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TOMCKOI O OPJEHA TPYA0OBOIO KPACHOI'O 3BHAMEHH TTOJIMTEXHHUYECKOT' O
HMHCTUTYTA mnmenn C. M. KHPOBA

Tom 127, B. 1 . 1864

MbIlIbAKOBBIE BOObl XAPAIKYJIbCKO-BYTPAXTHHCKOTO
PYIAHOI'O NOJIA (3. CASIH)

H. M. PACCKA30B
(ITpeacraBnena HayuibiM CeMUHapoM Kadeapbt THADPOTEOJOIMH H MHIKEHEPHOI I'eOJIOrHH)

[Ipu aHanu3e pe3yJbTATOB THAPOTEOXHMHYECKHX paGOT, MPOBEACHHBIX
B 1958—1959 rr. B Mexkaypeube pp. A6akaH u Tamwrten Ha nomain Xapan-
KYJAbCKO-DyTpaxTuHCcKOTO pyAHOro nodad [lj, 6610 YCTaHOBJACHO IJsl 11eJ0T0
psAla BOAONYHKTOB (MOBEPXHOCTHLIE BOAOTOKH, HCTOUHHKH, (POHTAHHDYIOLIHE
CKBaXHHEBI, LITOJbHH) MOBBILIEHOE KOJMYECTBO MHBIUIbSKA — OT COTHIX
qoJei 10 5 me/a. DTorT PaKT 3acAyKHUBAET BHUMAHHS, IOCKOJBKY BOLBI
¢ colepxKaHHeMm JaHHoOro 3JjeMmeHTa ‘Gosee 0,6 me/a sABASIIOTCS JevyeOHBIMU-
MHHEpaJbHBIMHU; C APYTOi CTOPOHBI, HaJllluHe MBIIbSIKA B KOJUuecTBe HoJee
0,05 me/2 He NO3BOJSET HCIOAb30BATb MNPUPOAHBIE BOJALI AJSA ITHTHEBBIX
HY XK.

PacnpocTtpanensl MbIIbSKOBBE BOJALL Ha momaan okomgo 40 xm?
(puc. 1). CBOHM TNIPOHCXOXKAEHHEM OHHM OO0s3aHBI CYJab(O-apCeHHAHBIM
pyaaM XapalKyJbCKOro M DByrpaXxTHHCKOTO MeCTOPOKAEHHEl, TJIaBHOM
COCTABHOH YACTbIO KOTOPBIX SIBJAAIOTCH CYJAbL(GHIABI MEAH H apCceHUIbl KoOab-
Ta, HUKeJsd. POPMHUPYIOTCS MBHUIbAKOBLIE BOABl B OCHOBHOM 34 CUET HH(HIb-
Tpauun atMocepHnlX ocagkos. OO0 3TOM CBHIETE/NBCTBYET BeJAHYHHA HX
cyxoro ocrarka (He Gojee 300 me/a) u pe3yabTaThl pPeKHUMHBIX Hal.ai0e-
uufi [1]. TTo Mepe npoaBHKeHHst K MECTHLIM e€CTECTBEHHBIM JpeHaM BOb
oboramamTesd XHMUYECKHMH 3JeMeHTaMU 3a CYeT MpOILeCcCOB BHIlENAUHBA-
HHS M PACTBOPEHHH, UEMY CHOCOOCTBYIOT pacu/]eHeHHbH peabed U mpeodsa-
Aanue aTMoc(epHBIX ocalkoB Haj HcnapendeM. [To Beauunue pH (6,4—7,4)
BOABL paiiona OJH3KH K HeATpa/nbHBIM; N0 OOIIEMY XMMHYECKOMY COCTABY
necTpeie ¢ npeodbaajandeM TuipoxkapbouatHoro HoHa. OforaleHHe HX
MBILIBAKOM MOKET NPOHCXOAHTL IJIaBHBIM 00pa3oM 3a CYeT CJACAVIOUIHX
fpoueccoB: 1) oOblulOro (3a CyeT KHCJAOPOAAZ) OKMUCJAEHHS apPCEHHAOB
H pacTBOpeHHsI OO0pasoBaBLIMXCA NPOAYKTOB; 2) 3JEKTPOXUMHUECKOTO pa-
CTBOPEHHSI CMeceli apCeHHoB; 3) 3JEKTPOXHMHYECKOrO PACTBOPEHNs CMe-
ced apCeHMJOB H CY/Ib(HAOB.

1) Ilpn o6biuHOM OKMC/EHHH apceli 0B X0 PeaKUHil MOXKHO MpejcTa-
BHTb CAeAYIOUIHM o0pasom [4]:

4CoAsS + 130, -- 6H,0 = 4C0SO; 1 4H;As0,; man
3C0AS; 4- 90, - 14H,0 = Co;A305-8H,0 - 4H,AsO,.

OGpasyomwuyecst IpH 3TOM apceHarT H cyibdaT 06Jafa0T PasHHIHOR pactso-
pHMOCTbIO: 3pUTpUH GoJjiee YCTOIUHB, UeM cyabdaT; OAHAKO, H OH YACTHUHO
paspyuiaercst NpUPOAHBIMU BOAAMH. ’
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Puc. . 1—4— conepamHue MbllibAKa B BOde B mrefa: 1—1—10, 2—10—100,
3—100—600, 4—600; 5-— Touku onpo6GOBaHUs NOBEPXHOCTHHIX BOLOTOKOB H
HX HOMepa; 6 -— MCTOYHHKH H HMX HoMepa; 7 — onpoGoBaHKe CKBAXKHHEI B HX
HOMepa; 8 — (onTaHUpyOLWIas CKBAXKHHA W ee HOMED; 9 — IITOJLHH ¢ HOMepa-
MH TOYCK THAPOreOXHMHYECKOro onpoGopaHus; 10 — ueTBepTHUHBI aJ/MIIOBHI;
Il — aGakanckas CBHTA, HHMHHH TOPH3OHT: NJIardoQupel, KBapiessle nopdu-
PHTBI, MUHAATeHPE H X Ty(pl; 12 — TAWITLINICKAS CBHTA: MepreJu, H3BCCTHS-
¥H, B OCHOBAHHU CBHTHL MepreJu c npocaoaMu Ty$os; 13 — Tosoukorckas
CBHTA: TIeCYAHMKH M aJeBPOJHTH C MPOCJAOSMH TPABENHTOB, Mepredel, JAH3
Ma6POJOPOBONHPOKCEHOBBIX M 1Hala30BhIX MOPQHPHTOB, Ty¢oB, Tydodpek-
yuft ¥ MuHganedupoB; 14 — xapamKyancKasd cBHTA: JIOOPOJOPOBLiE TOPGUPUTHI
M HX TYdH, NJIaTHOKJI430Bhe NOPGHPHTH, Ty(PoOPeKYHH MHHAAIEKaMEHHBIE
PasHOCTH; 15 — BEPXHEMOHOKCKAs CBUTA: MOPPHPHTEL H HX Ty}, pasiHuHLE
0 COCTaBY CJIAHLBl, AJeBPONATH, NECYaHHKH, Ty(ONecuaHMKH, KOHIJIOMepaThi,
TYQOKORTIOMEePATEl, Tela PHQOTeHHHX H3BECTHSIKOB; 16 — HHAKHEMOHOKCKAS .
CBHTA! CIHJHTHL, AHa0a3bl, KepaTO(HUPb, KePATOCTHAUTL, METACIHIHTH, MeTa-
KepaTohHpH, peoKo HX TY®dEI, JHH3bL sllIM, KPEMHUCTHX CJAAHLER H HX Mpa-
MopoB; 17— aKKkoJIbCKas MHTPy3Hs: ra66po, AHOPHTEI, TaG06po-AHOPHTEL:
18 — reosioruueckne rparuub; 19 — TEKTORHYECKHE HapyLIeHHS.
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2) DyeKTpoxHMHUECKOe pacTBOPEHHe CMeceill apCeHH/OB . H3Y4aJoch
A. C. 1aacoHoM, KOTOpLIll yCTaHOBHJ (PakT o0orailleHusi BOAHBIX PacTBOPOB
3a CYeT 3TOTO Ipollecca 3JjeMeHTaMH, BXOAAUIMMH B COCTaB HCC/AeLyeMbIX
MHHepasioB. OH 3aMepuJ TaKKe BeJHYHIIY JEKTPOAHbIX IOTEHHHAJO0B I0-
ciaeaHux B cyabgatHoi cpene. [Tozanee JI. K. fIxonrtoBoi [5] Onlin ycra-
HOBJIeHB (PaKThl YCHJEHHS ITpOLeccOB OOLIYHOTO (3a CUET KHCJA0pOLa)
OKHCJIEHHS] HEKOTOPhIX apCeHUJOB NPH HaJHYHU HX CMecell MO CpaBHEHHIO
C MOHOMHUHepa/bHbIMK Npo6aMu. lI3MeHeHHe HMHTEHCHUBHOCTH OKHUCJIEHHSH
JI. K. SIxoHTOBa 00bsiCHSIET BJAUSIHHEM 3JIEKTPOXMMHUGCKHX NMPOILECCOB.

3) Oborauienue TpUPOAHBIX  BOJ| MBIIIBSIKOM MOXET TPOUCXOAUTH
TaKXe INPH 3JEKTPOXUMUYECKOM PaCTBOPEHHH cMeceH AapCeHHAOB H CYJb-
(puaoB. BO3MOXKHOCTb NPOXOKIEHHS 3TOTO Mpolecca Oblia YCTaHOBJIEHA
aBTOPOM B pe3yJbTaTe SKCNEePHUMEHTAJbHBIX HCCACJOBAHUH, ITPOBEIEHHBIX
nog pykosoacTsoM pouentos I1. A. Ynonosa u M. Il. Onyppuenox. IIpose-
JeHHBIe ONBITHble paboTHl MOXKHO NOApas3AeJUThb Ha IBa 3Tana. B TeueHue
MEPBOTO M3 HUX OBIIM ONpejeseHbl 3JeKTPOAHbIC MOTEHLHAAB apCEeHUIOB
(IIManbTHH, HHUKeJHH) noTeHunomerpom JII1-58 B mopmasibHOM pacTBOpe
XJOPUCTOro KaJjHsl 1o Meroiuke, npeasnoxexHsHod . B. Ceeurnnkosbia [2].
PesysbraTel H3MEpeHHN 110Ka3a/Jd, YTO BEJUYHHBI NOTEHHHAJIOB 3aBHCAT OT
BpeMeHH HaxOxK/JICHHS MUHepasa B pacTtBope. IlosToMy 3a 3TajoHHBIE, NO
npeaynoxennio I'. B. CeminukoBa [3], ObLIH B3SATBL CYTOYHBIE 3HAUEHHS
{raba. 1).

Ta6auna 1

PeaynbTaTel M3MepPeHUs 2JEKTPOJHBIX MOTEHUNAJOR APCEHHIOB B HOPMaJbHOM
pacTeope XJAOPUCTOro KaJiHs

3HayeHHe TMOTEHUHAJa N0 OTHOLIEHHIO K HOpMAJbLHOMY

BOJOPOIHOMY 3JEKTPORY Tpumenanse

MHHEPANLB]

BpeMst BpeMS CyToyHble 3HAaYeHHST BAEKT-

H3MePEeHHs UIMATLTHH HUKEIHH H3MepeHns POAHBIX NOTEHLHALOB CY/lb-
dunoe (mo I. B. Cge-

WIEHKOBY) MO OTHOLIEHHIO

7.2. 62, 1 43 10. 2. 62 K HOPManbHOMY BOLOPOA-

10.00. +118 + 17. 00. HOMY SJEKTPOLY Clenyio-
mue: nNHpUT-485 M8, ra-
JeHHT+- 160 w8, cohanepHr

8.2.62, 13. 2. 69, +120 wms.

10. 00. +126 +36 17. 00,

Ha BropoM aTame o6pasubl uCCAeNyeMbIX apCeHHiOB JAPOGHJHCH; U3
¢pakunn ¢ pasmepom 3seper 0,1—0,25 mm or6upanach upoba secom 10 2,
KOTOpasi OTMBIBanach 0T KapGOHATOB H MPOJAYKTOB OKHCJEHUS B PACTBOPe
YKCYCHOH KHCJIOTHI H B AMCTH/IIHPOBAHHOH BoAe. 3aTeM 3TH NPOGHl CMEHIMBA-
JIUCh NIONMAPHO ¢ aHaJorH4YHo 06paboTaHHBIMH [OPOUIKAMHU THPHUTA, TajleHHTa,
casepuTa ¥ MOMELIAJHCD B JIHTPOBHIE COCYAH C IPEABAPUTEbHO NIPOKHTIAUE-
HOH M OCTyXkeHOH 0e3 JocTyna BO3JyXa AMCTHJIHpOBaHHOH Bogo#. [locme
3TOrO COCYJbl OBIIH TILATEAbHO 3aKyNOPEHBI H OCTABJCHBH Ha MeCAUHbIH
CPOK, B TeU€HHe KOTOPOro nmpo6bl BOALI PErYJSPHO NepeMeniuBaauch. [as
yueTa KOJHYECTBA KHCJIOPOd, NONABLIETO B BOJY NPH BHECEHHH MOPOLIKOB
MHHEPAJIOB, YaCTh COCYJOB He 3aKyNODH/IH, a ONPENeJHIU COAepIKaHHe
B HUX HaHHoro rasa. OHo oKasa/nochb He3HaYnTeJbHLIM — MeHee | me/a;
3TO OHpeAe/]eHHE [AaeT BO3MOMKHOCTb YCTAHOBHTb, KakKoe KOJHUECTBO 3Je-
MEHTOB NEPEXOAHT B BOAY 3@ CUeT mnpollecca OOGLIYHOTO OKUCJEHHS H pa-
<TBOpeHHst. [lo ucTeuenuH MecsyHOro CpPoKa pacTBOpbl cHGBOHUPOBAHHEM
OTAEJH/IH OT TIOPOIIKOB U W3 HHX OblI MOJYYeH KOHIEHTPAT 1O METOAY
TIIH, nmpoananusHpOBAaHHBI 3aTeM KOJUYECTBEHHO CTMEKTPANbHBIM IYTEM.
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PesyapTaTel ananusa npuselenbl B Taba. 2. Ilpn paccMOTpEHHH ee MOKHO
BUJEThb, YTO B CJyyae PABEHCTBA 3/A€KTPOAHBIX MOTEHUHAJIOB apCEeHHAA
i cyiabduma (oneit 3) B BOAY Nepewlo NPUMEPHO OAUHAKOBOE KOJHYECTBO
ILHHKa ¥ KobOanbra ¢ HukeseM. QueBUIHO, 3/lech MPOI0 OOBIYHOE OKHCJIE-
e MHHEpPaJIOB 3a CuUeT KHCJAOPOAA4, MOMaBLIEro B BOJY NPUH BHECEHHH MO-
powikoB. VHaa kapTuHa na6/mofaeTcs Y MHHEPAJoB € PA3HBIMH 3JEKTPOA-
HBIMHM TOTCHLHAJJAaMM, HAalpUMep, B CMeCH LIMaJbTHH-NUPHUT. 3JeCh UETKO
BHJAHO mpeobiajiaHHe B pacTBOpe CYMMbl KoOaJbTa H HHKeJsl HajJ KeJe30M
H HH3KOE IO CPABHEHHIO ¢ JBYMs [EPBBIMH 3JIEMEHTAMU COJEepIKaHue
Mbiibsika. O6GBSICHUTE  3TO sIBJAEHHE MOYKHO JOBOJIBHO JICTKO, UCXOLSl M3
TEOPHH 5JEKTPOXHMHUYECKOTO pacTBOpeHHd. B JaHHOM cisydyae NpOTEKAIO-
lMe peaklUHH MOXKHO [PEICTaBUTh CXeMaTHYHO CJeAYIOIHM 0Opa3oM:

na avome (wmManbTun) — (Co, Ni) Asy;—6e—>Co®+, Ni? " 4 As

Ha KaToje (NHUpHT) —MeS‘—-}— 2 e—~>Me? 52—

Ta6aunpa 2

Couepmaﬂne XHMHYECKUX DJEMECHTOB B BOIAE MOCAC. MECAHUHOTO HAX0OKIECHHA
B HeH CMecel apPCEHMJOB H cy.nb(bu,u,on

N CollepaHHE 3NEMEHTOB B MK2/ A
OllbI- Cmech MOpPOIIKOR pH mocae
TOB OTIBITOB Asj Co| Ni| Zn | Pb| Fe
R .
1 Hlmanvan (126 xe), miput 6.6 1 1480]3700{ 592 | — | — | 400
(--485 u8)
2 HlmanpTtun, ranedur (4150 ug) 6,4 6160 | 3850 540 | -~ | 300 | —
g | Mwanmam, chanepnt 6,6  |4284 214|500 | 643 | — | —
(+120 us)

Honbl xobanbTa, HHKesi 1 Cepbl TOCTYNAIOT B PACTBOD, a MBIILIbAKA H KeJesa
GCTalOTCs COOTBETCTBEHHO Ha aHoje ¥ Kartofe. [TosTomy B onbiTe 1 nmeem
BBICOKOE COJlepXKaHHe CYMMBl HHKeJb - KOOAJbT U HU3KHE -— MBILIbAKA, 2Ke-
aesa. [IpucyTcTBHe ABYX NOCJHCAHRX 3/4€MEHTOB 0GYCIOBJECHO, KAK yIOMHHA -
J0Ch Bbillle, BJAHSHUEM KHCJIOPOAA, NOMABLIETO B BOAY NPH 3achilKe CMecei
MHHEDaJoB. B cayyae, ecan 3CKTPOAHBIT NOTeHUHAN Cyabdula OKaxkKercs
JoJiee HH3KUM, YeM Yy apcenuja, OyAetr HalJaI0AAThCsi 000ralenie pacTBopa
MBIIIbAKOM" U METaJ//ioM, BXOAfILIUM B cocTaB cyabduza. B stom ciayuae
BOABL 6YAYT 060ralarbCsl MBIUBAKOM TakzkKe M 3a CUET 3JCKTPOXHMHYECKOTo
pacTBOpeHUS cMecH apceluia M cyabguia. I[IpoBeleHHBIe 3KCNEPHUMEHTHI
I10Ka3aJH BO3MOXKHOCTb MPOXOXKACHHs HPOLECCOB 3JEKTPOXHMHYECKONO pa-
CTBOPEHHst B CMeCsSX apCeHUAOB H CYJb(PHUAOB, UYTO JeJdaeT BO3IMONKHBIM
HCIOJb30BAHHE THADPOrCOXHMHYECKOTO MeToAa A8 ITIOMCKOB CKDBLITOH CYJb-
(o-apceHHHOI MHHEpadu3allku.

YcraHoBaeHe (DakTa TNOBBILEHHOTO COJICPXKAHHSI MBIHIbSIKA B BOAAX
OMHCBIBAEMOrO paioHa TIO3BOJISIET IIOCTABHTb BONPOC O MPOBEACHHM 3/€Ch
foJiee meTadbliblXx paboT AN OKOHUATEJNbHOH OLEHKH OGajbHEOJOrHYeCKHX
CBOUCTB MBIIPAKOBBIX BOA. IIpoBegenne 3THX paGoT BBI3BIBAETCS TaKXKe
H TeM, 4To MHHepa/bHble MBIIIbSAKOBBIE BOAbl B npeaenax 3analHoit Cubupu
He OblJIM BbIABJEHbl, XOTS BO3MOXKHOCTH JJ15 UX 0OHAPYKEHHS HMEIOTCS — -
31eChb HepedKH Cy/ab(oapCeHHAHble MeCTOPOXK/ACHUS U BCTPEUaloTCs TaKkKe
apcenujuble. [Tpy AeTasbHOM H3yUeHMH MBILIBSKOBBIX BOJ IpexKLe BCETO
HEOOX0UMO H3YYHTh MX PeXHUM, IPOH3BECTH TUlaTeabHOe KOJHYECTBEHHOE
co/leprKanne MblIIbsiKa B BOXAX U HaMeTHTb MecTa JJIs YCTPOHCTBA KaNTax-
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HBIX cOOpyxKeHuii. B cnyuae nonyduenuss 6JaronpUaTHBIX Pe3y/IbTaTOB N0100-
HBEIE pabOTHE MOTYT SIBUTHCS OCHOBOH JJIS1 CO3JAHHUSI B 3TOH JIETKO JJOCTYMHOH,
IIOKPBITOH KeAPOBbIM JiecOM, 2KMBOIHCHOH CPeJHeropHoii MECTHOCTH 3/1paBHH-
Ubl ClelHaJbHOIO Ha3HaYeHHs.
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