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AnbOoTanusa

IIpencraBiieHbl Pe3yJbTaThl KOMILJIEKCHOIO JICCJIENOBAHNUA MiInTcogepskaliiero copbenra (VIC), mosydeHHOro B
pesyJibTaTe KIUCJIOTHO-BOAHOI 06paboTKy 06pasia TJIMHICTO-COJIEBOro IjIaMa — IpoMbIieHHoro orxona OAO “Be-
Japycerasnii” (Pecniyosmka Besmapyce). YcTaHoBJeH BelllecTBeHHbI cocTaB JIC; OCHOBHBIM INIMHMCTBIM MMHEPAJIOM
aBisgeTca T (65.2 mac. %). Onpenesena yaenabHas rmosepxHocTb VIC — (66 = 4) m2/r. Ilo MmHepaJOrnIecKoMmy
cocraBy JVIC oTHOCMTCA K TMIPOCJIIOANCTON rpyimme. VicesenoBaHa copOIMoHHas CIOCOOHOCTH maHHOro obpasua VIC
0 usssevenyio *'Cs™ 13 mpupoaHBIX BOM Pas3IMYHOr0 XMMUYECKOTo cocTaBa. IlokasaHo, 4To ocHoBHBIE MoHBI Ca’t 1
Na* nmpuponubix Boj, a Takske pH BOAHOTO pacTBOpa B MHTepBaje 5—9 He OKAa3BIBAIOT CYINECTBEHHOTO BJIMAHWUA HA
copbrio ¥"Cs™ UIC. Onpeneneno, uro VIC mpoABJIAgeT BLICOKYIO CeJeKTMBHOCTE IT0 oTHomeHmo K 2'Cs" mpu copbrmm
"3 BOAHBIX cpej, a moH K™ — ocuosroit konkypenT *’'Cs*. IIpn kouentparmu K* B BogHO# cpene Gosee 0.5 MoJtb /o1
copbuusa ¥'Cs* ma VIC mosnHOCTBIO mpekpariaeTca. YcraHoaeHo, uro VIC usenekaer *'Cs’ uz mpupomHeIx Boj B
2—4 pasa apderTuBHee, yeM KauHONTUIONNT IIInBepTyMHCKOTO MecToposkaeHud (UYurtuHckada o0, Poccusa), ko-
TOPBIfl B HaCTOAIIee BpeMs MCTob3yeTcs B kauecTse copbenta *'Cs™. Ilosyuennbie pe3yabTaThl CBUAETENLCTBY -
0T 0 BO3MOIKHOCTM ¥ [IEPCIEKTUBAX MCIIOJIb30BaHNA HakonuBIuxca B Pecnybunke Besapych 3amacoB IaImMHNUCTO-
COJIEBBIX IIIAMOB JIA Tosydenus VIC M nasbHeNIIero ero mpUMeHeHUs IJIS OYMCTKM BOAHLIX cpex oT 3'Cs*, a
TaKIKe PelleHNA PANa HKOJOTMYECKNUX MPOOJeM, BKIOUYaA peabuianTalyio pagioaKTUBHO 3arPA3HEHHBIX II0YB U
TePPUTOPUIL.

KiioueBbIe cJI0Ba: TIMHICTO-COJEBBIE IIIJIAMBI, MILIUTCOJePIKAImii copbenT, mpuponnas soga, ¥’Cs*, copbrma

BBEAEHME

OnHa M3 aKTyaJbHBIX 3a/ad PalMOHAJILHOTO
IIPUPOJIOIIONIb30BAHNA — pellleHye IpobJaeMbl yTu-
JMB3AIMM KPYITHOTOHHAYKHBIX ITPOMBIIIIJIEHHBIX OT-
x0m0B. B mporiecce nepepaboTEM KaJMiHBIX PYI,
KPYIIHbIE MECTOPOYKIEHUA KOTOPBIX HAXOOATCA B
Kanagne, Poccun, Pecnybauke Benapycs, I'epma-
uun, CIITA mu Vcnauum, HE3aBUCUMO OT cIIoco0a,
00pa3yTcsa KPYHIHOTOHHAYKHBIE OTXOIbI IIPOM3-

BOJZICTBA: TBEPAbIE TAJIUTOBbIE OTXObI U TJIMHICTO-
cogseBnle mamel (I'CIII). ITocnennne mpencTaBisa-
0T co00J1 B3BEIIIeHHBII 0CAIOK TJIMHBLI B HACHIIIIEH-
HoMm pactBope cojyeit KCl u NaCl. ¥YnenbHbri
Beixon I'CIII Ha OAO “Benapycbramnii” (Pecrry6-
auka Besmapycn) cocrasasger 0.6—0.7 M® ma 1 T
rOTOBOM HOpOAyKUMM. [JIMHMCTO-COJIEBbIE IIJIaMbI
CKJIAIMPYIOTCA B IIJIAMOXPAaHMUJINMINAX, KOTOPBIE
3aHMMaIOT Moanb Oosee 1100 ra s3emHONI IO-
BEPXHOCTM M BBICTYIIAIOT MCTOYHMKOM 3arpdas3He-
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HUS OKPYJKaIOIllell cpenbl, CJAEACTBUEM UYero sAB-
JAeTca yXyAIIeHye yCJIOBUIL KMU3HU 4dejioBeka [1].
ITo cocrosgumio wa 01.01.2019 o6beM HAaKOIJIEHHBIX
I'CIII B mnamoxpanmiumax OAO “Benapycbka-
Juit” cocraBisgeT OoJsiee 119 MJH T, 4TO ITO3BOJIAET
paccMaTpuBaTh MX KaK BTOPMUYHBIE TEXHOTEHHBIE
ChIpbEeBBIE PECYpPCHL.

C npyroif CTOPOHBI, IIOMCK, pa3paboTKa HOBBIX
U YCOBEPIIEHCTBOBAaHME CYILIECTBYIOIINX COpOILM-
OHHBIX MAaTePUAJIOB JJIA V3BJIEYEHNA PASVIOHYKIIN-
JIOB 13 BOJHBIX CpeJl — aKTyaJIbHOEe HallpaBJIeHNE
Hay4YHBIX JCCJIEOBAaHMII B CBA3UM € 0DOCTpeHMeM
PaAMOsKOJIOrMYEeCKNX MIPobJaeM, BbI3BAHHBIX Ha-
KOILJIEH/EM ¥ PACIpPOCTPaHEeHVEM PaIVOaKTUBHOTO
3arps3HEHNs B OKPYsKaIoOIIeil cpene, 0COGEHHO I10-
cJle KpPYyIHbIX aBapuii Ha YepHoObLIbCKOM AJC
(Yrpanna, 1986 r.) mu ASC “Dyrycuma-1" (Imonmns,
2011 r.). PacripocTpanenne paanoRykJmaos 2'Cs u
%Sr B IPUPOIHLIX BOAHLIX CpefaX CBA3AHO C MUX
BBICOKOJI MUT'PAIIMOHHOI CIIOCOOHOCTBIO [2, 3].

Bribop copbenTa omnpepesndeTrcsa He TOJBKO II0-
KasaTeyAMM CcopbImy pagMoHyKINAA, HO M €ero
SKOHOMIYECKOI 11e51ec000pas3HOCThI0 IPUMEHEHU,
KOTJla pedb MIET O Ae3aKTUBalNy DOJbIINX 00be-
MOB PaJMOaKTMBHO 3arpsA3HeHHbIX Boj [4]. B co-
BPEMEHHBIX TEXHOJIOTUAX OYMCTKU BOAHBIX CPEJ OT
137Cs*, ocmoBaHHBIX Ha mpoleccax copOIuM, ¥C-
comepskale B
CBOEM COCTaBe IJIMHICTbIE MMUHEPAJbl CTPYKTYP-
HOTO TuUra 2
COpOEHTOB IIpMMeHeHMe B COPOIMOHHOM IIpoliecce
[IPUPOJHBIX TJIMH O0DOCHOBAHO MX IIMPOKOOCTYII-
HOCTBIO, HU3KOI Ce0ecTOMMOCTBIO IIPU HAaJIMYIUN
KPYIIHBIX OCBOEHHBIX MECTOPOKAEHUII 1 dPder-
TUBHOCTBIO 0 OTHomeHmo K °'Cst [5-7].

IIOJIB3YKOTCA IIPMPOAHBIE TJIMHBIL,

1. B oTymmume OT CUHTETUYECKUX

JIzBecTHO [7—9], YTO MJJINUT C IJIOTHOCYKATBIMU
CJIOAMM ¥ PACIIMPEHHBIMM 30HAMM Ha MX KOHIAX
XapaKkTepusyeTrcsa HaMOOJbUIMK COPOIVIOHHBIMU
cBoitcTBaMy 10 oTHomeHnto K 2'Cs™ cpean rommu-
CTBIX MMHEPAJIOB CTPYKTypHoro Tuna 2 : 1. B pabo-
Te [10] ycTaHOBJIEHO, YTO OCHOBHBIMM MIHEpAaJaMNU
T'CIII aBnsAroTcA MJJNUT, KaJMEBBI IIOJIEBOW IIIIaT
Y TOJIOMMUT.

B cBsA3U ¢ BBIIIENBIIOMKEHHBIM OJHUM U3 IIEp-
CHEeKTUBHBIX HampaByeHuit yruamaanmm ['CII as-
JAeTCA NOJydYeHUe U3 HUX WIIJIUTCOINEPKaIlero
copbenTa (JVIC) mna ussmneudenna *'Cs’ uz BogubIx
Ccpel, 4TO oIpeJesiseT aKTyaJbHOCTb M HeoOXoam-
MOCTbH MPOBEAEHNA OAaHHBIX MCCJIEIOBAHUIL

ITens HacTOAIIEl PabOTHI — OIeHKA dPPEKTUB-
HocTy maBsedernsa ¥'Cs* us sogubix cpen VIC, mo-
aydenaslM 13 I'CIII OAO “Benapycbrasmii”.

SKCMNEPUMEHTAJIbHAS YACTb

B xauectBe 00bEKTa MCCJIENOBAHUSA VCIOJIB30-
BaH obpaser; I'CIII, oToOpaHHBI 13 IIJIaMOXPaHM-
auita Tpervero pynoynpasienua OAO “Besa-
pycbrasmit” (r. Cosmropcek, Pecniybsnka Besnapycs).
OCHOBHBIMM MMHEPAJIbHBIMU (Pa3aMy B COCTaBe He-
pactBopmMoro B Bogie ocaaka ['CIII aBiseTca WIINT,
JOJIOMUT ¥ KaJyeBbIJ II0JIeBOI IIIIaT, & ComepsKa-
H1e BojopacTBopuMbIxX cojselt KCl n NaCl cocras-
aser (5.4 = 0.3) mac. % [10]. B mauuoit paGore mo-
kasaHo, yTto I'CIII mMeloT HMBKYIO COPOIMOHHYIO
criocobHOCTh mpu m3ssedennyu 'Cst uz Bomompo-
BomHOM Boxel (. Mmuuck, Pecniybsmka Besapycs).
YBeauunTh COPOIMOHHYIO CIIOCOOHOCTH 0Opasia
I'CIII o orsomenuio  ¥'Cs™ nmpexmosnaraercs xax
3a c4eT ero oDoralfeHus MIJIMTOM IIyTeM yaajie-
HUA IIYCTOM NOpOoAb! (KapOOHATHBIX MMHEPAJOB —
JOJIOMMTA ¥ KaJbLNUTA), TAK M 33 CYET CHUIKEHUI
cozmepskaHua BopopacTBopuMbIX coJeil (KCl u
NaCl) u rumca.

O6paszern VIC nmonmyuann n3 obpasia I'CIII my-
TEM €ro KMCJIOTHO-BOJIHOM 06paboTKM COrJiacHO Me-
TOAVKe, npuBeneHHoit B [11]. B panmHoit pabote
IIpeJICTaBJIEH TaKyKe MMHEPAJIOTMYECKUI U XVIMU-
geckuii cocras obpasios I'CII u VIC.

Copbumonnble xapakrepuctmnkyu obpasios I'CIII
u VIC onpepesanu Ha IpuMepe COpOLMY MUKPOKO-
smaects ¥'Cs". YgenpHas akTUBHOCTL PacTBOPOB,
IIPUTOTOBJIEHHBIX C A00AaBJEHMEM pPaIMOaKTUBHON
metin 3'Cs*t, cocraBnana (5.2 = 0.3) - 10° Br/mam?.
Kunerury copbumn 'Cs* obpasnom VIC nsywasm
B YCJIOBMAX OTPaHNYEHHOTO O6’b6Ma Ipu TeMIiiepa-
Type (20 = 2) °C, ucnosnb3ysa I OPUTOTOBJIEHUA
paamoakTuBHOro pactsopa *’Cs™ Bomonposommyo
Bony I. Mwuncka. Haeckn obpasua JVIC wmaccoit
0.100 r momeraaM B HEeHTPUQPYKHBIE TTPOOUPKU U
nobaBisay B Hux mo 10 cm® PangroaKkTUBHOIO pac-
tBopa *'Cs*. Ilomy4eHHBle CycrleH3UM MepPUOJVi-
YecKU IepeMelnBaJji. YUepes 3aJaHHble IIpOMe-
sxyTru Bpemenu (0.25, 0.5, 1, 3, 5, 10 u) orgesnanu
SKUIKYIO (pa3y OT TBepHoi IIyTeM (PUJIbTPOBAHUA
yepes3 OyMasKHbI PUIBLTP “cUHAA JeHTa” C Ipen-
BapUTEJbHBIM IeHTpudyruposanuem (15 wmuH,
6000 o6/mmu). JaJspHeNINne HKCIEPUMEHTBI II0
copbrm ¥'Cs* npoBogmsu mpy Tex ke ycJIOBUAX
C y4eToM BpeMeHM, HeoOXOAMMOro IJIf JTOCTIKe-
HUA paBHOBecUs B cucTeMe “‘copbeHT — pacTBop’.
B nonyuennom QuiabTtpaTe onpenenanu yresb-
Hyo akTuBHOCTL *'Cs™ mpsambIM crexTpomeTpu-
YecKMM METOJOM II0 JIMHMM C DHeprueil KBaHTa
EY = 662 k9B c ucnonab30BaHMEM YHUBEPCAJBLHOI'O
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criekTpoMeTpudeckoro Kommekca PYC-91M (OO0
HIIII “Toza”, Poccua).

TTpu usyuenun copbipm B'Cs* B kawecTse sxuy-
KO (pa3bl MCIIOJIb30BaJM MOJEJbHbIE U IIPUPOLI-
Hble 00pa3I[bl BOAHBIX CPEJ C Pa3HBIM COJIEBBIM CO-
CTaBOM, BOJIOIIPOBOAHYIO Boxy T. MuHCKa cienyro-
miero cocraBa: pH 7.8, obmaa MmHepammsanusa
294 mr/mm°, obmasa IesodHOCTL 3.1 Mr-sKB/AM®
KounenTparma katuonos Ca®*, Mg*", Nat, K co-
craBasger 54, 17, 8 u 4 mMr/aM° COOTBETCTBEHHO.
Onpeesiam ONTUMAaIbHEIE yesoBusa copbiym ¥7Cs™
(pH BomHOM cpenwl, mosa obpaasia copbenta). s
[IOJIyYeHMsT HeOOXOAMMOro 3HaueHns pH npumMeHamn
0.1 M pacrsoper HCI 1 NaOH. Ilepen Hagasiom sKc-
[IEPUMEHTOB B PACTBOPBI BHOCUJIM MHIAVKATOPHbLIE
komaectsa *'Cs* u BoinepsskmBas He Menee 1 cyT
JUIA YCTAHOBJIEHUA PAIMOXVIMUYIECKOIO PAaBHOBECHA.

MopesnbHble pacTBOPBI TOTOBIMIIM PACTBOPEHMEM
HaBECKU COoOoTBeTCTByWINuxX HuTpaTtos Ca(NO,),,
NaNO, u KNO, kpaymdpurarmm “X. 4.” B BOZOIPO-
BOJTHOJ BoZle. DKCIepuMeHTsI 1o copbum ¥'Cs™ s
MOJeJIbHBIX pacTBopoB ¢ pH 6.9 mpoBoguim B cTa-
TUYECKUX YCJIOBUAX IIyTEM IIepPeMeIBaHA HaBeC-
K1 maMesibueHHoro obpasia VIC maccoir 0.100 r ¢
20 cM® pacTBopa B TeueHue 4 u.

Crenens copbumu ¥'Cs* (S, %), xosdpdpurment
pacupenenerna *'Cs* (K, nm®/kr) n roagppurm-
ent ounctrn (K ) paccunteiBasim no opmynam:

Ay~ A
S=—"2 100 % (1)
4,
A, — A 1%
K=——58 (2)
A m
P
4
K.= " 3)

rne A, Ap — JMCXOJHafA U pPaBHOBeCHas yJeJbHasd
akTuBHOCTL *’Cs* coorBercrBenno, Br/mm®;, V —
obbeM KMaKoi pasbl, AMS; m — Macca 06pasLa, Kr.

PE3YJIbTATbl U OBCYXXOAEHHE

TonuHucTBIE MUHEpPAJIBI, MCIOJb3YEMbIe JIsA
ouncTEy npuponsex Box ot B'Cs", pasmuarorca
CBOVMIMM TEKCTYPHBIMIU ¥ COPOLIMOHHBIMM XapaKTe-
pucturkammu. B paborax [7, 12, 13] morkaszaHo, 4TO
COpOILIMOHHBIE CBOJMCTBA IVIMH HAIPAMYIO 3aBUCHAT
OT COJEpsKaHUA B HUX T[JIMHUCTBIX MUHEPAJIOB U
CTPYKTYPHBIX OCOOEHHOCTell IocyenHunx. B pabo-
Te [11] ycTaHOBJIEHO, YTO COAEpPKaAHME WJILJINTA
(65.2 mac. %) u ymesbHASA MOBEPXHOCTD (66 * 4 m2/T)
obpasua VIC Beiiie B 1.4 n 2.4 paza COOTBETCTBEHHO,
ueM A obpasia I'CIIL

i1 OLIEHKM TEeXHOJIOTMYECKNX CBOMCTB COPO-
IMOHHOTO MaTepuaja HeoOXOAVMMbBIM KpUTEPUEM

SHes™), %
100 o o o °

80
60
40
20

Puec. 1. 3aBucumocts crenenu copbumu (S) ¥'Cs* obpasuom VIC
oT BpeMeHnu (t) 13 BOZOIPOBOAHON Boab! (r. Muuck, pH 7.8).

KpOMeE CEJIEKTMBHOCTI CJIY3KUT CKOPOCTb COPOLu-
OHHOrO Tmporiecca. JlaHHBI MapamMerp [03BOJIAET
onpenemnts sdpdekTrBHOe BpeMma copbipm PCst
Ui oDecriedeHusi [OCTATOYHOM CTEIeHU ero u3-
BJIeUeHNs cOopOeHTOM M3 BOAHBIX cpen. Ha puc. 1
IIpUBeZieHa 3aBUCUMOCTE cTereHy copbrmm 2'Cst
(S) n3 BomomrpoBomHO BOab! (T. MuHCK) 00pasiiom
JIC oT npomoJnKuUTeIbHOCTY KOHTaKTa TBEPHOil U
SKMIKOM pas.

Bupgno, uro Hanbosnee GnicTpo copbumsa 2'Cst
MIPOTEKAeT B Ha4YaJbHBIA epuoj BpeMeHn. dopma
KMHETUYECKOl KPUBOJ [OKa3bIBAET, YTO CTEIEHb
copbium ¥'Cs"™ 3a mepsble 30 MmH mporecca BO3-
pacraeT, 0 4eM CBUIETEJLCTBYET PE3KUI IIObEM
KPUBOIL. 3aTeM TeMII ObICTPO CHUYKAETCS, I KPUBAS
BBIXOJMUT Ha ILJIATO, COOTBETCTBYIOIEE YPOBHIO
MakcuMasbHOH copbumm 'Cs’. Yeranosmeno (e
puc. 1), uro sdpderTuBHOE BpEMs [IOCTUYKEHI
MaKCUMaJbHOH cTermern copbuum ¥'Cs™ (99 %) me
MpeBbIIaeT 1 4, mocJje 4ero HacTyIlaeT paBHOBe-
cne, n comepexamme 'Cs™ B BomompoBozmmOit Boge
HE U3MEHSIeTCH.

Viccnenosarne copbrm 3'Cs™ us Bomomposos-
Hoii Bozbl T. Muucka obpasnamvu I'CIII u VIC (06b-
em pactsopa 10 cm?®, macca o6pasria T'CIIT wm VIC
0.100 r, Bpema copbuum 4 u) MokasaJo, YTO BeJM-
uyHbl Koa(uimentos pacnpenenenns (K,) *'Cs”
IJIA JaHHBIX 00pasloB cocTaBiadioT (503 = 48) u
(9700 = 520) om®/kr coorBeTcTBeHHO. IIpN cpaBHM-
TenpHOM aHaymae Besmune K, 'Cs™ pua obpas-
nos I'CIHI u JIC ycTaHOBJIEHO, UTO B Pe3yJibTaTe
KICJIOTHO-BOZIHOM 00pabOTKM MCXOIHOTO o0pasia
I'CIII copbuma ¥"Cs™ us BomompoBogHOIT BOIBI BO3-
pocia B 19.3 pasa.

3uauenue pH BomHOrO pactBOpa — OAVMH U3
BaYKHBIX [1aPAMETPOB, BIAUAKINNX Ha BeJnuuny K,
PaIMOHYKJINIOB B cucTeMe “copOeHT — BOJHBIN

pactBop” [14]. IIpupoaHble BOABI (IIOBEPXHOCTHLIE
M TIOA3eMHbIe) pas3iandaloTcsa He TOJBKO IO cocTa-
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Puc. 2. BaBucumocts koadurmenra pacnpegenesns (K,) ¥'Cs*
naa obpasua VIC or pH BomaOoro pacrsopa (o0beM pacTBOpa
10 em®, macca obpasna VIC 0.100 r, Bpema copbuum 4 u).

By, HO U TI0 KMcJoTHOCTH. B paborax [15, 16] mo-
Kas3aHo, 4To pH MoBepXHOCTHBIX BOX K0JebJeTesa B
npegesax 6.5—8.5, a MOoA3eMHBIX BOJ — B MHTEpPBa-
age 0 < pH < 12, HO B OOJIBIIIMHCTBE CJIy4aeB CO-
craBJsser 6.0—8.5.

VlccnenoBanne BamuaHma pH BoxHOro pacrsopa
Ha Besnranny K, '¥'Cs" nposesiero B nuanasone sua-
wennit pH 5—9. Ioxydennas saucumocts K #7Cs*
s VIC ot pH BogHOrO pactsopa, IPUroTOBJIEHHOTO
C MCIIOJI30BaHMEM BOJOIIPOBOJHOM BOABI, IIpUBEe-
Ha Ha puc. 2. Bugno, uro K, 137Cs™ mesmaunrenbHO
U3MEHAETCA B MccyenyeMoM auanasoHe pH u co-
craBnsger B cpegreM 9700 am/Kr.

Hosza copbenTa, xak u 3HadyeHrme pH BoxHOTO
pacTBoOpa, ABJIAETCA BasKHBIM IIapaMeTpOM, KOTO-
PBINl HEOOXOAMMO YUYMTBIBATH IIPM BBIOOpE ONITH-
MaJbHBIX ycaosmit copbrym ¥7Cs®) Tar xax srto
BJINSIET HA CTOMMOCTD IIPOIIECCa OYMCTKM BOJHBIX
cpen. B oToit cBA3M MJIA OILIEHKM 5(PPEKTUBHOCTHU
usBneuerna *'Cs" u3 BomHBIX pacTBOpoB 06pas-
rom VIC nccenenosana copbuus ¥'Cs* ns sogompo-
BOJZIHOJ BOJZIBI NPV BapbMPOBAHUM J103bI COPOEHTA B
muarazode ot 0.5 mo 10 1“/,an3 Y IPOJNOJIKUTEIIBHO-
ctu copbimn 4 4, TOCTATOYHOI AJIA yCTaHOBJIEHMA
paBHOBecus B cucteMe “copbeHT — pacTBop” (puc. 3).
VI3 mpencraBieHHBIX JaHHBIX CJIEAYeT, YTO MaKCU-
MaJbHbI Koddurment ounctu (K ) BOZOIPOBO-
nHoit Boaw! ot ¥'Cs* mocturaercs mpu moze obpasia
JIC ne menee 4 1/ nM® u cocraBisier 98. B masbHesi-
X 2KcrepuMenTax 1o copbmm ¥'Cs* ns BomabIx
cpen ucnosb3oBasm n03y VIC, paBHyo 5 r/mve.

CoryacHo pmaHHBIM pabot [7, 17], B IpMpoaHBIX
BOJHBIX Cpelax JasKke C OTHOCUTEJIbHO BBICOKMM
YPOBHEM paIMOaKTMBHOCTM KoHIeHTpammsa °'Cst
3HAUMTEJLHO HIDKe KOHIeHTpauuii monoB Ca?®,
Mg>*, Na¥, K*, XxapakTepHbIX /I TPUPOIHBIX BOJL,
OCHOBHBIMI MOHAMM IPUPOJHBIX BOJ CpPeny OIHO-
U IByXBaJIeHTHBIX MOHOB sABIaAoTca Nat u Ca®" co-
OTBETCTBEHHO. Kaymii, Kak reoXuMmiecKuii aHaJjor

Koy, OTH. €.
100+
80
60
40
204

T T

0 2 4 6 8 10

Jloza copbenra, r/zLM3

Puc. 3. 3aBucumocts koadgdunmenta ouncren (K ) ot moasr VIC
(o6bem pacteopa 10 cm®, macca obpasma JIC 0.100 r, Bpemsa
copbiyn 4 u).

4’ Q—W‘QQ:?

1gKy (Kq B MOJU;/IJ;M?’)

0 T T T 1
-4 -3 =2 -1 0

12[Co] ([Cp] B Momb/mn®)

+ + +
—o0— Na +Ca2 - K

Puc. 4. BaBucumocts koadduimenta pacnpenenerus (K,) ¥Cs*
nas obpasua VIC or koruenrpanuu [C,] nonos Ca®*, Na® u K*
B MOZIEJIbHOM PacTBOPE B JIOTAPU(PMIYECKNX KOOPIMHATAX.

Ile31s, CYLIEeCTBEHHO BJmMsAeT Ha copbmmio *'Cs’
[JIMHUCTBIMY MUHEPAJIaMU CTPYKTYpPHOro turma 2 : 1
[7, 17]. B 270t CcBA3M IJIA OIIEHKM CEJIEKTUBHOCTU
obpasua VIC 1mo OTHOIIEHUIO K 1B7Cs* ycesemoBano
BJIIAHIIE KOHHeHTpaHI/If/’I IIPUCYTCTBYIOILIIMX B BOXJ-
HBIX cpefaxX KOHKypupyoumx monos Ca®*, Na' n
K" ma copbrumonnoe nssneuenne ¥'Cs™ us Bogubrx
PacTBOPOB.

B mponecce copbimm P¥'Cs™ uz momesnbHBIX pac-
TBOPOB 3Ha4eHue pH He M3MeHANIOCh. ¥ AeJibHAA aK-
tusHOCTb *'Cs’ B mexommoM pactBope cocrassAa
(5.2 = 0.3) - 10% Bx/mmM®, uTO SKBUBAJIEHTHO KOHIIEH-
tpamvm ¥'Cs™ B pactsope (1.2 = 0.1) - 1078 Mo/ mm®.
Ha puc. 4 npusezena sasucumocts K, ¥'Cs™
obpasua VIC or kounertpampm ([C,], moss/mm®) mo-
HoB Ca?*, Na™ n K* B MomenbHOM pacTBOpe B JI0Ta-
pudMITIeCKMX KOOPAVHATAX.

BuzHo, 9TO Ha CeJIeKTUBHOCTE n3Byedenns 5'Cst
obpaznom VIC nHamboJiee CyIllleCTBEHHOE BJMAHUE
Cpeau M3yYeHHBIX MOHOB OKa3bIBAET MPUCYTCTBUE
B pacTtBope K*, 0coBeHHO mpy €ro BBICOKMX KOH-
nearpaimax. Oopaser VIC cesekTMBHO copbupyeT
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TABJVIIA 1

XyMu4gecknii coctaB 06pasioB NIPUPOSHBIX BOJ

ITokasaresnb Obpasery
1 2 3
pH 7.8 7.4 7.1
Obf1asa MuHepaI3aLud, MF/,/:[M3 294 1950 6652
OBII[as IIIeJI0YHOCTD, MI-BKB/IM® 3.1 4.3 70.1
Cojiep:KaHye MOHOB, MT/IM:
Ca®* 54 475 121
Mg** 17 53 87
Na* 8 18 1754
K* 4 5 32

Y1Cs™ us mopmessHOrO pacreopa npu [CyJ(K*) B Hem
meHee 1 MMoJB/AM?, a TIpU [CO](K+) = 0.5 Mot/ v
copbrma *'Cs* ma VIC mpakTuyecky IOJHOCTHIO
[pekpalaerca. Biausnne KOHKYPUPYIOIIUX MOHOB
Ca?*, Na™ u K* ma mepepacnpenenerne *'Cs* B
cucreme “VIC — npuponHasa Boja” M3ydeHO Ha 00-
pasiiax BOJOIIPOBOHON ¥ IOJ3EMHBIX BOJ C pa3-
JUYHBIM XUMMUYecKuM coctaBoM (Tabs. 1). Obpa-
3er; 1 (BomompoBoxHada Boxaa, I. Munck, PeciyGimka
Besapych) xapakTepusyeTcs HU3KO0 MUHepaJ nsa-
umeit, B obpastie 2 (Boga U3 MOA3EMHOI CKBaYKUHBI,
Burebckaa 06a., Pecniybomka Besapycs) mpeobaa-
nator nousl Ca®", a obpaszer] 3 (Boja M3 MOA3EMHOIT
ckBasKkMHEI, I. Bopsxkomu, I'pysns) xapakTepusyer-
ca HambOJIbIIIE) ! MUHEpaIM3alIyeil cpean 0oTobpaH-
HBbIX 00pas3Il0oB M BBICOKON KOHIIEHTPAIMell MOHOB
Na* mo cpasrenuto ¢ monamu Ca®" (cm. Tabi. 1).

B TabJa. 2 mpuBeneHb! 3HaYEHNA KOIPPULIMIEHTA
pacnpeznenesnsa K, “'Cs" nua obpasua VIC npn
copbrym ¥"Cs* usz mpupopmsbix Boz. Iua cpaBHe-
HyA 3HaveHnit K, B aHaJIOTMYHBLIX yCJIOBUAX IPO-
Bomun copbrmio ¥'Cs’ Ha IPUPOIHOM KJIMHOIITH-
Jgoaute IlluBepTyMHCKOTO MecToposkIeHnsa (Hmu-
TUHCKas 00J1., Poccus), NCIIOIb3yeMoM B HACTOALIIEE
BpeMa B KauecTse copbenra *'Cs* [6, 18].

CorJytacHO TIOJIyYEHHBIM pe3yJbTaTaM, cOpOI(is
137Cs* wus mpupozmeix Boj Ha JIC mpoTekaeT B
2—4 paza adpeKkTuBHEE II0 CPABHEHUIO C IIPUPOJI-
HBIM KJIMHONTUJIONUTOM. CpaBHUTEJIbHBIA aHAJU3
JIaHHBbIX (cM. puc. 3 u Tabs. 1, 2) moOKa3bIBaeT, YTO
OHNM He IPOTUBOpEYaT APYT APYLY U MMOATBEPIK-
natoT ToT akT, uro mouel Ca’" u Na' me oxasbi-
BAIOT CYIIIECTBEHHOTO BJMAHMUA Ha copbumio *'Cs™
3 IpUPOAHBIX Box obpasiom VIC.

Taxum obpaszom, VIC, mosyuennsiit n3 I'CIII OAO
“Besnapycbrasmit”’, ABigeTca 3(pPeKTUBHBIM COpOeH-
Tom nuis nsBaederns 'Cs’ us mpupoambrx Bog. Kpo-
Me TOrO, BOBMOKHBIM HAIIPABJIEHVEM E€T0 VCIIOJIB30-
BaHMA MOYKET CTaThb peabuimTaiysa 3arpsA3HEHHBIX

TABJVIIIA 2

3nauenns Koodduimenta pacupegenenna K, ¥'Cs*
IUIS MILTTUTCOJIePAKAIIIET0 COpOeHTa
VI IPYPOTHOTO KJIVHOTITUIIOATA

Cop6enT K, (**"Cs™) - 10° obpasua, am®/kr
1 2 3

JVIlnmurconepsxarumii 192 0.6 188 =0.7 85 +=04

copbeHT

ITpuponubIi 88 =04 69 =03 21=01

KJIMHOIITUJIOJIUT

137Cs reppuropmit nna cHmpxenns mepexoma 7Cs”
3 TIOYBBI B CEJIbCKOXO03ANCTBeHHbIE PACTeHMA.

3AKITFOYEHME

B pesysnbraTe NOpOBEeNEeHHBIX JCCJENOBAHU
nokasano, yro I'CIII ABiAOTCA IEepPCHEeKTUBHBIM
MaTepyraJsoM IJid mosrydeHns us Hux VIC, KoTopblit
MOKeT OBITb MCIOJb30BaH JJA 3(QderTuBHON
ourcTEM mpupomsbLIX Box oT ¥'Cs*. Yeramosmeno,
gro mpu copbuym ¥'Cs™ uz BomomposoHOM BOABI
(r. Muuck) obpasnom VIC BpeMa HOCTUIKEHUA paB-
HOBecUdA B cucTeMe “copbeHT — pacTBop” cocTaB-
Jasetr He Oojyee 1 4. Omnpegneneno, uro VIC mpoas-
JIeT BBICOKYIO CEJIEKTMBHOCTH II0 OTHOIIEHUIO K
137Cs™ npu copbrum u3 npupoaHbIX BoA, a Mo K*
ABJIIETCS €r0 OCHOBHBIM KOHKYpPeHTOM. IIpy KOH-
nentparmu K B BogHo# cpese 6omee 0.5 moab /am?
copbrma ¥'Cs™ ma VIC mpakTUYecKM MOJHOCTLIO
npekparmaerca. PaspaboraH mpocToil criocod mo-
muduraruy ['CIII, BrIIOUAOINiI €ero odoraleHne
WUJIJIATOM U CHMKEHME COJIePsKaHNUA BOJOPaCTBOPY-
MOTO KaJudA. OTO II03BOJIMJIO YBEJUYUTH COpPOLV-
OHHYIO CIIOCOOHOCTBb MaTepuaJja II0 OTHOIIEHMIO K
137Cs* B 19.3 pasa u momyunrs VIC, sdpderTns-
HOCTBb KOTOpOro mpu uasgedenmu *'Cs* us mpn-
POIHBIX BOA B 2—4 pasa BBIIIe, YeM KJIMHOIITUJIIO-
quta IMMuBepTynHCKOrO MecTOpo:kIeHUA (Hurtma-
ckada o0u., Poccus), mcrosnbp3yeMoro B HacTOAIee
Bpema 1A usBnedenus P'Cs*. Yeranossieno, 4To
ONTUMATBbHBIMK ycaoBuaMu copbrym *'Cs* us
OPUPOAHBEIX BoA ABaATcA: pH 5—9 u moza MC
He Menee 4 r/am® npu Bpemenu copbryy 4 u.
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