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ON WAYS TO PROTECT THE ENVIRONMENT FROM POLLUTION ON THE
EXAMPLE OF OBJECTS IN THE BASIN OF THE RIVER URAL
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VYpan 6acceiinunoezu 2eosxonocuanvix KeUcounopoyH Kypuy-
Wy Kypuan mypeau 4eupeze UHMEHCUBOYY JHCAHA OCYN JHCAMKAH
MexXHO2eHOUK JCYK MeHeH Oatinanvuumyy. byn scepoe upu moo-xen
JHCAHA alibLl HapOa UWKAHANAPbL, KAPA HCAHA MYCMYY Memaniyp-
2Usl, MAWUHA KYPYy JHCAHA SNIEKMPOMEXHUKA OHOP JCauinapel, ap
mypoyy Kypyayuw. mapmakmapel uwimetim. byn uwixananapowin
baapul alinaHa-4eupery dHcaHa maduzulii Cyyaapovl, aHbIH UYUHOE
CYYHY Jicama uyyyuy CcyyHy Oyaeawam. Anaposl Oyneanyyoan
KOp200 y4yH OU3 MOCMO MEXHONOUANAPObL UUWMEN YbIKMbIK
JHCaHa OapuiAHbIH OacceliHuHoe KeHupu usundeonepoy Icypey30ykK.
Ypan scana anvin cyy uapba; Byneanyy npoyeccmepurun Keyupu
JHcaiieiiean wWapmmapbiHoa UYyyuy Canammazvl CYVHy anyyea
MYMKYHOYK Oepeen bIKManap, npubopiop Hcama dapanapobiH
KOMNTIEKCU ULUMENUN YbIKKAH.

Hezu3zeu co306p: atinana-uetipe, 6yneanyy, 0apuis 6acceliu,
2@09KONOUANLIK KOUOUNOP, MOCKOOIOYK MEXHOIOUANAPbI, OPHO-
myy, MUK OpeHadic, 20pU30HmManoyy OpeHaxC.

Ocmpoma 2eoskonozuueckux npobrem 8 6acceiine p.Ypan
CBA3AHA C UHMEHCUBHOU U HAPACMAalowel MexHO2eHHOU Ha2py3KoU
Ha OKpydcarowyro cpedy. 30ece GYHKYUOHUPYIOM KPYNHble 20PHO-
0obuvisarwue U CenbCKOXO3AUCMBEHHbIE NPEONPUAMUS, YepHAS U
YBEMHAS MEMANLYPUS, MAUUHOCMPOUMENLHASL U eKMPOMEXHU-
yeckas ompaciu, pazHooopasHas cmpoumenvras uHoycmpus. Bee
MU NPeONpuAmuUs.  3A2PA3HAIOM  OKPYICAIOWYI0  cpedy U
NpUpoOHble  B800bL, BKIIOYAS B800bl  B0OOXO3AUCMBEHHO20 U
nUMbe8o20 HazHauenusa. A 3awumel UX OmM 3a2PA3HEHUs
paspabomanvl 6apvepHbie MEXHONO2UU U BbINOIHEH OOWUPHDBIL
Komniekc ucciedoganuii 8@ baccetine p. Ypan u Ha e2o
8000X03AUICMBEHHBIX 00BEKMAX.

Knrouegnle cnosa: oxpysxcaiowas cpeoa, 3aspssHeHue, 6ac-
celin peKu, 2e0dKon02udecKie npoonemol, 6apbepHvle MEXHOIOUU,
YCMAHOBKA, BEPMUKANLHYII OPEHAMNC, 2O0PU3OHMATLHYIL OPEHAIC.

The severity of geoecological problems in the Ural basin is
associated with an intense and growing technogenic load on the
environment. Large mining and agricultural enterprises, ferrous
and non-ferrous metallurgy, machine-building and electrical
industries, and a diverse construction industry operate here. All
these enterprises pollute the environment and natural waters,
including water and drinking water. To protect them from
pollution, barrier technologies have been developed and an
extensive set of studies has been carried out in the basin of the
river. Ural and its water facilities.

Key words: environment, pollution, river basin,
geoecological problems, barrier technologies, installation, vertical
drainage, horizontal drainage.

BBoanble 3ameuanusi. [Iporecchl 3arpsi3HEHHs
NPUPOJHBIX BOJ W OKpYXKalolled cpeasl CO31al0T

97

TE09KOJIOTHUECKHEe  MPOOJIeMBI  BOKPYT  KPYIHBIX
TOPHOJIOOBIBAIOLINX TPEINPUSITANH IBETHOW W YEpHOM
METaJUTYpriH, MAalIMHOCTPOEHHs], 3IEKTPOTEXHUYECKOM
MIPOMBIIUIEHHOCTH, CEIIbCKOTO xo03s1iicTBa "
ctporuuayctpun. W3 32 palioHoB oOmactu B 29
OTCYTCTBYIOT KAaueCTBEHHBIE OUHCTHBIE COOPYKEHUS.
YcrpaHeHne — 9KOJIOTHMYECKUX — HpoOieMm,  sBiseTcs
aKTyaJIbHOM, NI Mepexoja K yCTOMYMBOMY DPa3BUTHUIO.
st OoLeHKM YCTOWYMBOCTH OKpYKarollel cpelaspl K
3arpsi3HEHUIO pa3paboTaHbl METOABI IKCIIEPTHON OLIEHKU
C HCIOJB30BAaHUEM MOHITHUSA 3KOJOTMYECKONH €eMKOCTH
reoJiornyeckou cpensl [1].

Vcnonp30BaH MIMPOKUI apceHal METOA0B UCCIIEN0-
BaHUIl Ha3eMHBIX, TIIOJIEBBIX U  JUCTAHI[MOHHBIX.
Tsokensle MeTalsl, ONpPEAENeHbl METOJaMH aTOMHOU
abcopOumu u CHEKTPAIbHBIX MIPHOIKEHHO -
KOJINUECTBEHHBIX aHAIHM30B.

ABTopamu pa3paboTaHbl MOJEIN ATTIOBHATBHOIO
BOJOHOCHOT0 TOPH30HTA C apeajaMM €ro 3arps3HEHUs
(puc. 1). Ha ocHOBe KOMILIEKCa T€0I0TO-Te0PU3HISCKON
rH(GOPMAIK YCTAHOBJICHO OJIOYHOE CTPOCHHUE T'€OJIOTH-
YyecKol cpenbl. AJUTIOBHAIBHBIM TOPU30OHT MPEACTABIIAET
co00#1 JMH3BI NpoTsHKEHHOCThIO 10 10 kM. Ho mmpuna
Ux He mpeBbmaer 3-x M. 1) B cocraBe ropusonra
Haubojiee BOJOHOCHBI  II€CYaHO-TPaBHHUHO-TaJICUHBIC
OTJIOXKEHHUS; UX MOITHOCTh COCTaBisIeT mopsaka 2-10 m.
I'myOuHa 10 BoIBI B aJUTIOBHU BapbupyeT oT 1 10 19 M, a
MOIITHOCTh TOPH30HTA U3MeHseTcs OT moiMbl (20-30 M),
JI0 BTOpPOM HaqnoWMeHHOU Teppackl Ypana, Camapsl u
Cakmapsr (o 3-5 m). 2) o 90% BomHBIX pecypcoB
MPUYPOUCHO K ToitMe U ToabKo 10% — Kk HaAIONHMEHHBIM
Teppacam; 3) I'mnaucTON (hpakiuy B moiMe CoAepKUTCS
He Oonee 3-x %, a Ha 2-0H HaamOWMEHHOH Teppace
mocturaetr  50% wm  OGonee. OnHa TpencTaBieHA
rugpocionamM, U kaonuHutoM.  Koaddunment
¢unpTpanuy ayuTIoBUS B ToiiMe pocturaer 50 m/cyr,
COCTaBJsIsI Ha BTOpOil Teppace MeHee 5 w/cyr [l1].
BbInosHEHO MOJENUPOBAaHUE, OCBEIIAIONIEE IPEICTaB-
JIeHUA O KOJINYECTBE BOIHBIX PECYpPCOB M XapakTepe
B3aUMOJICHCTBUSL B  CHUCTEME  BOja nopoJa.
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Puc. 1. AnnroBuanbsHbIA BOZOHOCHBIA TOPU3OHT: &) pa3pes; 0) IiaH.

Pexomennyercs MPOCIIETUTh COCTOSIHHE
Te0JOTHYECKON Cpeasl Ha IUIOMANAX, OTIMYAFOLIMXCS
MTOBBIICHHOW JKOJIOTHIECKOI €MKOCTBIO n
napaMmerpamu, OJM3KMMHU K YKa3aHHbIM B TaOnuue 1.
MomurHocTh ammoBust MeHsietcs oT 20+30 M B moiime,
yYMeHbIIasch A0 3+5 M Ha 2-0if HaAIOMMEHHOH Teppace.
90% amTIOBHANBHEIX BOJ COCPEIOTOYCHO B TOiMeE, U
YMEHBIIAeTCss KO BTOPOM HaANONMEHHOW Teppace H0
3+5%. I'muuucras ¢pakiust, HaA000POT, BO3PACTAET MO
00BEMY OT NMECYaHO-TPABHUHO-TATICUYHBIX OTIOXKCHUU B
noiime (1+3%) mo 50 % u Gosee Ha 2-0if HaATIONMEHHON
Teppace, Te MOIIHOCTh aJUTFOBHS YMEHBIIAeTCS 0 3+5
M. KoaddunueHnt ¢umpTpanum amumoBHs B IOWME

cocraBisier 10 S50 M/cyr m Ooiiee, yMEHBIIASCh O 5
M/CYT ¥ MeHee Ha 2-OW Teppace. DKOJOTHYECKas eM-
KOCTh — 3TO CIIOCOOHOCTH T€0JIOTUYECKON Cpebl MOTIo-
1aTh 3arpsA3HUTENN, HEUTpalIu3ys UX BO3JCHCTBUE HA
omocdepy U 3mopoBbe denmoBeka. [IOHATHE SKOIOTHYE-
CKOW EMKOCTH COOTBETCTBYET €MKOCTH IIOTJIOLICHUS,
mpeacTaBiIeHne o Kotopord obocHoBan A.H. Bynees
(1945) oTHOCHTENEHO AaHMOHOB U KaTHOHOB. A.fl. TaeB u
W.H. AndepoB pacripoCTpaHIIN 3TO NPEICTABICHUE Ha
3arpsA3HUTENHN OKPYKAIOIEeH Cpebl, Ha3BaB 3Ty EMKOCTb
sKostoruueckoit. Hambosee pacrpocTpaHeHHBIME 3arpsi3-
HUTEISIMHU SIBIITIOTCSL TSDKEIBIE MeTauisl (MeIb, HUHK,
JKeINe30, KOOANbT, HUKEIb U JIp.).

Tabnuya 1

Hapame'rpbl ANIIOBHAJIBHBIX BOAOHOCHBIX T'OPH30HTOB B 10JIMHE P. ypﬂ.l'[

MomHocTh Kou-Bo riauH. Boansbie IK0J1. EMK-Tb,
Teppacst K, m/cyT
AJLJIIOBHS, M $paxuun pecypcesl MI.-3KB. Ha 100r
N MTOHMKEHHOE, OCHOBHBIE BBICOKUH, MTOHMKEHHAS,
ToiimenHas 20-30 o
He 6ouiee 3% (10 90 %) 10 50 u Gonee n-10
P — 10 HEBBICOKOE, HEBBICOKHE, HEBBICOKHH, HEBBICOKAsI,
3-10 % (7-10 %) 5-20 n-100
o — 35 MTOBBIIIICHHOE, HU3KHUE TTOHMKEHHBIH, TTOBBIIIICHHAS,
110 50 % u Gosiee (3-5 %) <5 n-1000

IIpumeyanne: n —vucino ot 1 1o 10.
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OKoJIorHYecKasi eMKOCTh M3MEpSIETCS B MI-3KB. Ha
100 r mopoel. YCTaHOBJIEHO, YTO MOBBIIIEHHOW €MKOC-
THIO 00JTaJaI0T MECYaHUKH C KapOOHATHBIM U KapOOHaT-
HO-IJIMHUCTBIM LIEMEHTOM U KapOoHaThl. OOGI0MOYHBIE
BBICOKOJIMCIIEPCHBIE MTOPOIBI UMEIOT MOBBIIICHHYIO 3KO-
JIOTHYECKYI0 eMKOCTb. OHH XapaKTepU3yIOTCS IIOBBI-
LIEHHOH CyMMAapHO# NMOBEPXHOCTHIO OOJOMOYHBIX dac-
tull. [Ipn B3aMMONEHCTBUM C 3arpsS3HEHHSIMH PacTBOPHI
U TEOJIOTHYECcKas Cpe/ia IMOABEPratoTCs TPaHCHOpPMAaLUH.
WuteHcuBHOCTh TpaHc(OpMaLUK ONPENessieTcsl SKOI0-
TMYECKOH eMKOCThIO mopoi. OTpeneneHsl MapaMeTpsl
9KOJIOTMYECKOH €MKOCTH JUISl U3BECTHSIKOB, IIECUAHUKOB
U Jpyrux pasHocTedl mopoh. Tak, 3KoJiorMYecKas eM-
KOCTh HW3BECTHSIKOB W TMECYaHUKOB Ha KapOOHAaTHO-
TJIMHUCTOM LIeMeHTe cocTaBisieT 2-9 rpammoB Ha 100 T
MOpOAbL. YCTaHOBJIEHA TPUYPOUEHHOCTH OCHOBHBIX BO/I-
HBIX PECYPCOB QJIIOBUS K IIOKWME, a 3arps3HSIOLIUX
BEIIECTB — K BOJOCOOPHBIM IUIOMAIIM [2].

O coBepUIEHCTBOBAHMH BO/ONOJIb30BAHUS M
CHCTeM 3allUTHl BOJI03a00POB OT 3arpsi3HeHus. Paspado-
TaHbl CrocoOBbl 3aIUTHl BO/03a00POB XO3SIHCTBEHHO-
IIUTHEBOTO HA3HAYCHMUS, KOTOPBIE OCHOBAHBI HA HCIIOJIb-
30BaHUU OaphEPHBIX TEXHOJIOTHH, ¥ KOMIUIEKCHBIX I'€0-
XAMHUYECKUX, W THAPOJMHaMHYEecKuX OapbepoB. IIpen-
CTaBJICHUS O TEOXUMHYECKHX Oapbepax pa3padOTaHBI
A.N. Tlepensmanom [3]. TIpeacraBneHus 0 THAPOIUHA-
muueckux Oapbepax (I'B nanee) paspaboraner B.J.
BalymKkuHBIM, KOTOPBIN CO31aeTCs MPH OJHOBPEMEHHOM
OTKa4Ke MPECHBIX M 3arpsi3HEHHBIX BOA. Mex1y ApeHa-
KOM 3arpsA3HCHHBIX BOJ H 1301103a6op0M IMPECHBIX BOJ
(dhopMupyeTCsl HeMPOHUIIAEMBIN THOKUH Oapwep [4].

ITo B.A. babymkuny I'B Haxomutcs B 30HE mpec-
HBIX BOJl M HCKIIOYAET MOCTYIUICHHWE 3arpsi3HEHUS K
Boji03abopy (puc. 2). i Ge3rpaHHYHOTO IUIacTa €ro
MoJIOKEHWe  ompenensiercss mo  ypasHeHuto 1. Ilo
dopmyse 2 ompezensercs NMepecedeHre ero rpaHuil ¢
OCSIMH X H .

O’

ey

TZIe X ¥ y — 3TO KOOPIAWHATHI TOUYKH, JISKAIeH Ha
JIMHUY pa3Jielia OTOKOB;

d — paccTostHIEe MEXIY BOJ03a00pOM U IPEHAXKOM;

Op u Q, — NeOHUTH BO03a00pa IIPECHBIX BOJ U Ape-
HaKa.

Pemaem ypasuenwe (1), 3amaBasich JIMHHEH mapai-
JISNILHOW OCH Y, TIPH Xy = a. Ha muuum x = a momdupaeM
3HaYeHHE y = Yy,. YpaBHenume (1), mpuOmmxaercs K
HYIIIO, a X, ollpeaenseTcs no gpopmyne (2):

Q,-d

x() >
0, +0,

Yy Yy
- 18—~ + 1g——
anrch Qbarcgd_x

2)

99

T/ie X,— TOYKa Ha OCH X, B KOTOPOH CKOPOCThH (DHIIB-
Tpaluy paBHA HYJIIO.

C pocToM mpoM3BOANUTEIEHOCTH BOJ03a00pa mpec-
HBIX BOJI U yBeIH4YeHHEM oTHOmEeHus Op/Q,, Kak CBHJE-
TENBCTBYIOT YHCICHHOE pelIeHue (OpPMyIBl 2, TpaHHUIA
pa3zena TOTOKOB TEPEMENIACTCS K 3arps3HEHHBIM
sogam. Ilpu Q)/0, = 1 paccTosHME OT rpaHMLBI pa3aena
MOTOKOB 10 Bojo3abopa cocrasnser 0,09 4. Ilpu Q,/0,
= 2,0 paccTOsiHHE TPaHMIIBI Pa3Jielia IOTOKOB yIAISIeTCs
oT Bojo3abopa mpecHbIX Bog Ha 0,66 d, craHoBUTCS B 6
pa3 Oousbllle, 4eM B TEpPBOM ciydae. lIpeaernbHO
BO3MOYXHOE OTHOIIEHHE JeONTa BOI03a00pa M IpeHaKa
mo B.Jl. babymkuny [4] paccuuTeiBactcs mo Qopmyie

3)
_n.
Q/Qg ) : U/flu ’

rAe 7}, — OpPIUHATA TOYKU ICPECEUCHUS TPaHHUIIBI
pasjiesia MOTOKOB C OChbIO X IPU COBIAJCHUM TI'PaHHUIIbI
pasjielna MOTOKOB C TPaHUIIeH 3arps3HEHHBIX BOI.

IIpu yBemuueHun OTOOpa MPECHBIX BOJ TPAHHUIA
paszielia MOTOKOB IEPEMENIaeTcss B CTOPOHY ApEeHaxa.
Jnsa cnexxeHHss 3a TPOIBIIKCHHWEM BOKPYT CTEHKH
3arpsA3HCHHBIX BO/J u MOACINPOBAHUA CUTyaluu,
pexKUMa n TUAPOTCOXUMHUYECCKUX yCHOBI/Iﬁ Ha
Boji03abope, BMmecre ¢ E.B. JIMXHEHKO, BBINOIHEHO
obocHOBaHMe cxeMbl pacnioioxenus ['b (puc. 3). [lepen
CTPOUTECILCTBOM BaIl[PITHOﬁ CTCHKHU I10 JAaHHBIM OTKAa4YKH
KOPPEKTHPYETCSI ~ IPOEKT  CTPOUTENIBCTBA  CTEHKH.
HaGHIO)IeHI/ISI IIO3BOJIIFOT BBIIBUTH T'€COXMMHUYCCKUEC
Oapbephl, B IPUPOJAHON OOCTAHOBKE M HCIIOJIBb30BaTh HUX
B TexHojoruu [5, 6], xomOmmmpys wux c [b.
Ienecoobpaszno kaprorpadupoBath Oapbephl Ha CTAJUU
r'€0JI0r0-ChbeMOYHBIX padOT, PErHCTPUPYS IPH 3ITOM
OCHOBHBIC BAapHAHTHl MPOHUKHOBEHHS 3arpPs3HSIONINX
BEIECTB K Bojo3abopam 1, 4].
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A

3)

M
D
NV —> X
Ao, f\
1 d | 2

Puc. 2. Cxema Bo703a00pa U JPEHAKHOTO COOPY>KEHUSI
3arps;3HEHHBIX BOJ B OJJHOPOJHOM HEOTPAaHHIEHHOM BOJOHOCHOM



DOI:10.26104/NNTIK.2022.45.557

HAYKA, HOBBIE TEXHOJIOT'M U THHOBALIMH KBIPI'BI3CTAHA, Ne 3, 2022

iacre: 1 — npeHakxHoe coopykeHue; 2 — Boio3abop; 3 — rpanuna
MEsK/ly IOTOKaMH K BOJ103a00py U APEHAKHOMY COOPYXKEHHUIO.

HcTouHukK
3arpsA3HeHUsS

Puc. 3. Cxema pacronoxeHus THpoJMHAMHYIECKOT0 Oapbepa:
1 — MCTOYHMK 3arpsA3HEHHBIX BOJ; 2 — IIOTOKH 3arPA3HEHHBIX BO;
3 — MexaHuueckuii 6apbep; 4 — IpeHax 3arpA3HEHHbIX BOJ;

5 — rudkwmii I'b; 6 — Bono3abopHble CKBaYKMHBI YUCTHIX BOJ;

7 — peka.

1. HcTouHukM 3arpsi3HEHUS HEPEIKO PACHOJIONKe-
HBI Ha CKIIOHE JOJIMHBI PEKH, U IOTOKH 3arps3HSIOIINX
BEIECTB PACIIPOCTPAHSIOTCS BHH3 IO pebedy K pedHO
JIOJIMHE U BOJI03a00paM.

2. VcTOYHHKM 3arpsi3HEHHUS] 4acTO PacHOJIOKEHbI
BBIIIIC TI0 PEKe, 3arpsA3Hss HHPWIbTPAIHOHHBIN BOI03a-
060p U BomoeM. 3arps3HSIONIME BEIIECTBA MOCTYHAIOT B
BOI[O3a60p OT BOJOEMaA.

3. 3arpsi3HAONIME BEIIeCTBA MOTYT MOCTYNaTh B
BO03a00p ¢ 00enx cropoH. [Ipu pacmonoxeHun UCTod-
HUKa 3arps3HeHHs Ha CKJIOHE JIOJIMHBI, TMOTpedyeT
BBINIOJIHEHUS IUIAHUPOBKM MECTHOCTH U CO3JIaHUE
CTCHKHM W3 TIMHOOETOHA WMJIM [IEMCHTHOW 3aBechl (puc.
4).

Puc. 4. bapbepHoe ycTpoHCTBO 1epe HCTOYHUKOM
3arps;3HeHus: 1 — 2MIOBHI, 2 — MeCYaHO-WIMCTO-TIIMHUCTEIE
OTIIOXKEHHS, 3 — TJIMHBI ¥ CYTJIMHKH, 4 — aJLTIOBHABHBII

BOJIOHOCHBIH TOPU30HT, 5 — YI'B, 6 — pexa 1 BoJ0eM ¢ YHCTOi
BOJIOi, 7 — BOJOYIIOPHBIE KOPEHHbIE MTOPOJIBL,
8 — HCKyCCTBEHHBIH 6apbep, 9 — UCTOUHUK 3arpsi3HEHUSL.

[MoTpebyercst  BCKPBITH M TMEPEKPHITH  BCIO
MPOHMIIAEMYIO TOJIIY IUIACTa BILIOTh O BOZOYIOpa M
OCYIIECTBUTH OYPOBBIE M TOPHOIIPOXOJUECKHE PAOOTHI U
OoJbIIe 00BEMBI BSDKYIIUX MAaTEPHAIOB, O0YCTPOHCTBO
CHCTEMBI KOHTPOJIS 332 KQUeCTBOM BOJI HMXKE MO TOTOKY
oT OapbepHOro ycrtpoicTBa. Ilpu nokanmmzanmm odvara
3arpsA3HEHUs], HIDKE 110 TIOTOKY OT €ro MCTOYHHKA (pHC.
5), mapameTphsl Oapbepa 3aBUCAT OT HIMPUHBI MOTOKA
sarpsi3Hsiioniux  BemiectB M K¢. B ammoBuanbHbIX
otnoxeHnsx K¢ ux Bapeupyer oT 5 M/CyT B cymecsx 110
1000 m/cyT, B raneunukax. J{yst tunuaHoro awtosus Ko
B Oacceitne Ypana cocraBister 20+50 m/cyr. Jlns Hero
PEKOMEHIyeTCsl 00yCTpanBaTh KOMILICKCHBIN Oapbep.

1
l\\%‘ 4 92
5

| 77
@ // / /j\f B%
/ § =

g 5
& ? -
[ AT

G

/ ° P ——
/

Puc. 5. KommnekcHslit 6apsep B JOIMHE peku: | — MOTOKK
3arpsA3HEHHBIX BOJ, 2 — IFOBHIA, 3 — MIMCTO-TTIMHUCTHIE
OTJIONKEHHS, 4 — TJIMHBI U CYTJIMHKY, 5 — aJUTIOBUAJIbHBII

BOJIOHOCHBII TOpH30HT, 6 — YI'B, 7 — peka ¢ uucToii Boz1oi,

8 — Bogoynop, 9 — reoxumudeckuit 6apsep, 10 — ruapoIMHAMU-
yeckuii 6aprep, 11 — Bomo3abopHbIe CKBaXHHBL, 12 — IpeHax,
13 — UCTOYHHUK 3arpsA3HEHIS.

Kommexcusiit 6aprep (Kb-nmanmee) oOecrieunBaer
JIOKAJIN3ALU IO 3arpA3HAIOLIAX BEIIECTB, yxKe
MPOHHUKIIIKAX B BOJOHOCHBIN FOPU30HT (pHC. 6).

Kb He TONBKO mepexBaThIBAE€T 3arpsi3HUTEINN.
Yactb HMX MOXKET pacHpOCTPAHUTHCA 3a IPEACIbl
BJIUSHHS 3arPaJUTEIILHOIO COOPYKEHUS, HO JIUHA IIYTU
U BpeMsI MUTPAIlMH MX K BOJI03a00py YBEITUYUBACTCS M
001mIast IKOJOTHYecKas eMKOCTh MOPOJ AOCTaTOYHA IS
JIOKaJIN3aluu 3arpsa3HCHU.

(=122 [ 28 [C 4

8

s fmste 7R Il o 0 Fn A7

Puc. 6. ITnan a u pa3pe3 6 KOMILUIEKCHOTO Oapbepa: HCTOYHHK
3arpsA3HEHUs PACIIONOXKEH B JIONUHE PEKU. 1 — BOJOEM YHCTBIX
BOJ, 2 — ICTOYHUK 3aTPsI3HEHNs], 3 — BOJI03a00pHBIE CKBAYKIHBI,
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4 — npeHaXxHbIe CKBaXKMHBI, 5 — KOMIUIEKCHBIH Oapbep,

B TperbeM BapuaHTe 3arpsA3HSIOLIME BEIIECTBA
MOCTYIAIOT B B0O/103a00p €O cTOPOHBI Bojoema. CTeneHp
CaMOOYMIICHHS OIpeeNseTcs MPOJOJDKUTEIBEHOCTHIO
(GUIbTpalUK, JIMHOW MyTH OYHINACMBIX BOJX M (PU3HKO-
XUMHYECKOl aKTUBHOCTBIO CHUCTEMBI BOJa — IIOpPOJA.
Hns pocra sddexrnBHOCTH OumMcTKH pazpadboraH Kb
Broporo Tuna. Ha pucynkax 7 u 8 0OapbepHOe
YCTPOHCTBO IIOKAa3aHO B pa3pese U ILUIaHe.

B OpenOyprxbe UMEIOTCS CIIOXHBIE BapUAHTBHI 110C-
TYIUICHHS 3arps3HSIONIMX BEIIECTB K B0J03a00py co
CTOPOHBI BOJIOEMa U OT MCTOYHHKOB, PACIOJIOKEHHBIX
Ha BOJOCOOpHBIX IUIOINAAsX, rne pekomenmoBaH Kb.
OHHU TIpU3BaHBI M30JHPOBATH BOA03a00pPBI OT MOTOKOB
3arpsI3HSIONIMX BEIIECTB, NMOCTYNAIOMINX, OT BOJIOEMa, U
OT WCTOYHUKOB 3arps3HEHHs Ha Bojopaszzeine (puc. 9,
10).
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Puc. 7. Cxema KOMIUIEKCHOTO Oapbepa C BPEMEHHBIM JIPEHAKEM
(paspes): 1 —BomoeM ¢ 3arpsa3HEHHOI BOIOH, 2 — BOAOYHOP.
Gapbepsbl: 3 — cTUXUiiHbI OuoXUMUYEeCKUil, 4 — IPUPOAHO-
TEXHOT'€HHBIN, 5 — TUAPOAMHAMUYECKH, 6 — BO103a00pHBIE

CKBXXMHBI, 7 — IPEHA’KHbIE CKBAXKHHBI, 8 — IIOTOKY 3arpsi3HEHHBIX
BOJI, 9 —BOOHOCHBIH ropm3oHT, 10 — YI'B:
a — CTaTHYECKHi, 0 — TUHAMUYICCKHIA.

OUHMCTHBIE
COOPYHEHM T

p. Ypau

Puc. 8. KommnnekcHblii 6apbep (IU1aH): 1 — ApeHa)HbIe CKBAXKUHBI,
2 — B0J103a00pHbIE CKBaXKHHBI. bapbepbl: 3 — cTUXUiiHBII
OMOXMMHYECKHH, 4 — IPUPOJHO-TEXHOTEHHBIH, 5 — rUApo-
JUHAMUYECKUiL, 6 — apeasibl 3arpsa3HEHNUsL.
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6 — cratnueckuii YI'B, 7 — nunamuueckuii YI'B, 8 — ycranoBka
COBMELIEHHOI'O BEPTUKAILHOIO ¥ TOPH30HTAIBHOTO IPEHAXKA.

Pexomennyercst pazmemars Oapbepbl BOJIH3M HC-
TOYHHMKOB 3arps3HeHus. bapbep MOKET OBITh MpPENCTaB-
JIEH CTEHKOH M3 TIIMHOOETOHA, IIEMEHTHOM 3aBECOM WK
6apbepomM, co3maBaeMbIM 110 MHIWBHIYATBHOW TEXHOJIO-
run. bapeep, pacnonoXeHHBIH BOMM3K BOJOEMA, SBIIIC-
TCsI IPOHMIIAEMBIM JUIS BOJBI M HE IMPOHUIAEMBIM IS
3arpsi3Hsionux  BemectB. COBMECTHO C TeOXHMMHUYe-

ckumu cosfaiotes ¥ B myrem  gopmupoBaHuUs
MOBEPXHOCTH pasjiejla IMOTOKOB. ['panuna pasjerna
MMOTOKOB HAxOJWTCI B 30HE TMPECHBIX Boa [6].

Paspabotannbsie Hamu KB mpUHITMIAATEHO OTIMYAIOTCS
OT U3BECTHBIX B JHUTEpPaType U HE HMMEIOT aHAJIOTOB B
OTEUYECTBEHHOH M 3apyOexHoU npaktuke [1, 3, 4].

N\ \\//\\//\/\\//\\//\\/\ /\ 2
[ B s o 0 s e [

Puc. 9. KommekcHblii 6apbep ¢ ABYXCTOPOHHUM MOCTYILIEHUEM
3arpsA3HAIONINX BELIECTB K BO03a00paM X035CTBEHHO-ITUTHEBbIX
BOJl OZIHOBPEMEHHO OT PeKU U ¢ BogocOopa. 1 —BomoeM ¢
3arpsa3HeHHON BOJOi, 2 — BOZOYHOPHbIE Oaphepsl:

3 — OMOXUMUYECKHHA, 4 — MPUPOIHO-TEXHOT €HHBIH,

5 — TUAPOIMHAMUYECKUH, 6 — UICKYCCTBEHHBIN F€OXUMHYECKHH,
7 — BO/103a00pHBIE CKBAXXHHBI, § — IPEHAKHBIE CKBAXKHUHBI,

9 — UCTOYHUK 3arps3Henus, 10 — alnoBUaIbHbIA FOPU3OHT,
11— YI'B (a — crarudeckuit, 6 — AMHAMUYECKHIA).

[IpuHIUNHATBHBIM OTIMYUEM JTHUX YCTPOMHCTB U
CHOCO0O0B CITy)XHT OZHOBPEMCHHAS OTKAUKa IMTUTHEBBIX U
JIPEHAXHBIX BOJ, KOTOPBIE HCIOJIB3YIOTCSI B CEJIBCKOXO-
35MCTBEHHBIX U TeXHUUYEeCKUX Lensax. [lo pacueram, naxe
B Cilydae COOJIOJNEHUS CaHUTApHO-3aIIUTHBIX 30H
3arpsi3HEHHBIC BEIECTBA 32 75 JET MPOHMKAIOT BILIOTh
no peku. IlpombimeHHble 00BEKTHI  OpeHOYpPKbs
moctpoensl B 30-x rr. XX Beka M HUX 3amac
JKOJIOTUYECKOH €MKOCTH TMOJIHOCTBIO HCYEpNaH U
TpeOyeTcsl UX yCHIINTD WHKCHEPHBIMU METOIaMH.
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{: - AJUTIOBHAJIbHBIH BOJIOHOCHOM TOPH30HT

](" Vpogens rpyHToBBIX B (YI'B):
a) cTaTHYeCKHH
0) TMHAMHYEC KU

3l - TloTox 3arps3HEHHBIX BOJ

1 - p. Cakmapa WIM BOJI0€M C 3arpsi3HeHHOM BOJI0M

2 [l - BozoynopHsie M0po/ibl BEPXHETIEPMCKOTO OT/IejIa

4| |- Mexanuueckuii Gaprep

5 /- 'uapoauHamudeckuii Gapbep

6 P - Bono3aGopHbie cKBaKMHBI YACTBIX BOJL
7 4 - JlpeHax 3arps3HeHHbIX BOJ

877 - UcTOUHHMK 3arpsA3HeHHs

Puc. 10. KomruiekcHbIN THAPOAMHAMUYECKUN U T€OXUMHUUECKUI Oapbep.

3arpsi3HeHHBIE BOABI HpeAnpustuii OpeHOYpXKbs,
noctpoeHnsle B 30-50-e 1r. XX cromeTws, K
HAacTOSIIEMY BPEMEHH MPOHHWKIM B aAJUTIOBHAIBHBIH
BOJIOHOCHBIN TOPU30HT HOMM pp. Ypana u Caxmapsl, 1
JBIKYTCS HA COTHH METPOB B ToA [6]

X2 — M (4)

n,

rae Vo= I+ k4, I; — TUAPABIMYECKUN TPAJAUEHT B
AJUTIOBHAIEHOM BOJIOHOCHOM TOPH30HTE;

K4 — KO3GOHUIMEHT (QUIBTPAllUK aJUTIOBHAIBHBIX
OTJIOXKEHHH.

CHU3UTH TEXHOTEHHYIO Harpy3Ky Ha OKPYKalOIIyI0
cpeny B TOPHOIOOBIBAIONINX paliOHAX BO3MOXKHO ITyTEM:
1) yTuau3anuu OTXOJ0B MPOU3BOJCTBA C JTHKBUAAIIUCH
CBAIOK W 2) JHUKBUAUPYS HAKOMHUTEIH OTXOAOB U
PEKYJIBTHBHUPYS WX IUIOmIaau. llepepaboTka OTXOJ0B
CHHU3UT 3KOJIOTHYECKYIO OTIACHOCTh, OT OTBAJIOB MOPOJ U
pyl, OTCTOMHMKOB M pa3HbIX Hakonutene. Ux
JUKBUAALMSA C YTHIM3AIMEeW OTXOJ0B TMOTpedyer
KpYITHBIC KaIllUTATIOBIOXKEHHS, YTO SBISCTCS CEPhe3HBIM
MPEMATCTBUEM JUIs pealu3anud Mep. PekynbTuBaus
HapPYIIECHHBIX 3eMeTIb, 3aHATBHIX OTXOJIaMH
MIPOU3BOJICTBA, CHICPIKUBACTCS TaK xKe
HEY/IOBJICTBOPUTEIbHBIMHU BOJHO-(DHU3HYSCKUMH U XHUMH-
YECKHMH CBOMCTBAaMH TOPHOJOOBIBAIOMINX OTXOJIOB IPO-
n3BoacTBa. OHM HAaKOIJIGHBI B OTPOMHBIX MacHITadax,
BKIIIOYass HUCKIIOYHTEIBHO OONbIINE OOBEMBI TPYIHO
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OYMIIAEMBIX CTOYHBIX BOJ. B cTOUYHBIX Bomax m oTxomax
qacTO HE XBaTacT MHJIM HCT J3JICMCHTOB IIMTAaHUSA
pacTeHHil. OTO MPEMATCTBYET WX HCIIOIb30BAaHUIO B
JIECOMEJIMOPATUBHBIX M arpONpPOMBINUICHHBIX —IEJIX.
BonHnast u BeTpoBast 3po3usl ¢ OTBAJIOB M IOABIKHOCTB
JKUIKUX ~ OTXOJOB  TIPEMSATCTBYIOT  PEKYJIbTUBAIUU
HapYHICHHBIX 3C€MCIIb. [Ipinenne oTBaJIOB 3arpsA3HACT
aTMocdepy U MOYBHI B pamuyce 10 25 kM u Oomee oT
aux. Camu OTBaJIbl, 3aHMMas OTPOMHBIC ILIOUIA/IH,
MIOCTaBISIOT B  OKPYKAIONIYI0  Cpedy, BKJIIOYas
MOJ3EMHbIE W TOBEPXHOCTHBIE BOJBI, COTHH TOHH
TSDKEJBIX METAIOB U APYTUX 3arpsI3HSIONINX BEIECTB.
HccnenoBansl criocoObl 3aIIUTHl MPUPOJHBIX BOJ OT
3arpsA3HAOMIETO BO3HeﬁCTBHﬂ XBOCTOXPaHUJIUII n
HakomnuTenel oTxon0B. OTBabl MOKPHIBAIOTCS TIIMHAMH
U CYrNIMHKAaMH, apJiaHCKOi HedThIO M XUMUUYECKUMH Be-
mecTBaMu. [I0BEpXHOCT OTBAJIOB YBJIAXKHSETCS, a TPYH-
THI 3aKpEIUIIoTCs. J[Js MblIeno aBIeHns: TpUMEHSeTCs
cynpdarHas Oapma. HWHumsTpamuio aTMochepHBIX
OCaZIKOB CHIDKAIOT, IOKPBIBAs IMOBEPXHOCTH OTBAIOB
[JIMHOW ¥ TIIMHUCTBIMH TPYHTaMH. DTO NPEMSTCTBYET U
MIBUICHHUIO BO3/yXa. 3allUTy OTKOCOB OTBAJIOB OT 3PO3UH
o0ecreunBaeT TMOKPBITUE HX TOJIUMEPHBIMU IIJICHKAMU.
OTH Mepbl KOMIUIEKCHPYIOTCSI B TIPOLECCE CO3MaHHS
¢dusryeckoro 6apbepa, COCTOSIIETO U3:

1) BepxHero ciosi MOYBEHHOT0;

2) 6apbepHOro rUIPaBIMYECKOTO CIIOS;

3) noAroTOBUTENHHOTO, ci1os (puc. 11).
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YroObl TpHIaTh MOYBEHHOMY CIIOI0 YCTOWYHMBOCTH K
BETPOBOM M BOJHOW 3pO3HMH, OTBAJbI 3aCEBAIOT MHOTO-
JETHUMH TpaBaMH, 4YTO CTHMYJIHPYET pPa3BUTHE
Tpancnupanun. Co3fgaBas TJIMHHUCTBIM  BOJOYHMOPHBIN
CIIOH, MBI TIPETATCTBYeM HWHQIIBTPAIlMN OCankoB. B
noiyapuaHbiXx — paifonax OpeHOypXbs J1ocTaTouyHa
MOIIHOCTE THAPOU30IIIHOHHOTO ciiosi B 30-50 cm [1]. B
YCIOBUSX C TYMUAHBIM KIIMMATOM IJISl CTUMYJTUPOBAHUS
HHQUIBTPAUN aTMOC(EPHBIX OCAIKOB HCIIOIB3YIOTCS
reoMeMOpaHsl ¥ OapbepHBIE MaTepHalbl BBICOKOM
croumoctu. C II€TBbI0 NPENOTBPAILEHHUS 3arpsA3HEHUS
T'€0JIOTHYECKOH cpensl u IPUPOJHBIX  BOJ
PEKOMCHAYETCA YUYUTHIBATH n HUCIIOJIB30BAaTh
9KOJIOTHYECKYI0 E€MKOCTh W HH)XEHEpPHBIE DPa3pabOTKH
YCTPOWCTB, METOJOB M CIOCOOOB MOJATOTOBKU, OYUCTKH
U 3aIUTHl NPUPOAHBEIX BoA. COBEPIIEHCTBOBATH BOJO-
MIOJIb30BAaHUE MBI IUIAHHPYEM ITyTeM 0oJiee aKTHBHOTO
UCIIOJIB30BAHUSI CUCTEM OOOpPOTHOTO BOJOCHAOXKEHUS
MIPEATIPUSATHH, a TAK)KE CHCTEM OPOIICHHS.

¥ V¥ W W ¥

NMo4yBEeHHbLIN cnown

MMAapounsonsuNOHHbLIN Crnon

MoarortoBuTEnbHbIVM CNON

OTBanb!

Puc. 11. Qusnueckuii 6apbep, co3aBaeMblii
Ha IIOBEPXHOCTH OTBAJIOB.

I'eoxumudeckuii 6apbep MOMKHO JIETKO CHOPMHPO-
BaTh, 3aKAYMBAas B BOJOHOCHBIN TOPU30HT II€pe. apeaia-
MU 3arpsi3HEHUS] UCKYCCTBEHHBIE CMECH C BBICOKOH 3KO-
JIOTUYECKOW eMKOCThIO, Takhe KakK, H3BECTKOBOE
MoJyioko. CoBMeIIeHHEe TEOXHMHYECKOTO Oapbepa ¢
TUAPOJIUHAMUYECKUM O00ECIIeUYMBAET HIDKE IO TOTOKY
Xopoliee Ka4ecTBO BOABI. JT0 3(PPeKTHBHO 0COOSHHO
TaM, TJ€¢  TPEUIMHHO-TPYHTOBBIC  BOJBI  HMEIOT
CITabOKHCITYIO peaklrio Cpepl, HarpuMmep, B Boctounom
OpenbOypxne. [Ipn cMeHe peakuu cpesl BOJ Ha ¢1abo
meno4Hylo (GopMmupyercs MIeIo4YHOW Oapkep, NpU
KOTOPOM M3 pacTBOpa BEIMAAIOT TSHKEIBIE METALTBI U
JIpyrue DJJIEeMEHThl. OJTO TOBBIINIAET BO3MOXKHOCTH
o0ycTpoiicTBa B BOJIOHOCHOM TOPH30HTE
TFCOXUMUYECKAX OapbepoB. X 3¢ (eKTUBHOCTH pacTeT
IpU TPUMEHEHWH KOMIUIEKCAa KOHKPETHBIX METO/OB
OYHCTKH BOJ: HEHTpAIHU3aIluH, aIcCOPOITUH, pearcHTHEIX,
HOHOOOMEHHBIX, OMOJIOTMYECKUX u
ANIEeKTpoXUMUIeckruX. Hanboee SKOHOMUYECKH JOCTYII-
HOW U MPOCTOM SBJISETCS 3aKauyKa B IJIACT U3BECTKOBOTO
MoJi0Ka. ITpoucxoquT He TOJIBKO HEUTpanu3anus BoJ, HO
U W3BIICUYCHUC M3 HUX 32 CYET COPOLUH MBUICBATHIMU U
METUTOBBIMH YacTUIIAMH KOMIIOHEHTOB 3arpsi3HHUTENEH.
CoBMeCTHOE TPOSIBICHHUE IIEIOYHOI0 U COPOLIMOHHOTO
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0apbepoB YCHIIMBAETCSI HEIOPOTMMH KOAryIsHTaMH M
¢uoxynsHTamMu. [Ipy  O4MCTKE BOA OT  TSDKEINBIX
METaJJIOB, a KadecTBe KoaryisiHTa ucnoisdyercs FeCls,
MIpeBpaIlaeMblii IPU OKKCIEHUH B THAPOOKHUCIIBI JKEIe3a.
OHH XOPOIIO COPOUPYIOT TSHKEIBIE METALTBI COBMECTHO
C TUAPOOKHCIIAMH ATIOMUHNS, KOTOPHIE UCIIOJIB3YIOTCS B
BUJIE KBACIIOB. DTO — CEPHOKHUCIBIE COJH ATIOMHUHUSA, a
TaKKe THUAPOKCOCYIb(QHIBI, THIPOKCOXIOPUABI U
XJIOpHUIBl TIOMUHMSA. Ha IIeo4HOM TeoXHMHYecKoM
Oaprepe amoMuHHIA (HOPMHUPYET C KaTbIIHEM H CyIb(ar
NOHAMU CyIb(hOATIOMIHATEH KaJbIus,
TpyIHOpacTBOpuMBle coeanHeHus [1].  AmxcopOrus
YXyIIIAeTCsA IPHU 3arpsi3HEHUU BOJ, HUTPATaMHU, XJIOPH-
mamu u ¢ochatamu. B ammoBmaabHOM TOPH30HTE HA
BHEITHEM (pOHTE 3arps3HEHUH, MOCTYMNAIOIUX C
BOJIOCOOPHOHM IIIOMIAIM, IPOUCXOJUT 3HAYUTEIHHOE
paszbaBiieHHe 3arps3HAIONINX BelecTB. D(H(HEKTHBHOCT
IIPUMEHEHNs YKa3aHHbIX COpPOEHTOB Bo3pacraeT. llpm
¢bumbTpannn KOaryJnupyromue 3arpsi3HEHNS
OTJEISIIOTCS, U COJIEPXKAHUE TSDKENIBIX METAaJUIOB B BOJE
CHIDKaeTCcsl Ha MOPSIOK M Oosee. B mpomecce momcka
HOBBIX A(QQEKTHUBHBIX KOAryJIssHTOB M (IOKYJISTHTOB
UCTIOJIB3YIOTCSI CMECH C TIOJIMMEPaMH U MOJHaKpuiIa-
munamu. Ecni oM HeHTpanbHBIE, TO HE YXYIIIAIOT
GunbTpaLMi0 O  CPaBHEHUIO C  MOJMMEPaMHU
OTpHUIIaTeNbHO 3apskeHHbIMU [1]. ®upma bpurtanun
pexnamupyet kKoaryasat B 10 pa3 addexTuBHEEe KBaCIOB
u FeCl;, Ounctka CTOKOB JOCTHraeTcsi MpH 3TOM Ha
99,9%. TexXHNKO-3KOHOMHYECKHE MapaMeTpsl MpUMEHe-
HUSI 9TOTO KOAryJsiHTa YCTYIAIOT KOMIUIEKCHBIM Oapbe-
paM, KOTOpbIE 3alUIIAI0T BOJHBIE PECYPChl U OUUIIAIOT
CTOYHBIE BOJIbI OT Pa3NIMYHbIX 3arpsisHuTenci. B Poccun
IIMPOKO IMPHUMEHSIOTCS Takue KoarynsHTsl, kak FeCls,
Ca(OH),, Al,(SO4); 1 prokyIsaHTH ToTIMepHBIe [1]. Mx
pUMeHEeHne ¢ 0aphepHBIMU TEXHOJOTHUAMU TO 3 deK-
TUBHOCTH M SKOHOMUYECKHM IapaMeTpaM HE YCTYIaroT
33py6e)KHbIM PEKOMEHAAMAM, BKIIIOYass WM YKa3aHHBIC
Opuranckue. KoMIuiekcHble THAPOANHAMUYECKHE U T€0-
XMMHUYECKHe Oaphephl [UIsl 3allUThl BOJ03a00pPOB U BO-
JIOEMOB UMEIOT MPEHMYIIECTBA [0 CPABHEHMIO C U3BECT-
HBIMH METOJIaMM M CHOCO0aMH, a TaKke JaloT
3HAYUTEIBHYIO 9KOHOMHIO (hMHAHCOBBIX "
MaTepHalIbHBIX CPE/ICTB, MPOU3BOACTBEHHBIX IUIOMACH.
HckmrowatoTess HUTpU(GUKALMS OPraHUYECKOro a30Ta M
TEXHOJIOTUH, U yJalleHUE OCaJKOB.

Pa3zpaboraHa u ucnosb3yercs Ui JIOKIU3ALKU
3arpsi3HEHUS] YCTAHOBKA COBMEILEHHOI0 BePTHKAJIb-
HOT0 ¥ TOPH30HTAJBHOTO APEHAKA, KOTOpast IPUTOTHA
11t GOpBOBI ¢ OATOIUICHHEM TEPPUTOPHUH, CIO0KEHHOH
0O0JIOMOYHBIMH ~ HEOJHOPOJIHBIMH  IOPOAAMH c
JIO)KKOBBIM JUTIOBHEM. BJojb oBparoB u mo Oopram
JIOXKKOB IIPOMCXOJAT JCHYAAlHs, IUIOCKOCTHOH CMBIB U
JMHEHas 3po3us. B nokkax (popMHpyeTcsl, JOKKOBBINA
ITIOBHH, T.€. INIOXOOKATaHHBIE U HE OTCOPTUPOBAHHBIC
MECYaHO-TPaBUHHO-TAJICYHBIE OTJIOXKEHUs, 10 KOTOPBIM
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MEPEMEIIAIOTCS 3arpsA3HEHHBIE BOJBI C BOJOCOOPHBIX
IUTOIIA/Ie U BEPXHHUX HAANOWMEHHBIX Teppac. Ha psne
yaactkoB ~ OpeHOypXbs  3arps3HEHHE  JOCTHTJIO
BOJIOXO3AHCTBEHHBIX OOBEKTOB, YXYILIMB HX KadecTBO
BOJABI 33 CHYET TIOCTYIUICHHS TSDKEIBIX METAUIOB U
OpraHMYEeCKUX BEIUIECTB. 3arpsA3HEHBI JIOKKH W OBpary,
PAacCIOJIOKEHHBIE Y TOPOACKOM CBAJIKM U IPEANPUATHI
OpenOypra:  3aBoma PTU, Hedtemacnozasona,
Caxmapckoit TOIl, mnrunedadpuku «OpeHOyprekuii
Opoitnep» u np. [luprHa 10KKOB HEOOBIIAs, TAK OBPAr
Vpaz-T'unapae B caMOM IIUPOKOM MECTE HE MPEBBILIAET
70-80 M. Hamo mepekprITe HOTOKH 3arps3HUTENEH,
WHa4ye BOJBI BONO3a0OPOB YTPATAT CBOE KadecTBO,
0COOGHHO Ha HaANoiMeHHBIX Teppacax. OHH yxke
CeTrOJHs MMEIOT MUHEpaau3aluu A0 2,6 T/ M B HHUX
MIPEBBIIIEHBl HOPMBI TI0 JKECTKOCTH, XJIOPHIAM ¥ CYJIb-
¢daTam, o xemne3zy (> 10 mr/m), coequHEeHMIM a30Ta (10
62,0 mr/n NO?), ceneny (1o 5,2 MKI/i1), OKHCISEMOCTH
(mo 8,4 wmr/m O,). PexomeHmyercs HCIONB30BaTh

rIyOuHOM 4+5 M C MpOXOAKOH Ha €€ KPBUIbAX IBYX
SKCIUTYaTallHOHHBIX CKBa)XHH, KOHCTPYKIHUS KOTOPBIX
moka3zaHa Ha pucyHke 12. OO6e »3KcIDTyaTalliOHHBIC
CKBRXUHBI O00yCTpaWBaIOTCS, KaK COBEpILICHHBIE, U
OypsiTCsL Ha BCIO MOIIHOCTH BEPXHEI0 BOJOHOCHOIO
TOpU30HTA. B HEMOCPEICTBEHHOW OMM30CTH OT KaXKJIOU
CKB&XXHHBI NPOOYPEHBI IO KPYry 6 CKBaXXMH MEHBIICH
TITyOMHBI, BCE CKBAKHUHBI OOYCTPOEHBI 00CAJTHBIMHU KO-
JIOHHaMU TpPyO W CIleNHaNbHBIMH (GuiIbTpaMu. B 5 wu3
IIECTH CKBOKMH PEKOMEHIOBaHa 3aChIIKa MEJIKOTO I1ed-
Hs, C U3BJeYeHHUEeM 00caaHbIX Tpy0. OHa U3 6 CKBaKUH
obopynyercss  GUIBTPOM UM TpeAHa3HAUYeHa UL
BBINOJTHEHNSI HAOMIOZIEHNUH 32 ypOBHEM TPYHTOBEIX BOJ B
MPOIIeCCe OTKAuKU. OKCIUTyaTallMOHHBIE CKBAYKHHBI
Takke  o0opymyloTcs  (QHUIBTPOM B HHTEpBale
HECKOJIBKUX MeTpOoB. IIpy OTKayke MpPOWCXOJHUT BBIHOC
MECYAaHOTO MaTepHaja W3 BOJOHOCHOTO TOPU30HTA B
CBSI3U C pa3BUTHEM Cy((HO3MOHHBIX  ITPOIIECCOB.
OIHOBPEMEHHO C BBIHOCOM IIECUaHOIO MaTepuaia

pa3pa60TaHHon YCTaHOBKY COBMCUICHHOI'O OCYHIECTBJIACTCA 3aChbIlIKa MCJIKOTO HIC6H$I B 5 U3 mIecTH
TOpPU30HTAJIBHOTO u BEPTUKAJIIBHOT'O JApCHaxa. CKBa>XHH, BOKpPYT 3KCHJ‘IyaTaLII/IOHHOI71 CKBa>XHHBI.
KoHceTpyKiust yCTaHOBKM BKJIIOYAET JIPEHAXKHYIO KaHABY
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Puc. 12. KoHCTPYKIMS COBMEIIEHHOTO BEPTHKAIHHOTO U TOPH30HTAIBHOTO APEHaka C LENbI0 TIEPeXBaTa 3ar pA3HIOIINX BEIIeCTB:
a) B I1aHe, 0) B paspese: 1 — ropu3oHTaNbHAs FOPHAs BLIPAOOTKA C JPEHAXKHOI TpyOoil, 3amonHeHHas mebHeM; 2 — ApeHaxkHas Tpyoa
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¢ nepdopanueit; 3 — BEIBOAHAs TPYOa; 4 — IKCILTyaTalOHHBIE CKB. C IIOTPY)KHBIMU HACOCAMH; 5 — CIIeIMaIbHBIE CKB. C IEOHUCTON
3aChINKOM; 6 —HaOJIIOIaTeNbHAs CKB.-IbE30METP; 7 — MHTEpBaJIbI nepdopanuu GpuiibTpa B SKCIUTyaTalMOHHBIX ¥ HAOIIOAATENbHBIX CKB.;
8 — 3ymn¢ 11t c6opa 3arpsA3HEHHBIX BOX; 9 — oOcanHble TpyObl; 10 — EeOHKUCTHII 3a0IHUTEND.

D10 obecnieunBaeT (HOPMHUPOBAHHME MECYAHO-Tpa-
BUHHOTO (DMIIBTPa IKCIUTYaTAllMOHHOW CKBa)KWHBI, CHU-
JKAIOUIETO MHTEHCHBHOCTh CY()h(O3HMOHHBIX MPOLECCOB.
VYcraHoBKa 00ecrieunBacT MepexBaT MOTOKA 3arps3HCH-
HBIX BOJ IPU HU3KOW OJJHOPOJHOCTH BOJOBMENIAIOIINX
MTOPO/I.

BriBoabI:

1. Pa3zpaboTtana MoJens aJTIOBHAIBHBIX BOJAOHOC-
HBIX TOPU30HTOB, TIO3BOJISIONIAS IIPU PACIIOJIOKEHUH HC-
TOYHHUKA 3arps3HEHHS Ha CKJIOHE PEYHOH JOJMHBI, IPO-
BECTH JIOKaJIM3alluI0 B BUAC IJIAHUPOBKHM MCCTHOCTH U
CO3IaHUIO IIEMEHTHOI 3aBECHI, WU CTCHKH M3 TIMHOOE-
TOHA, IIPU ATOM BCKPBIBAETCS U NEPEKPHIBACTCS BCS MTPO-
HHUIIaeMas TOJIIA IJIacTa BIUIOTH 10 BOJOYIOpa.

2. Unes 3aIIUThI oT 3arpA3HEHUs
BOJOXO3SHCTBEHHBIX OOBEKTOB M BOJOEMOB CBSI3aHA C
UCITIOJIb30BAHUEM  €CTECTBEHHBIX M CO3J[AHHUEM
HCKYCCTBEHHBIX TEOXUMHYECKIX U THAPOANHAMUICCKAX
6apbepoB. PazpaboTaHbl yCTPONHCTBA M CIOCOOBI 3aLTUTHI
B0/103a00POB MPECHBIX BOJ OT 3arpsi3HEHHs B YCIOBHSIX
WX OKCIUTyaTalldd, C WCIOJIb30BaHUEM OapbepHOTO
NIPUHLIMIIA.

3. PazpabotaHbel cnocoObl HEMPOHHUIIAEMBIX KOM-
IUIEKCHBIX 0aphepoB MEXIy BOJ03a00POM IIPECHBIX H
IPCHa)XOM  3arps3HEHHBIX  BOJ,  HCKIIOYAIOIINE
MOCTYIUICHHE  3arps3HEHUH BOJIOXO35HICTBEHHBIE
OOBEKTHl M BOJOEMBI HAaXOMISCh B 30HE MPECHBIX BOJI.
Cucrema HaOmIONEHWH 3a SKCIuTyaTauueid Oapbepa M
PEXMMOM TIOA3EMHBIX BOJ PacCYMTaHA Ha JTUTCIBHBIN
IEpuoJa BpECMCHHU.

B

4. Pa3paboTaHHBIC YCTPONCTBA MPHUHIUIHAIBHO
OTJIMYAIOTCSI OT U3BECTHBIX. B OaphepHBIX TEXHOJOTHSIX
3aIUTHl BOJOXO3SMCTBEHHBIX O0BEKTOB PEKOMEHTYETCs
HIMpe MpUMeEHsTh Heopranuueckue xoaryisutel (FeCls,
Ca(OH),, Al,(SO4);) 1 nomumepHbie GIoKyATHTHL. KoMm-
TUIEKCHBIE 0apbepbl U YCTAHOBKHU [0 YJIABIMBAHHIO 3a-
IPS3HSIONINX BEIIECTB CIOCOOHBI 3all[UTUTh PECYPCHI
MPECHBIX BOJ U OYUCTHTH BOA03a00PHI U 3arpsi3HEHHbIC

CTOYHBIE BOIBl OT 3arps3HSAIOIUX KOMIIOHEHTOB.
Ilomansl 3asgBKM Ha COOTBETCTBYIOIIME IATEHTHI B
DenepanbHbli UHCTUTYT IIPOMBILIUIEHHOM
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