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AHHOTanusa. AKmyaasHOcms paboThl CBsi3aHa C HEOGXOJUMOCTbBIO POBE/EHHsI IPUPOA03AIIUTHBIX MEPONIPUATHN Ha Tep-
PUTOPUHU KaJHUUHBIX TOPHOAO0OBIBAIOIUX TPEANPUITUH, UCOBITHIBAIOLIMX 3KOJOTHYECKHE MOCAECTBUS BJAUSHUS MHOTO-
TOHHAXHBIX C0JIE0TX0/10B. IJesb vcciefoBaHUs 3aK/0YaeTcss B 06061eHUH U aHaiu3e reorpaduu pacnpocTpaHeHHUs Ka-
JINUHBIX TOPHO06LIBAIOIMX HPEANPUITUH, BO3/IeHCTBHUS 3TUX NPeANPHUATHH Ha OKPYXKAIOLILYI0 CpeJly U METO/OB yIpaBJie-
HUS OTXOJaMHU KaJIMHHBIX IPOU3BOACTB. 066€KMbl: 0TX0bl KAJWUHBIX FTOPHOAO06BIBAIOLIMX IPeANPUATHN. Memodbl: Teo-
peTUYECKUI U JIOTUYECKUH aHa/u3 JaHHbIX. Pe3yibmamel. PaccMoTpeHa reorpadusi pacnpocTpaHeHUs] KaTUHHBIX MeCTO-
POXJEHUN U MpeJCTaB/JeHa XapaKTePHUCTHUKA OTX0J0B KaJUHHbBIX TOPHOJ00bIBAOIMX NPeANPUATHI Ha npuMepe BepxHe-
KaMCKOTO MEeCTOpOX/JeHHUs cosied. [I[puBe/ieH oTeuyeCcTBEHHBbIN M 3apyGeXXHbIA aHAJNM3 IKOJOTHYECKHUX MOCJIeJCTBUH B pe-
3yJIbTaTe XpaHEeHUs1 OTXO/[0B Ha IHEBHOUN MOBEpPXHOCTH. [[poaHaM3UPOBAHO HECKOJILKO BAPUAHTOB 06palleHHs C 0TX0Aa-
MU KaJIMAHBIX NpenpusaTui. [Ipyu ynpaBjieHUU TJIMHUCTO-COJIEBBIMU LIIaMaMHu HauboJsiee 3¢pdeKTUBHA 3aKauKa B M0/ 3eM-
Hble TOPHU30HTHI, B TOM YHCJIe UCI0Ib30BaHHEe HACBIIIEHHBIX PACTBOPOB B KayeCTBe yA0OPSONIero KOMIIOHEHTA, COCTaBIs-
I0lIel YacTH MPOJAYKTa B CTPOMTEJbHOM HANpaBJeHHWU U NpUMeHeHHe B HedTegobbiBawoueld oTpaciau. [Ipu ynpaBieHun
raJUTOBBIMU OTXO/aMH HYXeH 6osiee KOMIUIEKCHBIH NOJAX0Z. 3aKJaZKa B OTPaboTaHHOE NPOCTPAHCTBO SIBJISETCS aKTyallb-
HBIM IOJIXO/I0M B CBSI3U C T€M, YTO Ha TEPPUTOPHH JL0JITO AeHCTBYIOUUX NPeANPUATUH UMEIOTCS YKe 0TpaboTaHHbIE L/ -
KH. PeKy/JIbTUBaLMs COIE0TBAJAa MO3BOJIUT U30JIMPOBATh TEJIO OTBasa OT MOCTYIJIEHUsT aTMOChEPHBIX 0CaJIKOB, UTO IIPUBe-
JleT K COKpalleHHI0 NOCTYIJIeHHs] HaChIIeHHBIX BOJ, B OKpYy»XKawuylo cpefy. Mcnosb30BaHue OTXO/0B [JIs MPOU3BOJCTBA
CTpoiMaTepHaJioB SIBJSETCS HauboJsiee MPeAIOYTUTENBHBIM KaK C 3KOHOMUYECKOH, TaK U C 9KOJIOTHUYECKOH mo3unuu. Us-
BJIeYeHHe IIeHHbIX KOMIIOHEHTOB, POU3BO/ICTBO YI00PEHUH, KOHIIEHTPATAa U JIP. U3 OTXO0/I0B SIBJISIETCSA HaUMeHee aKTyaJlb-
HbIM HallpaBJIEHWEM, 3TO CBSI3aHO KaK C 3KOJIOT0-3KOHOMHUYECKHMU 3aTpaTaMHy Ha MpUuobpeTeHre 060py/10BaHUs 110 U3BJIe-
YeHMUI0, TaK U C MOBTOPHLIM 06pa3oBaHKueM 0TXo/a. HarboJsiee C/I0KHBIM HallpaBJIeHUEM /11 CHXKEHHSI 00pa30BaHUS OTXO-
JIOB B TEXHOJIOTUYECKOM acCIleKTe sIBJISIETCS COBEPIIEHCTBOBAHUE Be/IeHUsI TOPHBIX PA0OT U CEJIEKTUBHOM ZI0OBIYH.
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Abstract. Relevance. Related to the need to carry out environmental protection measures in potash mining areas exposed to
the environmental consequences of the impact of multi-tonnage salt waste. Aim. To summarise and analyse the geography of
potash mining operations, the environmental impact of these operations, and potash waste management practices. Object.
Potash mining waste. Methods. Theoretical and logical analysis of the data. Results. The research considers the geographical
distribution of potash deposits and presents the characteristics of potash mining waste using the example of the Verkh-
nekamskoe Potash Deposit. The paper provides both domestic and foreign analyses of ecological consequences of waste stor-
age on the day surface. Several options for potash mining waste management are analysed. For the management of clay-salt
slurry, the most effective approach is its injection into underground horizons, which includes the use of saturated solutions as
a fertiliser component, as a part of a product in construction, and in the oil industry. A more comprehensive approach to hal-
ite waste management is needed. Waste disposal to waste dumps is relevant due to the presence of mined-out areas on the
territory of long-operating enterprises. Reclamation of the salt dump will help to isolate it from atmospheric precipitation,
thereby reducing the inflow of saturated water into the environment. Utilising waste for production of construction materials
is the most economically and environmentally favourable option. Extracting valuable components, producing fertilisers, con-
centrates, etc. from waste is the least practical approach due to the ecological and economic expenses involved in acquiring
extraction equipment and the repeated generation of waste. The most challenging aspect of reducing waste generation in
terms of technology lies in improving mining operations and implementing selective mining.

Keywords: potash industry, mining, waste management, slurry storage, salt dump, environmental safety, salinisation, brine
seepage

Acknowledgments: The research was supported by the Perm scientific and educational center «Rational subsoil use», 2023.

For citation: Perevoshchikova A.A., Perevoshchikov R.D., Malyshkina E.E., Mitrakova N.V. Waste management in potash min-
ing companies. Bulletin of the Tomsk Polytechnic University. Geo Asses Engineering, 203, vol. 335, no. 1, pp. 19-35. DOI:
10.18799/24131830/2024/1/4387

Beeaenue ® CaHWTapHOMY: PHUCK JUIs 3JI0POBbs YEJIOBEKA, BO3-
I'opHomoOBIBaroIast JEATENbHOCTh MMEET BaXKHOE JEWCTBHE HA HACENEHHE, NPOXKHMBAIOIIETO B HETO-

HKOHOMHYECKOE 3HAYEHME, OJJHAKO OHA SBJIAETCH OJ- CPEICTBEHHOH OJM30CTH OT TOPHOAOOBIBAIOLINX

HOM M3 OCHOBHBIX IIPUYUH 3arPs3HEHHs OKPYIKAFOIIEH MpeNIpUATUI.

cpensl BO BceM Mupe. Llenpro 100bIMM MONE3HBIX HC- KoMIOHEHTHBIH C€OCTaB M KOJIMYECTBO OTXOJOB,

KOIIAeMBIX SBJIAETCA yNOBJIETBOPEHHE CIPOCa HA MHM-  00pa3yIoIIUXCsA B Ipolecce M00BYM M IepepaboTKu
HEPAJIbHOE CHIPbE [UIA IOBBILICHUS KadeCTBA XM3HU  IIOJE3HBIX MCKOMAEMBIX, CTAHOBSTCS BaKHBIMH acIleK-
HaceneHus. JloObIBaeMBIil MaTepHan sBISETCS CHIPBEM  TaMH B BOIIPOCE YIPABICHUS OTXOAaMH M I[UKIHYHO-
JUIA ITPOM3BOJICTBA U3JIEJIHH, IEHHBIM SHEPTETHYECKUM  CTH IMPOU3BOACTBA. HakorieHne 3HaYMTEILHOTO KOJIH-
pECYPCOM M OCHOBOH Ul Pa3BUTHsS MHOTHMX OTpacied  decTBa OTXOJOB NPHBOAUT K (POPMUPOBAHUIO IIPHPOJ-
npomblnieHHOCTU. [Ipomykiys TropHONOOBIBAIOmIEH — HO-TEXHOTEHHBIX OOBEKTOB, KOTOPHIE IPEACTABISIOT
IIPOMBIIIEHHOCTH HMHOT/IA MCIOJB3YETCA HANPsMYIK,  CcOOOM IeOJIOTHYECKHE Tella TEXHOTEHHOTO MPOMCXOXK-
HO 4allle¢ BCEro IOJABEPraeTcs NaNbHEHIIEH Iepepa-  JeHUsl, COCTOSIINE U3 OTPA0OTAHHBIX «ITYCTHIX» TOp-
Oorke. IIpuHIUIUANBHBIME TEXHOJIOIMYECKUMHU OIl€-  HBIX MOPOJA, OTXOAOB OOOTalleHWs, 30J1, IUIAKOB H
pauusMH Ha JII0OOM T'OPHOJOOBIBAIOIEM NPEANPUATHH  mutamMoB [3—6].

SIBISIFOTCSI TOOBIYA CHIPbA, MOCIEAYIOmas ero nepepador- OoOpaiiieHue ¢ 0TX0IaMH, 00Pa3yIONIMMHUCS HA TOP-
Ka, OTrpy3Ka NPOXYKLUH U yTHIU3alMs 0TX0H0B. OMHa-  HOJOOBIBAIONIMX HPEINPHATHIX, KaK MPABUIIO, BbI3bI-
KO TOPHOZIO0BIBAIOIIAsS IEATENIBHOCTD SIBISETCS MOIIHBIM ~ BacT (DUHAHCOBBIE U DKOJIOTMYECKHE TPYIHOCTH. Pyn-
(akTopoM IpeoOpazoBaHKsA MNPHUPOAHBIX KOMILUIEKCOB. HHMK M oOoraruTenbHas (paOpuKa MPOEKTHPYIOTCSA C
Ota oTpacib CBA3aHa C PSJIOM KOJIOTHYECKUX IPOOJIEM,  IEJIbI0 U3BJICUEHHS KAK MOYKHO OOJIBIIETO KOIMIECTBA
B YAaCTHOCTHU, UMEET MPOOIEMBI C XPAHEHUEM OTXOAOB C  TOBAPHOM MPOIYKIMH, a OTXOAbl M OOIee HPHPOI0-
TOYKM 3PEHHUs OTYYXKICHHs 3€MENlb M PACCEMBAHMA 33-  [OJH30BAHHE PACCMATPUBAETCS KaK CIECICTBHE MPUME-
rpsHATENel [1, 2]. Xumudeckoe U QH3MUECKOE 3arpA3-  HAEMBIX TEXHOJIOIMYECKMX omepanuii [7].

HEHHE, BO3HUKAIOIIEE B Pe3yJIbTaTe TOPHOZOOBIBAIOIIECH OcCHOBHOE BO3JIEHCTBHE TOPHOJOOBIBAIOIIUX MPE-
JesTeNbHOCTH, SABIAETCS TN00ATbHOM MPOOIEMOH, KOTO-  MPUATHI Ha OKPYKAIOLIYIO CPELY CBA3aHO C COBOKYII-
past IMEeT OTHOIIICHUE K PA3JIMYHBIM aCTIEKTaM: HOCTBIO (DAKTOPOB: TreorpaguIeckuM IOJIOKECHUEM,

® DKOJOTHMYECKOMY: 3arpA3HCHHE MOYB M BOJHBIX  IUIOMIAABI0 M KAaTErOpPHUEH 3eMelb, OTBEACHHBIX IS
00BEKTOB, 00Pa30BAHUE KHUCHIBIX IIAXTHBIX CTOKOB,  XPaHEHHS OTXOJ0B, 00BEMOM BBIOPOCOB U COPOCOB Ha
(PUTOTOKCHYHOCTH M I3MEHECHNE OMOIICHO30B; aTamne dKCIuTyaTanuu. Kpome Toro, moBpexIeHUST XBO-
e TeOMOP(OIOTHUCCKOMY: H3MEHCHHE JaHAmadra, CTOXPAHWIHIL MOTYT HAHECTH CEPbE3HBIH yInepo
reoJoruyecKasl OMacHOCTh (9po3us, HABOJHEHHUsA, OKpyKaromieu cpene [7].
OTIOJI3HH, KapCT, MPOBAJIBI);
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[IpoMbIIUTeHHBIE OTXOIBI 00Pa3yIOTCS B OTPOMHBIX
obbemax. B 3aBucumocTH oT Macmtaba ¥ MOUTHOCTH
MIPOM3BOICTBA, BOIIPOC PAIIMOHAIBHOTO OOpAIIEHHS C
HUMH CTaHOBHUTCS BCe OoJiee akTyalbHBIM. TeM He Me-
Hee MPOMBIIIEHHBIE OTXOJbl Pa3IMYaroTCs 10 COCTa-
BY, CBOMCTBaM, THIIaM M XapaKTepUCTHKaM. B yacTHO-
CTH, OTXOJbI TOPHOIOOBIBAIONICH U 00pabaTHIBAIOIICH
OTpaciii OTHECEHBI K TAKUM THIIaM, Kak [8]:

KHUCJIOTHI U IICII0OYH,

0TpabOTaHHBIC PACTBOPHUTEIH;

OpPraHNYeCKHe KOMIOHCHTBI,

PacTBOPHI TSKEIBIX METAIIOB,;

0TpabOTaHHBIC PACTBOPHUTENN KPACOK;

CTOYHBIE BOJIBI, COJepxkalie OEH301 U APYTHE yI-
JICBOOPOIHL,

oTpaboTaHHBIC He()TSIHBIE KATaIH3aTOPH;
oTpaboTaHHBIC NIJIAMBI,

TOJTYOJI U OCH30JT;

ANIEKTPOHHBIN JIOM;

LIJJaMbl, COJAEpKalIue OTXOAbl IMAHUJIOB TSKEJIBIX
METaJIIOB;

METaJUTyPTUIECKUC IIaKH;

ra3000pa3HbIe U TBEPAbIC BEIOPOCHI;

BCKPBIIIHbIE OPObI/TyCTas MOPO/Ia;

XBOCTBI 00OTAIlICHHUS TIOJIE3HBIX UCKOMAEMBIX U JIP.
B nacrosimee BpeMsi IpOBEACHO HEOOJBIIOE KOJIH-
YECTBO HCCIIEIOBAHUI, OCBAIIEHHBIX PAllMOHAIBHOMY
KCTOJIB30BAHUIO MTPOMBIIIEHHBIX OTXO0/0B [9].

B cBsi3M ¢ y)XecToueHHEeM SKOJOTHYECKUX HOPM BO
BCEM MHpE Ba)XKHO HAWTH paIlOHANBHOE PELIeHHEe IO
YIIPaBJICHUIO MPOMBIIDICHHBIMU OTXOAaMH. B 3aBucH-
MOCTH OT OTpaciiil CIelHaNTU3allli, METOJIbI yIpaBiie-
HUSI OTXOAaMH HEOOXOIMMO pacCMaTpPHBATh MHIUBHUITY-
AIIBHO, HO CYIIECTBYIOT Hauboyee CTaHAApTHHIC BapH-
aHTHl YTHJIM3AIMU XBOCTOB M MyCTOH mopossl. Hanbo-
Jiee PacpOCTPaHCHHBIMU SBIISFOTCS CIICITYFOIITHE:
cOpOC UIaMOB B MPYABI-OTCTONHUKY,
3aChIIIKa IIJIaMOB HJIA HyCTOﬁ MopoAbl B MOA3EM-
HO€ XPaHWIINILE WU Kapbephl,

CKJIAJIMPOBAHKUE CYXHX IIUIAMOB WA MYCTOHM MOpO-
bl B OTBAJIbI HA HOBerHOCTI/I;

UCIOJIb30BAHUE IIIAMOB WM IIyCTOH IOpOABI B
Ka4eCTBE BTOPHYHOTO MPOIYKTa,

cOpoc 1I1aMOB B BOJIHBIE OOBEKTHI (B MOps, 03epa,
pexu).

Bribop MeToma yTUIM3aIMy MUIAMOB W/VIIH ITyCTOM
MOPOJIbI 3aBHCUT B OCHOBHOM OT TpeX (pakTOPOB: CTO-
HMMOCTH, DKOJIOTMYECKUX XapaKTEPUCTUK TEPPUTOPHUH H
BO3MOXKHBIX PUCKOB. HeoOXoamMmo Taxke yYHTHIBATH
BO3MOXKHOCTH M NPOOJIEMbI MOBTOPHOTO HMCIOJIb30Ba-
HHUS OTXOJOB B PaMKaX MPOMBIIUICHHON SKOJOTHH U
SKOHOMHUKH 3aMKHYTOTO IHKJA JJIsI PEIICHUS CBSI3aH-
HBIX C 3TUM COLUAIBHBIX M DKOJOTMIECKUX MPoOIIeM.

Pa3paboTka MeCTOPOKICHNUN KAIUHHBIX COJICH BbI-
MOJHSIET OJHY W3 TJIaBHBIX IIETICH YCTOMYMBOTO Pa3BH-

21

TUS — O0pBOBI ¢ roJ0J0M, NOCKONIbKY 90 % moObiBae-
MOTIO Kanusl HAIpaBJICHO Ha IIONYyYCHHC KaTUHHBIX
yaoOpeHuii. HecMOTpsi Ha BaKHYIO pOJIb KaJIHHHBIX
yIOOpeHUid B OTpPACIi CENBCKOTO XO3SHCTBa, paspa-
00TKa MECTOPOXKJCHUI Kallksi UMEET psii 3KOJIOTHue-
CKUX TIOCIIEICTBHH, OJHUM W3 KOTOPHIX SBISIETCS 00-
pa3oBaHHE W CKIAJUPOBAHHUE HAa TIOBEPXHOCTH He-
CKOJIbKMX MHJUIMOHOB TOHH TBEPABIX U KUAKUX OTXO-
JIOB C BBICOKHM COJICpP)KaHHEM XJIOPHAA HATPUS, CYIhb-
(hatoB, Kanus 1 Kameus [6].

B nHayuHOlf nHTepaType CyIIECTBYET MHOXKECTBO
Pe3yIbTaTOB YAaCTHBIX HCCIEIOBAHHUN O yNPABICHUIO
OTXOZaMH Ha KAIWHHBIX HPEANPUATHAX, HO HECMOTPS
Ha TIOyOOKYI0 M3Y4EHHOCTh BO3MOXHBIX CIOCOOOB
YTWIM3AIUH U 00€3BpEXMUBAHUS, O CHX IIOP PEIKO-
CTBIO SIBIISICTCS IOCTATOYHO MONHBIA W aKTyaJIbHBIN
JMUTEPaTYPHBIA 0030p B 00NACTH YIpPaBICHUS OTXOJa-
MH Ha KaJIUIHBIX MECTOpOXXAEHUsX. Llensio maHHOrO
HCCIICJIOBAHUS SBISIETCSI 000OIICHNE W aHATIN3 reorpa-
¢bun pacpocTpaHeHUs] KaTHHHBIX TOPHOAOOBIBAIOIINX
OpEeNIpUATUH, BO3JEHCTBUA 3TUX INPEANPHUATHHA Ha
OKPY>KaIOIIyI0 CPeAy W METOAOB YHPABICHHS OTXOMA-
MU KaJIHHHBIX MPOU3BOICTB. sl MOATOTOBKU 0030p-
HOM cTaTbU OBUIM U3Y4YCHBI pE3yNbTaThl Oosee
100 omy6nuKoBaHHBEIX paboT HAa HOZOOHYIO TEMATHKY.

Ka/mmitHass NpoOMBIIIJIEHHOCTD

JoObrya KaIMiAHBIX coyeld (M3BJICUEHUE CUIbBUHH-
Ta U KapHaumTa) B ocHOBHOM (90 % moObiBaeMoro
KaJisi) HalpaBlieHa Ha TOIy4YeHue ynoOpeHud U oco-
OCHHO BaKHA IS OTpaciy Celbckoro xossiicta [10].
Kanmit siBrsieTcss OCHOBHBIM KOMITOHEHTOM OOJBITHH-
CTBa yIOOpEeHH U CONEPIKUT cMech pocdaToB, a30Ta U
kamus. COTJIacHO JaHHBIM TEOJIOTUYECKOH CITyKObI
CIIIA, 3anacel KaJIMAHBIX PyJ OIICHUBAIOTCSA B Oojiee
gem 11 mupa 1 [11], uto cMoxer obecmeuuts 00Iie-
CTBO KAIMWHBIMU YAOOpPEHHSIMH €Ille Ha HECKOJBbKO
JIECATKOB JieT. B HacTosmmi MOMEHT JMAepaMH IO
noOblue KanuitHOW pyasl sBistorcea Kanama, Poccus u
Benapych, Ha HUX mpuxoautcs Oonee 80 % MUPOBBIX
3anacoB Kanus (tabu. 1).

['eonoropaspeiounbie PabOTHI MO TMOMCKY KaJlHii-
HBIX COJIEH TPOJOJIKAOTCA U TI0 Ceil IeHb B HECKOJIb-
KHX cTpaHaX. Hambosee akTHMBHO pa3BelovHBIC pado-
Tbl BeayTcsi B KaHaze ¢ 1enbio yaep)KaHus JTUIEPCKUX
Mo3WLMH, B bpa3nnuu, NOCKOJIbKY OHA BXOAMT B TPOM-
Ky KPYIMHEHIIUX MHUPOBBIX HMIIOPTEPOB KATUHHBIX
yaoOpeHuid, a Takxke B Aprentune, Ilepy, Dpurpee,
O¢duomnuu, Konro, Benukoopuranun, Kurae, Tannange
u Y36ekucrane [10]. B Tom uncne Bexytcs paboThI 10
pa3paboTKe W NaNbHEHIIEMy OCBOCHUIO MECTOPOXKIC-
HU KaauidHbIxX coneil B Poccun [6]. Bexymumu peru-
OHAMHU-TIOTPEOUTENAMH KAIUIHBIX YAOOpEHUH SBIS-
1otcst ctpanbl CeBepHoit u HOxxHON AMepukH, a Takke
crpanbl FOro-Bocrounoit Asum [11].
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Ta6auya 1. flo6biua kaauliHeix cosell 8 mupe ¢ 2018 no
2021 2e., no daHHbiM [8]

Table 1. Potash production worldwide from 2018 to 2021,

according to [8]

Crpana 2018 | 2019 | 2020 | 2021

Country Mt T/million tonnes
Kanapa/Canada 13,80 | 12,30 | 13,8 14,0
Poccusi/Russia 7,17 7,34 8,11 9,0
Besnapycs/Belarus 7,20 7,35 7,40 8,0
Kuraii/China 5,0 5,0 6,0 6,0
l'epmanusa/Germany 3,20 3,0 2,20 2,30
Uzpausnb/Israel 2,20 2,04 2,28 | 2,30
Hoppanus/Jordan 1,48 1,52 1,59 1,60
Yusin/Chile 1,20 | 0,84 | 0,90 | 0,90
HUcnanwus /Spain 0,70 0,50 0,42 0,40
CIIA/USA 0,52 0,51 0,46 0,48
[Jpyrue crpansl/Other countries 0,35 0,31 0,36 | 0,37
Jlaoc/Laos 0,20 0,40 0,27 0,30
Bpasunus/Brazil 0,20 0,25 0,25 0,21
85)‘;‘2;‘;‘;3:;’: oGwem 4330 | 41,30 | 44,0 | 46,0

‘TIpumevaHue: HUPHLIM 8bloeseHbl MUpogble udepsl NO
dobbiye kaauliHbIx cosell.
* Note: world leaders in potash mining are highlighted in bold.

[Iporuosupyercs, 4TO MHUPOBBIE T'OJIOBBIE MOIIHO-
CTH TIO TPOU3BOJICTBY KAIWHHBIX YJOOPECHUH yBelu-
garcss noutd 10 69 i T k 2025 r. Bonbmas gacte
mnpupocta Oyzer odecredeHa 3a CUeT OTKPBITUSI HOBBIX
PYOHHKOB Ha YXE OCBOCHHBIX MECTOPOXICHHSAX, a
TaKke B TEPCIIEKTUBHBIX palloHAaX ¥ 3a CUET Hapallu-
BaHMS MOIIHOCTEH CYIIECTBYIOIINX IPEINPUATHH B
Kanane, Poccun u Benapycu [11].

B mMupoBoif mpakTuke 00bUa KalMUHHBIX COJEH
OCYIIECTBISIETCSI  MPEUMYIIECTBEHHO  ITOA3EMHBIM
maxTHeIM criocobom (Kanama, Poccus, Bemapychs).
Bcero 6 % MectopoxneHuil pa3pabaTHIBAIOTCS METO-
JIOM TI0J13eMHOTO BblenaunBanus (mrat FOrta, CILIA)
[12], rme TrOpHO-MEXaHWUYECKHE MW TEMIIEPaTyPHBIE
YCIIOBUS HE MO3BOJIIIOT BECTH LIAXTHYIO Pa3paboTKy, U
26 % MecTOpoXKAeHHH TOOBIBAIOT KalWIHBIE CONU U3
npupoHbIX paccoioB (Kutaii, Wspawuns, Mopnanus,
Yum) [13].

OTX0/bI KAJTUHHON NPOMBINLIEHHOCTH

B mpomecce maxTHOW JOOBIYU U MPU O0OOTAIICHUH
JIOOBITOM TOPOJBI B pailoHe JesTeIbHOCTH KaIHHHBIX
MpeInpUATHil 00pa3yercss OOJbIIOE KOJTUYECTBO OTXO-
noB (mpumepHo 70 % OT moOBIBaeMOM pyIbl), KOTOPHIE
MOTYT BbI3bIBATH HETATUBHBIE TIOCIEICTBUS I OKpPY-
Karoled cpelibl B clydyae OTCYTCTBHA MX O€30MacHOM
00pabOTKK U yTHIIM3AIAN OTXO0B [6].

OxHoll U3 OCHOBHBIX MPOOJIEM, BOZHUKAIOUINX PU
no0bue M mepepaboTKe KaMMWHOW pyIbl, SBISETCS
o0pazoBaHrne MIJUIMOHOB TOHH JKHUAKHX M TBEPABIX
OTXOZOB C BBICOKUM COJCPXKAHUEM XJIOPHAA HATPHL.
B 3aBuCHMOCTH OT MHHEpPAJIOrMYECKOr0 COCTaBa J0-
ObIBaeMOM PyJbl U C YYETOM HCIIONB3YEeMON TEXHOJIO-
rum o0orameHus, Ha TOHHY KOHEYHOTO MPOAYKTa MO-
*eT 00paszoBeBaThes 0T 0,99 10 4,97 T TBEpABIX OTXO-
noB u ot 0,3 o 1,1 T xkuakux orxomos [7, 13].

OTX0apl KAIMWHON NPOMBIIUICHHOCTH TIPECTaB-
JIEHBI TAIMTOBBIMHU OTXOJIAMH, KOTOPBIE CKIAJUPYIOT B
coneoTBaibl (puc. 1, @), ¥ IIIMHUACTO-COJICBBIM IIIJIAMOM
(cMech pacTBOPHMBIX M HEPACTBOPUMBIX KOMIIOHEH-
TOB), KOTOPBI XpPaHWTCS B NUIAMOXPAHWIHIIAX HA
3eMHO# moBepxHOCTH (puc. 1, 6).

ala

Puc. 1.
MOXpaHuauwe

Fig. 1.

o/b

Omxo0vl kaauliHozo npou3godcmeda Ha BepxHekamckom mecmopoxcdeHuu KaauliHbix cosell: (a) coneomean (6) wiaa-

Potash mining waste at the Verkhnekamskoe Potash Deposit: (a) salt dump (b) sludge storage
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ConeoTBanbl U NUTAMOXPAHWJIMILA CUUTAIOTCS OC-
HOBHBIMH MCTOYHHUKAaMH 3arpsA3HEHUS] TIOBEPXHOCTHBIX
BOJ Ha BepxHexkaMCKOM KalMHHOM MECTOPOXKICHUHU
(Poccust) [14-16], CrapoOMHCKOM MECTOPOXKICHUH
(benapycs) [17], Dnp3acckom mMectopoxkaenun (Ppan-

nusi), crapeifieM KaluiHOM —MECTOPOXKICHHH B
MItpachypre (lepmanus) [18, 19] u CackaueBanckom
conenocuoM Oacceiine (Kanama) [20]. Orpomuoe ko-
JMYECTBO OTXOJOB XPAHUTCSI B XBOCTOXPAHUITHIIAX HA
MOBEPXHOCTH (TalbII. 2).

Ta6auya 2. Omxodbi, XpaHsiujuecs 8 01e0maeaaax u WAAMOXpaHUAUWAx

Table 2. Waste stored in salt dumps and slurry storages
BepxHeKaMCKOe MECTOPOXK-
Tun oTxoza neHue coueit (Poccus)
Waste type Verkhnekamskoe Potash

Deposit (Russia) [14]

CTapoGUHCKOE MeCTOPOXK/e-
Hue (Pecny6suka Besapych)

Starobinskoe Deposit (Belarus)

[21]

CackayeBaHCKHH coJIeHOC-
HbIU 6acceitH (Kanaza)
Saskatchewan salt basin

(Canada) [22]

J/1b3aCCKOE MECTOPOIK-
nenue (Ppanuus)
Alsace deposit (France)
[23]

TBepAble raJuToBbIe
OTXOJbI
Solid halite waste

>270 muH T/million tonnes

>950 mutH T/million tonnes

>250 muH T/million tonnes

7 MuH T/million tonnes

)‘KH,E[KI/IB TJIMHHUCTO-
CoJieBbI€ LIJIaMbI

>30 muH M3 /million m3

110 msH T/million tonnes

HeT naHHbBIX
No data available

HeT naHHbBIX
No data available

Clay-salt slurry

B cpeanem oTBOAMMBIC IUIOIIAAN IO COJICOTBAI C
pacconocboparkoM coctaBisatoT 300-350 ra, U3 Korto-
peix mopsaka 150 ra 3aHMMaeT cam paccoIoCOOpPHUK.
B BepxHeii yacTu Mmomaa HaMbIBAlOTCS COJEOTXObI,
B HIDKHEH CKAIUTMBAIOTCS TOHKHE YACTHIBI M PACCOIL
Yronm oTkoca HaMBIBaeMOro maccumBa 1o 4°. Beicora
COJICOTBAJIOB B OOJBIIMHCTBE CIIy4aeB COCTABIISET
3545 M OTHOCHUTEJIEHO 36MHOU IMMOBEPXHOCTH PSJIOM C
coseoTBaom [24].

B cocraB coopyxeHus NUTAMOXPAHUJIMIL BXOJISAT:
namba, HacOCHAas CTAHIUS MEePEKadyKh CTOYHBIX BOJI,
HACOCHAsl CTaHIUS MEPEKAYKU OCBETIICHHBIX CTOYHBIX
BOJ (paccoioB), IMIJIAMONIPOBOJ] X PACCOJIONIPOBO/L.

KosimuecTBo 06pa3ywInXxcs OTX0A0B
Ha npuMepe BepxHeKaMCKOro MeCTOpOXJeHus
coueit (Ilepmckmii kpaii, Poccus)

Ha Ttepputopun BepxHekaMCKOro MeCTOPOKACHHS
coneit (BKMC) B HacTosmuii MOMEHT (DyHKIIMOHUPYIOT
TpHU KpynHble Kanuiiaele komnanuu: [TAO «Ypankanuii»,
000 «EppoXum-YKK» u AO «BKK». Ha 2022 r. 005-
€M 00pa3oBaHMsA TaJHMTOBBIX OTXOJOB M TJIUHHUCTO-
COJICBBIX IIJTAMOB cocTaBisieT 27356,2 Thic. T [25].

CoriacHo CTaTUCTHYECKOW OTYETHOCTH MUHHCTEp-
CTBa MPUPOJIHBIX PECYPCOB, JIECHOTO XO3SHCTBA U KO-
noruu Ilepmckoro kpas [25, 26], HauOoNbIIMK BKIAA B
00pa3oBaHHE OTXOIOB IO MPEANPHATHAM B [lepmckom
Kpae BHOCST NPeNpUsaTHs KanuiiHoi otpaciu. Ha puc. 2
MPEJICTABIIEHO TPOIIEHTHOE COOTHOIIEHHE 00pa3oBa-
Hus oTx0110B B IlepmckoM kpae ¢ 2017 no 2022 rr. o
OCHOBHBIM NPEANIPHUATHSIM.

CornacHo OTKpPBITHIM JTaHHBIM 3KOJOTHMYECKOU CTa-
tuctryeckoil ordetHoctu [IAO «VYpankammit» [27],
MIPOCTICKUBACTCS TCHICHIHSI YBEIUYCHUS 00bEMa Kak
o0pa3oBaHus, TaK W YTHIU3AIMH OTXOAOB (Tabm. 3).
Yrummzanus o0pa3yromuxcsi OTXOA0B YBEITHUMIACH C
77 1o 98 % ¢ 2018 mo 2022 rr. COOTBETCTBEHHO.
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Puc. 2. Bknad e obwee obpazosaHue omxodos 8 I[lepmckoM
Kpae no 0CHOB8HbIM Npednpusmusam

Contribution to total waste generation in Perm Krai
by major companies

Fig. 2.

[To qaHHBIM TUCTAHIIMOHHOTO 30HIUPOBAHUS 3EMJIH,
00111ast MIoIIaAb 3eMeNb, OTBEAEHHBIX IO COJIEOTBAIEI,
2 2
cocTtaBisieT 8,69 kM”; nutaMmoxpanunuma — 7,12 km”.

JKosiorMYecKHe Npo6sieMbl pa3paboTKH
KaJINMHBIX MEeCTOPOXKAEeHNN

BakHO OTMETUTH, UTO KpYIHEHIINE MECTOPOIKIE-
HUS KAIMWHBIX COJIEH PACTIOJIOKEHBI Ha TEPPUTOPUSX C
KOHTHUHEHTAJIbHBIM ¥  YMEpPEHHO-KOHTUHEHTAJbHBIM
KJINMAaToM, I/I€ TOJ0BOE KOJIUYECTBO OCAJKOB IMPEBBI-
11aeT BO3MOXKHOE HCIapeHHe, 4YTO IpearojaraeT u3-
OBITOYHOE YBIAXXHEHUE TCPPUTOPHUIL.
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Ta6auya 3. CeedeHus 06 ob6pazosaHuu U ymuauzayuu NpomMblulieHHblx omxodos I[1AO «Ypaakaauii» [27]

Table 3. Data on generation and disposal of industrial waste at Uralkali
2018 2019 2020 2021 2022
Tun oTxoza O6pa3zo- | Ytuausu- | O6paso- | Ytuiausu- | O6pasoBa- | YTuiausu-| O6paso- | YTunusu- | O6pasoBa- | YTHUIU3U-
Waste type BaHO posano BaHO poBamo HO posaHo BaHO poBaro HO posaro
Generated| Disposed |Generated| Disposed | Generated | Disposed |Generated| Disposed | Generated | Disposed
MJIH T/million tonnes
TBep/ble raJuTOBbIE
OTXO/ bl 28,91 20,19 29,39 22,14 31,68 25,51 31,68 25,50 18,60 18,40
Solid halite waste
I'nunKCTO-CONIEBRBIE
IJTAMBI 1,17 3,04 1,03 0,31 1,12 0,36 1,11 0,36 0,64 0,35
Clay-salt slurry
Bcero/Total 30,08 23,23 30,42 22,45 32,80 25,87 32,79 25,86 19,24 18,75

N30bITOUHOE yBIAKHEHHE SBISiETCs (DAKTOPOM, CO-
3JAI0IIAM KOMITIEKC SKOJIOTMYECKUX IMpoOeM MpH To-
BEPXHOCTHOM CKJIQJIIPOBAHUH BOAOPACTBOPUMBIX OTXO-
JIOB COJNEZI00BIBAIOIICH MPOMBIIIIEHHOCTH. TBEpabIe Ta-
JIUTOBBIE OTXO[IbI, XPAHSIIIMECS B COJIEOTBAJIAX, COEPKAT
XJIOPHBL, CYITB(ATHI, KA, HATPUIA U KGN, KOTOPEIE
BBINAJIAIOT B BHUJE OCAJIKOB Ha MPOTSHKEHUM JIECATUIICTHIA
[28]. HoxneBast 1 Tasiast BOJIbl, pacTBOPSISt BELIECTBO OTBA-
71a, COAEPXAT BBICOKHE KOHIICHTPAIIM HMOHOB COJIEH M
MIEPEHOCAT MX B TPYHTOBBIE M TMOBEPXHOCTHBIE BOIBI, a
HepacTBOpHUMas 4acTh OTXOZOB OCTaETCs B BH/IE TOPHUCTON
TIOBEPXHOCTH, ONHAKO 75-94 % ocagkoB mpocadnBaeTcs
yepe3 OTBaJIbI [29] ¥ monaiaeT B OKPYKAFOIIYIO CPEy.

OuIbTpalMOHHbIE BOJABI B COBOKYIHOCTH C IpHU-
POIHBIMU YCIIOBHSIMH CITOCOOHBI HM3MEHSATh XHMHYE-

CKHMIl cocTaB BOJHBIX 00BekTOB [6, 13, 30, 31] m
mouB [6, 32, 33], mpuBOANTH K OCETaHUIO 3€MHOM TI0-
BEPXHOCTH, (HOPMHPOBAHHIO TATO(PHUTHOH PAaCTHUTENb-
HOCTH [6, 33, 34], yTHETEHHIO PaCTUTEIHHOTO MOKPOBa
U BO3HHMKHOBEHHUIO OIIACHBIX I'€OJIOTMYECKHX IpOIlec-
coB (0OpyIIeHHe TOPOIBI, BHYTPUCOJIEBOW KapcT) B
npenenax 30Hb ux BiusHUA [35]. K mpyrum Bo3mei-
CTBHSM TaKX€ MOXXHO OTHECTH BETPOBYIO IBUIb OT
OTBaJIOB M BU3yalbHOE HApYIICHHE JTaHAIIadTa.

BosHukaromme 3KOJIOTHYECKHe MOCIEACTBHS CIO-
COOCTBYIOT HapyIICHHIO ECTECTBCHHBIX IPOIECCOB B
MMOYBEHHOM W PACTUTEIHLHOM IMOKpOBE (pHC. 3), B TOM
qHCIe MOTYT IPHBECTH K YXYIIICHHIO CAaHHTapHO-
SIUIEMUOJIOTUYECKOH OOCTAaHOBKHM B  OJIMKaNMIINX
HaCeJIEHHBIX MyHKTAaXx.

Puc. 3.

npednpusmus Ha meppumopuu [lepmckozo kpas
Fig. 3.
territory of Perm Krai

3a6oaauusaHue MeEXHO2EHHO MPAHCPHOPMUPOBAHHOU doAuUHbL Ma/a0ll peKu 6 30He eo3delicmeus KaauliHoz2o

Waterlogging of technogenically transformed valley of a small river in the area affected by potash enterprise on the
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Hampumep, nodbrua kanus B peruone barec (Mcna-
HUSI) SIBJISICTCS] IPUIMHON NPOTPECCUPYIONIETO 3acoie-
Hus pex Kapnenep m JIpoOperat [36]. B 'epmanuu
CTOKHM, MOCTYNAIOLIUE C KaTUWHBIX PYAHHUKOB, IPUBO-
JUJIH K 3KCTPEMaJIbHBIM KOHIIEHTpauaM coiu (72 r/m)
B OKPY)XAIOLIUX PEKAaX M PyUbsX, BbI3bIBask MaccCOBOE
LBETEHHE BOAOPOCIIeH U rudens peid [37]. B pe3ynbra-
Te HpsiMoro copoca paccosioB B p. Beppa oTrmeueHo
HW3MEHEHHE BUIOBOTO COCTaBa OECHO3BOHOYHBIX, KO-
TOPBIA SIBJIAETCS OJHUM K3 BaXKHEHIIHMX MapaMeTpoB
KOHTPOJISL TONEPAHTHOCTU PEUHOM 3KOCUCTEMEI [37].

Ha tepputopun BKMC MHoronerHss skcluyaTa-
OUs IUTAMOXpAHWINIIA TIpUBENa K (OPMHUPOBAHUIO
¢unpTpannonHsix Boj Cl-Na coctasa, uTo nocmnoco0-
CTBOBAJIO TIPOIECCaM 3acOJIEHUS BOJ p. JICHBBI U IOYB
JIOTTMHHBIX JIaH magdToB [6].

Bozabl poAHUKOB, KOTOpbIe HAXOAATCS B HEMOCPE-
CTBEHHOH OIM30CTH OT JAEHCTBYIOIIUX KaTMHHBIX
TOPEINPUATAH W OOBEKTOB pa3MEIICHHS OTXOIOB
BKMC, Takxe moxaszanu 3HAUUTENBHYIO TpaHC(hOpMa-
LU0 XUMHYECKOTO cocTaBa. COCTaB IMOJ3EMHBIX BOJ
XapakTepU3yeTcsl XJIOPUAHBIM KaJbIINEBO-HATPHEBBIM
cocraBoM [13]. CxoaHble pe3yapTaTbl ObUIN BBISBIECHBI
B MCCJICIOBAHUSX COCTaBa MOA3EMHBIX BOA U B paiio-
Hax pa3MELIEHUs OTXOAOB KaJMNHBIX NPEANPUATUH B
I'epmannn n @pannmm [38, 39].

BcneactBue AONTOBPEMEHHOTO BIIHSIHUSL BBICOKO-
MUHEpaIU30BaHHBIX CTOKOB Ha Tepputopun BKMC
(B 30HE BO3AEWCTBHS NMUIAMOXPAHWIIMINA) TPOU3OIILIA
TpaHc(opMalys NOYBEHHOIO MOKPOBA B JOJIUHAX Ma-
JIBIX peK. THNUYHBIE aJUTIOBHAIBHBIE TYMYCOBBIE IJIee-
BEIC TJIIMHUCTHIC TTOYBHI IIPEOOPA30BANUCH B COJIOHYA-
KOBBI€ THIIbI IOYB, KOTOPbIE HE XapPaKTEPHBI AJIS Ta&xK-
HOI1 30HHI [6]. B cBOO ouepens, B paiioHax (popmupo-
BaHUS O4aroB No4BeHHOro 3acosneHus Ha BKMC or-
MeUeHbI JTyTOBbIE aCCOLUALMU PACTEHUI ¢ HEOOIbILION
ZoJIeli COeNoOMBRIX TPaB u ranoduTos [6].

B 30ne BozaeiicTBust COMUTOPCKOTO KAJTMHOTO KOM-
ounara (benmapyck) npy OYBEHHOM OOCIICIOBAHUU BbI-
SIBIIEHO NIpeBblleHue B 7—10 pa3 cyMMbl Kanus, HaTpUs U
XJIOpa B TTOYBEHHBIX 00pa3IaX y TPAHUIBI TPEIIPUSITHS
B cpaBHeHUM ¢ (poHOM [21]. XiopumHO-HATpHEBOE 3a-
IPSI3HEHUE IUIOJOPOJHOIO CNOS IIOUB  CENbCKOXO3Si-
CTBEHHBIX 3eMelb B COJIMIOPCKOM pailoHe NMPUBOJUT K
PE3KOMY CHIDKEHHMIO IMPOXYKTUBHOCTH MOYB, KOTOPOE
BJIMSET Ha YPOXKAWHOCTb 3pHOBBIX KyNbTYyp [40, 41].

Ocoboe BHHMaHHE HY)XHO YAEIUTh TOMY, UTO Ka-
JUHHBIE IIaXTHl TOABEPKEHBI PHUCKY KaTacTpodude-
CKOTO 3aTOMJIEHUS WIN OOpYILEHHs, KOTOPOE MOXKET
MPUBECTU K HEOOPATUMBIM MOTEPSIM Ha pyJHUKaAX [42].
3a nocneanue 50 yeT KauuiHas OTpacip NEpexuiia
CeMb KaTacTpod Ha KAIHMHHBIX MECTOPOXKICHHUAX B
Poccuu, Kanane u Konro, kotopsle npuBenu K mote-
PSAM MUHEpaIIbHO-CBIPheBOH 0a3bl [43].

TakuMm o00pa3oM, UHTEHCHU(HUKAIHS KATHIHOTO
MPOU3BOJICTBA BXOAUT B MPOTHUBOPEUUE C COXPAHCHU-

25

eM MpupoaHoi cpensl. CKiIagupyeMble Ha MOBEPXHO-
CTH OTXO/Ibl KAIMIHHBIX MPEIMPUATHH SBJISAIOTCSA OTHUM
U3 OCHOBHBIX MCTOYHMKOB 3arps3HEHUs OKpYXKarollen
Cpelbl, B YaCTHOCTH BOJHBIX OOBEKTOB M TIOYB HA TEP-
PUTOPHUU MHOTHX CTpaH.

AHanu3 cymecTBYWIMX METOAOB U TEXHOJIOTUH
10 yIpaBJIEHUIO 0TX0JaMHU

OyHKINOHATILHO-TEXHHYECKUE PELICHHUS M0 YTUIIN-
3aIUl U O0E3BPC)KMBAHMIO OTXOJIOB KAJTMHHOW TpoO-
MBILUIEHHOCTH HMMEIOT MPUOPUTETHOE 3HAUYEHUE IpU
MIPOEKTUPOBAHUH OOBEKTOB KaJHHHOTO IIPOU3BOJACTBA.
BesBpenHoe XpaHeHHWE M BO3MOXHOCTH YTHIIM3AIIUN
U 00e3BPEeKUBAHUS OTXOIOB KAIUIHHOTO IPOU3BOJ-
CTBa SBJISIOTCS CJIIOKHOM IKOJIOTMUYECKOM, TEXHOJIOTH-
YECKOM M SKOHOMHYECKOH 3a/1adei.

Hccnenopanus mo ynpaBJIEHUIO OTXOIAMH IIPOBO-
JWIACH C LENbI0 XapaKTePUCTUKU TEXHUYECKOTO
YPOBHS U TEHACHLIMW pa3BUTUS KATMHHOW OTpaciu B
HaNpaBJICHUH HKOJIOTUYCCKA 0€30MacHOr0 OCBOCHUS
MECTOPOXICHUI CcoJel, MOBBIIICHUSI 3(P(eKTHBHOCTH
1 6€30MaCHOCTH BEJICHHUS TOPHBIX PadoT.

B cBsa3u ¢ Tem, 4TO Tpu 0OOTANICHUH KAIMHHON
PyOBI 00pa3yroTCs )KUAKHE U TBEPABIE OTXOIBI, Parno-
HAJIbHO paccMaTpHUBaTh CHOCOOBI OOPAIIEHUS C OTXO-
JlaMH B KOHTEKCTE YIPAaBJICHUS Pa3HbIMH (a3zaMH OT-
XOJIOB.

Memoowl obpawgenus ¢ 2IUHUCMO-CONEBbIM ULIA-
mom. TlpoBeneHuslii aHanmu3 uHpopmanuu [44] o cro-
cobax pasMeUIeHUS W YTHIM3AalUH PACCONOB KaJIHii-
HBIX NPEANPUIATUHN MOKa3aj, YTO B MUPOBOH MpaKTHKe
WCTOJIB3YIOTCA OCHOBHBIE CTaHAAPTHBIE METOABI 00-
paieHus ¢ orxojaamu (puc. 4).

B uwactHOCTH, KaHanckas ¢upma «Denison Potacan
Potash Co» mepekaunBaeT U30BITOUYHBIN PACCONI BMECTE
C BOJIOW M3 IIAXTHOTO CTBOJIA TI0 TPYOOIPOBOIY HA pac-
cTosiHMe OKOJIO 34 KM | cOpachkiBaeT B 3aimuB DaHiu.
B Anrmuun ¢upma «Cleveland Potash LTD» cOpacsiBaet
300 T NaCl u 500 T rIMHHCTBIX IUTAaMOB B cyTKH B Ce-
BepHOEe Mope. OTXozApl U LUIaMbl IepeKaynBaIOTCs 110
TpyOOIpoBOLy JUTMHON OKOJIO 1,8 KM B TYHHEINb 10 THY
MOps, OTKy/Ia OHU TIOJI JICHCTBHEM NPWIMBOB U OTIIMBOB
JIMCTIEPTUPYIOTCS B MOPCKOH BoJie [45, 46].

B Bpasumun ¢upma «Petromisa» mponoxuia ot
MPEeINpUATHS K MOPCKOMY MOOEpexbio TpyOOmpoBo
MPOTSHKEHHOCTRIO 35 KM IuIst cOpoca OTXOJ0B B AT-
JaHTH4ecKkuil okead. B W3pamne paccosn, coctosmui
13 KOHIEHTPUPOBAHHBIX PACTBOPOB XJIOPHJIA MarHusi 1
Kanusi, cOpaceiBaeTcs B MepTBoe mope [46].

Opannysckass ¢pupma «Min de Potass d'Alzasy
(MDPA), nonyuast u3 pyast KCI, ucnonssyer ocrato-
nmiics B pesynbrare ¢uiotanmu NaCl, a rimHHCTBIE
nuamel copaceiBaeT B p. Peitn [46]. ®upma PCA B
npoBuHIMu CackaueBaHn (Kananma) cOpacbiBaeT 4acTh
OTXOJOB B I0KHYIO 4acTh 03. [leHnTHc, BOAbI KOTOPOTO
0 MIPUPOJIE LIEIIOYUHBIE.
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OcHoBHble MeToAbl 06palleHUs € rMUHUCTO-CONEBLIM LUNaMOM

cbpoc pacconas cBpoc pacconas
MOpPS U OKeaHbl peku U 03épa
Kanaga, ®paHuua,
tdupma 3anue ®aHgn tdupma «Min
———  «Denison —> (A Kt » dePotass —
Potacan oKeaH) dAlzas»
Potash Co» (MDPA)
AHrnA,
» Pupma > Kanaaa,
«Cleveland SEEL vope tdupma «PCA» ’
Potash LTD»
Bpasitnis, » ATnaHTyeckuii
? iz OKeaH
«Petromisa»
. M
l3paunb epTBOE MOpe

Puc. 4. YnpasseHue 21UHUCMO-C0/1€8bIM WAAMOM
Fig. 4. Management of clay-salt slurry

Kunkue oTX0npl KaIMWHOW NPOMBIIIJIEHHOCTH B
I'epmannm, cocpenoroueHnsie mo p. Beppa (3emmu Tro-
punrumn u 'eccena), Haunnas ¢ 1925 r. 3akaumBaioTcs B
noryomarmye miactel. OHH MPEJCTaBISIOT CO00H
KOHLIEHTPUPOBAaHHBIE PACTBOPHI (C MMHEpaln3anuen
300400 r/m) NaCI, MgCl,, MgSO,. Pacteopsl 1O
CKBO)XMHAM 3aKaYMBAIOTCSl B TPEITHOBATHIE W3BECTHS-
KM M IUIMTYaTble JOJIOMUTBI BEPXHEro U CPEIHEro
Lex1uTelHa, 3aneraroniye Ha riayouse ot 50 o 500 m.

W3BecTHBI U Apyrue crnocoObl yrpaBlieHUsS TJIUHU-
CTO-COJICBBIM IIIIAMOM:

UCHOJIb30BAHUE B IPOMU3BOJCTBE CMEILIAHHOM Ka-
JUIHON CONU: BMECTO CHIPO HeoOoramieHHON Ka-
TMiicoepKalieid pyasl K TOBAPHOMY XJIOPHUCTOMY
KaJIMIO TIpeIararoT J00aBIsTh IAMOBBIE OTXOIH;
UCTIOJIb30BaHUE B KA4eCTBE YJIOOPSIONIEH U CTPYK-
TypooOpasyromeil 100aBKu K TOp(SHOH H mecya-
HOMU TTOYBaM,

NPUMEHEHHE B MPOMBIIIJIEHHOCTH CTPOUTENIBHBIX
MaTEepHAaJIOB;

IpUMEHEHNE Uil TPUTOTOBJIEHUS OypOBBIX pac-
TBOPOB.

YrpapneHue rITHMHACTO-COJICBBIM MIIAMOM 3aBHUCHT
OT IPUPOAHBIX TUAPOJOTHUYECKUX U THAPOreoIoruye-
CKUX YCIIOBHM, IIOATOMY AJISl K&XKJOTO PYAHHUKA METOJ
W/WIA COBOKYNHOCTh METONOB OyJeT WHIWBUAYalb-
HBIM C YY€TOM IMPUPOIHBIX YCJIOBUH, KallUTAJbHBIX U
9KCIUTyaTallMOHHBIX 3aTpaT. Hamboiee nenecoodpa3Ho
WCTIOJIB30BaTh KOMIUIEKCHBIN MMOAXO0]] K MpodiieMe yTH-
JIM3alUl TJIMHUCTO-COJIEBBIX ILIUIAaMOB IIPU OJHOBpE-
MEHHOM IMPUMEHEHUH HECKOJIBbKUX BAPHUAHTOB WM HUX
KOMOMHAIINK, a JOJII0 KaXJOTO M3 HUX ONpPEACIUThH
HCXOZsI U3 IPUPOJHBIX YCIOBUH.

3aKadka B nog3eMHble CKnagupoeaHue B

nornowawowue nnactbl wnamMmoxpaHunuie
B —>  Tepmanua —  lepmanua
HXKHaA YacTe
03.MeliwHe — Poccua — Poccua
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3akadyka TIIMHUCTO-COJICBBIX IINIAMOB M PAcCOJIOB B
TIO/I3eMHBIE TOPH30HTHI KaK C IIEJIBI0 YTUIIH3AINH SKHIKAX
OTXOJIOB, TaK W JUIS YKPEIUICHHSI TUTACTOB SIBILIETCS OJJHIM
W3 TICPCIIEKTUBHBIX HAMPABICHUHA 00pAIIeHNS ¢ OTXOAaMH
U TpeOyeT JONONHUTEIBHBIX WCCIEIOBAHUM, OIBITHO-
MPOMBIIDICHHBIX UCTIBITAHUH, a TakKe pa3paboTKu HEoO-
XOIUMO! HOPMATUBHO-IIPABOBON JOKYMEHTALIUM.

AHamM3 OTEYSCTBEHHOTO M 3apyOEXKHOTO OIbITa
YTHIM3aUH TIIHHUCTO-COJICBBIX IIIAMOB MOKA3aj, YTO
HECMOTPSI Ha TO, YTO CYIIECTBYIOT CIIOCOOBI IIOBTOPHO-
IO HCIIOJIb30BAHUS UX B KAY€CTBE BTOPUYHBIX MPOIYK-
TOB, OCHOBHBIM CIIOCOOOM WX YTHJIM3AaIHUU OCTACTCs
CKJIaJUpPOBaHNE B NUIAMOXPAHWIMINAX M 3aKauka B
MO3€MHBIE TIOTIIOMIAIOIINE TOPH30HTEI.

Memoowvl obpawenuss ¢ meepoviMu 2anumosbimu
omxodamu. B HacTOSIIMI MOMEHT Pa3BHTHI U IpPUME-
HSIOTCS. HECKOJIbKO OCHOBHBIX HAIpaBJICHHUW 1O CHHU-
KEHHIO 00BEMOB 00pa3yIOIIUXCS U y)Ke HAKOTUICHHBIX
TaJIMTOBBIX OTXOJOB, KOTOPBIE 3aKIIOYAIOTCA B COBEP-
LICHCTBOBAaHUM TEXHOJIOTUU TOPHBIX paboT, peanusa-
U CITOCOOOB CEIICKTUBHOW JO0OBIYM, a TaKXKe Mepo-
MPUATHHA IO BO3BPAILCHHIO OTXOIOB B BBIPa0OTaHHBIE
MPOCTPAHCTBA PYAHUKOB W PEKYJIbTHBAIIMUA OTBAJIOB
yIKe 3aKPBITBIX PyIHUKOB (pHC. 5).

Kpome Toro, paccMaTpuBaroTcst CIiocoObI H METO-
Il TIPEAOTBPAILEHUSI 3aCOJICHUs TMOJI3EMHBIX BOJ H
MOYB TIpH (POPMUPOBAaHUH colieoTBaNOB [14, 48]. Psn
paboT HampaBJICH Ha TOBBIMICHHE 3(P(EKTHBHOCTH
TUAPOU3OJISALUHU cosieoTBana [49], Ha COBEPIIEHCTBO-
BaHUE METOJOB IMOJ3EMHOTO CKJIAAMPOBAHUS OTXOOB
[50, 51], B ToM 4mcIie Ha yaydlIeHHE CIIOCOOOB OTBa-
71000pa30BaHUs OTXOOB JIJIsl COKpaIIeHH TUIOIaeH,
OTBEAEHHBIX UL XpaHeHust 0TX010B [47, 52-54].
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OCcHOBHble MeTOAbI o6pau4eva C ranuToBbiMK OTXo4amu

3aKknagka B

BTOpUYHOE PeKynbTuBauuna
BblpaboTanHoe 1cronb3oBaHue coneoteana
NPOCTPaHCTBO
i e Poccua — epmaHna
> Benapy Kanaga
——  [epmaHua
L 5 Kanaga

Puc. 5. YnpasseHue 2an1umosvlmMu omxodamu
Fig. 5. Management of halite waste

OcCHOBHBIM U Hauboiiee pacnpocTpaHEHHBIM, HO U
CaMbIM 3aTpaTHBIM CIOCOOOM CHMXKEHHS 0OBEMOB OT-
XOJIOB Ha IIOBEPXHOCTH SIBJISIFOTCS 3aKJIaJ0YHBIE pabo-
TBI B OTPa0OTAHHOE IIAXTHOE MPOCTPAHCTBO (TOA3EM-
Hoe xpanwmnuiie) [26]. CorizacHO MPOBEICHHBIM HC-
ciaeoBaHUAM [55], 3aKkayka OTXOJI0B B IOTJIONIAIOIITHE
wracTel Ha Tepputopun BKMC skonormuecku 3¢ dek-
THUBHA, TIOCKOJIbKY pa3MellleHHue OTXO0J0B B 0TpaboTaH-
HOM HIaXTHOM IPOCTPAHCTBE HE NMPHUBEICT K M3MEHE-
HUIO THIPOAMHAMHUYECKOr0 U I'MIPOXMMUYECKOIO pe-
KUMa TOJ3EMHBIX BOJ M 3HAYUTEIHHO CHU3HUT HATPYy3-
Ky Ha OKpYXarolyto cpeay. Takoil crmocod obe3Bpe-
JKUBaHMUsI OTXOJOB YAaCTUYHO INpPHUMEHSETCS Ha PyHo-
ynpasienusix BKMC npennpusituem I[TAO «Ypanka-
nuit» [26]. BeiOpanHbiii criocod oOycnoBieH 3ddek-
THUBHOCTBIO O0ECIIEYEeHHUs] IKOJOTHIECKOH Oe30macHo-
cti. OJHAaKO NMPH NPUMEHEHUH AAHHOTO METo/a UMe-
€TCsl PsIIl HEJJOCTATKOB, CBSI3aHHBIX C KAMUTAIBHBIMH U
9KCIUTYaTAllMOHHBIMH 3aTpaTaMH Ha peaju3aluio U
JaJIbHEHIIYIO SKCIITyaTauuo [56].

B coBOkymHOCTH C 3akJIaJO4YHBIMH paboTamH 3a
pyOeXoM TpUMEHSIETCS METOJ] PEKYJIBTUBAIIMH COJICO-
TBaJIOB Ha 3aKPBITHIX pyAHUKaX. OMNBIT PeKyIbTUBALUU
CBUJETENBCTBYET O CIOXXHOCTH W MHOTOCTYIEHYaTO-
CTH TIPUPOJIO3ANIUTHBIX MEPONPHUSATHIA, BKIFOYAOIINX
KOMIUICKC TEXHHYECKUX, TEXHOIOTHUECKHX U OHOIO-
rudeckux pemeHuil. B I'epmannn n @panuum BHEpe-
HBI JIBa METO/Ia PEKYJIbTUBAIIMH COJCOTBAIOB B COOT-
BETCTBUM C INPUHATHIM 3KOJIOIMYECKUM 3aKOHOJATEIb-
cTBoM: 1) m3mMeHeHHe (HOPMEI ColeoTBaNIA (CpPe3 YaCTH)
Y TIOKPBITHE €r0 MOBEPXHOCTH CIOEM U3 TJIUHBI U OU-
TyMa, KOTOPBIM 3aIlMIIA€T OTXOJbI OT BO3JAEHCTBUS
aTMocgepHbIX ocankoB [24], ¢ ¢popMupoBaHUEM MOY-
BEHHO-PACTUTENILHOTO TMOKPOBA; 2) pacTBOPEHHE XH-
MUYECKUMU COEOUHEHUSAMHU €CTECTBEHHBIM MJIM CTH-
MYJHPOBaHHEIM CHOCOOOM €O CcOOpOM IPCHAKHBIX
CTOKOB B OYHCTHBIC CKBa)XHWHBI C JNaJIbHEHIIUM cOpo-
COM HX B ipuToKku p. Peitn [57].
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COBEpLUEHCTBOBaHWE
TEXHONOTUW BEAEHUA
ropHbIX pabot

cenekTBHaA Aobblya

B I'epmanun yxe 0TpaboTaH OJHMH U3 CIIOCOOOB pe-
KynpTuBanuu. OJIUH U3 OTBaloB BeIcOTOH m0 100 M,
qmuHOW 1200 M u mmpuHO# 550 M MMeeT TUIMHYHYIO
TpaneuueBuAHy0 GopMy U B HacTodAllee Bpems 4a-
CTUYHO 3aChlllaH U 3acakeH pacTeHusiMu. IOro-
3amajHas 4acTh CKJIOHA OTBajla MCIOJB3YyeTCs Kak
conmHeyHas ayekTpocTaHuud. HOxkHas dYacTh CKJIOHA
OTBajla B OCHOBHOM 3aCa)K€HA, & B CEBEPHOM 4acTu 110
CUX TIOp BUJICH OPUTHHAJIBHBI MaTepHal OTBajia, YTO
CBSI3aHO C OYCHb KPyThIMH CkioHamH [58]. Heobxomu-
MOCTh PEKyJIbTUBAIMK OOYCIOBJIEHa ONHU30CTBIO CO-
JeoTBajla K CENbCKOXO3SIMCTBEHHBIM 3E€MIISIM, YTO B
JlaJIbHEHIIIEM MOXKET MOPOXKIaTh MPOLECCHl CHIBHOIO
3aCOJIEHUs] B MOYBEHHOM CJIO€ W yXyAUIaTh YpOXKai-
HOCTb M KQU€CTBO CEJIbCKOXO035IHCTBEHHON MPOTyKLUH.

B uccnenoannu [59] paccMOTpeH 3KCIIEPUMEHT 110
3¢ (EeKTUBHOCTH UCIOJIB30BAaHUS TOKPOBHOTO CcyOCcTpa-
Ta, COCTOSIIIIETO U3 OCAAKOB TOPOJICKUX CTOUHBIX BOA U
necyaHo moussl. Takod cyOcTpaT IMO3BOJMII YMEHb-
IIUTh COACPKAHHE HUTPATOB M HUTPUTOB B (pruibTpa-
LMOHHBIX BOJAX U 00eCNednTh MpUeMIIEMBId POCT pac-
TEHUH.

N3ydeH ombIT O €CTECTBEHHOMY BOCCTAHOBIJIEHUIO
pPaCTUTENBHOCTH Ha OTBaJlaX KalUHHBIX PYAHHUKOB.
B ecrectBeHHO# cyKkmeccur Ha OTBajax MOSBIISIOTCS
BUZBI, KOTOpPBIE SIBISIIOTCS HAanOoOJIee YCTOWIMBBEIMH K
YCIIOBUSIM cpelibl (KyCTapHUKH U TpaBocToil) [60].

Kpowme storo, na tepputopuu I'epmanuu nposeze-
HBl HWCCIENOBAaHUS II0 OLEHKE BOJHOTO OajlaHca Hu
TpPaHCIUPALUU HAa OTBajlaX KaIUHHBIX PYIHHKOB C Iie-
JBI0 CHIKEHHSI TIOCTYIJIEHUs OoibiIoro o0beMa
(WIBTPAlIMOHHBIX BOJ] B OKpYXKaromiyto cpeny. Mccne-
JIOBaHHWE TMIOKa3blBa€T, YTO TPAHCIHUPALMSI MOXKET
YMEHBIIUTh CTOK BBICOKOMHUHEPAIM30BAaHHBIX BOJA C
OTBAJIOB U CHU3UTH 3arpsi3HEHHE BOJ 1 TouB [28].

B pabore [61] B mensx yiydmieHus SKOJIOTHIECKO-
IO COCTOSIHMSA TEPPUTOPUN BO3JI€ KAIUMHBIX OTBAJIOB
OBUTH TIPOBEIEHBI YKCICPHMEHTATBHBIC UCCIICIOBAHIS
M0 BBILIENIAYMBAHUIO COJIEH C OTBAJIOB M IMOCAJKE Ky-
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CTapHUKOB U JepeBbeB. [Ipu nocaake ObUIM HCIIONB30-
BaHBI BBICYIICHHBIA 0CaJIOK CTOYHBIX BOJ, THIIPOTEIb U
apyrue mnpuMmecr. Yepes mATh JeT ObIIM HAaYaTHl HIC-
CIICIOBAHUS PACTCHHWH W TOYBHL. Pe3ymbTaThl mokasa-
JIM, YTO BBICAKEHHBIE KYCTapHHUKH H JIEPEBbs CIIOCOO-
HBI PACTH B HEOJArONIPUATHEBIX YCIOBHSX.

Poccuiickumu yuénbiMu [62] pa3paboTaHbl CIOCO-
OBl PEeKyJbTUBALMU OTKOCOB COJIEOTBAJIOB IyTEM CO-
3/IaHUS HA WX TIOBEPXHOCTH 3aMKHYTBIX MHUKpoOacceii-
HOB BBIIIEIIAYMBAHMS WM MyTEM YCTaHOBKH Ha OTKO-
cax KOHTpOapbepoB, a TaKKe MPEJIOKEHBI MEpHI MO
3alUTe OKPYXKAMIIEH Ccpeabl JUisi BOCCTAHOBIICHUS
3aIIUTHON (DYHKIHM IOpPOJ B JIOKE CONEOTBANA M
MPEeIOXPaHEHUs] COJEBOW TOJIMIM OT aTMOC(HEPHBIX
ocaakos [63].

B mpomecce pexyiIpTHBAaIMKM W BOCCTAHOBJICHISI
JaHAMA(PTOB MPOUCXOIHMT YIyYIICHHE KadecTBa
OKpY>Karolle cpeapl. PeKyabTHBAallMOHHBIE MEPONpPHU-
SITSL HAIIPaBIICHBI KaK Ha YCTPaHEHHWE MCTOYHHKA 3a-
rpsi3HEHHsT (OTBAJIBI), TAK M HA CHIDKCHHE YPOBHS CO-
JIEBOTO 3arps3HEHHUS.

Dusuko-xumuieckue U XUMUKO-MEXHOI02UYECKUe
Memoobl YMUIU3ayuu U 00e36pedNcusanusi 2IUHUCmo-
CONEBbIX WIAMO8 U 2aIUMOBLIX O0mMX0008. bomblon
WHTEpPEC BBI3BIBAET BO3MOXKHOCTH KOMIUIEKCHOH yTH-
JU3a0MAN OTXOMIOB KAJMIHOTO MPOM3BOACTBA C HCIIONIh-
30BaHUEM (hMBUKO-XUMUYECKUX u XUMUKO-
TEXHOJIOTHYECKUX METO/OB: U3BIICUCHUE JIPArOIeHHBIX
METaJVIOB W3 OTXOJOB, IIPOM3BOJIICTBO yIOOpEHHH,
MPOU3BOACTBO TEXHUYECKOH COJIM, CO3JaHUE MPOU3-
BOJICTBA KaJbIIMHUPOBAHHOM COJIBI C 3aMKHYTOM cH-
CTEMOM, MPOU3BOJCTBO KayCTHYECKON COIBI IS CO-
31aHus OMOIU3ENBbHOTO TOITUBA U JP.

B pabote [54] ObLIO BBIAETICHO TPU HAMPABICHUS
MPOMBIIIUICHHOT'O HCIIOJIL30BAHMS TPOJYKTOB 3JIEK-
TpPOJIM3a BOJHOTO PacTBOpa TaJUTOBBIX OTXOIOB: B
KauecTBe KOMIIOHEHTOB JUIA IMPOW3BOJACTBA TpPOTyap-
HOW TUIMTKH, B KAYECTBE CHIPhS JJIS TIOJTYYCHUS MBLIA,
BO3MOYKHO M3BJICUCHHUE Ta30B BOJOPOJA M XJIOpa C TMO-
CJEJYIOIUM TPOMBIIUIEHHBIM HCTONb30BaHueM. Co-
TJIacHO uccienoBanusiM [64, 65], packpeiBaeTcst cTpa-
TETUsl YIpPAaBICHUs CTOYHBIMH BOJAMH, KOTOpas McC-
KIIIOYaeT KHUJKHUE OTXOJbl JItoOoro cocraBa. B psane
pabot [66—70] paccMaTpuBarOTCs CIIOCOOBI H3BIICYE-
HUS [IEHHBIX MaTepualioB, TAKWE KaK COJH, JParoleH-
HBIC METaJUTHI (TUIATHHA, MAJUTAIHN, 30JI0TO, Cepedpo U
Jp.) ¥ XUMUKATBI, COJIEPKAIIUE XJOPHUIBI IEIOYHBIX U
[IeIOYHO3EMETIbHBIX METAJUIOB, KOTOPBIE JICNAIOT MPO-
LIECC DKOHOMHYHEE 3a CUET MCIOJIB30BAHUS XJIOPUPY-
IOIIETO areHTa U COKPAIEHHS KOJTMYECTBA OTEPaIHi.

3aperucTpupoBaHbl M300peTEHUs, TIe KOHECYHBIM
MIPOIYKTOM IepepaboTKH OYIET 30712, KOTOPYIO MOYKHO
WCTIOJNB30BaTh B KAa4eCTBE JIOJTOBPEMEHHOTO yaoOpe-
HUsA [66]. OmHUM U3 CIOCO00B 00E3BPEIKUBAHMSI OTXO-
JIOB SIBJISICTCS TIOTyYEHHE KOJUIEKTUBHOTO KOHIICHTpPA-
Ta, COAEpIKalIero MPUPOAHYI0 M TEXHOTCHHYIO Opra-
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HUKY, B KOTOPOH CKOHLIGHTpUpOBaHAa 3HAYUTENbHas
JI0JIs B1aropoHBIX MeTamios [71-73].

3amaTeHTOBaH CIIOCOO IO JOTONHUTEIHHOMY U3-
BJICUCHUIO KAllMsI U3 OTXOJOB KAMIHOTO IPOU3BOJ-
CTBa, YTO CMOXET MOBBICHTH OOBEMBI Kausd, MEePEeBO-
IIMOTO B MUHEpAJIBHBIE YAOOPEHUS U3 Py KaJHHHOTO
MecTopoxaeHus [74]. Taxke OblIM pa3paObOTaHBl Me-
TOJBI M3BJICUCHUS 30JI0Ta U3 PACCOIOB KaTMHHOTO
npousBojactBa [75, 76]. IlocpeacTBOM XMMHUECKHX
METOJIOB TepepabOTKU OTXOIOB IMPHUMEHHM CHOCO0
YTWIN3AIUKM PACCOJIOB KAJIMHHOTO NPOU3BOJCTBA IPHU
HCTIOJIB30BAHUH PACHBUINTEIBFHOTO HUCTIAPEHHS U a3po-
30J1bHOTO Oapbepa [77].

PaccmoTpeHHbIe MeTOIbI OBLIIM M3YUYEHBI B paMKax
nabopaTOpHBIX HCMBITAHWH, HO B MPOMBIIUICHHOM
MacmTade He HAallUTi CBOEC IPUMEHEHHE B CBSI3U C BBI-
COKHMM KAITUTAJIOBJIOKEHHEM M MOJIy4YeHHEM HeOOJb-
I0r0 00BbEMa MOJIE3HOTO IPOAYKTA.

3amxnymoui yuxn. YdeHeIMH U3 bemapycm pac-
CMOTpEeHa KOHICIUS YIPaBICHUS OTXOAaMH, 3aKIIIO-
yaromasics B (HOpMUPOBAHMH 3aMKHYTOH CHUCTEMBI 110
MIPOM3BOACTBY KalbLMHUPOBAHHOW COIBI, MO3BOJISIO-
mell mepepabaThBaTh  BBICOKOMHHEPATH30BAHHBIC
CTOKH (IUIs MOJyYeHHs] TOBAPHOTO MPOJIYKTa XJIOpHIa
KabI¥sl), @ CTOKA C HHU3KOW MHHEpanu3alueld BO3-
Bpamath B TexHojorndeckuit nporecc [78]. Takxke Ha
omHoM u3 pynoympasieHuii OAO «benapycbka-
nui» [54] 0CBOEH BBIMYCK HOBOTO TJIMHHUCTOTO MHHE-
pamu30BaHHOTO TpoxykTa. KoMITIOHEHTH 3TOrO Tpo-
IyKTa UCIIONB3YIOTCS JUISl TOy4YeHUs! yI00peHuH, Ko-
TOpBIE CIIOCOOHBI YCKOPSAThH BBHIPAIIUBAHHUE JPEBECUHBI
B Jlecax IUIAHTAI[IOHHOTO THIIA W BOCCTaHABJIHMBATh
MOYBBI, KOTOpPbIE 3arps3HEHBl paJUOHYKIUAaMu. [u-
HUCTBII MUHEPAJINU30BaHHBI MPOAYKT TAKKE IPUMeE-
HSETCSI KaK M30JILMOHHBIN CJIOM, NMPOTUBONOXKAPHBII
Oapnep U 1Ip.

Haunbonee nepcreKTUBHBIM U BOCTPEOOBAHHBIM Ba-
PHAHTOM HCIIOJIB30BAHUS OTXOJOB B KaueCTBE MCTOY-
Huka nojie3Horo npoaykra (KCl) u MHKpo37IeMEHTOB
SIBIISIETCS] TTPOM3BOJICTBO HOBBIX YIOOPEHUH M MeNIno-
panToB [79]. Kpome TOro, mo ombITy APYTHUX TOCY-
JIapCTB U ¢ YYETOM MPOBOAMMBIX B bemapycu uccneno-
BaHUH, MPOJYKT MOXKHO UCIIOJIB30BATh B IPOU3BOJICTBE
CTPOUTENHHBIX MaTEPUAIIOB M TMPHU IPUTOTOBJICHUU
MIPOMBIBOYHBIX (OYPOBBIX) PacCTBOPOB B KauyeCTBE MH-
Hepaau3aTopa.

B Bbenapycu Ha 6a3ze OAO «benapycbkanuii» pac-
CMaTpHUBAETCS BOIPOC O CTPOUTEIHCTBE KOMOMHATA 110
nepepaboTKe OTBaJIOB KalUIHBIX MPOU3BOJCTB, B KO-
TOpOM OYIyT Pa3BUTHI TaKWe OTPACIM IPOU3BOJCTBA,
KaK BBIMYCK KayCTHYEeCKOW COMABI Al OMOIU3EIBEHOTO
TOIDIMBA WM OyMarw W KapToHa, MPOU3BOJCTBO MPO-
MBIIIJICHHOTO XJ0pa KaK KOMIOHCHTA NP HU3TOTOBIIE-
HUH OOYBH, OJEKABI, UTPYIIEK U CTPOMMATCpPHAJIOB,
W3TOTOBJICHHUE MTOJMBUHIIIXKIIOPHIA KaK COCTABILIIONICH
YaCTH CTEKJIONAKETOB M JInHOoJIeyma [79].
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Hayunsie corpyanuku BurteOGckoll rocynapcTBeH-
HOM akajgemuu BeTepuHapHoil Meauiunsl [80] mocpen-
CTBOM 3KCIIEPUMEHTAJIBHBIX MCCIENI0BaHUs ONpPEIeIu-
J1 BO3MOXHOCTb HCIIOJIb30BaHUSI OTXOJIOB KaJWHHON
MIPOMBIIINIEHHOCTH B CEJIbCKOM X03sicTBe. 3-3a Toro,
9T0 B OOJBIIMHCTBE KOPMOB CONEPXKHUTCS Mayo
HaTpUs, €ro HEeJOCTAaTOK B palMoOHaX KOMIIEHCUPYIOT
3a c4€T BBOJA MOBAPEHHOW COIM. ['aJMTOBBIE OTXOMABI
KaKk TIOOOYHBI MPOAYKT MOXKHO HCIOJIB30BaTh B
KOPMJIEHMH KPYITHOI'O POTaToro CKOTa, YTO MOCHOC00-
CTBYET IOBBIIEHUIO PEHTA0ENbHOCTH MPEANPHUITUH,
TIPY 3TOM OOIIUI YPOBEHb COCTOSIHHS 3JI0POBBS KPYTI-
HOT'0 pOraToro cKoTa He CHU3MTCS.

Ipeanpustuem ITAO «Ypankanuity BHeIpeHA
MPaKTHKa TIepeadd YacTH OTXOJOB J0OBIYM M 00oTa-
IIECHHS KaJUUHBIX CoJied bepe3HNKOBCKOMY COTOBOMY
3aBOAY Ul JalibHelel yTuinsauuu. Mcnonbp3oBanue
CHUCTEMBI 3aMKHYTOT'O LIMKJIa WJIM BTOPUYHOT'O UCIOJIb-
30BaHUSl OTXOJIOB B OOJIACTH KaJMIHON MPOMBINUICH-
HOCTHU SIBJII€TCSI aKTyaJIbHBIM C TOYKH 3PEHHS paluo-
HaJIbHOT'O HEJIPO- U IPUPOIOTOIb30BaHUS.

3aK/ioyeHue

Bo MHorux crpaHax mMupa J00bl4a KaaTuHHON pyabl
SIBISIETCSI OCHOBOW SKOHOMHUKH M MCTOYHHKOM HAalno-
HanpHOrO OorarctBa (Kamama, bemapych, Poccus).
I'eonoropassenounbsie pabOTHI MO MOHMCKY KaJIHHHBIX
coJIel TPOJODKAIOTCA M 1O Cei JeHb B HECKONBKHX
CTpaHaX. AKTHBHas JOObIYa KAIMHHOU PYyIbl 00YCIOB-
JICHa BBICOKMM CIIPOCOM Ha KaluiiHble yI0OpeHHS.
Hcnonp3oBanne 3TUX ymoOpeHHH CHOCOOCTBYET MO-
BEIIICHAIO 00BEMa M KaueCcTBa CENbCKOXO03IHCTBEHHON
npoaykuuu. Ilpeanpustusi, KOTOpble MPOU3BOIAT Ka-
JUHBIE yIOOPEHNS, BRITOJIHIIOT OJHY U3 INTOOATBHBIX
meneil yCTOWYMBOTO pa3BUTUS — OOPHOBI C TOIOIOM,
TEM caMblM oOecreunBas NPOAOBONBCTBEHHYIO 0€3-
OTNIACHOCTh, YJNyd4IIasl MPOXYKThl MUTAHUS U CHOCOO-
CTBYs Pa3BUTHUIO CEJIBLCKOro Xxo3daiicTBa. OnHOBpEMEH-
HO C 3THM OecrpepblBHOE 1 MHOTOTOHHA)KHOE IPOM3-
BOJCTBO YJOOpEHUIl mpearnonaraeT ypeanueHue o0beé-
MOB JI0OBIYH W TepepabOTKU KATUHHBIX Py, YTO BiE-
4€T 3a cO00M yBeNMMUYCHHE 00bEMA JXUIKUX U TBEPIBIX
0TX0J0B. IMEHHO OTXOAB! KaIUMHOI IPOMBIIIICHHO-
CTH, KOTOpBIE CKJIQANPYIOT HA TIOBEPXHOCTH, BHI3BIBA-
IOT psi/T SKOJOTUYECKUX NPOOJIEeM BBUIY BOIOPACTBO-
PUMOCTU HOPOABL. DKOIOTHYeCKUe MOCIEACTBUS, BO3-
HUKAIOIIUE NPH XPAaHEHHH OTXOJOB Ha MOBEPXHOCTH,
BEIpAKAIOTCS B IPOIECCaxX 3aCOJCHUS BOIHBIX OOBEK-
TOB W TO4YB, B ()OPMHUPOBAHMHU TalODUTHOH pacTu-
TENIFHOCTH U TAJOTOJIEPAHTHBIX BHJOB Oaktepuil. B
pe3yibTaTe HaKOIUIEHHOTO SKOJIOTHYECKOTO Bpena
(dopmupyeTcss HeOnaronpusTHas SKoJorudeckas o00-
CTaHOBKAa B paioHaX pa3pabOTKH KaJHMHHBIX MECTO-
POKIEHUHN, YTO 3acTaBiIA€T WUCKaTh IIyTH PEIICHUS B
o0JlacTH ympaBieHHs OTXoaaMmH. be3omacHoe Xxpane-
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HUE U BO3MOXXHOCTh YTHUJIM3AllMM HMIU 00E€3BpEKHBa-
HHUA OTXOIJOB KaJIMIHOTO MMPpOU3BOJACTBA SABJISICTCA
CIIOKHOM IKOJIOTHYSCKOM, TEXHOJOTHICCKON U DKOHO-
MHYECKOU 3amauecii.

Bbuin paccMOTpeHBI CleQyIolue BapHaHThL: IS
TJIMHACTO-COJICBBIX IITaMOB — cOpOC B BOJTHEBIE OOBEK-
THI, 3aKa4Ka B MTOJ3EMHBIC TOPH30HTHI H XpaHEHHE Ha
MMOBEPXHOCTH, UCTIOIB30BAHUE B MTPOU3BOJICTBE, CTPOU-
TCJIBCTBE U IP.; TBEPABIC TAJIUTOBLIC OTXOAbI — 3aKJIaja-
Ka B BBIPa0OTaHHOE IPOCTPAHCTBO, BTOPHUYHOE HC-
MOJIb30BaHKE, PEKYJIBTHBAIMA OTBAIOB ITyCTHIX MOPO,
COBCPUICHCTBOBAHUE TCXHOJIOTMU BEACHUA TOPHBIX
paboT, MPOU3BOJICTBO CTPOUTENLHBIX MAaTEPHAJIOB, H3-
BJIEUCHHUE IICHHBIX KOMIIOHEHTOB, Mepeaya 4acTH OT-
XO0O0B APYIUM MNPCANPUATHUAM I YTUIN3AIUH.

[Ipn ympaBieHWH TJIMHHCTO-CONEBBIMH MIIaMaMH
Hanbosnee 3¢ddexkTHBHA 3aKadyka B IIOA3EMHBIC TOPH-
30HTBI, B TOM YHCJE HCIOJIb30BaHUE HACHIIIEHHBIX
pacTBOPOB B KaueCTBE YNOOPSIOMIETO KOMIIOHEHTA,
COCTABIIIONICH YaCTH MPOAYKTa B CTPOHUTEIHEHOM
HalpaBJICHUU M MpUMEHEHHEe B HedTenoObIBaromeit
orpaciu. JlaHHBIC HaNpaBJICHUS WCIOJIb30BAHUS TIIH-
HUCTO-COJIEBBIX IIUIAMOB SIBJISIFOTCS TIPHBIICKATEIBHBI-
MH U CHOCOOCTBYIOT CHIDKEHUIO TEXHOTEHHOW Harpys-
KH Ha BOJIHBIE OOBEKTHI.

[Ipn ympaBneHWH TaNUTOBBIMH OTXOIAMH HYKCH
0osiee KOMIUIEKCHBIA TOJX0/I, KOTOPBIH MOXET coaep-
KaTb HECKOJIBKO BapHWaHTOB YTUJIU3allUM B CBA3U C
MHOTOTOHHa)KHOCTBIO. 3aKiagKa B oTpaboTaHHOE TPO-
CTPAHCTBO SIBJIACTCS aKTyaJbHBIM MOAXOJIOM B CBSA3H C
T€M, YTO Ha TEPPUTOPUHU JOJr0 AEHCTBYIOUIUX NpEH-
MIPUATHH UMEIOTCS y)Ke OTpaboTaHHbIe NEeuKH. Takoi
CHOCO0 YTHIIM3aLUH ITO3BOJHT YCTPAHUTE 3arps3HCHUE
BOJHBIX O6’beKTOB, IMOYB U YJIYUIIUTH 3KOJOTUYCCKYIO
00CTaHOBKY TEPPHTOPHH.

PexynpTuBanus oTBana Mmo3BOJUT U30JIMPOBATH Te-
JIO OTBaJla OT MOCTYIUIEHHsI aTMOC(EpPHBIX OCAAKOB,
9TO IPHUBEICT K COKPAIICHNIO 00BEMOB (DIITBTPALINOH-
HBIX BO[I.

Hcnonb3oBaHue OTXOAOB Ul IPOU3BOJCTBA CTPOM-
MaTEpUaJIOB SABJIACTCA HaI/I6OIICe NpEeANOYTUTEIIBHBIM KaK
C YKOHOMUYECKOH, TaK M AKOJOTMYECKOW MO3uIMu. J1Jist
peauzaly 3TOr0 BapuaHTa HEOOXOIMMa OpraHH3aLUs
TOCY/IapCTBEHHO-YAaCTHOTO TAPTHEPCTBA U (POPMHPOBA-
HUE HOPMATHBHO-TIPABOBBIX TpeOoBaHui. l3BieueHue
LIEHHBIX KOMIIOHEHTOB, MPOU3BOJCTBO YAOOpEHUH, KOH-
LEHTpaTa U JIp. U3 OTXO/IOB ABJIAETCS HAUMEHEE aKTyallb-
HBIM HAmpaBJCHHEM, 3TO CBS3aHO KaK C 3KOJOTo-
SKOHOMHYECKMMHU 3aTpaTaMHd Ha NpuoOpeTeHHe 00opy-
JIOBaHMUS, TAK ¥ C TOBTOPHBIM 00pa30BaHUEM OTXO[IA.

Haubosnee ci0XHBIM HalpaBICHUEM I CHUYKCHUS
00pa3oBaHUsl OTXOJOB B TEXHOJOTHMYECKOM AaCIIEKTE
SABJIACTCA COBCPIICHCTBOBAHUEC BCACHUSA TOPHBIX pa60T
U CEJIEKTUBHOM IT00OBIUH.
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