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BBE/IEHHE

AKTyanbHOCTH®Db 1 ¢a c RppumoprB apaBPAGOTKH  PYIHBIX
MECTOPOXKACHUN aKTUBU3UPYIOTCS MPOLECCHl BHIBETPUBAHUS TOPHBIX MOPOJI, UTO
CBSI3aHO C HMX JApoOJeHHeM B mporiecce A00buM U mepepaboTku. IIpomyKTel
BBIBETPUBAHUS TOMNAJAI0T B MOBEPXHOCTHBIE W MOJ3eMHBIE BOJbI. B pe3ynbrare
ATOTO0 BO3PACTACT UX MHUHEpAIM3alMs, B PAacTBOPE HAKAILJIMBAIOTCS TOKCHUYHBIE
aneMeHThl. Ha 3HaunTenhHONW TEPPUTOPUH BOJIBI BBIBOAATCA U3 XO3SHCTBEHHOTO
obopora. DTa mpobiemMa akTyallbHa JJisi BCEr0O MHpa U, OCOOCHHO, JJis Halleu
CTpaHbl, TaK Kak O0OBEMBI MOPOJ, M3BJICKAEMBbIX M3 HeAp B Poccum, exeromHo
COCTaBJISAIOT Oojice Tpex MuLrapaoB ToHH [Ocumor B.U., 2016]. CymiectByroras
nporpaMMa yTWIM3aluu OTXOA0B HE 3(PPEKTUBHA, pOCT 00bEMOB 00pa3yIOIIUXCS
OTXO/IOB 3HAYUTEJIEHO OTEpPEekKaeT POCT MX HCIoib3oBaHus [YMmHOB B.A., 1995;
TpyGenkoit K.H., 2017]. TBepabie OTXOIbI ACIATCS HA JBE TPYIIbI: OTXOJBI
NOOBIYM — BCKPBIIIHBIE TOPOABI U OTXOJbI MepepadoTKu — XBOCTbL. Oba BHAA
OTXOJIOB COJIEp’)KaT B CBOEM COCTaB€ HEYCTOWYMBBIE B MPHUIIOBEPXHOCTHBIX
yCIIOBUSIX MUHEpasibl. JKuaKre OTX0/bI IPEACTABICHBI IBYMS THUIIAMU: MAXTHHIMU
(pyaIHMYHBIMH) BOJAAMH M CTOYHBIMH BOJAMH OOOTAaTUTEIBHBIX (PaOpUK — OHU
HANpsSMYIO 3arps3HsIOT MNpUpoAHbIe BOAbl. llpu pa3paboTke MecTOpOXaeHUN
MHOTHME KOMIIOHEHTBl, H3HAYaJbHO HAXOAMBIIMECS B TBEPIOM COCTOSHUH,
pPacTBOPSIIOTCS U TIOMAJA0T B TOJ3EMHBIE U MOBEPXHOCTHBIE BOJBI, 3arpsI3HSAIOT
MOYBY, PACTHTEIBHOCTD, aTMOCHEPy OKpykatouux Tepputopuit [[Inmrocann A.M.,
I'yaun B.WA., 2001; Peibnukosa JI.C., PeionukoB I1.A., 2014; boptaukoBa C.b. u
ap.2015; FOpreucon I'.A. u ap., 2017]. Bo3aelicTBre TEXHOTCHHBIX BOM IPUBOIMT
K (OpPMHUPOBAHMIO TEOXMMHUYECKHMX AHOMAJUNl B IOBEPXHOCTHBIX BOJOTOKAX,
BOJIOEMaX Ha yJaJCHHH B JICCATKHA KHIOMETPOB OT XpaHuiuil otxoaoB [David W.
Blowes, 1997, Lottermoser, 2007; Yurgenson, 2008; Nordstrom, 2015].
PacTBOpeHHBIE KOMIOHEHTHI, HaXOJAIIHECs B OpeojiaX M TOTOKaX pacCesHus,
aKTUBHO  B3aWMOJCWUCTBYIOT C BMEMIAIONIMMH  TIOPOJAaMH, TIOOTOMY  HX

KAYE€CTBEHHBI U KOJIMYECTBEHHBI COCTAB MEHSIETCS BO BpEMEHU. B CBsI3M ¢ 3TUM



B IIOCJIEAHEE BpPEMs MPUCTAIBHOE BHMMAHUE YJEIsEeTCsl MpoliemMaM MHIpaluu
METaUIOB M JPYIMX KOMIIOHEHTOB BHYTPH M 3a IPEAENBl XBOCTOXPAaHWJIMILL
[Lottermoser, 2010, Douglas B., 2013, Dold B., 2014].

B cBa3u ¢ astum  OonbLION WHTEpeC I HW3Y4YEHHs MPEACTaBISAIOT
BOJIb()paMOBBIE MECTOPOKICHHUS, KOTOPBIE ITTUTEILHOE BPEeMsI pa3padaThiBaIiCh B
3abaiikanse. B cocraBe 0TXO0B HaXoAsATCS CyJb(HIbI, KOTOPbIE PU XPAHEHUU
AKTUBHO OKHUCIIAIOTCSI € 00pa30BaHMEM XOPOLIO PACTBOPUMBIX COEIMHEHUH.
Kpome Toro mnpum wux pa3paboTKe NPUMEHSIACh TEXHOJOTUS IOJTYyYEHUs
BOJIb()PaMOBOTO KOHIIEHTPATa C UCIIOJIb30BAHUEM CEPHON KHCIIOTHI, KCAHTOI'€HATA,
KEpOCHMHA. OTH peareHThl CIOCOOCTBYIOT (POPMUPOBAHUIO B TOJIIIE XBOCTOB
OJIarONPUATHBIX YCIOBUM [JI1 MUTPAIlMM B PAacTBOPE Pa3IMYHBIX XHUMHYECKUX
HJIEMEHTOB, B TOM UHCJIE TSXKENbIX, PEIKO3EMENIbHBIX U 0JaropoAHBIX METAJIIOB.

Llenb pab6borTbl:

Boisichenne  ocoOeHHocTel — (popMHpOBaHMS ~ XMMHUYECKOTO  COCTaBa
IOJ3EMHBIX M TOBEPXHOCTHBIX BOJ HA TEPPUTOPUAX PA3MELIEHUS IPUPOIHO-
TEXHOTE€HHBIX CHUCTEM BOJIb(PAMOBBIX MECTOPOXKIACHUH, BBISIBICHHUE OCHOBHBIX
(GakTOpOB OMNpeAEAIOIUX HWHTEHCUBHYI0 MHIpAIMI0 BEIIECTB B XpaHWJIMIIAX
XBOCTOB NMEepepadO0TKH Py U BbIICHEHHE BO3MOXXHOCTH yAAJIEHUS UX U3 PACTBOPOB

3agauun:

| W3YYUTh YCJIOBHUS BO3HUKHOBEHHUS OYaroB 3arpsA3HEHUS NMOA3EMHBIX U
ITOBEPXHOCTHBIX BOJ Ha TeppuTopuu Jxunnackoro u bom-I'opxonckoro I'OKos;

1 MPOAHATM3UPOBATHh U3MEHEHUS XMMUYECKOT0 COCTaBa MOPOBBIX BOJ B
XpaHWJIMILE XBOCTOB MEPEpadOTKU Pyl NMPH JAJIUTEIBHOM XpPaHEHUHN B CPABHEHUH C
PYIHUYHBIMHU BOJIAMH;

1 U3YYUTh MPOILIECChl, MPOTEKAIOIINE MNPU B3aUMOJCHCTBUU KHUCIBIX
MOPOBBIX BOJ C M3BECTHSKOM; BBISICHUTH MHHEpalIbHbIE (POPMBI BBICAXKUBAHUS
TOKCUYHBIX U [IEHHBIX 3JIEMEHTOB U3 PacTBOPA.

PakKTuMUyYecKMUIi MeaTempmamc m1e o0oBaHWNHA



B ocHOBYy nmuccepranmoHHON pabOThl JIeTNIM MaTepualibl, COOpPaHHbIC
aBTOPOM TP MPOBEJICHUHN MOJEBBIX U J1a00paTOPHBIX PadoT.

[Ipu nmpoBeneHUH MOJEBBIX PadOT ObUIM HM3Y4YEHBI TMOTOKH PACCESHUS U
opeodsbl. [TpoaHanu3upoBaHbl KCXOHBIE UCTIOIB3YEMbIE MAaTEpUAIIbI O U TTOCIIE
AKCIEPUMEHTA, U3yYeH MUHEPAIbHBIN COCTAB TEXHOTCHHBIX MECKOB, ONPEEICH
coctaB U pH nonydeHHbIX PUIBTPATOB.

MeTtoioM aTOMHO-3MHCCHOHHOTO aHaldn3a C WHAYKTUBHO-CBS3aHHOM
m1a3Mon npoaHanu3upoBaHo 148 BoaHbix mpo0 mo 30 snementam. C mOMOIIbIO
CKaHHUPYIOLIEH DJIEKTPOHHOM  MMKPOCKONMHM TPOBEIAEHBI  HCCIEAOBaHUS
OTOOpaHHBIX CyIb(UI0B, CMOHTUPOBaHHBIX B aHuuu(ax (330 onpexneneHuii),
YaCTUIl M3BECTHSAKA Ha CTEKJISIHHOW mMojyuioxkke (272 omnpenenenuii). [IpoBenen
peHTreHo(a30BbIil aHaNW3 MATH O0pa3lOB M3BECTHSIKA MOCiIEe OOpaOOTKH €ro
KHCJIBIMH PacTBOPaMHU.

Ot6op u MOAroTOBKA MPOO K aHaln3aM MPOBOJUINCH B COOTBETCTBUHU C
YTBEPKICHHBIMU ~ MeToauKamMu. (OO0paboTka  TeOXMMHUYECKHUX  JaHHBIX
MPOBOJIUJIACH C TIOMOIIBIO COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTUH.

Mfonoxena@aaeprTayumm, BbLHOCUKUMbLIE Ha 3alu

1.  Ha Teppuropuu pasmemieHuss TOPHOIPOMBIIUIEHHOTO MPOU3BOICTBA
Ha (opMUpOBaHME XMMHUYECKOTO COCTaBa TOBEPXHOCTHBIX W TOA3EMHBIX BOJI
OKa3bIBAIOT BJIMSIHUE OTXOJIbI JOOBIYH PY/IbI, PYAHHYHBIC BOJIbI, U3TUBAIOIINECS U3
TOPHBIX BBIPa0OTOK M XBOCTHI TepepadoTKu pyd. B Mecrax ckimagupoBaHHS
OTXOMOB JOOBIYM W W3IUSHUS PYAHUYHBIX BOJ[ TPOUCXOAUT 3arps3HCHHE B
OCHOBHOM  TPOIYKTaMHU  OKHCIUTEIBHOTO  DPA3JIOKEHUs  CyIb(OUIHON
MUHEpAIN3allii; Ha TEPPUTOPHUA OOOTATHTEIHHOTO MPOM3BOJCTBA C MECTaMHU
XpaHCHHS OTXOJOB IEpPepabOTKU Pyl Ha (OPMHPOBAHUE COCTaBa BOJ KpPOME
OKHCJICHHUS CYNb(HUIOB OKa3bIBACT BIUSHHE B3aUMOJICHCTBHE KHUCIBIX BOJ C
PYJIOBMEIIAOIIUMHE ITOPOIaAMHU.

2. B xpanunumax oTXoM0B  mepepaboTKH  BOJB(PPAMOBBIX  PYI

MHTEHCU(DUIIMPYIOTCA TPOLECCHl B3aMMOACHCTBUS BOJABI C TOPHBIMHU IOPOJAMHU,



bopMHpYIOTCS KUCIbIE TTOPOBBIE BOJbI, B KOTOPBIX B BBICOKHUX KOHIIEHTpAIUSIX
MPUCYTCTBYIOT IIEHHBIE B NMPOMBIIIJICHHOM OTHOLIEHUH XUMUYECKHUE 3JIEMEHTBHI:
penKue 3eMiu, 0JaropoaHbie MeTaulbl. VX comep:kaHuEe B pacTBOPE 3aBUCUT OT
yclioBU (OPMHUPOBAHUS MECTOPOXKJICHUM M WHTEHCUBHOCTH B3aUMOJCHCTBUSA
BOABI C Tmopomoi. Ilpm MTENT,HOM XpaHEHUM XBOCTOB MEPEpadOTKUA Pya
MPOUCXOAUT  OOOTAIllEHHE  PACTBOPOB,  3aKIIOYEHHBIX B  MEXK3EPHOBOM
MPOCTPAHCTBE MECKOB, TSXKEIBIMU PEAKO3EMENbHBIMU JIEMEHTAMH.

3. MurpanonHass ~ CIIOCOOHOCTh ~ TOKCHYHBIX W IIGHHBIX B
MPOMBIIIUICHHOM OTHOIIEHUU KOMIIOHEHTOB B IOA3EMHBIX BOJaX B pailoHax
pa3pabOTKH BOJB(MPAMOBEIX MECTOPOXKACHUN MOXET OBITh OrpaHWYEHA ITyTEM
HEHUTpaM3aIliy KHUCIBIX BOJ HM3BECTHAKOM M Jp. MHHEpAJaMH, COJCPKAIIIMHU
HIEJIOYHBIC U HIEJI0YHO3eMEIbHBIE AIeMeHThI. [lo Bo3melcTBHEM KHUCIIBIX BOJ Ha
MMOBEPXHOCTH W3BECTHSIKA W B MEXK3EPHOBOM IIPOCTPAHCTBE,  (POpMHUPYIOTCS
MUHEpaibHble W amop(dHble HOBoOOpazoBanus. OOpaszyromuecs H3 pacTBopa
TBep/bie (pa3bl MpeCTaBICHBI JBYMS BHIAMH: a) MOKPBHIBAIOIIKME MOBEPXHOCTH
3epHa KaJbIMTA B BUJIC TIJICHKH, 0) BBIICIISIONINECS B BHIC OOBEMHBIX CKOTIJICHUH.
[1nenku 0O6pa3yroTCs MPU B3aUMOICUCTBUM Cylb(dara u ¢propuaa ¢ kampuuToM. Ko
BTOPOMY THITy OTHOCSITCSI HOBOOOpPa30BaHUSI THIPOOKCHJIOB JKeje3a U aTFOMUHUA.

HayYHasa HHn Bripyapea xuauackoro u bom-I'opxoHckoro
['OKoB yCTaHOBJIEHBI OCHOBHBIC 3aKOHOMEPHOCTH MUTPAIMH M OCAKICHUS
BCIIIECTB MPHU JUIMTEILHOM XPAaHCHHH OTXOJOB JOOBIYM M TIEPepabOTKH PYI.
BreisiBinensl nBe (a3bl mpeoOpa3oBaHUsl cOCTaBa TMOPOBBIX BOJ: B IEpBYIO (azy
MPOUCXOUT OKHUCIIHTEILHOE pa3lioKeHHE CyIb(PUIHOW MHHEpaTU3aliK, BO
BTOPYIO - B3aWMOJICHCTBHE KHUCJIBIX BOJ C PYJOBMEHIAIONIUMU ITOPOJIAMHU.
Brinenennsie ¢a3pl XapaKTepu3yrOTCsi 0COOCHHOCTAMH XMMUYECKOTO COCTaBa BOJI
¥ MUHEPAJIBHBIM COCTAaBOM (POPMHPYIOITUXCS OCAIKOB.

VYcraHoBiIeHO, YTO B Mpejenax MPUPOAHO-TEXHOTCHHBIX CHCTEM TOPHO-
JOOBIBAIOIINX TIPEANPUATAN B XUMUYECKOM COCTaBE BOJI, (DOPMUPYIOIMIUX PECYPCHI

U XUMUYECKHUI COCTaB B Mpejesiax OTXOJA0B JOOBIYM U OTXOJIOB MEePepabOTKU Py



UMEIOTCS pa3nuuus. XUMHUYECKHH COCTaB PYAHHYHBIX BOJ OMpPEIEIseTCsS B
OCHOBHOM paslioO’KeHHEM CyIb(OUIHOW MHHepanu3alui. B TOpoBBIX Bomax
XBOCTOXPAHWIHIl K  TpoOIeccaM  OKHUCICHUS  CylnbGUI0B  J00aBIISETCS
B3aMMOJICHCTBHE KHUCIIBIX BOJl C IeCKaMH XBOCTOB mepepaboTku pya. Ilpu
B3aMMOJICUCTBUM KHCIBIX TIOPOBBIX BOJ C PYJOBMEHIAIONIUMHU IOPOJAMH,
COCTaBJISIIONIMMHI OCHOBHYIO MAacCy XpaHSIINXCS B XBOCTOXPAaHUJIMINAX TECKOB,
MIPOUCXOANT 00OTaIIEHUE PACTBOPOB TSHKEIBIMU PEIKO3EMEITbHBIMH JIEMEHTaAMHU.

MpakTunWyecKasa YsrauosieHd MM € fledynbrare QUILTPALUH
aTMOC(EPHBIX U MOBEPXHOCTHBIX BOJ U€pe3 TEXHOTCHHbIC MECKU, OYEHBb OBICTPO
YCTaHABIMBACTCA KHCIas cpefa, 4YTro OOYCIIOBIEHO pAacTBOPEHHEM CEpHOU
KHCIIOTBI, HAKOMHBIICHCS B TOPOBOM TIPOCTPAHCTBE IIECKOB B pe3yJbTaTe
OKHUCJICHUS IUPUTA, U MIPOTEKAHUEM PEAKIIUU TUAPOIN3a CyIb()ATHBIX MUHEPAJIOB
Kenesa, o00pa3oBaBIIMXCS 3a BpeMs  XpaHCHHS TIECKOB. B moroke
UHOUWIBTPYIOIIMXCA Yepe3 TIEeCKM BOJl HMHTEHCHUBHO MHUTPUPYIOT KpPEMHUIA,
ATIOMUHUMN, IIUHK, KE€JIe30, Melb, MapraHel], KoOalbT, HUKEIb, PEIKHUE 3EMJIH,
OmaropogHple MeTauTbl. PacTBOpBI, 3aKIOUYEHHBIE B  XBOCTOXPaHWJIHUINIAX,
MPEACTABISIOT COOOW JKHUIKYIO DYy, U3 KOTOPOM MOKHO M3BJIEKATh IICHHBIC B
TIPOMBITTUICHHOM OTHOIIIEHWH KOMITOHEHTHI.

[IpenyioxkeHa HOBas cxXeMa XpaHEHUS TOKCHYHBIX OTXOOB IepepaboTKh
Py, KOTOpas TIpearojaraeT APEHak MOPOBBIX BOJ M BBICAXKUBAHUE IMOJIE3HBIX
KOMIIOHEHTOB Ha KapOOHATHOM Oaphepe.

NN 4YHBW B K N aXpropanPHHUM{I METTOCPEICTBEHHOE ydacTHE B
coope (akTHUEeCKOro maTepuaja B TMOJEBbIX YCJIOBUSIX M MpPU MPOBEACHUU
AKCIIEPUMEHTAIBLHBIX pad0T. ABTOPOM JIMYHO MPOU3BOIUIICS OTOOP M MOATOTOBKA
K aHajau3aM Tpo0 BOJIbI, MUHEPATHHBIX HOBOOOpA30BaHMI, a Takke 00paboTKa
MOJYYEHHBIX JaHHBIX. [lpoBoawics aHanu3 W 0000IIEHHWE PEe3yIbTaToB,
nocTpoeHue rpaduKoB W TaOMUIl, MOATOTOBKA W HANHUCAaHUE IMyOJMKAIUNA W

JTUCCEPTAIIMOHHON PaOOTHI.



JOoOCTOBEPHOCTb pe3Y/ bibcauTa®rd® KoMIGeCIrBOMe [l O E
npo0 U MPEeNCTaBUTEIBLHOCTHIO MaTepuaja aHaJU3UPYEMbIX Cpel, JTOCTATOUYHBIM
JUISL TIPOBEJICHUS CTAaTUCTUYECKO 00pabOTKH pe3ynbTaToOB aHANIN3a, IPUMEHEHUEM
KOJIMYECTBEHHBIX aHAIUTUYECKUX METO/IOB MCCIIEAOBAHMS CEPTUDUIUPOBAHHBIMU
METOJMKAaMU B aKKPEIUTOBAHHBIX JaOOPATOPHUAX, UCIIOJIB30BAHUEM COBPEMEHHOTO
IporpaMMHOr0 oOecreueHus, a Takke TIyOMHOW MpOpabOTKU MOIYyYEHHOTO
Marepualia v JUTEPATyphl IO TEME UCCIECAOBAHUMN.

Anpobauywus Pe3ynbT aT OcBoBHEEA CICIAKEHASO B a H U
pe3yibTaThl AUCCEPTAIMOHHON pabOThl JTOKIAJBIBAIUCH HA KOHGEPEHIUSAX U
KOHKypcax: V Bcepoccuiickuii cumno3uym «MwuHEpamoruss M T€OXUMUA
JaHAma(TOB TOpHOPYAHBIX Tepputopuii» n XII Bceepoccuiickue 4TeHHs] maMaTu
aKaJeMuKa A.E. depcmaHa o npoOaemMam: «PamonanbHOE
pUpoI0TIob30Banue» U «CoBpeMeHHOE MUHEpanooOpa3oBanuey», Yuta, 2014 r.
baiikanbckas MOJIOJEKHAsT BCEPOCCUUCKON HaydHasi KOH(EpeHIUs Mo reoJIoTU U
reopusuke. — Yman-Yma3, 2015 r. Il MexnaynaponHas HaydyHO-TIpaKTHYeCKas
KOH(epeHIUs «Texnonornueckas maTdopma «TBepapie MOJIE3HBIE
UCKOIaeMbIe»: TEXHOJOTHYECKHE U HKOJIOTMYeCKHe MpoOsieMbl OTpabOTKH
IPUPOAHBIX M TEXHOTEHHBIX MecTopoxkiaeHuin» ExarepunOypr: UI'J] YpO PAH,
2015 r. MexayHapoaHON Hay4dHO-TIpaKTU4YecKor KoH(pepeHInHn «COBpEeMEHHBIE
TEXHOJIOTMA B AarpOHOMHUHU, JIECHOM XO34iCTBE M TMPUEMbl PETYyIUPOBAHUS
IJIOAOPOIUS OUBY. — YIaH-Y a3, 2017. Cepreesckue urenus «Ieoskosornueckas
0€e30MacHOCTh Pa3pabOTKH MECTOPOXKIEHUI IMOJIE3HBIX MCKOMaeMbix». - MoOCKBa,
2017 r. XXIl Cosemanue «Ilogzemubie Bonbl Cubupu u JlanpHero Bocrokay. —
HoBocubupck, 2018 r. Becepoccuiickoit HayuHoM KoH(epeHun «I'eoornueckas
IBOJIIOIUST B3aMMOJCHCTBUS BOJBI C TOpPHBIMH mopoaamu»- Ywra, 2018. V
Bcepoccuiickoli  HaydHO-TIpakTH4Yeckod  KoH(pepeHnuu  «['eomnHamMuka U

MuHeparenusi CesepHoil u LlenTpansHoit A3umn».- Yian-Y 13, 2018.



Myo6nukauyunmn

ITo Teme nuccepranuu onyOiarkoBaHo 14 paboT, OTpa)xarouMx e OCHOBHOE
coJlep>KaHue, U3 HUX 1 B perieH3upyeMOM HayYHOM KypHaje, peKOMEH/I0BaHHOM
BAK, 1o pe3ymbraraM paboT T1OJydyeH NATEeHT Ha  HU300peTeHHe
«XBOCTOXPAHWINLIE JJI1 XPAHEHHS OTXOJI0B TOPHOI0OBIBAIOIINX MTPEAPUATHID .

CTpyktTypa U ob6bbemM pabor bl

Pabota coctouT u3 5 rinas, BBEACHMS, 3aKIOYEHHS] U CIUCKA JIUTEPATYPHI,
U3JI0’KEHHBIX Ha 173 cTpaHuIax MmeyaTHoro TeKcTa, cojepkamux 47 tadmun u 38
pucyHkoB. CIMCOK IUTEpaTypbl HAaCUUTHIBAeT 129 UCTOYHUKOB.

BnaropgapHocCcTMW

ABTOp BbIpaKkaeT riIyOOKyHO MPU3HATEIBHOCTh HAYYHOMY PYKOBOJMTEIIO,
O.r.-M.H. Ajnekceto MakcumoBuuy [IIrOCHUHY 3a COBMECTHOE OOCYXACHHE U
000011IeHrEe MaTepUaIoB, BCECTOPOHHIOK MOAAECPKKY U IMOMOIIb Ha BCEX 3Tamax
BBITNIOJIHEHUSI paOOThI. 32 COACICTBUE B MPOBEJACHNUN UCCIEIOBAHUIN U MTOCTOSHHOE
BHMMaHue K  JIaHHOM  paboTre  aBTOp  MCKpEHHE  OJarogapeHk.r.-
M.H. .. X KambanoBoii u BceM COTpyOHUKAM J1Ia0OpAaTOPUU THUAPOTE€OJOTUU U

reoskosiorun ['TH CO PAH 3a noanepxKy 1 BHUMaHUE.
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I'JTABA 1.
BO3JIEMCTBUEPYJJHOM MUHEPAJIN3ALIMU HA COCTOSTHUE
I[TOA3EMHLIX 1 ITOBEPXHOCTHBIX BO/]

1.1 cDOpMHpOBaHI/IG XUMHYCCKOT'O COCTaBa IMOA3CMHBIX U ITOBCPXHOCTHLBIX

BO/I B IIpeeax PyJIHbIX MECTOPOKICHUN

dopMUpOBaHHME XHUMHUYECKOIO0 COCTaBa BOJBI B TpeAeliax pPYyIHbIX
MECTOPOXKICHUN MMEET CBOM OCOOCHHOCTH, KOTOPBIE CBSI3aHBI C MHTECHCHUBHBIM
pasniokeHueM cyibGuIHON MUHepanu3anueid. B pesynbrate yero ¢hopMupyroTCcs
KHCIIBIE BOJIbI, KOTOPhIE HAYMHAIOT aKTUBHO B3aMMOJICHCTBOBATH C BMEIIAIOIITIMHU
OpYyJICHEHHE MOpoJaMu. BOKpyr pyaHBIX 30H B MOA3EMHBIX U TOBEPXHOCTHBIX
BoZax (OPMHUPYIOTCS KOHTPACTHBIE OPEOJIBbl PACCESIHUS MHOTHUX XUMHUYECKUX
AJIEMEHTOB, KOTOPBIE TIOCTYIIAIOT B PACTBOP, KaK M3 PYy/bl, TAK M W3 BMEIIAIOIINX
nopo. B opeonax u motokax paccesHusl paCTBOPEHHOE BEIIECTBO MEHSET (POPMBI
HaXOXKJEHUS, OOpa3yroTCs KOJUIOMIHBIC COCIWHEHUS, (OPMHUPYIOTCS TBEPIbIC
da3pl, MeHsercs xumudeckuii Tunm Bouabl [LlBapues C.JI., 2008]. B uenom
Pa3NOKEHUE PYIHBIX MUHEPAIOB MPUBOJUT K PACCESHUIO MHOTHX XMMHYECKHX
DJIIEMEHTOB, OOpPa3yIOTCS BOJHBIC OPEOJIBI PACCESHUs, 00Jamarone pa3IudHON
NPOTSDKEHHOCTBIO M KOHTPACTHOCThIO [BopTHHKOBA 1 Ap, 2006, 2015].

Haunlbosiee BBICOKME KOHIEHTPAIIMM METAUIOB OOHAPYKUBAIOTCS TIPH
B3aMMOJICCTBUM TOA3EMHBIX BOJl C PYIHBIMH 30HaMH. B TIOI3EMHBIX BOJaX,
HAXOJAIIUXCS B Tpelnesiax PyAHOro Tela KOHIEHTpAlus MaKCUMallbHa, 3a €ro
npenesaMd OHa YMEHBINACTCSl 1O TMOTOKY B 3aBUCHMOCTH OT YAaJICHHOCTH
pyaHoro Tena 10 GpoHoBbIX comepkanuii [CemsukoB A.M., 2002]. B opeonbHBIX
30HaxX OHa BbIle (POHOBOW HA OJIMH-]IBA Mopsiaka (Tabdm. 1.1).

Tabmuma 1.1 — CpaBHUTEIBHBIN aHaIU3 COACPKAHUN  TMOJBHXKHBIX

9JICMCHTOB B IIOTOKAX paCCCAHUA ITOJIMMCTATININYCCKHUX MCCTOpO)KI[eHI/Iﬁ

MunumansHoe | CpenHee MaxkcumainbHoe
colepKaHue COJIEpPKAHUE | COLEPIKAHNE

KomMmmnoueunr
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30J10TO, MKI/JI 0,006 0,11 0,055
Bonbdpam, mxr/n | 0,75 11,1 32,4
Mommbaen, mxr/n | 0,26 9,8 23,8
Huak, M/ 1,27 21475 12235
Menb, Mr/a 0,11 707,6 3560
Kanmuii, Mr/n 0,062 10,4 40,5
dTop, MI/n 1,1 6,88 18
UtTpwii, Mr/n 0,03 0,246 0,3
[epwuii, Mr/n 0,2 1,2 2,2
WtTepOwmii, Mr/mn 0,004 0,0428 0,08

I[JI?I BOJII)(l)paMO-MOJII/IQZ[eHOBBIX MCCTOpO)KI[GHI/Iﬁ T'JIaBHBIM HCTOYHHKOM

BOJIB(l)paMa )51 MOJ'II/I6I[€H3 B BOJAaX IIOTOKaX pacCCCAHUA ABJLIIOTCA IIOJA HX

AHJIOTEHHOTO KOHLIEHTpUpOBaHus (Tadi. 1.2).

B niieHOo4HBIX BOJax B HCHOCpGI[CTBCHHOﬁ OJIM30CTH OT PYAHBIX MHUHCPAJIOB

oOpasytorcs pactBopuMble mommcoian Tuna MeO-nMO3; mH,O. B mporecce

BSaHMOHCﬁCTBHH INICHOYHBIX BOA C I'PaBUTAIMOHHBIMHU ITPOUCXOJUT p836aBJ'IeHI/Ie

B IPUCYTCTBHUHU M30BITKA KaTHOHA U PaBHOBCCHC CMCIIACTCA B CTOPOHY

o0pa3oBaHUs TPYAHOPACTBOPUMBIX CpPEIHMX MOJUOJATOB U BOJh(pamMaToB

MeO-MO;-nH,0 [3arysun B.I1., 1984].

Tabnuua 1.2 — [Tapametpsl Hanboiee BEPOSTHBIX KJIACCOB

Bonsdpam Monubnex
Cpennee Cpennee & KosdumesT
Yaactok BLI6HOC1)3Ke, [TapameTpsl BH&E})KQ [TapameTpsl 3 OZHOPOIAHOCTH
MKTI/J1 MKT/71
0,230 0,575
K-KBM, 1977 1,36 8,198 7,05 10025 | XX 0,78
0,80 0,82 PO
0,151 0,630 o1
K-XBM,1979 0,75 3,412 9,5 7,079 — 0,83
0,62 0,55 Vo
0,169 0,251 0
K-2)KBM, 1980 1,71 18,342 2,09 9,189 — 0,93
0,52 0,45 0 X
MecTopoxaeHue 0,610 0,000 T X
Anronosa Fopa 28,3 24,013 0,26 2,151 - 0,90
p 0,68 11,77 X U
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MecTopoxKIeHHE 0,722 0,224 cu
Bynykrait 8,01 16,800 23,8 4924 | 0,88
e 0,85 1,27 ¢ X
Mecropoxaenue 0,368 0,622 o
Monu6eHoBOE 8,10 25,104 30,0 306,667 - 1,00
0,55 0,12 U Tt
MecropoxaeHue 0,921 0,012 o
PenxomeranbHOE 32,4 12,690 3,15 3,037 — 0,74
0,81 1,46 XT
0,443 0,342
ES%E‘HEE 111 6,535 9,8 5577 |21 062
P 1,00 111 |umd

[Tpumeuanus. 1. ®on mis Boasppama 0,08 mxr/m, mas mommbaeHa 0,10
MKr/n 2. [lapameTpbl Kjacca CBEpXy BHHU3: 3HAUMMOCTb 3JI€MEHTa, KOIPPUIIUEHT
KOHTPACTHOCTU, KO PUIIMEHT Bapualuu. 3. M — KOJIMYECTBO TOYEK B Kiacce, N —
KOJIMYECTBO TOUYEK B BHIOOPKE.

brnaronpuaTHpIMU I MUTpalMM BoJibppamMa U MOJUOACHA SBISIOTCS
niesIouHble ycioBus. [Ipu pasrpy3ke TpeumHHO-KUIBHBIX BOJ U CMEIIMBAHUM UX
C TIOBEPXHOCTHBIMH 00Jie€ KUCIBIMH BOJAMH HEUTpaJIbHbIE MOJICKYJIbl HAUMHAIOT
BXOJUTh B COCTaB KOJUIOMJIOB pa3HOOOpa3zHOro cocraBa. AHHOHHBIE (HOPMBI
BoJb(ppamMa u wmoymbJieHa MpeodnagaroT B BOJAX B MOMEHT TE€PECTPOUKHU
MOJIUCOJIEW B CPEIHUE COJIM, MPUYEM B 3aBUCHMOCTH OT THAPOTrE€OJIOTMYECKHX U
TUAPOJMHAMUYECKUX YCJIOBUI TEPECTpPOKa MOXKET MPOUCXOIUTh KaK BHYTPHU
OJIOKOB TOpHBIX TMOpPOA, T[AE B CiIy4dae 3acTOMHOro pexumMa o0pazyroTcs
TUIEpreHHble MHUHEpajabl BOJb(paMa M MOJUOJEHA, TaK W B TOBEPXHOCTHBIX
BOJIOTOKax. TakuM oOpa3oMm Bojdb(pamar- W MOJHUOJAT-aHUOHOB B BOJHBIX
MOTOKAaX PAacCCEesHUs] OMPEAENSIETCS KOHCTAHTaMHM JMCCOLMALMUA HEUTPaIbHBIX
MOJIEKYJI M KOMILIEKCOB.

B mpuponssIx Bomax amruMTyna coxepxanuii P30 BecbMa 3HaunTENbHA —
OT JI0JIeld MUKPOTpaMMOB Ha TUTp 10 N-100 mkr/a (Tadmn. 1.3).

Ta6muna 1.3 — XumMuyeckuit cocTaB MOA3EMHBIX BOJ, COJIEPKAITUN UTTPUI

u penkozemenbHbie daemMeHThl (Mr/n) (Kpaiinos C.P., 1973)

Ilom3emnsle  Boawsl  MaccuBa | [logzeMHblE  BOABI  PEAKO3EMENBHO-
armnauToBBIX He(EeIMHOBBIX | MOJIMMETANINYECKUX MECTOPOXKICHUM
CHEHUTOB (TOPHBIX BBIPAOOTOK) | (BOJIBI TOPHBIX BEIPAOOTOK)

KomnoHeHTHI 1
OKa3aTelun
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1(53) 2(50) 3(40) 4(172) 1(147) 2(148) | 3(149)
Naf+K* 208 162 73 52 7 3 He 06H.
Mg** 1,6 1 1 1,5 19 4 7
Ca* 6 He 06u. | He o6m. 0,8 63 17 34
Cl 4 7 4 4.6 4 4 4
SO~ 2 52 8 2 22 50 52
HCO3 218 161 72 60 265 6 65
CO5” 50 35 6 9 - - -
F 75 37,5 30 18 1,4 He 06H. 1,1
L 0,6642 0,463 0,5619 | 0,5543 0,022 0,143 0,046
Y 0,0163 0,0163 | 0,0106 | 0,0196 - - -
Yb 0,0021 0,0015 | 0,0013 | 0,0007 - - -
Ce 0,3825 0,4178 | 0,3383 | 0,1958 0,001 <0,01 -
%A 23,6 25,6 31,9 17,2 - - -
pH 9,9 >9,4 9,0 9,1 7.7 6,3 7.0
MuHepanu3anus 627 509,5 2295 178 400 100 180
B npeaeax THJPOTECPMAIbHBIX PCAKO3EMEIbHBIX CyJb(DHUIHBIX

MECTOPOXKICHUN pEIKO3EMENIbHAs MHUHEpaIu3alMsl CBs3aHA C KHUCIBIMU U
CyOIIEIOYHBIMH HMHTPY3UBHBIMH TOpoJiaMu. Pelko3emenbHble MHHEpaibl B
Mpefesiax MECTOPOXKACHUM TEPPUTOPUATIBHO aCCOUMUPYIOT C  TaJCHUTOM,
MUPUTOM, MOJIMOJIEHUTOM U IPYTUMHU CYJIb(PUIaAMU.

Bonpr JloBo3epckoro MaccuBa armamToOBBIX HE(PEIMHOBBIX CHEHUTOB
XapaKTEpPU3YIOTCSI BBICOKMMM COAEpkKaHUsIMA P30 M OTHOCHUTENBHO MIMPOKUM
pacrpoCcTpaHEeHUEM WIEIOYHbIX BOA. B coctaBe P33 moa3eMHbIX BOJ armanToBBIX

He(ETMHOBBIX CHEHUTOB MPEO0IaAat0T JIEMEHThl EPUEBOM IPYII — OTHOILIEHHUE

B
B

o0brgHo >20 (1 mo 270), 4uro, B oOmeM, coriacyercs ¢ oOIien

00OTanIeHHOCTHIO BOJIOBMEIIAIOIIUX MOPOJ AITUMHU dJIeMEHTaMu. Murpamuu

OnmaronpusaTCTBYyeT  00pa3oBaHME  KOMIUIEKCHBIX  COCOUHEHUH.  YUHUTHIBAs
XUMHUYECKUN COCTaB TMOJ3EMHBIX BOJI armauTOBBIX HE(PEITMHOBBIX CHEHHUTOB,
HanOolee BEPOSTHBIMU aIieHIAMH B OTHX Bomgax sBisiiorcss COs;” u F.
3HaunuTeNbHAS YCTOMYMBOCTh KApOOHATHBIX KOMILIEKCOB B COYETAaHUH CO
SHAUNTENBHBIMU  KOHIEHTparusaMid COz® B IIENOYHBIX BOJAX IO3BOJISIET
Mpeanoiaratb, OCHOBHBIM aJICHAOM [Jii KOMIUIEKCHBIX coeluHeHuil P30 B

OICJIOYHBIX BOJAX arrmamTOBBIX He(l)eJ'H/IHOBBIX CHUCHUTOB OOJIKCH OBITH Kap6OHaT-
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noH. IlockonbKy KoHHeHTpamuu COs® B BOJax BO3pacTaroT ¢ poctom pH
(BclleICTBUE CMENICHHUS KapOOHATHOTO paBHOBECHs), TO ¢ pocToM pH Bo3pacTaroT
u coaepxanus P30 B Bogax. B BuIy CIIO)KHOTO aHMOHHOTO COCTaB BOJ, CIEAYET
TOBOPUTH O TIPOCTHIX KapOOHATHBIX KOMIUIEKCAaX, HO M O CMEIIaHHBIX
¢gropoxcokapbonaTHeix Kommmiekcax tumna [TR(COs),(F,0H)]%

KommiekcoobpazoBanue mpepoxpanser P35 oT moiHOTrO THUApoiH3a B
IIEJIOYHBIX BOJAX, BCIEACTBHE HYETO 3THU SJEMEHTHI IMPOSBIIAIOT TOBBIIICHHYIO
MUTPALMOHHYIO CTOCOOHOCT.

[TomzemMHbBIE BOABI THAPOTEPMATBHBIX PEIKO3EMETHHO-TTOINMETAIITNICCKIX
IIErMAaTUTOBBIX MecTopokaeHuii o0baHO mMetor HCO3(SO,)Ca coctaB
OKOJIOHEHTPAIIbHYIO peakiuio. B 3THX MECTOPOXKICHUSIX TMPEOOTaTat0T dJIEMEHTHI
uTTpHeBOi Tpynmel. B” . B Bogax mMectopokaenuit gocturaetr N-10 — n-100
MKT/TT (MakcuMyMm 283 MKI/T B BOJaX PEIKO3EMEIbHBIX-TIOIUMETATTHYECKIX
MECTOPOXKICHHI) TIpH OOBIYHBIX COJNEPKAHUAX N MKI/I. MaKcHuMalbHbIC
conepkanusi P35 oOHapykeHBI B CITa0OKUCIIBIX CYJIb(ATHBIX BOJAX PYIHBIX 30H,
oboramnieHHbx P39 (Tadm. 1.4).

Tabmuma 1.4 — CogxepkaHus B TOJ3EMHBIX BOAaX THIPOTEPMATBHOTO

peaKo3eMeNnbHO-CYNIbGUIHOTO MecTopoxkAeHus (1o marepuanaMm H.I'.ITeTpoBoit)

Tum Box B4 2 wmkr/n SOy, Mr/n KommgectBo mpod
Bons! ropHsIx
5-283(56,0) 3-106 (35,5) 14
BBIPAOOTOK
I'pyaTOBO-
pyH 4,0-19,7(13,0) 2-87 (27,0) 18
TPEIIUHHBIC
[ToBepxHOCTHBIE 5-14,8 (5,6) 2-65 (15,1) 36

OTU  BOJBl COJIEp’KAaT HE3HAYWTENIbHBIE  KOHIIGHTpAIlMW  aJJICHIOB,
HEOOXOIUMBIX JJISI  KOMILIeKcooOpazoBanusi P3D. B  Hux mnpakTuuecku
OTCYTCTBYIOT KapOOHATHBIC HWOHBI, MIO3TOMY BO3MOKHOCTH JUIS
KOMILIeKcooOpa3oBanusi P30 B 3Tux Bojax He3HauuTenbHbl. Hanbomee

BEPOSITHBIMU COCTOSIHUAMU P30 B 3TuMX BoJax SBISIOTCA TR3+, TR(OH)nS'”,

TR(SO.),> ™", TRF ,>".
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KonuuecTBo 3HAYMMBIX BENMYMH (OPM MHUTPAIIMM M UX COOTHOIICHHS B
MMOBEPXHOCTHBIX BOjlaX (KapbepHBIC 03€pa, 03€pO Ha OTBajaxX, BEPXOBOE 00JIOTO,
PEKH, HECKOJIbKO MHOE, YeM B MOJ3EMHBIX BOjax JIMMOBCKOTO MECTOpPOKICHUS
[Tabakconat JI.C., u mp. 2008]. Murparusi MaKpOKOMIIOHEGHTOB OCYIICCTBIISCTCS
MOYTH IIEJIMKOM B BHJI€ CBOOOJHBIX HOHOB 0OJieeé PaBHOMEPHO W B 3aMETHO
Oonpiel none. KoaudyecTBa MOHOB, MEPEHOCUMBIX B 3TOM (hOpMeE, COCTaBIISIOT:
Na" —4,4...15,6 %; K" — 0,05...0,08 % (B m0A3eMHBIX BOJAaX HE BBISABICHBI); Ca®
— 3,8...22,3 %; Mg2+ — 1o 11,35 % (meHee, yeM B MOA3EMHBIX BOJIaXx, CKOpee
BCEro, M3-3a CMEHBI CpeAbl MWIPAIMU, — OTCYTCTBUS HEMOCPEICTBEHHOIO
KOHTAaKTa C MarHuil cojepxkammmu nopojamu); ClIo — 1,13...7,90 %, uz-3a
CHIDKCHUS CTENEHU XJIOPUIHOCTH CPEJb; SO42* —2,3...11,7 %, menee, uem 1Jid
noa3zeMHbIX Boa, HCOs;— —49,35...72,30 %, Oau3kue ¢ BEIUIMHAMH B ITOA3EMHBIX
BOJIaX, HO 00Jiee paBHOMEPHO M TOBCEMECTHO BBISIBIIIEMbBIC, B MTOA3EMHBIX BOJIAX —
JIMIIb B YETHIPEX CIIydasx; C032* —0,15-0,50...2,04 % — B oTIIMYME OT ITOJA3EMHBIX
BOJI 3Ta YacTh KapOOHATHON CHCTEMBbI TaKXe MposBiIeHa Ooyee CTaOWIBHO U
noBceMecTHO. 3ametreH MoH NO3 — 0,9...4,5 %, a NO, Ha 2-3 nopsiaka HUXE —
0,003...0,067 %, 4TO B IEJIOM MOXET XapaKTEepPU30BaTh OajgaHC a30THBIX H
a30TUCTHIX (POPM B MOBEPXHOCTHBIX BoAax cuctembl. OoHapyxken F — 0,15...1,17
%, HO €ro HEeJOCTATOYHO JUIsl KOMILIEKCOOOPa30BaHUsl B MOBEPXHOCTHBIX BOJHBIX
obbekTax (BelsABIfeTcs mmimb  kommiekc CaF™  (0,001-0,002 %)). Cpenu
KOMIIICKCHBIX COCIMHCHUI MaKpOKOMITOHEHTOB npeobJiaaoT
rugpokapbonarneie (Gopmel, B ToM uncie CaCOz’, Ca(HCO3),’, Ca(HCOs).
NMmeHHO B rugpokapOOHaTHOM (MK kapOOHATHOM) (hopMe MPOUCXOAUT MUTPALIUS
1 O6onbiHCTBA MUKpOdieMeHTOB (Mn, Co, Ni, Cu u Zn). Murpanus nocieHux,
HECMOTps Ha pa3zHooOpasue (HopM, MPOUCXOJNT B BEChbMa MAJIBIX KOJIMUECTBaX, HE
BeIxomsmux 3a npenensl 0,00n %. Kpome rumpoxapOoHaTHBIX (GopM 3aMeTHa
Murpamus B (OpMe THAPOKCHIOB, XapakTepHas misi okemesa — Fe(OH)3,

(Fe(OH),)*, (Fe(OH),) n amomunns — AI(OH)., (AI(OH),) .
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Ha npumepe mexropHori MHTOAMHCKOW BNAJWHBI, OTPAHUYEHHON C CeBEpa
S1610HOBBIM XpeOTOM, ¢ rora — xpeoToM Yepckoro [Crispoa O.A. u ap., 2012],
MO0Ka3aHO, YTO YMEHBIIIEHHE 001iero koauuectsa P32 ¢ poctom MuHepamu3anuu
omnpenensercs moseaeHueM Al B MOBEpXHOCTHBIX W IMOJ3EMHBIX BOJaX, KOTOPOE
KOHTPOJMPYETCSI  B3aUMOJACHCTBHEM BOABI C  OCaJOYHBIM  BBINOJHEHUEM
WNuronuuckoii Bnaauubl. [loMmuMo mporieccoB copOLUU B TOBEPXHOCTHBIX BOJIAX
HaOroaeTcs ciiabas OTpUIIATeNIbHAs KOPPEISIHS PEeIKO3EMENIbHBIX 3JIEMEHTOB U
pH [Bax E.A., u 1p., 2013]. YpoBens xonneHTparui (puc.1.1) pacrBopeHasx P32
B [MOBEPXHOCTHBIX BOJIAX, BEPOSATHEW BCErO, ONpeaensercs KoHueHTpauuamu P39
B Mopojax BOJA0COOPHOTO OacceiiHa 1 0COOCHHOCTSIMU TEXHOTEHHOTO 3arpsi3HEHUS

BOJ, TpU pa3pabOTKE OMNpEJCICHHBIX THUIIOB MECTOPOXKIACHUN TOJE3HBIX

HNCKOIIa€MBbIX.
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La C¢ Pr  Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Puc.1.1 Chexktpbl pacnpeneyiieHus KOHILEHTpaluhd  peaKo3eMeNbHBIX
AJIEMEHTOB B MOBEPXHOCTHBIX BOJAaX AMYpPCKOH 00JacTH, HOpMaJU30BaHHBIE IO
OTHOIIICHHIO K ceBepo-ameprkaHckoMy cianiy (NASC) (Bax E.A., u ap., 2013)
[Ipodunu pacnpenenenus P32 B Bojgax BOJOTOKOB AMYpCKOW 00J1acTH,

HOPMHUPOBAHHbBIE IO OTHONIIEHHWIO K ceBepo-amepukaHckomy ciaHiy (NASC),
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OTHOCUTEJIBHO OJHOTHUITHBI U XapaKTEPU3YIOTCS PE3KUM NpeoOsialaHueM JIETKHX
P39 Hax TsoKEeBIMA.

YpoBeHb KOHIIEHTpALMl pacTBOPEHHbIX P30 B MOBEPXHOCTHBIX BOMAAX,
BEpOSITHEHN BCEro, onpenensercs KoHleHTpanusiMu P33 B mopoiax Bo1ocOOpHOTO
OacceilHa W OCOOEHHOCTSMH TEXHOTE€HHOI'O 3arps3HEHUs BOJA IpPHU pa3padOTKe
ONPENICIICHHBIX THUIIOB MECTOPOXKICHUN TOJIE3HBIX MCKOIMAEeMbIX [XapUTOHOBA
H.A., Bax E.A., Yennokos I A., u 1p., 2016]. Haunbomnee BbicOKHE KOHIICHTpAIUU
P33 (0,48-1,3 wmkr/m) xapaktepHbl sl pek BocTouno-CuxoT3-ANHHCKOW u
[HenTpanbHo-CuxoTy-AJIMHCKON 00J1acTeN.

OCHOBHBIMM ~ TIOPOAOOOPA3YIOIIMMH  MUHEpaJlaMH  TEPPUTOPUMN, Tle
OTMEUYECHBI MOBBIIICHHBIE COAEPKaHUS B MOA3E€MHBIX Bojax [XaputoHoBa H.A., u
ap., 2016] sSBISIOTCA aTIOMOCUIIMKATHI, © UMEHHO MX PaCTBOPEHUE CIIOCOOCTBYET
NOCTYIJICHUIO TPEOoOIalalolied 4acTh PEIKO3EMENbHBIX 3JEMEHTOB B BOJAX.
UccnenoBanus [Uymaes O.B., u ap., 2015] nmokaszanu, 94T0 OCHOBHOM (hopMoii
MUTpPAIIMM  PEAKO3EMETBHBIX  DJIEMEHTOB  SIBIIIETCS HMOHHOM  (opmoil U
KapOOHATHOM.

B opeonax u moTokax paccessHus B 30JOTOPYAHBIX MECTOPOKIECHUIX
3abaiikanbs 30JI0TO MOXET MUTPUPOBATh B TPEX YCTOMUYMBBIX COCTOSAHMSX: 1) B
BHUJIC WMCTHUHHBIX PAacTBOPOB, B OCHOBHOM, 3TO KOMIUJIEKCHBIE COCIUHECHUS C
pPa3IMUHBIMU JIMTAaHJAMU; 2) B BHUJI€ KOJUIOMAHBIX PAcTBOPOB, METAJUIMYECKOIO
30J10Ta U B COCTaBE KOJIOMIOB BEIIECTB C aKTUBHOW MOBEPXHOCTHIO; 3) B COCTaBE
KOJUIOMJIOB BEIIECTB C aKTHUBHOM moBepxHOCThIO (Tabm. 1.5). [locnemusas dopma
ABJIgEeTCSl Haubosiee yCTOMYMBOM (POpPMOl B TMAPOr€OXMMUYECKOM MOTOKE, YTO
HaXOJUT CBOE OTpaKEHHWE B THAPOrCOXMMHUYECKHX HcclenoBanusx [ILmrocHun
AM., 1987; ITntocaun A.M., I'yaun B.U., 2001] 30510TOpYyAHBIX MECTOPOKICHUS
3abaiikaibsi, B yacTHOCTH [TnoHepckoe n CaMapTUHCKOE MECTOPOXKIACHUS. Pybl B
ATUX MECTOPOXKICHHUSIX MO BEUIECTBEHHOMY cocTaBy mnoxoxu. CoaepxaHue
cynbumnoB B pyne cocraBiser 2,5-3,5 %. OCHOBHBIMM MHHEpalaMU Py

ABJIAIOTCS. THPHUT, CQaneput, XaJIbKOMUPUT, TAJICHUT. 30JI0TOE OPYIHEHHUE
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OPUYPOUYEHO K TEKTOHUYECKOMY HapyUIeHUI0O MEXIy M3BECTHAKAMU U
riaruorpanutamMu. Ero OCHOBHasg Macca 30JI0Ta HaXOAMUTCS B BHJIE KPYIMHBIX
BbiZieiieHU (85-90% wactuiel pazmepom ot 0,1 mo 1-2mm). Otmevaetcs
MUKPOCKOITMYECKOE 30JI0TO B MUPHUTE, a TAKKE MEXK]y 3epHaMH KBaplla U MUPUTA.
MecTopoxieHus: HaxoaaTcsi Ha OO0OCOOJICHHBIX TOJbIAX C OTMETKAMH IOJIONIB
2100-2300 M, a BepuuH 2500 M, ¥ HaxOAATCSA B 30HE Pa3BUTHUS MHOTOJICTHEH
Mep370Thl. BBIXONIBI HAAMEP3JOTHBIX BOJ Ha CKIOHE MO Mepe MpOTauBaHMS
MEp3JI0TBl MUTPUPYIOT BHHU3 TI0 CKJIOHY. HawmOosee KOHTpacTHBIC, XOTS |
HEJIOCTAaTOYHO MPOTSDKEHHBIE MOTOKH PACCESHHUS 30JI0Ta B BHJIE KOMIUIEKCHBIX
coequnenuid. Cpeanee coaepxkanue 0,011 Mkr/m, BcTpedaeMocTh 3TOH (HOpMbI
39%. 3os0TO, HaxoAsmMECs B pacTBOpe B 3TOMl (opme, 3aperucTpupoBaHO B
HEIMOCPEJICTBEHHON OJIM30CTU OT pyAHOro Teja. [IpoTsKEHHOCTh IMOTOKOB HE
npesbimaeT 300 M. 30710TO B BHAE KOJUIOWIHBIX PACTBOPOB YIANAECTCA OT
MCTOYHUKA €ro MOCTYIUICHHS B PACTBOP HA HE 3HAYUTENILHO OOJIbIIIEE pACCTOSHUE,
MPOTSHKEHHOCTh OTOKOB focTuraet 1,5 kM. CpenHee cojiep>kaHue 30J10Ta B ATOU
dbopme — 0,008 mxr/m, BcTpeuaemocth — 58%. Emie nameliie OT HMCTOYHHKA
MOCTYIIJICHUSI B PACTBOP MUTPUPYET 30JI0TO, HAXOSAIIEECS B COCTaBE B3BECH. JTa
dbopmMa MUTpallMH 3apeTUCTPUpPOBAaHA HA YIAJICHUM OT WCTOYHHMKA 10 2,5 KM.
Conepxanue 30J710Ta B 3T0o# hopme HeBbicokoe U coctariseT 0,002-0,004 mkr/m.

Hwxe npuBeneHo KOJIWYECTBO 30JI0Ta, MUTPHUPYIOMIETO B pa3HbIX opMax B
PYIHUYHBIX BOJaX HEKOTOPHIX 30JI0TOPYIHBIX MECTOPOKICHHUH.

Tabmuna 1.5 — Coxepkanue 3070Ta B PYJHUYHBIX BOJIaX 30J0TOPYIHBIX

MECTOPOXKACHUN 3a0alikaibs, MKT/J

dopmanus, MECTOPOKICHUE AU, Al Al,.. Alger
Manocynsbuanas | BctpedaemocTs,
0 75 58 75 25
30J10TO- Yo
KBapnesasd, Cep. 0,069 0,033 0,024 0,012
JIro6aBUHCKOE S
(12 po6) 0,138 0,051 0,055 -
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Yo6oro- BcerpewaemocTs,
cymbéHOe, % 68 68 26 32
banett- Cep. 0,90 0055 0006 0,129
TaceeBckoe (19

S 0753 |0181 |0014 |-
po0)
YMepeHHo- BcerpeuaemocTs,
cyJbduIHOE, % 67 ! 41 o7
Hapacynckoe(15 Cep. 0,078 0,035 0,034 0,009
1po0) S 0,252 0,128 0,107 -

3010TOpYyIHbIE OOBEKTHI MPOSBIAIOTCS BCEMU TPEMs ONpPEAETIIEMbIMU
dbopmMaMu MUTpaLIUK 30JI0TA.

[Ipn B3auMoOmeHCTBMM BOJX C pPYAHOM MHMHEPAIM3AaLMEN B PacTBOpP
MOCTYIAIOT HE TOJILKO CaMU 0JIaropoJHbIC METAJIbI, HO M IIUPOKHUI KPYT JIPYTUX
9JIEMEHTOB, 00pa3ysl HECKOJIBKO acCOIMAaIUi 3J1eMeHTOB (Taoi. 1.6).

Tabmuuma 1.6 -

FI/II[pOFGOXI/IMI/IIIGCKI/IG acconnanuu, BBIACJIICHHBIC B

npenenax Kapuiickoro 3010TopyHOro pamoHa.

[Ipouent

BapHuaIuu

[IepemenHsle,

cararomue acconuanmnro

[Iprunna

000co0IeHNs

46,0

Mg, Li, Cu, Ca, SO, Sr, Si,
Au

BriBerpruBanue

BMEMIAIOIIUX TTOPO/T

12,9

F, W, Mo

BriBeTpuBanue
KapOOHATU3UPOBAHHBIX
nopox ¢ (IOOPUTOBOM,
LICEIMTOBOM,
MOJIMOJIEHUTOBOM

MHHEpaIu3alnuen

10,4

-(Al,Cu,Si)Ca,Sr,Zn

B3aumoneiictBue BOI C
30J10TO-CYIb(UIHO-

KBapLEBbIM OPYJIHEHUEM
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B3aumoneiictBue BOO  C
ME3030MCKMMU u
MMajJIe030MCKUMHU

8,6 -(Zn, W, F, Au)Mo
WHTPY3UBHBIMU  TIOPOJIaMHU,
HWCHBITABIINM TEILIOBOC
BO3/ICMCTBHE MEPBBIX.
B3aumoneiictBue BOI C
METacOMaTUYEeCKUMH

7,4 -(Mo0,Zn,SO,)W 30HaMHU MTPOKUITKOBO-
BKpaIUICHHOMN
MHHEpaIu3alun

OcoOenHoctu  (hOpMUPOBaHMSI MHMHEpAIM3AMM OTPAa3WIUCh B COCTaBe
WHTPEIMEHTOB MPUPOJIHBIX BOJ, (UKCUPYIOUIUXCS B MOBBIMIEHHBIX KOJIMYECTBAX,
Cpear KOTOPBIX cojiepaHusl cynbgara, MoiubIeHa, 3070Ta, Boidbdpama, dropa,
CTPOHILIUS, KDEMHHSL.

B pynnuunbix Bonax, Hamnpumep, Ha Canaupckom (Bocrtounsrii Canaup) u
OnbxoBckoM (Bocrounsiii CastH) MECTOPOXKIACHUSIX M XapaKTEPHU3YHOIIUXCS
THAPOKApOOHATHO-CYIb(ATHBIM, CYIb()ATHO-TUAPOKAPOOHATHBIM COCTaBOM U
HU3KMMHU 3HaueHUsMH pH, KoHUeHTpauu cyib(harT-HoOHA COCTABIISAIOT COTHHU W
THICSYM MI/IM®, @ COIEPKAHHS 30JI0TA BECbMa BEIMKH H JOCTHTAIOT HECATHIX
JONEH U IaKe LENbIX MK/ M’ [dyroBa E.M., u ap., 2006]. CTonb 3HAaYUTEIbHBIC
KOHLIEHTPAaIMU 30J10Ta 00ECIEYUBAIOTCS aKTUBHOW PaCcTBOPUMOCTBIO CYJIb(HUIIOB,
JOCTHTAIONICH [OTeH M Jake LENbIX I/IM". PactBopenue cynbpuaoB, UMEIONTUX,
KaK TMpaBUJi0, KOHIEHTPAIMK 30J0Ta B COTHU pa3 Oojee BBICOKHE, YEM
opo1000pa3yoIie MUHEPAJbl, HE TOJBKO OCBOOOXIAET 30J0TO U3 MHHEpaia-
HOCHUTENII, HO W KHUCIYIO Cpeay, ONarompusTHYIO /JiS €ro HaxXxOoXIACHHUS B

PacTBOPEHHOM COCTOSIHUH.
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1.2 TloazeMHbIe M MOBEPXHOCTHBIE BOJBI B TOPHOPYAHBIX pailoHax

B 0CBOEHHBIX TOPHOPYIHBIX palioHaX TJIaBHBIM (haKTOPOM MpeoOpa3OBaHUS
MPUPOJIHON CPEbl SBISIOTCS TEXHOTEHHBIE MPOLIECCHI, MPOSBISIONIMECA YXKE Ha
CTaAMsIX TOMCKOB W Pa3BEIKH W HMHTCHCH(PHUIUPYIOMHUECS TMPH HKCILTyaTaIuu
MecTopoxaeHui. PazpaboTka pyaHBIX MECTOPOXKACHHI HAa HECKOJIbKO MOPSJIKOB
YBEIMYMUBACT (PUBMKO-XUMUYECKYIO JIEHYAAIMI0, MUTPAIMOHHYIO CIIOCOOHOCTH
MHOTHX XUMHUYECKHUX AJIEMEHTOB M 00bEM HX MTOCTAaBOK B IPUPOIAHBIC BOJIBI, UTO, B
KOHEYHOM CcueTe, MPUBOJAUT K KOPEHHOMY MpPEoOpa30BaHUIO T€OXUMHUYECKOTO
o0auka BogotokoB [Auun, E.IT., 2005, 2007, 2008].

['eoxuMHueckune UCCIeqOBAHUS NPEHAXKHBIX BOJ PYJAHBIX MECTOPOKICHUN B
MOCJEAHUE TOJbl MOJYYUIIM JOCTATOYHO IIUpPOKOEe pa3zBuTue. CBA3aHO 3TO B
OCHOBHOM C DJKOJIOTMMECKMMH MpoOJeMaMM, BO3HUKAIOIIUMU B TOPHO-
JOOBIBAIOIINX pPAMOHAX M BBI3BIBAIOIIMMHU HEOOXOJMMOCTh OILIEHKH JPEHAXHBIX
CTOKOB MECTOPOXKICHUN KaKk MCTOYHHUKA TEXHOTEHHOTO MpeoOpa3oBaHUs
npuponnoi cpenbl [['morosa JLIL., 2015, bakteibaeBa 3.b u nap.,2015, I'psizHoB
O.H., u np., 2017].

DOopMHUpPOBAHUE KHUCHBIX JAPEHAXHBIX BOJ W MUTPALUs 3arps3HSAIONIUX
KOMITOHEHTOB omnpeaensaeTcs (hUBUKO-XUMHUUECKUMHU nporeccaMu
MeTaMoppu3auu UHQWIBTPAIMOHHBIX BOJ (PAaCTBOPEHHE OTXOJOB, JECOPOIIHS
nopoj 3oHbI asparuu) [Kymukoa M.A., 2013]. B pesynbrare mpoMcXoasiiux
TUX TPOIECCOB B 30HaX CKJIAJAMPOBAHUA OTXOJIOB TOPHOAOOBIBAIOIIEH
MPOMBIIJICHHOCTH BO3HUKAIOT HOBBIE MUHEpajbHbIE (ha3bl, MEHSIOTCS (HOPMBI
HAXOXJCHUSI XUMUUYECKHUX 3JIEMEHTOB; OHU MEPEXOAT B MOABUKHOE COCTOSIHUE U
JIETKO MUTPHPYIOT Ha OKPY’KaIOIIHe MOYBBI, MOCTYMAalOT B BoAbI [Anamnuena E.B.,
[TanoBa E.I'., 2012]. B pe3ynbraTe CMEIICHHS BOJ PAa3JIMYHBIX BOJOHOCHBIX
TOPU30HTOB M TOJ3EMHBIX BOJ C MHPWIHTPYIOMIUMHUCS BOJAMHU IMOBEPXHOCTHOTO
MPOUCXOXKIIEHUs (aTMOC(EepHbIe OCaaKh, TOBEPXHOCTHBIC BOJIBI BOJIOTOKOB,

CTOYHEBIC BOAbI PA3JIMYHOIO COCTaBa) MNPOUCXOAUT YBCINMYCHUC HUIIN YMCHBLIICHHC
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KOHIICHTpAIIMU PACTBOPEHHBIX BEIECTB B IMOJ3EMHBIX Bojaax. Ompenesnsroniyro
poib B GOPMUPOBAHUN XUMHUUYECKOTO COCTaBa U 00bEMOB BOJOMPUTOKA ITAXTHBIX
Y TTIOBEPXHOCTHBIX BOJ HTPAIOT MPUPOIHBIC (PAKTOPHI, XOTS TEXHOTCHHBIC (DAKTOPHI
4acTO SBJSAIOTCS JOMHUHUPYIOIIUMH B 0O0pa30BaHUM JIOKAJIbHO HW3MEHEHHBIX
NPUPOAHBIX BOX Ha TexHoreHHble [Mumrypuna O.A., 2016]. OcobGeHnHast poib B
ATOM OTHOIIICHUHU MPUHAJICIKUT BOJIC, KOTOpAs ABJISIETCS TEM areHTOM, BMECTE C
KOTOPBIM IO Pa3JIOMHBIM 30HaM MOTYT MHUTPHPOBATh MPOIYKTHl TEXHOTEHHOTO
3arpsizHeHns [Cemunckuit KOK., I'magkoB A.C., Jlynuna O.B., Tyrapuna M.A.,
2005].

[Ipu oOHaxkeHuun CynbGUICOAEPKAIMMX TOPHBIX MOPOJ B IMPOIECCe HX
pa3palbOTKH, Cylab(UIbBl OKUCISAIOTCA C BBIACICHUEM TeIjia W oO0pa3oBaHUEM
CEpPHOM KHCIJIOTHI, CyJIb(haTOB MEH, IIMHKA, XKejle3a U JIP. TOKCHKAaHTOB, KOTOPBIC
NPOHUKAIOT B TpPyHTOBbIe  BoAbl.  (OOpa3oBaHue  MOJUIIOTAaHTOB B
CynbpUICOACPKAMMX OTBaJlaX M 3arpsA3HEHUEC HUMH TPHUPOJBI ITPOJIOHKACTCS
necsatkn u cotu jet [Shiguo XU, et. al.,, 2010]. Ha xumudeckuii cocraB
NPUPOAHBIX W TEXHOTEHHBIX  BOJ  BJIMSET  KOJIMYECTBO  IMHUpPUTA U
JIETKOPACTBOPUMBIX COCIMHCHHM IIBETHBIX METAJJIOB B OMBIBa€MOM BOJaMU
ropHoii macce. [IpoxykTsl okucienus muputa — HySO4 1 Fey(SOy4); — sBastioTes
CUJIbHEUIIIUMH PACTBOPUTEIISIMU OOJIBIIMHCTBA MUHEPAJIOB, CIAraloluX PYyIHYIO
Mmaccy u 060okoBbie opoisl [Mensauk H.JIL., u ap., 2016].

Cpenu Takux siemMeHTOB, kak Zn, Pb, Cu, MOBBIIMIEHHBIM COJAEpPKaHUEM
OTMEYACTCs [IMHK, KOHIIEHTPALHUs KOTOPOTo u3MeHsercs ot 1,5 mo 12,9 mr/m, xoTs
B BOJIaX BEPXHUX TOPU30HTOB €ro cojep:kanue npocturaer 22,0 Mkr/a. It1o
OOBSCHSIETCI TEM, 4YTO IIMHK O00JaJacT HaWMEHBIIEH  CIIOCOOHOCTBIO
COpOHMpOBATHCS THUICPICHHBIMH HOBOOOpA30BaHUSAMH (THIPOOKHCIIBI JKele3a,
Maprasiia, ajJlOMUHUS, a TakKe KapOOHaThl, TIMHBI U OpPraHUYECKHUE BEIIECTBA),
BCJICJICTBUE YET0 HAOIIOAIOTCS €0 IMOBBIICHHBIE coaepkanus. Coaepxkanus Ni,
Cr, Mo, Co, Ga B moa3eMHBIX Bojaax He Bemku u m3Mensitorcsa ot 0,02 mo 1,4

MKT/i1. CTOUT OTMETHUTh HEKOTOpPOE MOBBIIICHUE cojaepkanuss Ni 1 Mo B Bojax
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BEPXHEMEJIOBBIX OTJIOKEeHHH — 10 7,7 u 1,6 MKr/a cooTBeTcTBeHHO [MBanosa 1.C.,
u 1p., 2015]. OCHOBHBIMHM UCTOYHHMKAMHU JIAHHBIX SJICMEHTOB B IMOJ3EMHBIX BOJaX
SIBJITFOTCSI UX CYIb(UTHBIC MHHEPAITBI.

B nepuon naerictBuga Illanyuckoro pyaHuka ¢ 2002 mo 2012 u3MeHsI0Ch
conepkanue B mpupoAHsix Bogax Ni ¢ 20 go 160 mkr/n, Co — 0,6-4,3 mxkr/m.
OCHOBHBIM KOMIIOHEHTOM, BIIUSIIOIIMM Ha OOIIYyI0 MHHEpaIu3alui0 BOJA Ha
MECTOPOXKACHUH, SIBISICTCA CyIb(}aT-uoH, C KOTOPHIM JIAHHBIN MOKa3aTelb UMEET
TECHYIO TIOJIOKHUTEIBHYIO  KOppelsnuoHHyto cBsi3b  [JlutBuHenko 1O.C.,
3axapuxuHna JI.B., 2015].

CyliecTBeHHOE BIMSHUE Ha XUMHUUYECKUU cocTaB BOAbl JleGeauHckoro
MECTOPOXKJICHUSI MOKET OKa3blBaTh XBocToXpaHwiuile. CloxHas cucTema
BOJHOTO OajlaHca XBOCTOXpaHWIMINA, 00pa30BaBIIAsICA B pe3yibTaTe CMEIICHUS
Pa3JIMUHBIX KaTeropuil BOJ, MpeaoIpeeiseT KaueCTBEHHbINH cocTaB B HeM. CocTaB
BOJABl B XBOCTOXpaHWidie ¢GOpMHUpPYETCs, TJaBHBIM 00pa3oM, 3a Cuer
TEXHOJIOTUYECKOUW BOJBI, MOCTYIAIOMIIEN ¢ XBOCTAMH U THAPOBCKPBIIIEH Kapbepa, a
TaKke BOJBI, IMOJAABAEMOW B XBOCTOXPAHWIMINE Jis MOAMUTKH OOOPOTHOM
cuctembl 'OKa (apenaxknas Boga CTapoOoCKOJIBCKOTO BOJAOXPAHUIIUINA). ITa BOJA
SABJISIETCS ~ TMOTCHIMAJIBHBIM  HCTOYHUKOM  3arpsi3HEHHUSI  TMOJ3EMHBIX  BOJI
[Kpamuanunos H.H. u np., 2011].

Kak nokazano Ha nmpumepe MectopoxaeHus SAman-Kacel TEXHOT€HHBIE BOIBI
OKa3bIBAIOT BIIMSIHUE Ha COJIEPXKAHUE TsDKEJble MeTauioB B peke bissa. B
pe3yNbTaTe CIOXHBIX MEOXHMMHUYECKUX MPOIEccOoB (GopMupyercs Kucias BOJHAs
cpeia U BTOPUYHbIC MUHEPAJIBI, TAKUE KaK:

asyputr — Cuz(CO3)2(OH), — omamH u3 Hambojee pacIpOCTPAHEHHBIX
MEIbCOAEPKAIIMX MUHEPAJTIOB, MHINKATOP MEAHBIX pyA, [IP = 1.1'10'46;

auruaput — CaSO, — 0e3BoAHBIA Cynb(paT KalbliKsi, YBEIMYHBAETCS B
ooweMe npumMepHo Ha 30 % U MOCTENIEHHO MPEBPAIIAETCS B TUIIC TIPU TOOABICHUH
BobL, IIP =2.5- 10

TUTIC — MUHEpaJ U3 Kiacca cysbdaTtoB, o coctaBy CaSO42H;0;

24



Gaput — MEHepai 6apus U3 Kiacca cyibharos, BaSOy, TP = 1.1-10™;

XanbKaHTUT — MuHepan coctaBa CuSO,5H,0, cynbdar Menu (Hamuuue
TOT0 MUHEpaJia B pydax yKa3plBaeT HA TO, YTO PYJHUYHBIC BOABI OOTATHI
pacTBopeHHBIM cyibdarom meaun) u ap. [JIu T. ., Konocaummna O. A., 2013].

Tak, dopmupoBanme cocraBa pYIHUYHBIX BOJA TOJUMETAUIMYECCKUX
MECTOPOXKACHUIN OompeesieT 3aBUCUMOCTh (OTPUIIATENBHYIO KOPPEIISALIUIO) MEKIY
pH cpeast u pacnpeneneHueM B THAPOTC€OXMMHUYECKOM TI0JIE OCHOBHBIX,
dbopmupytonux ero wuHrpeaueHToB — SO4 Feusy, Ca, Mg, muToduIbHBIX
9JIEMEHTOB BojioBMeIIaromieii mupokaacTuku (Al), HEKOTOPBIX XalbKOPHIBLHBIX
1BeTHBIX MeTaLioB (Sh, Ni, Cd, Zn) [Tabakcomnar JI.C., 2004].

[Ipomecchl OKUCITECHHS CYIb(PUIOB U TpeoOpa3oBaHUe MPOIYKTOB PEaKIIHMA
MOTYT pa3BUBAThCs TMpU OOOTAlllEHUU PYJ, OCOOCHHO C HCIOJIb30BaHUEM
(bI0TaIMOHHBIX METOJIOB, OCHOBAaHHBIX HA MPUMEHEHHH TOKCHYHBIX PEarcHTOB U
npu pa3MeleHuu Ha MOBEPXHOCTHU 3emun TOHKOJAMCTIEPCHBIX
cynb(ducoaepKauMX XBOCTOB OOOTAIICHUS — WCTOYHUKOB CEPHOM KHCIOTHI U
Cynb(}aToB THKENBIX IIBETHBIX METAIOB. B TEXHOTCHHBIX O0Opa30BaHHUAX C
BBICOKOM aucniepcHOCThIO (0,1 MM U MEHbIIIE) CKOPOCTh OKHUCICHHS CYyIb()HIoB
OonpIie, dYeM B pydax, 3ajeralOlMX B  TNPHUPOJHBIX  YCIOBHUSX.
Mertamtoconepkamme  KUCIOTHBIE  BOABI  OOpa3yrOTCS TPU  OKUCICHUH
cynbunabix muHepasnoB. C yBEIUYEHHWEM COJEp>KaHUS CEPHON KHCIOTHI B
BEHIIICIIAYMBAIONIEM  PAaCTBOPE  TOBBIMIACTCS  WM3BICYCHHUE  METAUIOB B
NpoaAyKTUBHBIN pacTBop [boprckoB @.®., Anenndes B.M., 2015].

Hampumep, B xBocToxpaHwmiie KupoBorpaiackoii o0oratuTeabHOM
dbabpuku (CBepajoBckas 00J.) B Hadalle €€ AKCIUTyaTallid B XBOCTOXPAHUJIUIIE
MOCTyNaIu MUPUTHBIE XBOCTHI ¢ cojaepxkanuem meau 0,36 %, nuuka 3,0 %. Yepes
30 neT B XBOCTaxX ObUTM OOHAPYKEHBI TOJIBKO CJICABI MEIU, a KOHIICHTpAITUs IIHHKA
causunack 10 0,59 % [bopuckos ®.®D., Kantemupos B.Jl., 2014]. Pa3Burne >Trx
XUMUYECKUX TMPOIECCOB MPHUBOAUT K TOBBIIIEHHOMY 3arpsi3HCHUIO TPYHTOBBIX

BOJl, YTO XOpOLIO BHJIHO Ha MpUMEpE aHaiau3a XBOCTOB YuannHckoro ['OKa.
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Boanas BeITsKKa M3 XBOCTOB YuanuHckon O®, mponexaBmux | —2 Mecsna Ha
MOBEPXHOCTH XBOCTOXPAHUIIUIIA, OTIMYAETCS Kuciaon peakuuenn (pH=2-3 3a cuer
o0pa3oBaHMsI CEPHOM KHUCIOTHI) W BBICOKUM COJIEP)KaHHEM BOJOPACTBOPHUMBIX
dbopm metaisoB. Ilpu 3TOM KOHIIEHTpalus Meau, LIMHKA U jKejie3a B BOJHOM
BBITSDKKE, JIOCTHTAeT cooTBeTCTBeHHO 786; 3460 m 9050 Mr/ILMS, YTO B JECATKHU
ThICSY pa3 Bbiie [1JIK.

[TopoBble  pacTBOpPhl ~ CHECEHHOTO  BEIECTBA  OTXOAOB  YPCKOIo
XBOCTOXpaHWIHIA TI0 MOHHOMY COCTaBy M MHHEpaiu3anuu — coljieHeie Fe-Al
cynbdaraele Bonbl. Haumbosee BBICOKME KOHIEHTpAIMM HAOMIOAAIOTCS B
npuIoBepxHoCcTHRIX ciosix (Fe 2700-7500, Pb 0,36-5,2, Zn 9-57, Cu 7-12, Cd
0,007-0,008 wmr/m). Ilpu manenmu B p. Yp (mputox p. WMuum) kucneie Fe-Al
cynb(dartHple  BOABI  pydbs ~ cMemuBalOTCs ¢ mpumeckto  Ca-Mg
TUAPOKApOOHATHBIMM BOJaMH peku. Kak clencrtBue, coliepkaHue B BOJIE
BO3pPACTaeT, a BOCCTAHOBJEHHE cOCTaBa BOA p. Yp /10 (HOHOBBIX 3HAYCHUU
NPOMCXOIUT Ha PACCTOSIHUU 5 KM OT YCThsl ipeHaXkHOTO pyubs [Lllepbakosa M.H.
u 1p., 2010].

Hab6nronaemas Tenaenmus popMupoBaHusi Cyiab(aTHBIX BOJ| XapaKTepHa U
nns tepputopunt FOxHoro VYpama. PyaHele Tena, NMpenCcTaBICHHBIE MHUPUTOM,
XaJbKOMMUPUTOM, C(hAIEpUTOM U JAPYTMMU MUHEpajaMU, CBSI3aHbl C J11a0a30Bo-
pPUOJIMTOBOM (hopMaleil IeBOHA U 3aJIeTal0T Ha TITyOUHE OT HECKOJIbKUX JIECATKOB
no 500-700 M. B ecTecTBEHHBIX YCJIOBHSX B pailoHax Cylab(QUIHBIX
MECTOPOXKIACHUN  PACHpPOCTPAHEHBl  MPEUMYIIECTBEHHO  T'HAPOKAPOOHATHHIE
KaJbIIUEeBBIC BOABI ¢ MuHepamm3amued <1 1/m m Bemmumaon pH 6,5-8,1.
Pa3paboTka MecCTOpOXKIACHUN BbI3BaJIa KOPEHHBIE H3MEHEHUS] TC€OXUMHYECKOIO
obnuka Box [AOmpaxmaHoB P.®., m ap., 2012]. B 30HaxX, NpUMBIKAIOIIUX K
pPYAHBIM TenaM, (GOpMHUPYIOTCS Cyib(aTHbie BOJbI ¢ MuHepanuzaiuend 0,66-1,5
r/n, pH ot 6,7 10 7,6 U MUPOKUM CIIEKTPOM MHUKPOKOMIIOHEHTOB (MI/M): >KeIe30
1,5-160; meanr 0,007—-1,75; nuak 0,04-2,5; momubaen qo 0,003 u ap. CocraB Box

BbypubaeBckoro mectopokaeHus cyib(aTHbI ¢ MuHepanu3auueit 1o 4,7 r/m; pH
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3-5,2; comeprkaHue xKeJe3a OKMCHOTO 110 225, Kele3a 3aKKUCHOTo 110 375, Meau 10
140, umaka no 66, momubaena go 1,1 mr/m m ap. KoMIOHEHTHBIH COCTaB
cienytonuii (%): SO4— 86, Cl — 14, Ca — 45, Mg — 37, Na— 18.

Crnenyetr OTMETHUTb, YTO JJI1 OUMCTKH CTOYHBIX CTAOOMHHEpATU30BAHHbBIX U
TEXHOJIOTHYECKUX BOJl, 00pa3yeMbIX MpHU TEepepadOTKe MHUHEPATHHOTO CHIPHS,
coJlep KallluX I[BETHbIE METaJUIbl, M TOJYYEHHUS OUHUIIEHHON BOJIbI, BO3MOKHO
UCIIOJIb30BAaHUE  JICHIEBBIX  MPUPOJHBIX  COPOEHTOB,  MOJY4YaeMbIX U3
BBICOKOKPEMHHUCTOTO TPHPOJHOTO MHHEPAITLHOTO CHIphs. Pemienue 3Tol 3amayum
OCYIIECTBJICHO H3YYEHHUEM COPOIMOHHBIX CBOMCTB IICOJUTCOJEPIKAIIMX OPOJ]
IeHTpaIbHONH Poccuu, camoHUTCOmep)Kamero M APYroro MHHEPATBLHOTO CHIPHS
[ByokoB A.A., 2004].

CopOLMOHHOE U3BICYEHHE OTACIbHBIX HOHOB METANIOB BO3MOKHO
Omaromapsi BHEIPSHUIO TMOJMMEPHBIX HAHOYACTHI], COCTOSIINX W3 KOMITO3UTHBIX
opraHo-Heopranuueckux noaumepor [Kotodynska D., et. al., 2011].

N3BecTtHO, 4YTO J100asi OpraHWKa B TPHUPOIHBIX YCIOBHUSX SBISIETCS
MIPEKPACHBIM OCATUTEIIEM MHOTHUX METAUIOB. V3BECTHBI YCHENIHBIE OMBITHI C
UCITIOJIb30BAaHUEM B KAYECTBE OCATUTENICH TSKEIBIX METAIJIOB (MEb, PTYTh U JP.)
BEIIECTB, COJEPIKAIIUX IEJUTFOJIO3Y WM JINTHUH (IPEBECHBIX OIUJIOK, CTPYKKH
npoaykToB 00paboTku npeBecunsl [Hukonos B.H. u mp., 2014]. HemanoBaxHyto
poJib B Tpolleccax pa3pylieHUus pyJ HUIrpaeT eCTeCTBEHHOE OaKTephaibHOE
BEINNIC/IaunBanne. HecMoTpss Ha TO, 9TO OOBEKT reorpaduuecku MPHYPOUCH K
apKTUYECKOM 30HEe, B TMpoOax BOABI M B pydax ObUIM OOHAPYKEHBI
KEJIE300KUCIISIOIINE U cepookucisonme 6akrepun [bonreipoB B.B., u ap., 2013].
bakrepun, nanpumep, (Tiobacillus ferrooxidans) yckopsitoT mpoliiecc OKUCIEHUS,
KOTOPBIM BBI3BIBAaET BBICBOOOXKIeHHEe MeTamioB (Cu, Cd, Zn, Pb, Ni, Co) u3
METaJUTMYECKUX ITOJIC3HBIX MCKOIAeMBIX W 00pa30BaHUS OKHCIIOB, PACTBOPHMBIX
METa/UIOB U yBenndeHueMm kuciaotHoctd [Johnson D.B., 2005]. Tak »xe, ciemyer
YYHUTHIBATh, YTO HU3KUU pH BOjA yBenWUMBAET PacTBOPUMOCTh M TOJABHKHOCTH

KaTHOHHBIX 3JeMeHTOB (Menb, IMHK W cBuHen) [Lottermoser, B. G.,2007].
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[Ipoluiecc IIMTENBHOTO XPAHEHHS OTXOJIOB TOPHOAOOBIBAIOLIUX MPEIITPUSITHIA
NPUBOJUT K TIOTEPE NEPBOHAYAIBHBIX KauyeCTB pPYIbl U COMPOBOXKIACTCS
MaciITa0HOW MUTpAIMEN arpeCCUBHBIX KOMIIOHEHTOB, B TOM YHCJIE U PYIHBIX, B
OKpYXalolllue TEPPUTOPUU, B  pE3yibTaTe Yero OOBEKT pa3MEIIeHUs
TOPHOIMPOMBIIICHHOTO O0BEKTa OOECHEHUBAETCA KAK MCTOYHUK MHUHEPaTbHBIX
pecypcoB [Cenesnes C.I'., u np., 2011]. [TosTomMy yTHIU3AIMS JI€KAIBIX XBOCTOB
[0 CPaBHEHUIO C TEKYIIUMHU YCIOXKHAETCA M Uil pa3pabOTKU TEXHOJIOTHUU
YTHIIM3AIMA  HEOOXOJUMO YYHMTHIBATh HW3MEHEHHUS TEXHOJIOTHYECKHUX CBOWCTB
MuHepasioB. C yd4eToM TOro, 4YTO CBHHIIOBO-IIMHKOBBIE pYAbl SBISIOTCS
KOMIUIEKCHBIMU, TaK KaK C OCHOBHBIMU PYAHBIMU MHUHEpajaMu acCOLIMUPOBaHa
3HAQUMUTENIbHAS YacTh IEHHBIX CIYTHUKOB IIBETHBIX, PEAKUX OJIaropoaHbIxX
MeTasuioB (30J10TO, cepedpo, KaAMUM, UHIUNA U Jpyrue) mpodiieMa JTIOM3BIICUEHUS
CBUHIIA M ITUHKA U3 UCXOIHOUN PYJbl, TEKYIIUX M JIEKAJIBIX XBOCTOB MpUOOpETaET
ocoOyro 3Hauumocth [KymeeBa P.JI., 2009]. B OKHCIHTEIbHBIX YCIOBHSX,
KOTOPBIE CYIIECTBYIOT Ha MOBEPXHOCTU 3€MJIM, B TEKYYHMX XBOCTaX MPOUCXOISAT
crienupuyeckre reOXUMMUYECKUE MPOLECChl: OKUCIICHUE CYIb(OUIHBIX MUHEPAJIOB,
TUAPOJIU3 CUIIMKATOB U AIFOMOCUIIMKATOB, B PE3YJIbTAaTE KOTOPBIX, CO BPEMEHEM,
MPOUCXOJAT U3MEHEHUS] MUHEPAJIBHOTO COCTaBa M TEKy4YHE XBOCTHI MEPEXOJAT K
CTaJuu JIEKAIbIX XBOCTOB. HekoTopble MuHepanabl XBOCTOB OOOTalleHUS B
XBOCTOXPAHWIHIIE MMPEBPAIIAOTCS BO BTOPUYHBIE MUHEPAJIbI: TUPUT U TUPPOTUH
— B SIPO3UT BCJICICTBUE OKHUCJIEHUS, XJIOPUT U aJIbOUT — B MOHTMOPHUJIJIOHUT
BCJIEJICTBUE THIPOJIN3A.

B xBocrax, Kak OCHOBHOW OKHCIWTEJb, BBICTYNIAET MOJIEKYJIIPHBIN
kuciopo. [Iponukas B mopoay u3 atMmocdepbl, OH BCTyIaeT BO B3aUMOJICUCTBUE U
OKHUCIIIET HEKOTOpPblE MHUHEpPAJIbl, & UMEHHO MUPUT U NHUppoTUH. Kpome Hero,
OKHCITHTEISIMH sIBIIsEOTCs Takoke Fe® u S°,

[Ton3oHa aspanuu, r7ie MPOUCXOINUIIN MPOLIECChl OKUCIICHUS, BEPXHSA YacTh
KOTOpOW TmomagaeT B 00JIaCcTb BO3ACHCTBUSA aTMOC(EPHOTO  KHUCIOPOJaA,

YIJIICKHUCIOTBI U AOXKICBBIX BOJ. Py,Z[HBIC MHHCPAJIbI ITOM IMOA30HBI IPETCPIICIINU
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CWJIbHOE OKHCJICHHE, B PE3yJIbTaTe 4ero 0Opa3oBaUCh BTOPUYHBIE OKCHUIBI U
THAPOOKCUABL Kene3a. PacTBOpbl TMpu  pa3loKeHUMM NUPUTA O0OTaIATUCh
cyiabdaTaMu MPOCAYMBAIMCH TIIyOKe, TI/I€ MPOUCXOAMIIO BBINIEIAYNBAHUE
CyIb(HUIOB M BBIHOC METAJJIOB BBICOKOKHCIBIMU PACTBOPAMU-3JIEKTPOJIUTAMHU.
[Topoasl 3TOM 30HBI BECbMa 0XKEJIE3HEHBI, OKpALIEHbl B OYpHIi IIBET, 00OTAILIEHBI
OKHCIIaMM W THAPOOKHCIAMHM JKelie3a. B 30He alspanum OPOMCXOOUT Kak
BBICBOOOKJIEHUE TOHKOJHUCIIEPCHOTO 30JI0Ta W3 CYJIb(UIIOB, BO3HUKIIUX B
pe3yabTare TUAPOTEPMAIbHBIX MPOIECCOB, Tak U (PopMHpoBaHHE €ro Ooliee
KPYITHBIX HOBOOOpa3oBaHHBIX yacTwil [Tpyxaues B.B., 2011].

B pe3ynbrate TreoXMMHMUECKOW ~MUTrpanuu  (HOPMHUPYIOTCS  OpPEOJIbl
3arpsi3HEHHs]  BOJIM3M  XBOCTOXPAHWIMIL, KapbepoB M  JIPYTUX OOBEKTOB
ropaooborarutesbHbIx koMOuHaToB [Ilepctiok H.IT., 2013].

Oxuciienue cynb(QUAOB U MOCTYIJIEHUE 3arpsI3HUTENEH B IPUPOAHBIE BOABI
YCUJIMBAIOTCS C YBEJIMYCHHEM pa3MepoB 30HBI aspanmu [Makapos B.H., 2008].
OcCHOBHBIE KOMIIOHEHTBI TMPEJCTaBIEHBI CyibhaTaMu, MKEIe30M, AIIOMUHHUEM,
Maruuem (t1abmu.1.7).

Tabnuua 1.7 — ['uaporeoXxuMudecKue mossi 30J0TOPYAHBIX MECTOPOKICHUN

Oacceitna p. Unaurupka

MecTopoxaeHus XHUMHYECKUE DIIEMEHTEI ITpOTSKEHHOCTD

aHOMaJIui, KM

30J10TOpYyIHBIC Au, As, Sb, Ag, Ga, Co, | n-10'n xm

(pocchimm) Pb, Cu, Hg, TI, S

30J10TO-CypbMSIHBIC Sh, Au, As, Hg, Co, Ga, | n-10'n kM
Pb, Ge, S

ITocie  B3aumoaeucTBUA C  BOAOM  COJEp)KAHME B MOpPOJAx
KHCJIOTOPACTBOPUMBIX, TIOJABIKHBIX M  BOJOPACTBOPUMBIX (HOPM  TSKEITBIX
METAJJIOB MOKET YBEJIMYMBATBCS B 2-6 pa3 MO CPaBHEHHIO C MCXOJHOU

KoHIeHTparuel. Hanboaee HHTEHCHBHO 3TO MPOMCXOAMUT B OTX0J1aX, COJIEPIKAIINX
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Cylab(UIHbIE MUHEPANbl, YTO OOBSICHSAETCS BIMSHHUEM MPOLIECCOB CEPHOKUCIIOTO
TUIPOJIM3a Ha BBICBOOOXKIACHHE STUX JJIEMEHTOB W3 CBSI3aHHOTO COCTOSHUS H
oOpa3oBaHHe OOJIBIIIOTO KOJUYECTBA T'€OXMMHUYECKA AKTHUBHBIX coeauHeHuid. B
1EeJIOM, Ui BCEX HCCIEIOBaHHBIX OTXOJOB IOCIE€ B3aWMOJCHCTBUS C BOAOU
OTMEYEHO YBEJIMYEHHE COCPKAHUS KHUCIOTOPACTBOPUMBIX M BOJOPACTBOPHUMBIX
bopM TSDKENBIX METAIOB, 4YTO OTpPa)XaeT HOBOOOpPa30BaHUE MOTEHIUAIBHO
noBIKHBIX coenuneHuit [bauypun B.A., 2008]. Uccnenoanus [Yeuens JILII., u
ap., 2009] orpaxkarorT QakTel 0 (HOPMUPOBAHMH TPEX TEOXUMHYECKUX THUIIOB
JPEHaXHBIX BOJ, JIBA U3 KOTOPBIX Pa3BUTHI B 30HE TMIEPreHe3a MECTOPOXKIACHUH,
XapaKTepU3YIOMIMXCS TOBBIIICHHBIM COJIEp)KaHueM CyIabGUIOB B pyldax H
MOJIOKEHUEM B Tpelenax TOpPHO-TaeKHOM  daHAma@THOW  30HBL.  OTO
CIWJIBHOKUCJBIE U KHCIbIE CyJlb(paTHbIE C TMOBBIILIEHHON MUHepaau3anueil u
aHOMAJIbHO BBICOKMMH COJICP)KaHUSIMH METAJUIOB M ()TOpa BOABI, PABHOBECHBIE C
KBapiieM 1 HekoTtopbiMu cynbdaTtamu (bykyka, AutoHoBa ['opa). Takue Boabl 1O
CBOMM (PU3HUKO-XMMHUYECKUM XapaKTEepUCTHUKaM HamOojiee OJIM3KHM K KHUCIOMY
Cyib(haTHO-METANIOHOCHOMY TE€OXHMMHYECKOMY THITy MOJ3EMHBIX BOJ. Bombl
BTOPOTO THIIA pa3BUTBl B 1mpexaenax bykykuHckoro U bemyxuHckoro
MecTopoxaeHuil. Mx ornuvaer cnabokucnas peakuusl Cpenbl, MOBBIIICHHBIE
COJIEp)KaHUsl METaJUIOB U (TOpa, HACBHIIICHHE OTHOCHUTEIHLHO KBapIla, TIMHUCTHIX
AIFOMOCUJIMKATOB, (UIIOOPUTA U JIPYIMX MHMHEpAIOB. 37€Chb, BEpOSITHEE BCETO,
UMEET MECTO CMEIIEHHE BOJ ABYX T'€OXMMHUYECKUX TUIOB — KpemHucroro (Ca—
Mg—Na—-K-Fe), pazButroro B HEHapylIEHHBIX YCIOBUAX, U KHUCIOTO CyJb(aTHO-
METAJJIOHOCHOTO,  (DOPMHPYIOIIETOCST B 30HE  OKHCICHHUS  CyIb(UIHON
MUHepan3anuu. B dwucie ocoOeHHOCTENW JpEeHa)KHbIX BOJ MECTOPOXKIACHUMN
Kykynb0elckoro pyaHoro ysna cienyeT Ha3BaTh MX MOBBIIICHHYIO (TOPUCTOCTD,
PE3yNIbTaTOM HEero SIBIICTCS paBHOBecHe BoJ ¢ (mooputrom. HakoHer, B paiioHe
CrOKOMHMHCKOTO MECTOPOXKIEHUSI Pa3BUTHI OKOJIOHEUTpaNbHBIE U IICIIOYHBIE C
0osiee BHICOKOM MHMHEpalIU3allel ApEeHaKHbIE BOJbI, HACHIIIEHHBIE OTHOCUTEIBHO

I''IMHUCTBIX AJIFOMOCHJIMKATHBIX H Kap6OHaTHBIX BTOPHUYHBIX MHHCEPAJIOB. Ot
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BOJbl MOXHO OTHECTHM K THIY IIEJIOYHBIX M OKOJOHEHUTPAIbHBIX KPEMHHUCTBIX
KapOOHATHO-KAJIBLIUEBBIX BOJA. B mpenenax VYYalWHCKOTO MECTOPOXKICHUS
BBIJICJICHBl 4 THUIIAa TEXHOT€HHBIX BOJ: KHCIbIE IOJAOTBAJIBHBIE, NIEIOYHBIC
JPEHAXHBIE, IIEJIOYHbIE TPAH3UTHO-AaKKyMYJISITUBHBIE W  OKOJOHEUTpAIbHBIC
aKKyMYJISITUBHbIE. PeuHble W MOA3EMHBIE BOJbl HCIBITHIBAIOT TEXHOICHHYIO
Harpy3Ky B pe3yJbTaT€ BO3JECWCTBUSA BBIIIE MEPEUUCIECHHBIX TEXHOTEHHBIX BOJI
[[Hadurymmmna I'.T., u ap., 2011]. B npupogHoM BoJOTOKE Ha pacCTOSHUU OoJiee
6 KM OT MCTOYHHKA 3arps3HEHUS BOJBI (TEXHOTEHHBIC BOABI YuannHckoro ['OKa)
BCE €IlI€ COXPAHSIOT BPEIHBIE U1 OKPYXAIOUIel cpeibl CBOWCTBA, U4TO TpeOyeT
yCWJICHHS  TNPUPONoOXpaHHbIX  Meponpustudi  [lapurymmnua I'.T.,2011].
AHanoruyHasi CUTyauus HaOJIFOJAaeTCsl U B IPUPOJHBIX BOJIOTOKAX HA TEPPUTOPUU
AnoGwIHCKOTO pyaHHKa p. Xapra u p. Dnbkoran [Pagomckas B. U., u gp., 2014].
HeratuBHoe BIIMSHHME KHCIBIX APEHAKHBIX BOJ Ha COCTOSIHUE MOBEPXHOCTHBIX U
MOJI3EMHBIX BOJI BBISIBJICHO M B Jp. padbotax [Afriyie-Debrah C, et. al., 2010; Santa
G., 2010].

Pa3paboTka MEOHO-KOJYETAHHOTO MECTOPOXKACHUS HAa  TEPPUTOPHUH
bamkupckoro 3aypaiibsi mpuBEIa K XOPOLIO BBIPAKEHHOW W YCTOMYMBOMN
TEXHOT€HHON MeTtamopdu3auuu Boa p. Kaparailiiel 1Mo aHHOHHO-KaTHOHHOMY
COCTaBY U MUKPOJJIEMEHTHOMY COCTaBYy, MpUBEALIEH K 00pa30BaHHIO CYIb()ATHO-
MarHMeBOTro THIA cojoHOBaThIX Boj [OnekyHoB A.1O., Onexynosa M.T'., 2013].

VYcaoBus, CylecTBYIOIINE HA TOBEPXHOCTH XBOCTOXPAHWIIMIIA B MOCIEAHEE
BpeMs, CIIOCOOCTBYIOT  (POPMHUPOBAHUIO MOJBHXKHBIX, JIETKOPACTBOPUMBIX
COCIUHCHMI CBUHIA, ITMHKA, Meau [CmupaoBa O. K. m ap., 2010]. Murparus
BEILECTBA B YCIOBUSIX F€OTEXHOT€HE3a MPOUCXOJIUT B TEX K€ OCHOBHBIX (hOpMaX,
9YTO W B MpUPOAHBIX gaHamadrax. B TexHocdepe TOpHOMPOMBINIIIEHHBIX
KOMIIJIEKCOB OHA OCYILECTBIIAECTCS M0 CXEME: U3BJICUCHUE U3 HeAp nepepaboTKu B
OPOMBIIIJICHHBIX ~ TEXHOJOTHYECKMX  LEMOoYKax  00pa3oBaHHME  BOJOEMOB-
XBOCTOXPAHWIUI MHHEPAJIOro-reOXMMHUYECKUe MpeoOpa3oBaHusl OTBAJIbHBIX

XBOCTOB C OCaXIACHHUCM HJIOB U MHFp&LIH@fI XUMHUYCCKHUX DJJICMCHTOB B BOIJHBLIX

31



pacTBOpax OCaxJEHHME WX Ha TEeOXMMHUYECKHX Oapbepax (B YacCTHOCTH,
nepemMbplukax M Jam0ax) BBIXOJA Ha JaHamadT M ydacTHe B OMOJOTHYECKOM
KpyroBopote. B pesynpTaTe oboramenus pya, o0Opa3yrTCcss XBOCTBI 00OTaICHHUS,
COJZIepIKallli€ B PAaCKpPBITOM, T.€. HOATOTOBIECHHOM JJI1 PACTBOPEHUS U MEPEHOCA B
MPOIIECCE BOJHOM MHIpAllUM Pa3IUYHbIC, B TOM YHCJIE TOKCUYHBIE XUMUYECKHUE
anemMeHTbl. OCBOEHHE [1a)K€ OJHOTO MECTOPOXKICHHS IOJIE3HOTO HCKOMAeMOTO
CONPOBOXKJIAETCSI OTPOMHBIM TNEPEMEIICHUEM AaTOMOB, HMX pacCEMBaHHEM Ha
OONbIIME  PACCTOSAHHMS M KOHLUEHTPUPOBAHMEM HA  Pa3jIM4HOrO  poja
reoxumuyeckux Oapbepax. A.M. IlepenbmaH oTMmedaer, 4TO B pe3yibTaTe
nearenbHoctn [xunuackoro 'OKa B Pecnybnuke Bypsitus Obul yCTaHOBIIECH
T€OTEXHOTEHHBI MOTOK MOJIMOAEHA, BOJb(pamMa, 30J0Ta U JPYTUX SJIEMEHTOB
nuHOM Oonee 200 KM, CBSI3aHHBIM B 3HAYUTEIBLHOM CTENEHU C aBapUHHBIMU
copocamu  (HaOpUKM W  MEPUOJUYECKUMHU  Pa3MbIBAMU  XBOCTOXPAHUJIUII]
[FOprencon I'.A., 2008].

B pe3ynbTaTe IIMTENBRHOrO XpaHEHUS! OTXOJI0OB MPOU3BOJCTBA MPOUCXOIUT
nuddepeHnmanus BemecTBa B 00beMe XBOCTOXpaHWJUIA. PynHble MuUHEpasbl
IIPU 3TOM PACTBOPSIIOTCS, HOHBI TSKEIJIBIX METAJUIOB 3aKPEIUISIIOTCS C MOMOIIBIO
aJcopOLMKM HAa TIIMHUCTOM Marepuaie JIMOo o0pa3yloT COOCTBEHHbIE MUHEPAJIbI.
Jlanee yxe CBA3aHHbIE W 3aKpEIUJICHHBIE JJIEMEHTbl BHOBb BOBJICKAIOTCS B
MUTPALMOHHBIE TIOTOKM, MOTYT BBIMBIBATbCSI M3 XBOCTOB. B pe3ynbrare
MHOTOKPAaTHOTO  MEPEOTIOKEHHsI B  00beME  XBOCTOXPAHWJIUI]  MOTYT
dbopMHpOBaTBECS 30HBI BBIHOCA M 30HBI CKOIUICHMSI TIOJIE3HBIX KOMIIOHEHTOB.
YuutsiBass TOT (DAaKT, YTO XBOCTHI MPEACTABISIIOT COOOM MPOIYKT, MPOILEIIINI
MpPEeIBAPUTEIILHOE HW3MENbUCHUE, OTXOJbl TOPHO-O0OraTUTEIHLHOrO KOMOWHATa
MOXHO paccMaTpuBaTh B KadeCTBE YJIOOHOTO W PEHTAOETBHOTO CBHIPhS IS
BTOPUYHOM TIepepabOTKH.

Kak Obuto BbIIIIE OTMEYEHO, OTPaOOTKA MECTOPOXKIECHUU TOJIE3HBIX
WCKOTIAeMbIX, BEJCHUE HA HUX TOPHBIX PabOT MPUBOAAT K aKTUBU3AIUU (PU3UKO-

XUMHYCCKHUX TIIPOLHECCOB, B PEIYJIbTATC KOTOPLIX O6paSYIOTC$[ MUHCPAJIBHBIC
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oOpa3oBaHus, MHTEHCU(PULIUPYIOTCS OKHCJIUTEIIbHBIE IIPOLIECCHI, 17§
OCYLIECTBIISIETCS BBIHOC 3a MPEIENbl MECTOPOXKICHHS IIPOAYKTOB OKHCICHUS PYI.
[Ipu oxucnenun cyiabGUAOB U MNPeoOpa3oBaHMM HUX B CyJb(haTHbIC TPYIIIHI
MUHEpAJIOB  IIPOUCXOAWUT TIOTEPS DHEPIrUM  KPUCTALIMYECKOM  PELIETKH,
3HAYUTENIbHO YBEJIMYUBACTCS PACTBOPUMOCTbh U BBINIEIAYUBAEMOCTh CyJIb()aTOB
[['pexuer H.U., Packazos 1.10., 2016].

Copepxanust P30 n ux QpakuMoHUpOBaHUE CYLIECTBEHHO PA3JINYAECTCS B
IPUPOAHBIX PEUYHBIX BOJAX, BOAAX MOJBEPKEHHBIX BO3ICHCTBUIO TOPHOPYAHBIX
OpeanpUsITUA U pekax ypOaHu3upoBaHbIX Teppuropuid. Ilpu sToMm cymiecTBeHHOE
BIUsIHKE Ha noBefeHue P30 ux KoHueHTpanuio, (opMbl MUTpaluu oka3biBaeT pH
Boa [Uymae O.B., m np., 2011, 2015]. B mpomecce ¢popMuUpoBaHUS KHCIIBIX
Cyiab(paTHBIX BOJ B 30HE OKHUCIIEHUS MPOUCXOAMUT 3HAYUTENbHBIM BbIHOC P30 u3
BOJOBMEIIAIOIINX ITOPOJI U Py MECTOPOXKJIEHHUS, YTO CLIOCOOCTBYET OOPA30BAHUIO
B BOJHBIX CpPElaxX AHOMAJIBHO BBICOKMX KOHIEHTpauuid P30 B pacTBOpPEHHBIX
dopmax. @DopmMHpOBaHME 30HBI TUIIEPTE€HE3a COMNPOBOXKAAETCA HE TOJIBKO
BBIBETPUBAHUEM TOPHBIX MOPOJ, MPUBOISAIIMX K UX JAECTPYKUHUH, OKHCICHUIO U
PacTBOPEHHIO MHUHEPAJIOB, & TaK € Pa3BUTHIO IPOLECCOB CEAMMEHTOIEHE3a U
COBPEMEHHOI'0 ayTUT€HHOr0 MHUHepasiooOpa3zoBaHus. DopMUpoBaHHE 3TOM 30HBI
INPOUCXOAUT TOJ BIUSHUEM ONPEIEIEHHBIX MPUPOIHBIX M AHTPOIOTEHHBIX
daktopos [Bax E.A., u ap., 2013].

BBIHOC XMMHUYECKHUX JJIEMEHTOB U3 30HBI OKHCICHHS MECTOPOXKICHHM
HaXOAMUTCS B MPSIMOW 3aBUCHMOCTH OT KOJUYECTBA aTMOC(EPHBIX OCaIKOB, C
YBEJIMYEHUEM HOPMBI KOTOPBIX MPOUCXOJUT BO3pacTaHUE XMMHUYECKOrO0 CTOKa U
CHU)KEHUE KOHIEHTPAIIMM KOMIIOHEHTOB BOJ, UTO SIBJIIETCS OJJHUM U3 MPOSBICHUS
30HAJBHBIX (HaKTOPOB (HOPMHUPOBAHUS BOJI.

OTcyTcTBHE B COCTaBE JIPEHAXKHBIX BOJ BOJIB(PAMOBBIX MECTOPOKICHUMA
bykyku, benyxu, AHTOHOBOM ['Opbl IMTaBHOTO PYAHOrO 3JIeMEHTa BoJjib(pama H
ero CIyTHHKa MOJIMO/IEeHa OOBACHAETCS MHIPALlMOHHBIMA CBOWCTBAMHU 3THUX

KOMITOHEHTOB. B KHCIIBIX BOJJaX MHOTME METAJIbl MUTPUPYIOT B (hOpME MPOCTHIX
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KaTHUOHOB WJIH CyJb(QaTHBIX KOMIUIEKCOB, TOTJla KaK MUIpanus MojiuOJaeHa u
BoJib(ppaMa, OCyLIECTBIsieMass B BHJAE AHUOHHBIX KHCJIOTHBIX OCTaTKOB,
KOJIMYECTBO KOTOPBIX B ATHX YCIOBUAX orpanudeHo [Ueuens JI.I1.,2016].

Co BpemMeHeM 1OA JEHCTBUEM pA3IUYHBIX (PAKTOPOB THIIEpreHesa
OJaropoiHbIe METAJUTBI MOTYT MEPEXOUTh B MOABMXHBIE (POPMBI 1 MUTPHPOBATH
KaKk M0 TOJIIE XBOCTOB, TaK M 3a MpeAesibl XBOocToXpaHwiuma. OcoOeHHO
IIOJIBEP)KEHBl JAaHHOMY IIPOLIECCY MACCUBHBIE pyAbl H3-3a HEYCTOMYHMBOCTU
OCHOBHBIX CIJIaralolIUuX MX MHHEPAIOB, YTO HAOIIOAAETCS BU3YAIbHO - OOJIOMKH
3TUX PyA TOKPBIBAIOTCA KOPOYKOM THAPOOKHUCIOB JKelie3a, HAYMHAKOT
menymuThest U paccoinarbes [CenesneB C.I'., u np., 2013]. 30110TO B THITOr€HHBIX
YCIOBHUSIX MOXKET HE TOJIBKO pPacTBOPATBCS W pacceuBaThCsi, HO U
KOHIICHTPUPOBAaTbCS HAa MHOTOYUCIEHHBIX U Pa3HOOOPA3HBIX T'€OXHUMHUYECKUX
Oapbepax, OJHUM M3 KOTOPBIX SIBJIsSeTCs copOnuoHHbI [3pipsiHoBa JILA., u np.,
2012; baea A.A. u gp., 2013]. B cepHOKHCIOM Tmpoliecce 30JI0TO H
COIYTCTBYIOIIME METAUIBl WHTEHCHUBHO IEPEPACHPEECIAIOTCA, MUIPUPYS U3
OJIHUX TOPU30HTOB M HAKAIUIMBASCh B JAPYTHX, YTO KOHTPOJIUPYETCS, MPEXKIE
BCEro, CyJab(UIHOCTBIO NMEPBUYHBIX pyl, pH runorennsix pactsopoB [lllepOakos
IO.T"., 1976]. 3010TO M3 pacTBOpa MOXKET COPOMPOBATHCS YIIIEPOICOACPKAIUMHU
COEIMHEHUSAMHM, TJIMHAMU (TPYMIbl KAOJWHUTA), MUHEpAIaMu IMOPOJbl (Omanom,
KBapleM, ICUIOMEIAHOM, TIE€MaTUTOM, TE€TUTOM, SPO3UTOM, KaJIBLIUTOM),
CMHUTCOHUTOM, MaJIaXUTOM, CJIFOJIaMU, TUpUTOM U Ap. [bouapos B.A., u np., 2007].

B pesynbrare B 30HE BIUSHUS TOPHBIX BBIPAOOTOK U TEXHOTEHHBIX
oOpa3oBaHuil (POPMUPYIOTCS OOIIMPHBIE THIPOTCOXUMHYECKHE TOJII aHOMAIBHO
KHUCIIBIX CYyJb(aTHBIX BOJ, XapaKTEPU3YIOIIUXCS BBICOKOW KOHLIEHTpauuen
TSDKEJIBIX METAJUIOB M JAPYTHUX 3JIEMEHTOB, CPEIM KOTOPBIX MOKHO BBIIEIUTH JIBE
rpynnel (Tabn. 1.8). IlepByto cocTaBisiOT XadbKO(DUIIBHBIE 3JIEMEHTBl CaMHUX
okuchstomumxcst cynbdumos: Fe, Cu, Zn, Pb, Cd, Co, Ni, As, Mo, Se, Te. Ko

BTOpOfI IrpynIiec OTHOCATCA 3JICMCHTBI, IICPCXOIANNEC B arpCCCUBHBIC KUCIIBIC BO/IbI
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u3 BMemaronux mopos: Al, Be, Si, Se, Ga, Nb, Li, Cs u ap. [A6apaxmanoB P.®., u
ap., 2015].
Kucipie pyiHHUYHBIE U TIOAOTBAIBHBIC BOJIbI AKTUBHO PACTBOPSIIOT ~ MHOTHE

BMEIIIAIONINE  TOPOJBI, BKJIIOYAs  aJIIOMOCHIMKAThl. Hampumep,  XJopur

pasiaraeTcsi ¢ OOpa30BaHHMEM KAOJWHUTA, THIPOOKCHUAOB jkene3a. [Ipum sToM

NICPBOHAYAIBHO B PaCTBOpPE OOHAPYKUBAIOTCSI BHICOKHE COZICPKAHUS KPEMHHUEBOM

KHCJIOTBI, AIFOMUHHS, KeJIe3a, MATHHUS:
MggFezAlzsi3010(OH)S(XHOPHT)+O,502+6H+ =
3Mg, +2Fe(OH)s+Al,Si;05(OH) 4(kaonunut)+Si0,+2H,0.

Tabmmma 1.8 — Xumudyeckmii coCTaB MOJOTBAJIBHBIX BOJ KOJYETAHHBIX

MECTOPOXKICHUN
Mecto oTbopa 1 HOMep MPOOBI
KoMmnoHeHTHl, Kynb-
MI/I1 bypu6aii,23 Cu6aii,30 | Cubait,31 | Yuaner,40 | Yuansr,4l | HOprt-
Tay
HCO;3™~ - 61,0 - - - -
SO4° 32143 1857 194048 19976 5102 44738
Cr 382 59 232 27,3 122 19
ca’* 2138 389 48597 140 802 72
Mg** 2713 367 62515 101 438 238
Na'+K* 238 80,2 7,7 17,7 254 23,1
Feoom, 732 0,15 29400 1824 134 9675
Al 1273 13 14153 525 222 818
Cu 443 0,11 3560 178 34 30,5
Zn 196 7,27 12235 207 228 12,2
Mn 145 0,06 409 53 39 18
Ni 7,6 <0,01 6,65 0,7 0,57 1,15
Co 8,4 <0,01 22,5 2,66 1,12 5,92
# A 1,8 0,01 40,5 0,62 0,58 0,062
pH 2,6 7,0 2,1 2,3 3,0 1,6
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B pesynbrare mnporeccoB BHIBETPUBAHUS MPOUCXOJUT HAKOIUJICHUE B
pacTBOpE Kajblus, LEPHsl, IIEMEHTOB IIepUeBOM rpyIbl. Topuil HaKariIMBaeTcs B
TBEPJbIX MPOAYKTaX BbIBETpUBaHUA NOpoj (Ta6m1.1.9). OgHOBpEMEHHO C ATUM
MPOUCXOJUT BBIHOC W3 TIOPOA M KOHIEHTpalusi B BOJAX MarHusi, WUTTpHS,

AJIIEMEHTOB UTTpUEBOH rpynmnsl (AbapaxmanoB P.®., u np., 2015).

Ta6bmuma 1.9 — Penkue 3jieMeHTHI B PYJHUYHBIX W IMOJOTBAJIBHBIX BOJAaX

(mr/n) mectopoxknenus Kyns-FOpt-Tay

FO>xHas yactp [enTpanbHas CeBepnast | Kapeep | Wypd
DnemMeHT
oTBaja 4acTh OTBAJIA 4acTh OTBAJIA
Li 0,2 0,4 0,09 0,03 0,3
Be 0,02 0,6 0,02 0,005 0,03
Sc 0,3 0,6 0,2 0,02 0,03
Ga 0,3 0,6 0,2 0,002 0,006
Ge 0,006 0,002 0,001 0,0003 0,003
Rb 0,009 0,05 0,003 0,002 0,002
Y 0,3 0,3 0,2 0,03 0,4
Mo 9,2 6,5 0,2 0,05 0,01
Te 0,2 0,5 0,01 0,008 0
Cs 0,002 0,003 0,0001 0,0002 0,0002
La 0,5 1,01 0,2 0,09 0,6
Ce 1,2 2,2 0,7 0,2 1,8
Pr 01 0,2 0,08 0,02 0,2
Er 0,04 0,03 0,03 0,006 0,09
m 0,005 0,005 0,005 0,0006 0,01
Yb 0,06 0,04 0,03 0,004 0,08
Lu 0,01 0,005 0,02 0,0005 0,01
Ta 0,002 0,006 0 0,0003 0,0004
Th 0,2 0,8 0,08 0,005 0,1
U 0,3 0,2 0,2 0,04 0,5
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Cynppunnass cepa (MeS), Haubonee axkTUBHO Yy4yacTByHOIIas B
OKUCJIUTENIbHBIX ~pEaKIUsX, SBJSIETCS TJIABHBIM HCTOYHHKOM  HAKOIUICHUS
[TabakcOnar JI.C.,2010] pa3HBIX 3JIEMEHTOB B IIAXTHBIX BOJaX (MaKCHMAaJIbHBIC
COJIepKaHus, MKr/z[M3: La — 1914,73, Ce — 812, Sm — 149,86, Eu — 11,23, Th —
3523,2, Yb—481,11, Lu - 7,10).

HccnenoBaHo moBeieHHE PEIKUX 3€MENb B COJOBBIX 03€paX, YCTaHOBJIECHO
YTO OCHOBHOM (opMoi HaxoxiaeHus P32 B Bomax sBISOTCA KapOOHATHBIN
(LNCOs3)" n okcuruapoxcuaasie LnO,H, LnO”, (LnO,)” KOMIIEKCH, aKTHBHOCTS
KOTOphIX B psany La—Lu wu3MeHseTcs B NPOTUBOMOJIOKHBIX HANPABICHUSX.
OnpeneneHo, 4YTO €  TOBBIMIEHHWEM  MHUHEpAIU3alUUd  yBEJIMYMUBAETCS
[IPEUMYIIECTBEHHO KOHIIEHTpAaIus PacTBOPEHHBIX TSKEIBIX P35.
[IpeBanupoBanue B aOCOTIOTHBIX 3HAUCHHSIX CPEHUX U TsHKeNIbiX P32 oTMeuaeTcs
B BOJIOEMAX C Pa3BUTHEM OAKTEPHUAIBHBIX MPOLIECCOB. ['€OXMMUUYECKUM OapbepomM
JUIsl HaKOIUIEHWS B Bojax Jierkux P30 Moryr OwbITh ¢TOopkapOOHATHI, CTENEHb
HACBIIIEHUS N0 KOTOPHIM B BOJAX COJOBBIX 03€p HA HECKOJIBKO MOPSIKOB BBIIIE
MPOU3BEACHUN PpPACTBOPUMOCTH. B OKHCIUTENHbHON OOCTAaHOBKE BO3MOKHO
dopmupoBanne Ce(OH)s, B 03epax ¢ BoccraHoButenbHO# cpemoii - Ce(OH);
[bop3enko C.B., 3amana JI.B., 3apyouna O.B., 2017)].

Pacnpenenenne P35 B TEXHOrEeHHBIX BOJIax bemyXMHCKOrO MECTOPOKACHUS
OTIIMYACTCS BBIPAKCHHBIM I[EPUEBBIM MHUHHUMYMOM, KOTOPBIA OOBSCHAETCS
yIaTeHHeM KOMIIOHEHTA 3 PACTBOPA B Pe3y/bTaTe 4acTUYHOTo okmcimenus Ce’'
10 ManopactBopumoro Ce''H OcaxIeHHs ero COBMECTHO ¢ ruapokcuaamu Fe n
Mn ymbo Ha rauHUCTBIX 4vactunax [Yewenms JLIL., m np., 2016]. Ilpodwumm
pacupeneneHus COACpKaHU CpeIHUX 3HaueHUM P30 B IITONLHEBOM JpEHAXKE HA
AnTtoHoBOoM ['ope W TexHOreHHbIX BoAaxX CIOKOWHMHCKOTO MECTOPOXKIACHUS
XapaKTepU3yrTCS HAKOIUICHUEM TPYMI CPEIHUX U TSIKEIbIX JIAHTAHOWJIOB, YTO
MOKET CBUJICTEIHCTBOBATH O BO3PACTAHUU MX MHUTPAIMOHHBIX CIOCOOHOCTEH B
psany La-Lu [UYewens JLIL, 3amana JI.B., 2016]. Hanuuwe spko BBIpaKCHHOI

HepI/ICBOfI AaHOMAJIMM B IIPECHBIX BOAAX HpI/IMOpBSI OnpcCACIIACTCA XUMHUUYCCKUMU
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CBOMCTBAMH HSTOTO PEAKO3EMCIILHOI'O 3JICMCHTA, KOTOpBIﬁ B 30HC THIICPIrcHE3a
+ +
MEHSIET CTEIIEHb OKHUCJIEHHUS C 3 Ha 4 , 4dTO CHOCO6CTByeT O6pa30BaHI/IIO

MaJOpacTBOPUMBIX (OpM U ero OBICTPOMY YAAJNEHUIO M3 COCTaBa PacTBOPOB

(Ta6:1.1.10).

Ta6muma 1.10 — Cpegnue comepkaHus peaKo3eMeIbHbBIX 2JIEMEHTOB B BOJIax

PEIKOMHTAIBHBIX MECTOpOkaeHU BocTouHoro 3abaiikanbs (MKI/m)

DneMeHT bykyka AntoHoBa | bemyxa CnokoiHUHCKOE
I'opa

La | 64,8 1,50 1,30 0,058

ercue Ce ]130 3,6 0,90 0,10

Pro 1129 0,38 0,22 0,012

Nd |47,2 1,57 0,87 0,050

Sm | 8,86 0,49 0,15 0,015

Eu |2,38 0,13 0,034 0,0034

Cpennue Gd |9,49 0,62 0,15 0,019

Tb 1,50 0,13 0,022 0,0039

Dy |8,46 0,81 0,12 0,021

Ho |1,45 0,15 0,022 0,0035

Er |3,97 0,44 0,06 0,0097

Tsoxenble Tm | 0,531 0,06 0,008 0,0014

Yb | 3,46 0,43 0,05 0,0090

Lu |0,501 0,06 0,009 0,0014

Cymma P33 296 10,3 3,92 0,35
[IpucyTcTBHE  3HAUMTENBHOTO  KOJIMYeCTBa  CynbQUIOB B  pydax
bykykuHckoro,  beayXuHCKOro AHTOHOBOTOPCKOTO  MECTOPOXKICHUI

onpenenwyio  GopMUPOBAHUE

Bog SO,——Ca,

JPEHAKHBIX

MPpCUMYIICCTBCHHO  KHUCJBIX H CJ1a00KHCIIBIX

F-SO4;-Mg-Ca u HCO3;-SO,—Ca cocraBa. K

0COOEHHOCTSIM TE€XHOI'€HHBIX BOJ 3THUX MGCTOpO)K,Z[GHI/II\/'I CJIeaAyEeT OTHCCTH TAKXKCE

3HAUUTEIBHBIM POCT MHHepanu3anuu (10 2 /1 u Oojiee) W KOHICHTpaIui

38



METaJIOB, MAaKCUMaJIbHbIE 3HAUEHUS KOTOPBIX pocturanu: n-10n mr/m — Fe, Mn,
Al, Cu, Zn, Pb, Cd; 0, n mr/nm —Ni, Co, Y, La, Ce, Nd, U [Heuens JLII., 2016].

OmauM W3 pPe3yJNbTAaTOB JACATEIBHOCTH TMPEANPUATHNA TI0 J00BIYe U
nepepadoTKe TMOJIE3HBIX HMCKOMAEMBbIX SBIAETCS (POPMUPOBAHUE TEXHOTCHHBIX
oOpa3oBaHUii, KOTOPHIE OMACHBI JJII OKpYKaromien cpensl. [Ipobmema xpaHneHus
orxonoB I'OKoB Tpebyer nanmpHEHIIero u3y4eHus: 1 KOMIUIEKCHOTO MOJIX0a JUIs
pelieHus 0003HAYEHHBIX 3ajlady. JTa mpodiiema, mocraBlieHHas B XX BEKe
akanemukamu ®@epcmanoM A.E., MensnukoBeiM H.B. [Menbaukos H.B., 1987] u
JIp. UCCIIEOBATENISIMU, TOJy4aeT pa3BUTHE B HACTOSIIEE BpeMsi B HANpPaBICHUU
W3BJICUCHUS IICHHBIX KOMIIOHCHTOB M3 OTXOJIOB IPOW3BOJICTBA, OIEHEHHBIX Kak
TEXHOT€HHBIE  MECTOPOXKICHUS. Hanbonee  pamukaibHbBIM  CIOCOOOM
MPENOTBPAIICHUST 3arps3HEHHUS OKPYIXKAIOIIEH Cpelbl SIBISETCS BTOPUYHOE
WCITOJIb30BAaHUE XBOCTOB C W3BJICYCHHEM W3 HHX PYIOHBIX 3JIEMEHTOB, YTO
MPUBEAET K COKPAIICHUIO X 00beMa U YMEHBIIUT HETAaTUBHYIO DKOJIOTHYECKYIO
Harpy3Ky Ha OKpYXKawIlIyto cpenay. [IoMCK BO3MOXKHBIX CIIOCOOOB XpaHEHMS
TEXHOTEHHBIX PEeCypcoB TpeOyeT M3ydeHHs TMPOIEeCCOB, MPOTEKAIONIUX B TOJIIIE
MECKOB XBOCTOB MEPEepadOTKH PYI.

Cynbduaconepxkaiiyme 0TXOJbl 00OTAIICHUS] OTHOCITCS K YUCIy Haubojee
DKOJIOTHYECKH oOmnacHbIX. OHW OKa3bpIBAlOT HEOJArONPHUSATHOE BO3JCHCTBHE Ha
OpUPOAY BCICACTBUE OTUYXKIEHHUS 3€MeNlb T0Jl XpaHEHWe, HapyIICHUs]
THIPOJIOTHYECKOTO M THIPOTEOJIOTHYECCKOTO PEKHUMA, SBISIOTCS WCTOYHUKAMH
BTOPUYHOTO 3arps3HEHUs] BO3AYIIHOTO OacceilHa U OTKPBITHIX BOJOEMOB IBLUIBIO,
comepkat (prmoTopeareHTI M MHHEpabl, KOTOpPhIE MOTYT TIEPEXOAWTh B
pacTBOpPHMBIC TOKCHYHBIC COCAMHECHHS. B Tmporecce XpaHEHUS OTXOJOB
MPOUCXOUT OKHCIICHUE CYIb(UIHBIX MHUHEPAJOB C OOpa30BaHUEM CEpPHOI
kucioThl (Acid mine drainage) u cynbdaToB xejie3a U IBETHBIX MeTauioB. [lpu
WCIIOJIb30BAaHWM B Ka4yeCTBE MaTepuaja BBHIIMIEIIAYUBAEMOTO CJIOSI OTBaJIbHBIX
METHO-HUKEJIEBBIX PYJ UX APOOST, KIACCUPUIIUPYIOT U YKIIAIBIBAIOT MOCIOWHO OT

KPYIHBIX KJACCOB BHHU3Y K 0Oojiee MEJNKUM KiaccaM BBepxy. Ecim B KauecTBe
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HEKOH/IMIIMOHHOTO MEIHO-HUKEJIEBOIO0 PYAHOTO MAaTepUalia BbIIIECIAYUBAEMOTO
CJIOSl  WCIOJB3YIOT  XBOCThI ~ OOOTAlICHUS  METHO-HUKEJIEBBIX  pyld, HUX
IPEABAPUTENILHO TPaHyJUPYIOT 10 KpynHoctd Trpanyia 1-3 cm. Ilpu stom
NPEANOYTUTENBHO HUCIOJNBb30BaTh (pakiMM XBOCTOB OOOrallleHUs MEIHO-
HukeneBbx pya +0.063 mm. [lepea npuUroToBiIeHHEM I'paHysl XBOCTHI OOOTAIEHHUS
MEJIHO-HUKENEBBIX PYI AOU3MENbUYaOT 0 KpynHoctH -0.040 MM mig mydmiero
packpeITus cyabpuaHbix 3epeH [bopuckos @.D., 2014].

[Ipon3BOACTBEHHBIA UK  BBIIIEIAYUBAHUS  CYIB(GUIHOTO CBHIPBS C
MaKCUMAaJIbHBIM HCIIOJIb30BAHUEM MPUPOJIHBIX (DAKTOPOB U OTXOJOB Pa3padOTKH
CYJb(UIHBIX Py BKJIIOYAET, B OCHOBHOM, COOp U MEpepadOTKy KUJKOU PYIbI, C
U3BJIICUEHUEM PACTBOPEHHBIX METAJUIOB W3 MPOAYKTHBHBIX pPACTBOPOB B
CEJICKTUBHBIE KOHLEHTPAThl THAPOMETAILTYPrHYECKUM METOJOM: HAIPUMEpP, MEAb
OCAXKJAETCS U3 PACTBOPA KEJIE3HBIM CKPAroM, LIMHK — FUAPOCYJIb(pHUIOM HATpHS,
xene3o — moBeiieHueM pH 1o 4 — 5 wiam skcTpakuuel u MoHHOM dioTanuen
[CmupnoBa O.K., 2012].

OpHoil 3 obnacTeil mpuMeHeHus: CyJIb(UIHBIX XBOCTOB MEpepadbOTKU Py
ABJIIETCSI MCIOJB30BAHME MX B KAaueCTBE 3aKiIagoyHOM cmecu. OKHUCIEHHBIE
XBOCTBI KOP BBIBETPUBAHUS CKJIAJUPYIOTCS B CHEIMATbHbIE XBOCTOXPAHWIIUIIA 110
NPUYMHE KOHILIEHTPALlMM B HUX BBICOKOI'O COJEpX aHUSl OJIarOpPOAHBIX METAILIOB.
BpeMeHHass KOHcepBalMs TaKUX XBOCTOB HE BbI3BIBAET CYILECTBEHHOIO
U3MEHEHUS MX MUHEpaJIbHOIO COCTaBa, M OHH MOTYT OBITh MepepadOTaHBbI
OyAyILIMMH TTOKOJICHUSMHU.

ConyTCTByIOIIME TOJE3HbIE KOMIIOHEHTHl BOJIb(PPAMOBBIX pyA, KpoMme
baroopuTa, KOHIEHTPUPOBAIMCH B CYJIb(UIHOM NPOMIIPOAYKTE, KOTOPHIA B
HACHIITHOM XpaHWJIMIIE CKIQJAUPOBAIICS B CIeNHalbHOM oOTBaje. HacelHoe
XBOCTOXPAHWIHILE CJIOXEHO HECLEMEHTHUPOBAHHBIM IJIOXO OTCOPTHPOBAHHBIM
IIECKOM, COCTOSIIIMM W3 YIJOBaThIX OOJOMKOB KBaplia M IIOJIEBBIX IINATOB,
TEMHOIIBETOB, MYCKOBHUTa, (mooputa, rrodHeputa (0,06 — 0,14 %), meenurta

(0,04-0,12 %), mupura (3 %), chaneputa (0,11-0,15 %), ranenura (0,09-0,10 %),
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onexsbix pya (mo 0,11 %), xanskonupura (10 0,10 %), monmubaenuta (o 0,09 %),
cynbdoconeil Bucmyta (3Haku). HaMbIBHOE XBOCTOXpaHWJIMINE HMEET B IUIAHE
dbopMy PpaBHOCTOPOHHETO TPEYrOJbHUKA, OCHOBAaHHUEM KOTOPOTO  CIIYKHUT
HACBIITHAS [JIOTMHA, MUMEIOIIAs BBICOTY OKOJIO 22 M, MPOTSKEHHOCTh — 950 M.
[IpOTsKEHHOCTh TMAPOOTBAja IO 3aNOJHEHHOW AoiauHe cocTaBiser 1780 M.
OcoObIli MHTEpEC MPEACTABISIET HATMYKE B 00OTAlIEHHBIX CyJIb(HUaaMHu ydacTKax
XpaHUJIUIIA 30J10Ta, KOJIMYECTBO KOTOPOTO MPSIMO KOPPETUPYET C CONECPKAHUEM B
neckax cymbuaHoi cepel [[lepensman AWM., 1989].YcranoBneHo, 4dTO
CYILIECTBYET TCHJICHIIUSI YBEJIIMUCHUSI CO BPEMEHEM B TIOBEPXHOCTHOM CJIO€ MTECKOB
ATOTO XBOCTOXPAHWJIUIA TMOJBIXXHBIX (OPM TaKUX TSIKEIBIX METAJJIOB, Kak
CBUHEII, [IUHK U MEJIb.

B Hacrosiee Bpemsi XBOCTOBBIE XO351CTBA PACCMATPUBAIOTCS KAK HOBBIN
TUN PYAHBIX OOBEKTOB - TEXHOTCHHBIE MECTOPOXKICHUs. B psane crpan yxke
OCYIIECTBIISIETCS. X BTOpPUYHAs TMepepadoTKa, KOTopas peHTadeIbHa BCIEICTBHE
TOr0, 4TO OFPOMHBIE MAacChl MOPOJ YK€ M3BJICYEHBI W3 HEIp, a TAKKE 32 CUET
U3MEIBLYEHHOCTH W 0ojiee BBIAEPKAHHOTO MHMHEPAIHHOTO COCTaBa MYJIBIIHI.
TexHOTeHHbIE MECTOPOXKACHUS 30J10Ta, ITOMUMO JIOWU3BJICYEHUS OCHOBHOTO
MOJIE3HOTO0 KOMIIOHEHTa, MOTYT SIBJISIThCA I[EHHBIM HCTOYHUKOM TMOIMYTHBIX
AJIEMEHTOB, KOTOPbI€ B HAYAJIbHBIM MEPUOJ] AOOBIYM pyA MO TEM WA HHBIM
MPUYMHAM HE U3BJICKAJIKCH.

OnHuM W3 TEPCHEKTHUBHBIX METOJIOB 3alllUThl U OYUCTKU MPUPOIHBIX
BOJJOEMOB U CTOKOB OT 3arpsi3HCHHS SIBISIETCS MPUMEHEHUE T'€OXUMHYECKHUX
O0apbepoB [Ilepenbman,1972]. TexHOreHHblE T€OXUMHUYECKHE Oapbepbl MOTYT
CIIEIUAJIBHO CO3/]aBaThCsl JIJI PEIICHHUS Pa3IMYHbIX 3a7a4, TaKMX KaKk OxpaHa
OKpYXaIOIIEH Ccpejibl, 00OTaIICHUE TTOJIE3HBIX MCKOMAEMbIX, WHKEHEPHAs 3aIlnuTa
TeppuTopur U T.1. Takue Oapbepbl NpeasiaraeTcs Has3blBaTh HCKYCCTBEHHBIMU
[MakcumoBud H.I'. u 11p.,2008]. C 1ebl0 OYUCTKU CTOYHBIX W MPUPOJHBIX BOJ
pa3pabaThIBAIOTCS TEXHOJOTUM TMPUMEHEHUS HWCKYCCTBEHHBIX OapbepoB. B

Ka4eCTBC MaATCpUaliOB, HCIOJb3YCEMLIX JIA CO3daHUs 6apbep013, IMMPHUMCHSAIOTCA
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pa3iinyHble MaTepHalibl U BEIIECTBA B 3aBUCUMOCTH OT crenuduku OapbepoB
[Chanturiya V., et al., 2011; ITaubia A.A., u ap., 2015 Cnob6oasuiok J.U., u
ap.,2016].

[IpennoxkeHa cxeMa OYHCTKM IIAXTHBIX BOJ C  HMCIOJIb30BAHUEM
kapOoHaTHOro Oaprepa. MuHepanu3auus BOJbI 10 HEUTpaIM3alMU COCTABIIAIIA
801-867 wmr/n, BomopoaHblii mokazatenb — 2,8-2,9. CoxaepkaHue CcCyib(aToB
npessimano [1JIK B 1,2 pasa, xxeneza — B 326-372 paza, amomunus B 37 pa3. B
pe3yabpTare HelTpanu3aluu npous3onuio noseimenue pH no 6,4-7,0, conepxxkanue
xeneza u amomuHua noHuswiock 10 IIJIK [Makcumosnu H.I'., Xaiipynuna
E.A.,2011].

['eoxumuueckue kapOOHATHBIE Oapbepbl MOTYT OBITh OPTAHU30BAHBI B BUJIE
MaCCUBHBIX OYHMCTHBIX CHCTEM HEMNOCPEICTBEHHO B MECTaxX CKJIaJUpOBaHUSI.
JlonroBpeMeHHasi 3KCIUTyaTalusl MO3BOJISIET IMOJydaTh MPOAYKTHI OCAXKIEHUS C
BBICOKOM KOHIIEHTpAIMEH TSHKEIBIX IIBETHBIX METALIOB (70 HECKOJIBKUX JIECATKOB
npoiieHToB). OTpaboTaHHBIH  MaTepuan Oapbepa 3aMEHSETCS  CBEKUMHU
KapOOHATCOAEPKAMMU MOPOJAMU U MOXKET OBITh MepepadoTaH Ha IEWCTBYIOIINUX
METaJUTypPTUYECKUX MPEANPHUATUSAX, 0€3 BHECEHUS CYIIECTBEHHBIX M3MEHEHUU B
TEXHOJIOTHIO IO MUPO- WM THIPOMETAITypruueckuM cxemaM [Haiiman6aes M.A.,
u np., 2013]. Ilpu u3ydeHHM TE€OXMMHUYECKUX OapbepoB OOJBIIOE 3HAYECHUE
NPUIAETCA POJM TMPOLIECCOB, MPUBOIAIIMX K KOHUEHTPAUUHU 3JIEMEHTOB, 4YTO

00yCJIOBJIEHO OCOOEHHOCTSAMH MUTPALIMOHHOU CPEBI.

**k*k

B 3o0He okucieHus cyiab@uaHod MuHepanuzauud (HOPMHUPYIOTCS BObI
ONMu3KMEe K KHUCIOMY CYJIb(aTHO-METANIOHOCHOMY T'€OXMMHUYECKOMY THILY

MOJA3EMHBIX BOJ. [Ipy B3auMOIeCTBUM BOJI C PyAHON MUHEpAIU3ALKUEN B PACTBOP
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MOCTYMAIOT IIUPOKUA CIIEKTP XMUMHUYECKHUX JIJIEMEHTOB, BKIIOYAs OJaropoHbIC
METaJIJIBI, PYAHBIE JIEMEHTBI, PEIKO3EMEIIHbHBIC DIIEMEHTHI.

['OpHO-IPOMBINIIJICHHOE ~ MPOW3BOJACTBO  Hapsiamy ¢ (HOPMHUPOBAHHEM
CCTECTBCHHBIX  TE€OXMMHUYECKHX  aHOMaWH,  OOYCJIOBIEHHBIX  PYyIHOU
MUHEpaIu3alyeld, NPUBOJAUT K WHTCHCHBHOMY BBIBETPHBAHHWIO BMEIIAIOIINX
TOPHBIX MOPOJ,, U3MEHEHUIO XMMHYECKOr0 THMa NPUPOAHBIX BoA. OCOOEHHOCTH
GOpMUPOBaHUS MHHEpAIHM3AIMH  OTPAKAIOTCI B  COCTaBE HWHTPEAMCHTOB
MPUPOIHBIX BOJI, PUKCUPYIOMIMXCSI B TIOBBIIEHHBIX KOJIMYECTBAX, CPEIU KOTOPHIX
colepkanusi cynbdara, Gropa, HMUHKA, ATIOMUHUSA, CTPOHIIMS, KPEMHHUS, PEIKUX
3eMeJb, 30J10TA.

Murpanusi BemecTBa B YCIOBHUSX T€OTEXHOTCHE3a MPOUCXOIUT B TEX KE
OCHOBHBIX (opmMax, 4YTO W B MpuUpoaHbIX JaHamadrax. B TexHochepe
TOPHOTIPOMBIIIICHHBIX KOMITJIEKCOB OHA OCYIIECTBJISIETCS TI0 CXEME: M3BJICUCHUC
U3 HEP B MPOMBINIJICHHBIX TEXHOJIOTHYECKUX 1EMIOYKaX, 00pa3oBaHUEe BOJOEMOB-
XBOCTOXPAHWIIUIL, MMHEPAJIOTO-TeOXUMHUECKUE MpeoOpa3oBaHusi XBOCTOB C
OCXKJEHUEM WJIOB M MHTpaIiell XMMHUYECKHUX 3JIEMEHTOB B BOJHBIX PAacTBOPAX,
OCAXJIEHWE HAa TEOXMMHUYECKUX Oaphepax, BbIXOJ Ha JaHIIapT ¥ ydacTHE B
OuoJiorn4eckoM KpyroBopoTe. B pesynbrare oOoramieHus pya, 00pa3yroTcs
XBOCTBI OOOTAIllEHUs, COJECpP)KAIIUE B PACKPBITOM, T.€. IMOATOTOBJICHHOM IS
pPacTBOPEHHUSI U TEpEeHOCca B IPOLIECCe BOJAHON MUTPAIMU PA3IMYHBIC, B TOM YHCIIE
TOKCUYHBIC, XUMHYECKUE 3JeMeHThl. OCBOCHHE MaKe€ OJIHOTO MECTOPOKICHUS
MOJIC3HOTO ~ MCKOMAeMOTO  COTMPOBOXKAAETCS ~ OTPOMHBIM  TIEpEMEIICHHUEM
XUMUYECKAX DJJIEMEHTOB, WX pacCeHBaHUEM Ha OOJbINME pACCTOSHUS U

KOHIOCHTPHUPOBAHUECM Ha PA3JINIHOTO poaa rCOXUMHUYCCKUX 6apbepax.
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TJIABA 2.
METOJIUKA TIPOBEJIEHU ST UCCJIEJIOBAHUI

Meroarka WCCIEIOBaHMs IO TUCCEPTAIIMOHHONW paboTe BKIIOYasia B ceOs
coop, 00pabOTKy W aHaldW3 OIyOJMKOBAaHHBIX M (POHIOBHIX MATEPHAIOB II0
3asBIICHHOW TeMe; TMOJIeBbIC UCCIICOBAHMS U JIAOOPATOPHBIC IKCIIEPUMEHTAIHHBIE

HCCICOAOBaHUA.

2.1. IloneBrle ucciieqOBaHUA

[IpoBencHHBIC MMOJIEBBIC HMCCIECMIOBAHUS BKIIOYATHM B ce0sS MapIIpyTHBIC
HaOJI0/ICHUS C TTIOKOMITOHEHTHBIM OIMCAaHWEM TTPHPOTHON Cpebl U JaHIIIapTOB B
I1€JIOM, COCTOSIHUS HA3eMHBIX W BOJHBIX DKOCHUCTEM, MCTOYHHKOB WM IPU3HAKOB
3arpsi3HEHUsI; OMPOOOBAHME M OICHKA 3arpsS3HEHHOCTU TIMOBEPXHOCTHBIX H
UCTOYHUKOB TIOJI3EMHBIX BOJI; ITOJICBbIE XUMUKO-aHATUTHICCKUE HUCCIICTOBAHUS.

OOcnenoBanre TEPPUTOPUN TMPOBOJMIOCH IIOJEBBIMH MapIIpyTaMHu  TI0
poUIIsM, 3aJI0)KEHHBIM BJIOJb JTOJIMH PYYhEB M B KPECT UX MIPOCTUPAHUS.

UccnenoBanue ypoBHA 3ajeranuss 4 oTOOpP 1po0 uisl TIpPOBEIEHUS
XUMHUYECKOTO aHaIM3a MOI3EMHBIX BOJ] TIPOBEICHO MMyTeM OypEHHUS CKBAKUH.

OnpoOoBaHue BOJHBIX OOBEKTOB M MPOOOMOJArOTOBKA JIJIi aHAM3a
MIPOU3BOJIMIINCH B COOTBETCTBHE C TPEOOBAaHUSIMH TOCYIapCTBECHHBIX CTAHIAPTOB
I'OCT 8.556-91, 'OCT p 8.563-96, I'OCT P 51592-2000. Ha mecte otOopa Boza
dbunbTpoBanack uepe3 memOpanHbiil GunbTp «ChiHTOp» Ne 8. I[IpoObl BOJIBI
KOHCEPBHUPOBAINCH I OMNPEACIICHUS MHUKPOKOMIIOHEHTHOTO COCTaBa |
a30TCOJIePKAIMUX KOMIIOHEHTOB TyTeM JOOaBJICHHsS a30THOW KHUCJIOTHI H
xnopodopma, coorBeTrcTBeHHO (I'OCT P 51232-98; CanlluH 2.1.4.1074-01). Ilpu
orbope mpoOd BOABI OJHOBPEMEHHO OMNPEACISINCh  (U3UKO-XUMHYCCKHC

napaMeTpel BojJ, Takue Kak pPH, temmnepatypa, razoBeiii coctaB (IIH @ 14.1:

2:3:4.121-97).
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B otoOpanHbIX npoOax MOBEPXHOCTHBIX M MOJA3EMHBIX BOJ B JJaOopaTopuu
TUAPOTEOOTUU U Te03KoJNOTHH (CBUIETENBCTBO O COCTOSIHUM HM3MEpPEHUN B
nabopatopun ot 27 HosiOps 2014 ™ Ne 49: Tekc. mpumi.) ObUTH TPOBEICHBI
onpenenenus sxectkoctu (OCT P 52029-2003; T'OCT P 52407-2005) u
MaKpoOKOMIIOHEHTHOTO cocrtaBa: obmiero »xene3a (I'OCT 4011-72), uurparoB u
ammuaka (COCT 18826-73, 'OCT 4192-82), xanbius u maraus ('OCT 23268.5-
78), xapoonaroB u ruapokapoonaroB (I'OCT P 52963-2008), cynsdatos (I'OCT P
52964-2008), xmopumos (I'OCT 18190-72), nedprenpoaykros (ITH © 14.1:2.62-
96).

OnpeneneHue  3JEMEHTHOTO COCTaBa BOJ HAa  MHUKPOKOMIIOHEHTBI
BBITIOJIHSJIOCh METOJIOM MAaCC-CIIEKTPOMETPUHM C MHAYKTHBHO-CBSI3AHHOW IJIA3MOM
(UCII-MC) na npubope ISP-MS «Dnement» (I'epmanust). I[lpu npoBenenHuun
aHanu3a W OMNPEACIICHHMH METPOJOTMYECKUX XapaKTEPUCTHK  pe3ylbTaTOB
PYKOBOJICTBOBAIUCH oTpacieBoil metoaukoi |l kateropuu Tounoctu (Metoauka
Ne 480-X), pazpabortanHoit @DenepaibHbIM HAYYHO-METOJUYECKUM IIEHTPOM
7a00paTOPHBIX UCCIENOBAHUNA U cepTU(UKAIIMM MUHEPAIbHOrO chipbsi « BUMCy»
U yTBepxkAeHHON HayuHbiM coBeToM 1o aHanmuTuyeckum merogam B 2002 roay
(axTyanusuposana B 2010 r.).

B Hactosimiee Bpemsi Ha TEpPpUTOpPUHU, TIpUJIEraromed K  OBIBIIUM
oOorarutenbHbIM (abpukaM U T. 3aKaMeHCK, Uil KOTOporo JI>KUIWHCKHI
BOJIL()PaMO-MOJIMOIEHOBBI KOMOMHAT ObLI Tpagoo0pa3yrolUM MPEIpUsSTHEM,
pacmosokeHbl MaCCUBBI OTXOJ0B 00OraTUTEIBLHOTO Mpou3BojacTBa. OO6mias macca
TEXHOT'€HHBIX TECKOB cocTaBisieT 6onee 40 MitH. T. DT 00pa3oBaHus, TaK e Kak
PYAHUYHBIE BOJbI, CTAJIM OCHOBHBIMU HCTOYHHMKAMH 3arps3HEHUs] OKpY Karollen
CpeIbl TSDKEIBIMU METaJIaMU W JPYTUMHU TOKCHYHBIMHU 3JieMeHTamu. Hamu mpu
MPOBEICHUM TOJEBbIX pabor wu3ydancs pH Bogubix BbITsKEK. [lponemypa
u3MepeHus PH BOAHBIX BBITSIKEK COCTOsUIA M3 clieyromux onepanuii: 50 r necka
NOMEIIAIM B E€MKOCTh, 3aTeéM K IOJydyeHHOW HaBecke paoOaBmsuid 100 mn

)IHCTI/IJIJIHPOBaHHOﬁ BOABI H B TCUYCHHC 5 MHHYT paCTBOp TIOATCIBHO
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nepememnBaics. Ha ocHOBaHMM ITPOBENEHHBIX U3MEPEHUI BBIOpaHO 4 ydacTka ¢
Haubosee KUCIOW cpefod, OTKyAa oToOpaHbl MpoObl mecka BecoM 1o 30 Kr s
IPOBENCHUS JIA0OPATOPHBIX HCHBITaHWK. B 0TOOpaHHBIX Mpo0ax NpPOBEAECHO
JETAIbHOE HM3yYE€HUE MUHEPAIBHOIO COCTaBa TEXHOTEHHBIX IIECKOB, a TaKke
NoJlydyeHue Cyab(OUIHOTO KOHIICHTpaTa, KOTOPBIA B JabHEHIIIEM HCIOIb30BANICS
JUIS pa3ziesieHusl Ha MOHO(pakuuu Cylnb(Pua0B. ITH MECKU ObUIM UCIOJIb30BaHBI
JUISL IPOBEJIEHUS J1a0OPATOPHBIX SKCIIEPUMEHTOB.

HaGmonenuss MUHEpaNbHOTO COCTaBa HCXOAHBIX TECKOB M OTMBITHIX
CyAb(GUIO0B BBITOJHEHBI M0 OMHOKYJISPOM MU Ha AJIEKTPOHHOM CKAHHPYIOILEM
mukpockornie LEO-1430VPc »sneprogucnepcuonnsiM — crekrpomerpom INCA
Energy 350. AHanuThueckux HaHHBIE, TMOJYyYEHHBIE C YYETOM IIONMPAaBOK Ha
MaTpuyHble 3 (HEKTHI, MO3BOJIMIN PACCUUTHIBATH CIIEKTPAJIbHBIN (OH, B TOM YHCIIe
U TpU aHalIM3e O00pas3loB CIOKHOIO COCTaBa, COAECPKALIMX PEIKO3EMEIIbHBIE

anemenThl [Kanakun C.B., 2013].

2.2. JTabopaTtopHbI€ UCCIIEAOBAHUS MPOIECCOB MPOTEKAIOIINX B TOJIIIE MECKOB

XBOCTOB TIepepabOTKHU Pyl

[IpoBeIeHO  HECKOJNIBKO  CEpUM  JKCIIEPUMEHTOB 10  BBIMBIBAHUIO
PaCTBOPEHHOI'0 BEIIECTBA M3 IOPOBBIX BOJX M B3aUMOJIECHCTBUIO KHUCIBIX BOJ C
W3BECTHSIKOM.

B oskcnmepumeHTax — MCHONB30BAIMCH IECKM W3 XBOCTOXPAHWJIMILA
HaMbIBHOTO Tuma JKUAMHCKOTO  BOJb()PaMO-MOJUOAEHOBOIO KOMOHWHATA,
KOTOpble XpaHuJuch Oonee 40 €T W mNecKku U3 XBOCToXpaHwiMina bom-
['opxonckoro I'OKa, kotopsie xpaHuiauck okojo 30 jerT.

B kauwectBe HeWTpanuzaropa B pabore Obul BBIOpaH HU3BECTHSK
MecTopoxaeHus: 3yH-HapbiH, KOTOpBIA pacmosaraeTcss BOMM3M J>KUIUHCKOTO
TEXHOTEHHOTO MeCTOpoxkaeHus. HelTpanusyromuii Marepuan ObLT U3APOOJICH U

npocesiH yepe3 cuta ¢ otoopom ¢pakmuit 0,1-0,5 mm, 1-3 mm u np. [IpoBenen

46



CHJIMKATHBIA aHallM3 W3BECTHSIKA W AaHAIM3 COJIEPKAHUS MHKPOIJIEMEHTOB,
BKJTIOYAst PEIKO3EMENIbHBIC AIIEMEHTHI M 0JIarOpPOAHbIE METAILIbI.
B  mepBoifi cepum  SKCepuMEHTOB  Obuta  coOpaHa  yCTaHOBKA,

npejcTaBlieHHas Ha puc. 2. 1.

Puc.2.1 YcranoBka, npegHazHayeHHas Ui MPOBEACHUS IKCIIEPUMEHTOB 1O
UCCJIEIOBAHUIO B3aMMOJEHCTBUS KHUCIBIX BOJI C M3BECTHSAKOM: 1 - KOHTeiHep

pasmepom 420x320x165. 2 — cmuBHOM KpaH

DKcnepruMeHTaIbHAs YCTAaHOBKA MPENICTABIIsAET COO0N KOHTEHHEP pa3MepoM
420x320x165 ¢ oTBOASAIIMNM KpaHOM. 3arpy3Ky U3 MECKa U W3BECTHAKA MTOMEIIAIN
B KOHTeWHep nByMsa crocobamu. [Ipu mpoBeaeHHMM SKCIEPUMEHTOB IMEPBBHIM
criocooom,5% (1Mo Macce) U3BECTHSIKAa PaBHOMEPHO paclpelesisuid 1o BCed TOJIIIE
1ecKa; BTOPOW croco0 pacmpenesieHus U3BECTHSIKA Mperoiarail ero pa3MereHmue
B HIDKHEH YacTH TOJIIM Tiecka B Buae cios. Cxema pa3MelnieHus 3arpy3Ku
npeacTaBiieHa Ha puc. 2.2. TolmuHa ¢0si K3BECTHIKA COCTaBIsIa 2 CM, Iecka — 6
cM. [l BbIsSBICHUS HEUTpanu3yromero 3¢h@exrta M3BECTHSIKA W CHUXKCHHUS B
pe3yibpTaTe 3TOr0 MUTPAIMOHHON CIOCOOHOCTH 3JIEMEHTOB OJUH KOHTEHHED

3aII0JIHAJICA TOJIBKO IICCKOM.
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Puc.2.2. Crioco0On! 3arpy3ku KOHTEHHEPOB: A — TOJBKO NecOoK; b — cBepxy mecok,
B CE€pEJIMHE CIIOM M3BECTHAK, BHU3Y CJIOM TMecka; B — k mecky qo0aBieHa KpoIlika
U3BECTHAKA B KoMuecTBEe 5% MO 00beMy, paBHOMEPHO pacIipe/iesieHHas 10 BCEMY
o0veMy; I — cBepXy Mmecok, BHU3Y CJION M3BECTHsAKA; | —I0N0XEeHue KOHTeHepa

Ha TOPU30HTAIBHON MOBEPXHOCTH (OJIMH Kpai Mo JIJIMHE MPUTIOAHSAT Ha 1 cMm).

Uepes chopMupoBaHHYIO TakuM O0pa3oM  TOJNIIY  IPOMYycCKajaach
JUCTWIJIMPOBAaHHAsT BOJA IyTEM pPACHbUICHUS CBEPXY Ha IMOBEPXHOCThH IECKOB.
Bona ¢gunbTpoBanace yepe3 MeCcKM M M3BECTHSK, CTEKalla O JHY KOHTEWHepa K
HAaKJIOHEHHOMY Kpal0 M BBIBOJWJIACH 4Y€pPe3 KPAaHUK B IMPUHUMAIOIIMA COCYI,
OTKyJla OTOMpanuch MNpoObl JUIsi MpOBEeAEeHMs aHanu3a. Bojaa mnpomyckanach
noprusiMu 1o 100 mu. OOmuii 00beM AUCTUIUIMPOBAHHON BOJBI, MPOITYIIEHHON
yepes 3arpy3ky coctanisil 8100 Ml B KaKJI0M SKCIEPUMEHTE.

Conepxxanue cynb(paTHBIX HOHOB ONPEAEICHO TYpOUIUMETPUUECKUM
MeTomoM. IS  M3ydeHUS MHKPODJIEMEHTHOTO COCTaBa  (PUIBTPYIOLIUXCS
pPacTBOpPOB HCHOJIB30BAJCA AaTOMHO-DMUCCHUOHHBIM CIEKTPAIbHBIA aHAIU3 C
WHIYKTUBHO-CBSI3aHHOU I1a3Moil. JJisi u3ydeHuss oOpa30BaBIIMXCS B MPOIECCE

HKCIIEPUMEHTAa MHUHEPAJIIOB TOJI OWHOKYJISIPOM OTOMpAINCh W3MEHEHHBIE 3€pHa
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U3BECTHAKA M TOHKas (pakuus peIXJbIX HOBOOOPA30BaHMUM, KOTOpas
HaKaIUIMBAJIaCh HA JHE KOHTEHMHEPA U B CJIO€ U3BECTHSKA.

B mpornecce npoBeneHHs SKCIEPUMEHTOB BBIIBHUIIMCH HENOCTATKU 3TOU
HKCIEPUMEHTAIbHON YCTAaHOBKH, KOTOPBIE OBLIIM CBSI3aHBI B OCHOBHOM C TE€M, YTO B
CJIOM HW3BECTHSKA, PACIIONArarolIuics Ha JHE KOHTEWHEpA, M3 TOJIIU IIECKOB
TOKOM TEKYIled BOJbl BBIMBIBAJIMCH YACTHULBI MOPOJ0OOPA3YIOIUX U PYIHBIX
MUHEpaloB. B cuwiy 3TOro XuMUYEeCKMH M MHMHEPAJOTMYECKUN aHAJIWU3
HOBOOOpa30BaHUI HE AaBasl JOCTOBEPHON MH(OpPMANMK O HAKAIJIMBAaHUH B HUX
KOMIIOHEHTOB IIyTEM BBICAKUBAHUS U3 PACTBOPOB.

[IosToMy mpu npoOBEAEHUWH BTOPOM CEPUM SKCIEPUMEHTOB JUISI MU3Y4YECHUS
IIPOLIECCOB  MPOTEKAIOMMX  NPH  B3aUMOJCHCTBUM  KHCIBIX  BOA  C
HEUTpaIu3ylOIIMMU peareHTaMd M aJcopOeHTaMM HaMH MOJEpPHU3HUPOBAHA

9KCIIEPUMEHTaIbHas yCcTaHOBKa (puc. 2.3.).

i

Puc. 2.3. DOkcnepuMeHTaibHass yCTaHOBKa: | —  pacnbUIATEINb
JTUCTUWITUPOBAHHOMN BOJIBI; 2 - EMKOCTh 00BbeMOM 12 J1, T/ie mOMeIIaeTcs Mecok; 3 —

3BEHO TPYOKH, TJI€ pa3Melnaercs peareHT; 4 — pe3p0oBOe KperuieHue TpyOKu ¢
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€MKOCTBhIO; 5 —coenuHuTenbHass My(QTa; 6 — HAKOHEUHUK; 7 — MPUHUMAIOLIUN
COCYI.

VYcraHoBKa MpeACTaBiIgeT co00il eMKOCTh 00beMOM 1211, B HUKHEW YacTu
KOTOpOM uMeercs oTBepcTue ¢ mnarpyOkom. Ha matpyOok kpenutcsi TpyOka c
BHYTpeHHUM juamerpoMm 12 mMm. TpyOka coOupaercssi U3 OTHEIbHBIX 3BEHHEB
nnHou 20 cM.

B emkocTh momemiaeTcs TMECOK M3 XBOCTOXpaHWiuina. B TpyOke
pa3MenalTcs HEUTPATU3YIOIINI peareHT U ajcopOeHTHI JJIsl KOHIIECHTPUPOBAHUS
XUMHUYECKUX 3JIEMEHTOB U3 pacTBOpA.

EmMkocte M TpyOKa pasielieHbl CTEKJIOBaTOW, KOTOpas NpemnsiTCTBYET
NEePEMEIICHHUIO TBEPAOI0 MaTepuasia TOKOM BOJbI U3 EMKOCTH B TPYOKY.

[Ipu npoBeIeHNH YKCIIEPUMEHTOB JUCTUIUIMPOBAHHAS BOJA PACHBUIAETCS Ha
MOBEPXHOCTh  I€CKa, MPOCAYMBAETCA 4Yepe3 BCKO  TOJILY, pacTBOpSET
IIOATOTOBJICHHBIE K MUTPALlMA XUMHAYECKHE 3JIEMEHTHI U COCUHEHUS, 3aTEM Yepe3
OTBEpPCTHE IMOMazaeT B TPYOKy, /i€ pacTBOPEHHBIE BEIIECTBA PEATUPYIOT C
pEeareHToM U aJcoOpOEHTOM.

Jlns cMauuBaHUS BCEH TOJNIIM MECKa B €MKOCTH ToTpeboBasiochk 2500 mu
BOAbl. Boga Ha mMOBEpXHOCTH MecKa pacnbuisiach nopuusamu no 100 mui, mocne
HACBIILIEHUsI TOP BOJIOM, BOJA CTaja MOCTyHaTh B PEAKUUMOHHYIO TpPYOKy, W3
KOTOPOM TPOM3BOJWICA OTOOp mpoO mis omnpeneneHuss pH u KOHIEHTparuu
MHUKPOAJIEMEHTOB B pacTBope. Becero ObUIO MPOMYIIEHO B KaXKAOM 3KCIEPUMEHTE
o 3600 mu1 Bojbl, oToOpano mo 11 mpoO BoAbL.

[lapaniensHO MOPOBOAWINCH CEPUUM  ONBITOB IO  BBINIEIAYMBAHUIO
0JIarOpoAHBIX METAJJIOB U3 Mecka. B kauecTBe MarepuanioB MCHOJIb30BAIM MECKU
XBOCTOB TiepepalboTKu J[KUAMHCKOTO BOJIB()PaMO-MOJIUOJEHOBOTO KOMOWHATA U
MecTtopoxkaeHus: bom-I'opxoH. B konoHky BbicoTOM 18 cM M aumamerpom 6 cMm
nomemanu mecok maccoit 500 r (puc.2.4.). Uepe3 chopMHpPOBAHHYIO TaKUM

oOpa3oM Tory npomymieHo 650 M1 AUCTHIIITMPOBAHHON BOJIBI.
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Puc.2.4. Kononka BeicoTolt 18 cm, tuameTpoMm 6 cM, T1e mmecok, m=500r.

O0bem mosydyeHHoro ¢unsTpata coctaBmio 500 mu. B momydeHHBIX
pacTBOpax OIpPEAENIEHO COACPKAHUE PEIKO3EMENIbHBIX JJIEMEHTOB, 30JI0Ta,
cepebpa, TUIaTUHBI, TaJIagus.

B Tperbeil cepum 3KCHEPUMEHTOB MO MCCICAOBAHUIO B3aMMOJECUCTBUS
KHUCIIBIX BOJI C M3BECTHSKOM B JJaOOPATOPHYIO JKCIEPUMEHTATBHYIO YCTaHOBKY
BHECCHBI M3MCHEHHUS, KOTOpBIC 3aKII0YajuCh B YIJIUHEHUHW TPYOKH C
HEUTPATU3YIOIIUM HU3BECTHSIKOM. BHeceHHble M3MEHEHUsI ObLIM CBSI3aHBI C TEM,
YTO KHCIIbIE BOJIbI MPHU JBWKCHHUH IO TPyOKe cliabo HEUTpaau3oBaduch. B 3Toi
CEepUM SKCIEPUMEHTOB TpyOKa coOMpanach U3 OTACIbHBIX 3BEHbEB U JOCTUTAJIA
mHbl 10 80 cM. B TpyOke pasmerancss HEHTpaau3yloIUid peareHT - U3BECTHSK
¢pakun  1-0,5Mmm u <0,5MM, B KOTOpPOM KOHIICHTPUPOBAJIUCH XMMHYECKUE
AJIEMEHTBI U3 pacTBOpa. ITO MO3BOJIMIIO MOAHATE pH pacTBopoB 10 5,3. EMKOCTE 1
TpyOKa paszaensigach CTEKJIOBAaTOW, KOTOpas MPEMsATCTBOBANA IE€PEMEILECHUIO

TBEPJOr0 MaTeprana TOKOM BOJIbI U3 EMKOCTH B TPYOKY.
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IIpoBeneHO psii  SKCIEPUMEHTOB C J10OABIEHUEM IE€CKa ABYX BHIOB: 1)
MEeCKH XBOCTOB mepepaboTku  JDKUAMHCKOrO  BOJIb(PaMO-MOJIHUOIECHOBOTO
KOMOMHATA; 2) MEeCKU XBOCTOB NepepaboTku MecTopoxaeHus bom-I'opxoH.

[Ipu mpoBeneHMM SKCHEPUMEHTOB JAJII CMAayMBaHUS BCEW TOJNIIM IECKA B
eMKoCcTH moTpedoBanoch 2500 M BOIBI B KaXKJI0OM ombiTe. Bosa Ha MOBEPXHOCTH
Hecka pacnplisiiach nopuusMu no 150 mi, mocie HachlleHUs NOp BOJOW, BoJa
CTaJla MOCTYIAaTh B PEAKIIMOHHYIO TPYOKY, U3 KOTOPOIl MPOU3BOAWICA OTOOP Mpod
JuIst onipeAesnennst pH 1 KOHLIEHTpauyu MUKPORJIEMEHTOB B pacTBope. OuiibTpanus
IIPOTEKaJIa MEIJIEHHO. BpUIO mMponmymeHo B KaxaoM skcriepuMmente o 3400 mi
BOJbL, Bcero oToopaHo 4 npoOsl. Makcumanbsubiii pH nocturnyt 5,33. OToOpaHbl
npoObl HM3BECTHSAKA JUIA aHalmM3a COACPKAHMS B HHUX PEAKUX 3eMelb U
OJ1arOpOHBIX METAJIIOB.

[lonydeHHBIE DKCIIEPUMEHTAIBHBIE JTAHHBIE BO BTOPOW M TPEThEU CEpUAX
DKCIIEPUMEHTOB TO3BOJISIIOT MOHSATH IMOBEJCHUE KOMIIOHEHTOB BBINAJAIOIIUX H3
PacTBOPOB MpH pa3INYHBIX 3HaUeHUAX pH.

JIist u3ydeHust 00pa3zoBaBLIMXCS B MPOLIECCE IKCIEPUMEHTAa MUHEPAJIOB MO/

6I/IHOKYJ'I$Ip0M OT6I/IpaJ'IHCB H3MCHCHHBIC 3CPpHA M3BCCTHAKA M TOHKAsA (l)paKHI/ISI

PBIXJIBIX HOBOOOpa3zoBaHui (puc. 2.5.).
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Puc. 2.5. MukpodoTorpadun u3BeCTHIKA, UCIIOJIb3yEMOTO B AKCIIEPUMEHTE.
A — HCXOOHBIM WU3BECTHSK; b — BHIOW3MEHEHHBIM M3BECTHAK, KOTOPBIM
pacmoJyiarajicss B JKCIHEPUMEHTAJbHOW  YCTaHOBKE B  Bueciod; B —
BUJION3MEHEHHBIN U3BECTHSK — PACIIOJATaJiCs B BUJIE CMECH.

JUist onpenesieHns MUKPO3JEMEHTHOTO COCTaBa PacTBOPOB HMCIOJIb30BAJICA
ATOMHO-PMHUCCUOHHBIN CIEKTPAJbHBIN aHAIU3 C UHAYKTUBHO-CBSI3AHHOMW IJIa3MOMN
(UCIT ADC). HOnsa wusydyeHuss 0Opa3oBaBIIMXCS B IPOIIECCE DKCIEPUMEHTA
MUHEPAJIOB O] OWHOKYJIAPOM OTOUPAIMCh W3MEHEHHBIC 3€pHAa HM3BECTHIKA M
TOHKass (Gpakius PHIXJIBIX HOBOOOpa30BaHWM, KOTOpas HaKaluluBajlach Ha JIHE
KOHTEIHEpa U B CJI0€ U3BECTHSIKA.

BrinonHeH psn omnpeneiaeHuid B pacTBOpax, M B TaKMX MaTepualiax, Kak IMECOK,
U3BECTHSIK, YTOJb, KEK:

- aTOMHO-a0COPOLIMOHHOE OTIPEAEICHHE MUKPOIIPUMECEH;

- OJaropoJiHble METAJUIbl  ONPECICHUEM METOJOM COPOIIMOHHO-aTOMHO-
AMHUCCHUOHHOTO aHaJIn3a;

- 9JIEMEHTHBIN COCTaB aTOMHO-IMHUCCUOHHBIM CIIEKTPAIbHBIM METOOM.

MeronamMu CHJIMKaTHOTO aHaliM3a OIpPEAENIeH COCTaB TMECKOB U J00aBOK,
UCIOJB3YEeMbIX B JKcnepuMmeHTte. Jls ompeneneHus 3JIEMEHTHOTO COCTaBa
pacTBOPOB  HCMOJIb30BaH MpUOOpP ATOMHO-dMUCCHOHHBIM  CHEKTPOMETP C
WHIYKTUBHO-CBsI3aHHOM TutazMoit Optima-2000 DV ¢ mpuctaBkoii Autosampler
AS 93 plus (aBTOHO3aTOpP), KOTOpasi MO3BOJISIET MOJHOCTbIO aBTOMATHU3UPOBATH
nporecc BBoaa. CocTtaB TBEpAbIX MAaTEPHAIOB OMPENEICH C MOMOIIbI aTOMHO-
abcopouuonnoro cnekrpodoromerpa PinAAcle 900F, cniektpodoromerpa FOHMKO
1201, nonomepa Anunon-4100, aHamuzatopa 3MHUCCHOHBIX CIEKTPOB «MAICy.
[IpumensieMble  METOABI i1 MCCIAEAOBAaHUS ~ KOMIOHEHTHOIO  COCTaBa
WCIIOJIB3YEMbIX MATEPUAJIOB XapaKTEPU3YIOTCS TaKUMHU IPEUMYIIECCTBAMH, Kak
XOpouiass BOCIHPOU3BOAMMOCTb PE3YJIbTAaTOB, WIMPOKWNW JIMHEWHBIM Juana3oH

OIIpCACIIACMEBIX KOHHGHTpaHHﬁ.
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KauecTBeHHbIi  aHaaM3 MPOBOJAMJICS C  MOMOIIBIO  3JIEKTPOHHOIO
ckanupyromiero mukpockorna LEO 1430VP (Carl Zeiss, I'epmanusi) ¢ cucremoit
sHeproaucnepcuoHHoro Mukpoanainu3a INCA Energy 350 (Oxford Instruments,
BenukoOputanus). OOpa3iibl ObUTM CMOHTHUPOBAHBI Ha JIBYXCTOPOHHEM CKOTYE Ha
CTEKJITHHOM TIOJUIOKKE JUIA MCCIECNOBaHMS B pexnMme VP BakyyMHOM CHUCTEMBI
MuKpockona. [Ipu 3ToM B 00J1acTH AJIEKTPOHHOM IMYIIKA CO3JaBajiCsi BBICOKHIA
BakyyM (~10-5—10-6 MM pT. cT.), a B kKamepe 00pa3ioB hopBakyym (~10-2 — 3 Mmm
pT. cr.). OmmOka aHanu3za Ha cyMmy coctaBiasia 2-4 macc. %. Ilocne
B3aMMOJICHCTBHS KHCIBIX IMOPOBBIX BOJ C PEAreéHTOM TakK K€ ObuUIM 00pa3iibl
W3BECTHSKA MOJATOTOBJIEHBI K KOJMYECTBEHHOMY aHanu3y. Tak ke AJid U3ydeHHs
MUHEpaJIbHOTO COCTaBa ObUIM MOATOTOBJIEHBI HMCKYCCTBEHHbIE aHILIU(BI. Bce
ucnbITanus BoioHEeHsl B abopatopusix ' MH CO PAH. Orobpannbie 006pasiibi
U3BECTHSKA TOclie OOpaOOTKH €ro KHUCIBIMH pPACTBOPAMU HCCIEIOBAINCH C
NOMOUIBIO PEHTTeHO(A30BOr0 aHanu3a B JabopaTopuu OKcuaHbIX cuctem BUII
CO PAH. PentrenoBckast nupakroMeTpus sIBISETCS HEpa3pyLIalolUM METOIOM
aHanM3a BEIIECTB B TBEPAOM, IOPOLIKOBOM WA KPUCTANIMYECKOM BHJE:
METaJUIOB, MUHEPAJIOB, CHHTETHYECKUX MaTE€pUaJOB, MOJIUMEPOB, KaTAIU3aTOPOB,
(bapManeBTUYECKUX TPOIYKTOB, TOHKHUX IJIEHOK U CIIOEB KEPAMUKHU.

I'eometpust nudpakiMOHHON CUCTEMBbI OTpaxeHuss — 1o bperr-bpentano
WM MapajuienbHo-Ty4eBas (3epkano Gubel 60 Mm).

[Ipubop ocHallleH MO3ULMOHHO-UYBCTBUTENbHBIM AeTekTopoM VANTEC-1.

[Iporpammuas o6padoTka nudpakrorpamm u Hammuue 6anka nanubix [CDD
no3BoJisitOT ujaeHTHuuuupoBarb A0 150 000 HU3BECTHBIX HEOPraHUYECKUX U
OpraHMYeCcKUX BEIIECTB M ompenensaTh 10 10 cocTaBisOmUX KOMIIOHEHTOB B
cmecu. [Ipenen oOHapyxeHust paBeH 1% mo macce. TexHHMUECKHE XapaKTEPUCTUKH
npudOpa:uCTOUHUK nuTanus (HanpspkeHue/Tok) — 50 kV/60 mA; peHTreHoBckoe
msnydenne — Cu Ka, MoHOXpomaTop BTOpUYHBIN — TpaUTOBBIN; yrioBas
TOYHOCTh — MAaKCHUMAaJIbHO JToIycTUMOoe pacxoxaenue + 0,01, 4yBCTBUTENBHOCTD

npubopa — Makc. JIONYCTUMOE pacxoxkJaeHue uHTeHcuBHocTH £ 10%;
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paspemaromasi cnocooHocts npuodopa (anoa Cu) — MaKCUMaJIbHO JOMYCTUMOE

FWHM (nonHas muvpuHa Ha ypOBHE IMOJIOBHHBI OT MaKCMMyMa) OTKJIOHEHHE +

10%.

I'JIABA 3.
ITOJI3EMHBIE U ITIOBEPXHOCTHLIE BOJIbI B PAMOHAX PA3PABOTKU
BOJIb®PAM-MOJIMBIEHOBLIX PV /]

[Ipu pa3paboTke pyAHBIX MECTOPOXKIEHUI TOpPHBIE MOPOABI IOCTE
W3BJICUYCHHUS ITOJIE3HBIX KOMIIOHEHTOB CKJIAUPYIOTCS IS JUINTEIBHOTO XpaHEHUS.
B Hacrosiiee Bpems B Poccuiickont ®denepannu, Tak WA WHAYe, MEPEXOIAT B
orxoabl 90 — 99% wu3BnekaeMbIx U3 Heap nopoja [Menentser I'. b., u np.,2007].
TBepable OTXOIbl AENATCA Ha JABE TPYNIBI: OTXOAbl JOOBIYM — BCKPBIIIHBIC
NOPOABI M OTXOJbI NEPEPAOOTKU — XBOCTBL. O0a BHJIa OTXOJIOB COJIEPKAT B CBOEM
COCTABE HEYCTOWUYMBBIE B SK30IC€HHBIX YCIOBUSAX MHHEpasbl. ['OpHBIE IMOPOJBI
OTXOJIOB M3JIpOOJIEHbl B TEXHOJOTMYECKOM IIPOLIECCe, OCTaBIUAsCS pyaHAs
MUHEpalIu3aluus JOCTYIIHa BO3ACHCTBUIO BOJBI, KHCIOpOAAa W Jp. arcHTOB
BbIBETpUBaHUA. JKHIKHE OTXOIbl NPEICTABIEHbI JIBYMs THIAMH: IIAXTHBIMHU
(pyAHUYHBIMHU) BOJAMU U CTOYHBIMU BOJIaMHU O0OTaTUTEIbHBIX (PaOpUK. DTU BUJIBI
KUIKAX OTXOAOB MOTYT pAa3iu4aTbCsl CTENEHBIO B3aUMOJCHCTBHS BOJBI C
TOPHBIMH MOpojaMu. ['a3000pa3Hble OTXOJbl CBSI3aHBI C BBIOpOCAMH TPHU
IPOBEJICHUH B3PBIBHBIX PaOOT, pab0TON TEXHUKH, MBUICHUHU TPU TPAHCIIOPTUPOBKE
PYZbl, pa3BEMBAaHUU OTXOAOB JOOBIUM U MEPepadOTKH MPHU XPAHEHUH, BbIIEICHUN
ra3oB IMpHU Pa3jOKEHUH PYAHOW MHUHEpATU3ALMK, UCHAPEHUH >KUJKUX OTXOJIOB.
Bce BUABI OTXOA0B aKTUBHO B3aMMOJECHCTBYIOT C OKPYXKAIOIIEH Cpenor, MHOTHE
KOMITOHEHTBI, HAXOSIINECS B UX COCTABE, NEPEXOAST B JIETKOMOABUXHBIE (POPMBI
HaXOXJEHUsI, KOTOpbIE 3arpsi3HAIOT TIOYBY, PACTUTENIBHOCTh, aTMocdepy,

MOBEPXHOCTHBIE W MOJ3EMHBIE BOJbI OKPYXKAIOWIUX TeppuTopuil [MuxanaeHko

55



B.H., bouapor, B.A. 2008; Burmoposuu B.W1.,2010; Kopensckuii [I.C.,2011,
lemer C.®D. u ap., 2012].

B oTxomax ropHomoObIBaONIEro MPOU3BOACTBA MPUCYTCTBYIOT Pa3UYHbIC
IOpOI000pa3yoIIe U PyJHbIE MUHEpabl. Bce OTXOABI M3BICUEHBI U3 MECT HUX
IPUPOJTHOTO 3ajieTaHusi, pa3apoOIeHbl, BCISACTBHE YErO B HUX aKTHBU3UPOBAHBI
MPOIECChl (PU3NYECKOTO M XUMHUYECKOTO BBIBETPUBAHUA. TBepiable, KHUAKHEC U
ra3000pa3Hble MPOAYKTHI BBIBETPUBAHUS 00J1a/1al0T MOBBINICHHOW MHUTPAIIMOHHON
cocoOHOCTBIO. BeneacTBre 3TOro BOKpyr MecT XpaHeHHs! (GOPMUPYIOTCSI OPEOJIIBI
U TOTOKA PACCESIHUS TOKCHYHBIX XHMHYECKUX JJIEMEHTOB HW3HAYaJIbHO
HaXOJAIIMXCS B OTX0AaX A0OBIUM U nepepaboTku pyd. Pazmepsl opeosioB 3aBUCAT
OT MHOTUX (DAaKTOPOB, CpeIr KOTOPBHIX HAaUOOIbIIIeE 3HAYCHHE UMEIOT COCTaB Pyl U
BMEUIAIOIIMX  TOpPOJA, MPUPOJHO-KIMMATHUYECKHE  YCJIOBMS,  TEXHOJIOTUHU

W3BJICUCHUS U NEPEePabOTKU PY/I.

3.1. H}KI/II[I/IHCKEUI IIPUPOAHO-TCXHOI'CHHAA CUCTCMA

JIKUIMHCKOE PYIHOE TIOJE XapaKTEPU3YETCS BBICOKOW KOHIIEHTpALMEH
OpPYJIICHEHHs] HAa CPaBHUTENHHO HEOONbIION Tuiomaau. OHO BKIIOYaeT B ceds
KOPEHHBIE MPOMBIIIICHHBIE MECTOPOXAeHUA: [lepBoMaiiCkoe IITOKBEPKOBOE
MOMOJIeHOBOE,  XOJTOCOHCKOE  BOJIb(PpamMoBOe  JkuibHOE,  HMHKypckoe
IITOKBEPKOBOE BoOJibPpamoBoe. PynHass MuHepaiu3alus CBS3bIBACTCS C HOPCKOU
nonuda3sHo TYHKUPCKOM UWHTpPYy3UEH, TMPEJCTABICHHON Ha IMOBEPXHOCTHU
MHOTOYHMCJICHHBIMU JIAKaMU KHCJIOTO COCTaBa, U MEPBOMANCKUM IITOKOM I'PDAHUT-
nopdupoB. OpyneHenre chopMUpPOBATIOCh B HECKOJBKO 3TanoB. Kaxaomy sramy
TUAPOTEPMAIIBHON  JIEITEIBRHOCTH  MPEIIIECTBOBANA  JIera3alus  paclulaBoB,
MIPOTEKABINAsl B YCIOBUSIX BBICOKOTO (hTrouIHOTO naBiieHus. Ha ¢uanrax pymHoro
MOJIsi UMEIOTCS KOPEHHBIC TPOSBICHUS 30J10Ta, BOJIH(PAMOBBIC IITOKBEPKU U
CKapHOBO-LICEIIUTOBBIE METACOMATHUYECKUE 3alie)KW. B mamsax, crekarmmx ¢

BOA0PA3ACI0B, HA KOTOPBIX PACIIOJOKCHBI KOPCHHBIC MCCTOPOKIACHUA, HAXOOATCA
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30J10ThIe M BoOJb(pamoBbie pocchinu: ['ymkupka, WMaKyp, Manbii XoJaTocoH,
AnexcanapoBckas, IBanoBckas, Mbipren-1lleno, Monoukyns, Hapein u nip.

JxunuHCKU# BosibppamMmoMonr0eHOBBIN KoMOUHAT ObLT co3fad B 1934 1. B
NepBbIE TO/Ibl €r0 MPOU3BOACTBEHHAS JEATEILHOCTh OCHOBBIBAJIACH HA OTPAOOTKE
30JI0TO-BOJTB(PAMOBBIX pocchineid mo pyubsm ['ymxupka, Banosckuit u ap. C
1939 r. Havanu AEMCTBOBATH IMOJA3EMHBIM BOJb(PPAMOBBIN PYyJIHUK XOJTOCOH H
oboratutenvHas ¢abpuka. B 1941 1. Hawaim pabotate [lepBomaiickuit
MOJIMOICHOBBIN Kapbep U ¢abpuka mo odorameHno MoandaeHoBoi pyasl. C 1973
r. Hadamu pabortath WHKypckuil BoJIbPpaMOBBIA Kapbep W 00OraTUTENIbHAS
¢dabpuka. B HacTosiee BpemMss Ha TEPPUTOPUM, NpPHIIETAIOMIEd K OBIBIIMM
oboratutenbHbiM (abpukamMm ©u T. 3akaMEHCK, il KOoToporo JIKuauHCKHi
BOJIb(PpaMOMOIMOEHOBBIH KOMOMHAT OBLI T'PaJ0o00pa3yIolUM IIPESAIPHUATHEM,
PaCIIOJIOKEHbl MACCHBBI TEXHOTEHHBIX TECKOB — OTXOJ0B 00OraTUTEIbLHOIO
MPOU3BOJICTBA, OOIIAasgs Macca KOTOPBIX cocraBiser Oonee 40 MiaH. T.
BonbsdpamoBeie pyabl mnepepabaThiBaduCh 1O (IOTOTPABUTAIIMOHHON CXEMe.
N3neuenne WQO3; B KOHIIEHTpaT COCTAaBISUIO B paHHHME Toawl 52,3—76,7 %.
ConyTCTBYyIOIIME TOJIE3HBIE KOMIIOHEHTHI, KpoMe (QITF00pHUTa, KOHIICHTPUPOBAIHCH
B CYJIb()UHOM MPOMIPOIYKTE, KOTOPHIM CKIIAJIUPOBAJICS BMECTE C CYJIb(UIHBIM
npoaykToM MonuOaeHoBoi (abpuku Benenxpanuwiume. C 1980 r. OenHble
cynb(uIHO-BONIBbPpaMOBbIE pyabl MHKYpCKOTO INTOKBEpKAa NepepadaThIBAIHChH
COBMECTHO ¢ 0oJiee OOTaThIMM KUJIBbHBIMU pyaamu XostocoHa (AnanuH, 1999).
CynbhuaHplii  NOPOAYKT, OTACNSABIIMKACA TPU  JOBOJAKE  BOJIHGPaAMOBOTO
KOHLIEHTpaTa, COAEpKallMi COMYTCTBYIOIIME IMOJIE3HbIE KOMIIOHEHTHI, IIPU 3TOM
CMEIINBAJICS C XBOCTAMHU.

3a Bpemsi paboThl KOMOMHATa CO37aHO JIBa XBocTOXpaHwuiuiia. [lepBoe —
HACBITTHOE, C(OOPMUPOBAHO CAMOTEUHBIM METOJIOM, HEMOCPEACTBEHHO MPUMBIKAET
K MpOMIUIONIaAKE O0OOraTUTEeNbHbIX (GaObpUK W K TOPOJCKOW 3acTpoOWKe T.
3akameHcK. B roro-soctounoit ero udactu a0 2008 r. HaxoAwJICs CHELOTBAJ

CyJIb()HUIHOTO MPOMIPOAYKTA. 3aNOJIHEHUE XBOCTOXPAHWIMIIA MPOU3BOJIUIIOCH C
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1939 mo 1972 r. XBOCTOXpaHWIHUIIE, Ha3bIBaeMoe Takxke JKUIMHCKUM
MECTOPOXKJACHUEM  JIekKAIbIX TEXHOTCHHBIX TECKOB, TpEJCTaBisieT coOoi
JUH30BUAHYIO 3ajexb Mmiomanas 660300 m, cpeaneit MomHocThO 10,6 M
(XomanoBuy, 1999). Bropoe XBOoCTOXpaHUIUIIE — THAPOOTBA — PACIOJIIOKEHO B
ycThe pu. bapyn-Hapeia, Bnagaromero B p. MoioHKy b, 3allOTHEHHE €T0 HA4aTo B
1958 1, mpekpamieno B 1998 r (puc.3.1.) B 2002 1. oTxomasl obOoramicHus
JlxuauHckoro komOuHata mpuoOpeno B cooctBeHHOCTh OO0 «3akameHck». B
2008 r. HayaThl OMBITHBIE paOOTHI IO BTOPUYHOU TMEpepabOTKEe XBOCTOB.
[TocTpoena munMpadbprika, OpraHU30BaHO HOBOE XBOCTOXpAHWIMILE B Majau 3yH-

Happin.

e

Puc. 3.1. KocMOCHUMOK HaMBIBHOTO XBOCTOXpaHuIuIIa naau bapyn-Hapsin

C TOYKaMH OTOOpa MpoO MECKOB M BOJBI, MCIOJIb30BABUIMXCS B JIAOOPATOPHBIX
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DKCHEPUMEHTAX: |, 2 — MECKU U3 HUKHUX TOPU30HTOB, 3 — MECKHU C MOBEPXHOCTU
MaccuBa, 4 — eCKH BO3JIE 3arpy304HOro OyHkepa oboratutenbHou (padpuku, 5 —
MECKU C TOBEPXHOCTH XBOCTOXPAHWJIMINA IOCIE BTOPUYHOM MepepabdOTKU Ha
oborarurensHoit (pabpuke, 6 — Boma M3 MpyAa HAKOIMMUTENS, HCIOJIb3yemas B
TEXHOJIOTUYECKUX Tpoleccax, 7/ — BoJa u3 pydbs 3yH-HapbiH, Hixe

OTPaIUTENBHOMN 1aMObl XBOCTOXPaHMIIUIIIA.

XBOCTOXpaHUJIUIIE UMEET B TIaHe (OpMY PAaBHOCTOPOHHETO TPEYTOJbHUKA,
OCHOBAaHHEM KOTOpPOrO  CIy)XHJIa HachllHas IUIOTHMHA. [IpOTsHKEHHOCTH
TUAPOOTBANIA BBEpX MO nonuHe pu. bapyn-Hapsia — 1700 m.

OCOOEHHOCTBIO TEOJIOTMYECKOTO CTPOEHHUSI ITOW TEPPUTOPUU  SBIISETCS
IPUYPOYCHHOCTh K TPaHUIE ABYX PETHOHATBHBIX T'€0JOTHYECKHX CTPYKTYP,
MPECTaBICHHBIX KapOOHATHO-TEPPUTCHHBIMH TOJIIAMH HW)KHETO Male030s
JUOKUIMHCKOTO CHUHKIMHOPUS M HMHTPY3UBAMM TPAHUTOMIOB MOJIOHKYJIBCKOTO
MaccuBa. [ pannna Mexxay HUMHU NPUYyPOUYEHA K JHUILY TOJIUHBI pu. bapyH-HapsiH.
Brone Hee pa3BUTBI MOPOABI, XapaKTEpHbIE Ui KPYHHBIX PErHOHAIBHBIX
JONITOKHUBYIIUX PA3JIOMOB — IJIACTHHBI MOPOJ] YIBTPAOCHOBHOTO COCTaBa, MEIIKHE
Tela TPAaHUTOMJOB  PACIOJOXKEHHBIE CpPEOd  WHTEHCHUBHO  CMSTBIX U
pacciaHIOBaHHBIX 0Ca/I0YHO-BYJIKAaHOT'€HHBIX TOPO/I.

[lo MuHEpaJlbBHOMY COCTaBy TIECKM  NPEJCTaBICHBI  KBapIIEBBIMU
necuaHukamu. KBapii 1 moneBoi mmat ot o0mieid Maccel cocraBisger 80 - 90%, ¢
pUMECKI0 3epeH nuputa 5-15% rodueputa u meenura WOz no 5%, Ha momio
TeMHOILBeTOB mpuxoautcs 1%. Cpenu TEMHOIBETOB MPUCYTCTBYIOT amdpuoo,
AMUIOT, (PIOOPUT, aaTUT. XBOCTHI MPEJACTABIAIOT COOON M3MEIbUEHHYIO Maccy,
4TO JeaeT BO3MOXHBIM HX BTOPUYHYIO TiepepaboTKy. HakormieHHbIe mecku 3a
JUINTETFHBIA CPOK WX ckiagupoBanHusi (Oomee 60 mer, y4yuThiBas BpeMs
¢ynkmonupoBanus 'OKa u nepuon mocie KoHcepBallMM MO HACTOSIIEE BpeMsi)
MOJIBEPTIUCh 3HAYUTENBHON 3po3un. OCHOBHBIMH TMPOIIECCAMU TIPH  ITOM
SBIISIIOTCS BETPOBOM Pa3HOC, OXBATHIBAIOIINK Hanbosee OOIUPHYIO TEPPUTOPHIO;

IUIOCKOCTHOM CMBLIB U JIMHEMHAas 9PO3us, 0COOEHHO MHTCHCHBHBLIC B BECCHHHE H
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JCTHHE TaBOAKH; QJUTIOBHAIBHBIA CHOC p. MOJOHKYIb MEPEOTIONKECHHOTO
MaTepuaia, aHTPONOTeHHOE paccesHUe, 3aKIIoYaronieecsi B  JMH30UICCKOM
WCITOJIb30BAHUU TIECKOB JJISI OTCHITIKHA JIOPOT, TETCKUX TUTOMIAT0K, B CTPOUTEIHCTBE
u gap. B pesyaprare chopmmpoBaHBl IIMPOKHWE OPEOJBI 3arpsi3HeHus. B
XBOCTOXPAHWININE B HACTOSIIEE BpeMs HAKAIUTMBAIOTCS aTMOC(EpHBIE OCAJKU U
MOBEPXHOCTHBIC BOABI pu. bapyH-HaphbrH.

OuUIbTPYSACh Yepe3 TOJIIY OTXOJOB, ITH BOJbI 3arPS3HIIOTCS TOKCHYHBIMHU
BCII[ECTBAMH, BXOJAIIMMHU B COCTaB XBOCTOB OOOTAIICHHWS MOJIHOICHOBBIX U
BOJIL)PAMOBBIX Py, U BBIHOCSTCS 4Y€pe3 MHOTOYHMCIICHHBIC MEJIKHUE PYYEHKH,
MIPOTEKAIoNIUe Yepe3 1aMO0y XBOCTOXpaHMINIIA. YacTh STUX BOJAHBIX UCTOYHUKOB,
COCUHSACH, o0pasyeT pyuel, Bmajgawmuil B p. MoaoHkyslb. YacTUUHO BOJIbI
UHOUIBTPYIOTCS B PHIXJIbIC OTIIOKECHHUS TOJTUHBI.

CdopmupoBasmiasics MPUPOTHO-TEXHOTCHHAS CUCTEMa 3aHMMACT TUIOIIAIb
Gomnee 100 kv°. B Hee BXOIAT OTBAIBI BCKPBIIIHBIX [OPOJ, XBOCTHI IIEpepaboTKH
pya, Tepputopusi odoratutenbHoN (haOpuKu, pa3BelOYHbIC MTOJBHU U3 KOTOPBIX
W3JIMBAIOTCS PYAHUYHBIC BOJBI, TEPPUTOPHUS 3aHATAs aBapUUHBIMHA COpOcamMu C
babpuku 1 XBOCTOXpaHWIHINA. TEeXHOTeHHAs! CHCTeMa pacroyiaraeTcsi B 6acceitne

pek MooHKY I 1 MepreHIieHo, KoTopble BaaarT B peky Jxuaa (puc. 3.2.).
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Puc.3.2. Cxema pa3menienuss JPKUIUHCKOW MOPUPOTHO-TEXHOTEHHOM
cucteMbl. YcaoBHbIe o0o3HaueHus: 1. Orxonel [xumuackoro I'OKa. 2 — orxomsr
0OBIYM pocChINiel 30J10Ta. 3 — TEXHOTE€HHbIE BOJOEMBbI. 4 — MecTa 0TOOpa mpood
BOABL. 5 — MecTa pacHoJIOKeHHs OTX0A0B Mo0brun (A), mepepadotku (B),

npoMbIBKH pocchineit (C).

Honuna pexu JDkuga uMeeT  KOPBITOOOpPa3HBbIM  aCCUMETPUYHBIN
nonepeyHslid nmpoduis. HlupuHa qoauHbL B ycThe peku MogoHKymb okoso 1800 m.
[lepenan BbICOT nosnuHBI p. JDKUIBI HA 3TOM ydacTke coctaBiseT 40 M, YKIOH —
0,002. [Jomuna p. MOOOHKYIb HMMEET CHUMMETPUUYHBI KOPBITOOOPA3HBIMA
MOTIEPEeYHBINA MPOGUIL C MAKCUMaIIbHOM mHpUHON B ycThe — 1300 M. BBepxoBbe

BbIIIC I'OPOACKOIO 30)103a60pa CTOK PCYKHW CHJIBHO 3aBHUCHUT OT C€30HA rojaa, 3UMOM
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OH COCTaBJISIET HECKOJBKO JINTPOB B CEKYHAY, JETOM B MABOJIKU MOYKET JOCTUTATh
HECKOJIbKUX JIECATKOB KYOMYECKMX METpOB B CeKyHay. JlHWIlle HONMHBI pP.
MoJoHKyIb B 4YepT€ ropojia UMEET, B OCHOBHOM, YETKHE THUJIOBBIE 3aKPaWHBI C
TOPHBIMU CKJIOHAMH Pa3IMYHOM KPYTHU3HBI. TOJNBKO B YCTHEBBIX YACTAX OOKOBBIX
nputokoB (pyubu Wukyp, 3yH- u bapyH-HapblH) 3aKkpanHbl NE€pEKpBITHI
aKKyMYJISITUBHBIMU yBajiaMu (KOHycaMu BbIHOCA) BbicoTOM 10 20-30 M Hajg ype3om
peku.IloiimMa mupunoit 0,1-0,2 km 3a0o50ueHa U TpeoOpa3oBaHa aHTPOIIOT€HHBIMU
npoueccamMu (U3phITa, HApyILIEH ITOYBEHHO-PACTHTENIBHBIA MOKpPOB). ThuloBas
4acTh MMOMMBI HAa OTpPE3Ke HWXKE yCThsl pyd. MHKYp 10 ycThsa pyd. bapyn-HapsiH
yKpeIuieHa JaMOOBBIMU COOPY>KEHHSIMU JUIsl 3aIUTHI OT HaBOoJHEHUU. Huke ycThs
py4. bapyH-Hapsin nolima ¢ npyUMBIKAIOIIEN MOMMEHHONW TEPPACON BBICOTOU 2-3 M
NIEPEKPBITA TEXHOICHHBIMH HAHOCAaMH, KOTOpBIE NOCTYNAJIW CHOJa II0 KaHaBe
aBapHuilHbIX cOpOCOB OT oOorarutenabHOM (paOpuku. YacTh HAHOCOB B MaBOJKH
YHOCWJIACh BOJOW Jajipll€ BHHA3 II0 TEYEHUIO PEKHM M B €€ YCTbEBOW YacTu
copMupOBaJICs KOHYC BBIHOCA TEXHOTEHHBIX IECKOB. [lpyras 4acTh HaHOCOB
OTOJIBUrajiach OT pyciia B CTOPOHBI OyJibI03€paMu, BCIEICTBUE YET0 00OPa30BAIHCH
XOJIMUCTBIE TPsJIbI BBICOTOM 110 4-6 M.

MOIIHOCTE PBIXJIBIX OTIOXKEHUHN B moimHEe p. MogoHKymb mocturaet 60-80
M. OTJIOXKEHMSI TPEICTABICHbl TaJ€YHUKOM, BaJyHAMH C TECKOM M CYIJIMHKOM
MOIIHOCTBIO 710 54 M B I0’)KHOM 4acTH T. 3aKaMEHCKa M TPEXUJICHHOM TOJIIIECH Ha
y4acTKe, PacIoJIOKEHHOM HUXKE [0 TEYEHUIO.

BonopasnenbHble CKIIOHBI, OCOOGHHO B HMKHEM MX YacTH, MPEICTaBISIOT

c000#1 MeKOIOKOBbIE TOBEPXHOCTH.
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I'HAPOKapOOHATHOTO aHMOHA, b — cMelanHble THAPOKAPOOHTHO-XJIOPUIHbIE, B —
CMEIIaHHble TUAPOKApOOHTHO-Cynb(aTHhie; 1 - BOJOHOCHBIA  KOMILIEKC
BEPXHEUETBEPTUUHBIX — COBPEMEHHBIX MPEUMYIIECTBEHHO JCIIOBHAIBHO-
MPOJIIOBUANIBHBIX OTIOKEHUM. BanyHbl, rajgedyHuku, IeOeHb, IpecBa, MECKH,
cynmecu; 2 — TIOA3EMHbICE BOJBl 30HBI  TPEUIMHOBATOCTU  0a3ajabTOB
HUKHEYETBEPTHUUHOTO (?) Bo3pacTa; 3 — BOJAOHOCHBIM KOMIUIEKC IIMOIEHHOBBIX
AJUTFOBUAJIBHBIX OTJIOKEHUW. ['alIeUHUKU, MECKHU, CyNEecH, Wibl, 4 — MOA3EMHbIC
BOABI  30HBI  TPENIMHOBATOCTH  BEPXHEMEPMCKUX-TPUACOBBIX  3(Pdy3uBOB
(4epHOSIPOBCKOM u L{araH-XyHTEUCKOU CBUT). IIpeumyiiecTBEHHO
MJIarMOKJIa30Bble, HUPOKCEHOBBIE, POTOBOOOMAHKOBBIE MOP(MUPHUTHI, peke
Ty(OKOHTJIOMEpaThl, (PEIb3UThI, 5 — MOJ3EMHBIC BOJIbI 30HBI TPEUIMHOBATOCTHU
HUKHEKEeMOPUUCKUM MeTaMOpPUUEeCKUuX TOpoA (XOXIOPTOBCKAas M JHKUJIUHCKAs
CBUTHI). [IpeuMyIIECTBEHHO MECUaHHUKH, MECUAHUCThIE WU3BECTHSIKU M CIIAHIIBI,
pexe U3BECTHSKU U MOPPUPUTHI; 6 — MOA3EMHBIE BOJBI 30HBI TPEUIMHOBATOCTH
MaJe030MCKUX — ME3030MCKUX WHTPY3UMBHBIX MOpOA. ['paHUTBI, TpaHOCUEHUTHI,
IPAaHOJIUOPUTHI, CUEHUTHI; 7 — TpEAINoJiaraeéMblii KOHTYP pPaclpoCTpaHEHUs
BOJJOHOCHOTO  KOMIUIEKCAa  IUIMOIIEHOBBIX  QJUTIOBHUAIBHBIX  OTJIOKEHUH,
3aJIETAOIIEr0 HUXKE MEPBOTO OT MOBEPXHOCTH.

HNHTpy3uBHBIE TOPOJIBI MAJIE030MCKOTO BO3pacTa 3aHUMAIOT OOJIBIIIYIO YacTh
miomanau  (puc.3.3). Cpeaum HUX BBIICISAIOTCA TI'PaHUTHI, TPAHOCHUCHHTHI,
I'PaHOIMOPUTHI, CHEHUTHI. B 30HE a’paliuu HaKaIrJIuBaIOTCS 3HAUUTEIIbHBIC 3a1achl
BOJl, KOTOpbIE CJIYy>KaT OCHOBHBIM HCTOYHUKOM IIONOJHEHUS TPYHTOBBIX
TpemuHOBBIX BOJ (P,-M,).

HeGonpmme mo miomaan mokpoBbl 3(P¢y3uBOB ME3030MCKOro Bo3pacTa
pacIoOKEeHbl Ha BOJOpA3/eliax M IOYTH BCErja JPEHUPOBAHbI HAa MOJHYIO
MOIITHOCT. [Tpenmy1iecTBEHHO MJIarMOKJIa30BbIe, MUPOKCEHOBBIE,
POroBOOOMaHKOBBIE MTOPHUPUTHI, pexe TyPOoKOHTIOMepaThl, (enb3uthl (Po-T).

[TogzemMHble  BOABI  30HBI  TPEIIMHOBATOCTH  HUKHEKEMOPHUUCKHIA

METaMOp(PUUYECKUX TOpoA OOBEAUHSIOT TPEUIMHHBIE BOJbI 3¢ y3roHHO-
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OCaJIOYHBIX OOpa30BaHUN XOXIOPTOBCKOW CBHUTBHI W OCAJ0YHBIX 0Opa30BaHMIA
JUKUIMHCKOM CBUTHI. KceHonuThl mMeTamop(uueckuxX IMOpoJi XOXIOPTOBCKOM U
JOKUJTMHCKOM CBUT KapTHUPYIOTCA MO JIeBOOepexbio p.JKuAbI, I/Ie€ OHU 3aJeraioT
Cpeay TPAaHUTOUIOB KMIMHCKOTO HHTPY3UBHOTO KoMILiekca (Cmy).

BoAOHOCHBIT KOMIUIEKC IUIMOLEHHOBBIX — aAJUIIOBUAIIBHBIX  OTJIOKEHUU
pacrnpocTpaHeH B JONHUHE p. [ KuIbI.

BonmoBmemaromumu  mopoJaMu - SIBIIAIOTCA ~ TpaBUM W raipka C
Pa3HO3EPHUCTHIMMH ITECKaMH U TIPOCIIOAMHU WIoB, TiuH (alNy).

[Ton3emHble BOJBI 30HBI TPEIIMHOBATOCTU 0a3ajibTOB HMMEIOT JIOKAJbHOE
pacnpocTpaHeHue — HeOOJIbIIME MO TJIOLAAN TOKPOBBI 0a3aJIbTOB 3aKAPTUPOBAHBI
B josmHe p. Jxumaer u pu. Xypaii-Lakup (BQy).

BOJOHOCHBIN KOMIUIEKC BEPXHEYETBEPTHUYHBIX NPHUYPOUEH K OTJDKECHUAM
p.Jbkunsl, cnararomume Teppacel pd. pd. Hypra m HHKyp, cOBpeMEHHBIX
IIPEUMYILIECTBEHHO JEIIFOBUATIBHO-TIPOJIFOBUATIBHBIX OTJIOKEHWI B JOJIMHAX .
Jlxwiel u pu4. MonoHKynbs. BoasMemaromuMmuy MOpoJaMu SIBJIIFOTCSL  BaJlyHBI,
raJIieYHHKH, MeOeHb, ApecBa, necku, cynecH (dl-plQy . v).

YeTkue THUIOBBIE 3aKpauWHbl, OOJbIIAs MOIIHOCTH JTOJMHHBIX OTJIOXKEHUMH,
HAJIOKEHHBI TEPPACOBBIA KOMIUIEKC W JAPYTrMe MPU3HAKH CBUAETENIbCTBYIOT, UTO
nojiMHa p. MOJOHKYIIb B HUKHEM TE€UEHHUH SIBISIETCS JOJMHOM-TpabeHoM. ['paben
OpUYPOYEH K OJ0OKaM OTCTAIOLIETO MOJHATHS Ha (POHE MPUIIOIHATHIX M MOJHATHIX
O10koB. BonopazaenbHble CKIIOHBI, 0COOEHHO B HUYKHEN MX YacTH, MPEACTABISIOT
c000i1 MeKOIOKOBBIE TTOBEPXHOCTH.

TexkToHM4Yeckue CKIOHBI B paloOHE TIopoAa NpH  COBPEMEHHBIX
KJIIMMaTUYEeCKUX YCIOBUSAX MOANAAAIOT MO BIUSHUE UHCOJSIIMOHHBIX MPOIECCOB.
CKJIOHBI 3a11aJHOM ¥ BOCTOYHOM 3KCIO3HUIIMN OCBEIIEHBI IPUMEPHO OJAMHAKOBO, HO
NepBble MOJIY4alOT OoJibllle Teryia, MOATOMY OHHM 0ojiee CyxXxMe€ MU Ha HHUX
npeobaagaloT  MPOLEcChl  YCKOPEHHOTO  JENMIOBHAIBHOTO  CHOCA  PBHIXJIBIX
oOpa3oBanuii. B To ke BpeMs Ha MEHEE TeIIbIX CKJIOHAX CEBEPHOW M BOCTOYHOM

HKCMO3ULMUA  IIUPOKO  PACIPOCTPAHEHBI  JIETIOBHAIBHO-CONUQPIIOKIIMOHHBIE
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oOpa3oBaHus U JIydllle TPOSIBJIEH T[OYBEHHBIM W PACTUTEIbHBIM IOKPOB.
BonopaznenbHble TOBEPXHOCTH YaCTO MPEACTABICHBI BBIXOAAMHU KOPEHHBIX MOPOJT

Ha Fpe6H$IX, PasaACICHHBIX 3aACPHOBAHHBIMHA CCJIOBMHAMMU.

3.1.1. CocTosiHUE MOBEPXHOCTHBIX BO/I

I'maBHOM BomHOM aprepuen sBisgercs peka Jxuma. [llupuHa pycna peku
u3mensercs ot 40-50 m 1o 150-200 M, rny6una ot 0,3-0,5 m g0 1,5-2 m. CkopocTh
TEUYEHHs JTOBOJILHO TMOCTOSIHHA HA MPOTSHKEHUHW Trofa u cocrasiser 1,3-1,5 wm/c.
Pexxum peku XxapakTepuszyercs 3HAUYUTEIbHBIMU TOAOBBIMH  KOJEOAHUSIMU
pPacxo/ioB U ypOBHEN — MaKCUMaJIbHBIE JIECTHUE PACXOJIbl B COTHU M THICAYU Pa3
MpEBBIIAIOT 3UuMHHE. CpeaHEMECSUYHbIE MTaBOJIKOBBIE pacxoisl coctaBisitor 100-
150 m/c, a CpeaHEMECSYHbIE MEKEHHBbIE pacxoAbl He npesbimaroT 0,2-0,3 M/c.
CpenHeroioBoil pacxoJl 3a MHOTOJIETHHW TEPHUOJI MO JaHHBIM THIPOIIOCTA Yy C.
Xamueut cocraBun 37,4 m*/c. JlegocraB Ha pEKE 3aKAHYMBACTCS B CEpPEIAUHE
HOSIOpsi, TasHUE JIEJOBOTO IIOKPOBA HAUMHAETCS B CEPEIUHE  ampers.
MakcumanbHasi TOIIMHA JbAa cocraBiser 1,1-1,2 M, T.e. Ha mepekarax peka
MeCTaMH MOJHOCThIO nepemep3aer. CpeaHuid moApyciaoBoil moTok p. JKuael mo
nanHbeiM [ITeitna M.A. (1956) cocrasnsier 23,7 n1/cek.

Pexa MojoHKynb sBiSIETCS HaumOoJsiee KPYIHBIM MPaBbIM MPUTOKOM P.
Jlxunel, ee pmuHA cocTtaBisger 20 KM, YKIOH MoBepxHOCTHOTro motoka — 0,032,
CpeHero0Boil MOLYIIb MOBEPXHOCTHOTO CTOKA KOIEOIETCs OT 4 10 6 JI/cer/km>.
[upuna pycna pexu uzmensiercs ot 2-3 M 10 15-20 m, rimy6una ot 10-15 cm 1o
0,8-1,0 M. CxopocTh Teuenus: koaebnercst ot 1,0-1,2 M/c B 3aCylIMBBIA TEPHOT
1o 1,8-2,0 m/c mocne nuBHEBBIX noxkaei. CpenHeronoBoit pacxoa p. MoIoOHKYIb
32 MHOTOJNETHHH mepuox coctaBun 0,705 M>/c (TMOPOMETPHYECKHI CTBOP B
paiioHe TOpOJCKOro  Bojo3abopa). MakcumanabHas  MPOU3BOJAUTEIIHLHOCTD
MOoOHKYIBCKOTO BOJ103a00pa, PACIONIOXKEHHOTO BBIMIE YCThs pu. MHKYp, T0O
nanubiM [lanosa FO.U. He 6osiee 100 n/cek. [loapycnoBoit moTtok pyubs Mukyp mo

nanabiM T.C. JluBunoit (1944) cocransier 5,3 yi/cek, 3Ty onenky llynsra @.U.
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(1968) cunTaet 3aHUKEHHOM.

JIJisi BBISIBIICHUS! BIIMSHMSI paccMaTpUBAEMbIX TEXHOTEHHBIX OOBEKTOB Ha
COCTOSIHAE ITOBEPXHOCTHBIX BOJ HAMH IIPOU3BEIAEHO X ONMPOOOBAHUE BBILIE, HUXKE
U TI0 HaIlpaBJICHUIO pacCIpOCTpaHEHus moToka. CxeMa onpoOOBaHuUs IPUBEICHA Ha
pucynke 3.4. Pesynbrarhl aHanmuza mpenactaBieHsl B Tabmune 3.1. Bcee
oOcje0oBaHHbIE  MMOBEPXHOCTHBIE  BOJOTOKM  MOJBEPKEHBI  BO3JEHCTBHUIO
TEXHOTE€HHBIX IPOLECCOB, IMPOTEKAIOIIMUX Ha IMOBEPXHOCTH M B HeApax. ITO
OpOSBISIETCS. B TpaHCPOPMALMM HMX XUMHUYECKOIO COCTaBa B CTOPOHY
(GopMHUpOBaHUS BBICOKOMHHEPAIM30BAHHBIX BOJ, KaK MpaBUJIO, CYJIb()aTHOTO
aHUOHHOIO0 cocTaBa. Bo Bcex mpoOax MOBEPXHOCTHBIX BOJ BBISBICHBI OYEHb
BBICOKHE COJIepKaHUsI (PTOPUI-UOHA, M0 MAKCUMAJIbHBIE COAEPKAHUS JOCTUTAIOT
JECATKOB MWUIMTPaMMOB Ha M. Ky0. HecomHeHHo, 3TO onuH u3 Haubosee
W3MEHEHHBIX II0JI BO3JACHCTBUEM TEXHOTECHE3a NTapaMeTPOB MTOBEPXHOCTHBIX BOJ B
OTOM panlOHE. YCTaHOBJIECHBl 3HAYUTEIBHBIC KOHLUEHTPALUMU Kejae3a, IIOTOK
paccessHusl KOTOPOro JaleKo YAAIsAeTcs OT IPUPOJHO-TEXHOIC€HHOM CHUCTEMBI
JABMK mno pekam Mseiprenmeno, /[lxuna. Peka MonoHKynp 3arps3HeHa
W3JIMBAIOIIMMUCSA W3 IITOJBHU «3amajHas» pyAHUYHbIMU Bojamu. IloTok
paccesHUs LHMHKA IPOTATUBAECTCS IO T. 3aKaMEHCK, €ro BBICOKME COAEp KaHUs
OoOHapy>KeHbl B peKe HWXE TOPOJCKOro Boj03a0opa. BTopoil ouar 3arpsi3HEHUS
pPEKHU CBsI3aH C BO3JEHUCTBHEM XBOCTOB mepepaboTku pya. Hambonee 3arpsi3sHeHbI
ITOBEPXHOCTHBIE BOJABI JAPECHUPYIOIIME OTBAJIbI BCKPBIIIHBIX IOPOJ Kapbepa
[IepBomaiickoro mecropoxaecHus. B pu. I'yuknpka yCTaHOBJIEHBI OYEHb BBICOKHE

COJIep>KaHMs MapraHiia, IMHKa, Meu, KaJMusl, HUKeJIs, KoOasibTa.

67



=/ < ? AP 7))
‘ p o~ \L"':}” _-{ by 31 w1
e ar st 7\ ' A
"\-_f‘;/\ > { 3
A 2 |\ 7 3 k
b ; N &
s = \ !
£33 N s @ - Towxu oT60pa mpo6 Boast
SN atths g —% & \
)] || kil SR NN
- F? ~~ 1 -

Puc. 3.4. Ilnan pa3smenieHuss MeCT OMNPOOOBaHMS TOBEPXHOCTHBIX BOJ Ha

uccienyemont reppuropun, M 1:200000.
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Nerp | MeCTOHAXO0XK/IEHUE | HATPUM MT B kanein | marauil | XKenesol | ruapokap6o | Hutpar | cynbda | xmopun | ropun | pH oOrmras
00Bbl | BOJIOMIYHKTa IIM.KYO. u wmr/|mr B|IIMr B|HaT Mr B|Mr B|T ML B|M[ B |MI B MUHEpa.,
IM.KyO. | IM.Ky0. | IM.Ky0. | IM.KYO. IM.KyO. | IM.Ky0. | AM.KY0. | IM.KYO. MT/IM.KY
0.

II-1 | mrronbug 3anaguas | 64,76 110,22 | 297,92 | 7,6 6,10 9,40 1413,4 | 7,09 63,57 4,42 1984,36

3-1 | p. MonoHkynb 6,26 20,04 13,98 0,23 106,78 3,36 15,8 5,67 2,69 7,35 179,27

3-2 | p. MonmoHKYIH 92,41 72,14 26,14 1,57 79,32 5,68 230,5 8,16 65,2 6,47 590,55

3-3 | p. Monoskynb 20,26 35,07 7,30 0,42 85,43 3,91 62,3 4,25 7,08 7,09 232,07

3-4 | yctwe p. UnKYp 119,56 220,44 | 85,12 0,61 140,34 5,98 810,85 | 9,93 69,79 7,46 1489,48

3-5 | p. MonoHKkyb 31,47 47,09 15,20 0,2 76,27 4,29 130 6,74 14,5 7,48 331,23

3-6 | p. MonoHkynb 27,12 30,06 14,59 1,09 103,73 10,90 74 8,51 5,27 7,53 283,17

3-7 | p. MonoHKyIB 72,79 126,25 | 35,87 4,2 176,95 8,12 375,38 | 15,60 25,68 7,53 854,26

3-8 | ycTbe p. | 59,07 98,20 45,60 1,09 97,63 6,96 369,62 | 17,37 26,21 7,63 740,70
MooHKYIb

3-9 | p. [Lkuna 15,27 53,11 15,20 0,45 155,60 2,87 69,9 7,80 6,01 7,59 337,67

3-10 | p. xuna 32,44 34,07 15,81 0,56 161,70 1,39 24,25 6,03 20,77 7,81 308,97

3-11 | pyueii I'ymxupka 73,16 83,17 273,60 | 1,45 30,51 56,80 1213,4 | 19,86 50,74 4,88 1808,25

3-12 | pyueit 23,72 36,07 11,55 0,37 158,65 3,36 27,95 6,74 7,13 7,95 278,86
MEIpreHmeHo

3-13 | pyueit 95,49 76,15 20,67 2,94 189,16 2,09 167,11 | 9,22 55,8 7,02 619,71
MeIpreHueHo

3-14 | pyueit 98,51 32,83 0,6 234,92 2,78 278,24 | 6,38 55,05 7,69 830,60
MeIpresueHo

3-15 | pyueit 81,24 79,16 24,93 0,32 204,41 2,84 205,8 5,67 32,47 7,53 640,94
MBIpreHueHo

3-16 | ycthe pyd. | 26,81 51,10 18,85 0,63 180,00 2,09 77,87 7,09 94 7,78 385,81
MBIpreHueHo
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3-17 | p. xuna 14,00 51,10 19,46 0,42 167,80 2,84 73,47 7,09 4,85 7,55 351,70

3-18 | p. xuna 12,79 56,11 12,77 2,5 167,80 2,72 61,7 7,09 4,96 7,08 339,61

3-19 |wucr. B  paiione | 35,99 55,11 53,50 0,89 326,45 8,98 135 14,18 1,09 7,9 645,75
usBect. Kappepa

3-20 | uct. rpynt. BoA B | 38,38 48,10 16,42 0,05 118,99 23,20 113,4 19,86 3,35 7,24 395,45

JnosiHe pu. MHKyp

Tabmuua 3.1. — MakpOKOMIIOHEHTHBII COCTaB MOBEPXHOCTHBIX BOJ JIKUIMHCKOW MPUPOTHO-TEXHOTE€HHOW CUCTEMBI, MI/JI.
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3.1.2. CocTostHUE TTOA3EMHBIX BOI

I[JDI BBISICHEHHSI BIIMSHUS TEXHOT€HHBIX O0BEKTOB Ha HOI[3€MHBII>1 CTOK HaMH

IIPONU3BCIACHO 6yp€HI/I€ T'uApOrcoJIOrNYCCKUX CKBAKUH.

IIporpamma

OypeHus

mpcarmoJaraia

npoxoaky 24

CKBaXUH

1o

HaIlpaBJICHUAM BO3MOXHOI'O pPacCIIpPOCTPAaHCHUA IIOTOKA IIOA3CMHBIX BOJ OT

OCHOBHBIX UCTOYHHUKOB 3arpA3HCHHA.

Tabmuma 3.2. — KoopauHaThl MecTa pacloiioXeHWs ¢ TIyOWHa 3ajieraHus

IPYHTOBBIX BOJ B HaOJI0/IaTeIbHBIX CKBaXkMHax, 19.12.2014 r.

Koopaunatet ['myGuna

MapxkupoBka Boicota, M | 3JICTaHHUs

CKBXHMHBI | [IIupoTa JlonroTa BOJIOHOCHOTO
TOPU30HTA, M

r. 3aKaMEeHCK

C-13 N50°22,571" | E103°17,692" | 1082 3,27

C-14 N50°22,698" | E103°17,818" | 1084 1,86

C-15 N50° 22,787 | E103°17,882" | 1055 1,63

C-16 N50°22,781" | E103° 17,915 |1075 2,29

C-17 N50°22,805" | E103°17,990" |1073 1,52

C-18a N50°22,830" | E103° 18,031’ |1052 2,2

C-19 N50° 23,067" | E103° 18,180’ | 1056 2,22

C-20 N50°23,047" | E103° 18,094" | 1059 1,22

C-21 N50° 23,039" | E103° 18,004’ | 1060 1,23

C-22 N50°23,320" | E103°18,118" | 1059 1,93

C-23 N50°23,329" | E103°18,191" | 1057 1,57

C-24 N50°23,338" | E103°18,246" | 1051 2,4

C-25 N50° 23,287 | E103°18,169" | 1071 2,32

71




C-26 N50° 23,284" | E103° 18,123" | 1066 1,34
1. XOJITOCOH

-1 N50° 18,605 | E103° 18,005 |1173 3,55
-2 N50° 18,629" | E103° 18,025’ | 1180 3,9
-3 N50° 18,615" | E103°17,991" |1175 2,9
1I-4 N50° 18,606" | E103°17,952" | 1169 2,55
. Huxk. I'ymoxupka

M-1 N50° 18,941 | E103° 23,661" | 1244 -
M-2 N50° 18,931" | E103° 23,685 |1251 1,56
M-3 N50° 18,925 | E103° 23,686" | 1248 (3amep3na)
M-4 N50° 18,910" | E103° 23,704’ | 1248 2,54

Ha ydacTke, pacnoioKeHHOM B BOCTOYHOW YacTH T. 3aKaMEHCK MPOOYpEeHO
15 ckBaxuH, KOTOpBIE pacrojiarajinuch B J0JuHE p4. MHKYp MO HampaBJEHUIO
II0TOKA U MONEPEK JOJIUHBI B MECTAaX BO3MO>KHOTO BBIKJIMHUBAHKS ITPYHTOBBIX BOJ
(puc. 3.5). JIBe ckBaxuusbl (ckB.Nel1 u ckB. Ne 12), npoOypeHHbIE B BEpXHEW YacTH
JOJIMHBI pu. HKYp, HE BCKPBUIM TPYHTOBBIX BOJA. DTH CKBaKUHBI TPOOYPEHBI J10
ryouasl 8§ M. C MOBEpXHOCTH JO0 TIYOMHBI 8 M BCKPBITHI TOPOJBI,
MPE/ICTABJICHHBIC BATyHHO-TAJICYHBIMH OTJIOKEHUSIMU C TIECUAHBIM 3aIIOJTHUTEIIEM.

I'pyHTOBBIE BOIBI B BEpXHEH 4acTu JOoMHBI py. MHKyp ckBaxuHOU Nel3
BCKPBITHI Ha I1yOuHe 4,5 M. BMemaronmii BOJOHOCHBIM TOPU30OHT MPEACTaBICH
IPaBUMHO-TAICYHBIMU OTJIOXKEHUSIMU MOIIHOCTBIO 1,5 M, KOTOpPBIM 3ajieraer Ha
[JIMHUCTBIX OTI0XEHUsIX. B ckBaxkuHe Nel4, BOJOHOCHBIN TOPU30HT MPE/ICTaBIICH
IPaBUMHO-TAICYHBIMUA  OTJIOXEHUSIMA C TE€CYAHO-APECBSIHBIM  3aIlOJIHUTEIIEM,
KOTOpbIN 3aieraer Ha riiyomHe 3 M. CBepxy BOJOHOCHBIM TOPWU30HT MEPEKPHIT

NeCYaHbIMU OTJIOKCHUAMHA C BKIIFOYCHUCM BaJIYHOB, H_[e6H$I, T'aJIbKH.
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Puc. 3.5. KocMOCHMMOK BOCTOUHOM YacTH T'. 3aKaMEHCK C MECTaMH PacoJIOKEHUs
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Ha0JII0/1aTeNIbHBIX CKBKUH. Pa3Mep ydyacTka nzobOpakeHHOro Ha cHuMKe 570x780
M.

[Ipu 6ypeHun CKBaXUHBI YPOBEHb IPYHTOBBIX BOJI YCTAHOBWJICS Ha TITyOHHE
2,3 m. CkBaxuHsbl 15 u 16 npoiiaeHsl Ha paclMpeHuu 10auHbl pu. MHKYp. B CcKB.
15 pa3pe3 mopoj MNpPEeACTaBICH TPABUWHO-TAICUYHBIMU OTJIOXEHUSIMU, CBEPXY
3QJIETAIOT 3TH K€ OTIOXKEHUS C BKIIOUYECHUEM BAIYHOB. CkBaxnna 16
pacnosiaraercss B 100 M oT ckBaxuHbl NelS5 BOCTOYHEE M HECKOJBKO BBIIIE IO
CKJIIOHY,  BOJOHOCHBIM  TOPH30HT  TMPEACTABICH  TIPaBUIHO-TAICYHBIMU
OTJIOKEHUSIMU C T[ECYaHBIM  3alOJIHUTENIEM, YPOBEHb TPYHTOBBIX  BOJ
pacrionaraeTcst OJike K MOBEpXHOCTH (Tabi1.3.2). DTa CKBaKMHA BXOJUT B CEPUIO
ckBakuH (NeNel6, 17, 18, 18a), Bxomamux B Tpoduiib 3aJaHHBII B KPECT
MPOCTUPAHUsl JOJMHBI B MECTE€ €€ BepxXHero pacmupeHus. B stom wmecte
Ha0JII0/1aeTCsl BhICAUMBAHUE TPYHTOBBIX BOJ B TOHMXEHUU pelibeda. BogoHOCHBIN
TOPU30HT B 3THX CKBAKMHAX MPEACTABICH I'PABUNHO-TAJICYHBIMHU OTJIOXKEHUSIMHU C
necyaHbIM 3anoJyiHuTenaeM. K BOCTOUHOMY Kparo JTOJIMHBI B BOJOHOCHOM TOPU30HTE
OTMEUAIOTCs BaJyHbl. BOJOHOCHBIN TOPU30OHT XOPOIIO MPOMBIT U BOJIOOOHUIIEH.
BeposaTHo, 3Ta cepusi CKBaKHUH MEPECEKIIA 03€PHO - PEUHbIE OTJIOKEHHUS.

Crnenyromasi cepusi CKBaKMH 3a/1aHa MOMNEPEK JOJMHBI B pailoHe pas3rpy3Ku
IPYHTOBBIX BOJ B BUJIe pyubs (CkB. NeNel19,20,21). DTa cepusi CKBaXUH BCKpbLIa
BOJIOHOCHBIC T'PaBUMHO-TAJICYHBIC OTJIOXKEHHS C TI€CUYAHBIM 3aMOJIHUTENIEM B
IEHTPaJIbHON YacTH JOJIMHBI Ha TIyOmHEe 4yTh Oomblne ogHoro metpa (1,22-1,23
M). CBepxXy OTH OTJIOXKEHHS TMEPEKPHIThl BAITYHHO-TAJCYHBIMU OTJIOKCHUSIMU
MomHocThIO 1,1- 1,2 meTpa.

Crnenyromasi cepusi CKBa)XWH, cocTosias u3 ckB. Ne 22 2324 25 26
[IPOM/ICHA B CEBEPHOM YACTU PACIIUPEHUS JOIUHBI pu. THKYp, nepen BbIXOI0M ee
B JOJMHY P. MOIOHKynb. BOIOHOCHBIM TOPU3OHT MPEACTABICH TI'PABUNHO-
raJICYHbIMH  OTJIOKEHUSIMU C TIECYAHBIM 3alOJHUTENEM, KOTOPBIM MEPEKPHIT
I'PaBUAHO-TAJICUHBIMU OTJOXXCHUSMH C BKJIIOUCHHEM BallyHOB. [ pyHTOBBIE BOMBI

3ameratoT Ha Trayoune 1,34-2,4 wm. IlpousBeneHo ompoOOBaHME BCKPBITHIX
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CKBaXKMHAMHM BOJI, PE3YJIbTaThI MIpeCcTaBlIeHbI B Ta0uie 3.3. u 3.4.

IIo HexoTOpBIM mapameTpamM TPYHTOBbIE BOAbl HE cooTBercTByrO [IJIK
YCTAaHOBJICHHBIM JJII BOJ| PBHIOOXO3SHMCTBEHHOIO HAa3HAYEHUS, YCTAHOBIIEHHBIX
npukazoMm ['ockoMpriOonoBcTBa PO ot 28.04.1999 Ne 96. B wactHOCTH, BO BCex
CKBaKMHAX OOHapyXeHbl KOHIICHTpalMu (ropuga W Keje3a MPEBBIIIAIONINE
MPENeSIbHO JOMYCTUMbIE KOHIIEHTpallMu. B GOJIBIIMHCTBE CKBAXKUH OOHAPY>KEHBI
COJEp>KaHUsl HUTPAT U CyJb(paT-MOHOB MPEBBINIAIONINE CAHUTAPHBIE HOPMBL. B
TPYHTOBBIX BOJAaX OOHApy>KEHbl COAEPKAHUA MHOTHUX MHUKPODIEMEHTOB,
MPEBBIIAIOIINE  MPEAEIbHO  JONYCTUMBIE  KOHUEHTpAUMH Uil BOJ
pBIOOXO3SIIICTBEHHOTO Ha3HaueHus. Cpear HUX aHOMaJbHBIMU KOHLEHTpaLUsSMU
BBIJICJISIFOTCSI MapTraHell, kKeJe30, IUHK, KOOaJbT.

B npepenax ropoga 3akaMeHCK B HMDKHEW 4acTW NOJUHBI py. MHKyp, rae
pa3MeIagoch XBOCTOXPAHWJIMIIE HACBITHOIO TUINA U JUIMTEIBHOE BpeMs
TeppuTopusi ObUIa TEPEKPHITA TEXHOTEHHBIMH II€CKaMU TPYHTOBBIE BOJbBI
XapaKTEepPU3yIOTCS  3HAUUTENBHOM  MHHEpaiu3alueil,  MectamMmu  oOmas
MUHEpaIu3alys npesoiaeT 1 1/1; npeobiiajaHueM B aHHOHHOM COCTaBe Cyb(har-
MOHA, OHU 3arpsi3HEeHbl PTOPUI-MOHOM, JKEJIE30M.

Ha yyacTke B pailoHe IITONBHU «3amagHas» NPOUAEHO 8 CKBaXKUH, YETHIPE
U3 HHUX OKAa3aJuCh CYXUMH, B YETBIPEX BCKPBITHI TPYHTOBBIE BOJbI. (Cxema
pa3MeEIIeHUsI CKBAKHH MPEACTaBIeHa Ha puc. 3.6. ['eonornueckuil pa3pe3 Ha 3TOM
y4acTKEe MEeCTPbId, BCTPEYAIOTCA KPYIHBIE BaJTyHbl KOPEHHBIX MOPOJ, MOIIHBIE
OTJIOKEHUS TJIMH, JpecBa C 1ieOHeM. BOJOHOCHBIE TOPU3OHTHI MPEACTABIICHBI
IPaBUMHO-TAJICUHBIMU OTJIOKEHUSIMU. [ pyHTOBBIE BOJBI BCKPBITHI HAa TNIyOHMHE OT
2,8 no 5,1 m. CratuctTuueckuili ypoBeHb YCTaHOBWICA Ha TiyOuHax 2,55-3,9 m.
Pe3ynbTaThl aHaM3a XMMHUYECKOTO COCTaBa IMpejcTaBlieHbl B Tadiaunax 3.3 u 3.4.
BckphiThie  CKBaXKMHAMM  TPYHTOBBIE BOJBI  XapaKTEPU3YIOTCS  BBICOKUMU

coJlep KaHUsIMU HUTpaTa, cyibdaTa, PTOpUIa, KeIe3a, Mapradia, [IMHKA.
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Nerip | Mectonaxoxnaen | Harpuit mr | Kaneuu | Marau | XKenezo | I'mapokap6 | Hutpar | Cyned | Xmopu | @ropu | pH OO6mas
00BbI | W€ BOAOITYHKTA B JIM.KYO. i’r v~ ¥ mMr B|Ill, Mr B|OHAaT, M B|, MI' B|ar MI' B | MI B |1 MI' B MHHEPAIL.,
KyO. IM.Ky0. | iM.ky0. | AM.KYO. IM.KyO. | IM.Ky0. | AM.KY0. | IM.KYO. M/,
C-13 | r.3akameHcCK 65.48 184.37 | 54.72 121.5 134.24 216.00 | 636.33 | 21.27 66.83 7.08 1508.41
C-14 | r.3akameHcK 68.27 116.23 | 32.83 46.4 100.68 97.44 | 381.96 | 21.27 4151 7.16 908.49
C-15 | r.3akameHCK 45.33 70.14 30.40 24.1 125.09 4.93 251.9 21.98 23.52 7.75 600.71
C-16 | r.3akameHCK 27.42 116.23 | 30.40 65.2 131.19 1.94 386.9 19.15 41.86 7.38 825.60
C-17 | r.3akameHCK 96.71 250.50 | 57.76 28.9 91.53 4.72 791.92 | 19.86 82.93 6.4 1439.79
C- r.3aKkaMeHCK 78.42 240.48 | 72.96 109 45.76 227.60 | 944.21 | 19.86 49.84 5.89 1811.17
18a
C-19 | r.3akameHCK 11.85 180.36 | 60.80 41.12 192.21 3.10 548.25 | 10.28 34.55 7.34 1085.46
C-20 | r.3akameHCK 62.25 68.14 24.32 63.6 103.73 123.84 | 206.62 | 38.65 45.96 7.34 740.74
C-21 | r.3akamMeHCK 133.06 42.08 27.97 35.85 134.24 138.00 | 95.14 31.56 91.09 7.39 732.47
C-22 | r.3akaMeHCK 23.99 34.07 17.02 25.8 88.48 100.80 74 14.18 9.58 7.1 392.18
C-23 | r.3akameHCK 5.31 24.05 18.85 28.04 115.93 8.00 62.5 15.25 13.63 7.56 296.30
C-24 | r.3akameHCK 33.60 66.13 21.89 35.92 73.22 8.06 236.26 | 17.73 33.01 7.37 527.62
C-25 | r.3akameHCK 23.62 44.09 29.18 41 61.02 5.83 203.33 | 19.15 37.15 7.18 466.98
C-26 | r.3akameHCK 52.62 8.02 29.18 29.72 118.99 129.20 71.5 18.44 12.16 6.87 479.31
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-1 | IT.Xonrocon 188.27 32.22 63.5 76.27 424.00 | 181.93 | 12.76 87.56 6.33 1130.89
[1-2 | I1.Xonrocon 177.80 115.52 67.5 122.04 376.80 | 484.04 | 17.02 79.52 6.56 1490.85
I1-3 | I1.Xonrocon 153.78 17.02 55 45.76 477.60 | 100.4 14.54 58.63 6.03 995.47
[1-4 | IT.XonrocoHn 168.98 30.40 67.8 97.63 438.00 | 288.9 12.06 58.27 6.5 1263.81
M-2 | P. MbIprenmeno 182.33 49.25 5.02 45.76 3.25 772.16 8.51 101.2 5.99 1387.24
M-4 | P. MbIpresieno 156.88 38.30 9.66 82.37 1.07 609.99 7.09 110.3 6.3 1224.18

Tabnuna 3.3. — XuMHUECKHUIl COCTaB IPYHTOBBIX BOJI HA TEPPUTOPUU Pa3MEIIEHUs 0TX00B npousBojicTBa xuaunckoro 'OKa.
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@ - Toaku or6opa mpo6 Boxs!

Puc.3.6. KocMocHUMOK y4acTka IITOJIbHS «3amajgHas» ¢ TOYKamMHu oTOopa mpod
MMOBEPXHOCTHBIX M TOJI3EMHBIX BOJ. PasMep ydacTka m300paK€HHOTO Ha CHHMKE

510x390 wm.

B BepxHel 4yacTu NONMHBI P. MBIPreHIIEHO B MECTE BIIAJCHUS B HEE pU.
I'ymxupka, IpeHUpYIOIIEro OTBaJIbl BCKPBIIIHBIX MOpoJ Kapbepa IlepBomaiickoro
MECTOPOXKJICHHUSI MPONJEHO YeThipe ckBaxuHbl (M-1, M-2, M-3, M-4), cxema
pa3MeIlEeHNs] CKBa)XWH IIpeACTaBlIeHa Ha puc. 3.7. JIBe CKBaXMHbI BCKPBUIM
MOAPYCIOBbIE BOABI HA riayoune 1,56 u 2, 54 M. JIBe CKBaXHMHBI, IPOICHHBIC Ha
MIyOMHY 8 M B MECYAHO-TJIMHUCTBIX OTJIOKEHUSX, OKa3aIUCh CyXMMH. B AByx

JIPYTUX CKBa)XMHAX IMPOU3BEACHO ONPOOOBAaHUE MOAPYCIOBBIX BOJ, PE3yJIbTaThl
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npejcTaBiieHbl B Tabnunax 3.3 u 3.4 . MuHepanu3anusi BoJibl IpeBbIaeT 1 1/11, B

Hell OOHapy»XeHbl OYCHb BBICOKME cojepkanus (ropuma (6omee 100 wmr/m),

cyibdara, Mapraia, xeie3a, IIMHKA.

@ - Touxr orbopa npob Boas!
[M1]

® - CKBaXHHEI

Puc.3.7. KocmocHuMoOKk ycThst pu. ['ymkupka ¢ Mmectamu onpoOoBaHUs

MMOBEPXHOCTHBIX W TIOJI3EMHBIX BOJ. Pa3Mep ydacTka n300paKEHHOTO Ha CHUMKE

340x260 wm.
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Tabmuma 3.4. — MUKpPORJIEMEHTHBI COCTAaB MOBEPXHOCTHBIX U TIOJI3EMHBIX BOJ B

pailioHe T. 3aKaMEHCK M €ro OKPECTHOCTEH IO JaHHBIM ONpOOOBaHHUS B JAeKadpe

2014r, MF/I[M3

Ne i/t No Cu Zn Pb | Cd Fe Mn Ni Co Cr

poObI

MKT/JI

Pynunu- | -1 7680 | 27410 | 120 |470 | 324 | 41065 | 347 | 720 |<5
HBIE

BOJIBI

[ToBepx- | 3-1 7,7 |34 <25 |<1 (304|576 |<5 <5 |<5
HOCTHEIE | 3-2 11,2 | 863 <25 |52 |22 |278 149 |<5 |51
BO/JIBI 3-3 8,4 |168 <25 |<1 |118 |164 |<5 <5 |<5
3-4 10,5 | 502 <25 [12,8/9,6 |723 105 |<5 |<5
3-5 40 (832 |<25 |<1 |<2 |208 |[<5 <5 |<5
3-6 6,6 |529 |<25 |<1 |58,6(309 <5 <5 |<5
3-7 11,2 |2355 |<25 |<1 |185|197 58 |[<5 |<5
3-8 6,5 |66,7 [<25 |<1l |<2 |296 <5 <5 |<5
3-9 51 193 |<25 |<1 |7,0 [731 <5 <5 |<5
3-10 2,3 |88 <25 |<1 |<2 |06 <5 <5 |<5
3-11 5830 | 18480 | <25 |244 |33,4|27000 [893 |523 |<5
3-12 52,9 | 230 <25 |16 |4,4 |307 10 6,0 | <5
3-13 126 [316 |[<25 |21 |74 |269 106 |<5 |<5
3-14 93 265 |<25 |<1 |<2 |740 |<5 <5 |<5
3-15 90 |153 |<25 |<1 |10,3|5,8 <5 <5 |<5
3-16 6,6 |18,7 <25 |<1 |28 |625 <5 <5 |<b6
3-17 98 |143 |<25 |<1 |41 |87 <5 <5 |<5
3-18 6,1 |[160 |[<25 |<1 |<2 |245 |<5 <5 |<5
3-19 28 |75 <25 |<1 |<2 |<0,5 |<5 <5 |<5
3-20 76 [594 |<25 |<1 |99 |12 <5




Ilomzem-
HEBIE

BOJIBI

I-1 21,6 | 1067 |<25 [21,3|947 |7460 |54,4 |44,7|<5
[11-2 14 239 <25 2,0 [398 {6990 |20,2 |17,4|<5
0
1-3 10,1 {1950 |[<25 |22,9|102 |6080 |65,2 |37,2|<5
0
I11-4 11,6 | 402 <25 |[13,7|17,7{10910 58,0 | <5
C-13 12,1 | 164 <25 [32,0|4,7 |27420 | 83,7 |144 | <5
C-14 |61 |72 <25 |11 |11,6|15270 |74 |73 |<5
C-15 |39 <25 |<1 |76 |5430 |60 |<5 |<5
C-16 |38 |98 <25 |<1 |185|20320 |14,1 |17,7|<5
C-17 |92 [88,0 |<25 |39 |779 |10020 [69,9 |101 |<5
0
C-18a |20,3 | 163 <25 12,0719 | 5100 |49,4 |50,2|<5
0
C-19 |51 |774 |<25 |<1 |254 |14420 |124 |79 |<5
C-20 |<2 |82 <25 |<1 |21,7|6775 |<5 <5 |<5
C-21 |<2 <25 |<1 |142|2620 |<5 <5 |<5
C-22 |33 (560 [<25 |<l1 [459]1422 |<5 <5 |<5
C-23 |<2 |<5 <25 |<1 |[13,6]1720 |<5 <5 |<5
C-24 |<2 |<5 <25 |<1 |84 |850 7 <5 |<5
C-25 |<2 |<5 <25 |<1 |2,7 |318 10,2 | <5 |<5
C-26 |<2 |<5 <25 |<1 |12,2|4670 |<5 <5 |<5
M-2 7,6 |829 <25 20,0132 |20980 | 212 |243 |<5
35
M-4 8,5 |514 <25 |16,5(699 | 7676 |162 |66,2|<5
0
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3.1.3. TlopoBbie BoJibI HAMBIBHOT'O XBocToxpanuuiia JIBMK

Crnenunduka 1o0br9u M 000TAIECHUS Py 3aKII0YACTCS B M3BICYCHUN U3 HEIP
OTPOMHBIX MAacC FOpHBIX MOpoJ. CoBpeMeHHas TEXHOJIOTHS MO3BOJISIET UCIIOJIb30BATh
JUIIb YacTh M3BJIEKAEMOW TOPHOM MacChl, a OCTaBIIAsACS YacTb IOPOJIbI
HAKaIUIMBAeTCsI B BUJE TEXHOTEHHBIX OTXOJOB. XBOCTOXPAHWIUIIE, SBISSACH
HAKOIUTEJIEM OTXOJI0B TEpepadOTKU pa3IMYHBIX pPyd, OTHOCHUTCS K YHUCIY
DKOJIOTHYECKH TIOTCHIIMAIIGHO OIACHBIX HWHXKEHEPHBIX O00BEKTOB. I3 Bcero
pa3HOoOOpasusi TEXHOTCHHBIX OOBEKTOB HMMEHHO C OTXOJAaMH OOOTaTHTEIhHBIX
babpuk (XBOCTaMH) CBS3aHO YBEIMYEHUE WHTECHCUBHOCTH MUTPAIMM TOKCUYHBIX
DJICMEHTOB B 30HE AaKTHBHOTO BOJOOOMEHA W HaKaIlUIMBaHUE WX B Pa3IMYHBIX
KOMITOHeHTax JaHamadra. OTX0apl TOPHOOOOTATUTEIHHOTO MPOU3BOACTBA CIIETYET
paccMaTpuBaTh Kak CIIOKHBIE TOJUKOMIIOHEHTHBIE CHCTEMBI, 3a4acTyl0 C
HEW3BECTHBIM TIOJHOCTBIO CIIEKTPOM HETATHBHOTO BO3ACHCTBHUSA, YTO TpedyeT
JETATBHOTO MCCIEOBAHUSI COCTaBa HMCMOJIb3YEMbIX XHMPEAreHTOB U XapakTepa uX
TpaHChOpMAIK B TEXHOJOTHYECKHX TIPOIEccaX W TPHPOAHBIX TeOoCHCTeMax
[bauypun Bb.A., Ommuanosa T.A., IlepsoBa E.C, 2013]. B Hactosmee Bpems
CKJIQJMPOBAHUE OTXOJOB OOOTaTUTENHHBIX (PAaOpUK MPOBOAUTCS C TPUMEHEHUEM
CIEAYIOIIMX  TEXHOJOTMW: |-  TpaHCHOPTHpPOBKAa  XBOCTOBOW  IyJbIBI B
XBOCTOXPAHWINILE HAJIMBHOTO THUMAa C (QOPMUPOBAHUEM HAMBIBHOTO TUISDKA
(«MOKpOe» CKJIaJIUPOBAaHKE); 2- CKIAJAMPOBAHKE CTYIIEHHOW XBOCTOBOW ITyJbBIIBI Ha
MUK XBOCTOXpaHWIUIa ¢ (uibTpanueil >kujiko (asbl uepe3 (QUIBTPYIONIYIO
naMO0y u coopom (puibTpaTa B CHEIMAIBHO 00OPYAOBAHHOM MPYAKE («IIOIYCYyXOe»
CKJIaIMpOBaHKe); 3- CKIAAMpPOBaHHE KeKa (UIBTPAIMU HA OTPAXKIAEHHYIO JamMOoi
IJIOIIAJIKY («CYX0€» CKIIAIUPOBAHUE).

Haubonee mpocroit cmocod CKIagupoBaHWs XBOCTOB OOOTaIEeHUs, 3TO
CKJIQJUPOBAHHUE IyJIBITIBI B XBOCTOXPAHWIMIIEC HAJIMBHOTO THMAa. B TOXXe Bpems,
JAHHBIN CIOco0 SIBIISIETCA HamOOJIee IKOJIOTMYECKH OIMACHBIM, B Clydae MpOphbIBa

orpakfarome JamMObl  TMOJ BO3JEHCTBHEM XBOCTOB, MOXET TNPHUBECTH K
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3HAYUTEILHOMY JKOJOTUYECKOMY YIIEepOy 3a CYET MPOHUKHOBEHHMS KUJKOU (pa3wl U
[JIaMa B MOBEPXHOCTHBIE BOJABI. [Ipy MCMOJIB30BAHUU «IIOJIYCYXOro» U «CYXOTO0»
METOJIOB CKJIQUPOBaHUS XBOCTOB OOOTAIlCHUS, 3HAYUTEIBHO CHIKAIOTCS PHUCKU
CBSI3aHHBIE C JKOJIOTMYECKOW OE€30IMacCHOCTBIO, TaK KaK Ha OTBaJlaX OTCYTCTBYIOT
HAllOpHBIE JaMOBI, MaTepuajd XBOCTOB OOOTalleHUs CKJIAIUPYIOTCS Ooiiee
KOMITaKTHO, a ujakas ¢aza mociie JIPEeHUPOBAHMS dYepe3 (PUIbTPYIOHIYI0 JamMOy
coOupaeTcsi B MpyJax—HAKOMUTENSIX U, 3aT€M, UCIIOIb3YETCsl B KAaUeCTBE OO0OpPOTHOM
BO1bI [ Burmoposuuy, Ilens, 3apannna,2010].

XBOCTOXpaHUJIMIIA XaPAKTEPUIYIOTCS JUIUTEIbHBIMU CPOKaMU 3KCILUTyaTalluu,
B HHUX, YacTO OTXOJIbl VYKJAJbIBAIOTCA SpycaMud OJWH HajA JPYTUM, C
COOTBETCTBYIOIIMM HapallMBaHUEM OOpTOB XpaHWJIUWINA, WU JaMO OOBaJIOBaHMS.
XpaHsiieecss B XBOCTOXPAHWJIMIIE BEIIECTBO C TEYEHHWEM BpPEMEHU MOJ
BO3JICHICTBUEM BBIBETPUBAHUSA TOPHBIX TMOPOJ, OKHUCIUTEIBHOTO pa3pylICHUS
Cynb(UIHON MUHEpalM3allii, KUCIOTHOTO BBIIIEIAYUBAaHUS KapOOHATOB W JIp.
mpoiieccoB MeHsieT ¢GopMbl HaxoxkaeHus. Tpancpopmanus (GopM HaXOKICHHUS
MPOUCXOJUT Yepe3 00pa3oBaHUE PACTBOPUMBIX (POPM IMIUPOKOTO KPyra XMMHUYECKHUX
AJIEMEHTOB, Y€MYy CIOCOOCTBYET KHCJas Cpella, YCTAHABJIMBAIOMIASACA B TOJIIE
neckoB. C TeueHHeM BpeMEHU MOABUKHBIE (DOPMbI MHOTUX XUMUYECKUX JIEMEHTOB
PaCIpOCTPaHSIOTCS 3a Mpeeabl XBOCTOXPAHUIMIIA C MOTOKAMU MOBEPXHOCTHBIX U
MO/3EMHBIX BOJI, BBIHOCSATCS BETPOM. A TIpHU pa3pylIeHUU NaMObl U pacCEMBaHUU
npeoOpa3oBaHHOIO MPU JUIUTEIBHOM XPAaHEHHM B XBOCTOXPAHWJIUIIE BEIIECTBA
MO>KET BOSHUKHYTh IKOJIOTHYECKasi KaTacTpoda pernoHaIbHOTO MaciiTada.

PaccMoTpyM  XMMHMKO-IKOJIOTUUECKYI0 CHUTYaIlluio, KOTOpas CIOXUIach B
XBOCTOXPAHWIMIIE U BOKPYT HEro MpH JJTUTEILHOM XPAaHEHUH MECKOB, COJIEPHKAITUX
B CBOEM COCTaB€ OCTAaTOYHOE PYIHOE BEHIECTBO TEpepadOTKu BoIbhpamo-
MOIMOACHOBBIX pyA. OOBEKTOM MCCIIEIOBAHUS ObUIM MECKH XBOCTOB JIXKMIUHCKOTO
BOJIb(PaMO-MOJIMOIEHOBOTO KOMOWHaTa (IBMK). Jt10 npeAnpusiTUe,
PacroyioKEeHHOE B OKPECTHOCTAX T'. 3aKaMEHCK, (PyHKIIMOHUpoBayio 6omnee 60-Tu jeT

U B HAcTOfIlEee BpEMS 3aKOHCEPBUPOBAHO. XBOCTOXPAHWIIUIIE, OOpa30BaHHOE
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HaMBIBHBIM CIIOCOOOM, PAcmojiokeHo B aoiuHe p. bapyn-Hapein. 3anonHenue ero
Haudato B 1958 r, npekpaiiero B 1998 r. XBOCTOXpaHWINILE 3aHUMAET TEPPUTOPUIO
wionaapio okoyio 150 ra u mpeacTaBiseT cOOOW TOJILY TOHKOTO IepeciianBaHus
MECKOB pa3HOM KPYMHOCTH, QJIEBPUTOB W TJWH C BKIIOUYEHUSIMHU CYIb(UIHBIX
MUHEpPAJIOB M TMPOAYKTOB HX OKucieHus. llopompooOpasyromme MHHEpPab
MPE/ICTABIICHbI, B OCHOBHOM, KBApIIEM U CIIOAMCTO-TIOJEBOIIINATOBEIMU arperaramu,
KOTOpbIe cocTaBisioT 84-96 % ot obmel maccol neckoB. Cozepkanue cyiabGuI0B B
neckax Bappupyer ot 2,6 mo 12,1 %, mpemmymiectBeHHO 3TO nupuT. [Hupoxo
pPa3BUTO 3aMellleHue HamOoJiee JIETKO PacTBOPUMOIO B OKHCIHUTEIbHBIX YCIOBUSX
TaJICHUTa LEPYCCUTOM M aHrie3uToM. llepyccuT, kak mpaBWiio, pa3BUBAETCA IO
IJIOCKOCTSIM CHAHOCTH 3€peH W (OPMHUPYET CKEJIETHbIE KPUCTAJUIbl, a aHTJIE3UT
o0Opa3yeT KOpOUKH Ha MOBEPXHOCTH 3€peH rajeHuTta. [IupuT B HEKOTOPBIX CIIydasx
3aMEIIeH MAaHTaHOCUIEPUTOM W  MarHUMCOAEpX alluM  MaHTaHOCHJIEPUTOM.
Cdanepur, BeposTHO, pasznaraercs C OOpa30BaHUEM IPOMEKYTOUYHBIX XOPOIIO
PacTBOPUMBIX COECIMHEHMI, KOTOPbIE MUTPUPYIOT B TPYHTOBBIX M IOBEPXHOCTHBIX
BOJAAX M OCAXIAIOTCS HAa UCHApUTENIbHBIX Oapbepax, o0pa3ys MOPOILIKOBAaThIE
PBIXJIBIE MAacChl, B KOTOPBIX IOJ 3JEKTPOHHBIM MHUKPOCKONOM H C IOMOUIBIO
PEHTTEHOCTPYKTYPHOTO aHalIW3a YCTaHOBIEHBI  rocimaput - ZnSO, X 7 Hy0,
muHKMeaanTepuT -  ZnMgMnFe(SO4),(OH) x 7H,O. B »stux e Maccax
nuarHoctupoBan menanteput — FeSO4 X 7TH,O [CmuproBa O.K., [Tnrocann A.M.,
2013]. Ha moBepxHOCTM TIOYBBI Ha Yy4yacTKax TMoj J1aMOOW HaMBIBHOTO
XBOCTOXPAaHWINILA, TJI€ Pa3rpyKarTcs APEHUPYIOIIUE TOJILY OTXOAOB BOABI PyUbs
bapyn-HapsbiH, oTMeuaroTcsi HOBOOOpa3oBaHus runca. B amitoBum pyubsi, Ha rajibKax
OOHapy>KeHbl KOPKM MMHEpAJbHBIX HOBOOOpPA30BaHUM, IUArHOCTUPOBAHHBIE Kak
BOJHBIA OPTOCHIIUKAT-(TOPUT] KATBIUS U ATIOMUHUA. B OMMEHHBIX OTJIOXKEHUSAX P.
MonoHKyJIb Ha y4acTKe, IJie B Hee BHaJaloT JpeHaxHbie BoAbl p. bapyH-HapbiH, Ha
MEJIKOW Tajibke OOHapy>XKeHbl 00pa30BaHUs B BHUJE KOPOYEK >KEJITOBATOBOIO I[BETA,
Ha KOTOpbIE HapacTaioT Oejble WrojbuaTble KpUCTaUIBl. B 3TOM Martepuaie c

MMOMOIIBIO PCHTICHOCTPYKTYPHOI'O aHAJIW3a AUArHOCTUPOBAHBLI MAaIrHE3NMOKOIIUAIIUT —
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(MgFe);SO,4 (OH),x 20H,0, MuHepalibl TPYIIBI POLEHUTA M THUIIC. Y CTAHOBJICHHOE
TUIEPreHHOe MHHEPasoo0pa3oBaHuEe Ha OKPYKAIOUIUX TEPPUTOPHUSX YKa3bIBaeT Ha
CJIOKUBIITHECS OJIATOTPUATHBIC YCJOBHUS IS WHTEHCHBHOW MUTPAIUA TOKCHYIHBIX
BEILIECTB 3a IMpe/elibl XBOCTOXpaHWIMINA. Bojabl, mpouieamie 4epe3 OTIOXKEHUS
HaMBIBHOTO XBOCTOXPAHWIHINA, PACMHOJNOXKEHHOTO B JonuHe p. bapyn-Hapein
00pa3yloT HECKOJIbKO MCTOYHUKOB B MOJHOXHHM AaMObl. YacTh 3THX HCTOYHUKOB,
COCNIUHSSICh, O00pa3yloT pyded, Bmajammuidi B p. MOJOHKYNb, Apyras 4acTb
MEPEBOJIUTCS B MOJI3EMHBIN CTOK, TPOCAUYUBASCH B PHIXJIbIC OTIOKEHUS TOJUHBI. DTH
BOJIbI COJIEp>KaT IMOBBLINICHHBIE KOJWYECTBA Cysb(aTa-uoHa, >Kee3a, MEIU, IUHKa,
dbTopa, TO ecTb T€X KOMIIOHEHTOB, KOTOphIE, KaK MOMYTHbIC, XapaKTEePHbI I Py
pa3pabaTbhIBAEMbIX MECTOPOKICHUH.

[Ipy mpoBeleHHH MOJIEBBIX MCCIECIOBAHWN HAMU YCTAHOBJIEHO, YTO B TOJIIIE
MECKOB XBOCTOXPAHWJIMINIA MO BCEMY pa3pe3y B IMOPOBBIX BOAAaX YCTAaHOBHUJIACh
Kucnas cpena. MccnenoBaHusl MPOBENEHBI METOAOM BBITSDKKU JAUCTUILIMPOBAHHOM
BOJION [ArpoxuMuyecKue MeToasl..., 1975; Apunymkuna, 1961]. UccnenoBano tpu
paspes3a OTJIoKeHUM meckoB — MoutHocThio 2,0, 2,8 u 4,0 metpa (JI-1, JI-2, JI-2A),
KOTOpbIe ornpobOoBaHbl uepe3 20 cM. YCTaHOBJIEHO, YTO BO BCEX HCCISAOBAHHBIX

pas3pesax 1meckoB MOpoBbie BojbI kucibie — pH= 1,8-3,4 (puc.3.8).

P
= o
1
'—\
nMKrfnan
N ~
—
7
|
N
31‘

60-80"

| 120-140-
= 180-2001
+

2

240-260
® 300-320
N1-1{20-40
J'I‘1(40460
N-1{60-80
ﬂ—1(80—100
.ﬂ—l(lUO—lZU
ﬂ—l(120—140
ﬂ—1(140—160
ﬂ—1(160—180

?

M 360-380
-1
n-1
-1
-1
-1

rny6uHa, cm

Puc. 3.8. pH u conepxanue TsHKENbIX METAJIJIOB B BOJAHBIX BBITSDKKAX U3 MTECKOB
HaMmbIBHOTO XBoctoxpanuwinuima JBMK. Ilpumeuanue: JI-1, JI-2, JI-3 Touku

Ha6JHOI[eHI/I$I B PACIIOJIOKCHHUH OTBAJIOB TCXHOI'CHHBIX IICCKOB.
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Haubounee BbicOkME cofepKaHus B BOJIHBIX BBITSDKKAX XapakKTEPHbI IJIsi CBUHIIA,
[IMHKa, MeIUu 1 Mapranua. HaGmrogaeTcst 3HaunTebHast TUCIIEPCHS B paclipeiesIeHUN
KOHIICHTpPAIlUil MHUKPODJIEMEHTOB IO pa3pe3y. AHOMAIbHO BBICOKHE COJACPIKAHUS
TSDKEJIBIX METAIOB CBA3aHBI C y4acTKaMU 3ajieraHusl CyJdb(UIHBIX MHUHEpAJoB,
IPOAYKTOB UX OKUCJICHHSI U TIIMHUCTBIX OTIOXKEHHH.

ATMocdepHble OCaliki, MPOHHUKAIOIIKE B TOJIIY MECKOB, MEPEMEIIaloTCs M0
HAIJIAaCTOBAHUSM XOPOIIO MPOHMUIIAEMBIX CIIOEB B TOPU30HTAIILHOM HampaBieHuu. U
TOJIbKO B MECTax BBIKIIMHUBAHUS BOJOYIMOPHBIX CIIOEB (PHIBTPYIOLIUECS BOJBI
NEPEMEIIAIOTCS B HUKHHE TOpU30HTHI. [103TOMY BCs TOJIIAa MECKOB HAXOIUTCS BO
BJIQXKHOM COCTOSIHUH, YTO CIIOCOOCTBYET HACBHIIICHUIO PAaCcTBOPOB IIUPOKUM
CTHIEKTPOM JIEMEHTOB.

JIuzumeTpuyeckrue BOJbI MMEIOT KHUCIYK PEaKIMIO, HACBIILEHbl MPOIyKTaMH
OKHCIIEHUSI CYIb(PUAOB U KHUCIOTHOTO pasznoxkenus mnopon (SO,= 1575,6-2110,7
F=20,4-26,2; cyx. ocratokx =2632-3532 wmr/m). B nu3uMmeTrpuyeckux BoOJIax
OOHapy>KEHbl OYEHb BBICOKUE COJIEP)KaHUS Psila XUMHUUYECKUX 3JIEMEHTOB, BKIIIOUAs
penaKo3eMenbHbIe AMeMeHTHl (Tabm. 3.5). BOnw3u MOBEpXHOCTH MECTaMHU IECKH
CyxHe, HO IIpy JOOaBJICHUH K HUM BOJIbl, B T€YEHHE 2-3 MUHYT pacTBOPHI CTAHOBATCS
KHUCTBIMHU, YTO CBSI3aHO, HAa HAIl B3I, C TUAPOIM30M CYJIb(ATHBIX COJIel Kele3a.
Takum oOpa3zoM, BCsl TOJIA TECKOB, HE3aBUCUMO OT MPHUCYTCTBUS CYJIb(QUIHOU
MUHEpPAITN3aL1Y, SBISIETCS arpeCCUBHOM 10 OTHOILIEHUIO K OKpYXarouieil cpese.

Tabmuma 3.5 — CopepkaHne TOKCHMYHBIX XMMHYECKHX SJIEMEHTOB B BOJAX,

GUIBTPYIOMUXCS Yepe3 TOJILY NeCKOoB (Ha Tiyoune 15 cm, MKr/in)

XUMUYECKUI Touka HabmOeHUs, 1aTa 0TOOpa NPoOHI

JI-2 JI-4 JI-4 JI-7 JI-7
JIIEMEHT

05.07.13 06.07.13 28.08.13 05.07.13 06.07.13
Al 71984.92 22637.07 60613.87 16153.73 94695.27
Be 40.59 14.28 39.99 10.70 58.73
Cr 62.99 49.30 65.79 35.30 134.48
Mn 3341.97 2333.56 2324.75 1732.10 6233.70
Fe 124696.0 107874.91 150421.17 58019.40 184014.27
Co 544.64 373.09 444.37 239.03 1084.36
Ni 412.99 284.98 338.01 191.20 854.35
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Cu 3110.84 1771.13 1816.61 1344.62 6386.82

Zn 28335.62 23978.83 20437.41 13640.13 48219.82

Cd 133.23 99.93 102.75 63.46 226.77

Pb 25.53 159.62 188.16 230.13 604.22

La 49.54 44.59 94.82 42.26 97.87

Ce 105.41 92.19 109.39 85.54 165.64

* % %

Takum  oOpa3oM, IpOBEIEHHBIE HCCIENOBAaHUS  IO3BOJIIOT  CHEJIATh
CIIEAYIOIIME  BBIBOABI. [’ pyHTOBBIE BOABI HAa  HCCIEAYEMOW  TEPPUTOPUU
pacnonaraiorcs Ha HeOonbwmol rTinyOuHe. B palioHe 1mronbHH —«3amagHas

CTaTUCTUYECKUN YPOBEHb TPYHTOBBIX BOJ HAaXOAUThCA B MHTEpBaie 2,85-3,38 M OT
IIOBEPXHOCTU. BOJOHOCHBII TOPU30HT CBSI3aH C IPaBUNHO-TAJIICYHBIMH OTJIOKECHUSMU
HEOOJIBIION MOIHOCTH, KOTOPBIE IMEPEKPBIBAIOTCS JIMH3aMHU TJuH. B nonuHe pu.
WHKyp TpyHTOBBIE BOJbI pacmojiaralorcs Ha IIyOMHax oT Oojee 8 M 10 2 M B
3aBHCHUMOCTH OT aOCOJIIOTHOM OTMETKHM MECTHOCTH. B NpuycTheBON YacTH JOJUHBI
pu. MHKyp Ha riyOumHax 4yTh Oojiee OAHOTO METpa YCTAHOBJIEHbI WHTEHCHBHO
S4\0)

OOBOJIHCHHBIC TPAaBHHHO- TajeYHBIC OTJIOKEHUS OOJIBIION MOIIHOCTH.

BOJIOHOCHBIM ~ KOMIUIEKC HWKHE-CPEAHEUYETBEPTUYHBIX O3€PHBIX U  03€PHO-
AJUTIOBUAJIBHBIX OTJIOKEHUHM, PpACTOJIOKEHHBIA B HWXKHEM 4YacTu JOJUHBI P.
MoOI0OHKYIJIb, KOTOpPBIM CBSI3aH C TOHKO 3€PHUCTBIMHU I[E€CKAMU U JIMH3AMU
raJICYHUKOB, APECBBI U 1IeOHA. B pa3pese oTYETIMBO BhIpaKEHA 3aKOHOMEPHOCTH —
MOCTETICHHOE YMEHBIIIEHWE KPYMHOCTH OOJIOMKOB M YMEHBIIIEHHE pa3Mepa 3epeH
OCaJIKOB OT KpaeB OacceiiHa K IeHTpY. MOITHOCTh ATUX OTJIOKEHUH B YCThE Majau
bapyu-Hapein coctaBnser 36,5 M. [TouTn moBceMeCTHO 3TH OTJIOKEHUSI 0OBOHEHBI
Ha BCIO MOIIHOCTb.

B nonune p. MBIpreHineHo JByMsi CKBaXKMHAMM BCKPBITHI TTOJPYCIOBBIE BOJbI
B ycTbe pu. ['ymxupka, CBS3aHHBIE C T'PaBUMHO-TAJCYHBIMH OTJIOXKECHUSIMHU
MEPEKPBITHIMU  OTJIOKEHUSIMUA TIMHUCTBIX OOpPa30BaHHMI C BKIIOUCHHSIMHU JPECBBI,
rajibku, meoHs. CTaTuueckuil ypoBeHb yCTaHOBUIICA Ha TiryouHe 2,38 u 2,98 Mm.
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[ToBepXHOCTHBIE M MOA3EMHBIE BOABI B MECTaX XPAHEHHS OTXONOB U Ha
PeKyJbTUBUPOBAHHBIX 3eMJIIX B pailioHe oOoratutenbHbix (¢adopuxk JIBMK
3arpsi3HEHBl MPOAYKTAMH DPAa3JjO0KE€HUS OT HEJOW3BJICYEHHONW B TEXHOJOTHMYECKOM
npoiiecce cyabPpuaHon, GIroopuToBON MUHEpanu3auu. VcTouHnKaMu 3arpsi3HeHUs
CIly’)KaT TOpHbIE BBIPAOOTKH, OTBAJbl BCKPBIMIHBIX MOPOJ, XBOCTBI IMEpPEpadOTKU
pynbl.  Cpemu 3arps3HUTENEH MMOA3EMHBIX W TMOBEPXHOCTHBIX BOJI HauboJee
BBICOKMMHU COJICP>KaHUSIMH BBIIETSAIOTCS (TOp, *KeEae30, MapraHell, IUHK, Melb,
KaJMUH, aTIOMAHUMN U APYTUE TAKEIIbIE METAJUIBL.

BOIOHOCHBII TOpPU30HT TPYHTOBBIX BOJ IOJBEPracTcsi HETaTUBHBIM
BO3JICUCTBHUSIM TEXHOT€HHBIX IIPOLECCOB, NPOTEKAIOIIUX Ha IOBEpXHOCTU. B
pe3ynbrare HWHQUIBTPALMH TMOBEPXHOCTHBIX BOJ, OOOTalEHHBIX MPOAYKTAMHU
OKHCJICHUS CYJIb(PUIHBIX MUHEPAJIOB, U3MEHUJICSI XUMUYECKUN TUI TPYHTOBBIX BOJ C
TUAPOKAPOOHATHOTO 10 CYJIb(aTHO-THIPOKAPOOHATHOTO U THAPOKAPOOHATHO-
cynbdarHoro.

B nopoBeIX BOJax XBOCTOXpaHWJMIIA YCTaHOBHJIACH KHCJIasg Cpela, B HUX
MPUCYTCTBYIOT B OYEHb BHICOKMX KOHIIEHTPALMSX KEIE€30, ATFOMUHUH, LIMHK, JTAHTAH,
uepuil. Bpicokue coaepkaHUS  AMIOMUHUS, pEAKUX 3€Melb  0O0YCIIOBJIECHBI

B3aUMOJICHCTBUEM KHCIIBIX BOJI C BMEIIAIOIIUMU OPYJICHEHUE MOPOIaMH.

3.2. bom-T'opxoHCKast IPUPOAHO-TEXHOTEHHASI CUCTEMA

bom-T'opxoHckoe Boiab(pamMoBOE MECTOPOXKIACHHE PACIIOJIOKEHO B BEPXOBBE
pyubeB 3yH-Turns, bom-I'OpXOH, JIEBBIX NPUTOKOB peKHM XWIOK, B TACKHBIX
nanamadrax. BoabhpamoBoe opyneHEHHE CBSI3aHO C KBapIEBBIMU IKUJIAMH,
COTPOBOK/IAIOIIIMMUCS 30HAMU Tper3eHn3aIui. MOITHOCTh KU JOCTUTACT MEPBBIX
METpPOB B pasayBax. [JIaBHBIMH MUHEpajJaMM >KUJ SIBJISIFOTCS KBapll, MUKPOKJIMH,
MYCKOBUT, TIUPHUT, TIOOHEPUT. BTopocTeneHHbIE MHHEpPATbl MPEIACTaBICHBI
(GI0OPUTOM, TOHKOYEITYHYaTHIM MYCKOBHUTOM, OUOTHUTOM, aJlbOMTOM, AIHUIO0TOM,

MOJIMOJIEHUTOM, C(haJIepuTOM, BACMYTHHOM U KO3QJIUTOM.

88



B crpykrypHOM oTHOmIEHMH boM-I'OpXOHCKOE MECTOpPOKIEHUE HAXOIUTCS B
Me3030McKor [laran-XypTenckon ropcT-aHTUKIMHAIN. B CTpOEHUHM €ro MPUHUMAKOT
ydacTue TMPOTepO30icKue OHUOTHTOBBIE, OMOTUT-aM(puOOIOBEIE M aM(PUOOIOBbIC
KPUCTAJUIMYECKHE CJaHIbl, pacCPeJOTOUYCHHbIE B BHJE IUIACTOOOpPA3HBIX U
JMH3000pa3HbIX TEJI B PAHHENPOTEPO30MCKUX TPAHUTOTHEMCAX U THEHCOBUJIHBIX
rpaHuTax. PyJdOHOCHBIM ABIAETCS ME3030MCKHM  boM-I'OpXOHCKMM  MaccuB,

UMEIOIIHUH clI0KHOE cTpoeHue (puc.3.9).

Puc. 3.9. T'eonornueckas xapra bom-I'OpXOHCKOTO TPAaHUTOMIHOTO MacCHBa
(cocraBunu: B.M. Cusbix, B.E. Konecuukon, A.P. KopueBa, M.I'. KopHueB): nmopoabl
boMm-I'opxoHckoro maccuBa: 1 — KBapU-TIHOOHEPUTOBBIE KWIbl; 2 — KBapleBbIC

nopdups;; 3 — auopuToBBIE MOPGUPHUTH, 4 —  MEIKOCPEIHE3EPHUCTHIC
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ouotuTcomepKane  MNOpPUPOBUIHBIE  TPAHUTHI, TpaHUT-IOpPUpPB;, S5 —
MEJIKO3EPHHUCTBHIE PO30BbIC JIEMKOKPATOBBIE IPAHUTHI, 6 — HEPABHOMEPHOZEPHUCTHIE
JIEMKOKPATOBbIE TPAaHUTHI (pa3Mep 3HaKa OTPAXKAET BEIUUYMHY 3E€PHUCTOCTH); [ —
nop(pUPOBUIHBIE TPAHUTOUIBI; 8 — MEJIKO-MPEAHE3EPHUCThIE OMOTUTOBBIE TPAHUTHI
(a), momocuateie (0); 9 — TpPaHOAMOPHUTHI, JAMOPUTHI, CHEHHUTO-TUOPTH; 10 —
paHenaneo30ickue THeWCOBUIHbIE TpaHuThl; 11 — pasznomel: JocTOBEpHBIE (a),
npeanonaraempie  (0); 12 — TreosiorMdyeckue TPAHMIBI:  JOCTOBEpPHBIE (a),
npeamnosaraemeie (0)

Bwmemrarone kBaplieBble KWJIBI MIPETEPIICBAIOT W3MEHEHUS JO KBapIl-
MYCKOBHUTBIX M KBapIICBBIX Tpeii3eHOB. [IprueM 0OBIYHO MOCIIEIHNUE Pa3BUBAIOTCS BO
BHYTPCHHEH 30HE TIPEHMYIIECTBEHHO 110 MEJIKO3EPHHUCTHIM JICHKOKPATOBBIM
rpaHuTaM. MOIIHOCTh M3MEHEHUs! BapbUpyeT OoT 5 10 50 cM B JEHKOKpPATOBBIX
TPaHHUTAX, B TOP(PUPOBUIHBIX KE TOCTUTACT 10 1 M.

B paitone mectopoxnenus Boiaensitorcs (puc.3.10) BoJIOHOCHBIE KOMITJIEKCHI
WHTPY3UBHBIX TMOPOJI, YETBEPTUUYHBIX OTJIOKEHUN TPEHIMHHO-KUJIbHBIE BOJBI 30H

TEKTOHUYECKUX HAPYIIEHUN U NHTPY3UBHBIX KOHTAKTOB.
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Puc. 3.10. T'maporeosiornueckas cxema pailoHa MecTopoxaeHus: bom-I'opxon
(3ary3un B.I1.,1984). 1-3 — BoJIOHOCHBIE KOMIUIEKCHI: | — TpelIMHOBATHIE CpeaHe-
KPYHO3EPHHUCTBIE JIEHKOKPATOBbIE U MOPGUPOBUIHBIC, PEXKE TPaHUT-TOPPUPHI,
KBaplieBble MOPGUPHI, TPAHOCUEHUT MOPGUPHI; 2 — TPEIIMHOBATHIE MEJIKO-CpPEHE-
3€pHUCTbIE OMOTUTOBBIE TPAHUTHI, PEAKO KBApLEBbIE AUOPUTHI, 3 — aJUIFOBUAJIbHBIC
CYTJIMHKH, CYNIECH, WIIbI C BKIIFOUEHUSIMH TUIOXO OKaTAHHOTO T'PaBUs, FaJbKH, MEJIKUX
BAJIYHOB, C IPOCJOSIMU TECKa, AJUTIOBUAJIBHO-IIPOJIIOBUAIBHBIE CYNECH, CYTJIUHKH,
meOeHb; 4 — pOJHUK HUCXOMAIINN; 5 — Hanmeau; 6 — a, 6 — CKBaXHWHBI, O — TTOKa3aH
YPOBEHb IPYHTOBBIX BOJI; 7 — pa3jioM BOJOHOCHBIN; 8 — pa3ioMbl WM OTJEIbHbBIE UX
y4acTK{, 3HAUY€HHWE KOTOPBIX HE BBIACHEHO; 9 — ypOBEHb MOA3EMHBIX BOJ CO
cBoOomHON moBeHpxHOCThIO; 10 — mbe3oMeTpuueckuid ypoBeHb, 11 — Touka
pPeXKUMHBIX HaOmoaeHuil; 12 — HampaBlieHHE JBIKEHHUS MOA3EMHBIX Boj, 13 —
IITOJBHU

BOIOHOCHBII ~ KOMIUIEKC  30H  TPEUIMHOBAaTOCTH  PaHHENAIECO30MCKHUX
I'PaHUTOUJIOB UMEET 30HBI A3P(HEKTUBHON TpeuMHOBaTOCTH 110 60 M. JIeOUT poTHUKOB
pasznuuHblid U konebsaercs ot 0,05 no 1 si/c. Boasl 3anerator Ha riayOuMHE OT MEPBBIX
metpoB a0 40-50 wm. [lo XuMHYeCKOMY COCTaBy BOJbI THUIPOKapOOHATHO-
KaJIbLIUEBbIC, KaJIbIMEBO-HATPUEBBIC, KAJIbIMEBO-MAarHUEBbIE C MUHEpAIU3ALMEN 10
1 r/m.

ITopoBO-TIaCTOBBIE  BOJABI YETBEPTUYHBIX OTJIOKEHUM MPUYPOUYEHBI K
PYCIOBBIM U TMONMEHHBIM OTJIOXKEHHSIM JOJIMH MOUIIHOCTBIO 70 9 M, a Takke K
JIETIOBUAIIBHBIM OTJIOKEHHUSIM CKJIIOHOB JI0JIMH. ['yOrHa 3anmeranusi rpyHTOBBIX BOJ| B
NpUOOPTOBBIX YacTAX noauH 1,5-5,7 M, B npupycnoBbeix A0 0,5 M, Mpu MOLIHOCTH
00BOJHEHHBIX 30H OT n'10 cM 10 5 M. HukHUM BOIOYNOPOM MOPOBO-TIIACTOBBIX
BOJ| CIy’KaT MPOCJIOU CYTJMHKOB W TJIMH WJIM K€ MHOTOJIETHEMEP3JIbIE MOPOJBI.
HampaBnenue nBW)XKEHHUS BOJA COBIAJACT C YKIOHOM IMOBepxHOCTU penbeda. Ilo
XUMHYECKOMY COCTaBy BOJbl  T'HIPOKapOOHATHO-KAJIbLIMEBBIE C MUHEpaIH3aIHe

0,1 7o 0,3 r/m.
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XKunbHble BOJIBI 30H TEKTOHUYECKUX PA3JIOMOB HUMEIOT TJIyOMHY 3ajieraHusi OT
7 nmo 50 wm. Jlebutsl pomnukoB oT 0,5 mo 2 1m/c. XuUMHYECKHMH COCTaB
TUAPOKAPOOHATHO-KAIBIIMEBBINA, pPEXE THAPOKAPOOHATHO-KAIBIINEBO-HATPUEBBIN, C
MuHepanuzanuein 10 0,3 /.

B kadectBe TOUYEK PEKUMHBIX HAOMIOACHUN ObUIM BBIOpAHBI  yCThS
3aKOHCEPBUPOBAHHBIX IMITONIEH (cM. puc.3.10) Ha ropuszontax 1170, 1140, 1110 m;
Touku Ne 7.8,2 coorBercTBeHHO. Touka Nel pacnonoxkena B 50 M HMXKE BBIXOJIa
BOJHOTO IMOTOKA M3-MOJl OTBAJIOB IITOJNBHU rop. 1140 m. BogHblii mOTOK B 3TOM
MECTE MUTAETCS U3 MTOJeH ¢ ropu3oHTaM 1170 u 1140 m. Pexxumusie Touku Ne 3, 4,
S pacnonokeHsl BHM3 MO MOTOKYy € wuHTepBajgoMm  250-300 M, nuraHue uX
OCYILECTBIISIETCS. B OCHOBHOM BOJIaMHU W3 YCThEB IITOJIEH, & B MEPPUOJ TOXKIEH
BEPXOBOJIKOM U BOJaMU OJIM3MOBEPXHOCTHOU HUPKYISIUU. Touka Ne 6 pacrnosiokeHa
B 100 M BbIlIE CAUSHUS BOJOTOKA, (POPMHUPYIOLIETOCs B MPEAEIax MECTOPOKIACHUS C
€ro MpaBbIM BEPXHHM MPUTOKOM. IIpaBblii BEepXHUI MNPUTOK MUTAETCS BOJAMHU
TPEUIMHOBATOCTH TPAHUTOUJOB, BOJIAMH TEKTOHMYECKHUX passioMoB. Yacrora
PEKUMHBIX HAOMIOJEHUN cocTaBisia 1 pas/cyT, BeJlOCh HM3MEPEHHE KOJIMYECTBA
BBITIABIIIUX OCAJIKOB. Pe3ynbTaThl pPEXUMHBIX HAONMIOEHUNA  MOKa3aau, 4YTO C
YBEJIMYEHUEM TJIYOMHBI TPOUCXOIUT YBEIUYEHUE IIECTOYHOCTH M YBEJIMYCHHUE
coaepkanuii Boib(hpama u MosnoaeHa [3ary3un B.I1., 1984].

Jnst  mepepaboTku  pyasl  MOpuMeHeHa  (JIOTallMOHHO-TPAaBUTALMOHHAS
TEXHOJIOTHS C TMOJy4YeHUEM BOJILGPAMUTOBOTO U CYJIb(DPUAHOTO KOHIEHTPATOB.
XBOCTHI TIEPepadOTKH pa3MeIIaloTcs B qojinHax pyubeB bom-T'opxon u 3yH-Turhs,
IJIe CKJIIAIUPOBAHO COTHHU THICSY TOHH IeckoB ¢ comepkanrieM WO;3 ot 0,1 10 0,35%,
YTO COOTBETCTBYET OCIHBIM BOJIb(pPaMCOJEpKaIIUM POCCHIISAM. ITO TEXHOTCHHOE
MECTOPOXKJCHHE B HACTOSAIIee BpeMs pa3padaThiBaeTcsl C NPUMEHEHHUEM
TPAIUIIMOHHON U1 BOJB(PAMOBBIX PyA TEXHOJOTHH, KOTOpas JaeT H3BJICUCHHE
Bostbpama menee 30% ot xummuecku omnpezaensemoro B xBoctax [CoxomnoBa A.J].,

CrpenbioBa A.A., 2014].
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J1J1st IpOMBIBKU MECKOB CO3/IaHa CUCTEMa OTCTOMHUKOB, KOTOPbIE PA3INYAOTCS
JUTUTEILHOCTBIO HCIIOJB30BAaHUS W XPaHEHUS MNPOMBIBHBIX Box (puc. 3.11, 3.12,
3.13). B OTCTOHHMKH TIOBEpXHOCTHBIM M IIOJ3E€MHBIM CTOKOM IIPOHHKAIOT
aTMoC(epHbIe OCaJIKH, BbINAJAIONME B BOJOCOOpPHOM Iulomaau xpaHwimma. [lpu
JIPCHUPOBAHUHA XBOCTOB TEPEpPa0OTKH OCaIKH B3aUMOJCHCTBYIOT C PYIHOU
MUHEpaIu3aluel, BMEIIAIIIMMU TOpoJAaMH U 000ralarTcs pPacTBOPUMBIMU
NpOJAyKTaMu BbIBeTpuBaHusA. Ha mnoOepexkbe OTCTOMHUKOB Ha UCHAPUTEIBHOM
Oapbepe MPOUCXOIUT OTJIOKEHWE CyIb(ATHBIX, THAPOKCHUIHBIX, KapOOHATHBIX
muHepanoB [Epemun O.B.,2012]. Panee Ha MeCTOPOXXIACHHH OBUI YCTaHOBJICH
CHJIPHOKHUCIIBIA XapaKTep BOJ XBOCTOXPAHWJIMINA, AHOMAJIbHO BBICOKHN YpOBEHB
KOHIICHTpaIui amoMuHUS, (GTopa, XanbKO(UIBHBIX, PEIKO3EMENBbHBIX H JIPYTUX
anemeHToB. [lpuBenensl nanHbie 1o ¢opmam amomuHus U ¢drTopa. B
HOPMAJIM30BaHHBIX MO0 chaHmy mnpoduwisix P35  Haubosiee KucCible BOIBI

XBOCTOXpaHWJIMIIA OTINYAar0OTCAd MAKCHUMYMOM IIO HICPHUIO [3aMaHaH.B., Yeuenb

J1.I1.,2014].
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Puc. 3.11. Cxema pa3MelleHus TNPUPOJHO-TEXHOICHHOW cucTeMbl boM-

['OpXOHCKOTO MECTOPOXKJICHHS. YCIOBHBIE 00O3HaueHWs: l1- MecTa pa3MeIIeHHS
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otxon0B bom-I"opxonckoro I'OKa; 2 — TexHOT€HHBIE BOJOEMBI; 3 — OTXObI JOOBIYH;
B,C — otxompl mnepepaboTku pyn B poiauHe p. 3yH-Turds u bom-I'opxon

COOTBETCTBCHHO; 4 — MeCTa OIPOOOBaHUS BOJT

OTCTOMHUKY CBSI3aHBI MEXIYy COO0M cCoeTMHUTENbHBIMU TpyOamu. [locie Toro,

KaKk BOJa OTCTauBacCTCA, MPOUCXOIUT e€ JalbHEMIIEe MCIOJIL30BAaHUE B

TEXHOJOIMYCCKOM IIPpOLECCE.

Puc. 3.12. KoCMOCHUMOK CHCTEMBI OTCTOMHUKOB B J0JIMHE peku bom-I'opxoH ¢

MecTtamu oTbopa mpoO Bojibl. Pazmep nzobpakeHHOTO Ha cHUMKE ydyacTka 280x210 m

B nmomune pexn bom-I'opxoH DpoM3BOOMTCS CKIAQAUPOBAHUE XBOCTOB

nepepaboTKu pya NeHCTBYIOIIEH 000raTuTeNbHON (HabpUKOH.
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Puc.3.13. KocMOCHUMOK OTCTOWHUKOB B JoJjuHEp. 3yH-TUTHS ¢ MecTamu OTOOpa

ipo6 Bojbl. IluprHa 10IMHBI, K3MEPEHHAS 110 HUKHEH 1aMmOe coctaBiseT S0 M

XBOCTHI TepepabOTKU pyA B JNOJAMHE peKu 3yH TUTHS CKIAJUPOBAIHUCH C
Hayaja pa3pabOTKM MECTOPOXACHHUSA, OHM XpaHsaTcs B TeueHue Oomee 30 Jer.
[IpennpuHUMaNUCh MONBITKM MO BTOPUYHOM NeEpepabOTKe 3TOr0 TEXHOTEHHOIO
MECTOPOXKACHUS, HO B CBSI3M C 3aKHUCIEHUEM IPOMBIBHBIX BOJ OPraHHU30BaTh HMX
nepepadoTKy HE yIalioCh.

B tabaune 3.6 mpuBeneH MUKPOIJIEMEHTHBIA COCTaB MPOO BOJBI OTOOPAHHBIX

HaMHU B Mpeiesiax 3TOM NPUPOIHO-TEXHOTEHHON CUCTEMBI.
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BIr 1 Bl 2 Bl 3 Bl 4 Bl 5 Bl 6 BIr 7 Bl 8 BIF 9 BF 10
dnewme PynHbie 00bEKTHI Jonuua pexu bom-I'opxon Honnna pexu 3yH-Turas

Be 18,82 12,42 27,22 0,182 0,360 3,91 5,30 66,71 56,53 26,99
B 13,21 6,31 7,69 8,02 9,80 11,35 14,39 35,89 26,10 <110
Rb 26,30 5,22 10,76 2,85 3,45 26,51 35,17 1,99 2,74 6,76
Y 1,47 1,15 2,39 0,132 0,098 0,934 1,70 71,08 42,77 62,03
zZr 0,048 0,037 0,110 0,090 0,028 0,064 0,069 0,270 0,422 0,534
Nb 0,001 0,00134 0,00325 0,00220 0,00165 <10 0,00149 0,00203 0,00217 0,00136
Mo 3,27 0,791 2,32 1,76 2,20 3,25 2,75 1,38 1,13 0,17
Ag 0,10 <10 0,02676 0,019 0,012 0,024 0,037 0,048 0,052 0,122
Sn 2,64 0,166 0,285 0,569 0,090 0,054 0,274 0,088 0,231 0,025
Sb 0,046 0,035 0,140 0,208 0,063 0,263 0,209 0,034 0,040 0,012
Cs 2,65 0,989 3,08 0,123 0,063 0,510 0,861 0,051 0,068 0,315
Hf 0,00145 0,00168 0,00337 0,00417 <110 0,00180 0,00231 0,04255 0,03239 0,0471
Tl 0,0273 0,01262 0,04526 0,00616 0,00897 0,04842 0,06964 0,02103 0,01955 0,02241
Bi 0,00400 <I10 0,03024 0,22198 0,02331 0,02849 0,03665 0,01173 0,01159 0,00566
Th 0,00938 <10 0,01500 0,00918 0,00247 0,05143 0,03124 5,63886 19,05693
U 3,23 4,45 204,06 9,04 4,29 0,791 1,41 89,65 50,24 75,02
Li 158,76 65,23 166,18 98,03 88,71 114,17 159,18 1034,96 935,61 493,57
Na 9311,56 13585,27 13673,95 15144,38 18467,86 18134,39 18467,08 17381,21 16927,78 7651,32
Mg 18158,81 21754,45 17229,88 32212,30 44669,87 24216,61 33266,94 91776,50 92359,48 44736,97
P 9,76 16,79 2,65 6,32 4,28 28,71 3,14 3,87 2,69 1,19
Ca 90495,77 110751,71 178053,83 197611,43 296242,16 172096,12 244638,97 429355,06 441852,13 225751,65
Sc 0,17 0,09 0,618 0,0097 0,0072 0,042 0,092 2,16 2,18 6,20
Ti 0,31 0,64 2,07 3,04 0,14 0,37 0,37 0,53 0,85 2,11
Vv 0,103 0,058 0,047 0,203 0,035 0,157 0,056 0,084 0,053 <110
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Cr 1,41 0,286 0,455 1,67 0,557 0,241 0,182 0,917 1,14 7,95
Mn 5711,67 639,21 5510,76 1221,66 5657,22 7223,33 10609,12 53609,74 50017,44 21302,83
Fe 16,27 17,11 35,21 123,61 16,40 65,49 20,15 459,00 1604,37 14206,65
Co 8,46 2,19 13,36 0,534 3,65 13,14 19,69 343,51 289,96 131,43
Ni 19,27 14,67 13,12 5,02 28,05 21,61 30,41 254,86 243,17 106,65
Cu 31,06 51,75 67,38 9,47 7,92 5,84 10,02 372,92 173,34 346,37
Zn 1166,92 16371,92 319,97 730,30 4906,74 6403,20 74529,24 64946,09 41033,19
Ga 0,060 <110 0,088 0,031 0,059 0,108 0,136 0,542 0,521 0,152
Sr 721,35 1055,58 1221,87 1202,97 1676,34 1068,23 1488,61 2348,87 2413,44 986,67
Cd 341,71 19,61 293,37 5,69 9,39 128,14 178,93 780,50 521,44 441,45
Ba 32,23 20,32 21,61 35,02 47,53 25,81 33,39 15,86 28,36 8,06
La 2,97 6,30 33,14 1,43 0,694 4,88 7,56 81,41 53,81 151,04
Ce 3,90 6,77 40,33 1,53 0,525 4,82 8,66 140,18 105,01 324,09
Pr 0,403 0,622 2,70 0,526 0,154 0,446 0,753 9,64 7,61 26,89
Nd 1,172 1,908 7,516 0,353 0,133 1,322 2,41 33,06 26,53 97,47
Sm 0,189 0,245 0,837 0,052 0,016 0,139 0,289 6,120 5,021 17,17
W 3,28 0,097 0,311 0,235 0,469 0,977 1,182 0,046 0,097 0,026
Pb 0,824 0,479 1,447 4,57 0,702 0,696 0,989 5,018 4,90 1,25
Al 10385,27 3011,67 4835,31 160,60 82,63 1260,73 2154,65 207794,82 191277,60 108439,92
K 6838,58 2396,60 1802,37 2650,80 3471,67 8291,04 10843,86 7175,05 7023,46 1825,03
Ge 0,017 0,012 0,008 0,027 0,023 0,068 0,088 0,060 0,029 0,084
Se 2,137 2,00182 1,378 0,194 <I10 0,150 0,245 0,260 0,090 0,113
As 0,065 0,096 0,055 0,108 0,1363 1,872 0,109 0,157 0,092 0,030
Eu 0,042 0,046 0,150 0,011 0,0022 0,030 0,064 1,526 1,074 3,37
Gd 0,274 0,274 0,858 0,074 0,019 0,199 0,318 10,028 6,317 15,79

Tabnuna 3.6. MUKpOKOMIIOHEHTHBIN COCTaB BOJ PA3JIMYHBIX YUaCTKOB MECTOPOXKICHHUS, MKT/JT
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Hamu Obu1 vccneqoBaH XMMUYECKUN COCTaB BOJ OTCTOMHUKOB B CPABHEHUU C
PYAHUYHBIMU BOJIaMH, KOTOPbIE HAKAIUIMBAIOTCS B TOPHBIX BBIPAOOTKAX 3a CYET
buabTpanmK aTMOCHEPHBIX 0CAAKOB Yepe3 PYAHYIO 3a1E€Kb.

Bona B kapeepe cnabokucias IO XHMHYECKOMY THUIY cCylbdaTHas
KaJbI[MEBasi, MHUHEpAJIM3alMsl €€ OJIHa W3 CaMbIX HHU3KUX CpeIud JPYTrux
TEXHOTEHHBIX BOJHBIX OOBEKTOB MECTOPOYXICHHS, COCTAaBISICT 672 Mr/aM .
dopMupyeTrcsi OHa 3a cUeT arMoc(epHBIX OCaakoB. B aHMOHHOM cocTaBe
npeobnamaer cynbdhar. HecMoTpst Ha BhIpaOOTKY PYAHBIX KU, €r0 KOHIICHTPAIIHS
o0OecreunBaeTcsl OKHUCIECHHEM CYJIb(QUIAOB BO BMEIIAIOMMX Topoaax. Boasl B
IITOJIBHAX CIA0OKHUCIBIE CYJb(ATHOTO KaJbLIMEBOTO cocTaBa. KoHIIEHTparuu
METAJUIOB B IITOJIBHEBBIX BOJAX CYIIECTBEHHO BBIIIE, YEM B BOJE KapbepHOTO
o3epa, U MO PSALY FJIEMEHTOB JOCTUTAIOT MUJUIMTPAMMOBBIX 3HaueHU u 6ozee (Zn,
Cu, Al, W). Bonee MuHepaIn30BaHbl BOJBI, APESHUPYIONIUE TTyOOKHUE TOPHU3OHTHI
Mectopoxaenus (914 MF/,Z[M3), UM JKe, CBOMCTBEHHbI M 00JIe€ BBICOKHE
KOHIICHTpAIlMd MHUKPOIJIEMEHTOB. B 11e0M, BOABI PyIHOro OOBEKTa COJEpHkaT
ropaszzio 0ojee HHU3KHE COJICp)KaHUA CylbdaTa — B CpeaHeM OKoyio 298 Mr/am°
nportus 1425,2 Mr/nM° B IPyIax-OTCTOHHUKAX.

Bona B mnpynax-orcToiiHukax B goiuHe p. bom-I'opxoH cnabokucnas ¢
MuHepaauzanuen a0 1350 MF/I[MS. Boapl OTCTOMHUKOB J10JMHBI peku 3yH-TUTHS
uMmeroT PH = 3 u omMyaroTes eiie OONBIIUM COACPKAaHUEM KallbIus, CyJibdara,
XJIOpHJa U MUKPOIJIEMEHTOB, Takux kak B, Mo, Li, Fe, Co, Ni. IToBblieHbI Takke
koHueHTparuu W, Cu, Zn. O6mras muHepanu3amnus aocturaetr 3853 mr/am>. Dtu
BOJIbI HauOOJIEE MOJTHO COOTBETCTBYIOT TUMY KHUCJHBIX CYIh()ATHBIX METAUIOHOCHBIX
BOA, (OPMHPYIONIUXCS B 30HE TEXHOTCHE3a Ha APYruX Cylb(uacoaepKanmx
BOJIb()PaMOBBIX MECTOPOKICHUSIX BocTounoro 3abaitkaps. Oo6mas
MUHEpau3aIus BOAbl PACTET C YBEJIWYCHHEM KHCJIOTHOCTH, TJIABHBIM 00pa3zoM
BCJICJICTBUE CEPHOKUCIOTHOTO PA3JIOKEHUSI BMEIIAIOIUX TMOpPOJ, IPU HTOM
YBEJUYUBAIOTCS HE TOJIBKO COJIEpKaHWE OCHOBHBIX KaTMOHOB, HO W allFOMUHUS, a

TAaKIKC PCAKO3CMCIIbHBIX 3JICMCHTOB.
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PaccmarpuBaemblie BOJHbBIC 00BEKTHI pasnuyarorcs CTENIEHBIO
B3aMMOJICUCTBUS C BMEINAIONIMMHU  PYJHYIO MHUHEPAIU3AMI0  MOPOJaMHU.
XUMHUYECKUI COCTaB PYIHUYHBIX BOJA (OPMHUpPYETCSs 3a CYET pPacCTBOPECHMUS
IPOJYKTOB BBIBETPUBAHUS PYyAHON MUHEpATU3ALMU. DTH BOJIbI TIOMA/Ial0T B TOPHBIE
BBIPAOOTKH 110 pa3pbIBHBIM HapymieHusM. CTeneHb B3aUMOJCHCTBUS HUX C
BMEIIAIOIIMMHA TIOPOJaMH MHUHHMMAJIbHAS, TaK KaK MOBEPXHOCTh B3aUMOJEHCTBUS
OTPaHUYMBAETCS MIOBEPXHOCTHIO PA3pPhIBHBIX HAPYIICHUH U THOM KaphepoB. Jpyroe
JIEJ0 - OTCTOMHUKH MPOMBIBHBIX BOJA. B HUX XpaHSATCS BOJbI, KOTOPbIC MPOIILIA
CTaJIMIO MPOMBIBKH TeckoB. Kak Hamu ObLJI0 OKa3aHO paHee, IPU B3aUMOJICHCTBUU
BOJIbI C JJIMTENIbHO XPaHAIIMMUCS XBOCTaMH TepepabOTKU pyhA, €€ 3aKHCICHUE
npoucxoauT odeHb ObicTpo [IlmtocHun A.M., Xambamosa JI.M., JlaGaema
B.B.,2014; /lab6aeBa B.B., Ilmocaua A.M., 2015]. IToaToMy B TEXHOJOTHYECKOM
MpoIecce MpU BTOPUYHOM TepepaboTKe pyJ C MEeCKaMU B3aUMOJCHCTBYIOT YXKe
kucibie Boabl. Ilecku wuzapobnenst no pasmepnoctd 0,5-2,0 mm u oOnagaroT
O0onpIIO TMOBEpXHOCTHIO. [loaTOMY cTenmeHb  B3aMMOJEHCTBUSA OSTHUX BOJ C
OpOJaMH BBIIIE, YEM Y PYJAHUYHBIX BOJ. DTO MPOSBISICTCS B YBEJIMUYCHUH OOIIEH
MUHEepalu3aly, kortopas mocrturaer 1163-3852 Mr/aM° 1o cpaBHennio 407-913
Mr/aM® B pyIHHYHBIX Bogax. OXHOBPEMEHHO PAacTeT B PacTBOPE KOHICHTPALS
Kallbllis, MAarHusg W OCOOEHHO pe3ko amoMuHusg. OOpasyromascs B pe3ysbTare
TUPOJIM3a MOPO/I IMIETOYHOCTh YACTUYHO HEUTPATU3YET CEPHYIO KUCIIOTY, MOITOMY
pH B oTcTOItHMKaX HECKOJIBKO OOJIbIlIEe, YeM B PYJHUUYHBIX BOJax. B kucioi cpeae
WHTEHCUBHO pa3iaraercs (IOpUT, MOITOMY colepkaHue (Topuga IOCTUTAET
6,42-11,74 MF/J:[MS.

UccnenoBanus otctoiinukoB bom-I'opxonckoro I'OKa (ta61n.3.7) mokazanu,
YTO MPU XPAHEHUU BOJIbl 3HAUUTEIIBHO BO3PACTAIOT COJICPIKAHUS BHICOKOTOKCUUHBIX
AJIEMEHTOB.

Tabmuma 3.7 — CocTaB MOBEPXHOCTHBIX W TOJA3EMHBIX BOJ| Ha TEPPUTOPUU

BboM-I"opxoHCKOI PUPOJHO-TEXHOTE€HHON CUCTEMBI, MKT/JI

I'mppoxumuyeckuit | PynHuunbie Orcroiinuku B | OTcToiiHUKH B | MecTHbIii (hoH

rapamerp, BOJBL, 5 nonuHe pu. bom- | nonnuee p. 3yH-
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XUMHUYECKUM l'opxomn, 3 Turns, 4

AJIEMEHT

TDS, ppm 407,5-913.3 1192,1-1348.9 2966,9-3852,2 1067,4
627,2 1253,5 3432,4

pH 5,91-6,73 5,89-74 2,96-3,5 7,29
6,33 6,44 3,19

SO4, ppm 149,8-501,3 746,2-830,2 2111,5-2728.9 623,2
306,9 7745 2432,5

F, ppm 6,42-11,18 4,86-8,3 8,29-11,74 3,66
8,83 6,9 9,66

Be 1,88-27,22 0,36-5,31 21,39-66,71 0,18
13,63 3,19 42,91
639,21-5711,67 | 5657,22- 14649,7- 1221,66
2956,49 10609,12 53609,75

Mn 7829,89 34894,93
9,82-35,21 16,41-65,5 1604,37-23969,7 | 123,62

Fe 17,82 34,02 10059,93
2,19-13,36 3,65-19,69 97,11-343,51 0,53

Co 7,16 12,17 215,51
3,08-19,27 21,61-30,41 79,54-243 .17 5,02

Ni 13,84 26,69 171,06
13,23-67,38 5,84-10.02 173,34-507,86 9,47

Cu 38,22 7,93 350,12
1166,9-16371,9 | 730,3-6403,2 39969,9-74529,2 | 319,97

Zn 5942,2 40134 55119,6

Cd 19,6-341,7 9,39-178.9 441,4-780,5 5,7
174,6 105,5 564,2

Pb 0,33-1,44 0,69-0,99 0,95-5,01 4,6
0,72 0,79 3,03

As 0,05-0.1 01-19 0,03-0,2 0,11
0,07 0,7 0,09

U 3,2-204,1 0,8-4,2 50,2-89,6 9,0
53,1 2,2 75,7

Mo 0,5-12,4 2,2-32 0.2-13 18
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3,8 2,7 0,9

W 0,1-3,28 0,46-1,18 0,02-0,1 0,23
0,88 0,88 0,05

Al 176,3-10385,3 82,6-2154,6 95185,8- 160,6
5152,4 1166,0 207794,8

150674,5

Li 65,24-166,18 88,72-159,18 426,6-1034,96 98,04
120,55 120,69 722,69

Sr 509,13-1221,87 | 1068,23-1676,34 | 730,17-2413,44 | 1202,97
896,45 1411,07 1619,78

[Ipumeyanue: B YUCIHTENE NPUBEACHbl MHHMMAaJIbHbIC-MaKCUMaJbHbIC
coJiepKaHusl, B 3HAMEHATEJIE — CPETHEE.

Conepxanue Oepwusi B 164 pasza mpesbiiiacT (OHOBBIE 3HAYCHUS, 32
KOTOpbIE MPUHATA KOHUEHTpalUs B IMPYyJIe-HAKOMHUTENE MOBEPXHOCTHBIX BO/I,
pacrnonoxeHHoM B 300M OT OJIMTOHA XBOCTOB. B IECATKHA M COTHH pa3 NPEBBILIAIOT

(OHOBYIO KOHIICHTPAITUIO PSJT TSHKEIIBIX METAJIOB U PEJIKHUX 3eMelb (puc. 3.14).

15 - 250 -
200 -
10 1 ——_YI | 150 -
5 —=_ 'Y | 100 - ——_ Y
| .8 || 50 -
0 '_I_l"—‘l' TR TN TR RN TR ‘lglv"'l O i
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A B

Puc. 3.14. CopepxaHue peaKux 3eMellb B TOBEPXHOCTHBIX BOJIax bom-
["OpXOHCKO# MPUPOTHO-TEXHOTEHHOM crcTeMbl, Ppb. A: 1- oTcroitHuku B Oacceiite
bom-T'opxoH, 2- pynHuunbie BOabl, 3- (HoHOBBIM Bogoem. B: 1 — orcroitHuku B
Oacceitne p. 3yH-Turns

CymMapHOe cojiepKaHue JIAHTAHOWJIOB B PYJHUYHBIX BOJIaX COCTaBisieT 24
MKT/JI, B OTCTOMHMKax B OacceliHe p. bom-I'opxoH — 77 MKr/i, OTCTOMHHMKAax B

noymHe p. 3yH-Turns — 467 mkr/n. Takum o06pa3zom, HaOMOAAETCA 3HAUYUTEIbHAS
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JUCIIEpPCHs] KOHLIEHTpAIUi PEAKUX 3eMENIb B PA3HBIX THUIAX BOAHBIX 00BEKTOB (pHC.
3.14).

CyMMapHO€ COAEp:KaHUE JIAHTAHOWJIOB B PYIHUYHBIX BOAAX COCTaBIIET 24
MKT/JI, B OTCTOMHHUKaxXx B OacceitHe p. bom-I'opxon — 77 MKI/J, OTCTOMHHMKAax B
nomuue p. 3yH-Turas — 467 mxr/n. Takum oOpazoM, HAOIIOMAETCS 3HAYUTEIbHAS

AUCTICPCHUA KOHHCHTpaHI/Iﬁ PCOKUX 3CMCJIb B PA3HBIX THUIIAX BOJHBIX 00BEKTOB (pI/IC

3.15).

P3|3/p,H|/|qH|B|B/J,|é| P 3.8

01
0,0l 1 1 1 1 1 1 1 1 1 1 1 ]
La C¢e Pr Nd Sm Th Dy Ho Er Tm Yb Lu
10 P3 ¥ P
i O’BI'CTOI/IHI/IKI/I-TBIYH/FI §A§Z

La C¢e Pr Nd Sm Tb Dy Ho Er Tm Yb Lu

Puc. 3.15. Pacnipenenenue KOHIEHTPALIMK JJAHTAHOUIOB B PYJHUYHBIX BOJIax

M B OTCTOMHMKAX, BOJAA KOTOPBIX HMCIOJIb30BAJIACh JIsi BTOPUYHOM MepepaboTKu
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INIECKOB, HOPMAJIM30BAHHOC II0 OTHOIICHHIO K CCBCPO-aMCPUKAHCKOMY CJIaHIY

(NASC)

HaubGonee BbICOKME KOHIIGHTpAllMM PEIKUX 3€MeNb  BBISBICHBI B
TEXHOTEHHBIX BoJoeMax B OacceiiHe p. 3yH-TurHs. W 3To HaXoauT cBoe
oOwscHenne. Ha rpadukax (puc. 3.15) npeacTaBieHo pacnpeaesieHne JIAHTaHOU OB
B PYAHUYHBIX BOJIaX U B OTCTOMHHKAaX pACIOJOKEHHBIX B OacceilHe peku 3yH-
TurHs, HOpPMaTU30BaHHOE IO OTHOIICHHIO K CEBEPO-aMEPUKAHCKOMY CIIAHILY
(NASC). BumHo, uTo HaOIr0Mal0TCS HE TOJIBKO PA3NIMYMsl B KOHIIEHTPAIMH, HO U B
COOTHOLICHUM JIETKUX M TSKENbIX JJAHTAaHOUJIOB. DTO, HAa HAIll B3I/, CBSA3aHO C
T€M, YTO B pPYIHUYHBIE BOJBl JIAHTAHOWJABI TOCTYMAIOT TMPH Pa3OKEHUU
Cyab(QUIHOW MHUHEpadu3aluud. A B BOJbI, 3aK/IIOUEHHBIE B XBOCTOXPAaHMJIMILAX,
JAHTAHOUABl TOCTYMAIOT HE TOJBKO M3 CyIb(PHIHON MHUHEpalIu3alud, HO U B
pe3ynbTaTe B3aMMOJCHCTBUS KHUCIBIX BOJ C TMOPOJ000pPa3yIOIMMU MHUHEpaJIaMHu.
CopepxaHve JUCOpPO3UsA, TOJIbMUS, OHpOUS CTAHOBITCS CONOCTAaBUMBIMHU C
KOHIIEHTpaluell mpa3eonnMa, HeoauMa. B To Bpemsi Kak B PYJHUYHBIX BOJAAX
COJICpKAHNUE STHX JIETKUX peaKo3eMenbHbIX 3aemMeHToB (Pr, Nd) Beime B 2-2,5
pasa.

OmnpeneneH coCTaB JOHHBIX OTJIOKEHHM B TMpyAax — OTCTOMHHMKAX
IIPOMBIBHBIX BOJI. Pe3ysbTaThl aHanu3a npuBeieHsl B Tabuie 3.8.

Tabnmuma 3.8 — Pesynprarhl aHanm3a JOHHBIX OTJIOXKEHUH TMPYIOB-

OTCTOMHHUKOB B A0JIMHE peK boM-I'opxoH u 3yH-Turasa, ppm

S% |F,% | Fe,03,% [Ni |[Cu |[Zn |Mo (W |Pb |Bi |As |Cd
Min 0,1 |0,02 | 3,74 18 |36 |[547 |6 420 | 47 129 |3 14
Max 1,35 | 0,86 | 6,67 45 124 | 3249 |85 | 2488 | 345 |1l647 |29 | 101
Cpennee | 0,75 | 0,31 | 5,2 22 |83 1707 |36 | 1386 | 187 | 731 |15 |37

Pazpabotka bom-I'OpXOHCKOTO MECTOPOXKICHHMSI OKa3ajia CYIIECTBEHHOE
BO3JICUCTBHE HA (PU3UKO-XUMUYECKHUE XAPAKTEPUCTUKHU BOJHOW CpPEIbl HA yY4aCTKE
ero jokanuzanuu. OCHOBHBIM (DAKTOPOM 3TOTO BO3JIEUCTBHS SIBUIOCH BO3pOCIIEE

0 CpaBHCHHUIO C HCHAPYHICHHBIMH YCIIOBUSMHU OKHCJICHHC Cy.IIB(l)I/II[OB 151

103




MOCJIEIOBABIIEE CEPHOKUCIOTHOE Pa3JI0KEHUE KUIbHBIX MUHEPATIOB, BMEIIAIOIIUX
nopoJ u OTX0J0B 100baM W obOorameHust [[Imrocamr A.M, TanuteikoB B.C.,
JlabaeBa B.B., 2017]. B xOHEYHOM HTOIre APEHAKHBIC BOJBI IPHUOOPETH KHUCIIBIC
CBOMCTBA W CKOHLUEHTPUPOBAIM IIUPOKHH CHEKTP XUMHUYECKHX DJIEMEHTOB.
Haubonee WHTEHCHMBHO TUIPOT€OXMMHUYECKHE HM3MEHEHHUS TMPOUCXOIAT B
XBOCTOXPAHWIUILE, OTKYJa M MPOUCXOAMUT MAaJIbHEWINass MHUrpanus TOKCHYHBIX

9JICMCHTOB B OKPYKAarOIIHNC JIaHI[IHa(i)TBI.

Pazpabotka boM-I'OpXOHCKOTO MECTOpOXKIEHUS OKa3aja CyIIEeCTBEHHOE
BO3/IeHCTBUE HAa (DU3UKO-XMMHYECKUE XapPAKTEPUCTUKU BOJHOM Cpelbl Ha y4acTKe
ero jokanuzanuu. OCHOBHBIM (DAKTOPOM 3TOTO BO3JIEUCTBHS SIBUIOCH BO3pOCIIEE
[0 CPaBHEHHUIO C HEHAPYIICHHBIMU YCIOBUSIMU OKHCICHHE CYIbPUIOB U
MOCJIEIOBABIIEE CEPHOKUCIOTHOE PA3JI0KEHUE KWIBHBIX MUHEPAJIOB, BMEIIAOIINX
MOPOJT U OTXOJIOB JOOBIUM W oboramieHus. B KOHEUHOM WTOTe JPEHAKHBIE BOJIbI
MpUOOpENIn KUCIOTHBIE CBOMCTBA M CKOHIICHTPUPOBAIM IIUPOKUN  CIEKTP
XUMUYECKUX BJEMEHTOB, MHOTME HX KOTOPBIX MHOTOKPATHO IPEBBIIIAIOT
JOMYCTUMBIE JUISi BOJHBIX OOBEKTOB TMpeNeibl. YCTaHOBJIEHO YTO B KHCIBIX
pacTBOpax MHTEHCHBHO MUTPHUPYET Keje30, IMHK, MeAb, HUKEIb, KOOAJBT; Cpeau
pEIKO3eMENbHBIX JIETKO TMOJBMKHBI JIaHTaH, Iepuii, HuoguM. Ha wmwurpaiuio
AJIEMEHTOB B TOJIIE IECKOB XBOCTOB MEPEpabOTKU 3HAUYUTEIBHOE BIIMSHUE
OKa3bIBAa€T UX HEWTpanau3alusi, MPOLECChl CBSI3bIBAHUS METAIUIOB, MEpPEXoJa X B

HCPACTBOPUMBIC COCAUHCHUAA.
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['JTABA 4.

SKCIEPUMEHTAJILHOE UCCJIEJIOBAHUE B3AUMOJIEMCTBYS B
CUCTEME TTOPOJIA-BOJIA B XPAHWJIMIIIAX XBOCTOB ITEPEPABOTKHU
PVl

['MaporeoXxuMMYecKue H3MEHEHHs IOA3EMHBIX M TMOBEPXHOCTHBIX BOJ B
npeaenax rOpHOPYIHbIX TEPPUTOPUN IPOUCXOIAT, B OCHOBHOM, 10| BO3JEHCTBUEM
OTXOJIOB J100BIYM U IepepaboTKu pyA. B MmecTax MX CKIIaAUpOBaHUS MPOTEKAIOT
MPOLIECCHl  AK30T€HHOI'O  PA3JIOKEHHS pPYAbl, 3aKHUCIEHUS BOJ MPOAYKTAMH
OKHUCJIEHUSl CYIb(UAHON MHUHEpaIU3allii, B3aUMOJEHCTBUS KHUCIBIX BOJA C
BMEILAOIIMMH OpYJE€HEHHUE NopoAamMu. B mpencTraBieHHON TjlaBe MPUBEICHBI
pe3ynbTaThl SKCIEPUMEHTAIBHOIO M3YyYEHHs MOBENCHHUS XHUMHUYECKUX 3JIEMEHTOB,
MUIpal¥sl KOTOPBIX AKTUBU3HMPYETCS B BOJHBIX pacTBOpax B TOPHOPYIHBIX
paiionax. Kak Hamu ObUIO MTOKa3aHO BBILIE Han0oJiee BHICOKHE KOHIEHTPALMH 3THX
AJIEMEHTOB OOHAPYXUBAIOTCSA B XBOCTOXPAHWIUIIAX, TO3TOMY 3KCIIEPUMEHTAJIbHbIE

MCCJIEI0BAHMS HAMU MPOBEJEHBI C IECKAMU XBOCTOB MEPEPAOOTKU PY/IbI.

4.1 XapakTepucTruka NOpOBBIX PACTBOPOB B TOJIIIE TEXHOTE€HHBIX ITECKOB

B cTpykTypHOM  IJIaHE€ ~ MCCJIEIOBAaHHBIE  TECKM  PBIXJIBIE,  HE
CIIEMCHTHPOBAHHBIC, HE OKATaHHBIC  3aJICTAl0OT HEPABHOMEPHO,  OTYETIIMBO
MPOSIBIIEHO YepEeIOBaHUE CJOEB PAa3HBIX MO MOIIHOCTH, MHOT/A MPOCIIEKHBACTCS
putMuyHasi ciouctocth (puc 4.1). IloBepXHOCTH XBOCTOB TMepepabOTKU MOKPHITA
CEThIO0 MEJIKKX 00pO03/, KOTOpPBIE 00PA30BANIKNCH MPHU CTPYHYATOM pa3MbIBE.

OcHOBHasi Macca XBOCTOB TMpEJCTaBJeHAa HECIIEMEHTHPOBAHHBIM, IIJIOXO
OTCOPTHUPOBAHHBIM IIOJICBOINIAT-KBAPIIEBBIM TecKoM. I3 mopomooOpa3yronux
MUHEpAJIOB Tpeo0JIajaloT KBapll, MOJICBOM MmImaT, aM(puOOJIbl, XJOPHUT, SIHUJIOT,
MYCKOBHUT, amnatuT. PyaHble MHHEpaIbl MPEICTaBICHBI MHPUTOM, TIOOHEPUTOM,

MECINTOM, XaJIBKOIMMPUTOM, T'MAPOOKHCIIAMH IKCJIC3a, T'aJICHUTOM, IIPUCYTCTBYCT
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chanepur. [Ipu xpaneHun mneckoB 0Opa3oBaIMCh CyIb(AThl, THIPOKCHUIHI,

Kap6OHaTBI JKCJIC3a, Mapratia, KajJblria Marduvs, aJllOMUHUA U JIP. 9JICMCHTOB.

Puc.4.1. ®otorpadusi pazHO3EPHHUCTHIX KBapII-MOJEBOIINATOBBIX TECKOB

JIKUTMHCKOTO XBOCTOXPAaHWIJIHIIA

[TopoBbie BOIBI, HAXOASIIHUECS B XBOCTOXPAHIIINIIE, KUCIble, pH mocTuraer
2,8, aT0 ompexaenser GOpPMHPOBAHHE B PAaCTBOPE OYEHb BBICOKHMX COJEP KAHMMA
MHOTHX XHMHYECKHX DJIEMEHTOB, B TOM uucie TOKkcHuHbIX [[labacsa B.B., 2015;
Hla6aera B.B., [Llmocaun A.M., XKamb6amosa J[.1., 2017, 2018; JlaGaeBa B.B. u ap,
2018]. B He#TpanbHBIX YCAOBUSAX CPEIbl MUTPAITMOHHAS CITIOCOOHOCTh XUMHUCCKUX
AIIEMEHTOB 3HAYUTEIBHO HIKe. [loaTOMy, HeWTpamu3amus pacTBOPOB MPHUBOIUT K
OTPAaHUYCHUIO MHUTPAIMOHHOW CITOCOOHOCTH XWMHUYECKHX DJIEMCHTOB B TOJIIIIEC
XBOCTOXPAHWJINIIA.

[Tpu QunbTpammu MOPOBLIX BOA Yepe3 TOMIY Mecka GOPMUPYIOTCS PACTBOPHI
¢ Hu3kuM 3HadeHuem pH. Kak HamMu ObUIO YCTaHOBJIEHO JU3UMETPUUYECKUMHU
uccnenoBanussmMu pH nopoBeix Bog B xBoctoxpanwiuiie JIBMK cocrasmser 1,8-
3,4. Huzkoe 3HaueHue pH 3amaercs, B OCHOBHOM, CEpHOM KHUCIOTOM.

B ¢unbtpate duxcupyercs Bbicokoe coaepkaHue cynbdar-nona (tabdn.4.1).
KoHneHTparus 3T0oro moHa B (GMIBTPYIOIIEMCS pacTBOpPE BO3pacTaeT OBICTPO, B

TCUCHUC HCCKOJBKUX MHHYT, IIOKa BOJa IIPOXOIHUT HYCPC3 ISKCIICPUMCHTAJIbHYIO
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ycTaHoBKy. [lo HameMy MHEHHMIO POCT KOHIIEHTpalWU CyibdaTa MPOUCXOAWT 3a
CYET PAacTBOPEHUS CYJIb(aTHBIX, THAPOCYIh(ATHBIX COJIEH METaUIOB — MPOAYKTOB
pa3ioXeHus CyIb(UIHBIX MHHEPAJIOB, KOTOpPhIC HAKOMMIUCHL B TOJIIE XBOCTOB
nepepaboOTKM 3a JIUTEILHOE BpEMs XpaHCHHS TMECKOB B  OKHCIUTEIBHOM
oOctaHOBKe. B pe3ynbpTaTe peakiuu rupoin3a 3TUX COJeil (B OCHOBHOM cyibdara
xenesza) (opMupyeTcs Kucias cpeaa, o0pa3yroTcsl THAPOOKHCIBI METauloB M B
pacTBOpE HAKAIUIMBAETCS CyIb(haT-HOH.

Tabmuma 4.1 CoctaB pacTBOpOB, GUIBTPYIOMIMXCS Y€pe3 KOHTCHHED, 3aMOTHEHHBIM

neckoM u3 xBocroxpanwiuina JIBMK (tosmuHa ciost 6 cm)

Iapametp pH | SO, | Cu | zZn | Pb | Fe | Ni | Co | Cr
Mr/le3 MI(F/ILM3

Copepxanue | 2,61 | 3284 | 3350 | 32830 | 190 | 104910 | 660 | 1080 | 30

Best Tonmma TEXHOTEHHBIX IIECKOB MCCIEAOBAHHBIX HAMM XBOCTOXPaHMUIIMIL,
IpPECTaBIsSIET COOOW arpecCUBHYIO Cpely, B KOTOpPOM MOpOBBIE BOJbl AKTHUBHO
B3aMMOJICUCTBYIOT C PYIHOW MHHEPAINM3AUMEH W BMEHIAIOIKMMHU PYAy TOPHBIMH
nopogamu. B pe3ynbrare 3TOro B3aMMOJEWUCTBHS 00pa3ylOTCs PacTBOPHI,
oOOramieHHble ~ MHOTUMH  XMMHUYECKUMHU  3JIEMEHTaMH. B moroke
MHQUIBTPYIOMIMXCA Yepe3 MECKU BOJ MHTEHCHBHEE BCEr0 MUTPHUPYIOT KPEMHUH,
ATIOMUHHUM, IIUHK M JKeJle30, Melb U MapraHel, JIErKO MOJBHKHBI KOOAJIbT U
HUKEJIb. AKTMBHO M3 IE€CKa MEPEXONAT B PACTBOp JIUTUH M cTpoHuMi. CBHUHEL,
XpoM U Oepuwiuid TPUCYTCTBYIOT B PAcCTBOpPaX B MEHBIIUMX KOHIIEHTpALUSX,
HauMeHee MOJBUKHBIM 3JIEMEHTOM siBsieTcst Oapuil. Cpeau Hambosiee TOKCUYHBIX
AJIEMEHTOB CleyeT OOpaTUTh BHMMaHUE Ha KaJMHH, COJEp:KaHHE KOTOPOro
KOpPPENHUPYET C HUHKOM. B 3KcriepruMeHTax JOCTUTAIOTCS 3HAYEHNs KOHLIEHTPALUH,
KOTOpBIE IPEBBIMIAIOT IPEAEIBbHO AOIYCTUMbBIE 3HAYEHUS JIsI BOJ IIUTHEBOTO
Ha3HA4YE€HUs B COTHH pa3.

[IpoBeneHHBIE HAaMM DKCIIEPUMEHTAJIIBHBIE MCCIIENOBAHUSA II0 BBIMBIBAHUIO
PAaCTBOPEHHOIO0 BEHIECTBA M3 IOPOBBIX BOJ, MOKAa3alh, 4YTO B PACTBOPEHHOM

COCTOAHNH, CPCAU APYIrHMX XHMHYCCKHX JJICMCHTOB, HaXOAATCA W PCAKHEC 3CMIIH.
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Haubomee BBICOKHE KOHOCHTPAOUH CpEAW HUX YCTAHOBJICHBI IJId WUTTPUA, LCPHU,

HEOJMMa, JJaHTaHa, TaJ0JIMHUS, TUCIPO3Us, caMapusl, pa3eoauma (tadnuia 4.2).

Tabmuma 4.2 — CpenHue CcoJep)KaHUs PEIKO3eMENbHBIX JJIEMEHTOB B

MOpOBBIX Bojax xBocTtoxpaHwmmil JhxunuHckoro u bom-I'opxonckoro I'OKos,

OIIPCACIICHHBIC MCTOAOM BOI[HOI71 BBITAKKU, MKT/J1

XBOCTOXpaHHUIIUIIE XBOCTOXPaHUIIUIIE
OeMeHT Hxununckoro I['OKa, | bom-I"'opxoHckoro
6 po0 I'OKa, 5 npo6
pH 4,0 2,46
La 158 742
Ce 477 1665
Pr 74,5 176
Nd 394 661
Sm 132 139
Eu 31,6 21
Gd 125 69
Th 19,5 11
Dy 125 50
Ho 32,1 10
Er 70,8 29
Tm 11,2 4
Yb 72,4 25
Lu 9,74 3
Y 692 333
>TR 2280 3938
Ce
v 0,7 5
> Lat+Ce
0,8 6,7
>Y+Yb
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Pe3ynbraThl OnpenenceHus penaKO3€MENbHBIX 3JIEMEHTOB IOKa3ajid, 4YTO B
MHOUIBTPYIOIIMXCS Yepe3 TOJIIY TIEeCKOB BOAaX OOHAPYXMBAIOTCS HMX OYCHb
BBICOKME KOHIIEHTPAIMHM, KOTOpPbIE MPEBHIIAIOT (HOHOBBIE 3HAUYECHUSI B JECATKU
Teicsiy pa3 (puc.4.2, 4.3). Cymma penkux 3eMelb B HCCIEIOBAaHHBIX BOJIAX
JOCTHTAET MIJUINTPAMMOBBIX 3HaueHHM (Tabi. 4.2). [1o cpaBHEeHHIO ¢ (HOHOBBIMH
BOJaMHU HaOIIOJACTCS M3MEHEHUE COOTHOIICHUS MEXAY JIETKUMH U TSHKEIbIMU
aneMeHTaMu. J[ias mopoBbIX BOJ XBOCTOB mnepepabotku Jxumunckoro ['OKa
HAOJIIO/IAeTCsl  YBEUYCHHUE JOJU UTTPUS U TSHKENBIX PEIKHX 3eMeNb, 0COOCHHO,
aucnposus, 3poust u urrep6busi. Ha Takoe ke pacrpezielieHUe peAaKuxX 3eMelb
yka3biBaer FOprencon I A. (2017) B crathe MOCBSIIEHHON BOJIb()paMUTaM
mectopoxaenus [llepnosa ['opa (3abaiikanse) [FOprencon I'.A., 2017].

Jlnst mopoBeIX BoJ xBocToxpanwimina boM-I'opxonckoro I'OKa nabmonaercs
MOBBIIICHHAST JOJI1 JIETKMX PEIKUX 3eMeNlb —Iiepus, Npa3eoJuMa, HEOIuMa |
camapusi. B mopoBbIx BOJax 000MX  MCCIEJOBAaHHBIX  XBOCTOXPAHWJIHUII
HaOIIOAAIOTCA OTHOCHUTENIbHO TOHM)KEHHBIE COAEpP)KAaHUs JIaHTaHA W EBPOIMMS.
BeposTHO, OCHOBOMOJIAralIIyld pOJib HAa CTENEHb KOHUEHTPUPOBAHUSA PEIKHUX
3eMeJb B PACTBOPE OKA3bIBAET BIIMSIHUE UX WM3HAYaJIbHAs KOHUEHTPALUsS B TOPHBIX
nopozaax. [loatomy mMbl HaOK01aeM HEOJHOPOAHBIN CIIEKTP PACTIPEAECICHUS PEIKUX
3eMelib B pacTBope xBoctoxpanwmmil Jxuaunckoro u bom-I'opxonckoro I'OKos

(puc. 4.2).
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Puc. 4.2. CoaepkaHMEUTTpUsT W JIAHTAHOMJIOB B IMOPOBBIX BOJAX
xBocToxpanwnui Jxuauackoro 1 bom-I"'opxonckoro I'OKos, MKF/I[M3

B nopoBsIX Boax PUKCUPYIOTCS OUEHb BBICOKHE COJIEPKAHUS BCEX PEIKUX
3eMeb, HO Hambojiee pe3Kue OTIMYMS B KOHIIGHTpAlUM HaOMromaeTcs IS
TSKEBIX 37eMeHTOB (puc.4.3). JLKUAMHCKOE XBOCTOXpAHWIMIIE HMMEET Oolee
JUTATEIIbHYI0 MCTOPHIO CYILIECTBOBAHUS, IMO3TOMY MOJ BO3JACHCTBUEM KHCIIOT

HaKOIIMJIIN B paCTBOPC OOJIBIIIE TSKEIIBIX PCOAKUX 3CMCJIb.
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Puc.4.3. Conepxanue peAkux 3eMeib B MOPOBBIX BOJaX HOPMUPOBAHHOE IO

OTHOIIIEHUIO K ceBepo-amepukaHckomy cianiy (NASC)
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YcranoBuBIIasgcs Kucias cpefa OJlaronpusaTHa JJisl MOCTYIUIEHHUSI B PACTBOP
30J10Ta, PACTBOPUMOCTH KOTOPOTO 3aBHCHT TaKXe OT (POPM €ro HaxoXICHUS B
cynb(duaax, KoJuyecTBa MPOMEKYTOUHBIX PopM okuciieHus cepbl u ap. (ILmocHun,
[I'yaun, 2001). DOKcnepUMEHTaTbHO YCTAaHOBJIEHO, YTO IPHU MPOMBIBAHUU BOJOM
MECKOB, 3aKJIIOYEHHBIX B J[P)KUJIMHCKOM XBOCTOXPAHUJIUIIE, KOHIIEHTpAIKs 30JI0Ta
nocturaer 50 Mxr/n (tabn.4.3). YcraHoBieHHass KOHIEHTPAIUs 30JI0Ta MPEBHIIIACT
¢dboHOBBIC copepkanus Ha 4-5 mMaremarnueckux mopsakoB ([Imocaun, 1987). Ipu

IIPOMBIBAHUHU IICCKOB BOM-rOpXOHCKOFO MCCTOPOKIACHUA COACPKAHUA 30JI0Ta B

pacTBOpPC ObUIM MEHBIIIC mpcaciia O6Hapy}KeHI/I$I HCII0JIb30BaHHOU MCTOJAUKH

aHaim3a.
Tabmuua 4.3 — CogepxaHue  OIaropoJHbBIX  METAUIOB B PacTBoOpax,
GUIBTPYIOMUXCS Yepe3 KOJOHKH, 3aMOJTHEHHBIC TEXHOTCHHBIM TIECKOM, MKT/MJT
Ilecoxk Ne 1 2 3 4 HITO
IPOOKI
JlxuauaCKUR | Au <0,01 0,05 <0,01 0,01 0,01
bowm- Au <0,05 <0,05 <0,05 <0,05 0,05
I'opxouckuit | Pd <0,001 <0,001 <0,001 <0,001 0,001
Pt <0,002 <0,002 <0,002 <0,002 0,002

DKCNIEpUMEHTaIbHbIC HUCCIICIOBAaHUS TMOKa3ajd, YTO B  CIIOKUBIIUXCS
yCJIOBHUSX HanOoJIee aKTUBHO M3 TIECKOB BBIMBIBAIOTCS aTIOMUHUM, IIMHK, MapraHell,
Menb, cBuHEl. VX koHueHTpanus no 11 onpeneneHusam B CpeIHEM COOTBETCTBEHHO
cocraBimsger 573; 520; 308; 241; 139 wmkr/mu. CoxaepkaHue 3JIEMEHTOB,
OTHOCSIIIIUXCSL K TEPBOM TPYINE TOKCUYHOCTH — Kaamus u Oepuwmummsa mo 11
onpeaeneHusm cocrapiser 5,86 u 1,08 mxr/mu, ITAK mans Box (mo CIT 11-102-97)
coctaBisier coorBercTBeHHO 0,001 1 0,0002 mxr/mi. U3 penakux 3emens Hanboee
BBICOKHME KOHIIEHTpAIlMU YCTAHOBJIEHBI MJii WTTpHUA, IEpHUs, HEOAWMa, JIaHTaHa,
raJoJIMHUS, JUCTIPO3Us, caMapusi, Mpa3eo/iiMa, KOTOPhIE COCTABISIOT B CpeaHEM
cootBeTcTBeHHO 2,22; 1,87; 1,1; 0,86; 0,43; 0,41; 0,34; 0,24 mxr/mi. B dunbTtpare
YCTaHOBJIEH XapaKTEePHBIN ISl TPAHUTHBIX TTOPO]T EBPOMHUEBBI MUHUMYM.
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4.2. HCCJ’IGI[OB&HI/Ie BSaHMOﬂCﬁCTBHH IMOPOBBIX BOJ C U3BCCTHAKOM,BHCCCHHLIM B

TOJIIY TCXHOICHHBIX IICCKOB

Jnst  ycTpaHeHMST MHOTHUX JKOJIOTMUECKMX MpOOJeM, CBSI3aHHBIX C
XBOCTOXPAHWJIHIIEM HEOOXOJUMO YIAlIUTh BEIIECTBAa M3 PAacTBOpPAa U OTPaHUUYUTH
PAcCTOSIHME MUTPAIIMU TOKCUYHBIX 3JIEMEHTOB TOJIEH TEXHOT€HHBIX NeckoB. Hamu
AKCIEPUMEHTAIILHO KCCJIE0OBAaCh MHTPALIMOHHAS CIIOCOOHOCTh PAaCTBOPEHHBIX
(hopM MHKPOIJIEMEHTOB B TOJIIE MECKOB. Tak Kak MOIBHKHOCTh MHOTHX JJICMEHTOB
3aBUCUT OT pH cpenmbl, Mbl HcclieoBaIM BiusHUE 3TOro (akropa (puc.4.4). B
Ka4yeCTBE PEAreHTOB HCIOJIb30BaIN KaJbIUT, IOJOMUT, MarHe3uT, 1ICOJIUT, TJIMHY,

BYJIKaHI/I‘-IGCKI/Iﬁ Ij1aK 1 ap.

pH 7 -
6 .
5 .
4 .
3 - =>U3BECTHIK
| 1:50
2 +§IOJI012/II/IT
1 (1:50)
O T T 1
0 2000 4000 6000
V, M1

Puc.4.4. U3smenenue pH pactBopoB O(UIBTPYIOIIMXCA Yepe3 KOJIOHKH,
3aMoJHEHHBIE TEXHOTEHHBIM MECKOM C MpuMechio m3BecTHsKa (1:50) u gomomuta
(1:50) pactipenenieHHBIX 1O BCeMY 00BEMY KOJIOHOK

HeliTpanusyromuii peareHT nomeniajics B pacTBOpe ABYyMsl crioco0amu: B
BHUJI€ CJOS BHU3Y KOJOHKM M PaBHOMEPHO paCIpEAeIICS IO TOJIIE IECKOB.
KomuuectBo pearenra coctaBimsuio 3-5% OT Maccel TeckoB. B pesynbraTe
MPOBEICHHBIX JKCIHEPUMEHTOB YCTAHOBJIEHO, YTO HamOoJiee AKTHUBHO pEaKIIMs
Cpelbl MEHsUIach MpU JOOABJICHUHM MU3BECTHSKA B COOTHOIICHHWU K MECKY PaBHBIM
1:50, pH ¢unbTpyronmxcst pacTBOPOB MpH 3TOM MeHsuics ot 2,68 mo 6,5. Ilpwm

nobasnenuu gosomuta B mporopuuu 1:50 pH Bo3pacraer ¢ 2,62 o 4,81.
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pH g -
7 _
6 _
5 .
4 - =0—U3BECTHAK
3 (1:33) 3% cnoit
2 - = 113BECTHAK
1 - (1:33)3% cMmech
O T T T 1
0 2000 4000 6000 8000
V, M

Puc. 4.5. Helitpanuzaius (QUIBTPYIOIIUXCS Ye€pe3 KOJOHKU PACTBOPOB C
n00aBKaMU U3BECTHSKA, HAXOISAIIETOCs B Pa3IMUHBIX MECTaX KOJIOHKHU

Ha puc. 4.5. npuBenensl rpaduku HEUTpaIM3alMUd KUCIOTHl H3BECTHIKOM
MPU €ro pa3MEIICHUH BHU3Y KOJOHKU W TPHU paClpeleieHUHd IO BCEH TOJIe
neckoB. M3 mpencraBiieHHbIX TpadUKOB BUAHO, YTO IMPU CMENIMBAHUU IECKa C
M3BECTHIKOM, HEUTpaiu3alus IecKa MPOUCXOIUT O0Jiee WHTEHCUBHO, HEXKEIU
CJIOEM.

Helitpanu3anusa TOpOBBIX BOJ MPUBOAUT K PE3KOMY OrPaHUYEHUIO
MUTPALMOHHON CITOCOOHOCTH MHOTHUX XMMHUYECKHX 3JIEMEHTOB B TOJIIIE XPAaHUIIUIIL
OTXOJIOB TOPHO-OOOTaTUTENbHBIX KOMOWHATOB W CHIDKEHHUIO JKOJIOTHYECKOM
HaIMpsSHKEHHOCTH Ha OKPYIKAKOIIEH TEPPUTOPUH.

Ot pH pacTtBOpoB pe3ko 3aBUCHUT MHTPALMOHHAS CHOCOOHOCTH MHOTHX
XUMUYECKUX DJIEMEHTOB, HAXOJAIIUXCS B TMOPOBBIX Bojax. B dwuiabTparax,
MPONYCKAaEMbIX Uepe3 KOJOHKHU, 3aMOTHEHHBIE NMECKOM C Pa3IuYHBIMU JT00aBKaMU,
YCTAHOBJICHbl ~KOHIICHTpPAllMM XUMHUYECKUX DJIEMEHTOB pa3jIMyalolIuecs Ha
MaTteMaTH4ecKue mopsaku (tadm. 4.4).

Tabmuma 4.4 — CopgepkaHusi XUMHYECKUX DJIEMEHTOB B  pacTBOpax,
GUIBTPYIOMUXCS 4Yepe3 KOJOHKH, 3alOJIHCHHBIE TEXHOTCHHBIM TIECKOM U3

xBoctoxpanmuia JIBMK
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ITecok 94%

19_[7630(2/001( Ilecok 97%, | Ilecok 94% | +u3BecTHAK
N ' WU3BECTHSIK +u3BecTHAIK | 3%+ croi
N3mepsemslii | Ilecoxk | Ilecok | Ilecok | u3BecTHsK 3% 3% omecht | FIMHEL C
napamerp 100% | 100% | 100% | 3%, coii ’ °
paBHOMEpHasi | CJIoi MIPUMECHIO
BHU3Y
CMECh neonuTta3% | U3BECTHIKA
KOJIOHKH
3%

pH 3,05 3,47 3,91 6,60 6,96 7,02 6,42
Cu 6035 | 575 70,5 14,0 2,8 2,0 8,4
Zn 45600 | 4440 | 210 24,6 26 149 2020
Pb 230 122 87,5 34,0 <25,0 <25,0 <25,0
Cd 490 45 3,0 4,0 <1,0 2,8 21,7
Fe 33840 | 21430 | 7580 | 457 93,6 73 62,5
Mn 9330 |900 54,4 300 54,3 147 4720
Ni 1045 | 100 5,7 20 <5,0 7,3 213,0
Co 1715 190 20,1 17,7 <5,0 6,2 72,4
Cr 110 16,8 <5,0 <5,0 <5,0 <5,0 <5,0
Al 34785 | 4760 | 2280 | 39,3 19,3 44,3 3440
Si 91180 | 12560 | 6850 [ 12190 23360 11750 20400
Li 1550 | 34,8 16,5 45,5 6,8 10,7 36,9
Sr 620 590 450 480 350 420 426
Ba 26,7 22,5 21,2 20,7 19 52,5 34,5
Be 130 2,1 0,9 <0,2 <0,2 0,2 2,5

JloOaBiieHHE K TEXHOT€HHBIM NECKaM M3BECTHSAKA HEUTpaIu3yeT pacTBOPHI U

PE3KO CHHIKXACT MUTPALNUOHHYIO CITOCOOHOCTh MHOTHMX TOKCHYHBEIX DJIEMEHTOB

[[1abaeBa B.B, Ilmocaun A.M., 2017, 2018]. U3BecTHO, 4TO B 0/IM3 HEHTpaIbHOU

cpeac, yMCHbIIACTCA MUTpALIMOHHAA CIIOCOOHOCTh MHOTHUX XMMHYECKUX 3JIEMCHTOB,
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B YAaCTHOCTU PE3KO TaJaeT KOHIICHTPAIMs B PacTBOPE AIIOMHHHS, CBUHIIA, MEIH,
IIMHKA, HUKEJSI, KOOAIbTa, JINTHS.

PynHbIE 3JIeMEHTHI TEPEeXOsT B PacTBOpP, MX KOHIIEHTpAIUs TpUBEICHA B
tabmurax 4.5-4.6. B nmanpHedmmeM, 9acTh W3 HUX OCAXKIACTCS HA IIEIOYHOM,
KapOOHATHOM Oaphepax, o0pa3ysl 3K30TC€HHBIC MUHEPAJIBI.

Tabnuua 4.5 - Copepxanue pyJHbIX AJIEMEHTOB B QUIbTpATAX, MKI/

*[udp npoOsI Al A2 b1 b2
pH 5,35 6,50 5,65 6,69
Cu 273 30 11 8

Zn 19640 9880 81 31
Pb <30 <30 <30 <30
Fe 10090 5310 47 34
Ni 510 320 10 <5
Co 674 458 7.0 <5
Cr <15 <1,5 <15 <15

*[Ipumeuanue Al, A2— B pacTBOpax B Hayajie M B KOHIE (pUIBTpalMU Yepe3 MECKH CO CI0eM
m3BectHsika; b1,b2 — B pactBopax B Hauyaie ¥ B KOHIE (UIBTpAIlMU Yepe3 CMEeCh IecKa ¢
W3BECTHSKOM

N3BecTHSIK, pacCestHHBIN 1O BceM ToJe nmeckoB A(@PeKkTUBHEE yaanseT U3
pacTBOopa BCE€ OMNPEIEICHHbIE HAaMHU XUMHUYECKHE DJIEMEHThI, BKIJIIOYas
peaKO3eMeIbHBIE.

Tabmuma 4.6 — ConepikaHue peaKO3eMEeNIbHBIX 3JIEMEHTOB, MKT/JT

[Mudp npobdst Al A2 bl b2
pH 5,35 6,50 5,65 6,69
La 32 7 <5 <5
Ce 52 <10 <10 <10
Nd 25 <5 <5 <5
Sm 10 <10 <10 <10
Eu 3 <10 <10 <10
Gd 9 <5 <5 <5
Dy 9,8 <5 <5 <5
Ho <5 <5 <5 <5
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Er <5 <5 <5 <5
Tm <2 <2 <2 <2
Yb 6 <0,2 <0,2 <0,2
Lu <0,5 <0,5 <0,5 <0,5
Y 75 <10 <10 <10

4.3. UccnenoBanue BiusiHUs pH cpepl Ha MUTPALIMIO PEIKUX 3€MEIb U JPYTUX

XUMHWYCCKUX 3JICMCHTOB B TOJIIIIC XBOCTOB Hepepa60TKH pya

OKCHEepUMEHTHl MPOBOAWIUCH Ha JIA0OPATOPHOM AKCIEPUMEHTATLHOMN
YCTaHOBKE, KOTOpasi MPEJCTaBISIET CO00M eMKOCTh 00beMOM 1271, B HIXKHEH yacTu
KOTOpON TpyOKa C BHYTpeHHUM jguameTrpoMm 12 M. TpyOka cobupaercsa u3
OTACNIbHBIX 3BeHbEB InHOM 20 cM. B emkocTh mnoMemaercss IMECOK W3
XBOCTOXpaHWIMINA. B TpyOke pasmemniarorcss HEUTpaIM3yIOMIUA peareHT |
a7CcoOpOCHTHl JJII KOHIEHTPUPOBAHUS XUMHUYECKUX DJIEMEHTOB W3 pacTBOpa.
EMKkocTh 1 TpyOKa pa3zesieHbl CTEKJI0BATOM, KOTOpas MPENsTCTBYET MEPEMEIICHUIO
TBEPJIOrO0 MaTephaja TOKOM BOAbI M3 €MKOCTH B TpyOky. Ilpu mpoBeneHuu
AKCIIEPUMEHTOB JUCTUJUIMPOBAHHAS BOJIA PACHbUIIETCS HAa IMOBEPXHOCTH IIECKA,
MPOCAYMBACTCSA 4YEPE3 BCIO TOJIIY M PACTBOPSET IOATOTOBJIEHHBIE K MUTPALIUU
XUMUYECKUE JIEMEHTHI U COSJMHEHUS, 3aTEM Uepe3 OTBEPCTHUE MOMATAET B TPYOKY,
IJIe PaCTBOPEHHBIE BEIIECTBA PEArUPYIOT C peareHToM u aacopoentom. I[IpoBenena
cepus DKCIIEPUMEHTOB 110 BBIMBIBAHUIO PACTBOPEHHOIO BEILECTBA U3 MOPOBBIX BOJ
Y B3aMOJECHUCTBUIO KHCIIBIX BOJI C U3BECTHIKOM.

s SKCIEpUMEHTOB  MCHOJB30BAJICA  IECOK W3  XBOCTOXPAaHWJIMIIA
Jxununackoro BMK, auctriuimpoBaHHasi BOAa, U3BECTHSIK MECTOPOKICHUS 3YyH-
Hapein - ¢pakmuu ¢ pasmepom wyactury 1-2 mMm u 0,5-1,0 mm. Ilensro
AKCIIEPUMEHTOB OBbLIO OIpejeeHUe KOHIICHTPAIlUd MUKPODJIEMEHTOB, BKIIHOYAs
PEIKO3EMENBbHBIE JJIEMEHTBI, BBIMBIBAIOIIMXCS W3 MECKOB JIUCTUIUIMPOBAHHOU
BOJIOM MpPH pa3HbIX 3HA4YEHUsAX pH pacTBOpPOB, MCCIENOBAaHHUE UX COINEPKAHUSA U

¢dbopM BbICAKUBAHUS HA U3BECTHSKE.
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[Ipy mpoBeleHHH SKCIEPUMEHTOB JJIi CMAuMBaHUS BCEW TOJIIU IECKa B
emkocTu motpedoBanochk 2500 mut Bosbl. Boga Ha TOBEpXHOCTH TeCKa pacbLIsLIACh
noprussMu 1o 100 M1, mocjie HaChIIIEHHWS MOP BOJOW, BOJA CTajla MOCTyHaTh B
PEaKIMOHHYI0 TPYOKYy, U3 KOTOPOM MPOU3BOAMICS OTOOP MpOO I ONpescacHuUs
pH ¥ KOHUEHTpanuu MHUKpPORJIEMEHTOB B pacTtBope. Bcero ObUIO mpomymieHoO B
KaxJ10M dkcniepuMenTe 1mo 3600 My Boabl, 0ToOpaHo 1o 11 po6 BoibI.

B skcnepuMmeHTax HCHOIB30BAMCH pa3Hbie (PpaKIMu W3BECTHSIKA W 3TO
OKa3bIBAJIO BIMSHUE Ha (DOPMHUPOBAHNE KUCIOTHBIX YCIOBHIA CPEbI B PEAKITMOHHON

KOJIOHKE MPU MH(PUIBTPAIIUU PACTBOPOB.

4.3.1. B3anMmoencTBIE ITPOMBIBHBIX BOJI C U3BECTHAKOM B CUJIBHO KHCIION Cpelie

[Ipn QopMupoBaHMM JAPEHAXHOTO MOTOKA 4Yepe3 TOJIly IecKa U CIOoU
M3BeCTHSAKA (Pppakiuu 1-2 MM 00pasyroTcsi pacTBopbl, pH KOTOpbIX HaxXOAHUTCS B
uHTepBase ot 2,8 -3,9.

[Io maHHBIM aTOMHO-3MHMCCHOHHOTO CIIEKTPAJIbHOTO AHAIN3a C UHAYKTHUBHO-
CBSI3aHHOM IIa3Mol (UIBTpAT ¢ TaKMM HM3KUM 3HaueHueMm pH xapakrtepusyercs
MOBBIIIEHHBIM COJIEPKaHUEM psijia d7eMeHTOB (Tab:.4.7).

Tabnuua 4.7 — MUKpO3JIEMEHTHBIN cOCTaB (GUIBTPYIOMIMXCS PACTBOPOB, MKI/MII

pH
Komnonent

2831 29 2,9 2,92 3,01 3,10 | 3,12 3,14 | 3,17 3,17 3,9
Ni 398|446 531 511 | 4,85 4,28 | 4,06 3,62 3,34 3,05 2,31
Co 0,98 (1,07 | 1,28 1,22 1,17 1,03 | 0,95 0,86 0,8 0,71 0,52
Cr 0211023 | 0,12 0,1 0,05 0,05 | 0,02 | 0,002 [ 0,02 0,01 | <0,005
Al 628 | 644 | 838 792 718 620 558 470 416 362 257
Si 205 20 30 34 35,3 34 38 37,2 38 35,8 38,7
Sr 5721514 | 4,26 5,12 5,23 5,08 [ 5,73 55 5,77 5,76 5,76
Ba 0,09 (0,09 | 0,11 0,11 0,1 0,09 | 0,09 0,08 0,08 0,07 0,06
Be 1,03 ] 1,17 | 1,53 1,42 1,33 1,16 1,08 0,96 0,9 0,75 0,57
Cd 576 | 6,46 | 7,97 7,71 7,2 6,13 | 5,86 528 | 4,74 | 4,36 3
Cu 283 | 298 | 373 317 276 233 193 164 136 133 84,1
Zn 594 | 650 | 880 769 695 574 440 360 267 312 178
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Fe 175 | 183 176 164 130 126 119 113 107 117 119

Pb 18,9 1231 | 24,2 238 | 273 28,7 35 46,6 | 56,7 | 61,6 14

Mn 300 [ 301 | 311 303 318 308 290 277 289 288 400

[Ipy B3aUMOJEWCTBUM C M3BECTHSAKOM MPOU30OLLIO TNOBbIIeHWE pH
uHpUIBTpyrOmMXCcs pactBopoB ¢ 2,83 mo 3,9. B pesynbrare B3auMOJCHUCTBUS C
M3BECTHSAKOM B PacTBOPE CTAJIO B YETHIPE pa3a MEHbIIE IMHKA, KaIMUS B TPU pasa,
o6epusuus B 1,5 paza. Ho B 11es10M KOHIIEHTpaLUS 3TUX 3JIEMEHTOB OCTAeTCs BCE €IIle
oueHb BBICOKOU. [Ipu MOCTUTHYTHIX 3HaueHHsX pH coBepiieHHO HE MPOUCXOAMT
BBICAKMBAHUS U3 PACTBOpA MapraHiia, aJlOMUHUS M KPEMHUS, KOTOpbIE MOTYT B
NOTEHIIMM 00pa3oBaTh TPYAHOPACTBOPUMBIE BEIECTBA C OYEHb BBICOKOM
COpOLIMOHHOM CIIOCOOHOCTHIO U TIPU (POPMUPOBAHUU OCATIKOB BHIBECTH M3 PacTBOpa
MHOTHE TOKCUYHbIC XUMUUYECKUE ITIEMEHTHI.

PenkozemenbHble 37EMEHTHI BeayT cebs mo-apyromy. llepBoHadanbHO B
pacTBOpe PUKCHUPYIOTCS UX OYEHBb BBICOKME KOHIIEHTpauuu (Taodi. 4.8).

Ta6Jmua 4.8 — Conepmaﬂne PCAKO3CMCIIBHBIX 3JICMCHTOB B paCTBOpaAX, MKT/MJI

pH 2,83 2,9 2,9 292 | 3,01| 310 3,12 314 | 317 3,17 3,9
La 11 1,2 1,43 1,18 1,02 084 0,725 06| 052 0,47 0,37
Ce 2,47 2,71 3,18 2,57 2,21 1,81 1,52 1,271 1,08 0,97 0,744
Pr 0,325 0,35 0,39 0321 0285] 0,23 0,19 0,17 014 0,13 0,11
Nd 1,5 1,65 1,93 1,54 1,29 1,05 0,86 0,71 0,6 0,55 0,46
Sm 0,46 0,51 0,59 0,48 04] 033 0,27 022 0,19 0,18 0,14
Eu 0,144 0,157 0,18 0,15 ] 0,123 | 0,103 0,085 0,068 | 0,061 0,057 0,044
Gd 0,58 0,64 0,74 0,59 0,5 0,4 0,34 027 | 024 0,23 0,17
Th 0,093 0,1 0,12 0,098 | 0,084 | 0,068 0,057 0,046 [ 0,04 0,039 0,03
Dy 0,52 0,57 0,7 0,57 05| 0,39 0,35 0,27 0,25 0,24 0,18
Ho 0,098 0,11 0,13 0,1] 0,087 | 0,071 0,059 0,048 | 0,043 0,041 0,029
Er 0,27 0,3 0,36 0,29 | 0,246 0,2 0,17 0,13 0,12 0,12 0,082
™ 0,035 0,038 0,05 0,04 | 0,031 | 0,026 0,021 0,017 | 0,015 0,015 0,011
Yb 0,246 0,27 0,32 026 | 022] 0,18 0,15 0,012 | 0,106 0,1 0,071
Lu 0,025 0,03 0,032 0,027 | 0,022 | 0,018 0,015 0,013 | 0,011 0,011 0,007
Y 2,9 3,21 3,77 3,06 26| 215 1,79 1,45| 133 1,26 0,87
>TR 10,766 | 11,845 | 13,922 | 11,275 | 9,618 | 7,866 6,602 5,294 | 4,746 4,782 3,318
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Haubonee BoicokuMu cozaepxkanusmu Beiieisiores Y, Ce, Nd, Dy. 3arem c
poctoM pH coaeprkaHue peIKuX 3eMeNlb YMEHbBIIIACTCS, MPUMEPHO B TpHu pa3a. Ho B
pacTBOpe HAXOMATCS BCE €Ille OYCHb BBICOKHME WX cojiepkanus. KoHdurypamus B
pacmpeneneHny BCceX PEeIKUX 3eMellb B 3aBUCUMOCTH OT pH pacTBOpoB omamHaKoBas

(puc. 4.6).

C,MKr/mn 3,5 1
3 pH
=¢—2,83

2,5 -
==29
2 - 2,92
=>=3,01

1,5 -
==3,1
1- —0-3,17
0,5 - 3,9

0
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y

Puc.4.6 — Pacnipenenenue peako3eMeEIbHBIX 3JEMEHTOB B (DUIBTPYIOLIUXCS

pacTBopax, yepe3 U3BeCTHSIK ppakiuu 1-2 Mmm

4.3.2. BzaumoielicTBIEe IPOMBIBHBIX BOJI C U3BECTHIKOM B CJ1a00 KHCIION cpejie

[Ipn QopMupoBaHUU [APEHAXHOTO MOTOKAa 4Yepe3 TOJNIly M[ecKa U CIION
u3BecTHaAka ¢pakuuu 1-0,5 MM oOpa3yrorcss pactBopbl, pH KOTOpBIX TOCTHraeT
3Hauenwmii 4,38 - 5,3.

Hcnons3oBanue ¢pakiun u3BecTHsIka 1-0,5 MM MO3BOJIIET TEPBOHAYAIBLHO
OBICTPO  JOCTHUYb HEUTpanM3alMM KHUCHIBIX TMOPOBBIX pacTBOpoB. OpHaKO
nocieAywonme nopuuu ¢uiabTpata craau Oosiee kuciaslie (1a01.4.9-4.10), 4yto
BEPOSTHO CBSI3aHO C 00Opa30BaHKEM IUJICHKH TUIICA, KOTOPAas HE MO3BOJISUIA B MOJHON
Mepe MPOTEeKATh PeaKui HEUTpaIu3allu.

Tabnuma 4.9 — CoxepkaHne XUMUYECKUX JIEMEHTOB BHIMBIBAIOIIUXCS U3 TTECKOB H

B3aMMOJICMCTBOBABIINX C M3BECTHSAKOM (ppakiuu 1-0,5 MM, MKT/MIT
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pH 53441 | 438| 441 | 440| 453 | 451 | 440 | 441 | 439 | 438
Ni 3,54 | 3,07 1,79 16| 259 | 255| 251 236| 272| 272| 2736
Co 0741066 063| 067] 064 062| 062] 059 0,63 06| 0,556
Al 688 | 644 403 409 636 612 607 609 579 614 582
Si 8791627 429\ 577 723 554| 623]| 57,7| 503 40 [ 40,8
Sr 7,28 | 6,84 36| 401 646 609| 654 732| 694 | 636| 7,69
Ba 0091|007 0O016| 014| 009| 007 006 005] 007] 006| 0,06
Be 0,76 {065 052| 054] 055 0,53 05| 048 05 054 039
Cd 2,56 | 2,35 1441 136 | 198 195| 188 1,79 | 202| 202| 1,72
Cu 125 | 121 117 120 123 114 117 117 106 | 97,3 107
Zn 137 | 122 108 ( 90,7 94,7 935 90,7 915 106 102 | 98,2
Pb 19 13 18 18 15 17 17 14 21 10 9
Fe 86,5 | 99,4 104 | 805 62| 48,7 319 256| 203]| 175 3,5
Mn 902 | 947 ( 1280 ( 1093 [ 1053 865 792 627 579 542 389
Li 1,18 | 1,05 1 084 088)] 086 086 0,84 1 09| 092

Ta6bmuma 4.10 — CoaepxkaHue PEIKO3EMENBHBIX 3JIEMEHTOB B (DHIIBTPYIOIIMXCS

yepe3 u3BecTHsK (ppakuuu 1-0,5 MM pacTBopax, MKI/mi

pH 53| 441 | 438 | 441 | 440| 453 | 451 | 440| 441| 439 4,38
La 0,07 | 0,12 01| 026| 027 023| 021| 021| 0,16 0,1 0,09
Ce 002| 015 o018| 058| 062) 045] 039 044 027] 015 0,19
Pr 006 o007 o006 O016( 0O16| 024| 012| 011 0,082] 0,059 | 0,039
Nd 0,21 0,058 0,058 0,21 0,21 0O417] 016 0,17 0,12 ] 0,065 0,06
Sm 0,015 | 0,026 | 0,027 | 0,072 | 0,073 | 0,061 | 0,054 [ 0,056 [ 0,039 | 0,025 | 0,027
Eu 0,003 | 0,006 | 0,006 | 0,019 ( 0,019 | 0,016 | 0,014 | 0,014 [ 0,009 | 0,006 | 0,005
Gd 0,031] 006 0065| 015| 0,15( 0,13 0,12 0,22 0,084 | 0,057 | 0,068
Th 0,018 | 0,022 | 0,021 | 0,033 | 0,034 | 0,029 | 0,026 [ 0,025 ( 0,02 | 0,015 | 0,016
Dy 0,041 0,044 | 0,04 0,09 0,093 | 0,079 | 0,06 | 0,066 [ 0,049 | 0,039 | 0,024
Ho 0,005 0,01 0,006 | 0,021 | 0,021 ( 0,016 | 0,014 [ 0,015 0,01 | 0,005 | 0,005
Er 0,019 | 0,036 | 0,028 01| 011 0,094 0,09 01| 006 0,04 0,039
Tm 0,007 | 0,008 | 0,006 | 0,011 | 0,01 0,009 [ 0,007 [ 0,006 [ 0,005 | 0,003 | 0,002
Yb 0,009 | 0,019 | 0,014 | 0,047 | 0,048 | 0,04 | 0,039 | 0,035 0,022 | 0,014 | 0,013
Lu 0,003 | 0,004 | 0,005| 0,01 0,011 0,009 | 0,01 0,009 0,007 | 0,005 | 0,006
Y 0,053 0,12 01| 042 044 036 0,3 03| 021]| 012 0,12
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[Ipumenenue u3zBectHsika 0,5-1 MM myTeM ero JA00aBlIeHHS K TEXHOTE€HHBIM
IIECKaM IIO3BOJISIET OCTHYb NMOBbIIEHU pH mopoBsIx pacTtBopoB no 5,3. B atux
YCIOBUSIX COXPAaHWIMCh BBICOKHME KOHILIEHTPAIlMM B pacTBOpE aJIlOMUHUS U
Maprasiia, uX KoHIeHTpalus B cpeaHeM coctaBuia 580 u 824 mkr/n. CoaepxkaHue
JAPYTHX TSOKEBIX METAJUIOB HEMHOTO CHU3HIUCK - CU-114; Zn -103; Pb -15 Mxr/mo.

N3menenne pH B CTOpPOHY yBEIMYECHUS MPUBOJUT K H3MEHEHUIO
MUTPAIIMOHHBIX ~ CMOCOOHOCTEW psma dneMmeHToB. [lociae  B3ammomercTBHS
PaCTBOPEHHBIX BEIIECTB C HU3BECTHSIKOM B pacTBOPE pPE3KO COKpaTUiach
KOHIIGHTpAIUsi PEeIKO3eMEeNIbHbIX JJieMeHTOB (B 2,4 - 10 pa3 s pasHbIxX

3JIeMEHTOB), X0Ts pH pacTBOpoB octaBascs kuciabiM - 4,3-5,3 (puc.4.7).

. S a _O',Zﬁ a —
h
0,2 -
—5 3
0,15 -
7\
/ ‘
—4.41
0,1 -
0,05 - ' ’\l A 4,39
\/\/ N\
La Ce Pr NdSmEuGd Tbh DyHo Er TmYb Lu Y 4,38

Puc.4.7 — Pacnipenenenue peako3eMeIbHBIX AJIEMEHTOB B (UIBTPYIOUIUXCS
pacTBopax, yepe3 u3BecTHsK ¢pakuuu 0,5-1 mm.

CHIWKEHUE CoJiepKaHUE PEIKO3EMENbHBIX DJJIEMEHTOB B  pacTBOpax
COTIPSDKEHO C YBEJIMYCHUEM UX KOHIICHTPAIlUU B U3BECTHsKE (Ta0n.4.11).
Tabmuma 4.11 — CogepkaHue peaKO3eMENbHBIX JJIEMEHTOB B H3BECTHSKE IMOCTE

AKCIIEPUMEHTA, T/T

H3BecTHSK mocie
M3BecTHsK mocie
Howmep N3BecTHAK JKCIIEPUMEHTA

o IKCIEPUMEHTA
poObI UCXOHBIN ¢ bom-I'opxoHckum
¢ JKuAMHCKUM MECKOM
MIECKOM
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La <2 3,53 18,8
Ce <3 6,12 42,2
Pr <2 <2 4,54
Nd <2 3,26 17,4
Sm <15 <15 3,85
Eu <0,1 0,39 0,69
Gd <2 <2 2,02
Th <1 <1 <1
Dy <0,5 1,43 1,37
Ho <0,5 <0,5 <0,5
Er <2 0,72 0,54
Tm <3 <0,3 <0,3
Yb <2 0,78 0,72
Lu <0,15 <0,15 <0,15
Y <15 8,09 11,2
Y TR 11,5 28,0 104,3
Takum  oOpa3oM, WU3BECTHSAK sABIseTCA AI(P(EKTUBHBIM  OCaTUTEIEM

PEIKO3EMENBHBIX JJIEMEHTOB M3 pacTBopa. Pasnuuus B COIEpPKAHUAX PEAKUX

3eMeNb B U3BECTHAKE IPU MPOMBIBAHUU NECKOB J[knnnHckoro u bom-I"'opxoHckoro

XBOCTOXpaHUJIWIL CBA3AaHbBI C UX KOHI.[CHTpaI_II/Ief/'I B UCXOOHBIX IICCKAaX.

CunukaTHBIA aHAM3 TIOKA3aJl 3HAYUTENIbHYIO0 TPAaHCPOPMAIIUIO XUMHUYECKOTO

coCTaBa HMCIIOJB3YCMOI'O B OJKCIICPUMCHTC H3BCCTHIKA. B yacTtHOCTH OTMeEuUeHO

SHAYUTCIBHOC YBCIMYCHHUC B H3BCCTHAKC IIOCJIC OKCICPUMCHTA COACPKAHUA

KPEMHUS, AIFOMUHHUS, XKeJie3a M YMEHbIIICHHUE J0H Kajbius (Tabm.4.12).

Tabmuma 4.12 — MakpodsJIeMEeHTHBIH COCTaB W3BECTHSKA, WCIOJIB3YEMOTO B

AKCIIEpUMEHTaX, %o

[Tpob6a
Kommnonent Ucxonubriit [IpopearupoBaBiuii ¢
KHUCJIBIMU BOJAMHU
SiO, 1,00 2,90
TiO, 0,08 0,09
Al,O3 0,30 0,80
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Fe,03 0,11 0,63
FeO 0,04 0,19
MnO 0,01 0,02
MgO 0,60 0,63
CaO 55,90 53,46
Na,O 0,03 0,08
K20 0,03 0,14
P,Os5 <10 <10
IT.m.m. 42,10 41,04
Cymma 100,20 99,98

VBeanueHue psada KOMIIOHCHTOB B MaTpUIC U3BCCTHAKA IMOCIIC OKCIICPUMCHTA
oTpaxxacT 0COOCHHOCTH Q)HHBTPYIOHII/IXCH PaCTBOPOB, ucpe3 YCTAaHOBKY,

3aIlIOJIHCHHYIO TCXHOI'CHHBIM IICCKOM U PCAIrCHTOM.

4.3. DKCIIEpUMEHT MO HEUTpanu3aluuu BoJ B OTcToMHUKE boM-I'opxonckoro ['OKa

Ha Ttepputropuu npuUpoOaHO-TEXHOTEHHOM CHUCTEMBI MECTOpPOXKACHUS boMm-
['opxoH npoOBEAEH MOJYIPOMBIIUICHHBIA SKCIEPUMEHT 110 HEUTPATIU3AUU KUCIIBIX
BojA. Crnoco0 HeHTpanu3aluuu 3akKIO4alCs B HCIOJIB30BAHUM HEHUTPAIU3YIOIIETO
KapOOHAT COJEpKaIllero Marepuana B BHJE€ KPYNHbIX Ibl0. OHM NMOMEIAINCh B
OTCTOMHHUK, PACIIOJIOKEHHBIM B JonuHe pekn 3yH-TurHs Ha 3 mecsua. Ilpu
KOHTaKTe € KapOOHAaTOM KajibLMsl KHCIbIE BOJBI aKTHMBHO B3aWMOJEWUCTBYIOT C
BEIIECTBOM Ha IIOBEPXHOCTH,  YaCTHYHO HeWTpanusyrwTca. Ilpm sTtom Ha
MOBEPXHOCTH KapOOHAaTa KaJbLUs BBICAXKMBACTCSI TUIIC, KOTOPBIA MpPEMSITCTBYET
IIPOHUKHOBEHUIO BOJBl K KaJIBLMUTY, B CHIIy JTOTO MPOLECC HEUTpaIu3aluu
pacTBOPOB MpekpaTuica. Mi3ameHeHusmM noaBepres Cio U3BECTHsIKA 2-3 CM.

Hamu Obumn  oToOpanHbl  oOpasiibl  KapOOHATHOW  TMOPOJIBI, KOTOpas
IpopearupoBaja ¢ KUCIbIMU BOJAMH NPYAOB-OTCTOMHUKOB. BbUT Ipou3BeneH psa
AQHAJIM30B M3MEHEHHOM W HEU3MEHEHHOM 4acTed Iopoasl. Pe3ynbrarsl
npeacrasicHbl B Tabmuiax (4.13-4.15) u Ha rpadukax (puc.4.8-4.10). ITopona, ¢
uHaekcom «H» - HensMeHeHHas, B TO BpeMs, Kak mopoaa, ¢ uHaekcom «M» -

M3MEHEHHas1, KOTopasi mpopearuposaja ¢ BOJaMu MpyA0B-OTCTOMHUKOB.
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Ha ocHoBe IMMOJYYCHHBIX JaHHBIX MOXXHO CACIATb BBIBOA O TOM, YTO

KapOoHaTHas mopoja (M3BECTHSIK) B KUCIIOHN cpezie KoHneHTpupyet SiO,, TiO,,

Al,O3, Fe,03, MnO, Na,O, K,O, o mpu 3tom u3 nmopos! BeiHocsaTes MgO, CaO.
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Puc. 4.8. CooTHO1IEHNE B COAEPKAHUSIX MAKPOKOMIIOHEHTOB B U3MEHEHHOM

1 HEM3MEHEHHOM 4acTsX IIOpPOJEhI, B %

Tabnuua 4.13 — Pe3ynbTaThl MAKPOKOMIIOHEHTHOT'O aHajn3a KapOOHATHOW MOPOJIBI,

B%
Ne n/mt 1 2 3 4 5 6
Ne mpoOsr bI'-1H bI'-11 bI'-2H bI'-21 bI'-3H bI'-3U
SiO; 0,50 8,80 5,10 15,90 27,60 42,10
TiO; 0,04 0,10 0,09 0,12 0,35 0,55
Aly,O;3 0,18 4,83 2,67 6,87 5,90 8,60
Fe O3 0,75 12,72 7,91 7,21 3,36 3,74
FeO <0,1 <0,1 <0,1 <0,1 0,35 0,43
MnO 0,03 0,28 0,13 0,29 0,11 0,13
MgO 4,70 2,71 4,36 3,56 1,97 2,80
CaO 64,60 31,06 40,72 26,80 30,80 17,73
Na,O <0,01 0,21 0,13 0,73 0,99 1,50
K20 0,05 0,65 0,30 0,99 1,88 2,61
P,0s 0,02 0,09 0,08 0,10 0,11 0,16
ILILII 29,14 22,52 26,32 19,96 22,46 14,87
Cymma 100,01 83,97 87,81 82,53 95,88 95,22
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S 0,32 5,32 4,38 6,08 0,91 0,96
SO3 0,81 13,31 10,96 15,19 2,28 2,4
F 0,05 2,06 0,63 1,61 0,23 0,26
Fe,O3 0,75 12,72 7,91 7,21 3,75 4,22

Takke, M3MEHEHHAsl 4acThb NOPOJBI, T.€. Ta, KOTOpas MpopearupoBaya ¢

KHCJIOMN BO,Z[OI>’I OTCTOﬁHHKa, CKOHIICHTpHUPOBAJIA B cebe PCAKO3CMCIIBHBIC 3JICMCHTHI,

takue kak La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Y u np.
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HEW3MEHEHHOU nopoje, I/T

Puc. 4.9. CooTHollIeHHE COIEPKAHUN PEIKUX 3€EMETb B U3MEHEHHOUN 1

Tabnuma 4.14 — Pesynbratel ICP-AES ananuza kapOOHATHOM MOPOABI, T/T

Ne n/mt 1 2 3 4 5 6
Ne mpo6w BI'-1H bI'-11 BI'-2H bI'-21 bI'-3H bI'-31

La 3,3 94 40 94 26,0 34,7
Ce 6,0 190 85 200 48,3 66
Pr <2 16,0 6,6 15,5 4,2 5,4
Nd 2,4 62,0 27,5 63,0 17,5 25,4
Sm <1 11,4 51 11,5 3,0 4,6
Eu 0,12 1,86 0,87 1,95 0,54 0,79
Gd <2 7,85 3,7 8,1 2,2 3,3
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Th <0,5 1,3 0,66 1,4 <0,5 0,65
Dy <1 6,7 3,0 6,7 1,9 2,8
Ho <0,5 1,15 0,5 11 <0,5 0,50
Er <0,5 31 1,4 31 0,84 1,35
™ <0,3 0,34 <0,3 0,50 <0,3 <0,3
Yb 0,24 3,0 1,3 2,9 0,95 1,5
Lu <0,15 0,42 0,18 0,38 <0,15 0,22
Y 3,9 35,9 16 35,0 9,8 14,0

Pe3ynbraTtbl aTOMHO-I)MUCCHOHHOTO CIIEKTPAJIBHOIO aHAJIM3a IOKa3ald, 4TO
KapOOHaTHas MOPOJAa B YCIOBHUSAX KHUCJIOW Cpebl, KOHIEHTPUPYET B ceOe U psiA

MeraiuioB, Takux kak Cr, V, Co, Ni, Cu.
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Puc. 4.10. CooTHOmEHNE CPENHUX CONEPKAHUN TSHKENBIX METAJIIIOB B

M3MEHEHHOM U HEU3MEHEHHOM 4acTax NOpOo/bl, I/T

B pesynpTaTe mMpOBEACHHOTO JKCHEPHUMEHTA YCTAHOBIEHO, YTO B KHUCIBIX
Bojaax xopoio murpupyet Cu, Ni, Co, Cr, V, cpenu peIko3eMeIbHbIX JIEMEHTOB
JIETKO TIOJABWKHBI JIAHTAH, IIepuid, HEOIUM. VI3MEeHEHHbIE KUCIBIMA BOJAMH YaCTHU
KapOOHATHOM TMOPOABI COCPenOTOUMIN B cebe Ooibinee koamuecTBo SiO,, TiO,,
Fe,03, Al,Os; Taxke, onu comepikar peakue 3emud, takue kak La, Ce, Nd u psn

TAXKCIIBIX MCTAJIJIOB.
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Tabmuua 4.15 —  PesynmpTaThl  aTOMHO-DMHUCCHOHHOTO  CHEKTPAJIbHOTO
aHan3aKkapOOHATHOM MOPOAbI, I/T
Ne ni/m 1 2 3 4 5 6
Ne ipo6b1 bI'-1H bI'-11 bI'-2H bI'-21 bI'-3H bI'-31
Cr <5 14 10 36,5 19 21
V 7 24 16 50 42 50
Co 1 20 9 34 4 5
Ni 3,5 19,5 11 20 8 11
Cu <3 186 67 164 34 39
[lpuBeneHHble B Ta0nMIAX pe3yNbTaThl aHadW3a I[OKAa3bIBAIOT, UTO

XUMUYECKHE MpeoOpa3oBaHMsl M3BECTHSIKA 3aXBaThIBAIOT 3HAUYUTEILHO OOJBIIYIO
€ro Maccy, 4eM BOCIpUHMMaeMble Ha IJ1a3 u3MeHeHus. B mpobax 2 um 3 B
[IIyOMHHBIX CJIOSIX OOHApYKUBAIOTCS BBICOKHE COJCPIKAHUS BCEX OIPEICIICHHBIX
HAMU XUMHYECKUX JJIEMEHTOB. A XHMHWYECKM HEU3MEHCHHOM 4YaCTU HM3BECTHSIKA
COOTBETCTBYIOT aHAJIM3bI, MpUBEAEHHbIE ToJbKO 1Jisi TpoObl BI'TH. Bee octanbHbie
poOBI XapaKTepU3yIOT MPeoOpa30BaHHBIN B PA3HON CTEMEHU KUCIIBIMU PAacTBOpaMU
W3BECTHSK.

Pe3ynprarsl MOJYTIPOMBIIUIEHHOTO DKCIIEPUMEHTA ITOKa3bIBAIOT
IPUHLUITAAIBHYI0O BO3MOYKHOCTh MWCIIOJIB30BAaHHUS W3BECTHSKA I W3BIICUCHUS
LEHHBIX B TMPOMBIILUICHHOM OTHOLICHUM KOMIIOHEHTOB, HAaxXOAIIUXCS B
PAaCTBOPEHHOM COCTOSIHUM B OTCTOMHHUKAaxXx H NPYAaX-HAKOMUTEIAX TOPHO-
MIPOMBINUICHHBIX TPEANPUITUN OCYIIECTBISIIOIIUX Pa3padOTKy BOJIbGPAMOBBIX
MECTOPOKICHUH.

* * *

Takum 00pa3oM, MOKHO 3aKJIFOYUTh, B KUCJIBIX YCIOBUAX XOPOIIO MUTPUPYET
IIAPOKUH CIIEKTP JIEMEHTOB, B TOM YHUCJIE, PEAKO3EMEJBHBIE 3JIEMEHTHI, 30JI0TO.

[Tpu noctmxennun pH no 4,4 aKTUBHO OCAXAAETCS KEIE30 U CBSA3BIBACTCS B
MUHEpaJIbHbIC (Da3bl B CIACAYIONIUX COCTUHEHUSX !
1) ¢ xpomom(10-14%), anmromunarnem(2%), kpemuanem (1% ), nuciposzuem (4%),

2) c amomunueM(2%), kpemuanem (1%), camapuem (1,29%)
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3) c amomunueM(2%), kpemaueMm (1%), npazeoaumom (0,89%)

[ToBeimienne pH 1o 5,3 compoBOXKAAETCA CBSA3BIBAHUEM KaJbLIMTOM TaKUX
AIeMEeHTOB Kak HHUHK(2-17%), kaamuii (0,65-22%) B acconmanuu ¢ amoMuHuem(1-
12%), kpemuauem (1%), hbropom(1-18%).

DOKCHEpUMEHTAIBHO yCTAHOBIIGHO, YTO HEUTpaau3amus TOPOBBIX BOJ
OPUBOJUT K PE3KOMY OTPAHUYEHUIO MUTPALMOHHON CIIOCOOHOCTH MHOTHUX
XUMUYECKUX JJIEMEHTOB B TOJIIE XPAHWIHUI] OTXOJOB TOPHO-O0OTATUTEIHHBIX
KoMOnHaTOB. B KauecTBe HEUTpalu3ylOUIEro peareHTa HauOolsiee JCeUieB U
J0CTaTOYHO 3(P(HEKTHUBEH HM3BECTHSAK, KOTOPHIA BHOCHUTCS B BHUJE PACCESTHHOM MO
BCel TOMIIEe A00aBKM WJIM B BUJIE XOPOIIO TMPOHMUIIAEMOTO JJISi BOJBI CJOS C

pasmepom vactur 1-0,5 mwm.
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['JTABA 5.

MUHEPAJIbHBIE ®OPMbI HOBOOEPA30OBAHUN

OKCIIepUMEHTANBHBIE HCCIEIOBAHUS B3aMMOJCHCTBHUS KUCIBIX BOJ C
U3BECTHSAKOM OPOBOJAMIUCh HA JBYX OKCIEPUMEHTAIBHBIX YCTaHOBKAX.
[lepBoHayanbHO U3BECTHSIK MOMELIAJICA HA JHO BAHHOYEK, & CBEPXY pa3MeILaINCh
necku u3 XxBocToxpaHwmmil. CBepxy mpomyckamach Bojaa. B 3Toil  cepum
HKCIIEPUMEHTOB B TOJILY U3BECTHSAKA, HAPALY C OOpa3yIOLIMMUCS MUHEpaJIaMu MIPU
B3aMMOJICIICTBIH arpecCHUBHBIX PACTBOPOB C HM3BECTHSKOM, MOMATald MHHEPAJbI,
NEpEHECEHHbIE ABIXKYIIUMCS TOTOKOM BOJIbI U3 BBIIIE JIEKAIIUX MeckoB. [oaTomy
OpU aHAJIM3€ HA 3JIEKTPOHHOM MHUKPOCKOIIE B TOJIIE M3BECTHSAKA OBLIO BBISBICHO
PSA SHAOTEHHBIX M 00pa30BaBIINXCA THIPOTEPMAIBHBIM ITyTeM MuHEpanoB. Koraa
HamMH OBLIM BBISBJICHBI 3TH HEJOCTAaTKU B JKCIIEPUMEHTE, Oblla co3jaHa Apyras
YCTaHOBKa, KOTOpas MO3BOJIMJIA MCKIIOYUTH MOMaJAaHNie TIEPBUYHBIX MHUHEPAJIOB B
cpeny HOBOOOpa3oBaHuid. Tem He MeHee, Mbl TTOCUYMTAIN BO3MOXKHBIM BKJIIOYHUTH B
IPEICTaBICHHYI0 paboTy pe3yJabTaThl MCCIEAOBAaHHUSA, IOJIY4YEHHbIE Ha IEpPBOM
YCTaHOBKE, TaK KaK OHM COCTAaBIISIOT JOBOJIbHO 3HAUYUTEIHHBINA OJIOK MPOBEIEHHBIX
HamHu wuccienoBaHuil. [IpocuMm oTHecTUCh C MOHUMaHueM K QororpadusmM, Ha
KOTOPBIX Hapsily C HOBOOOpPa30BaHUAMU  (PUKCUPYIOTCS SHIOTEHHbIE U
THIPOTEPMAIILHO 00pa30BaHHbIE MUHEPAIIBI.

Kak  mokazamu  wucciaenoBaHuss  Ha  DJIEKTPOHHOM  MHMKPOCKOIIE,
npeobyanaronieit  GopMoil  MuHEpasoB, O0O0pa3ylOIIUXCS HA  MOBEPXHOCTHU
pOpEearupoBaBIIEro M3BECTHSKA, ABIAIOTCA cyinbdarel. M3 pactBopa mpu
B3aUMOJEHCTBUU C KaJbILIUTOM, HA €ro MOBEPXHOCTU UHTEHCUBHO KPUCTAILIN3YETCA
AHTUJIPUT C pa3MepoM 3epeH 10 70 MKM, KOTOpbI OKPY>KEH OKCHUIAMU Kelie3a U
BKJIFOUCHUSIMU TOPTJIAHAUTA. 3/1€Ch k€ B MHKPOKPUCTAIIIMYECKOW Macce cpeau
THJIPOKHCIIOB KANBIMS OTMEUAETCS MUPHUT C Pa3MBITON MOBEPXHOCTHIO (puc.5.1 A).
OH BBIMBIT TOKOM JIBIDKYIIIETOCS PACTBOpa U3 MIECKOB.

Ha mnoBepXHOCTM YacTUYHO NPeoOpPa3OBaHHOTO 3€pHAa  M3BECTHSKA

BbIICNIIETCST 0Opa30BaHWE TUIICA, MPEJACTABICHHOE MPO3PAUYHBIM YIMHEHHBIM
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KpUCTAJUIMKOM pazmepoM 4 MkM. Kanbiuii B 3TOM HOBOOOpPa30BaHUM YaCTUYHO
3aMemaeTcs Jkene3oM. [IpuMecHbIMH KOMITOHEHTaMH SIBIISTFOTCS aymfomuHuiA (Al -
0,91%), xamuit (K - 0,35%). Cpeau pbIxiioil Macchl Ha MOBEPXHOCTH YaCTUYHO
IIPOPEarupoOBaBIIETO C PACTBOPOM H3BECTHSKA BBIACISIETCS IUPUT C pasMEPOM
3epHa 6 MM (puc. 5.1. b).

HoBooOpa3oBaHusi,  NIpeICTaBIECHHbIE  TOHKOM  B3BECBIO,  COZIEpXkaT
MJTACTUHYATHIN TUIIC TPEIIMHOBATON TEKCTYPHI, (MIFOOPUT Pa3MEPOM 5 MKM, 3/1€Ch
BCTpeuaeTcsi (PeHaKUT B BHJIE€ TOHKOCIONHON IJICHKU, OKPYKEHHOW CEPHOKHUCIBIM
xene3oMm ¢ mpumecsmu cBuniia (Pb - 6,45 %) (puc. 5.1 B). Cpeau pbixioi
amop(HOI Macchl BelesAeTca Kpuctaiul nuputa (puc. 5.1 I'), meenura ¢ npumecsro
penus (Re - 3,26), ¢propa (F - 5,92).

[Ipn B3aMMOAEUCTBHM C KHCIIOM THOPOBOM BOJAOW HAa MOBEPXHOCTH 3€PEH
kKapOoHaTa (OPMHPYIOTCA CYIb(GaTHl kKene3a, THAPOKCH Kalblusl (TOPTIAHINT),
YTO OOYCJIOBJIEHO MPOLIECCOM KPUCTAIUIM3ALMU UX MPU HEHUTpaIu3aluu pacTBopa

BOJIM3U TOBEPXHOCTH.

300um !

300um ! f 80um

Puc. 5.1. HoBooOpa3zoBaHusi B uyacTUI[aX H3BECTHSIKA W3 3KCIEPUMEHTa C

PaBHOMEPHBIM pacHpeieICHUEM UX B TOJIE necka. A: 1,2 — aHruapur, 3 — OUpwUT,
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4 — MOpTAAHIUT, 5 — OKCHUJ Keje3a ¢ MPUMEChI0 KPEMHHUSI, AIFOMUHMS, TUTaHa; b:
2,3 — CEpHOKHCIIOE KEeJIe30 C MPUMEChI0 KPEMHUS, aIOMUHUS, THTAaHA, HATPHS,
Kanus, 4 — rurc, 5 — meenut, 6 — nuput; B: 1 — daroopuTt, 2 — okcup xenesa, 3 —
OKCHJI JKeJie3a ¢ MMPUMEChIO CBUHIIA, 4 — ruric, 5 — ¢penakut; [': 2 — nupurt; J: 1,2 —
GTOopuAbI XKene3a ¢ MpUMECSIMU HaTpHs M Kanus, 3 — meenut, 4 —pTopun xenesa
(HOMepa Ha pUCYHKax COOTBETCTBYIOT y4acTKaM, I/Ie MPOU3BEIeH MUKPOAHATH3)

Tabmuua 5.1 —  DnemMeHTHBI  COCTaB  OCHOBHBIX ~ MHUKPOBKJIIOYEHHI,

MpeJCTaBICHHBIX Ha puc. 5.1, %

Mumnepai Si Ti Al Fe Ca K F W S )
AHTHIPUT 0,55 0,27 |1,88 |21,96 18,02 | 61,61
AHTUIPUT 0,83 0,29 |155 |23,12 20,4 | 96,99
[Tupur 43,37 51,22
[Toprnanmut 4,89 | 45,98 475
I'unc 1,69 0,63 |244 |21,33|0,35 18,59 | 100,62
[leemut 091 |3,77 |1341|041 57,92 | 2,04 | 31,99
Dr00opuT 3,51 0,49 |1,53 |50,04 69,33

N3meHenne crnocoba n00aBieHMs M3BECTHSIKAa K IECKaM BJEYeT 3a coOoif
U3MEHEHUE MHUKPOBKIIIOYEHHM Ha IIOBEPXHOCTU 3€pEH H3BECTHAKA. B ciydae
MPUMEHEHUSI W3BECTHSKA [JI1 HEWTpaJu3aluy KHUCIBIX ITOPOBBIX BOJ NYTEM
CO3/1aHUS OTAEIBHOTO €ro CcJios, Ha TIOBEPXHOCTH KalbLUTa (HOPMUPYIOTCS
MUHepaibHble (a3bl pazHoro cocrtaBa. M3 pactBopa ypansercsa (QpTop, KOTOPBIA
CBSI3BIBACTCS KaJIbLMEM, IMOCTYIAIOIIMM W3 Pa3Jlararollerocs u3BecTHsaka. Propa B
pacTBOpe OTHOCHUTEJIBHO MHOIO U IO Mepe MOCTYIJICHHUS KajbIUs oO0pa3yroTcs
MEJIKHE KPUCTAIUIBI (DIFOOPUTA, KOTOPBIE U TOKPBIBAIOT NOBEPXHOCTh U3BECTHSKA.
Takke 3HAYNUTENBHYIO YaCTh IMOBEPXHOCTH 3€PHA KAJIBLUTA 3aHUMAET THMAPOKCHU]L

Kanpius (puc.5.2).
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Puc.5.2. DnekTpoHHO-MHUKPOCKOIMYECKU CHUMOK HOBOOOpa3zoBaHuii: 1,2 —

TUAPOKCUTT KalbIns; 2,3 — KpUCTAJUIBI coaepkamue, Fe, Ca; 4,5 — dpmroopur

Tabnuua 5.2 — D1eMeHTHBI COCTaB MCCIEAYEeMOro ydyacTKa U3BecTHsKa (puc. 5.2),

%
Mecto Si Al Fe Mg Ca F )
OTIpeIeTICHHS
1 0,71 |0 44,19 55,1
2 0,69 1,67 18,77 18,58 60,29
3 2,14 160,28 14,59 23
4 7,4 0 0,87 18,78 33,17 39,78
5 2,718 |0 31,33 12,32 53,56
Takum e 00pazoM 0OBIYHO 00pPa3yIOTCs BBIJCICHUS TUIICA, KOTOPHIE YacTo
(bUKCUpYIOTCS Ha TIOBEPXHOCTHM W3BECTHsAKA. Ha TOBEPXHOCTH KaJibIUTa

KPUCTAJUTU3YIOTCS TUIIC B (OpME YeIIyHUYaThIX U 3€PHUCTHIX Macc (puc.5.3).
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300um — ' * 60pum
Puc.5.3. ®@opwmel BeiaeneHus rumca: A — yenryidarble Maccol, b — 3epHUCTBIE

MacCChI

Tabnuna 5.3 — DneMeHTHBIM COCTaB UCCIIEYEMOI0 ydyacTKa U3BecTHsKa (puc. 5.3),

%

CHUMOK Mecro Al Ca S F 0
OTpeICIICHUS

A 1 1,13 18,28 22,33 6,67 86,04
2 0,29 18,45 21,07 3,43 84,14

A 3 0,51 15,52 22,73 6,21 110,04

B 1 0,58 23,67 15,81 3,75 73,37

b 2 0,41 24,36 17,12 3,5 67,08

B xucnmoit cpeme QGOpMHUPYIOTCS THIAPOOKUCIBI KaJbIlUA C TPHUMECHIO
ATIOMUHUSA, XKeJlie3a 00pa3yloT CKOTUICHHS, MMEIoIue OObeMHBIC pa3Mmepbl. B ux

COCTAaBC MPHUCYTCTBYIOT TAKCIILIC MCTAJUIbI TAKHUC, KaK MApraHCIl, IWHK, I(aI[MI/Iﬁ

(puc.5.4).
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Puc. 5.4. DnekTpOHHO-MUKPOCKOIIMYECKUH CHUMOK HOBOOOpa3zoBaHuii: 1,3 —
cepocoepKalliue COCIMHEHHS KalblUs C MPUMECHIO ITUHKA, KaaMus; 2 — GTopu
KaJIbIIHS

Tabnuna 5.4 — DJIeMEHTHBIN COCTaB MCCIIENYEMOro ydyacTka M3BeCTHsKa (puc.5.4),

%

Mecro Si |Al |Fe |Mn [Mg |Ca Zn |Cd |S F @)
OITpeJICIICHUS

1 1,2 195910,79|2,75|8,53|13,05|1,17 | 0,65 | 10,77 | O 69,59
2 05 (13|13 |0 0 40,3 |0 0 0,4 |51,97 61,03
3 0,59 (3,58 |0 0 1,21 124,83 |0 0 15,89 | 0 63,55

W3ydyeHne wW3MEHEHWH W3BECTHSAKA IO MHUKpPOCKOmoM B pexume VP,
MOKa3ajo, 4YTo npu AocTxeHun pH 3HaueHus 5,33 mpoMCXOIUT CBSI3bIBaHUE Zn,
Cd, S, Cl B okcunHoit hopme anromMuHus, xene3a (puc. 5.5). 3apukcupoBaHHbIC Ha
CHUMKaX CTPYKTYpbl B mpumecu coaepxkutT Si, Mn, Mg, Na, BeiHOCHMBIE U3

CHJINKATOB.
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Puc. 5.5. DnekTpoHHO-MUKPOCKOTMYECKUH CHUMOK HOBOOOpa3oBaHuid: 1,2,3
— CepocoJiepKallli€ COCAWMHEHMS KaaMUs C NpuMechlo 1uHKa; 4,5,6,7
cepocoIepKalIe COEUHEHNS [IUHKA C IPUMECHIO MarHus
Tabmuma 5.5 — DOneMeHTHBIM CcOCTaB HCCIEAYEMOro Y4acTKa W3BECTHSKA,

MIPEICTABJICHHOTO Ha pucC. 5.5, %

Mecro Si Mn Mg Na K Zn Cd S Cl F @)
Onpe/ieNeH s

1 1,26 | 0 0,64 |1,42 2,79 | 19,14 | 16,21 | 14,86 51,43
2 041 /0,71 091 |[1,73 2,94 |22,83|17,62 | 15,81 50,56
3 0,39 |1,22 [101 |151 4,31 |1893 | 17,43 | 14,84 47,82
4 085 | 546 |248 |1341 |0 9,02 18,82 1186 |0 50,01
5 0 1,5 11,32 | 563 |0 13,19 21,77 12,01 |0 71,22
6 0,34 | 596 |208 |1497 |0 11,38 21021123 |0 49,13
7 0 1,23 | 1,18 | 753 |1,26 |298 264 |0,88 |2,82]54,03

B okpyxeHun 3epHUCTON Macchl rurica GOPMHUPYIOTCS BBIJEICHUS CyIbh(hara
LMHKA B aCCOLMALMU XJIOPUAHBIX COEAUHEHUN, YTO YKa3bIBAET HA BBIIICIAYUBAHUE
AJIEMEHTOB U3 MOPO1000Pa3yIONINX MUHEPAIOB U JalbHEHIIee NX HAKOTUICHHE Ha

MOBEPXHOCTH IPOPEarupoBaBIIero U3BeCTHIKA (pHc.5.6).
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Puc. 5.6. DIeKkTpOHHO-MHKPOCKONMYECKHA  CHUMOK  CYJIb(aTHBIX

HOBOOOPa30BaHUM

Tabnuua 5.6 — D1eMEeHTHBIN COCTaB UCCIEAYEeMOro ydacTka U3BecTHsKa (puc. 5.6),

%

Mecto Si Mn | Mg |Ca Na K Zn S Cl |O
OITpeJICIICHUS

1 043 |1,28 [12,72|0,45 [4,89 |0 17,12 | 25,53 |0 74,54
2 156 [537 [233 |032 |1767|0 12,32 23,32 |0 65,5
3 2,11 |133 |264 |0,39 |897 |1,01 [4,73 |29,23]|0,76|67,96
4 10,05 [ 1,84 | 7,3 0 4,33 |0,34 |13,07 |20,5 |1,37|64,02
5 046 |16 |1453|0 368 |0 175 274 |0 85,22

Tak k€ OJHOBPEMEHHO Ha MOBEPXHOCTH KaJIbIIUTA OCAXKIAIOTCS
THAPOOKHUCIBI ITUHKA, cojaeplkammue B cBoem coeamHenmu Cu, S, F, B

acconmanuu Si, Al, Mn, Mg, Na, o6pa3ys kopouku (puc. 5.7).
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Puc. 5.7. DJIeKTpOHHO-MUKPOCKONMUYECKUM CHUMOK ITUHKCOAEPKAIIUX
COEIMHEHUN

Tabnuua 5.7 — D1eMeHTHBIN COCTaB UCCIEAYeMOro ydacTka u3BecTHsKa (puc. 5.7),
%

Mecro Si Al Fe [Mn [Mg [Na |Cu |Zn S F 0
OITpeJICIICHUS

1 0,34 | 1580811897323 0 16,68 | 21,2 | 3,82 | 54,75
2 041 |16 |097|228|457 252|111 15,66 | 18,51 | 3,93 | 42,58
3 0 1,8510,88|1,73 736|459 |0 17,3 | 21,95 | 6,11 | 60,08
4 0,22 |044/025{0,33|0,71(0 0 266 |197 |0 6,2

5 0,33 |042|035(0,33|045|0 0 329 |186 |0 5,52
6 0,69 |078|0 0 0 0 0 2,82 | 19,69 | 3,24 | 59,99
7 0,26 |0,38|036 |0 0,790 0 2,14 202 |1,32]5,62
8 0,73 | 0,71 |0 0,44 106 |0 0 286 198 |0 6,5

B pesynbrare B3aMMONEUCTBUS M3BECTHSAKA C KUCIBIMU ITOPOBBIMU BOJAMH
MPOUCXOAUT 00pa3oBaHHE CyNb(ATHBIX COCAMHEHUH LHMHKA, KaJMHS, KOTOpbIE

PETHCTPUPYIOTCS Ha peHTreHorpamme (puc.5.8), kpucramim3yercs rHric.
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Puc. 5.8. ®a30BbIii cocTaB HOBOOOpA30BaHWI Ha W3BECTHAKE IIOCIIE
skcnepumenta: CaCO3,CaS0O,-2H,0, ZnS0O,-6H,0, CdSO,-3,5Cd(SO,),-xH,0
Metoaom peHTreHo(a30BOro aHajau3a ONpeiesieHO, UTO B OTOOPaHHBIX
3epHAaxX M3BECTHAKA TIOCTE OKCIEPUMEHTa TMPUCYTCTBYIOT  altoMO(DTOPUIBI
(Al,PbgSngF4y), dTopumbr  kamusa:  monutroHuT  K(AIFeLi)(SisAl)O50(OH)F,
KMgs(SizAlOy0)F,,  cymbdumkenesa, KapOOHATHI uuonuma.  (FeSOs),
Fes(OH)12(CO3);  Ndy(COs)3-8H,0; CaNd,S, (puc.5.9,5.10).
OO6pa3zoBaHue COEAMHEHUM, COJEpKaIIMX PEIKO3EeMENIbHbIE JJIEMEHThI, B
MEX3EpHOBOM MPOCTPAHCTBE B TOJIIE W3BECTHSIKA OOYCIOBJICHO IMOCTYIUICHHEM

JJAHTAHOMJOB M3 pPaCTBOpPA, TaKasd BO3MOXHOCTH OIlMCaHAa B CTAaTbheC [BOpSCHKO,

2016].
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5.9. ®a3oBBlii cOCTaB HOBOOOpPa30BaHMI Ha W3BECTHSKE MOCTE

SKCIICpUMCHTA: CaCOg; KMgg(SlgAlolo)Fz, Ndz(COg)ggHzo, CaNdZS4

139



1100

1000

900

800

~
=]
3

Lin (Counts)

@
=]
3

400

200

100

»

i o
40 50 60

2-Theta - Scale

MIDabaeva 2 - File: 2017-08-17 #3.raw - Type: 2Th/Th locked - St 00-042-1399 (¥) - K(AIFeLi)(Si3A)O10(OH)F - Y: 9.17 % - Polylit  [M]00-050-0015 (N) - Ca2Mn14027xH20 - Y: 13.16 % - Calcium
[M]01-072-1652 (A) - CaCO3 - Y: 32.25 % - Calcite - d x by: 1. - WL [A]00-048-0790 (N) - AI2Pb9SN9F42 - Y: 6.17 % - Lead Tin Alumin 00-046-0098 (1) - Fe6(OH)12(CO3) - Y: 6.84 % - Iron Carbonate
[#]00-043-0088 (1) - Ca4AI2Cr0.508CI12H20/3Ca0-Al2030.5Ca [¥100-032-0473 (¥) - FeSO3 - Y: 2.66 % - Iron Sulfite - d x by: 1. -

INERERREEE FRREE SRRTE FAET Lo bt o] b b b b b b b b b b by,

Crea e S - 1 IO 1 o

M
e i 1k
LA L R A B B B B T T

Puc. 5.10. ®a3oBeiii cocTaB HOBOOOpPA30BaHWI HAa W3BECTHAKE ITOCIIC
IKCIIEPUMEHTA: Al,PbgSngF»; K(AIFeLi)(SisAl)O1o(OH)F; FeSOs;
Fes(OH)12(CO3); CasAlLCros0Cl1-12H,0

dopmupoBaHUE HAa MOBEPXHOCTH MHUKPOBKIIOUEHWH MHOTOKOMIIOHEHTHOTO
cocTaBa 00YCJIOBJIEHO PacTBOPEHHEM, KaK MOPOJ000pa3yIoluX MUHEPAIOB, TaK U
PYIHBIX, YTO OKa3bIBACT BIMSHHWE HA MUTPAIMI0 MUKPODJIEMEHTOB B JPEHAKHBIC
Boabl. OKHCIeHHe Cynb(QHUI0B COMPOBOXKIACTCS THUAPOIU30M C O0Opa3oBaHUEM
cepHOIl KUCIOThl. OTHUMHU U3 BO3MOXKHBIX PEAKLUN SBISIOTCA:

0,36FeS, + O, + 0,18H,0 = 0,18Fe*" + 0,18Fe(OH)," + 0,3650,% +0,09S,0¢
+0,18H";

0,8FeS + O, + 0,8H,0=0,4Fe(OH); + 0,2Fe(OH), + 0,2Fe”" + 0,2S,0¢";

0,66ZnS + 0,750, + 0,5H,0=0,66Zn°" + 0,16S,05> + OH.

JloOaBiieHHE KPOIIKM M3BECTHSIKA K TEXHOTEHHBIM TII€CKaM NPHBOJIUT K
HEUTpIM3allMM KUCIBIX IIOPOBBIX pacTtBopoB. M3menenne pH B cropoHy

yBenmuueHus 10 5,33 compoBokmaeTcs oOpasoBanueM B3Becu (puc.5.11.),
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conepmameﬁ MC/Ib, IMHK B COCAMHCHHU C OKHUCJIaMU aJTIOMHHHUSA, MPUCYTCTBYIOT

cepa, prop, XJI0p, OMTHOBPEMEHHO — ¥ MapraHell, MarHuil u Hatpui (Tadm. 5.8.).

' 100um '
Puc. 5.11. HoBoobOpa3oBaHusi Ha TOBEPXHOCTH U3BECTHSAKA

Tabnuna 5.8 — DIeMEeHTHBIN COCTaB UCCIEYEMOTO y4acTKa u3BecTHsKa (puc. 5.11),

%

Mecro Si Al Fe Mn Mg Ca Na | Cu Zn | S Cl F O
OIIpEACICHUA

1 1,67 | 12,24 | 354 | 2,07 | 359 (311 |0 541 |287 1672 |0 18,52 | 51,02
2 0,57 | 5,4 6,16 | 5,3 756 | 254 | 147 (292 |4,64|16,63 |0 12,27 | 65,97
3 123987 | 123|581 |506 |2 0 13,45 | 6,88 | 12,77 | 0,49 | 13,94 | 68,75
4 2,31 | 1,39 1,09 | 24,59 22,53 12,86 | 110,05

C momoIIbpl0 3JIEKTPOHHOIO MHKPOCKOIAa HaMU HCCIEAOBAH W3MEHEHHBIN
KHCJIBIMM BOJAMHU M3BECTHSK B aHnumdax. Ha cHuMkax 3aukcupoBaHbI anaTUT C

MOBBIIIIEHHBIM CojJiepKaHnueM (Topa, U KaoJMHUT (puc.5.12), 4TO 0O0YCIIOBICHO
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IMPOTCKAHUEM PCAKIIMHU THAPOJIH3a CHUIMKATOB B KHCJION cpeac U Mmocjacayromem

OCAKIACHHNHU ITPOAYKTOB Ha KaJIbIIUTC.

Tmm

Puc.5.12. IIpopearnpoBaBiinii U3BECTHIK

Tabnuua 5.9 — CocTaB uccieyeMoro yyacTka u3BectHska (puc. 5.12), %

Mecro Munepan | Cymma | Si Al Fe Mg |Ca P F O
OTIPEICIICHHSI

1 Kameuur | 82,43 0 0,27 | 39,39 42 77
2 Amnarur 100,39 40,2 | 18,09 | 4,12 | 37,98
3 Kaomuuur | 79,83 199 | 17,66 | 0,85 0,66 40,77
5 Kampuur | 77,67 0 0 38,35 39,32

Takke Ha 2JIEKTPOHHOM MHUKPOCKOTE OOHApY>KEHbI THIPOOKUCIHI KeJe3a,

CoJIepKaIllie B CBOEM COCTaBE XPOM, aJIFOMUHMI U Auctpo3uit (puc.5.13).
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30pm
Puc.5.13. T'mapookuciibl kKeje3a Ha MOBEPXHOCTH KaJblIUTa

Tabnuua 5.10 — CoctaB uccneayeMoro yyactka u3BectHska (puc. 5.13), %

Mecro Si Al Cr Fe Ca Dy |S @)
OITpEICIICHUS

1 0,85 | 145 |14,1 90,31 |6,99 4,86 | 0,84 |6,99

2 1,26 |507 |0 9,57 27,8 0 3,28 | 63,55
3 252 [9,05 |0 13,88 | 27,64 |0 2,91 | 101,29

Bwmecrte ¢ ruapookuciamMu keiie3a Ha MOBEPXHOCTH M3BECTHSKA OCAXJAeTCs
Menp. M3  pactBopa ygpamseTrcss (TOp, KOTOPBIM CBS3BIBAETCS  KaJbIUEM,
MOCTYHAIOUIUM U3 pasjiararolerocs u3BectHsaka. @Topa B pacTBOpPE OTHOCUTEIBLHO
MHOTO H TI0 Mepe TMOCTYIUICHHS Kallbliusg OOpa3yloTCs MENKHE KPHUCTaJUIbI
¢baroopuTa, KOTOphIE U MOKPHIBAIOT MOBEPXHOCTh M3BECTHSKA. TakuM ke oOpa3zom
OOBIYHO 00pa3yroTCs BBIACIECHUS THUIICA, KOTOPbIE 4YacTO (PUKCUPYIOTCS Ha
MOBEPXHOCTH W3BECTHSKA. OJTH JBa MHUHEpala o00pa3zyloT OOJbIIHe KOJIOHHUH
BbIJICJICHUI Ha MOBEPXHOCTH M3BecTHsAKa (puc.5.14). Taxke 3HAUYUTENBbHYIO YacCTh

IMOBCPXHOCTH 3C€PHA KaJIbIIUTA 3aHUMACT TUAPOKCUJ] KAJIbIIH.
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Puc. 5.14. DnaeKTpOHHO-MUKPOCKOMUYECKUI CHUMOK HOBOOOpA30BaHUU Ha

IIOBCPXHOCTHU U3BCCTHAKA

Tabmuua 5.11 — DieMeHTHBI COCTaB MCCIEIYyEMOr0 y4yacTKa M3BECTHSKa (pucC.

5.14), %

Mecto Si Al | Cr Fe Ca Cu |Dy |S F O
OIpelieNIeHus

1 438 |159|11,63|84,03|883 |104|0 0 0 12,87
2 51,21 1324 |0 461 1113|112 |0 0630 118,79
3 123 |191]0 157 [41,07 |0 493 |0 0 90,44
4 367 |509|0 556 138490 0 0,46 | 45,23 | 90,44

C BBINAJECHUSIMU TUIPOKCUJA JKEJie3a BBIICISIOTCS MHOTHE TOKCHUYHbBIC M
LICHHbIE B IMPOMBIIUICHHOM OTHOUIEHWH 3JEMEHTHl. B MX cocTaBe yCTaHOBIICHBI
XpOM, AJIFOMUHHM, KpeMHUN W nucnposuil. JKene3o, allfoMUHUM U XpOM 00pa3yroT

YCTOMYMBYIO aCCOIMAIIMIO B 3THX HOBOOOpa3oBaHusX (puc. 5.15).
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Puc. 5.15. MuKpOBK/IHOYEHHUS HA TOBEPXHOCTH U3BECTHSKA

Tabmuma 5.12 — MUKpO3JIEMEHTHBIN COCTaB MCCIEAYEMOT0 ydacTKa HM3BECTHSKA

(puc. 5.15), %

Mecro Si Al Fe Ca Sm |Cd |S F O
onpeIeeHHsI

1 1,87 18,02 9,3 252 |0 0 1,45 | 41,54 | 65,84
2 1,78 | 4,14 | 48,96 | 3,73 | 0 0 094 |0 29,8
3 2,86 | 4,78 149,53 13,98 |0 0,72 | 1,2 0 55,44
4 0 1021215 |249 11,29 |0 19,14 | 0 80,99

Ha canmkax 3aukcupoBaHbl MHOKECTBO KPHCTAJUIOB THAPOKCHIIOB JKeje3a,
KaJIblUs, aIOMHUHHS, OO0pasylonue IUIOMAHble COBMECTHBIC BBIJICIICHUS B
ONMpENEeNeHHbIX MeCTax 3€epeH KajapuuTa. Ha mnoBepxHOCTH KajbluTa B
00pa30BaHUSIX CIIOKCHHBIX COCIMHCHUSIMH ATIOMUHUSA, KPEMHHS, Kelie3a U CEphI

oOHapy KEHBI BbIJICIICHUS, COIEpIKaIine pazeoanuM (puc 5.16).
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Puc. 5.16 — [ToBepxHOCTh U3BECTHAKA B pexkuMe VP 3JIeKTPOHHOTO MUKPOCKOTIA

Tabmuma 5.13 — DJaeMeHTHBIH COCTaB HMCCIEAYEMOro ydacTKa W3BECTHsSKa (puc.

5.16), %
Mecro Mumnepan | Si Al Fe Ca Pr S 0]
OlIpe/IeNeHHs!
1 Kamemmr | 0,34 | 152 | 0,62 29,81 |0,89 | 046 |44,15
2 [Muput 1,71 |39,95 |147 |0 46,21

Acconmanusi 3JIEMEHTOB, C KOTOPbIMH BCTPEYAIOTCS PEAKUE 3EMJIH,
YKa3bIBa€T HAa UCTOYHUK MOCTYIJICHUS UX B PACTBOP — OHU, BEPOATHO, MOCTYNAIOT
U3 aJIFOMOCHIIMKATOB, KOTOPHIE pa3jiaraioTcs B KHCIION cpene, chOpMUPOBABILIEHCS
I0/T BO3/ICCTBUEM OKHUCIICHUS CYIb(OUTHON MUHEPAIA3AIIH.

[ToBbiienue pH pacTBOPOB COMPSKEHO € YMEHBIIEHUEM KOHIICHTpaIui
penko3eMenbHbIX  3neMeHToB. lloatomy mipm  goctukenun pH 5,33 He
3a(UKCUPOBAaHBI B MEXK3EPHOBOM IMPOCTPAHCTBE MHUHEpaIbHBbIE (a3bl € UX
coziepkaHueM. BeposiTHO, OHM BBICA)KUBAIOTCS paHbllle B Oojiee KUCION cpejie.
BricaxxuBanne U3 pacTBopa MPOUCXOAWT TIpU OOpa30BaHWM THIPOKCHUIIOB

AJIIOMUHHUA W KEJI€3a, BO3MOXHO W IIpHU O6pa3OBaHI/II/I IJUH. OTH BCIICCTBA
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00J1aal0T aKTUBHOM MOBEPXHOCTHIO M BBICAKUBAIOT PEIKUE 3€MJIM U3 PacTBOpA
IIyTEM COpOLUHU.

[Ipu B3aUMOJAECHCTBUU C U3BECTHAKOM, MUTPHUPYIOIIEE B KUCIBIX pacTBOpax
30JI0TO, TaKXK€ BBICAXKMBAETCS M3 pacTBopa. Hamu B W3BECTHsIKE, MOJBEPIIIEMCS
00paboTKe KHCIBIMU PacTBOpPAMH, yCTaHOBJeHA ero KoreHtparus 0,36 r/t. Jlo
00pabOTKM KHUCIIBIMU BOJIaMU M3BECTHSK COEpKaj 307070 B kKoiaudecTte 0,013 1/T.
B mecke, xpaHsmeMcss B XBOCTOXPAHWJIUIIE, CPEAHSS KOHLIEHTPALMS 30JI0Ta
coctapnsier 0,04 r/T. 3070TO, HaxoAsIIeecs B XBOCTaxX IMEPEpadOTKH, CBA3aHO C
cynbpuaHpiMu MUHepanamu. B npobax cynbdumoB, oTOOpaHHBIX HAMHU B MOJEBBIX
YCIIOBHSIX, copaepikanue 3ojota Bapeupyetrcs 0,2-0,4 r/T, cepedbpa — 8,5-98 r1/T.
30710TO, 4YacTo, HE BXOJUT B CTPYKTYPY CYJIb(PUIHOTO MHHEpaja, a oOpasyer
MHUKpOOOpa3oBaHusi B JePeKTax KPUCTAUIMUECKON PEIIETKH, Ha MOBEPXHOCTAX
pazzena MUHEpAJIbHBIX 00pa3oBaHU W Ip. MoA0OHBIX MecTax. [lon Bo3melicTBuEM
KHUCIIBIX BOJ 3TH 00pa30BaHMs MHTEHCHUBHO Pa3pyIIalOTCs, U 30J0TO MEPEXOJUT B
pactBop. Hamu onpeneneno, uto B puinbtpare o0bemMoM 500 mil, UMEIOLIEM KUCTYIO
peakuuio cpenbl (pH=4,0), koHeHTpaIus 30510Ta cocTaBisieT 50 MKr/i.

MHTEHCHBHO B XBOCTOXPAHWJIHINE MHUTPUPYET U cepebpo. BeposarHo, oHo
WHTEHCUBHO BBIHOCUTCS B PAaCTBOPE, HO B OMPEACIICHHBIX YCIOBUIX (POPMUPYIOTCS
€ro HOBOOOpa30BaHUSI.

Ha puc. 5.17 nokaszaHo 3aMelIeHHUE 3€pHA TAICHUTA AHTJIE3UTOM. A TaKXKe
MOSIBJIEHUE KOBEJUIMTAa C MpUMeEchio cepedpa. Ha cHuMKe Habmonar0Tcsi BPOCTKU

canepurta, ¢ 00pa3oBaHHEM OTOPOUYKH BOKPYT 3€pHA.
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Puc.5.17 3amemenue rajgennta (GN) aHTIE3UTOM.

Tabnuua 5.14 — CocrtaB nccneayeMoro yyactka u3BectHska (puc. 5.17), %

Mecro Munepain Si Al Fe | Mg |K Zn Ag |Cd Pb S 0
onpeeneHus

1 Tanenur 87,32 | 12,68

2 Cdanepur 66,06 1,01 32,93

3 Myckosur | 24,85 | 15,31 | 0,96 | 2,4 | 10,77 45,72
4 Kgapig 50,24 49,76
5 Oxcunp 73,96 | 10,63 | 15,41
6 Kosennur 6,04 9,2 28,75 | 2,61
7 Oxcnp 72,63 | 9,99 | 17,39

B wu3BecTHsiKE 1IOCIIE BSaHMOHeﬁCTBHH C KHUCJIBIMH IIOPOBBIMH BOJaMH

conepxxkanue Agnocturaer 54-60 r1/1. IlomydeHHble pe3yabTaThl MOKAa3bIBAIOT

BO3MOXKHOCTBb HCIIOJIB30BaHHA H3BCCTHAKA HEC TOJIBKO B Ka4CCTBC HeﬁTpaHH3aTOpa,

HO U KOHIIEHTPATOpa peaK03eMEIbHBIX 3JIEMEHTOB, 30JI0Ta, cepedpa.
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* * *

Munepanbpabie  GOpMBI  00pa30BaHWI MPEACTABICHBI JBYMS BHUIaMU: a)
MOKPBIBAIOIIUE TIOBEPXHOCTh 3€pHA B BUJE IUICHKH, O) BBIACISAIONIMECS B BUJC
OOBEMHBIX CKOIUICHMH C 4YEeTKOM TMOBEPXHOCThIO pazlena C MaTepUHCKUM
MuHepaioM. K mnepBoMy Tumy OTHOCATCS OOpa3oBaHHs, HMEIOLIME OOJIBIIOE
XUMHUYECKOE CPOJICTBO ¢ MaTEepUHCKUM MHHepaioMm. K mpumepy, Tak U3 pacTtBopa
ynansgercss  (PTop, KOTOPBIM  CBS3BIBAETCS  KAJIbIIMEM, IOCTYMAMOIINM W3
pazyararonierocsi u3BecTHsaka. GTopa B pacTBOPEe OTHOCUTEILHO MHOTO U MO Mepe
MOCTYIUICHUSI KaJlbIMs 00pa3yloTCs MEJKHE KpUCTauibl (PIII0OpUTa, KOTOpHIE U
MOKPBIBAIOT MOBEPXHOCTh M3BECTHSKA. TakuM ke o0pa3oM OOBIYHO 0Opa3yroTcs
BBIJICJICHUS TUIICA, KOTOPbIE YaCTO (PUKCUPYIOTCSA HAa TTOBEPXHOCTH U3BECTHSIKA. DTH
JBa MHUHEpaja oO0Opa3yloT OOJIbIIME KOJIOHUM BBIJICIICHUI Ha TMOBEPXHOCTHU
M3BeCTHsIKA. Takyke 3HAYUTENbHYIO YacTh MOBEPXHOCTU 3€pHA KaJIbIUTA 3aHUMAET
TUAPOKCU]T KAJIBIIHS.

Ko BTOpoMy THUMy OTHOCATCS CJIOKHBIE HOBOOOpA30BaHUSs, BKJIOYAIOIIUE,
BEPOSITHO THUIPOKCHUIBI aTIOMUHMUS, kene3a. OHU 00pa3yloT CKOIUICHUS, UMEIOIIHE
o0BbeMHBIE pa3Mephl. B BX cocTaBe MpUCYTCTBYET 3HAYUTEIHLHOE KOJTMUECTBO TAKUX
TSDKEIBIX METAJUIOB, KaK MapraHer, IWHK, KaaMuid. Ha MOBEpXHOCTH KajabIUTa
(GUKCHpPYIOTCS W OTIEIbHBIE 3€pHA THAPOOKHUCIIOB >eje3a, KOTOphIE IMOYTH HE
coJiepKaT mpuMecen Apyrux MetaioB. Ho B 11e0M ¢ BBIJCICHUSIMU THAPOKCUIA
Kemne3a CBS3BIBAIOTCS MHOTHE TOKCHYHBIC W IICHHBIC JJIS TPOMBIIUICHHOCTH
aneMeHTbl. HaMu yCTaHOBJIEHBI B HMX COCTaB€ XpOM, AJIOMUHUM, KPEMHHUHU H
nuctipo3uit. JKenezo, allfOMUHHMI W XpoM OOpa3yloT YCTOMYHMBYIO acCOIMAILMIO B
ATUX HOBOOOPA30BAaHUSIX, OHU (DUKCHUPYIOTCS HAa MHOMECTBE CHUMKAX CICIaHHBIX
Ha DJEKTPOHHOM MuKpockorne. Ha cHuMKax 3adUKCHPOBAHBI MHOMXECTBO
KPUCTAIJIOB THAPOKCHUIOB JKeJie3a, KaJbIIHs, ATIOMUHUS, O0Opa3yIoIIUe TUIOATHbIE
COBMECTHBIC BBIJICJICHUS B OTIPEICIICHHBIX MECTaX 3€PECH KaIbIIUTA.

Ha mnoBepxHOCTH KaibliTa B OOpPa30BaHUAX CIIOKEHHBIX COCIMHEHUSIMHU
ATIOMUHUSA, KPEMHUS, XKejle3a U Cepbl OOHAPYKEHBI BBIICICHUS, COACpIKAIIUE

npazeoauM. Accoumaiusi 3JE€MEHTOB, ¢ KOTOPBIMH BCTPEYAIOTCS PEIKHE 3E€MIIH,
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YKa3bIBAET HA UCTOYHUK ITOCTYILJIEHUS UX B PACTBOP — OHM, BEPOSTHO, ITOCTYMAOT
U3 aIIOMOCHIIMKATOB, KOTOPbIE pa3jiaraloTcsl B KHCION cpeze, chopMUpOBaBILIEHCs
O]l BO3JICHCTBUEM OKHCIICHUS CyJIb(PHUIHON MHUHepanu3aluuu. BeicaxxuBaHue u3
pacTBOopa IMPOUCXOJUT IpPU O0Opa30BaHUU TUAPOKCUAOB AITIOMHHMS U JKEJE3a,
BO3MOXKHO W Tpu oOpa3oBaHUM TIJIMH. OJTH BeUIecTBa O00JIaJalOT aKTHUBHOM
IOBEPXHOCTBIO M BBICAXKHUBAIOT PEIKUE 3€MJIM U3 pacTBopa myrteMm copbouuu. Ilpu
nosbiieHnn pH pactBopa 10 5,33 ocaxkneHue peaKO3EMENBHBIX JIEMEHTOB PE3KO
OTPaHUYHUBACTCSA

[Ipy B3aMMOAECUCTBUM C HW3BECTHSKOM, MUTIPHUPYIOIIEE B KHCIBIX PacTBOpPax
30J10TO, BBICQXKMBAaeTCAd M3 pacTBopa. IlokazaHo, 4TO ¢ OKUCIEHHMEM CYJIb(HUIHONI
MUHEpPAIN3alUN CBSI3aHHO M OCAXIEHHE cepedpa Ha MCKYCCTBEHHOM IIEIOUYHOM

Oapbepe.
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3AKJIFOYEHUE

[TpupoIHO-TEXHOTEHHBIE CHUCTEMBI TOPHONPOMBILIUIEHHOTO IIPOU3BOICTBA
OKa3bIBAIOT BO3/ICICTBHE HA (POPMUPOBAHUE XUMUUECKOTO COCTaBa MOBEPXHOCTHBIX
U TOA3EMHBIX BOJ Ha OOLIMPHON TeppuTOpuH. B MecTax pasrpy3ku pyIHUYHBIX
BOJI, pa3MEIICHHUsI OTXOJOB JOObIYM U MepepadOTKH pya Bo3pacraeT oOuias
MUHEpaTU3als, U3MEHIETCS] XUMHUUECKUI THIT TOBEPXHOCTHBIX U TIOJI3€MHBIX BO/I.
Habitoarorcs H3MEHEHHs B KOJIMYECTBEHHOM COCTAaBE TOKCUYHBIX UHIPEIUEHTOB B
MPUPOJHBIX BOJAX, B TOM YHMCJIE€ B MOBBIIICHHBIX COJEPKaHUAX Cynb(ara, ¢Topa,
[IUHKA, MapraHiia, )ee3a, CTPOHIUS, KPEMHHUS.

B nmnpegenax oTxoq0B A00BIYM XUMHYECKHH COCTaB IOBEPXHOCTHBIX MU
MOA3EMHBIX BOJ  ONpPENENseTCs B OCHOBHOM  pa3JIOKEHUEM  CYIb(UIHOM
MuHepanu3anuu. Ha tepputopun ux pazmerieHus B BoJaxX yCTaHABIMBAETCS KUCast
cpena, B pacTBOpe OOHApPYKMBAIOTCSI BBICOKHE COJAEPIKAHMS TSHKENIBIX METAJIOB. B
0TXOJaX TMepepadOTKU PyJ K MpolieccaM OKHUCIEHUs CYyJIb(PUI0B 100aBISETCS
B3aUMOJEMCTBUE KHUCIBIX BOJ C IECKaMHU XPAHSIIMXCS B XBOCTOXPAHWIHIIE, YTO
CIOCOOCTBYET MHTEHCUBHOW MUTPALMK U HAKAINIMBAHUIO B HUX PEIKO3EMETbHBIX
0JIarOpoTHBIX METAJIJIOB.

OKCNIEpUMEHTAIBHO  YCTAHOBJIEHO, YTO HEWTpalu3alus MOPOBBIX BOJA
OPUBOJUT K PE3KOMY OTPAaHHYCHHUIO MUTPAIMOHHON CHOCOOHOCTH MHOTHX
XUMHUYECKHUX JJIEMEHTOB B TOJIIE XPAaHWIMIL OTXOAOB TOPHO-O0OTAaTHUTEIbHBIX
KOMOMHATOB. B KkauecTBe HEHTpalM3ylOlIero peareHra HauoOosee 3(hQexkTuBeH
U3BECTHSK, KOTOPBIM MOKET BHOCUTBHCS B BUJIC PACCETHHOM 1O BCE TOJIIIE T00aBKU
WJIN B BUJIE XOPOIIO MPOHUIAEMOT0 JJI BOABI CJIOSI.

Munepanbable  popMbl 00pa30BaHUIl MPEACTABICHBI JIByMsS BUIAMU: a)
MOKPBHIBAIOIIME TIOBEPXHOCTh 3€pPHA B BHJE IUIEHKH, O) BBIACISAIOLIMECS B BUJC
OOBEMHBIX CKOIUIEHMH C 4YEeTKOM TMOBEPXHOCThIO pazfena C MaTepUHCKUM
muHepanioM. K mnepBomMy THIYy OTHOCATCA OOpa3oBaHUs, HMMEIOLIUE OOJIbIIOE
XUMHUYECKOE CPOACTBO C MaTEpPUHCKMM MHUHepajoM. Tak M3 pacTBOpa yAasercs

(GTOp, KOTOpBIM CBS3bIBAETCA KAJbLIMEM, MOCTYMAIOIMIUM H3 pasjlararouierocs
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u3BecTHs KA. DTOpa B pacTBOpPE OTHOCUTEIBHO MHOTO M IO Mepe MOCTYIUIEHUS
KalbIUsl 00pa3zyloTCsi MEJKHE KpUCTaibl (II00pUTA, KOTOPBbIE U TOKPBHIBAIOT
MOBEPXHOCTh M3BECTHsKa. TakuMm ke 00pa3oM OOBIYHO OOpPa3yHOTCSl BbIACIICHUS
TUICa, KOTOPbIE YacTO (PUKCUPYIOTCS Ha TOBEPXHOCTH HU3BECTHSKA. OTHU JBa
MUHepaia o0pa3yloT OOJbIIHE KOJOHWW BBIJEICHUI HA MOBEPXHOCTU M3BECTHSKA.
Ko BTOpOoMy THIy OTHOCSTCS CIIOXHBIE HOBOOOpPA30OBaHMs, BKJIIOYAIOIINE,
THJIPOKCHUIBI aTIOMUHUS, Kene3a. OHu 00pa3yloT CKOIUICHHUS, UMEIOIINE 0ObEMHBIE
pa3Mmepbl. B HX cocTaBe NpPUCYTCTBYET 3HAYUTEIBHOE KOJMYECTBO MapraHua,
nuHKa, Kaamus. C BBIACICHUSIMH THAPOKCHUIA >KEJIe3a CBS3BIBAIOTCS MHOTHE
TOKCUYHBIE U LICHHbIE B MPOMBIIIJIEHHOM OTHOILLIEHUH 3JIeMeHThI. MccnenoBanusimu
Ha DJJIEKTPOHHOM MHMKpPOCKOIIE B HX COCTaBE€ YCTAaHOBJIEHBI XPOM, AJIIOMHUHUM,
KpeMHUM U aucnpo3uil. Ha moBepXHOCTH KalbliTa B OOpAa30BaHUSIX CIIOKEHHBIX
COCIMHEHHUSIMU AJIIOMUHHSI, KPEMHUS, JK€JIe3a M Cepbl OOHApYX EHbI BbIACICHUS
npazeoauMa. BpICaXMBaHUME pEOKHUX 3€MENb M3 pPAacTBOpa IMPOUCXOAUT IPH
00pa3oBaHUM THUAPOKCHUJIOB ATIOMUHHUSA W jKelie3a, BO3MOKHO M MpU 00pa30BaHHUH
INIMH. OTU BellecTBa 00Ja/al0T aKTUBHOM MOBEPXHOCTHIO M BBICAXKUBAIOT PEIKHE
3eMJIM U3 pacTBopa myTeM copbuuu. [Ipu B3auMomeWCTBUM C HM3BECTHSKOM,
MUTPHUPYIOLIEE B KUCIBIX PACTBOPAX 30JI0TO, BBICAXKMBAETCA M3 pacTBopa. Tak B
U3BECTHSIKE, MOJBEPriieMycsi 00paboTKe KHUCIBIMUA PAaCTBOPAMH, €r0 KOHILIEHTPALIHS
Bo3pociia B 27 pa3. VM3HayanbHO 30JI0TO, HAXOASIIEECs B XBOCTax MepepadOTKH,
CBA3aHO C CyJIb(UIHBIMU MUHEpaTaMH. VIHTEHCUBHBIN BBIILIETAYMBAHUE 30JI0TA U3
CyJab(QUIOB CBA3aHO C TEM, YTO OHO YaCTO HE BXOJUT B CTPYKTYPY CYJIb(UIHOTO
MUHEpaJa, a 00pazyeT MUKpoOoOpa3oBaHus B AedeKTaX KpUCTAULTUNYECKOU PEIIeTKH,
Ha TIOBEPXHOCTSX pa3fiesia MUHEPAJIbHBIX OOpa3oBaHUM U Mp. MOJAOOHBIX MECTax.
[lon BO3nmeNCTBHEM KHMCIBIX BOJA 3TH 0Opa30BaHUS WMHTEHCHUBHO pa3pylIAIOTCs, U
30JI0TO IEPEXOAUT B PACTBOP.

[ToyueHHBIE 3KCIEPUMEHTANBHBIE JIAHHBIE IOBEIEHUSA PEIKO3EMEIBHBIX
AJIEMEHTOB U 30JI0Ta MPU MPOMBIBAHUM MECKOB BOJOM MOKA3bIBAIOT, YTO UX MOYKHO
CKOHIICHTPUPOBATh B OINpPEAEIECHHBIX MECTaX XBOCTOXPAHMJIMILA Ha COPOLIMOHHBIX

Oapbepax ¥ 3aTeM U3BJIEKaTh IKOHOMHYECKH PEHTA0ETbHBIMU CTIOCOOAMH.
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JInst mpakTUuecKor peanu3aiuu pazpadaTbiBaeMO cxeMbl 00€3BpEKUBAHUS
XBOCTOB TepepabOTKH pya, MPEIIOKEHO B XBOCTOXpPAHWUIHIIE CHOPMUPOBATH
JIpPEHAXHYI0 cUcTeMy. /[l 3TOro B TOJIIE IECKOB YCTAHOBHUTH JPEHAKHBIE
KOJIOHHBI, 10 KOTOPHIM MOPOBasi BOJa MOXET MEepeMellaTbcs B CIOM M3BECTHSKA,
r7ie pacTBOP OYyJIeT HEUTPAIM30BaThCS, 00€3BPEIKUBATHCS OT TOKCUYHBIX 3JIEMEHTOB
U BBIBOAWTHCS 3a Mpeaeibl XBOcToxpaHwiMina. Ha myTu nBukeHus pacTBopa
YCTaHOBUTH JIOBYIIIKH JIJIS1 BEICAXKUBAHUS 0J1arOPOIHBIX METAJIOB, PEKUX 3€MEIb U

OPYTUX KOMIIOHEHTOB.
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