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JleATenbHOCTh TOPHONPOMbBIIIIEHHBIX
KOMIUIEKCOB TIPMBOAUT K 0OpPa3OBaHNIO
OonpINX 06BEMOB MUHEPAbHBIX OTXO-
JIOB, He CTaJl UCK/II0OYeHneM 1 3abaiikaib-
CKUII PEerMOH, Ha TEPPUTOPUU KOTOPOTO,
o Ja"HHbIM 3a 2018 1., gencrBynWMUMU
NpEeAIpUATUAMY HAKOIUIEHO 725,5 MIH T
orxonoB [1]. CepbesHoit mpobnemoit ms
9KOJIOTUM SABIAIOTCA OTBA/Ibl BCKPBIIIHBIX
I0pOJi, 3a0a/IaHCOBBIX ¥ HEKOHAMIVIOHHBIX
PYH, a Taxke XBOCTBI oboramenus. Beero
Ha Tepputopyy 3abajiKajbCKOTO Kpas Ha-
cunthiBaeTcs 6omee 30 XBOCTOXpPaHWIINIIL,
U3 HUX 12 B Hacrosllee BpeMsA OCTAITCA
0eCXO3HBIMU ¥ TIPEACTABIIAT CEPbE3HYIO
YIPO3y /7l OKPY>Kalolllell Cpefibl Hace/leH-
HBIX ITYHKTOB, PacIIOJIOKEHHBIX B HEIO-
CPeICTBEHHOI O/M30CTM OT TEXHOT€HHBIX
00beKkTOB. Takye 0ObeKTHI OIIACHBI B Iep-
BYIO Ouepelb pa3HOCOM Ha Oyy3jexariye
TEPPUTOPUM TIBUIEBUJHBIX 4YacTHUIL, CO-
Jep>KaluX 3a4acTyl0 TOKCUMYHbIE M paju-
OAKTVUBHBIE 3JIEMEHTBI, a TAKXXe TAXKeNble
MeTawibl. TpebyeTcsa mpuMeHeHNe CIieny-
aJIbHBIX TEXHOJIOTUI, aJalTMPOBAHHBIX K
KIMMaTUYeCKUM YCIOBUSAM TEPPUTOPUA
3abarikanbs. B aroit cBsi3yu ObUIM TpoOBe-
JeHbl MCCNIEOBaHMA IO BO3MOXXHOCTHU
PEeKyNIbTUBALVN/KOHCEPBALIMM XBOCTOXpa-
Humima [lepnosoropckoro I'OKa, pacmo-
JIOKEHHOTO B HEIIOCPENCTBEHHON 6/mi30-
ctu K 1. llleproBas ropa 3abaiikaabckoro
Kpas.

[IpakTuka NpUMEHEHMA pPa3IUMIHBIX
XUMMYECKUX COCTABOB LA NpefOTBpalle-
HVISI TIBUIEHVS XBOCTOXPAHVIJINIL TTOKa3bl-
BaeT, YTO OHV JO/DKHBI COOTBETCTBOBATb
KPUTEpUAM JOCTYIIHOCTU ¥ JEIIEeBV3HBI;
HETOKCUYHOCT; PAacTBOPUMOCTY B BOJE
st 6omee 9¢Q¢deKTUBHOIO HaHECEHMs;
BO3MOXKHOCTY CO3JIaHMS IPOYHON KOp-
K/ Ha IIOBEPXHOCTM XBOCTOXPaHVIINILA;
BO3MOXKHOCTY IPOpAacTaHUA CeMSAH Ipu
JICIIONIb30BAaHMM B IIpoliecce Oumoormdye-
CKOJl PeKYIbTUBALVIN; BBICOKOM CKOPOCTHU
CMauVBaHMA peareHTaMyu MIHepaIbHBIX
qacTull; 3QGEeKTUBHOCTY a/[Te3MOHHBIX U
KOT€3MOHHBIX CBOJCTB [2].

[TepeuncneHHbIM TpeOGOBAaHUAM COOT-
BETCTBYIOT BOJIOPacTBOPMMbIE PE€areHThI:
nommakpunamup ITAA-I'C u Ilpaecron
2540. Pearent Ilpaecton 2540 sABnsAercA
OpraHMYecKUM, CHHTETMYECKMM W BbI-
COKOMOJIEKY/IAPHBIM ~ BCIIOMOTATE€/IbHBIM
cpencTBOM (PIIOKY/IALMY HAa OCHOBE IOMMN-
akpunamupa. [Hommakpunamup ITAA-T'C -
3TO CMeCh NOMMAKpWIAMI/A C CylTbaToM
amMMoHMs. Oba peareHTa SBJISAIOTCS pac-
TBOPMMBIMI B BOJi€, HETOPIOYMMIY, B3Pbl-
BO- I IOkap00e30IacHbIMY BellleCTBAMI,
OTHOCAIIMMICS IO CTEIIeHV BO3[EeNICTBUSA
Ha opraHusM K IV knaccy omacHocTn.

C nenpo obecriedeHNsA BO3MOXKHOCTH
IpOBEJleHNA PEKYIbTUBALNM IIOBEPXHO-
CTY XBOCTOXPaHW/INIL ¥ IPeJOTBPalleHNA
IbUIEHNA UX MOBEPXHOCTEN MCCIENOBAHO
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PucyHok 1 — XapakTepucTuka nbieyHoca Yactuy, kpynHoctbto 0,071-0,25 MM npu ckopocTu BeTpa 3—5 M/c
(1 — nbineyHoc 6e3 o6paboTku MAA-I'C; 2 — nbineyHoc ¢ obpaboTtkon NMAA-IC)

BIMsIHME KadeCcTBa LEOMUTOB Ha 3¢ dek-
TUBHOCTDb OMOIOTMYECKOI PEKY/IbTMBALINN
(mpopacTaHme ceMsfH), a TaKXe Ha Jeil-
CTBME NIPYMEHSEMBIX PEareHTOB IIPU CO3-
INaHNUM TIOBEPXHOCTU (KOPKM) XBOCTOXpa-
HWwmma. J3yyanoch IpuUMeHeHue B
COCTaBe OPOLIAIOLIEIl CMeCH IeOINTOBBIX
nopop Iuseipryiickoro, bagmuckoro u
XONMMHCKOTO MeCTOPOXKAEHMIT, OT/INYAI0-
IVIXCA MEXIY co0071 10 PU3MKO-XuMIYe-
CKMM CBOJICTBAaM J CTeIleH) 00OOTalleH .

[TpoBenenHble MCCIENOBAHNA BK/II0YA-
M CNIEAyIOLe€ BAPMAHTbBI PEKY/IbTUBALN
Marepuana XBocToB IllepmoBoropckoro
['OKa: o6paboTKy peareHTamu 6e3 ¥uc-
nonb3oBanus LCII u 6e3 Bbicagku Tpas, ¢
IpPUMEHEHNEM LI€ONMNTOBbIe noponbl [n-
BBIPTYIICKOrO, baguHckoro, XonmHCKOro
n Tanan-Tosaropckoro MecTOpoXXIeHMIA
¢ comep>kaHmeM Leomnta ot 40 1o 98 %, a
TaK>Ke CMeCV MHOTOJIeTHUX Tpas. Heobxo-
JVIMO OTMETHUTD, YTO IIPUPOJHBIE LIEOTUTO-
Bbl€ IIOPOJIBI C cofiep>KaHyeM LeomnTa 98 %
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HPECTABIAIT 000t 06OoraleHHOEe ChIphbe
C IPUMEHEHNMEM METOMIOB HAIIPABJIEHHOIO
BO3MIEVICTBUA, MAarHUTHOM ¥ 37€KTPOCTa-
TUYECKOII CelapaLym.

VccnepmoBaHusa mokasamy, 4TO Hau-
OOJBIIYI0 CKOPOCTb IOSABIEHNS BCXOJOB
(5 mHell) MMeeT TPYHT, COfiepKauiuil B
KadyecTBe HoOaBKM OOOTrallleHHbIE IO CO-
nepxaHus 98 % IeoNMMUTHI TUIA IA0a3UT
Taman-Tosaropckoro MeCTOPOXKIEHM.
JaHHbIT QaKkTOp CBA3aH C YHMKATBHBIMU
bUBNKO-XMMMYECKUM CBOJICTBAMM  IIIa-
6a3uTa, B YaCTHOCTM C BBICOKOV COpOLM-
OHHOI cIrocoOHOCThIO (0KOMO 20-23 %
BeC. 10 BOJiEe) U MOHOOOMEHHO €eMKOCTbIO
(oxomo 3,8 Mr-9KB/T), a TaKKe YHUBEp-
CaJIbHBIM [MaMeTPOM KaHA/IOB B KapKace,
YTO NPV NPVMEHEHWUM peareHToB (Ioy-
akpwnamupga [TAA-TC, ITlpaecroma 2540)
obycnaBnuBaeT QOpMUpOBaHNUE Ha IIO-
BEPXHOCTM XBOCTOXPAHWINIA YCTONYM-
BOJI KOPKM I'PyHTa TONMHON 1o 20 cM 3a
CYeT 3aKpeIUIeHVA YacTUI] MeXZHY coboit



IMOCPEACTBOM CO3aHNA «MOCTUYHDIX CBA-
3eii» qepe3 IOINOIEHHbIE MaKPOMOJIEKY-
JIbl p€arexHTa.

Hawuspicuias CKOPOCTb oTpacTa-
HUA MHOTOJIETHUX TpaB, MCIOIb3yeMbIX
npu pexkynbruBauuy IllepnosBoropckoro
XBOCTOXPAaHWINILA, JOCTUTAETCA C [O-
6aBjieHNeM B TPYHT OOOTAll[eHHBIX [0 CO-
gep>xaHna 98 % 1eonuroB XOMMHCKOIO
n Taman-To3aropckoro MecTOpOXIeHNI
n cocrasnAeT 4,2 u 4,4 MM/CyT COOTBET-
crBeHHO. Haubornee addexTnBHO mpouecc
OTpacTaHusi MHOTONIETHUX TPaB HaOIO-
JaeTcs TP MCIOIb30BAHUM IONMAKPU-
mamupa ITAA-TC. Ilomygaemsiit agpdekr
00yCc/maBIMBaeTCs1 HOCTUTHYTBIMU B IIPO-
necce oboramenusa LICIT kayecTBEHHBIMU
XapaKTepUCTUKAMU: BBICOKOE COfiep>KaHue
1eomnToB (98 %) ¢ IIIy6O0KOI OYMCTKOM MX
IIOP OT BMEIIAIINX IIpYMecell U OpraHMu-
K, 00eCreunBaioINX MMOBBIIIEHE COPO-
IVIOHHBIX, CTPYKTYPOOOPasyIOLIX 1 Mpo-
JIOHTMPYIOLMX CBOJICTB MMHEPAJIOB.

Onpepneneno, 4To NpUMEHEHUE KOM-
IIeKCHOro Metona obecnbunBanus lep-
JIOBOTOPCKOTO XBOCTOXPaHWINILA C JC-

MIO/Ib30BAaHMEM IPUPOJHBIX IIEONNUTOB,
oborarieHHBIX 10 98 %, U pacxofa MOMK-
akpmnamuza [TAA-TC c koHueHTpanuei
0,1 % u u3 pacuera 1,5 n1/mM? obecrieunBaeT
MOBBIIIEHHBIE IPOYHOCTHBIE CBOJICTBA, YTO
o0ycnaBnuBaeT cos3faHue Oosee IMPOYHOI
CBA3M YaCTUI[ B BEPXHEM CJI0€ XBOCTOB.
OddexTNBHOE CHIDKEHUE TbIIeobpa3oBa-
HUs U TIepeHOca MbUIM 00ecrieunBaeTcsl B
[IAaHHOM C/Ty4ae JOCTAaTOYHON IIPOYHOCTDIO
MOKPBITHS XBOCTOXPAHVIINIIA, €T0 BOJO- U
BETPOYCTONYMBOCTBIO, TEMIIEPATYypPOCTO-
KOCTBIO, 3KOJIOTMYECKOil 0e30IacHOCTbIO,
JIOJITOBEYHOCTBIO U CIIOCOOHOCTBIO He Tpe-
IATCTBOBATh NIPOPACTAHNUIO CEMSH MHOIO-
JIETHUX TPaB.

B 37011 CBA3M C LI€/IbI0 NOATBEPXKAECHMA
paspaboTaHHOrO criocoba pPeKyIbTUBALNN
M 3aKpeIUIeHNA MbUIALIMX IOBEPXHOCTEN
IIPOBEJIEHbl JICCIENOBAHNA IO OIpefiene-
HUIO 9 (EeKTUBHOCTY IIbUICTIOfAB/ICHIS,
B pes3y/lbTaTe KOTOPBIX IOTy4YeHbl (QYHK-
L[V, XapaKTePU3YOLIVe MbUIEYHOC YacTUL]
KpynHocTtbio 0,071-0,25 MM npu cKopocTu
BeTpa 3-5 M/c (pucyHok 1). Oynkiua 1
XapaKTepu3yeT 3aBUCUMOCTb [a/IbHOCTHU

Ta6bnuua 1 — CpaBHUTeNbHasA XapakTepucTmka rugpocMecen ons 3akpenaeHus

NbJTAWNX I'IOBerHOCTel\;I

fmppocmech
XapakTepuctvka  MA- MAA c Jnrnmn ¢ Mpaecron MpaecTton 2540
A-TC ueonmtomM  JINrHUH L,eoIMTOM 5540 C LLeOJSINTOM
98 % 98 % 98 %
”pf::f:“ 0,80 1,0 0,48 0,70 0,70 1,0
B°ﬁ2§;‘1.”$2”b 0,56 0,85 0,65 0,70 0,50 085
SdPeKkTUBHOCTL
CHUXEHUA 3anbl- 0,90 0,99 0,70 0,80 0,85 0,99
JIEHHOCTU
Kg:?f:ggsi}"” 0,10 0,10 0,30 03 0,1 01
YoenoHbl pac- 150 1,50 5,00 5,00 1,50 1,50

xon, n/m?
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IBUIEYHOCA OT KPYIHOCTM dYacTul 06es
IIpMMeHeHNs Ipoliecca 3aKpeIvIeHus IIo-
BEPXHOCTV BOJIOPACTBOPUMBIM IIO/IVIMe-
POM TIpM CKOPOCTM [BVDKEHMS BO3JyXa
3-5 Mm/c m xpynHoctm uyactuy 0,071-
0,25 MM, a pysk1ms 2 onpenensaeT 3G dexT,
JOCTUTAaeMBbIil 3a CYeT BHECEHUS B pas-
PBIXJIEHHBINI TPYHT TUPOCMECH IIeOIUTa
C CeMeHaMy MHOTOJIETHUX TPaB M OpolIe-
HueM peareHToM [IAA-T'C mpu pacxope
1,5 n/m2

CpaBHNTe/IbHBIE XapaKTePUCTUKY IIPU-
MEHEHI PeareHTOB /ISl IIbUIeTIOfIaBIeHNA
IpuBefeHsl B Tabmie 1.

[Tonyyennble B pesynbrare IPOBeEfe-
HIsA OSKCIIEPUMMEHTA/IbHBIX MCCIENOBAHNI
TAHHbIE TIO3BOVIIN 3aK/TI0YNUTh, YTO MPEfi-
JIaTaeMBIil CI0CO0 3aKpeIIeHVs IbUIALLeN
IIOBEPXHOCTM C BHECEHMEM TUIPOCMECU
ob6oraieHHoro 1o 98 % neonmnra U CeMAH
MHOTOJIETHUX TPaB C OPOLIEHNEM BOIOPAc-
TBOpUMBIM nonuMepom ITAA-T'C asnserca
Hanbosee 3¢ PeKTUBHBIM U OOecredrnBaeT
IJINTEIPHOE COXPaHEHME 3AIUTHOM KOp-
K/ TPyHTa, IPENOTBPAILAET BbISyBaHIeE
CeMsH M OO0yCIaBIMBaeT MX MHTEHCUBHOE
IIPOpacTaHMe.

Omnenka bU3UKO-MeXaHIYeCKIX
CBOJICTB PacTBOPOB ¥ IIPOYHOCTM IIO-
KpbITMA — KOpPKM, oOpasyloleiicsa Ipu
00paboTKe MMM XBOCTOBBIX OTIOXKEHUIA,
IIOKasajy, YTO HaHEeCeH)Me Ha IOBepX-
HOCTb XBOCTOXPaHWINILA PacTBOpa C CO-
mepxanuem pearentos 0,05 % (IIIIA-TC,
[Tpaecton 2540, TUTHMH) He TO3BOJISIET O-
JIyYUTb JOCTATOYHO IIPOYHOTO HMOKPBITHA.
C yBem4yeHueM KOHIIEHTPAlVM pacTBOpa
peareHTa ¥ JICIO/Nb30BaHMEM B KadyecTBe
no6aBKy o6oraieHHbIX 10 98 % 1e0nnTo-
BBIX IIOPOJ] IIPOVICXOAUT ITOBBIILIEHVE TPOY-
HOCTM 0Opasylomeiicss KOpKM O OIpepe-
nenHoro npepena (0,1-0,2 %-ro pactBopa),
II0C/Ie Yero HaOJIIoaeTcsl paBHOBECHE, a B
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HEKOTOPBIX CIy4asX M CHIDKEHME paccMa-
TpUBaEMOro nokasarens Ha 30-50 %.

IIpenmaraemMbplii  KOMOMHMPOBAHHBIN
CIIOCO6 peKy/IbTUBALVY ITO3BOJIAET CYIIe-
CTBEHHO CHU3UTb MHTEHCUBHOCTD BbIJyBa-
HuA actull KpynHoctbo 0,0071-0,25 mm
IyTeM CLeIUIEHUA UX CTPYKTYpooOpasyro-
1Ieil CMEChIO IIE0NNTa ¥ BOLIOPAaCTBOPUMO-
ro IO/MMMeEpa, a IpY BHECEHUN B BEPXHUX
CJIOJ XBOCTOB CMECU JINTHMHA M L[€OIUTA
(c comepxanueM B mopopax 40-98 %) c ce-
MEHaMl/I MHOTOJIETHUX TPaB IPOSABIAETCA
HOBBIIIEHHOE KaueCTBO 00pa3yeMoro Iio-
JIOPOJTHOTO CIIOA.

Cnenyer OTMETUTb, YTO HaHECEHMNe
Ha IIOBEPXHOCTb XBOCTOXPAaHWINIIA TIU-
ApOocMecH Le0/INTa, BHEpEHNE CEMAH
MHOTOJIETHIUX TpaB, OpOLIEHME BOAOpa-
CTBOPMMBIMM  TIOJIMMEPAMM  YCTPAHSAIOT
HEOOXOMMOCTh TIPUMEHEHUSI JIOPOTO-
CTOAIINX METOMIOB PEKYNbTUBALNY, B TOM
4ycle 9KPAHMPOBAHUA  IONVMEPHBIMU
MaTepuanamMyu C IOCAERYIOLWEN YKIaJKoi
IJIOIOPOJHOTIO CIIOA.

Ha ocHOBaHMM NONTy4YeHHBIX JaH-
HBIX OBUI pa3pabOTaH IAaTeHTO3ALIVIIEeH-
HBII CIOCO0  3aKpeIUIeHMs — IbULAIUX
IIOBEPXHOCTEN  (peKy/IbTUBaLN/KOHCep-
BaIV) 3a CYeT HAHECEHN s Ha IOBEPXHOCTD
XBOCTOXPAHWININA L[€O/IMTOBONl TMUAPO-
cMecy, TOTyYeH COOTBETCTBYIOINWII IIa-
TEHT Ha n3oopererne Ne 2513468 [3]. [Tpn
3TOM IIpef/IaraeMBblil CIIOCO0 peannsyeTcs
HaHeCeHJeM Ha IIOBEPXHOCTb XBOCTOXpa-
HIWIVINA TUAPOCMECH, COfiep)Kalleil Iieo-
mnToBBIX nopog. CriegyeT OTMETUTD, YTO
npy ApoOJIeHNN IeOMUTOBBIX IHOPOX [0
0003HaUeHHOJ KPYITHOCTY BBIXOJ] KIacca
- 0,071 MM cocTasnser nopsApaka 35 %, 4to
obecrieunBaeT HaubonpInit 3ppexT B3an-
MOJIeICTBYIS IIPYIMEHAEMBIX J/I OPOLICHIS
IIOBEPXHOCTM peareHTOB ¥ JOPMUPOBAHIA
YCTOMYMBOM ITOBEPXHOCTY XBOCTOXPAHM-
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PucyHok 2 — YcTponcTBO O/19 NPUroTOBNEHUS N HaHe-
CeHUs CMecu LeonuToBble nopopbl-Boga (nateHT PO
N2 2513468):

1 — XBOCTOXpaHUULLE;

2 — ocHoBHasA amba;

3 — NPYA-OTCTONHUK;

4 — HacocHas cTaHuus;

5 — y3en NpUroToBNeHUs LLEOSIUTOBON CyCneH3um;

6 — NpueMHbIN NaTpybOK;

7 — BbIXOAHOW NaTpy60K;

8 — 3eMnecoc;

9 — NOBOPOTHAsS KOHCTPYKLMUS;

10 — Hacaoka

NINa, a TakkKe obecneymBaeT OONBLIYIO
aJICOPOLIMOHHYI0 CIIOCOOHOCTD 1I€O/IUTOB
3a CYeT COXpaHEeHMs 4YacTUl] OOJbIINX
pasMepoB, MOJIOKUTENbHO BIVSIOIIYI0 Ha
TaKue CBOJCTBa 00pasyeMoro cjos, Kak
IIPOYHOCTb KOPKY, BJIATOyfiep)KaHye 1 BO-
IIOCTOMKOCTb.

CormacHo pa3pab0oTaHHOI TEXHOIOT M,
BOJ]a B IIPOIleCC MOJAeTCA U3 ClIelabHO-
ro OTCTOVHOro coopyxenus. Ilpum arom
HaHeCeHMe TM/IpOCMecH IO BcCeil MOoBepX-
HOCTM XBOCTOXPAaHW/IMIIA INPOU3BOIAUTCA
3eMJ/IECOCOM II0 HAIIPaB/IEHUIO K IJIOTMHE
(pmcyHOK 2).

YcTponcTBO s IPUrOTOB/IEHS U Ha-
HeCeHMs CMeCU 1]e0/IUTOBbIe TOPOJbI-BOfA
paboraer 1Mo IPUHLINITY CUCTEMBI BOZOO-

O6OpPOTHOI TOfaYM BOMBI. Y3/l IPUTOTOB-
JIeHUS ILIeOJIUTOBOJ CYCIEH3UM IIpefHa-
3HaueH I TIPUTOTOBJICHMS CYCIIeH3UN
M3Me/IbYeHHBIX II€OJIMTOBBIX IIOPOJ M
BOJIbI, TIPU 9TOM OOOPOTHAsI BOfIa 3aKa4M-
BaeTCs HACOCHON CTaHLMel U3 IpyHa-oT-
CTOVHMKA. [MapocycreHsus paBHOMEpPHO
pacmpenenseTca IO BCeil TOBEPXHOCTHU
XBOCTOXPAaHM/IUIIA TIOCPEACTBOM 3eMIIe-
coca ¢ TOBOPOTHBIM MEXaHM3MOM I Hacajl-
KOI1.

IIpoecc mpuroToBneHMA U JOSUPO-
BaHMs MPUMEHSEMBIX JIJI1 OPOLIEHUs IIO-
BEPXHOCTU XBOCTOXPAHWINIIA PeareHTOB
PEKOMEHAIyeTCA OCYIIeCTBIATb IOCpef-
CTBOM IIPUMEHEHMsI PEareHTHOW CTaHIIUU
tuma YIIH]I-1 [4]. BmecTe ¢ Tem mopmauy
PacTBOPOB PeareHTOB U CEMSH Ha IOBepX-
HOCTb XBOCTOXPAHWININA PEKOMEHJYeTCs
OCYILECTB/IATb YCTPOMCTBOM [Is1 3aKpe-
IUVIEHUsI TIBUIAINUX MTOBEPXHOCTEN, Xapak-
TepU3YIMMCcA 3P PEeKTVBHOCTHIO MOAAYN
CeMsTH ¥ 00eCIIeYMBaIOLVIM UX PallVIOHA/Ib-
HBIIT pacxop [5].

CrenyeT OTMETUTb, 4TO pa3paboTaH-
HBII CIIOCOO PeKy/IbTUBALNI/KOHCEpBa-
LIV XBOCTOXPAHWINIL BK/IIOYAeT CIIeAYIo-
mye omepanyn: 06paboTKa MOBEPXHOCTH
XBOCTOXPaHWINILA I[€OIUTOBON TUAPO-
cmecplo npu cootHomenun «LCII-Boga»
1:2; phIXjieHue IOBEPXHOCTM XBOCTOXpa-
HIWIMIA Ha IIyouHy o 13 cm; o6paborka
IIOBEPXHOCTM XBOCTOXPAHWINIIA peareH-
toM (ITAA-TC, IIpaecton 2540, murHmH);
[I0CEB MHOTOJIETHUX TPaB C OJHOBPEMEH-
HBIM U YIUIOTHEHVMEM IIOBEpPXHOCTHOI'O
TPYHTOBOTO CJIOS.

Takum 06pa3om, mepedeHb XUMIIECKIX
pPacTBOpOB, 00eCHeYNBaOIINX BO3MOX-
HOCTD 3aKpeIUIeHVsI MbUIALINX T0BEPXHO-
CTejl XBOCTOXPAHWINILL ITyTeM IIPOBeeHIIS
KOMOVHVMPOBAaHHON TeXHUKO-OMomornye-
CKOJ1 PeKy/IbTUBALINI, MOYXXET OBITh PaCIIN-
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PEeH 3a CYeT PUMeHEHMsI B HUX B KauecTBe
nob6aBky oboraieHHbIX 70 98 % I1ICII.

BriBoppl: IlpakTuyeckoe NnpuMeHeHUE
paspabOTaHHOI TEXHOJIOTUA PEKY/IbTVBA-
UMY XBOCTOXPAaHWINIL, IIO3BOJIUT Cylie-
CTBEHHO CHM3UTDH IIbLIEHNE IIOBEPXHOCT-
HOTO CJ/IOSl TeXHOT€HHBIX 00pa3oBaHMiT 1
T€M CaMbIM MMUHUMM3UPYET 3arpsA3HeHue
NpUIETAOIX TEPPUTOPUN TSKENBIMU U
PaAMOAKTUBHBIMY MeTaJl/ITaMMA.

Pabora BBIIIONTHEHA TPU TOAIEPK-
ke npoekta PH® 22-17-00040 «Hayunoe
000cHOBaHMe U pa3pabOTKa IKOTOTUYECKN
YICTBIX 6€30TXO[HBIX TEXHOIOTHII TIepepa-
OOTKM MPUPOHOTO U TEXHOTEHHOTO MUHE-
panbHOTO ChIpbsi» (2022-2023 1T.)
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OF TAILS RECLAMATION
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Transbaikal State University, Chita, Russia
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The activity of mining complexes
leads to the formation of large volumes of
mineral waste, and the Trans-Baikal region
was no exception, on the territory of which,
according to data for 2018, operating
enterprises accumulated 725.5 million
tons of waste [1]. Overburden dumps,
out-of-balance and substandard ores, as
well as enrichment tailings, are a serious
problem for the environment. In total,
there are more than 30 tailing dumps on
the territory of the Trans-Baikal Territory,
of which 12 currently remain ownerless and
pose a serious threat to the environment
of settlements located in close proximity
to man-made objects. Such objects are
dangerous, first of all, by spreading dust-
like particles to nearby territories, often
containing toxic and radioactive elements,
as well as heavy metals. It requires the use of
special technologies adapted to the climatic
conditions of the territory of Transbaikalia.
In this regard, studies were carried out on
the possibility of reclamation / conservation
of the tailing dump of the Sherlovogorsky
GOK, located in close proximity to the town
of Sherlovaya Gora, Transbaikal region.

The practice of using various chemical
compositions to prevent dusting of tailings
shows that they must meet the criteria
of availability and low cost; non-toxicity;
solubility in water for more efficient
application; the possibility of creating a
strong crust on the surface of the tailings; the
possibility of seed germination when used
in the process of biological reclamation;

high wetting rate of mineral particles by
reagents; effectiveness of adhesive and
cohesive properties [2].

These requirements are met by water-
soluble reagents: polyacrylamide PAA-GS
and Praestol 2540. Praestol 2540 reagent is
an organic, synthetic and high-molecular
flocculation aid based on polyacrylamide.
Polyacrylamide PAA-GS is a mixture of
polyacrylamide with ammonium sulfate.
Both reagents are soluble in water, non-
flammable, explosion- and fire-proof
substances, related to the IV hazard class
according to the degree of impact on the
body.

In order to ensure the possibility of
recultivating the surface of tailings and
preventing dusting of their surfaces, the
influence of the quality of zeolites on the
efficiency of biological remediation (seed
germination), as well as on the effect of the
reagents used when creating the surface
(crust) of the tailings, was studied. The use
of zeolite rocks from the Shivyrtuyskoye,
Badinskoye and Kholinskoye deposits,
which differ in their physicochemical
properties and degree of enrichment, as
part of the irrigating mixture was studied.

Studies have shown that the highest
germination rate (5 days) has a soil
containing as an additive enriched to
98% zeolites of the chabasite type of the
Talan-Gozagorsky deposit. This factor is
associated with the unique physicochemical
properties of chabazite, in particular, with a
high sorption capacity (about 20-23% by
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Figure 1 — Characteristics of dust entrainment of particles with a size of 0.071-0.25 mm at a wind speed
of 3-5 m/s (1 — dust entrainment without PAA-GS treatment; 2 — dust entrainment with PAA-GS treatment)

weight in water) and ion exchange capacity
(about 3.8 mg-eq/g), as well as the universal
diameter of the channels in the framework
that, when using reagents (polyacrylamide
PAA-GS, Praestola 2540), it causes the
formation of a stable crust of soil up to
20 cm thick on the surface of the tailing
dump due to the fixation of particles
between  themselves by  creating
«bridge bonds» through the absorbed
macromolecules of the reagent.

The highest growth rate of perennial
grasses used in the reclamation of the
Sherlovogorsk tailing dump is achieved
with the addition of 98% enriched zeolites
from the Kholinsky and Talan-Gozagorsky
deposits to the soil and is 4.2 and 4.4 mm/
day, respectively. The most effective process
of regrowth of perennial grasses is observed
when using polyacrylamide PAA-GS.
The resulting effect is determined by the
qualitative characteristics achieved in the
process of CSP enrichment: a high content
of zeolites (98%) with deep cleaning of
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their pores from enclosing impurities and
organic matter, providing an increase in the
sorption, structure-forming and prolonging
properties of minerals.

It has been determined that the use
of an integrated method for dedusting
the Sherlovogorsk tailing dump using
natural zeolites enriched up to 98% and
the consumption of polyacrylamide PAA-
GS with a concentration of 0.1% and at
the rate of 1.5 1/m2 provides increased
strength properties, which leads to the
creation of a more durable particle bonds
in the upper layer of tails. In this case, the
effective reduction of dust formation and
dust transfer is ensured by the sufficient
strength of the tailings cover, its water and
wind resistance, temperature resistance,
environmental safety, durability and the
ability not to impede the germination of
seeds of perennial grasses.

In this regard, in order to confirm the
developed method of reclamation and
fixing of dusty surfaces, studies were carried



Table 1 — Comparative characteristics of slurries for fixing dusty surfaces

fmppocmech
Characteristic  paa.  PAAWIth 0 oninwith  Praestol | raestol2540
GS zeolite Lignin seolite 98% 2540 with zeolite
98% 98%
Grs?cf::g‘;ﬁel 0,80 1,0 0,48 0,70 0,70 1,0
Coating water 5 0,85 0,65 0,70 0,50 0,85
resistance
DuTEtfﬁl'?Ceisltqj((::;lon 0,90 0,99 0,70 0,80 0,85 0,99
Solution
concentration, 0,10 0,10 0,30 0,3 01 01
(o)
%
Specific
consumption, 1,50 1,50 5,00 5,00 1,50 1,50
[/m?2

out to determine the effectiveness of dust
suppression, as a result of which functions
were obtained that characterize the dust
removal of particles with a particle size of
0.071-0.25 mm at a wind speed of 3-5 m/s
(Figure 1). Function 1 characterizes the
dependence of the dust removal distance
on the particle size without applying the
process of fixing the surface with a water-
soluble polymer at an air speed of 3-5 m/s
and a particle size of 0.071-0.25 mm, and
function 2 determines the effect achieved
by introducing a slurry into the loosened
soil zeolite with seeds of perennial grasses
and irrigation with PAA-GS reagent at a
flow rate of 1.5 1/m?2.

Comparative characteristics of the use
of dust suppression reagents are shown in
Table 1.

The data obtained as a result of
experimental studies made it possible to
conclude that the proposed method of
fixing a dusty surface with the introduction
of a slurry enriched to 98% of zeolite and
seeds of perennial grasses with irrigation
with a water-soluble polymer PAA-GS is

the most effective and ensures long-term
preservation of the protective crust of the
soil, prevents seeds from blowing out and
causes their rapid growth.

An assessment of the physicomechanical
properties of the solutions and the strength
of the coating - the crust formed during the
processing of tailing deposits, showed that
the application of a solution with a reagent
content of 0.05% (PPA-GS, Praestol 2540,
lignin) to the surface of the tailing dump
does not allow obtaining a sufficiently
durable coating . With an increase in the
concentration of the reagent solution and
the use of zeolite rocks enriched to 98% as
an additive, the strength of the resulting
crust increases to a certain limit (0.1-0.2%
solution), after which an equilibrium is
observed, and in some cases a decrease in
the considered indicator by 30-50%.

The proposed combined reclamation
method makes it possible to significantly
reduce the blowing intensity of particles
with a size of 0.0071-0.25 mm by bonding
them with a structure-forming mixture of
zeolite and a water-soluble polymer, and
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Figure 2 - Device for preparing and applying a mixture
of zeolite rocks-water (RF patent No. 2513468):
1- tailings;

2 - main dam;

3 - settling pond;

4 - pumping station;

5 — zeolite suspension preparation unit;

6 - receiving branch pipe;

7 - outlet pipe;

8 - dredger;

9 - rotary design;

10 — nozzle

when adding a mixture of lignin and zeolite
(with a content of 40-98% in rocks) to the
upper layer of the tailings with seeds of
perennial grasses, an increased quality of
the fertile layer formed is manifested.

It should be noted that the application
of zeolite slurry to the surface of the tailing
dump, the introduction of seeds of perennial
grasses, and irrigation with water-soluble
polymers eliminate the need for expensive
reclamation methods, including screening
with polymeric materials followed by laying
a fertile layer.

Based on the data obtained, a patent-
protected method for fixing dusty surfaces
(recultivation/preservation) was developed
by applying zeolite slurry to the surface of

68

the tailing dump, and the corresponding
patent for invention No. 2513468 was
obtained [3]. In this case, the proposed
method is implemented by applying a slurry
containing zeolite rocks to the surface of
the tailings. It should be noted that when
crushing zeolite rocks to the designated size,
the output of the class - 0.071 mm is about
35%, which provides the greatest effect
of the interaction of the reagents used for
irrigation of the surface and the formation
of a stable tailings surface, and also provides
a greater adsorption capacity of zeolites due
to the preservation of particles of large sizes,
which positively affects such properties of
the formed layer as peel strength, moisture
retention and water resistance.

According to the developed technology,
water is supplied to the process from a special
settling facility. In this case, the application
of the slurry over the entire surface of the
tailings is carried out by a dredger in the
direction of the dam (Figure 2).

The device for preparing and applying a
mixture of zeolite rocks and water works on
the principle of a water circulation system.
The zeolite suspension preparation unit is
designed to prepare a suspension of crushed
zeolite rocks and water, while the circulating
water is pumped from the settling pond
by a pumping station. Hydrosuspension is
evenly distributed over the entire surface
of the tailings by means of a dredger with a
rotary mechanism and a nozzle.

The process of preparation and dosing
of reagents used for irrigation of the surface
of the tailing dump is recommended to
be carried out by using a reagent station
of the UPND-1 type [4]. At the same
time, the supply of solutions of reagents
and seeds to the surface of the tailing
dump is recommended to be carried
out by a device for fixing dusty surfaces,
which is characterized by the efficiency of



supplying seeds and ensuring their rational
consumption [5].

It should be noted that the developed
method of reclamation/preservation of
tailings includes the following operations:
treatment of the surface of the tailings with
zeolite slurry at a ratio of «DSP-water»
1:2; loosening of the surface of the tailing
dump to a depth of 13 cm; treatment of the
tailings surface with a reagent (PAA-GS,
Praestol 2540, lignin); sowing of perennial
grasses with simultaneous compaction of
the surface soil layer.

Thus, the list of chemical solutions
that provide the possibility of fixing dusty
surfaces of tailings through combined
technical and biological reclamation can
be expanded through the use of CBPB

enriched up to 98% as an additive in them.

Conclusions: The practical application
of the developed technology for the
reclamation of tailings will significantly
reduce the dusting of the surface layer
of technogenic formations and thereby
minimize the pollution of adjacent areas
with heavy and radioactive metals.

The work was supported by the Russian
Science Foundation project 22-17-00040
«Scientific substantiation and development
of environmentally friendly waste-free
technologies for processing natural and
technogenic mineral raw materials» (2022-
2023).
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