUS SKCIEPUMEHTAIBHO TOJTBEPIKIeH V Kiace
OMACHOCTU HCCJIEAYEMbIX OTXOJOB, YCTAaHOBJIEHO TOKCHYECKOE NEeHCTBHE BOJHOI BBITSKKU
OT/ENEHHON TOHKOW (ppaki(iy XBOCTOB 00OTaIEHHUS JOMAaPUTOBBIX Py Ha POCT ¥ Pa3BUTHE
BBICLIMX PACTECHHUH.

H3yuenue npoueccoB, MPONCXOASIIINX MPH XPAHEHUH XBOCTOB 000TalleHHsI
JIONMAPHUTOBBIX Py/

B nanHON T7aBe TPHBENEHBI pPe3yAbTaThl H3YYEHHs MPOIECCOB MOOMIHM3AINN
9KOJIOTMYECKH OINACHBIX JJIEMEHTOB M3 XBOCTOB OOOTaIlle€HHs JIOMApUTOBBIX PYA IOX
JecTBUEM aTMOC(EPHBIX OCAIKOB U IIPH MONAJaHUH MUHEPAIbHBIX MBUICBBIX YAaCTHIL B TOYBY
IPU Pa3IUYHBIX TEMIIEPATYPaX.

1. Mobunusayusa 3Kon02UYECKU ONACHBIX INIEMEHMOE U3 X6OCMOE 0002auieHusn
JIORApumoewvix pyo noo oelicmeuem ammocpepHsIx 0caoKkos

MogenpoBaHie XUMHYECKOTO BBIBETPUBAHMS MUHEPAIOB 0] BO3ACHCTBUEM
aTMOC(EPHBIX 0CAIKOB MPOBOJIIIIN, HCCIEYS B3aUMOJICHCTBUE YaCTUI] XBOCTOB OOOTAIICHUS
JIONAPHUTOBBIX Py C IMCTWIIMPOBAHHOW BOMOHW M CIa0bIM PacTBOPOM CEPHOM KHCIIOTHL
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OOBEKTOM HCCIIeI0BaHMs SIBISUIICH XBOCTHI, OTOOpaHHBIE HETIOCPEICTBEHHO Ha (abpuke u3
3ymiga 10 pa3rpy3Kd Ha XBOCTOXPaHWIHIIE. BBUIY JUIMTEIBHOCTH HPUPOJHBIX MPOLECCOB
THIIEPTEHHBIX W3MEHEHHH MHHEpPAOB SKCIIEPUMEHT MPOBOJMIM B YCKOPEHHOM PEXKHME.
IIpo6s1 xBocTOB (M = 70 T) momemmanu B TepMocTatupyemsle sueiiku (t = 50 °C). O6pasubt
exxenHeBHO yBrnaxusui 0.002N pacTBOpoM cepHOi KUCIOThI B 00beMe 25 MII/CYTKHU B TeUeHHE
20, 40 u 60 cyTok. B KOHTpOJILHOW cepHrU OMBITOB BHIIIEIAUYMBAIOUINM areHTOM BBICTYIIAJIa
IUCTWIIMPOBaHHas Boja. [10 OKOHYaHMM SKCIIepUMEHTa BBICYIIEHHbBIE IPOOBI 00padaThIBaIN
IUCTHIIMPOBaHHOM Bostoi B cooTHomIeHnH T:0K = 1:10, mosydeHHbIe pacTBOPHI GHILTPOBAIN
yepe3 MeMOpanHsli GuisTp MOAC OC-2 (pazmep mop 0.45 MKM) U IepeiaBaiy Ha aHaJH3.

Konnentparuu TM B pe3yabTHPYIOIINX pacTBOpax yepe3 60 CyToK 3KCIIepUMEHTa IPH
YBIQXHEHHH MaTepHaia XBOCTOB Pa30aBICHHBIM PAaCTBOPOM CEPHON KHCIOTHI MHOTOKPAaTHO
TIPEBBICHIIN TIPEIENIbHO AOIYyCTUMBIE AJISI BOTHBIX 00BEKTOB PHIOOXO03SHCTBEHHOTO 3HAUYCHHUS
(puc. 6). B wactroctH, I1[1Kp6xs IPEBBIIIEHBI IO MEAN U CTPOHIIUIO — B IIATH Pa3, O HUHKY — B
CceMHauaTh pa3, o Maprasuy — B 448 pas.
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Pucynoxk 6. Konnentparnuu TM B pe3ysbTUPYIOIIMX PacTBOPAX MIPU B3aUMOEHCTBUY €
BOJION (a) M cepHOI KHuCIOTOH (0)
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Pucynok 7. Konnerrparuu P33 B pe3ynbTHPYIOMNX pacTBOpax MPH B3aHMOASHCTBHH C
BOJIOH (a) ¥ cepHO#t knucnoToii (6)
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OTMedYeH UHTEHCUBHBI mepexox B pactBop P3D nerkoit rpymmel. B wacTHOCTH,
KOHIIEHTPALUK JIAHTaHA U LEPHs B PE3YNbTUPYIOLINX PACTBOPaX MO OKOHYAHUH SKCTIEpUMEHTa
MPEBBILIAIOT aHAJOTUYHBIE OKAa3aTeNl B KOHTPOIIe (yBIaXXHEHUE JUCTUIIMPOBAHHON BOIOM)
B 45 u 60 pa3 cooTBeTCTBEHHO (pHC. 7).

B3aumonelicTBie MOIMKOMIOHEHTHBIX XBOCTOB 00OTaleHHs CO CIabbIM PacTBOPOM
CepHOM KHUCIOTHI NMPUBOAUT K MHTeHcH(HUKarmuu mnepexoma TM u P3D B pactBopumyto, a
3HAYHUT Hanboliee OHOIOCTYITHYIO GOpMY.

Pe3ynbTaThl NMpPOBEAEHHOTO HCCIIENOBAHHMS MOOMIM3AIMH HKOJIOTHYECKH OINMAaCHBIX
9JIEMEHTOB M3 XBOCTOB OOOTAIICHHs JIOMAPHTOBBIX PYA TEKYIIEro IPOM3BOACTBA IIOT
JeficTBHEM aTMOC(EPHBIX OCaJKOB IOKa3ald MHOTOKPATHOE YBEIHYCHHE CKOPOCTH
XMMHYECKOTO BBIBETPHBAHHUS B YCIOBHAX, MOJETHPYIOMINX BO3AEHCTBIE KUCIOTHBIX JTOXK/ICH.
VIHTeHCHBHOCTD pa3pyIlIeHUs] CHIMKATHONH MATPUIBI OCHOBHBIX MUHEPAJIOB XBOCTOB U
nepexona TM u P33 B pactBopuMbIe GOpMEI B CTaOOKHCIIOH cpeie pe3Ko BO3pacTacrt.

2. Hccnedosanue e63aumoodeiicmeus Xeocmos o0002auieHus J1ONAPUMOBHLIX pPYO C
NOYGEHHBLIMU 600AMU

B mabopaTopHBIX YCIOBHSX OBUIM IPOBENEHBI 3KCHEPHMEHTHI 110 MOOWIH3AINN
9KOJIOTHYECKH OTACHBIX 3JIEMEHTOB M3 TOHKON (pakIH XBOCTOB IPH B3aHMOJICHCTBUH C
MOJICIBHBIMH PAaCTBOPAMH, UMHTHPYIOIIMMH NOYBEHHBIC BOABI, B Pa3HBIX TEMIEPATYPHBIX
pexuMax.

Jns ompeneneHusl BIMSHUS PAaCTBOPEHHOTO OPTaHMYECKOTO BEIIECTBAa Ha IPOIECC
mobOummzatmu TM u P33 u3 marepuana XBOCTOB HCITOJIb30BAIM BOJHBIE OPraHOCOIEpIKAIINE
pactBopsl ¢ coaepkanueM Cosm 50 u 100 Mr/m. B xauecTBe UCTOUHHKA BOJOPACTBOPHUMOTO
OpPraHUYECKOTO BEIECTBa HCIOb30Banu (pesepHslii Topd Bepxoporo tuma (TOCT P 52067-
2003). B apyroii cepuu SKCIIEpUMEHTOB BapbUPOBAIN TEMIIEpATypy. B kauecTBe MO/ICIBHOTO
pacTBopa HCIONB30BAI BOIHYIO BBITSDKKY IMOYBBEI, OTOOpaHHOW Ha ynaneHuH 20 KM OT
npeanpuatusi. CoaepikaHue OpraHMuecKOTo YriIepo/ia B BEITSIKKE COCTaBIIIO TIopsiaka 40 mr/m,
9YTO COIOCTaBHMO €O CpemHuM coaepxkaHueM Copr B IMOI30JHCTBIX TMouBax Kombckoro
MTOJTyOCTPOBA IO IUTEPATYPHBIM JaHHBIM. DKCIIEPUMEHTHI TPpoBOarH B TepMoctare TCO-1/80
CITY npu BeIOpaHHBIX Temrepatypax — 5 1 15°C, COOTBETCTBYIOIINX CPEJHUM TeMIIepaTypam
BECEHHE-OCEHHETr0 U JIETHEero neprooB Ha KojbckoM nosyocTpoBe. Bpems B3anmoneicTBus
coctaBmsuio 1, 3 M 5 YacoB mpH HENPEpPHIBHOM IEpeMEIINBaHHU. B KadecTBe KOHTPOIS
AHAJIOTUYHBIC CEPUU SKCIICPUMEHTOB ITPOBOIUIINA C ﬂHCTHJ’lJ’[HpOBaHHOﬁ BO)IOI‘/’I.

Ha pucynkax 8, 9 nmpencrasiens! konneHTpanuu TM u P33 B pacTBOpax 1o OKOHYaHHH
JKCIIEPIMEHTOB B 3aBUCHMOCTH OT TEMIIEPAaTypel H TPUCYTCTBHS PacTBOPEHHOTO
OpPTraHUYECKOTO BEUIECTBA.

BHeceHHe pacTBOPEHHOTO OPraHMYECKOTO BEMIECTBA NMPHBOAUT K WHTCHCH(UKAIUH
nepexona TM B pacTBopeHHYIO popMy. C yBeTHUCHHEM KOJTMYECTBA OPTaHUKH KOHIICHTPAIHH
TM B pe3ynbTUPYIOLIMX PACTBOPAX 3aKOHOMEPHO MOBBIIIAIOTCS. TaKkke 0TMEUEHO CHIXKEHUE
pH pacTBOpOB, TeM cuiibHEE, YeM OOJbIIIe PACTBOPEHHOT'O OPTaHUYECKOTO BEIIECTBA BHECCHO.

B pe3ynabTupyrolMxX pacTBOpax IOCHE IISITH YacoB B3aUMOJEIHCTBUSL XBOCTOB C
MOYBCHHBIMH BBITSDKKaMH HaOsofaercss 3HauurensHoe mpesbimienue I1/1Kpsxs mo psmy
aneMenToB: Menb npessimaeTr [T Kpsxs (0.001 mr/m) ot 23 mo 29 pa3, muak (ITJKpexs = 0.01
mr/m) — ot 1.5 o 3.3 pas, mapraren (IT1Kpsxs = 0.01 mr/m) — ot 1.6 1o 1.7 pa3 npu conepxanuu
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B n1ouBeHHOH BHITSDKKE 50 1 100 MrCosuw/1 cooTBeTcTBeHHO. CTPOHIMIT aKTHBHO IEPEXOUT B
PacTBOPEHHYIO GpOpMY, OJHAKO MPEETbHO AOMYCTHMYIO KOHIICHTPALHIO HE IPEBBIIIACT.

35 25
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®lpennmposmsas o |
soma i [ —
] Boma 5°C
]
ERTR
llowmeinas ER B Tycrunaponamas
| summma S0ur g soma 15°C
Cobm/a ]
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OTlouecHras = BrTaaa 5°C
Bumaa, 100 ur
5 Cobs 5 4
obm/n 5 Dllomernias
n ssrm 15°C
Cu 7a Ma s o
e Cu Zn Ma St

Onement
Pucynoxk 8. Konnenrpanuu TM B pe3ynbTHPYIOLIUX pacTBOpax Mocie ISATH 4acoB
B3aHMOJICHCTBHUS XBOCTOB 00OTAIIEHHs IONAPUTOBBIX PYA C AUCTUIUINPOBAHHON BOJOH H
BOJHBIMH BBITSDKKAMU ITOYB

TloBbllIeHHE TEMIICPAaTYphl BO BTOPOW CEpHU IKCHEPUMEHTOB TAKKE OKa3bIBACT
HHTeHCH(UIupyomee nelicTBue Ha mpouecc MoOmwmm3amun TM M3 TOHKOAWCIIEPCHOTO
MaTepHaia XBOCTOB.
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Pucynok 9. Konniearpamun P39 B pe3ynbTHPYIOINX pacTBOpax IMOCIE MATH YacOB
B3aMMOJICHCTBHSI XBOCTOB 00OTAIEHHS JIOMIAPUTOBBIX PY/ € JUCTUILTHPOBAHHO BOIOH 1
BOJIHBIMH BBITS)KKaMH [104YB

BHeceHHe OpraHM4eckoro BEIECTBA IMPUBOJUT K PE3KOMY YCKOPEHHIO Ipolecca
nepexoga P30 B pactBop. OOmee yBeaMdeHHE KOJMYECTBA PAcTBOpEHHbIX P30
HPOIOPLIHOHAIBHO yBEIMYEHUIO BHECEHHOTO OPraHM4ecKoro BemiecTsa. IIpomecc wuper
WHTCHCHBHEE JUTS JIAHTaHA, [IepHsl, HEOTUMa.

HaGmonmaemoe yBemmuenne mnepexoma TM m P30 B pactBop mHpH BHECEHHH
OpPTaHMYECKOTO BEIIECTBA, IIO-BUANMOMY, CBS3aHO C WHTEHCHUBHBIM pa3pylIeHHEM
MHHEpPAIIbHOW MaTpHIBl TYMHHOBBIM BemecTBOM. CoueTaHne HaIM4us BOJOPACTBOPHUMBIX
OpPTaHMYECKHX BEIIECTB IIOYB B PACTBOPE C IIOBBINICHHEM TEMIIEPaTyphl 3aKOHOMEPHO
NPUBOAUT K MHTEHCHU(MKAILMU MEPEX0oa B PAaCTBOP KAaTHOHOB, K YUCIY KOTOPBIX TMOMUMO
OCHOBHBIX KaTHOHOB IIOPO1000pa3yroIux MUHEpanoB oTHocaTcst TM u P3D.
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YCcTaHOBJIEHO, YTO MEPEX0]] IKOJOTHUECKH OMACHBIX 3JIeMEHTOB — kak TM, Tak u P32 —
B PAcTBOPEHHYIO (OpPMY YCHIMBAET IOBBIIICHHE TEMIEPATYpPhl, YBEIHYCHHE KOJIHYESCTBA
BHECEHHOT'O OPTraHWYeCKOI0 BelecTBa U cHIbkeHne pH pacTBopos.

Pe3ynpTaTel MpPOBENCHHBIX O3KCIIEPUMEHTOB CBUAETENBCTBYIOT O MOTCHUHAIBHOMN
9KOJIOTHYECKOM OIMaCHOCTU XBOCTOB 00OTALICHUS JIONAPUTOBBIX PYI.

OneHka BJIMSTHUSI XBOCTOB 000rallieHusi JIOMAPUTOBBIX Py HA OKPYKAIOIIYIO CPexy

B nanHOI riaBe mpHBEAEHB! Pe3yNbTATHl MCCIEIOBAaHUH BOJHBIX OOBEKTOB, IOYB M
pacrenuii B 30He BausHUs OO0 «JIoBozepckuii 'OK».
1. Cospemennoe cocmoanue 600HbIX 00bekmos 6 30ne eauanus 000 «/losozepckuii FOK»

Beutn oTOOpaHBl M MpoaHAIM3WPOBAHBI MPOOBI MOBepXHOCTHBIX Box U JIO o3ep B
paitone uccrnenoBanus. Cxema orb6opa mpod mpencrasieHa Ha puc. 10. 3a mocnennue 35 ner
nestenpHOCTH TopHOpYAHOTO mpeanpusatus OO0 «Jloozepckuit [OK» ruapoxumudeckuit
COCTaB BOJBI ONHM3IEKAIIMX O3ep HE IpeTepleNn 3HAYNTENbHBIX H3MeHeHnil. OTMedeHO
CHIDKEHHE BOJIOPOJHOTO ITOKa3aTelisl U MUHepaiu3anuu 11 o3ep Visma, Kpusoe u PeBnosepo
1 TTOBBIIICHHE MUHEpATH3aLHK U1 03. JIoBo3epo.
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' | L
o W = o j .‘
f i
A ]
) 7 ]
s Py
™ \ 4

Pucynok 10. Cxema ot60pa npo6 HOBep)l(HOCTHLIX Box 1 J1O o3ep

16 810 o3 Kpusoe
|10 o3 Hisma

Ni Cu Sr In Mn v

Pucynok 11. OtnHomenue copepxanus TM B J10 o3ep Minbema 1 KprBoe k (oHOBBIM
3HAYCHUAM
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IIpoBenennslii xumudeckuii ananus J1O o3zep Mnbema u Kpusoe mo3Boaun ycTaHOBUTH
3HAYMTENIbHOE MPEBBINICHHE COACPKaHUN CTPOHLUS, IIMHKa 1 Mapranua B 1O o3. WnbMma mo
OTHOILICHHUIO K (POHOBBIM 3HaYeHHsIM (puc. 11).

Ha ocnoBe cpaBHenus conepxanust P3D B mpobax IO nByx o3ep co CpeaHUMH
coJep KaHMSIMU B 3éMHOI Kope, npeaenamu cogepykanuid B IO MpecHOBOAHBIX SKOCHUCTEM U
J10 o03. ImManzpa, moaBepKEHHOTO TEXHOT€HHOMY 3arpsi3HEHHIO TPEANPHUSTHS, JOOBIBAIONIETO
U TiepepabaThIBAIOIIETO alaTUTO-He(EeIHMHOBBIC PY/IbI, BEIIBICHO 3HAYUTEIBHOE 3aTrps3HEHNE
J10 03. Nnema sneMeHTaMy, BXOSIIMMH B COCTaB XBOCTOB OOOTAIIEHHMS JIONAPUTOBBIX Py
(tabm. 1).

Tabmuna 1. Conepxanune P39 B IO o3ep u Apyrux 00beKTax, MIr/Kr

Krapi [Ipenenst
5 J0o03. | 10 o3. conepxanuii B 10 J10 os3.
JIEMEHT 3JICMEHTOB B
Hnema | Kpusoe . TPECHOBOIHBIX MNmanpgpa
3eMHOH Kope
9KOCHUCTEM

La 200.06 15.11 30.00 19.5-100 103.00
Ce 408.79 27.79 50.00 43-100 172.00
Pr 42.49 3.29 5.00 8-8.3 21.00
Nd 126.10 10.51 23.00 19-44 79.00
Sm 19.99 1.75 6.50 3.3-30 12.00
Eu 5.45 0.43 1.00 0.07-12.2 3.10
Gd 15.58 1.37 6.50 5.0-6.0 12.00
Tb 2.29 0.21 0.90 0.3-1.1 1.20
Dy 13.23 1.13 4.50 1.8-4.5 6.70
Ho 2.37 0.21 1.00 0.9-1.0 1.10
Er 6.19 0.56 2.50 2.6-3.0 3.00
Tm 0.81 0.08 0.25 0.40 0.37
Yb 5.29 0.51 3.00 1.4-44 2.30
Lu 0.70 0.07 0.70 0.2-0.5 0.29

Crounsle Boasl OO0 «Jloozepckuii 'OK» He BhimyckatoTcst B 03. MnbMa, a 3HauuT,
BO3MOXHBIMH MYTSMH 3arpsS3HCHHS 03epa MOTYT SBIATHCSA: adPOTEXHOTCHHBIH HepeHOC
MBUICBBIX YaCTHI[ C HE3aKPEIUIEHHBIX YJYAaCTKOB XBOCTOXPAHIJIMIN, IPEHAXKHBIE BOIBI U
MPOIECCHI BHIIENAYNBAHIS OACTUIAIONINX TOPO/I.

O HeraTuBHOM BJIMSHUY NPEANPHUSTHS Ha 3arpsisHeHHe p. CepreBaHb HEZOCTATOYHO
OYMIICHHBIMH CTOYHBIMH BOJAMU YOEIUTENBHO TOBOPST PE3yNbTAaThl aHaIM3a MPOO BOJBI,
otoOpaHHble B pekax Pacmaka m CepreBaHp /0 M MOCHe BbIIycka CTOYHBIX Boj. Ilo B.B.
[1IabaHoBY paccunTansl Ko3dduiment npenenpHoi 3arpssHentoctd (KI13) (puc. 12) u nnaekc
3arps3Henus o (M3B).

Ilo xnmaccuuKaIOHHOH IIKase Tocie MprueMa CTOYHBIX BOJ peKa OT Kiacca «OYeHb
grctas (M3B < 0.2) mepexoant B kiace «o4eHsb rps3Hass» (V3B > 6). B uucie npnoputeTHBIX
3arpsI3HSAIOIINX BEIIECTB: B3BCIICHHEIE BEIECTBA, HOHBI AIIOMHHHS, JKeJie3a, IIMHKa, MapraHIa,
¢dropunst 1 pocdaTer.
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Koaddunnent npenensHoro
3arpA3HeHNs

-2 1 2 3 4
Touki oTbopa mpod

Pucynoxk 12. KII3 moBepxHOoCcTHBIX Box: 1 — p. Pacmaka; 2 — p. CepreBanp 0 BBITyCKa
CTOYHBIX BOZ; 3 — p. CepreBaHb mociie BBITYCKa CTOYHBIX BOx; 4 — p. CepreBaHp HIKE
XBOCTOXPAHIJIHILA

Ha pmaHHBI MOMEHT OYMCTKAa CTOKOB IPOHM3BOAUTCS 3a CUCT pasJeiCHUS MOTOKOB
[IAXTHBIX BOJ, TPABUTAIIMOHHOTO OC&XICHHs B3BeCel B HIAXTHBIX BBIPAOOTKAX, KOTOPbIC
BBIBE/ICHBI W3 JKCIUTYaTalllH, W MOCICAYIONIEM CMEIIMBAHHN C YCIOBHO YHCTBIMH BOJAMH.
VCOBEPILICHCTBOBAHHE CHCTEMBI OYHCTKH CTOKOB M 3aKpeIUICHHE MBULIMIAX yYacTKOB
XBOCTOXPAHHIIHIIL TO3BOJISIT CHU3UTH KOJIOTHYECKYIO HATPY3KY Ha OKPYKAIOLIYIO CPELy.

2. OyenKka XumuuecKkozo 3azpA3Henus o6 U PACH eHUTL 8 30He GUAHUA X60CHOXPAHUIUWY

OOGBEKTOM HCCIIEI0BaHUS SBISIIACH TEPPUTOPHS IPOMBIIIIICHHOM 30HBI PEATIPHATHSL
B HEMOCPEJCTBEHHOH OJM30CTH OT TMOJNed XBOCTOXPAHWIMI] W TEXHOJOIMYECKHUX
TPaHCIOPTHBIX Maructpaiei (puc. 13).

YCNOBHEIE OBOIHAEHHA

{) Tour orGapa npo§ noves:
@ ovBop Avensila fiex. v Salix

Pucynok 13. KapTa-cxema otOopa npod IrpyHTOB 1 pacTeHUH
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Ilo pesymbraTam aHamm3a OTOOpPAaHHBIX IPOO TPYHTOB YCTAHOBIICHHI IIPEBBIMICHHS
IIAK mo mapranmy u BaHaguio 10 1.5 u 2.6 pa3 cooTBeTcTBEHHO. /Iy IIMHKa BBISBJIECHO
npessirenne OJIK B 2.2 pasa.

Ha ocHoBe pacuera cymmapHoro nokasatens 3arpsisHenus (CI13) mo 10.E. Caery mis
GoubIIelt YacTH 0TOOPaHHBIX ITPOO YCTAaHOBIIEHA JOIYCTHMAast KATErOpHs 3arpsI3HEHUS, OTHAKO
TI0 PsIly HaIPaBJICHUH IPYHTHI MOTYT OBITH OTHECEHBI K YMEPEHHO OIIaCHOH KaTeropuH (pacder
npomsBomwiaH Tonbko st TM). Pacuernsie 3mHauenust CII3 st omeHKH 3arpsi3HEHHS
tepputoprn P332 BapeupoBamu oT 14.8 (momycTtmmas kaTteropus 3arpssHeHHs) mo 65.7
(omacHast KaTeropus 3arps3HEHNS).

Metonom paxmanbHO# 3kcTpanoasuuu B nporpamme ArcGIS 10 Opumn mosry4yeHst
opeodnsl 3arpszaerns TM u P3D (puc. 14).

YenoBHble 0503HAYEHHA YenosHbie oBo3HaueHns

TeppATOpE TpeENEHETLR TepRLTORHA APRANEHAT A
= Bamornew= e nacru xeacTor panumuLy = UATONNG HH 4 SR0TA H300TOR AT
F=1Bropos nane [ Biopoe oo
. —— ———| EZ1nspens nons — [ napsse nara
i e z
Juspn s G2 / o Snsewan 32426
- & Yugsekn oracaga 1832
e 6

Roryenmsas <18

e e o 04 e i

PucyHok 14. CxeMbl 0peoJioB 3arps3HeHus pod IPyHTOB Ha OCHOBE pacyera Zc (cieBa —
TM, cnpasa — P33)

HauGosnbiiee 3nauerne CII3 ompeneneHo 11 10ro-3anaaHoi ION@AaaKkd U COBIaaaeT
C HampapJeHHEM MAaKCHMaJlbHOH NOBTOpsieMOCTH BeTpa. JlaHHBIA pe3yabTaT MOXKeT
CBHUJIETEIHCTBOBATH O 3aTPSI3HEHUH Y4acTKa BCIIEACTBUE a3POTEXHOI'CHHOI'O IIEPeHOCca YaCTHIL
C TIOBEPXHOCTH XBOCTOXPaHIIIHIIA.

BrusgBrieHo cymecTBeHHOe o0orarieHie rpyHTOB 3JIEMEHTaMH, BXOISMIINMH B COCTaB
MHUHEpAJIOB  pa3padaThlBAEMOTO  MECTOPOXKICHUS  HE(EIMH-CHEHUTOBBIX  IIETMaTHTOB
JloBo3epckoro MaccuBa M XBOCTOB, B ToM umcie Ta, Ce, La, Zr, Nb. [Ipu stom conepxanue
OCHOBHBIX 3JIEMEHTOB IMTaHMA PacTeHUi, B yacTHOCTH Ca 1 Mg CHMXXEHO IO CPaBHEHHIO C
KJIapKOBBIMHU 3HAYCHUSAMH.
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[pm cymmecTBOBaHNH PACTEHHI B YCIOBUSX Ne(UIINTA JIEMEHTOB IINTAHUS PACTCHUH,
takux kak Ca, Mg, Mn, sipko BbIpa)KEHO HAKOIUICHHE KaK HBaMH, Tak u syroBukoM Al, Th, U,
V, Zr, Zn, Sr, P33 nerxoif rpynmsl Mo CpaBHEHUIO C TEPPUTOPUSIMU UX MPOU3PACTAHUS Ha
ceBepe EBpomsr (puc. 15).

350
300
250

200

K YCIIOBHO (DOHOBEIM

Conepx(aﬂﬂe 3MEMEHTOE 10 OTHOIICHHIO

Ce La Pr Nd Th v U Sr Al In Ni Fe
DIeMeHT

Pucynok 15. KoadumnmenT oboramieHus TyroBuKa dI1eMeHTaMH

3HageHuss  KO3(D(DUIMEHTOB  OHMONOTHMYECKOTO  TOTJIOMICHHS  OOJBIIMHCTBA
PacCMOTPEHHBIX DJIEMEHTOB COCTAaBJSIOT MeHee 1, 4TO yKa3bIBaeT Ha HHM3KOE COAEpKaHHe
ouonoctynmHbix  ¢opM. IIpemnonoxurtensHO, 3TOT (akT MoxeT OBITH CBS3aH C
rpyOOIMCIEPCHOCTBIO TPYHTa W YCTOWYMBOCTBIO BXOJSIIIMX B €r0 COCTaB MHHEPAJOB K
BBIBETPHUBAHHIO, B TOM YHCIIC O] ICHCTBHEM KOPHEBBIX BhIIeNeHu pactenuid. [y Salix spp.
3a(UKCUpOBaHA aHOMAJIBHO BBICOKAas AaKKyMYJSILHsS LHHKA B BETETATUBHBIX OpraHax
(conmepxanue B penenax 560.2—-856.6 MI/Kr), 4TO MO3BOJIAET OTHECTH TH IPEBECHBIE TIOPOIBI
K TpyIne OHOIOTHYECKOTO HAKOIUICHHS 3JIeMeHTa. MaKkcHMasbHble 3Ha4eHUs Koa(duuueHTa
OHMOJIOTMYECKOTO TIOTJIONIEHHS] OTMEUEHBI JUIS BB JIOTIAPCKOi (S. lapponum).

C HEJIbI0 HWHAUKALUU CYXOI'0 OCaXIACHHUA IbUIEBBIX YaCcTUIl Ha PACTECHUAX 6bl.|'[
IPOBE/ICH KOPPESLUOHHBIA aHaIn3 CBS3M COJEp)KaHUS JJEMEHTOB ¢ Al Kak pernepHbIM
aeMeHTOM. TecHast cBsA3b oTMedeHa it P33, Zr u Nb, 4TO MO3BOJSIET MPEIIONIOKHUTD
HPEUMYILECTBEHHO a3pOTEXHOT€HHOE ITOCTYIJICHHE 2JIEMEHTOB U OCAXK/ICHUE U Ha Ha/I3EMHBIX
YacTsAX PaCTCHHH.

VI3yueHHbIE BU/IbI, MAKCHMAJIbHO PACIPOCTPaHEHHbIC Ha 0OCIEAyeMOl TEPPUTOPUH,
XapaKTepHU3yITCsl HU3KUM HaKOIUICHHEM OCHOBHBIX U COMYTCTBYIOIIUX 3IEMEHTOB, BXOISAIINX
B COCTaB OTXOJIOB 0OOTAIIEHHS, YTO MTO3BOJISIET PEKOMEHI0BATh HX JUIS CO3JaHHs YCTOHYMBOTO
PacTHTENBHOTO MOKPOBA HAa HAPYIICHHOH TEPPUTOPHHU.
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TexHooruuecKkue NPEITOKEHUsS] [JIsi CHI)KEHHS! HETaTHBHOTO BO3/IelCTBHSA
XBOCTOXPAHWJIHUIL HA OKPYKAOILYIO cpexy

B rmaBe mpencraBieHbl pe3ynbTaThl JaOOPATOPHBIX HCCICAOBAHUM MPUMEHEHHS
MOJMMEPHBIX TOKPBITUH I8 EHCTBYIOLIETO XBOCTOXPAHWIHMINA M pPeMEIHAMOHHBIX
MEPOTIPUATHH IS TIOJIS], BEIBEZICHHOTO M3 SKCILTyaTallUH.

1. ITo06op onmumanbHo20 pacxooa céA3yI0OuE20 peazenma 01 3aKpenaeHus noGepPxXHocmu
0elicmayIou|ezo X60CmoxXpaHuiuma

I'panynomerpudeckii 1 MUHEPaTOTHYECKUH COCTAB JIONIAPHTOBEIX XBOCTOB B IIEJIOM
CXO0X C paHee M3ydeHHBIMH XBOCTAMU OOOTAIIEHHs alaTUTO-HE(PEIMHOBBIX PyH, MO3TOMY B
Ka4yecTBe MpeiaracMoro peareHra ObUT BEIOpaH CBA3YIOIUiT peareHT Dustbind, moka3asmmii
JydIIUe pe3yabTaThl B XO€ UCIBITAHUN U peKOMEHIOBAaHHBIH K IPUMEHEHHUIO HA IPEANPHUATHI
K® AO «Anatury.

OmelT 1O ONpeleNeHH0 TIIyOMHBI IPOHHKHOBEHMS WIVIBI IIPOBOAMIICS HA
neHerpomerpe M-984 I1K. M3mepenus npousBoauauch B reuenue 10 queit. lanee, 1uist OLleHKU
YCTOHYMBOCTH HOJIMMEPHBIX IUIEHOK K HU3KUM TeMIIepaTypaM, IpoOs! moMeniany Ha 18 qacoB
B Mopo3mwibHyl0 Kamepy (-15 °C), 3arem oOpasubl oTTamBagu B TedeHHe 5 dyacoB. LIuki
«3aMOpakMBaHUE-OTTauBaHue» moBTopsiid 10 pa3. g kaxmoil mnpoOBl H3MepeHHe
MOBTOPSUIOCH JIBA pa3a, Jajiee BBIYHUCIUIOCH CPEIHEE 3HAUCHHE TIIyOMHBI IMPOHHKHOBCHUS
UTJIBI, KOTOPOE IPUHUMAIN 00pPaTHO MPOTIOPIIMOHAIBEHBIM YCIOBHOM POYHOCTH (pHC. 16).
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PucyHok 16. I3MeHeHue ycoBHOM MPOYHOCTH MOKPBITHSA: @) — B TedeHHe 10 cyTok ¢
MOMEHTa HaHEeCEHHUs pacTBopa peareHra; 0) — B TedeHue 10 nuKiIoB
«3aMOPa)KMBaHUE — OTTaUBAHHE»

Kunernka Habopa MpoYHOCTH 3aIIUTHBIMU MOKPBITHSIME CX0Xa JUIs BceX mpo0. Uncio
IIEHeTpallid 3aKOHOMEPHO YMEHBLIAJIOCh C TEUCHHEM BPEMEHHM M YBEJIMYEHHEM pacxoja
JeiicTBytollero peareHra. Vccienyemble MOKPBITHS IMOKA3adM XOPOLIYIO YCTOHUMBOCTH K
IIUKJIMYECKOMY BO3JEHCTBHIO OTPULATENbHBIX TeMmmeparyp. Jlyumune pe3ynbTaTel ObUIH
JOCTUTHYTHI C IPUMEHEHNnEM 3%-T0 pacTBOpa CBA3YIOIIETO PeareHTa ¢ yAelbHBIM pacxoaoM 1
u 2 /Mm% Pasuuiia B mOKa3aTelle YCIOBHOM MPOYHOCTH HE3HAYUTENbHA, [OITOMY IS

HCTIBITAHAN Ha OTBITHBIX TUION[A/KAX HA XBOCTOXPAHHIHIIE MOXHO PEKOMEHIOBATH 3%o-bIif
pactsop (1 1/m?).
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2. Jlabopamopuvle 3IKcnepumMeHmbvl NO  PEKYILMUGAUUU X60CHI08  0002aUieHUA
JIONApUmMoebIX pyo

ITpoBeneHHas npeBapUTENIbHAs OLIEHKA IPUIOTHOCTH TEXHOTPYHTA K PEKYJIbTUBALIMI
cormacio ['OCT 17.5.1.03-86 «Oxpana mnpupoxasr (CCOII). 3emmu. Knaccudpukamnms
BCKPBILIHBIX U BMEIIAIOIIUX OPOA JUIsi OMONOrHYECKON PEeKyJIbTHBALUK 3eMeb) IoKa3ala,
9TO  OTXOABI ~ OOOramieHHsi  JIONAPUTOBBIX Py  O0NagaloT  HeOIaronpHATHBIMHU
XapaKTepUCTUKaMH KaK Ul €CTECTBEHHOI'O BO30OHOBICHUS PACTUTENHHOTO MOKPOBA, TaK M
JUTst OMOJIOTHIECKOH peKyIbTHBAIHN.

Cxema 11a00paTOpHOTO OITBITa BKIIFOYAIa BHECEHHE B TPYHT OCBETICHHBIX KOMMYyHAIGHBIX
crokoB (OKC), ocankoB crounsix Boxt (OCB), cmecu OCB ¢ omokoii ¥ KOHTPOJIBHBIH BapHaHT (pHC.
17, 18). dnsa ¢opmupoBaHms cesHOro (PHTOLEHO3a B JIAOOPATOPHOM 3KCHEPHUMEHTE MPHMEHSIIH
ceMeHa OBCSHUILIBI JTyToBO# (Festuca pratensis Huds.).
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Pucynoxk 18. HazemHnas 3enenas
6uomacca (r/M%) 10 OKOHYaHUU
OTIBITa

Pucynok 17. BausiHue MeTMopaHTOB Ha BBICOTY
TPaBOCTOS

[Ipumeuanue. Bap.1 — OKC (onHOKpaTHOE OpOLLICHNE IPYHTA B Haualle 9KCIIEPUMEHTa,
Janee MojauB Tanoil Bonxoi), Bap. 2 — OKC (oxHOKpaTHOE OpoIeHHE TpyHTa B Hadaje
JKcrepuMeHTa, nanee rnoyuus Tosibko OKC B TeueHue Bcero skcnepumMenTta), Bap. 3 — OCB (8
(parMeHTOB 0 TOBEPXHOCTH, IIOJIMB TOJBKO Talol Bomoif), Bap. 4 — OCB + omoxa (cmech
OCB:onoka 2:1 o o6seMy, 8 (parMeHTOB IO NMOBEPXHOCTH, ITOJIHUB TOJBKO TaJoOi BOJOM),
KOHTPOJIb — 0€3 MEJIMOPAHTOB, MTOJIUB TOJIBKO TaJoi BOJOM.

BHeceHre MENTHOpaHTOB OKa3allo CTUMYJIHMPYIOLIHI 3G (eKT Ha BBICOTY TPaBOCTOS M
HPHPOCT Ha3eMHOI Gromacchl npu (HOPMHUPOBAHUK (GUTOIIEHO3a B Ja0OPATOPHBIX YCIOBHSIX.
Pe3ynpTaThl JHMCTOBOH AMArHOCTHKHM MOATBEPAWIM J()(EKTUBHOCTh BHECEHMsT J100aBOK
OpraHWYECcKO# MPHPOIBI Ha OTXO/IbI 00OTAIICHHS JIOIAPUTOBBIX Py (Tabum. 2).
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Tabxuua 2. BanoBoe cosepkaHue 3JIEMEHTOB B HCXOAHOM TPYHTE M Ha3eMHO# Gnomacce
pacTeHuid, MI/Kr

Onement | Wcxomuslii rpynT | Bap. 1 | Bap.2 | Bap.3 | Bap.4 | Konrpons
Na 78726 17707 | 10680 | 3906 | 3469 10085
Mg 2291 676 791 1232 1209 742
Al 96437 18072 | 5073 486 141 6436
Si 224640 453 373 147 123 363

P 3575 4095 | 4663 5350 | 5738 4460
36686 13177 | 14989 | 17168 | 17244 12677

Ca 12155 1061 662 1295 1276 647

Fe 41381 530 152 90 50 204

OTMe4YeHO aKTHBHOE HAKOIUIEHHWE BCEX OCHOBHBIX dJieMeHTOB murtanus (docdopa,
KaJIvsl, KaJIbLHsl, MarHus) B HA3eMHOM 9acTH pacTeHHi 0THOBHIOBOTO (UTOLIeHO3a. BHECEHNE
OCB, 0COO0CHHO COBMECTHO C KPEMHHCTOW TOpPOIOW (OMOKOH), TO3BOJMIO CHHU3UTH
noctynHocth Al m Fe mma pacreHuid, moBenss WX cojaepKaHuWe B Ha3eMHOH Omomacce 10
(hOHOBBIX 3HAYCHHUH.

B ycnoBmsax mabopaTopHOTO OmBITa C WMHTAandel MOBEPXHOCTHOTO BHECEHHS
MOATBEPIKACH CTUMYIHpYIONHH 3G dekt HeTpaaumonHbx MenropantoB (OKC, OCB u ero
KOMIO3HUIINY C KPEMHHUCTOH NMOpP0/10ii (OIOKO)) Ha MUTATENbHbBIA PEKUM PEKYIbTHBUPYEMBIX
XBOCTOB oOorarienusi. MccnenyeMble MaTepransl MOTYT OBITH MPU3HAHBI IPUTOAHBIMU IS
MEJIMOpaLii OTXOJO0B OOOTAIIEHUs] PEIKOMETaUIbHOW HMPOMBIIUICHHOCTH 0€3 HpOBEICHUs
3aTPaTHBIX paboT IO 3eMIIEBAHHIO.

3akai04eHue

B nmuccepranmm Ha OCHOBAaHWM BBIIOJHEHHBIX aBTOPOM HCCIENOBAHHN peIIeHa
aKTyaJbHas 3aJa4a re03KOJOTNYECKOH OILIEHKH BIIMSHHS XBOCTOB OOOTAIIEHHS JIOMAPUTOBBIX
PYA Ha KOMIIOHEHTBI OKpYXAloLIeH Cpeabl U NpeAroKeHbl TEXHOJIOTHUECKHE PEIIEHHs II0
CHIDKEHHUIO HETaTUBHOTO BO3JICHCTBUSA OTXOIOB.

N3y4yeHbl HMHXEHEPHO-T€OJOTMYECKUE XapaKTEPUCTHKU M BELECTBEHHBIH COCTaB
XBOCTOB O0OTaIIeHUsS. Y CTAHOBJIIEHO, YTO XBOCTHI CKJIOHHBI K IMBUICHUIO B YCIOBHUSX CYyXOH
BETPEHOH TOTOMbl. BrIsABICHA HEOJHOPOIHOCTH COJCPIKAHUS IIEHHBIX KOMITIOHEHTOB,
koHneHTpupoBanne TM u P3D B ToHKOAHMCIepcHOM Marepuane xBocToB. CpenHee
cofiepKaHHe JIomapuTa B xBocTax cocrasisieT 0.64-0.98%.

Ha ocHoBaHMM pafiMOHYKINIHOTO aHAHM3a yCTAaHOBIICH PaJHeBO-TOPUEBBII XapaKkTep
PaaroaKkTUBHOCTH. B oTinume oT cpeanei mpoObl XBOCTOB ¢ pacYeTHHIM 3HAUYCHUEM yeTbHON
3(hGeKTUBHOW paaInOaKTHBHOCTH, He mnpeBbimamomeir 1500 Br/Kr, TOHKOIMCICPCHBIH
MaTepual XBOCTOB XapaKTepH3yeTcs IIOBBIIIEHHBIM COAEP)KaHHEM PaJHOHYKIHIOB,
OTHOCHTCS KO BTOPOIl KATETOPHH OTXOMOB.

HccnenoBaHbl BO3MOXKHBIC BapHaHTHI IIPOIECCOB MOOMIM3AIMU  SKOJOTHYECKH
OIIaCHBIX JIEMEHTOB, IIPOUCXOISIIIE IPH XPAaHEHUH U ITBUICHUN XBOCTOB. Y CTAaHOBJIEHO, YTO
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nepexox P33, kak 1 TM B pacTBOpeHHYIO, a 3HAUUT, OHOJOCTYNHYIO, (OPMY HPOUCXOAUT
HWHTEHCHBHEE MPU CHIDKEHUH pH 1 yBenmmueHnn coiepkaHus paCTBOPEHHOTO OPraHUIECKOTO
BEI[ECTBA M TEMIEpaTypsl. Pe3ynbTaThl HMPOBEAEHHBIX 3KCHEPUMEHTOB, MOICTHPYIOLINX
B3aMMOJICHCTBHE XBOCTOB € aTMOC()EPHBIMH OCaaKaMH, MONAJaHHe MUHEPAIbHBIX YaCTHI[ B
MOYBY B pe3yNbTaTe MbUICHUS U MEPEXO 3KOJIOTUYECKH OMACHBIX JIEMEHTOB B IOJBHKHBIE
(OPMBI CBHIETEIHCTBYIOT O IIOTEHINATBHON YKOJIOTHIECKOI OaCHOCTH XBOCTOB 00OTaIlCHUS
JIOIAPHUTOBBIX PYII.

[IpoBeneHHast OIIEHKa XMMIYECKOTO 3arpsi3HCHUS] KOMITOHEHTOB OKpY>Karomiel cpest
BBIIBIJIA TIOBBIMIEHHBIE cofepskanus TM (Sr, Zn, Mn) u P3D nerkoit rpymmst B JIO 03. Wnbma,
mpo6ax MOYB U PaCTeHU, 0TOOpaHHBIX B UMIAKTHOMH 30He. Conepxanue P33 B J10 03. Unema
MIPEBBINIAET CPEAHHUE COJIEPIKaHMUS IEMEHTOB He TOJIBKO B 3eMHOU Kope 1 J]O MpecHOBOJHBIX
skocucrem, HO U B 1O 03. Manzpa, paHee 0XapaKTeprU30BaHHOTO KaK 3arps3HeHHoe P30D.

Ha ocnoge pacuera CII3 misg Oomnpineit yactu 0TOOpaHHBIX IPOO TPYHTOB YCTAHOBIICHA
JIOIyCTUMAsI KaTeropus 3arps3HeHust TM, oJJHaKo HEKOTOpPbIE IPOOBI MOT'YT OBITh OTHECEHBI K
yMepeHHO omacHoW kareropuu (Zc ao 21.6). PaccuntanHoe 3HaueHue Zc ans P3D nmerkoit
TPYIITHL B psiJie TOUYEK 0TO0pa Mpod JoXoauT 10 65.7 (omacHast KaTeropus 3arpsi3HEHHM ).

AHanmm3 oTOOpaHHBIX NPOO PAacTeHHIl M CONOCTAaBICHHE COAEPKAHHH HEKOTOPHIX
3JIEMEHTOB CO CPEIHEEBPONECHCKIMH 3HAUYSHUSIMH [O3BOJIMIIN YCTAHOBUTH HAKOIUICHHUE UBAMH
u myroBukoM Al, Th, U, V, Zr, Zn, Sr 1o cpaBHEHHUIO € YCIOBHO «(HOHOBBIMIY» €BPONECHCKUMH
TepPUTOPUSIMU UX Tpouspactanus. OGHapyKeHO MHOTOKPATHOE NPEBBIICHNUE COASPIKAHUS
P33 nerkoii rpymmer B npodax Avenella flexuosa L. — ot 230 mo 320 emmann. OTMedeHa
aHOMaJIbHasl aKKYMYJISILMS [IMHKA UBOBBIMU Salix spp., 4TO MO3BOJIMIIO OTHECTH ITH JIPEBECHBIC
MOpO/Bl K TpYIIe OWONOTMYEecKOro HAKOIUIeHWs dieMeHTa. Hambosiee BbICOKas CTENEHb
AaKKyMYJISIIIMM [IMHKA YCTAHOBJICHA JUIs UBBI Jonapckoit S. lapponum ¢ KBIT 4.31.

[Mosermennsie coaepxkanns TM u P33 B Toukax oTO00pa mpod, COBMAIAIONIMNX C «PO30it
BETPOBY, IIO3BOJIIIOT TIPEATIONOKUTh, YTO OCHOBHOM TNPUYMHONW 3arpsi3HEHHS SBISCTCS
MIBUICHNE HE3aKPEIUICHHBIX MIOBEPXHOCTEH XBOCTOXPAHIIIHIIL.

B xkagectBe Mep, IpemaraeMeIX JUIi CHIDKEHHS HETAaTHBHOTO BO3JCHCTBHA,
OnpOOOBaHEIL:

1.ucrionp30BaHNE TOJIMMEPHOTO MOKPBITHS JJIs BUISTIOaBICHHS MBULIINX y4aCTKOB
JIEWCTBYIOIIEr0 XBOCTOXPAHIJIHIIA.

2.npumeHeHne OCB u ero KOMIO3UIMU ¢ KPEMHHUCTHIMH NPUPOJHBIMU MaTepUaiaMy
JUI METUOPAIlU BBIBEAEHHOT'O U3 DKCIUTyaTallluu I1OJIs1 XBOCTOXPAHUIIUIIIA.

[lpoBeneHHble  HATypHBIE  JKCIEPUMEHTH  HOATBEPIWIH  3(P(PEKTHBHOCTH
Mpe/UTaraeMbIX ITyTeH pemreHnst mpobieMs! MbUieHus. Llenpio mampHEHIINX HcCiiexoBaHM
SIBIIIETCS TIOMCK U OIeHKa 3()(EeKTUBHOCTH COPOCHTOB HAa OCHOBE MECTHOTO MHHEPAIHHOTO
CBIpBSI JTMOO OTXOMOB TOPHONPOMBIIIIEHHOTO KOMIDUIEKCA IS OYHMCTKH 3arpsi3HEHHBIX
TEPPUTOPUH.

OCHOBHBIE NOJI0KeHUS] JUCCePTALMH ONMy0JIMKOBAHBI B CJIeAYIOIMX PadoTax:
HayuHble cTaTbU B U3JaHUSAX, peKOMeH10BaHHbIX BAK P®:

1. KpacaBueBa, E. A. Pe3ympTarhl unccienoBaHHI CBOWCTB M COCTaBa XBOCTOB
obGorarmmenns nonaputoBeix pya / E. A. Kpacasnesa, [I. B. Maxkapos, E. A. Cennsanosa, I1. B.
Hxkonen, B. B. MakcumoBa // ®usnko-TexHmdeckue MpoOiieMbl pa3pabOTKU ITOJIE3HBIX
uckomnaeMslx. — 2021. — Ne3. — C. 190-198.
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