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NPEAKCIOBHE

B OcHoBHBIX HanpaB/leHHAX JKOHOMHUYECKOTO H COUHAJbHOrO
passurus CCCP na 1986—1990 roarr u ra nmepuox ao 2000ro-
za, npuasiteix XXVII cwesgom KIICC, nameuerel HOBBIE py-
OeKY pasBUTHs IBETHOH MeTajaypruy. B uuciae orpacaef,
pasBUTHE KOTOpHIX NMpEANoNaraercf OCYLIECTBJAATh omepexa-
IOIUMH TEMIIAMH, Ha3BaHa 30/M0TOL00bIBAIONIAS MPOMBIILIJIEH-
HOCTh. DTO CTABHUT Mepes] BhICLIEH WIKOJIOH 3ajauy YJAydIIeHHS
MOATOTOBKU CMENHAJUCTOB O METaJJyprud 0/1aropoiHbx Me-
ta/.108. lenp nacrosimero yue6HuKa — crocoGeTBOBaTh pemie-
HHUIO 9TOH 3aJayuH.

C MomeHTa BBIXOJA MEPBOrO H3AaHHA yuebHHKa NPOIUJIO
15 ner. 3a aTo BpeMs B METa/IyprHi GJaropoAHHX MeTaJ/JI0B
NPOU30ULTH 3HAYHTETBHHE H3MEHEHHS.

B oTeuecTBenHOH 30/10TOH3BJEKATEJbHOH MPOMMIIIJIEHHO-
CTH IIHPOKOE pacNpOCTpaHeHHe MOAydH/a1a COpOUHOHHAS TexX-
HoJsorug. ¥xe B TeueHHe muorux Jger B8 CCCP paboraer psan
NpeANpHATHH, HCIOAB3YIOWHUX Iponece copbiyy 30/0Ta HOHO-
OOMEHHBIMH CMOJAMH HENOCPEACTBEHHO M3 PYAHBIX MYJbIL
Ycrneltno pemreHsl  BOMPOCH  pereHepauid HOHOOOMEHHBIX
CMOJ, OcaxKIeHHs 3070Ta M3 NOonyuaeMmblx aJawaros. Haxomn-
JEHHBIH OMBIT CBHACTEABCTBYET O OOJBUINX MPEUMYLIECTBAX
copOuHOnHON TEXHOJOTHH.

3a py6ekoM J0BOJBHO MIUPOKO PACHPOCTPAHEH METOJ] Kyu-
HOTO BBHIIIENaYHBAHHS 30J0TOCOAEPKAUINK PYA, TTO3BOJIAIOUIHH
penrabebHo mepepabarbiBaTh Geanble pyan. Ha page npen-
npuATHil BHeApeH MeroJ copOuHH 30J0Ta H3 IYJLI ¢ TI0-
MOILIIbI0O AKTHBHEIX yraef,

He Menee ceppesnnle H3MEHeHHS IPOM3OULIH B METaJyp-
THH ILTATHHOBLIX MeTa./n10B. JlocTaTOYHO cKaszaTb, 4TO MHPO-
BOE NpPOH3BOJACTBO 3THX METAJNJ0B 32 nociaeanue 10 Jer moyrtH
YABOWIMChL. Pacuiupuinch HaUIH TpejcTaBAeHHs 0 (PHIHKO-
XHMHUECKHX 3aKOHOMEDHOCTIX IIOBENEHHs] NJaTHHOBLIX Me-
TaJJ10B IpU O0OTramieHHH H METaJIyprHYeckod Iepepaborke
cyAb®OUIHHX MeIHO-HUKeaeBbIX pyA. IIpH aTOM cyuiecTBenHbe
H3MCHEHHA NMPOM30ULIH U B TEXHOJOrHH H3BJEUEHUS IIATHHO-
BLIX METaJ110B,

Bo 2-m u3ganun 3T70ro y4yeOHHKA aBTOpPHl yAEJSIOT BHHMA-
fHe HOBLIECTBAM B MeETaJJIyprid OJaropojHbX METaJJo0B,
nogBuBmIHMcS 3a nocaennue 10—15 aer.

Yuebuuk COCTOHT H3 ABYX uyacTed: yacThb nepsas MOCBALIE-
Ha MeTaJsIypruu 30s0Ta M cepebpa, 4acTb BTOpas — Meral-
JYprHH TIIaTHHOBLIX METaoB. Kak W B mepBOM HU3J1aHHY,
TEXHOJOrHS U3BJIEUEHHS 30JI0TA H3 POCCHIIHBIX DY B y4eOHH-

£

Ke 1€ PaccMOTPEHA, MOCKONBKY 3TOT BOTPOC OCBELIEH B CO-
OTBETCTBYIOIIHX KypCax FOPHBIX H 0BOraTHTEIbHBIX CHENHAJDb-
nocredl. Yuureisasi 60/bIYI0 POJIb BTOPHYHOTO CBIDbSL B IIPOU3-
BOACTBE 0/1arOpOAHBIX METaJJI0B, yUeOHUK DOMOJHEH COOTBET-
CTBYIOLIMMH pa3jesaMi,

[To cpaBuennio c¢ nepsbiM usfandeM (1972 r.) yueGuug
NpaKTHYECKH MOJHOCTbIO TnepepaloTal M NOMOJHEH HOBHMHU
marepuanamu. B nepepa6orke npunuMany yuacrue: JI. B. Uy-
raes  (ra. [—III u VII—XVIII), B. ®. Bop6ar (ri. XX-—
XXV), M. B. Hukurun (ra. IV—VI); ra1. XIX Hanucana
JI. C. CTpHXKKO.

[Ipn oxonyarenpbHOH NOArOTOBKE YueBHHKA X H3IaUHIO
aBTOPHl ¢ 6/1aTOJAapHOCTBIO YUJIH PEKOMEHJAUHH U 3aMeudHns
PEuCH3eHTOB — MNpenofasartenieli kadeapsl Meranaypruu Gua-
FOpPOAHHX H peIXHX Merannos Kpacnospekoro Hucrurtyra
uBeTHbX Merasanos uM. M. M. Kanunura (sas. kKadeapoi
AOKT. TexH, Hayk npod. M. M. CMHPHOB) M KaHA. Texu. HAYK
B. B. Jloxeftunkosa. Asropn npusnareasasl T. M. Cuuopo-
BOH 3a TEXHHYECKYIO MOMOIIb B NMOAIOTOBKE PYKOMHCH K Te-
YaTH.



Hacrb METAJNJAYPIHS
nepaas 30JI0TA H CEPEBPA

Faoasa l

FJIABHEWIUUE UCTOPUYECKHUE 3TAIN bl
PASBUTUA METAJIJIYPTUU 30JI0TA H CEPEBPA

3ousoTo SIBISIETCST OQHHM H3 HEMHOTHX MeTaJuloB, HAXOASUIHXCS B NPUPOAE
B caMOpoAHOM cocTOsSHHH, KpynHble caMopoiKH H 3epHa 3TOro MeTaJla,
OTJHUAIONIHECS CBOHM 1BeTOM, GJecKOM H BHCOKOH NJOTHOCTbIO, NpHBJE-
KajJl BHEMaHue UeJOBEKa eme B Janekne BpeMena, EcTh OCHOBAaHHS CYH-
TaTh, YTO BO3HHKHOBEHHe /00bIYH 30/0TA OTHOCHTCA K JOHCTOPHYECKHM
BpeMeHaM, OaHako GoJsee HJAn MeHee TOYHHE CBEJECHHS N0 HUCTOPHH nOGBIYH
30J10Ta HMEWTCs HauyHHAasg ¢ ApeBHMX BekoB  (4000—B000 jer mo H.3.).
I3BecTHO, YTO 30J0TO B OTHOCHTEJbHO GOJBIIHX KOJHYECTBAX A0OHBAagOChH
accupufilaMy, BaBHJOHSHAMH, IPeKaMy M No3xe pHMJisHaMmH. Jlofblya 30-
JO12 B Ty 200Xy lpejcTaBasiia coboil oAHY H3 oTpacjell paGoBaajelb-
YeCKOrO X035ficTBa, B KOTOPOH HCNOJB30BAJH TPOMAHOE KOJHYECTBO pasdo-
uelf CHJIBI JUIsL BBINOJHEHHS HECJOMHBIX, HO TPYAOEMKHX olepandii mpo-
MBIBKH 30JIO0TOHOCHBIX [€CKOB, TOMYCHHA M HCTHDAHHA KOPEHHHX Pya C
nocJaeyiouel TPOMBIBKOH TOHKOH3MEJb4YeHHOTO MaTepHasa, TeXHHUeCKHX
npucgoco6aennit GbLIO HEMHOTO, TAK KAag HajHyHe JelleBOH, NPAKTHYECKH
1apoBoil pafoueil CMJAH He CTUMYJHPOBAIO ¥X OpHMeHeHHe, B apepHux
erHOeTCKHX PYAHHKAX BPYUYHYIO JAPOOHJH JOGBITHE 30J0THe PYIbl, A0H3-
MeJqpuand HX B KAaMeEHHBbIX CTYNax ¥ HCTHPAlIH MeXJAy IKEepHOBAMH #3
TBEpABIX FOPHBIX Nopoa. [Jas BrIeseHHA 30J0THHOK NPUMEHAJH NPOMBIBKY
Ha NPUMHTHBHHIX LIAIO3aX, HHOIJA Ha WIKYpPax KHBOTHBIX. B apeBHem
Erunte Guau U3BECTHH TPUEMb JIABKH 30JI0Ta Y Jaxe ero paQHHEHPOBAHUS
nocpencTBoM KyneanpopaHus. ITo-BugnMoMy, Gbli H3BecTeH clocob pasje-
JIGHHST CHJABOB 30J0Ta U cepe6pa pgeficTBHeM KHejoT. ECTb ocHoBaHHe cui-
TaTh, YTO JaXKe H3BJEYeHHC 30J0Ta PTYThbIO (aMaJbraMapis) OCYILecTBJsi-
Jaock yxe Gogee 2000 sger ToMy Hasaj.

OcHOBHEMH lieETPAaMH AOOHUH 3000Ta B JApeBHocTH Oblix: Adpuka,
(Bepxruit Erumer, Hy6us), Mcnanus, TeppuropHs coBpeMeHHOfi Benrpunm
¥ uvacTuuHo PyMuinmy, Boarapuu w [amuunu, EexoTopsle pafionnt Masofi
Asun. Kaskasa. MmeloTes cBegenHs o poGuiue B 370 BpeMs 3oqota B Ku-
Tae ¥ AMepHKe,

CepeBpo Takke OHIO H3BECTHO UeJI0BEeKY yKe B DIyGOKofl JIPEBHOCTH.
Cameic paHHHe pas3paboTKu cepefpa BedHch B BOCTOYHOR uacty Madoi
Asun B IV 1Hcsayenetdn go H.3. [ToznHee cepeGpsiHbIe MECTOPOMKIEHHS Das-
pabateieany B ApMenHs n Dakrphu (BepXHee u HHKHee TeueHHe AMy-
Hapea). Oroqo 500 et a0 H. 2. Hauagy paspaGoTKy cepeSpsIHO-CBHHIIOBBIX
pya B I'penuu. B TeueHHe HecKoJBKUX CTOJNETHH g0OGBIBaeMOe 37eCh cepelpo
CAYXKHUIO OCHOBOH 9KOHOMHYecKoro MoryuiecTBa Ad¢mna. B Gosee mosaHue
Bpemena (XII1—XV B.B.) cepebpo noGuiBasu B TpancuanBanus (PyMeHEA)
u Boremuy (Uexus).

C pasBuTHeM TOBapHOTO NPOH3BOJCTBA 30JI0TC H OTYACTH CcePebpo OpH-
ofpesy 3HaYeHHe MEHOBBIX SKBHBAJIEHTOB ¥ MEPH CTOHMOCTH, BBINOJHAA
(GVHKIHIO JieHer, 3TOMy CIocoGCTBOBAJIH TakMe WX CBoHCTBA Kak  JeJH-
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MOCTB, OJHODOAHOCTH, COXPAHAEMOCTh (XHMMUecKas CTOHKOCTL), BHICOKas
y/e/bHas CTOHMOCTE.

I cpeanue Bexa XO3SHCTBO MPHHANO B GOJBLUMHCTBC CJyYaen HaTy-
pAALHBIH XaDaKTep, H 3HAUeHHe TOBapooOMeHAa YMEeHLUIUJIOCD, ITostomy B
T¢HeHHe MHOTHX CTOJeTHH 3TOro NepHoia TeXHHKAa AoOmYH 3040Ta U ce-
pedpa HAXOJHJA4ACh HA CTAPOM YPOBHE, & B Drje CAYUaeB Aame oKasadllch
3a0BITHIMH NIDKHHE CNOCOOH pabotsl. BarecTe ¢ TeM clesyer oTMeT#Tb, uTo
MHOUIOU#AC/EHHbE PaboThi aIXHMHKOB B TO BPEMS NONOJNHHIH XHMHYECKHE
cBeJIeHHsA O cepefpe H 30JI0Te.

Jdmoxa BospoxaeHus XapakTepHsyercsi HEKOTOPHIMHU YCOBepLieHCTBO-
BaHHAMH B 00paboTKe Py1 H 3aMeTHLIM yBEIHueHHeM NOGHYH 30J0Ta U ce-
pedpa. Tak, GLLIY CO3/IAHBl YCTAHOBKY A5 A0GBIYH 30/0TAa THJIPABJIHYCCKOH
npoMuBKOH pocchinefl, B XV—XVI BB. 6ui0 BBejeHo MOKpO€ HaMeJbyeHHe
pyd B ToJquedX ¢ MNOCJAeAYIOlleH NPOMBIBKOH ¥ amaasramapueil,

Hobeua sonota Hayana paseHBateca ¢ XVI B. mocite OTKPHITHS AMe-
pukn, Oua sHauuTesbHO BO3pocaa B 1681—1760 rr., koraa o 3KCIIyaTa-
unio GblIM BOBJEYeHH Gorathie poceniny Bpasuanu. Tlpoussoncreo cepedpa
B TO BpeMs TaK¥kKe BO3DOCJAO B CBASH C OTKphiTHeM B MeKcHke, Boausau
u [lepy XPyHOHHX MECTOPOXIEHHH 3TOro MeTasia. Caegyownii  nepxox
NOBbILIeHUA A0GBYM 307072 Tpousowen B 20—50-e roan XIX B. B CBH3H
C OTKPHITHEM H HHTEHCUBHOH pa3paboTKofi Dsla POCCHIHBIX MeTOPOMKIe-
HHi B Poccun,

. 3HauATe bHbl NOABEM KaNHTAIHCTHYECKOTO X03siicTBa, pasBHTHe 1y-
Tell CoOOileHns], KPYNHeAIUHA NPoMBILIICHHELI [ePEBOPOT, BEI3BAHHHI [I0SB-
JICHHEM N4POBLIX JBHraTesell B MPOMHLLIEHHOCTH ¥ HA TPAHCIOPTE, OKH-
BHJIH TOPrOBHE OTHOLICHHS, HOSBHJCA GOJbLIOH CHpOC Ha JAparcuelinbe
METaIH H OCOGEHHO Ha 30J0TO, YTO IPHBEJIO K IOHCKAM U  OTKPHTHIO
HOBLIX KPYNMHREIX ero MecTopoxzaernfi. B 1848 r. Gorartefliiue pocchnube
McCTOpOMACHHA 30/0Ta Oblan OTKPHTH B Kamupopurn (CIHA), a g
1851 r.—B Ascrpamun. B Hesame (CIUA) 6bun o0HapyXeHn Goabline
3anacel cepebpAHBX PYyA.

OnHako yXe yepes HEeCKOJbKO JieT B 30J0TO100H BAIOILLH IPOMHIIJIeH-
HOCTH HACTYNAeT AENPECcCHsi BCJACACTBHE HCTOMEHS GOraThix 30.10THX poc-
cunefl. B 3ToT nepHoj HauMHAOT BBOAHMTL TEXHHYECKHE YCOBEDUIEHCTBOBA-
nud, MeXaHHSauus AoObIYM M IPOMBIBKH DPOCCHITEH MO3BOJAET BHJIOUHTL
B eKcayarauuio GejiHble POCCHITH, paHee CYHTABLINECH HeIPOMBILIIEHHLIMIL,
CTpOsiT MeXaHU3HPOBAHHbE TOMYEHHEE aMaJbraMalHOHHBIE dabpuxu mas
06paloTKy KOPEHHBIX 30J0THX pYI. Cyabduanee pyasl U KOHUEHTPATH
HE nojajammyecs o6paforke aMasnbraMauyes, [O/BEpramoT oxncnmenbnomy’
OGHHrY, U 30J0TO U3BAEKAOT XJopHHAuzel. Uacrs YIOPHEIX cyJabHIHREIX
PYM nmepepabaTHBAIOT HAa METAJIyPrHYCCKHX 3aBOAAX IJAABKON HA LITE:
C NOCJAE/IYIOIHM NePelesoM Ha MeTaJll.

Peskuf ¥ AJMHTeabHB MOIBEM 3040TOA06BIYH Hauaics B 90-e TOJbI
npomoro crosetus, koraa B I0xuoi Adpuke oTKPBLIM ¥ Hauam 9KCIAya-
Tantio KpymHeHUIEro B MHPe MeCTOPOMK/IEHHS KOPeHHBIX 30.10TOCOjepiKa-
WHX pyx — ButBartepepanj, no cHX mop Jamniee GoJbLIVIO yacThb MHPOBO#i
RoGbiyH 3040Ta. IIpuMepHo Torpa e Gblin OTKPHITH GoraTble POCCHITHHE
Mecropox/eHss na IOkone (Kanama) m Axsicke (CIOA). Bcekope, oaHaxo,
3TH POCCHIE OKA3aJHCh HOYTH MOJHOCTHIO BHPaBOTAHHEMM,

HcTomenne POCCHITHBIX MECTOPOKISHHA H OTKPbITHE MOLLHBIX 3a[ACOB
KOpeHHOro 30J0T2 NMOTPeGOBAJIO DPa3palOTKH HOBBIX, GoJee COBEPUIEHHEIX
METOAOB HM3BJCYEHHS DyaHOro 3osota. IIpeAnochliKn aJAs 9TOr0 HMENHCH.
B Poccun Barpathon (1843 T.) u HeMHOro mo3¥e B Ebpone 3uscuep
(1846 r.) u Dapazeir (1856 r.) usyuywan ycloBus PaCTBOpeHHS 30JI0TA B
Pa3GaBJeHHEX [HAHHUCTBIX DACTBOPAX M YCTAHOBMJH YYacTHe B 5TOM npo-
uecce kuciaopoaa Bosjayxa. G Tex NMODP HCCIENOBATENH H NPAKTHKH HeOHO-
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KPaTHO MNBITANHCh [pHMeHHTb LHAHHCTDHIE pacTBopbl AJA BhIllleJAYUBAHHA
30/10T4, OJHAKO, TOJMDKO B 1888— 1889 rr. aHrJHYaHe Max ApTyp u Opa-
Tpsi QopecT 3anaTeHTOBAIH crmocof BIIEIaunBaHHA 304074 HaHUCTHIMH
pacTBopaMy H oCaxkK/JeHHs: ero MeTa/JIHYeCKUM [IHHKOM. MMy e B 1890 1.
s70T crmocof Gn1 BIEpBhle peanusoBaH B IPOMBIIIIEHHOM macurrabe B
[OxHo#t Adpuke.

B Poccuu [HaHUCTHH mpouece cTaJH HCIOOMb30OBATE HECKOJABKO mo3Ke.
[Teppble LHAHHCTHE yCTAHOBKH GbIIK MOCTPOGHE! HA YpaJje B 1897—1898 rr.
HoBuiii npouecc OBICTPO COBEpIIEHCTBOBAJCS M BCKODE MoJy4HJI LIHPOKOE
pacnpocTpaneHue BO MHOFHX 300TOZ0CBIBAIOUIUX  CTPaHaX. OTKpHITHE
GoMbLIMX 3aMacoB KOPEHHBIX PYA B IOxuof Adpuke H CO3JAHHE unosol
nporpeccnm{oﬁ TeXHOJOTHH HX nepepabOTKH 03HAMEHOBAJH Haualo COBpE-
MeHHOTC 3Tama pasBUTH 30/10TOL06bIBAIOLIEH TPOMbILIJIEHHOCTH.

B XX B. MupoBas goGbplia 30J0Ta pasBHBaJach HepaBHROMEpHO. Temisl
ee pocrTa BCEUEIO 3aBHCEJH OT I‘OCYﬂapCTBeHHOI'/'I ¥ MeXIYHapOAHOH bu-
MaHCOBOH MOJNHTHKY BeayIHX KAMUTAJHCTHYECKHX CTpax M, B 7aCTHOCTH,
OT yCTaHABJIHBAEMHIX MOHONOJBHBIX [eH Ha 30J0T0. MaxrcuMAaJpHOTO ypOB-
HA fo6blua 30J0Td JOCTHIIA B 1966—1970 rr., KOTA& eIKeroqHo J106bIBATH
npumepro 1300 T 3TOrO metanaa (6es CCCP u cTpaH COIMAMHCTHUECKOTO
Jareps).

MpouspoacTBO cepefpa, HawdHAA C KOHUA TpoMULIore CTONeTH, pocao,
B OCHOBHOM, 3a CUeT H3BJEYCHHA 3TOrO0 MeTajna H3 CBHHILOBO-IIHHKOBBIX,
MEIHBIX H APYrHX PYA, OPH nepepa6oTke KOTOPLIX cepe6po  H3BJICKAETCH
HIOMYTHO.

B macrosilee BpeMs B KAMHTAJUCTHYIECKHX H pa3BUBAIONLEKCA CTPaHAX
eIKerogHo N0GHIBAIT OKOJIO 1100—1200 T 3o/0T2 H OKOJO 10000 T ce-
pebpa.
Ha TeppHTOPHH CCCP 30,0710 AoGHBAIK ¢lie B oTjAaJenHEe BpeMeHa.
QOjHaKO J0CTOBEPHBIX cpezenuit 06 oTOM MAaJo. O(pnuHaJleoﬁ patoft sa-
POKAEHUSA 30410T040CH BatoLIE [pOMBILIIEHHOCTH B Poccuy  CUHTAETCHA
1745 r., Korja KpeCTbsHHHA Epogesi Mapkop HEAAIEXO ot ExaTepuuGypra
(zbine CBep UIOBCK) HALIET KYCOK 30J10TOCOAEPIKAMIETO kpapua. Cnycri
ABa roja Ha MecTe paXofkH Obl1 CO3AAH nepBHi B Poceuu 30J10TOLO0B!-
patomail pyaHHK. OIHAKO no6e4a 30/10Ta B Poccyy elle JAOATO OCTABaNIach
BecbMa orpaHquHHoFl.

B 1814 r. clH ypaabCKOI'o macreposoro Jl. M. BpycHHUBIH (1784—
1857 rr.) NOJOKHI HAYaIo paspaboTke 30JI0TOCO A K AKX pocchlnet.
CoajanHble IM TpHEMbl NOHCKA y paspaGoTKy POCCHINHEIX MeCTOpOMASHUI
CoCOBCTBOBAJNH OTKPHTHIO 1 BOBJEUEHHI0 B IKCIUIyaTalldio MHOTOUHCJIEH-
HbIX pocchlueit Ypaaa, Aatas, Cu6upy, 3abalikanbi. Baarogaps 2TOMY,
Poccrs x 1820 r. CTaHOBHTCA TJIaBHOH 3070 ToA0OHBatOLLER nepHaBoil.
Qnnako yxe ¢ 1850 r. peaymas poib B n0Bblye 30J0Ta NEPEXOLHT K CHIA,
ABcTpadud, a No3aHee K IO xuofi AdpHKe.

B 10peBOJIOL HOHHO Poccuy A00blya 307073 HOCHIA KyCTapHbId Xa-
pakTep. PazpabarbiBaii B OCHOBHOM DOCCHIIH, paboThi BEJH HOYTH HCKJIIO-
YHTeJbHO BPYIHYIO. MeTOAH 06paGoTKH KOPEHHBIX PYA OTJIHYAIHCH HECO-
BEePLICHCTBOM. Kpynsbix (pa6puk H 3aBOJ0OB ¢ 3aKOHYCHHHIM nHKJaAOM obpa-
GoTkH OBLIO OueHb MaJo. Beauko O6blao BIHAHHC HHOCTpanHOTO Kanuraia.

T1pousBOACTBO cepebpa B LAPCKOH Poccuy 6bl1o BeChbMa He3HayHTeb-
HBIM H HEJIOCTATOUHBIM IJIS y4OBJETBOpEHAS AdKE BHYTPEHHHX HY.

B rogsl rpaxiaHCKOH BOfiHBl M HHTEPBEHLHH (1918—1922 r.r.) AoGhl-
ga sonoTa B Halle CTpane MOUTH [OJHOCTbIO IPeKPaTHIACH. OnHaxko B
rObl MEpBBIX NATHJIETOK B CBASH ¢ pHAyCTpHajH3anHed cTPAHLl H BO3pOC-
wieit noTpeGHOCTbIO B 30J0TE 30J10TasE MPOMBILIJICHHOCTE Gulna He TOJbKO
BOCCTAHOBJICHE, HO X nepeofopyAoBana Ha HOBOM TEXHHUCCKOM YPOBHE.
BoiH OCBOEHBl HOBBIC paﬁonm——Anﬂ.aH, Kosmbima, 3abaiKkaibe, BBISIBJACHB
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1n BBeAEHBI B 3KCIyaTaygHio 3anac
bl KOPEHHOIo 30J0Ta Cub
saxcrane, Ha Auarae u VYpaae II b Cubnpn, Ko
JIE. pennpym"mﬂ Ha QCCHI X
axeTa; POCCHIITHLIX  MECTO -
fm OMOS;ITJIOH a;{lﬁpeBooﬁpyH{eHH MapoBHIMH H  9MEKTPUYECKIMH ;Lpap:mf;
s pKo i Hp . Jlo6Huya 30/0Ta OBlJIa B OCHOBHOM MexaHI/ISI/IpOBaA a’
6p HBIX MeCTOPOXKIECHHAX OBl HOCTpOGHbI COBpeMeHHbIC (xH
H q)appmm ¢ 3aKOHYCHHHM UHKJIOM 06paboTrH S
yCCKHE HHMEHEpBl U yueHble BHeC 110
I i GOJBLI '
deCTlll_?HHOH MeTalIyprun 3oi0ta i cepebpa Oif BRIGA B pashiitHe oTe:
osiBJeHHe B POCCHY HCCJIeJ0BAHHMA .
HUH MO XHMHH ¥ METaJll
THH -
g;léH:I;[;re?aﬂnOBﬁ oTHocuTed K magasny XVIII B., xorga 3apg§mncsﬂiéo
e a2 1;111 HEIO uproro mckycersa. M. B. Jlomonocos (1711—1765 rp).
o caﬂbxopBBBx175r12pe1mo>xm H3BJACKATh 30J10TO  XJOPOM AKane;m'x
ﬂ(,‘m%meM b B 17 I. IPEACTABHI TPYA O PA3NeJCHUH 304107 il cepebpa
péu}mp‘i nepeB%p it Bogxh» (a30THOH KHCJOTH). Kax Oblio oTMEUEHO, KO
OT B MeTJWYyprud 30/0Ta one
peat BBI3BA/0 TPHMeHEeHHe B KOH
}KeHHI}. F,IHaSHCITSOaFO npouecea, TeopeTqucxne OCHOBBI KOTODOTO Oblii SOBJI%?
MemH P gpaTI/IOHOM (1843 r.) mOKasaBLIMM, YTO METAJIAIECKOE
o (S)H pCTxopomo PacTBOPSIOTCS B BOJAHBIX DACTBOPAX LIeJOUHBIX
o " HOKagaHaiggﬁgkgzg BO3AYX yCKopseT pacTBOPEHHE 30.10Td H
Th OCAXJAEHHs 30J0Ta
cepe u cepebpa H3 nHaHH-
npeHOE:;:;TBZJ;I)SBnggsenﬁnar%ponnbmn MeTallaMH, Hoqrg OI,)E[HOBp(IELM::I-II{O
etep6yprekoro lopHo A
pe paoro uHcTHTyTa I1. M. -
HCXO;EZI:H.;{IQ;OCT&B 30JI0TOCHHEPOJHCTOH COMH KaJHd. yTaKHM 06Ep2:§ce)§l
o HOCTaTOqHOﬁOH(EZHH LHHAHUCTOTO npouecca H3BJICUEHHS 30J0Ta BHepBHé
VB HOqTHlIS ggro BpPEMEHH SICHOCTbIO 6n11H OHpCﬂCJIGHbI pyCCKHMH
B OuTH ;1' JeT [0 peajH3an#y 3TOro Ipouecca 3a pyOexoM
4 OTKPHITHA POCCHNHOTO 30J0Ta Ha Ypane ¥ B Cubupnu pyAc'

" CKHe TO
pHbie HHIXEHepH CTaJdH IIPHMEHATb HOBY!0, BeCbMa COBEpLICHHYIO

anmapa o
BecLMa OpHPHHaanaﬂypry . II. AHocoBy (1799—1851 rr.) nplmaame}xﬁ
KOAZEKTHpOBAHHEN € TOorja ujgesi M3BJEUEHHS 30JI0Ta H3 MECKOB H DYA
Hocae 3K0Hoﬁnqg&<B BHIIABAAECMOM H3 PyAHl (Necka) uyrywe.
JAEHHOCTH HHOCTP;H{HHM 0ro 3aXBaTa PyccKOlt 30J0TO-IIATHROBOA TPOMHILLI-
RN 1 MHIKEHEpOD G KaaHHTaIIOM TBOpPYECKAs MHHUHATHBA DVCCKHX Yue-
HM BO3MOMKHOCTL IO i raylitesa. Tombko COBETCKAR BIACTh NPEACTABHII
TIpouecchl usB.nequHxﬂ%ﬂBa?%;gﬂimTfoggizﬁogsyqam i COBSPLICHETROBITD
adota. Oc ¥, B IepByl0 ouepe -
(18801 8:?5(,) :rﬂ;iﬂzegroTMeTHTb paboTnt npogeccopa pB}.’ 1. M%cigyspi?a
TaKxe HPHMGHI/;VIOCTH 0 YUeHHKOB MO u3yyemhio somoTsix pyx CCCP, a2
CXeM. BRAOd AT K HHM UMAHMCTOTO [pouecca H KOMﬁﬁHﬁpoBaH’Hbe
OMLHION BKA gﬂepaunn oforatleHHa H THAPOMETAJIYPTHH
AH CCCP T Tinene 8002 P06t poncaumtt ¢y 41L-K0p-
KOMIUIEKC (yH1aMeHTabH b 1967 Er.), NpOBeUIHA € YYEGHHKAMH
MAnu¥ ¥ [HAHHPOBaHHS X WCCIIeNIoBaHHiL TeopiH 0Borawmentis, ayasra-
OTMETHTh TaKme DA 30J10TOCOJIEPIKALLUX Py H KOHueHTpaToB. Crepyer
C. M AHHCHMOBE (?g‘allipl()gd;.oB. . AreenroBa (1893—1959 rr.) u npod.
50.10TOCOREp KAILHX rr.) B o6JacTd TeXHOJOT#H nepepalOTKi
1964 rr.) fo reox PYA u KomueHtpatos, npod. O. E. 3parnuuesa (1894—
1972 1) mo uMny  soqota, npod. M. H. Macnenunkoro (1900—
. H3y4eHHI0 (DOPM HAXOXKICHHS 30J10Ta B CyJBMHAHBIX pyAax
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CBOVMCTBA U NPUMEHEHHE 30JIOTA
1 CEPEBPA

§ 1. OGuwasn xapakTepucTuKa MeTa 0B
¥ UX (pu3udecKue CBOHCTBA

3o/10T0 1 cepebpo — MeTaJl/bl COOTBETCTBEHHO JKeToro n Ge-
goro 1uBera. OHH HMeEIOT T[PAaHCICHTPHPOBAHHYI0 KyOHUe-
CKYI0 peleTKy, OTJHYAIOTCA HCKJAIOUHTEJbHOH KOBKOCTHIO
1 Tarydectblo. Tak, NPOKAaTKOH 30J0TOH TJIACTHHKH MOZKHO
noayunth (osabry romuunofi 0,0001 mm. Takoe TOHKOMpOKA-
TAHHOE 30J10TO NIPOCBEURBAET U B MPOXOASUIEM CBETE KamKETCA

seqenbiM. M3 3om0Ta B cepebpa
P, a4 pinn.Crmr. MOZKHO BLITSIHYTh  IIPOBOJIOKY
0? anamerpom B 0,001 mm. Temno-
3JEKTPOTPOBOLHOCTE OO0OHX Me-
TaJJ0B BeChbMa BBICOKH: cepedpo
B 5TOM OTHOIIEHHH TPEBOCXOAUT
BCce APYrHe METaJ.bl, 30J10T0 yC-
TymaeT JHLIb MelH H cepebpy.
B bansocrb pasMepoB KPHCTAJIH-
My YecKHX peueTok OGOHX Merall-
JOB TO3BOJSET TOJAyYaThb HX
cn/jiaBbl B BHAE HEMPEPLIBHOTO
psiga TBepAbIX pacTBopos. [las-
Puc. 1. JasneHge 1apoB  30J0TA Jenne P napoB 3oJotra 3HadH-
(1) cepedpa (2) TeIbHO HHKe, dem cepebpa

(puc. 1). JleTydecTb cepebpa
NpH BBICOKHX TEMIEpaTypax JOBOJbHO CYLIGCTBEHHA H BhILIE
B OKHCIHTEbHOH aTMocdepe, 4eM B BOCCTAHOBHTEIbHOM.

BaxkHekuue (usnuecKne cBoficTBa 30/0Ta H cepebpa mpH-
Benensl B Taba. 1.

Dynydn d-anemMeHTaMn I rpyrnnbt MepHOAHYECKOH CHCTEMH,
cepebpo 1 301070, TaKXKe KAk HX 3JEKTPOHHBIH aHaor —
MeAb, HMEIOT~B S-COCTOSIHHI BHEHIHEro ¢/0s MO OfHOMYy, & B
npeanociesHem ciaoe mo 18 saexrpoos (s*p®d'®). Ilpm ompe-
AeJEeHHBEIX YCJAOBHSIX 3TOT npeanocaesHuH 18-31eKTpOHHBIf
cjqofl cnocobeH K YACTHUYHOH IOTEPE 3JEKTPOHOB, I103TOMY
Meib, cepebpo M 30J10TO MOLYT HMETh B CBOHX COEIHHEHHSX
cTenenb OKHCJIEHHS He TOJAbKO -+ 1, COOTBETCTBYIOUIYIO NOTEpe
$-3J1eKTpOHa BHEIIHEro ¢J10si, HO Takke +2 n +3. [Ipn 2TOM
a8 Menn Hapboslee xapaKkTepHB CTENEHH OKhcjeHHs +1 H
+2, ans cepebpa 41 n A1s 3070Ta +1u 3.

b/
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Tat6aunupa 1. Baxknefimue $pusnyeckue cpoficTsa 3040Ta 1 cepeOpa

CaolicTBO Au Ag
ArtoMuBIf HOMED . . . . . . . . . . . 79 47
Aromnas macca . . . . . . . . . . . 196,967 107,868
ITnotrocrs (mpm 20°C), rfem® ., . . . . . 19,32 10:49
Tan kpHcTamuveckofl  pelleTKu [ panenenTpuposanHan

KyOHueckas

HOCTOHPI“HaH KPHCTaNIHUECKOH PELISTKH, HM . 0,40786 0,40862
AToMHRIY pagdyc, HM . . . . . . . . . 0,144 0’144
Temmepatypa miasaenns, °C . . . . . . 1064, 4 960 5
Temneparypa kumemus, °C . , . . . . . 2880 2200
Tenmaoemroerb (mpu 25°C), Hx/(moab-K) . 25,2 25,4
Tewnora naapienus, xx/Modab e 12,5 1.3
Tenaora wucmapenus, kx/moms . . . . . 368 285
TennonpoBoanocts (mpu 25°C), Br/(m-K) . 315 433
YnenbHoe sqeKTpoconpoTHBIeHHe (npH 25 °C),
MKOm-em . . . . L L 0 L L 2,42 1,61
TBeprocts mo Moocy (ammas=10) . . . 2,5 2.7

OrnuATeNnbHOf 0COBEHHOCTBIO 3THX 3J€MEHTOB ABJIETCA
CKJIOHHOCTb K KOMINEKCo0Opa3soBaHUIO H JIEFKOCTbh BOCCTAHOB-
JeHnsa 60/bIIUHCTBA HX COCIHHEHNA 10 METAJJI0B.

§ 2. Xumuueckue cBOHCTBA 30J10Ta

3051010 — Gaaropoanbiil Metann. Huskas xummdeckas axTiB-
HOCTh SIBJISTETCA BAXKHBIM H XapaKTepHBIM CBOHCTBOM 3TOrQ
meranna. Ha Bospyxe, maxe B mpHCYTCTBHH BJarnm 300070
TNPAKTHICCKH HE H3MEHsieTcs. 30/10THe H3JEJNHS, H3TOTOBJICH-
Hble B ryyOOKOH JDEBHOCTH, B HEH3MEHHOM BHe COXpaHNJIHUCh
J0 Halux mjeir’r. [laze mpuH BHICOKHX TeMIlepaTypax 30J10TO
HC B3aHMOJEHCTBYET C BOLOPOAOM, KHCTODOIOM, a30TOM, Ce-
POH ¥ yriepoaom. ’
30710T0 COEIHHSETCS C FalOreHaMH, IPHIEM ¢ Gpomom mpo-
IeCC HACT yKe NPH KOMHATHOM TeMmIepartype, a ¢ (hTopom
XJ10pOM H HOAOM — IIPH HarpeBanuu. ’

DIeKTponHbIE TOTEHIHAN 300Ta B BOAHHIX pacTBOpax
BeChbMa BLICOK:

Au—>Au™ foe, @, =+ 1,88B;
Au>Au’" 4 3¢, @, = 1,58B.



IlosrOoMy 30JI0TO HE pacTBOpseTcd HU B Luesodax, HO B TaKHX
KHCJAOTAaX, KaK cepHasi, a30THas, CQJsiHAs, IaBHKOBAs, 4 TaK-
K€ opraHnyeckux.

BMmecre ¢ TeM, B IpHCYTCTBHH CHJBHBIX OKHCJAHTEJNEH 30-
JOTO cnocOBHO pacTBOPSITHCS B HEKOTOPBIX MHHEpPaJbHbIX
Knesorax. Tak OHO pacTBOpsieTCs B KOHILEHTPHPOBAHHOH cep-
HOM KHCJIOT€ B NMPHCYTCTBHH HOAHOM KHCa0TH H510g, azorno#
KHCJIOTH, MIHOKCHIA MapraHna, a Takxe B ropsaueil 6e3BojHOM
cenenoBoil kuciaore HoSeO,, sBasiomelicsi BecbMa CHJAbHBIM
OKHCJIHTEJIEM.

30/10TO J€rKo pacTBOpsieTcs B LApPCKOH BOJAKe, HachbLIEH-
HOW XJIODOM COJITHOH KHC/JO0TE, B BOJHHX pacTBOpax HHaHH-
OB LIEJTOYHBIX H IUeJ0YHO3E€MEJbHHX META/JJIOB B IPHCYTCT-
BHH KHCJI0pOJA.

Kak Bnepsue nokazaan M. H. ITnakcun u M. A. Koxyxo-
Ba, XOPOIIHM pacTBOpHTENEM 30J10Ta SABJASETCA BOAHBIH pac-
TBOp THOMOUYEBHHBHI, COLEpXamuil B KayecTBe OKHCINTENS XJ0-
pug uan cyabdar Keaesa (111).

W3 apyrux pacrBopuTesed 30710Ta MOXHO OTMeTHTb XJOp-
Hyl0 H OpOMHYI0 BOAy, pacTBOp HOAAa B HOAMCTOM KaJHH HJIH
HOAICTOBOAOPOAHON Kncaore. Bo Becex ciydasx pacTBopeHHe
30/710Ta CBSI3aHO ¢ 00pa3oBaHHEM KOMILIEKCHBIX COEJHHEeHHH.

B cBOHX XHMHYECKHX COEJHHEHHSX 30J0TO MOXKET HMeTb
crenedb okncaenus +1 n +43. Bece coennnenus sosnora oTHO-
CHTEJbHO HENPOUHH N JEerko BOCCTAHABJANBAKTCA A0 MeraJlla,
Jake IPOCTHIM IIPOKaJHBaHHEM,

Coedunernus 3onr01a (1)

Oxkcng 3omora (I) — nopomox cepo-¢pHoJeTOBOro 1Bera, Npu
temneparype Bbilte 200°C pasnaraiomiics Ha 3JeMEHTH:

2A1,0 = 4Au + O,. (1)

B Boae AuyO mpakTHYecKH HepacTBOPHM, BO BJaxKHOM COCTO-
SHAH AHCIPONOPUHOHIPYET Ha 30.10T0 H At Oj:

3Au,0 = 4Au + Au,0,. (2)
OxcHJ 30/0Ta MOXeT GHTb MOJYyY4eH TOJbKO KOCBEHHBIM [My-

TeM, HalpHMep, NEHCTBHEM Ha X004y BOAHBIM pacTBOPOM
enxoit menoun ra AuCl:

AuCl - KOH = AuOH —+ KCI. (3)

T[Ipn ocTOpOXHOM HarpeBaHuH (He sbiute 200 °C) moaydeHHbIH
FHAPOKCH[ MepexoanT B Au,0.

Tugpokcng Au (I) 3aMeTnHO pacTBOPHM B KpPNKHX Lueso-
yax ¢ obpasosanmem aypuroB, wnanpumep Na[Au(OH}).].
B TBEpaOM COCTOSIHHH ayPHThI He Bhi/I€/IEHHL.
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Tanmuap somota (1) — noBoabHO HeycToHUYHBLIE COefHHe-
gnsi. OHH MoryT OHTH NOJYYEeHH TePMHUECKHM Pas/ioKeHHeM
cooTBercTByIOIX ramunos Au (111).

Xaopua Au(l), obpasylouuiics npH OCTOPOXHOM HarpeBa-
gun (1o 180—190°C) xaopuma Au(11l),

AuCl, = AuCl + Cl, @)

pasjaraercs Ha 3JIeMeHThl yxKe IpHu TemIepartype Boiue 200 °C
u npexncrasiaser cobofl mopomok Gae1HO-XKeATOro 1BeTa, Mej-
JIEHHO JHCIPOMOPIHOHHPYIOUIHH Ha MeTa/JINYecKoe 30/10TO H
xaopna Au(IIl), naxe mpm xOMHAaTHOH TeMmepaTtype:

3AuCl = 2Au + AudCl;. )

B mpucyrcTBHE BJarH 3TOT IpoLecc pe3Ko YCKOpsieTcs, HpH-
geMm oOpasywowmuica xaopux Au(Ill) nepexomuT B pactBop,
naasas Ho[OAuCls] (cm. peaknmio (14)).

B KOHUEGHTPHPOBAHHBIX PACTBOPAX XJOPHAOB IIEJOUHBIX
meta/ioB AuCl pacrBopsieTcsi ¢ 06pa3soBaHHeM KOMILIEKCHbIX
annoroB AuCls :

AuCl + CI™ = [AuCl, ],

OnHAaKO 3TH aHHOHBI TaKikKe JOBOJNLHO BHCTPO AHCIPOMOPIHO-

HHPYIOT ¢ BHJeJ€HHEM MeTa/ia 0 00pasoBaHHEM KOMILIEKC-
ubix annonos Au(III):

3 [AuClL]™ = 2Au + [AuCl]y 4 2CI™.

Bpomna somora (I) mo cBonm cBofictBam cxomeH ¢ AuCl.
On Moxer ObTb moayuer HarpeBanneM AuBr; Bnime 200°C,
OIHAKO yxXKe mpH TemnepaType Bhute 250°C pasjaraercs Ha
snemenTn. Ilox nefictBueM Baarm AuBr mogo6ro AuCl, auc-
MpONOpuHOHHpYyeT Ha Meraan u AuBrs. B pacrBopax GpoMu-
JoB 1uesounbix MeTaJjiioB AuBr pacrsopsiercs ¢ o6pasoBannem
KOMILJIEKCHBIX aunoHos |[AuBrs]—.

HMopun sonora (I) oBpasyercs npu pasnoxenuu Aulz mpn
KOMHaTHOH Temnepatype. Tlpu nHarpeBannw Aul pasnaraercs
naxe nerde, yem AuCl n AuBr. HaoGopot, Bomoit on paana-
raercsi MeJJIeHHEe, UeM ApYrue rajnoreHnabl. B npucyTcTBHR
noana-nonos Aul pacrBopsiercsic 06pasoBaHHEM KOMILTEKCHBIX
noxoB [Auly[~. Ilpn neficTBHE pacTBopa HOZA B BOAHOM pacT-
Bope HI nym KI na Menkomncnepcroe sos0ta nocjaennee pact-
BopsieTcst, 00pasys KOMIJIEKCHbIE aHHOHH Auls :

2Au 41, 4 217 = 2Aul;,

Honpuarse pacreopbl Au(l) npumMeHsiorT npn mepepaboTKe 30-
JI0TOCOAEpKAaHUX OTXOA0B. XapaKTepHoO, 4TO B XJ0p- H GpoM-
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CO/IEPKALLHX PACTBOPAX 30/10TO PACTBODSIETCS B BUAE COEH-
nenu#t Au(I1I) (cm. Huxe).

Cyﬂbcbnn sogora (I) Au,S moxker 6biTh HosMyueH peficTsH-
eM cepoBoxopona Ha noakmncaennslit pacrsop K[Au(CN),l:

2 [Au(CN),] ™ + 2H,S=Au,S + 4HCN, (6)

Sra peakuusa obpartuma, n 18 €€ INPOTCKAHHS cJeBa Ha-
NpaBo HeoOXOAHMMO CHJIbHOE HAachIIeHHE pacTBopa cepoBoOjO-
ponoM. Cyabdua 30J0Ta HepacTBOpPHM B BoJe H pasbaB/ieH-
HbIX KHCJIOTaX, HO DAacTBOPSETCH B BOAHLIX pACTBOPAX CYJb-
¢GHI0B IeJOYHbIX MeTalnoB, obpasys kommieken [AuSlH u
[AuS,]*—. B kucaoif cpege 3Tn KOMNIeKchl paspylIairesi ¢ Bhi-
najJeHueM B OCaA0K cyab(hHAa 30/0Ta:

2 [AuST™ + 2HT = Aw,S + H,S.,

[Tpu narpesannu po 240°C Au,S pasnaraercss Ha 3JCMEHTHL.

C psanom nuoHOB B Moqekya 301010 (I) oBpasyer xommieke-
Hble coejnHeHusi. B KauecTBe JIHraHAOB, KPOME€ y¥Ke YIOMH-
Hasmnxes nonos Cl—, I—, S%~ Mmoryr BbicTynaTh Takike HOHEI
CN-, S.037, SOi~ nap. KomnnekcoobpaszoBanue crnocober-
ByeT MOBBIUIEHHIO YCTOHUHBOCTH NPOH3BOAHHIX 30J0Ta (I) B
BOAHLIX pacTBOpax.

Hanboablunit naTEpEeCc NpeAcTaBIferT BecbMa MNpOYHHH 1H-
apuaubii kommiaeke Au(CN),. KomnznekcHble 1HaHHCTHE CO-
JIH HATpHA, KAAHS U KaJblUS SIBJSIOTCS XOPOLIO pPACTBOPUMBI-
MH COEIMHEHHSIMH H MOIrYyT GbITb NOJYUeHbl pacTBOPEHHEM Me-
TaJJUYECKOro 30J0Ta B BOLHOM pPACTBOPE COOTBETCTBYIOLIETO
[IIaHKHAA MPH AOCTYIE KHCJOPOAA BO3AYXA:

4Au - 8NaCN -+ O, -- 2H,0 = 4Na[Au(CN),] + 4NaOH. (7)

DTa peaknus JEXKHT B OCHOBE Ipoiecca LHAHHPOBAHHS — Ha-
nbo/see pacmpoOCTpaHEHHOrO METOHA H3BJCUCHHA 30J0Td H3
KODEHHBIX PYJ.

B kucao# cpege npu narpesannn aunoH Au(CN):z paspy-
maercs ¢ o0pasoBaHHeM HepacTBOPHMOrO B BOJE IIHAHHAA 30-
gora AuCN:

[Au(CN), |~ + H" = AuCN + HCN, (8)

L{nanupg so10Ta — 10BOJBHO TTpOYyHOE coenqnHeHue. OHO He pas-
JlaraeTcsi HM BOJOH, HH pasz0aBJeHHbIMH KHC/JAOTaMH, HO JE€rko
pacrBopsercss B NPUCYTCTBHH LHAHHOB 1HEJOUHHX MeTaJlJoB,
IaBas COOTBETCTBYIOUINE KOMIJIEKCHBIE COJIH:

AuCN + CN™ = [Au(CN),| ™. (9)
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W3 gpyrux KOMIJIEKCHBIX COeqUHEHNH 3040Ta (I) MOXKHO OF-
METIITh THOCY/Ib(aTHHE N cynbcpmnble KOMILIEKCHI, HallpUMEE,
soaopacTeopumele Naz[Au(S;03)q]-2H0 n Kg[AU (SO3) e} <
x Hs0,

Ias  rHApOMeTanJypriu  30J0Ta 3HAYUTEIbHBIH HHTe-
pec HpelICTaBJIHeT THOMOUYEBHHHHBI KOMIIJCKC 30J10Tad

Au[CS (NH,),]5. On Moxer GbTb MOJyueH PACTBOPEHHEM Me-
TAJJHUECKOro 30J0Ta B KHC/JAOM BOIHOM pacIBOpe THOMOYEBH-
Hbl B npHCYTcTBHH HOHOB Fe (I11):

Au -+ 2CS (NH,), + Fet = Au[CS (NHy),JT + Fe*",  (10)

THOMOUEBHHHBIHl KOMIJIEKC, B OTJIHYHE OT PACCMOTPEHHBIX BhI-
e, gBJseTcs KarHoHHbHIM. Ha 3TomM OCHOBaHO INpHMEHEHHE
THOMOUEBIHE! 115 necopOuui 30/0Ta ¢ aHHOHOOOMEHHBIX CMO.I.

Coedunenus zoaora (111)

Oxcun sosora (III) AusOs, TeMHO-KOpHUHEBLIH, HEpacTBOPH-
Mbifl B BOJE MOPOIIOK, MO¥KeT GbiTh MOAYyYeH KOCBCHHHIM Iy-
trem n3 rugpokcuaa Au(OH)s; koTopH#, B cBOI0 ouepenb, Io-
JyualT JeficTBHEM CHJAbHLIX Liejgouefl Ha KpenkHil pacTsop
HAuCl,. Tlpu cymxe Au(OH)s Han nentaxcugoMm docdopa
obpasyercs mopomok coctaBa AuO (OH), xotopwit npu ocTo-
poxnom Harpese 10 140°C repser soay n nepexoAnT B AuyOs.
Onraxo yxe npu temneparype okosao 160°C oxcux 3og0Ta
(IIT) pasnaraercs Ha saeMmeHTbL. I'ugpokeunp soiora (I11) npo-
aBJaser aMmporepHbie cBoiicTBa. O1HAKO KHCIOTHHIE Xxapakrep
3TOr0 COCAMHEHHs mpeobJaanaeT, NOSTOMY HHOrAA €ro Hasbi-
BaloT 30010l Kucjaoroi. CooTseTeTsymiue eiff coJH—ayparhi
MOryT ObiTp noayueHbr pacrsopeHneM Au(OH)s B cHIbHBIX
e Jouax:

Au(OH), -+ NaOH == Na [Au(OH),]. (11)

AypaTsl wIeJOYHbIX METaJ/JIOB — COCJAIHEHHS, XOPOIIO pac-
TBOPHMbIE€ B BOJC.

Coan, coorBercTBywomHue ocunosuofl  ¢yukunn Au(OH)s,
MOryT OHTb IOJyYeHBEl pACTBOPEHHEM 3TOr0 COGJAHHEHHS B
CHJIBHBIX KHCJIOTaX, KOTOpoe HAeT 3a cuerT o0pa3OBaHHuS aHHU-
OHHBIX KOMIJEKCOB:

Au(OH), - 4HCl = H[AucL,J 1+ 3H,0; (12)
Au(OH), + 4HNO, = HIAu(NO,),] -- 31,0. (13)

U3 ramorernnos szonora (I11) unutepecen xmopun AuCls, ko-
TOpBIfl MOJNYyYalT MPONycKaHHeM ra3oofpasHOro Xjopa Hak
MOpoIMIKOM 30J0Ta npn ~240°C. OG6pasyowniica XJOpHN,
BO3TOHAETCS M NIpH OXJa:KAEHHH OCayK1aeTCs B BHIE KPACHBIX
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kprucraiaios. B Boge AuCls pacTBopuM, BOAHBIE pacTBOp 3TOro
-COeTHHeHHA HMeeT KOPHUHEBO-KPaCHYI0 OKpacky, 4To obbsc-
HAeTcs1 06pa30BaHHEM KOMILICKCHOH KHCJIOTH:

AuCl, - H,0 = H,[AuOCl,]. (14)

Boo6uie, CKJIOHHOCTL K 0BpPA30BAHHI0 KOMIJIEKCHHIX aHM-
-0HOB — Xapakrepnas depra Au(III).
Ilpn nobasnenun K BoAnoMy pactBopy xaopuaa Au(I11) co-

JSHOH KHCJIOTHl 00pasyercsi 30J0TOXJODHCTOBOAOPOAHAS KHC-
s1ota H{AuClJ:

H, [AuOCL] -+ HCI = H [AuCl,] + H,0, (15)

B Pe3y.JbTaTe 4ero pacTBODP CTAHOBHUTCS JHMOHHO-XKEATLIM. 30-
JIOTOXJIOPHCTOBOJAOPOAHAST KHCJAOTA OGpasyercs TakikKe IpH
PacTBOPCHUH META/IIHYeCKOrO 30/0Ta B HACHIGHHOM XJI0POM
pacTBope COISHOH KHCJIOTH: :

2Au -+ 3Cl, -+ 2HCI = 2HIAuCl,). (16)

Ilpn ymapusannyu pacTBOpa 30J0TOXJIOPHCTOBOAOPOAHAS KHC-
JoTa Kpucraaiusyercss B Buae kpucrasgaoruapara H[AuCl]x
X4H0. Kax cama xucioTa, Tak W MHOTHE €€ COJTH XOpPOILIO
pacTBOpHMEL B BOAE, 4TO OOyCJAOBJAHBAET HX NpPHMCHEHHE MpH
apdunaxe 30710Ta.

CraunapTubiii morenunas sonota (II1) s xmopuatbx pact-
Bopax pocrarouno Bbicok: Au+4-4Cl-=[AuCli]+3e; ¢°=
=-+1,00 B. ITostoMy u3 XJOPHAHBIX PacTBOPOB 30JI0TO JIer-
KO BOCCTAHABINBACTCS MHOTHMH BOCCTAHOBHTEASIMH: HiaBeJe-
BOIl KHC/JOTOMH, MypaBbuHON KHCHOTOH, Xa0puaomM ososa (II),
yriepoaom, okcugom yraepoaa (II), amoxkcuaom cepu u T. 4.,
HanpHmep:

2[AuCL)™ + 3H,C,0, = 2Au + 6C0O, + 8CI™ + 6H™; (17

4[AuCl]”™ + 3C -+ 6H,0 = 4Au -+ 3CO, -+ 16CI~ - 12HT;
(18)

2[AuCl,]™ L 380, + 6H,0 = 2Au - 3807~ 4 8CI™ - 12HT,
(19)

XapakrepHo, UTO JaKe MepPEeKHCh BOAOPOAA, /IS KOTOPOH
6osee cBOACTBEHHA OKHCJAHTEJNbHAS (DYHKUHS, 1O OTHOIIEHHIO
K XJIOpPHAHBIM PacTBOpaM 30/I0Ta BHCTYIAIOT B KAueCTBE BOC-
CTAHOBHTEJS:

2AuCIy + 3H,0, = 2Au -+ 8CI™ + 6H' 1+ 30,. (20)

B nmpakruke addrnaxa ocaxaeHne 300Ta H3 XJOPHIHBIX pa-
cTBOPOB OOBLIYHO NMpou3BOAAT ¢ momouipio cyiabpara Fe(Il).
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[Tpu BoccTanosienny n3 pasfaBJCHHBIX PACTBOPOB 30J0TO
yacTo l1e BbiajgaeT B OcajoK, a o6pasyeT ycTOHYHBBIE SIPKO
OKpalleHnble KOJNJIOHAHHE pacTBoph. MHTEHCHBHO OKpalleH-
HEH pacTBOP KONJIOHIHOIO 30/0Ta, TAK HA3LIBAEMEIH KaccHeB
MypOoyp, MOkeT ObITh MOJMYUCH BOCCTAHOBAEHHEM 3070Ta X.10-
puiaom osoBa (I1):

9H [AuCl,] - 3SnCl, = Au - 3SnCl, + 2HCI. 21}

DTy peakuHi0 HHOrjJa HCHOJb3YIOT A 00HADYKEHHHA B pacT-
BOpE CJIeJ0B 30J/10Ta.

B saBucumocTs oT pasMepa n (GopMH 00pasylouuxcs dac-
THILL KOJIJIOHIHBIE DAaCTBOPHI 30,10Ta HMEIOT KpacHbl, ronyGoi
HJIH ¢$HOJeTOBHH 1BETA.

B kauecrse BoccraHoBHTe el A/5 MOJYUYEHHs] KOJJIOHIHBIX
PAacTBOPOB MOLYT GHTh HCIOIb30BAHBI THApa3uH, dpopmaibie-
TH/J, OKCHJ yraepona H T. A.

Uz npyrux ranorennaos Au(III) mpeacraBisieT uHTepec
Auls. d10 coeannenne, mpeacrasastomee co6ofl HepacTBOPH-
MBI B BOJE MOPOLIOK TEMHO-3C€JCHOTO I[[B€TA, MOXKHO TOJY-
4nTh, Hanpumep, AobaBaeHHEM HEATPA.IH30BAHHOTO pacTBopa
30J10TOXJIOPHCTBOIOPOHON KHCJAOTHl K DPaCTBOPY HOAMAA Ka-
JINSL:

AuCly -+ 317 = Aul; - 4ClI, (22)

C unonamu CN— soqoro (I1I) o6pasyer xkomnaekcubie anno-
nol. Tak, npu peéicreun KCN pacrBop AuCl; obecupeunBaercs
BeJegcTeie o6pasosakns aunoHos [Au(CN,)]*—.

Coau sosnora (III) KucJaOpOAHEX KHCJAOT (cepHOH, asor-
HO#l) yCTOHYHBLI JHIUb B KOHUCHTPHPOBAHIIBIX PACTBOPAX CO-
OTBETCTBYIOUIMX KHCAOT. IIpn pasbasieHHH BOAOH OHH THA-
poansyior ¢ obpasoBannem Au(OH)s. B atnx pacrsopax 30-
JOTO, TMO-BHAHMOMY, HAaXOAHTCS B BHAEe KOMIIEKCHBIX dHHO-
#oB. KocBenHO 3TO MOATBEpPIKAACTCS TE€M, UTO IPH ynapHBaHHH
pacrBopa Au(OH); B KoHuenTpupoBaHHOH a30THOHA KHCJIOTE
BHJIEJISIETC  KPHCTaMJAOTHAPAT  KOMILIEKCHOR — KHCJIOTHI
H[Au(NO3)4]-3H,0. Ananornuso us pacrsopa Au(OH); B
KOHIECHTPHPOBAHHOH cepHOM KHCJAOTe yhnapuBaHHeM c¢ f00aB-
KOl THApoCcyJbdaTa Kaaufg MOKeT OLITh Bhige/iella KOMIJEKC-
nag coab K[Au(SOy)-}.

Cyabdun 3omora (I11) AugS; nmpeacrasiaser co6oil YepHuild
MOPOUIOK, pa3ziararolliiica Ha 31eMeHTH MpPH HATPEBAHHH BbI-
ure 200°C. Ero MoKHO HOJYYHTH JHIIL CYXHM myTeM (HampH-
mep, aeiictBueM ceposojopona na pacrtsop AuCly B 6esBoi-
noM s¢upe), TaKk Kak AEHUCTBHE CEPOBOAOPO/A HA COEAMHEHIs]
Au(IIl) B BogHON cpene cOMPOBOXKAACTCSH YaCTHYHBIM BOCCTA-
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HosJsiennem soqota (III). Cynbdun somora (III) ue pacreops-
ercst B HCl u HoSOy, HO pacTBOpsieTcst B mapckoil BOAKe, BOJX-
HOM pacTBope LuaHuxa xanaus. Ilpu BsauMogeficTBuH Au,S;
¢ pactBopoM NayS o6pasyercss paCTRBOPUMEBIN THOAypaT:

AuZS3 + Nazs - 2NaAUS2. (23)

IT0 COEANHEHNE MMEeeT TeHJEHUHIO K PACHaly 10 peakUHH:
NaAuS, = NaAuS + S.
Tlon meficteueM Bomwl NaAuS, rumposusyercs:

2NaAuS, - H,0 = Au,S, -+ NaSH - NaOH,

§ 3. Xumuueckue cBoiicTBa cepebpa

[lo cBoeil XMMuueckoll aKTUBHOCTH cepeGpo 3aHUMAeT mpoMme-
JKYTOUHOE TOJIOKEHHE MEeXJY 30J0TOM M Meabo. C KuCIopo-
JOM cepebpo HeMmoCPe/CTBEHHO He COeJMHSIeTCs!, HO B pacJaB-
JEHHOM COCTOSIHMM pacTBopsieT 0K0/10 20 06beMoOB KucaA0OpOIa
Ha oauH oObeM MeTanna (puc. 2). B TBepaom cepebpe pacTeo-
, PHUMOCTb KHCJIODOZA MaJja, IO3TO-
20 \ My TIPH 3aTBEpJEeBaHHH pacl.aB-
JeHHoro cepefpa MpPOUCXOAHUT BH-
[leJIeHHe DacTBOPEHHOTrO B HEM KHC-
JIOPOAA, COMPOBOJAIOLIEECs] HHOTAA
pasbprsruBannemM meranana. C Bo-
JOPOLOM, a30TOM H YIVIEPOAOM cCe-
pe6po HemocpejCTBEHHO HE B3au-
mozedcreyer. Doccop nefictyer
Ha cepedpo JHUIIb TpH TeMIepaType
KpacHOTO XaJeHHsi ¢ obpaszoBaHu-
4_4) { {
eM Qocounos. Ilpu HarpeBanuu c
00 1900 700 L% cepoit cepeGpo Jerko ofpasyer
cyandpun Ag,S. D10 Ke coepuue-
HHe TOoJydyaercsi mpu JeHCTBUH Ha
cepeOpo raszoobpasHoil cepH, BHe-
JSUOLIEHCST MPH TEPMHYECKOH NHCCOLMALNH HEKOTODHIX CYJb-
U0 (MMpUTa, NMPPOTHHA, XAJbKOIHPUTA), U TPH HATPEBE
MeTaJsa B KOHTAKTe ¢ 3TuMu cyabbugamu. Ilpu Bo3zelicTBuH
CepoBOJOPOAa NOBEPXHOCTb cepefpa MOKPHIBAETCS 4depHOIl
mienkoit Ag,S. Ilponecc MeaeHHO HAET YXKe B OOLIUHBIX yC-
JIOBHUSIX M SIBJSIETCS NPUUYHHOH MOCTENCHHOrO MOTEMHEHHS ce-
pebsinnbix usnenanit. Cepe6bpo B3auMOLEHCTBYET Takke CO CBO-
BomHBIMI XJI0pOM, OPOMOM H HOAOM ¢ 00pasoOBaHueM COOTBET-
CTBYIOLIHX TaJOTeHHA0B. TH MPOUECCH MEJJIEHHO MPOTEKatoT,

S
T

R
i

BN
1

A, obsems) Ha Tossern Ag
(&)
i

Puc. 2. Pacreopumocts A KHe-
Jopona B cepebpe
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Jaxke NpH GOBIUHBIX TeMIepaTypax M YCKOPSIIOTCS B MPHUCYTCT-
BUM BJIATH, TIPW HarpeBaHUW M moJ AeHCTBHEM CBeTa.

DNeKTPOAHHH NoTeHHa I cepedpa B BONHHX pacTBOPax BH-
COK

Ag—Agt +e, o=+ 0,799B.

[ToatoMy, KaK H 30J10TQ, cepedpo He BHTECHSET BOJOPOA H3
BOAHBIX PAaCTBOPOB KHUCJIOT, yCTOHYHBO 1O OTHOWIEHHIO K 11€J10-
yam. OIHAKO B OTJIMYHE OT 30J10Ta OHO PACTBOPSIETCS B KHCJO-
TaX, SIBJISIONIMXCSI JOCTATOUHO CHJIbHHIMH OKHCJHUTEJSIMH, Ha-
npuMep, B a30THOH M KOHUEHTpUpoBaHHOl cepHo#t. IlomobHo
307107y, cepeOpo Jerko B3auMojaefcTByeT ¢ LapCKOH BOJAKOH
H HACHILEHHOH XJI0pPOM COJSIHOH KHCJOTOH, HO NMDH 3TOM OHO
ocTaercs B HEPACTBOPHMOM OCTatKe BCJeJACTBHE 00pa3oBaHHd
maitopactsopumoro xjaopuna AgCl. Takue pasjuunst B MOBE-
JNEeHUH 30,1074 M cepefpa 4acTo HCHOJNbL3YIOT AJst PA3ACTIeHHSs]
3THX MetaaqaoB. TongoaucnepcHoe cepefpo B KOHTAKTe C KHUC-

JIOPOLOM BO3iyXa pacTBopsieTcsi B pa30aBJeHHOH cepHOW Kuc-

gote. ITo1o6Ho 30/10Ty, cepedpo PACTBOPSIETCSA TaKXkKe B HAChl-
IEHHLIX BO3JyXOM BOJHHIX pacTBOpPax LUHAHW/IOB LIEI0UHBIX H
1IEJ0UHO3eMENbHEIX METAJaJ0B, B BOAHOM DAaCTBOPE THOMOUE-
BHHBEl B NPHCYTCTBHHA coJiedt xenesa (IID).

B nopaBasiiomeM OOJIBIMIMHCTBE CBOUX COE€AMHEHHH cepel-
po uMmeer crenenp okucaenus (-+1). Coenunenus: ¢ 60see BH-
cOKO#l cremennlo okucaenus: cepeépa (-+2 u +3) cpaBHUTED-
HO MAaJOYHCJAEHHB! H MPAaKTHUECKOTO 3HAUEHHS] HE HMEIOT.

Oxcup cepebpa AgyO 4epHO-KOPHYUHEBOrO IBeTa MOXKET
ObITL TIOJYUYEH BBEJEHHEM LIEJIOYH B PaCTBOD, COAEDKAILMH
nousl Ag+. BHauase, mno-BuaMMOMY, 0GpasyeTcsi THADOKCHI,
TOTYAC TMEPEXOAAIUN B OKCHA:

Ag" + OH = AgOH; 24)
2AgOH = Ag,O -+ H,0. (25)
XoTst okcup cepefpa — MaJd0pacTBOPUMOE B BOJE COEHHEHHE,
ero BOJHAsi CYCTEH3HS UMEET UeTKO BHIPAXKEHHYI0 OCHOBHYIO
peaxnuio, NosTOMYy coJi cepebpa B BOAHEIX PACTBOpAx He THA-
POJIM3YIOTCSL W AatoT HeHTpasabHyio peaxuuio. I1pn HarpeBaHwu
10 185—190°C Ag,0 pasnaraercss Ha 3/71eMeHTH. [lepeKkuch BO-
JOpOja JIeTKo BOCCTaHaB/aHBaercs: AgoO yxke mpH KOMHATHOH
TeMmneparype:
Agzo —l— HzOz = 2Ag —l— HZO + OZ-
B BonnoM pactBope ammuaxa Ag,O pacrBopsercs ¢ o6paszo-
BaHHEM KOMIJIEKCHOTO COEJHHEHH:
Ag,0O + 4NH,OH = 2Ag(NH,),OH - 3H,0. (26)
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[Ipu CTOSIHMH H3 pAcTBOPA OCaXKA4eTCs Ype3BhYaiio B3pHIB-
YaTbhli [@¥Ke BO BJAXKIIOM COCTOHHH OCAZO0K HHTpHIa cepel-
pa Ag;N (rpemyuee cepedpo).

[anorenuasl  cepebpa — MadopacTBOPUMLIE  COETHHEHIS.
Vckaouenne cocTaBaser JHWb JETKOPacTBOPHMEH (PTOPUT
AgF. Xaopux AgCl, 6pomux AgBr u noaua Agl Buinagaior B
OCaJlOK NMpH BBEJEHHH B PacTBOD, coaepxamuil nousl Ag* (Ha-
npumep, pactBop AgNQs), wonos Cl-, Br— u I-. Ux npousse-
J€HHUST PACTBOPHUMOCTH COCTABJSAIOT COOTBETCTBEHIIO 1,8.10-1°
(AgCl), 5,3-10*3 (AgBr) u 8,3-10-'7 (Agl).

B runpomeranaypruu u apdunaxe 6,aropoiHslX METAII0B
IIMPOKO HCIOJAB3YIOT MpHeM ocaxjaenus cepebpa B Buie X.o-
pula, OCyHIECTBJAAEMHIH BBeJeHHeM B cepebpocoepxkaline
pactBopel NaCl wiuw HCl. Xnopua cepeGpa miaaBurcs npu
455°C. Temneparypa xumenus AgCl 1550°C, Ho 3amerHoe
yJaeTyunBanue HaOMIOIaeTCs YK€ NpH TeMOepaType BHie
1000 °C.

Honsl cepebpa 06pasyiorT mpoyHble KOMIJIEKCH C [[€JBIM
pagom woHoB . MoJaexya (CN-, S,037, SO3~ Cl-, NHs,
CS(NHy), u 1. 1.). Baarogaps atoMy mpakTHUeCKu HEpacTBO-
pumbiii B Boge AgCl nerko pactBopsiercss B BOAHBIX pacTBopax
HHaHUCTOrO KaJud, THOCYAb(aTa H cyabduTa HaTPHd, aMMHa-
Ka, HampuMep:

AgCl + 2CN™ = Ag (CN);” -- CI™; 27)
AgCl 4 28,08 = Ag(S,0,)3 + CI™; (28)
AgCl + 2NH,0H = Ag(NH,){ + CI™ 4 2H,0. (29)

Benencraue ofpasoBanusg KOMIIERCoB ¢ nonamu Cl— x.Io-
pun cepebpa 3aMETHO PACTBODUM TaKKe B KOHUEHTPHPOBAH-
HBIX COJISIHOH KHCJIOTE W PACTBODAX APYTHX XJIOPHAOB:

AgCl -+ CI” = AgCly, (30)

Hanpumep, B xoHuentpupoBanHoM pacrBope NaCl pactBopu-
MOCTb XJopuja cepebpa cocraBaser 6,7-10=° wmoJjp/a
(0,72 r/an Ag) mporus 1,3-10-% B Boje. KoHUeHTPUPOBANHEIE
pactBopbl NaCl ucmosp3oBaau paHee A4 BhILLeIAYHBAHHA
cepebpa U3 OrapkoB XJODHPYIOUIEro 06Kura.

TakuMm 00paszoM mpu BBEACHUH XJOP-HOHOB B cepebpoco-
Jiepakanine pacTBoOpH KoHueHTpauus cepebpa BHauale nanaer
(o6bpasopaune AgCl), a 3aTem HaunHaeT Bo3pacrarh (B pe-
syabrarte Kommiaekcoobpasosaunga). [lostoMmy ajs gocTHXKEeHUs
MOJMHOTBL Oca)KAeHus cepedpa caenyer nzberatb OOJMBLIOTO H3-
ObITKa MOHOB XJopa.
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DJIeKTPOOTPHUATENBHEIMU METANIaMH (LHHKOM, YKeJIe30M)

xJopun cepefpa, B3sATHI B BHIE CyCTeH3HH B pa30aBJICHHOM

CepHOH KHCI0Te, JETKo BOCCTaHaBJAMBAETCA 10 MeTaJla. 2107
npocTofl TpHEM TIOJYUEHHs MeTaJJHuecKoro cepebpa u3 ero
XJ0pHAA WIHPOKO NPHMEHSIOT B addrHAXKHOM TPOH3BOJCTBE.

Bpomua cepeGpa AgBr moxox mo CBOMM CBOHCTBaM Ha
AgCl. On pacTBopHM B aMMMAuHBEIX, THOCYJIb(ATHBIX, Cylb-

‘(l)I/ITHbIX H UHAHUCTBIX pacTBOpAax, JErxko BOCCTaHABJAHUBACTCH

o MeTaJdaa.

Wonun Agl-— maumeHnee pacTBODHMBIH M3 TaJOT€HHJOB
cepebpa, mostomy B oTinmyue ot AgCl u AgBr o He pacTBo-
pHM B aMMHayHbBIX PaCTBOpaX, HO PaCcTBODHUM B MPHCYTCTBHH
noros CN— 1 S;03, ¢ KoTopsMH cepe6po o0pasyer Ooaee
TIPOUHbBIE, HEXKENH C aMMHAKOM, KOMIIJIEKCHI. 3amerHOH pacT-
BopuMocTbio Agl ofajaer Takxke B KOHUEHTPHPOBAHHBIX pa-
CTBOPAX MOAMAOB LIEJOUHBIX METan10B, UTO obbsicusercss 00-

pa3oBaHHEM KOMIVIEKCHBIX HOoHOB Agls,

BecbMa XapakTepHOH H BaxHOH 0COGEHHOCTsIO TPYAHODA-
CTBODHMBIX TaJOT€HHIOB cepefpa fB/IAETCA HUX CBETOUYBCT-
BUTEJBHOCTD, 3aK/AI0UAONIAACA B TOM, 4YTO MOJ JAEHCTBHEM CBC-
TA OHM Pa3J1araloTCsl Ha METaJVInyecKoe cepedbpo u cBOGOAHBIH
rasona; 2Agl=2Ag+T,.

D10 cBOHCTBO raJouJHBX coJell cepebpa JeXKHT B OCHOBE
WX TPHMEHEHHs AT IPOH3BOACTBA (HOTOMATEPHAJIOB — CBETO-
YVBCTBHTENbHLIX [JEHOK, NJAaCTHHOK u Oymard. CBeTouyBCT-
BHTEJIbHOCTH  TatujoB  cepebpa  BospacraeT B pAdy
Agl<AgCl<AgBr, mosToMy ualle BCETo I NPOH3BOACTBA
(OTOMAaTEpPHA/IOB HCIOAB3YIOT Gpomun cepebpa.

K rajoremugaM cepeépa OueHb OJIH30K IO CBOHM CBOCT-
pam uHauug AgCN. Ou BeInajfaer B BuJe OeJoro ocajxa mpH
no6aBIEHHH K pacTBoOpy, cojepikamemy Houwl Ag*, pacrBopa
uHaHHAA [eJoyHoro MeTasna (0es n3buTka). [TogoGrO ranao-
reungam cepebpa, AgCN mpaxTnuecks HepacTBODHM B BOJE
(nponsseienne pactBopumoctd 2.3-107%) u pa3baBaeHHbiX
KHCJIOTAX, HO PACTBOPHM B aMMHAUHBIX, THOCYJIb(DATHHIX H L1A-
HHUCTHIX paCTBOpaX, BCJEACTBHE 00pas3oBaHHsi COOTBETCTBYIO-
WX KOMMJEKCHBIX CoelHHeHuH. B oTiudyne orT raJjoreHujpios
nuanu) cepebpa mol AeiiCTBHEM CBeTa He pasJaraercs.

M3 apyrux coenunenuit cepedpa GoJpuioe MNPAKTHYECKO®
3HaYeHHe HMeIOT HUTpAT H cyabdaT cepebpa.

Hutpat cepeGpa AgNO; moayualoT [Ie€iCTBHEM
KHCJIOTH Ha MeTallliieckoe cepedpo:

3Ag - 4HNO, = 3AgNO; + NO -+ 2H,0. (31)
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Hutpat cepefpa npeacrasiserT cofoit GecuBETHbIE HETHT-
POCKOTIHYECKHE KpHCTaJ/bl, naabdmuecss npu 2085 °C ; mpu
remnepatype Buie 350 °C Tepmuuecku pasnaraerca. AgNO;
Ou€Hb JETKO pacTBopsercd B Boxpe. Ilpu 20 °C ero pacrBopu-
MOCTp cocTaBJsier 222 r #a 100 r Boasl, npu 100°C oHa Bo3-
pactaet 10 952 r na 100 r.

B nmpucyTCTBHM OpraHHYCCKHX BELIECTB HHTpaT cepebpa
YCPHEET BCJEACTBHE YACTHUHOTO BOCCTAHOBJEHHA 10 MeTaJdsja.

Hutpar cepe6pa — rexHuuecku HauboJee BaxHOe COeTH-
HCHHME 3TOTO MeTaJj/d. DTa COJb CAYKHT HCXOAHHIM MPOIYK-
TOM JI/151 IPHTOTOBJICHH ! OCTaIbHBIX cOenuIenHit cepebpa. Bog-
Helft pactBop AgNO; HCnOL3YIOT B KauecTBe 3JEKTPOJHTA
NPH 3JIEKTPONHTHYECKOM Da(UHHPOBaHHH cepebpa.

Cysbgar cepebpa AgsSOs Moker GbITh MOJyUeH pacTBope-

HHEM METaqIudecKoro cepebpa B ropsiuell KONUEHTPHPOBAHHOM
CepHOH KucJoTe:

2Ag - 2H,S0, == Ag,S0, + SO, -+ 2H,0, (32)

Cyabdatr cepeGpa 06pasyeT GecupeTHbe KPHCTAMJB, T4~
BAmuecst npu 660 °C. Ilpu temnepatype Buiue 1000 °C Ttep-
Mu4ecKu paasaraercsa. Pacteopumocts Ag:SO, B BOJE HEBeH-
ka, npu 25°C omna cocrasaser 0,80 Ha 100r Bopw. B kow-
LEHTPHPOBAHHOR cepHOll KHCJIOTE PACTBOPUMOCTL 3HAUUTE/ILHO
Bhillle  BeJefcTBHe oOpasoBaHus GoJgee pacTsBopuMoro Gu-
cyastdata AgHSO,.

Cyanpun cepebpa AgeS— Hanbose TpyAHO pacTBopHMAas
COMb 3TOr0 MeTaJssa (IPOH3BENeHHE pacTBOPHUMOCTH 6.3X
X1075%). On BhInmajaer B Buje YEPHOrO oCaAKa NPH MPOIycC-
KaHHH CepoBOJOpoAa uepe3 pacTBopsl codeli cepebpa. Obpa-
30BaHHe A@yS mpoucxoAuT Takxke npu gefictsun HoS Ha me-
TaJIJIHYeCKoe cepe6po B MPHCYTCTBUH BJArd ¥ KHCJAODPOAA BO3-
aoyxa:

4Ag -+ 2H,S + O, = 2Ag,S + 2H,0. (33)

Kak Obiio OTMeueHo, 3TOT MPOUECE ABASACTCA MPHYHHON TO-
TEeMHEHMs cepeOpAHBIX M3JeHll UpH JJIUTETbHOM XpPAHCHHH.
Cynbpun cepebpa MOKHO NMOJIYYHTH TAKKE HENOCDPE/CTBEHHO
H3 3JIEMCHTOB, HArpeBast METANIHUECKOE cepebpo ¢ 3JaeMeH-
TapHOH cepofi.

B uunanHCTHX pacTBOpax AgeS pacTBopsieTcsl B pe3y.bTa-
Te 06pa3CBaHUA KOMIJIEKCHOTO COEUHEHHUS:

Ag,S + 4CN~ 2 2Ag (CN); + S (34)

Dra peaknHa obparuMa, NpoTeKaHHIO ee cJaeBa HalpaBoO Cno-
cOBCTBYeT MOBBbILIEHHEe KOHUCHTpanuu uHOBoB CN~— M ynage-
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HHe HOHOB S?~ OKHCJICHHEeM HX KHCJI0DOJAOM IIPOJYyBaeMoro
RO3/IyXa.

C pas6aBicHHbIMH MHEEDAJbHHIMH KHeJdoTaMH  Ag,S  He
B3auMojieiicTByeT. KoHueHTpupoBaHHad ce€pHas W  a30THafd
KHCI0Ta OKHCASAIOT cyabdua cepebpa xo cynwpara. Ilpu Ha-
rpeBaHuy B aTMocepe Bosayxa Ag,S pasnaraercs ¢ 06paso-
BaHHEM MeTaJJndeckoro cepebpa ¥ ILHOKCHJA CEPBI:

Ag,S 4 O, = 2Ag + SO, (35)

M3 panee ynOMHHABLINXCH KOMILIEKCHBIX COCJHHEHHH ce-
pe6pa HauGoabIKi HHTEpEC JI/Ig THIPOMETAJIYPrHH 3TOrO
MeTaJsa MPeICTABASIOT XOPOLIO PACTBOPUMBIC KOMIJIEKCHbIE
HHAHUCTHIC COEJIHHCHHS KaJus, HaTpud u KaJapuus. IlomoOmno
AHAJOTHUHBIM COCJAUHEHUSIM 30J10Ta, KOMIIJICKCHBIC HHaHH /bl
cepebpa 06pasyioTcs IpH PACTBOPEHHH METaJJHYCCKOTO  Ce-
pebpa B pacTBope COOTBETCTBYIOHIETO UHAHHAA OPH JIOCTYIC
KHACI0pOoaa BO3AyXa:

4Ag - 8CN™ + O, -+ 2H,0 = 4Ag(CN)7 - 40H " (36)

Dra peaxuns, KaK ¥ aHAJOTHUHAA pEAKUHA C 30/J0TOM, Ji€HKHUT
B OCHOBE IIPOUECCa [HAHIPOBAHNA,

Kaxk u 3070To, cepebpo pacTBOpAETCS B BOIHBIX pacTBopax
THOMOUEBIHE B npucyrcTBuH codeit Fe (I1T), obpasyst XxoMIlIek-

cupte xatnon Ag[CS (NHy)o]d

§ 4. llpuMeHeHHue 30/10Ta U cepeGpa

304070 CHIFPANO BAKHYIO posb B PA3BHTHH KalHTanusMa H ¢opmupo-
BAHHH €ro xo3sfcTBeHHoro Mexanusama. IlonoxeHue 301072, HCTOPUUECKH
ABAAIOUNIOrocs NeHEeXKHBIM MEeTAJIIOM, H3MEeHSJIOCh C pPa3BHTHEM KalHTaJaH-
cruueckux ortHomenuf. Kamaofl crajiuy KanHTaJHCTHYECKOTO TPOH3BOACTEA
Gogee HAH MEHee INCJHO COOTBETCTBOBAJA OlpepeseHHas JAEeHexHast CHCTe-
Ma npH ofliell TeHAEHUHH yMeHbilleHHs O0DbeMa JIEHeKHBIX ¢ yHKUHA 30.70-
7a. B HacTosilIee BPEMs 3010TO KOPAAMYECKH YCTPAHEHO H3 JEHEKHOro ofpa-
weHnst B (GOPMAJBHO YTPATHAO BCAKYIO CBsSb C JIHE:KHOA cHcTeMol. Tem
He MeHee, KAK OBIBIIMH [eHeXKHBI METaNJd 30J10T0 NPOJAOJKAeT COXPaHATDb
PsA BaXKHBIX CBOHCTB, BBUAGSIONIAX €ro H3 OCTAJbHOH TOBADHOH MAacCCH.

ITpexge Bcero, 30/0TO OCTAETCS MAaTepHAIOM, XpaHSIMAMCH B rOCy-
AAPCTEEHHBIX PE3EpPBAX H HaCTHOM HAKOIUICHHH, YTO CBSI3AHO € €r0 BEICO-
KOl MOGHJIBHOCTBIO ¥ JHKBHAHOCTBIO, T.€. CIOCOBHOCTBIO CAYXHTL abCo-
JIOTHBIM NOKYNaTeJbHEM H IJaTeXHBM cpeactBoM. Jlas kamuraiucTuue-
CKHX TOCYAAPCTB 30J0TO SIBASETCS CTPAXOBLIM M PE3EPBHBIM dongoM,
TO3BOJAIOWINM B Caydae KpaiHeld HEOOXORMMOCTH NOJIYYHTL NJIATCHKHEIR
cpeacTBa B s06OH HaUHOHAMbHOK BamoTe. M, XOTs 3TH Ke CpPeACTBA MO-
TYT ObITH NOJYUEHB! NPH PeaqH3aluH H APYIUX BAMOTHBIX TOBADOB, HANDH-
Mmep, HedrH, Jeca, 3epHa M T.J., 30J0TO IO CPABHEHHIO C HHMH obaagaer
PALOM TPEHMYLIECTB: BHICOKOH  yAeIbHOH LEHHOCTBbIO, KOMMAKTHOCTBIO,
TpauncnoptabeabHOCTHIO.

B 3KOHOMHUECKOH MKHU3HH COBPEMEHHOTO KamHTalu3Ma, B YCIOBHAX
XO3SHCTBEHHEX HEYPSIHL M COUMATbHO-TIONHTHYCCKAX MOTPSICCHHH 3010TO
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AB/ISETCS CPEACTBOM COXPaHeHUst CTOMMOCTH M H3BJedeHHs mpHObLim. He-
AOBEPHE K DYMAarKHO-IeHEKHBIM CPECTBAM, CTPeMJeHHe OXPAHKTh CTOMMOCTE-
HMEIOUINXCA NEHEMHBX  KamuTaNoB u COeperkenufi OT  MH(JISIHOHHOTO-.
obecleHHBaHNst MOGYKAAI0T YACTHOKAMUTAMNCTHICCK ] CEKTOp MEPEenoliTh.
KPenuTHO-GyMaKHbie (OPMBI CTOMMOCTH B peasibHO OCs3aeMyio hopMy apa-
TOIGHHOrO MeTasia. Do/bimias NOABHAKHOCTb lleH 30J10Ta Ha MHPOBOM phiH-
Ke CHYKUT MHTATeJbHOH CPefoft N/ MHBECTHUMOHHBIX # CHEKYJATHBHLIX
KAHTAMOBJIOKEHHH B 30JI0TO C IEJbI0 €ro NOCAEAVIOUIeH Hepernpogaky H.
IIOJIy4YeHNsI COOTBETCTBYIOUIErO n0XO14.

K komny 60-x rogop XX B. 30070l 3anac KANATAAMCTHYECKHX TOCY-
A&PCTB B OCHOBHOM CTabmJM3MPOBAJCH, W [MABHLIME cdepaMu noTped.te-
HHS 30JI0T@ CTaqH Te3aBpaunsi (HakoMJeHue 30JI0TA YACTHLIMH JHUAMH) H
TIPOMBIHIIEHHOCTb.

30710T0 061aMaeT YHHKAIBHBIM KOMILIEKCOM (DH3MYECKHX M XHMHUECKHX
CBOMCTB, KOTOPOTrO He HMeeT Hu OJMH APyrodl Meramr. OHO OTauuaercs
BLHICOKOH CTOHKOCTBIO K BOBJEHCTBHIO arpecCHBHLIX Cpel, N0 SJIEKTPO- #-
TeNAONPOBOAHOCTY YCTyNaeT JHIMb cepeSpy u Meau. 30J0TO OYEHb TEXHO-
JIOTHYHO, U3 HEro JIErKO H3TOTOBHTb CBEPXTOHKYIO (OJbIY ¥ MHKDOHHYIO.
IIPOBOJIOKY, OHO XOPOINO nHasieTcst M CBAPHBAETCS MOJ [JABJACHHEM, 30J0The
MOKPEITHA JETKO HAHOCATCS Ha METaJIbl W KepaMHKy. 30J0TO HOUTH MOJ-
HOCTBIO OTpaxkaer mH@pakpacHbie JyuH, B CHJIABAX O6J4TaeT KATAJHTH-
HeCKOH aKTHBHOCTBIO. Takast COBOKYNHOCTH mNOJIE3HEIX CROHCTB  30J0T4
SABJIACTCH NPHYKRHOH €ro MMPOKOr0 HCIOMb30BAaHHsS B BAaMKHEHILHX OTPAcIsA
COBPEMEHHOIl TCXHHKH! SJIEKTPOHHKE, TEXHHKe CBA3H, KOCMHYECKOH ¥ aBHa-
IHOHHOH TeXHHKe, SiIePHON SHEpPreTHKE H T. [.

30JI0TO 1 €ro CIJIABE! IMHPOKO MPHMEHAIOT IJS HATOTORJEHHS KOHTaK-
TOB B C/1a0OTOUYHONH TEXHHKe (COBDEMEHHBle CHCTEMbI CBA3M H YIPaBJeHus,
9BM). Xopouiast 3JeKTPONpPOROAHOCTS ¥ HEOKHCJISAEMOCTH 30J0Ta OBeCHes
‘{I/IBaeg HA/IeKHYIO PAbOTy TaxHX KOHTAKTOB B TeueHHe IAXTEJLHOTO CpoKa
CJIY K BBl

B Buac TOHKHX MOKPHTHH HA CTekde, KEDAMHKe, KBApPLUe 30/0TO HiH-
pOKO HCNO/IB3YIOT B SJIEKTPOHHHX YCTPOWCTRAX, HOJYIPOBOAHUKOBHIX 3/€-
MeHTaxX, MHKpPOCXeMax AJs HepeladM 3JeKTPUYECKOro Toka. Takue MJIEHKH.
OTJMYAIOTCS BBEICOKOf SJEKTPONPOBOIHOCTBIO ¥ KOPPCSHOHHOH CTOHKOCTBIO.

LleHnbiMu cBOHCTBAMH 00J1aRalOT NPUIOW Ha OCHOBe 30a0Ta. OHE MO-
TYT CMA4YHBAThH CaMble PA3JIHYHbIEC MaTepHasbl, HMEIOT BBICOKYIO KOPPO3HOH-
HYIO CTOHKOCTb, TeXHOJOTHUHOCTb, OGECIEHHBAIOT OOJBLHIYVIO IPOUHOCTE M.
HAPONPOYHOCTh MASHHX CoeAuHeHHil. Huskoe pamierue mapa sTux npo-
NOCB M03BOJIAET HCNOMb30BATL HX AJNA HAMKH BAKYYMHOIJIOTHEIX ILIBOB,
OcHoprbIM noTpefuTeNeM 30J0ThiXx I[PHIOER HABJACTCH SJAEKTPOHHAS [PO-
MBIILIEHHOCTD, T/I€ UX NPHMEHSIOT A5 Nafiku LeTajeldl K y3J0B BOJHOBOJOB.
SJIEKTPOHHBIX TPYBOK M JaMii, paJapHOro OBOpYAOBaHHA, BAKYYMHEIX IIpH-
OCpPOB, NMPH MOHTAXKe MOJYNPOBOLHMKOBHIX MHTErpaJbHBIX CcxeM. [lpunou
Ha OCHOBe 30/I0Ta HCHOMB3YIOT TakkKe JAJ naitku Hawbosee OTRETCTBEHHBIX
V3JI0B AJEpPHLIX SHEPreTHYCCKHX YCTAHOBOK, CAMOJIETHHX M PAKETHBIX JBH--
raTejeff, KOCMHUECKOH aNmapaTypel W T. I,

30/10T0 M €ro CIUIABH ynOTPeGMsiOT MJsi M3TOTOBJEHHS [PEIH3HOHHEIX
MOTEHIIMOMeTPOB, TepMONap, TePMOMETPOB COIDOTHBIEHHS,

Boiaronapsi BEHICOKOH OTpaKaTeNbHOM CIIOCOBHOCTH MO OTHOHIGHHI K
uA(paKkpacHEIM JyyaM, NOKPHITHS 30J0TOM HCMOJB3YIOT JAJS 3alliTh KOCe
MHYECKHX AamnmapaTOR OT COMHEWHOH pajnHaumH. Tak, HeKoTOpHe JAeTAIH:
KOCMI4ecKHx kopabiell «AmojnoH» u CHapAMKEHHs KOCMOHABTOB GBLIM MO-
KPHTH TOHKHM CJIOEM 30J10Ta.

B XAMuueckoll NMPOMBINIEHHOCTH [AKHPOBAaHubie 30A0TOM CTajibHEE
TPy6Bl Cay:KaT AJAS TPAHCIOPTHPOBAHHS OCOGO arpecCHBHBIX IJKHAKOCTEH,.
Hekorophie CnJaBH 30J0Ta MPHMEHSIOT B KaYeCTBE KATaNH3aTOPOB.
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3HauxTeabibC KOAiMecTBa 3040Ta nNOTpebaseT CTOMATOJOTA: KOPOH-
&1 H 3yOHBIe NpOTe3bl H3TOTOBJISIOT H3 CIJIABOB 30J10Ta C cepe6pOM, MEbIO,
HuKeJeM, naaTHHOH, uuHKOM. TakHe CIJIABBL COYETAlOT KOPPO3HOHHYIO
CTOHKOCTb € BHCOKMMH MEXaHWYeCKHMH CBOHCTBAMH.

CoefHeHnsl 30J0Ta BXOAAT B COCTAR HEKOTODHIX MEAHUMHCKHX Ipe-
MapaToR, MCHOJAB3YEMBIX JAJS JeueHns psina 3abosesaHui (TyGepky.esa,
PeBMATHYECKMX aPTPHTOB u T.1.}. PaanakTHBHOe 30J0TO HCMOAB3YIOT NpH
JedeHHy 3/J0KAYeCTBEHHBIX ONMyXOJedl.

TpafuIMOHHEIM ¥ CaMHM KPYNHEM mHOTpefuTeaeM 30J0Ta  ABJAACTCS
10BeJAMpHAS NpoMEIIeHHoCTh. IOBeaupHbie H3JenHA H3rOTOBISIOT HE W3
YHCTOTO 30J0T4, @ M3 €r0 CHJABOR C JPYTHMH MeTallaMHu, —3HAUHTEIHHO
MpeBOCKOAAUIUMH 30I0T0 MO MEXaHHYeCKOH n‘goqﬁocm u crofikocTu. B Ha-
cTosiee BpeMs AJs 9TOro cayskar cmaapbi Au—Ag—Cu, KOTOphie MOryT
coJ1ep:KaTh Ao0aBKy IMHKA, HHKEJ, KoBaabTa, majaagns. CTOHKOCTb K
KOpPO3uH TAKMX CILTABOB ONpee/sieTcs, B OCHOBHOM, COJePKAHHEM B HHX
30/10T4, a IBETOBHE OTTEHKW H MeXaHH4YeCKHe CBOHCTBA — COOTHOMIEHIEM
cepebpa H MelH. ) )

BaxHelilllell XapaKTepHCTHKOM [OBEJHPHBIX M3JeJHil ABAAEICT HX NpO-
6a, xapakTepuayioulasi COJepKaHpe B HHX 30.10Ta (415 CepeOpAHBIX HJM
IATHHOBHX W3AeJuil — COOTBETCTREHHO cepefpa WM miaTuHb). B narmei
cTpaHe VCTAHOBJEHd MeTpUuecKas CHcTeMa npob, B KOTOpOi coacpranue
300Ta OBO3HAuaeTCst uncaoM gacTed mo Macce B 1000 wacTsx cmnaga, Ira
®e CHCTEMA TIPHHSTA B GOJBLIHHCTBE CTpaH. B cOOTBeTCTBHM C Hefi uuCTOe
sonoro uMcer npo6y 1000. Jlo 1927 r. B Poceun cyilecTsopasa 30J0THH-
KOBasi CHCTEMa OG0O03HaueHus npob, o KOTOPOH COAepKAaHHWe 30J10Ta BEE-
pAaZKANOCh YNCIOM 30JOTHMKOB B OfiHOM yHTe cnaasa'. ITo sTofi cncreve
YHCTOMY 30.10Ty COOTBeTCTBOBada mpoGa 96. B psnme crpan (CLUA, Beauxo-
gpuranus, lllBefiapus) npuHATa KapaTHas CHCTeMa, 11O KOTOPOH 4HCTOE
30070 (mpoBa 1000) cooTseTcTByeT 24 yC/HOBHBIM EIWHMLIAM — KapaTaM.
IMpo6HOCT CHJIABOB B PA3JMUHBIX CHCTEMAX TPHBEICHA HHKE.

Merpuueckas . . . . . 1000 958 750 583 375
3onctiukoBas . . . . 96 92 72 BB 36
Kapatnas 24 23 18 14 9

B CCCP ocHOBHYIO Maccy IOBETMPHBEX H3JEAHH BHNOYCKAOT M3 CILIA-
BOB npo6 750, 583 u 375. 3a pyGexom MHPOKO HCMOAb3yIOT 18- u 14-
KapaTHLe CMAaBbl, a Takke NpuMeHsOT 10- ¥ [2-xapaTHbie CIVIABH U5
IJAKHPOBAHHS HeGIaropoJHBIX METAJIOB.

JIOBO.IbHO 3HAYHTE/BbHOE KO/JIMYECTRO 30J0Ta HAET HA YEKAHKY MOHET
" MenaJjell, 1eKOPaTHBHLHE NMOKPBITHS U T.II.

CiezryeT OTMETHTb, 4TO XOTsi B OfuieM o6beMe MPOMBIHIIEHHOrO I10-
TpeGiaeHs, BKJAKTAS OBETADPHYH MDOMBINIJIEHHOCTE W CTOMATOJOTHIO, L0JS
30J10Ta, PacXOAyeMOro Ha UHCTO MPOMBINIENHbE IEIH (3JeKTPOHHKA, TeX-
HHKA CBS3H, SifepHasi SHePreTHKa, KOCMHYeCKasi TeXHHKA u T.T.) COCTABIA-
et Bcero 10—15 %, 3HayeHHe 30J0Ta B PAa3BHUTHH HOBeHIUX OTpAacJeil
TeXHMKH BecbMa CYIIeCTBEHHO M HEYKJOHHO BO3PacTaeT HecMOTpPsi Ha BHI-
COKYI0 CTOWMOCTD ? 3TOrO MeTaJsia.

Cepe6po. ITogo6ro 30J0TY, Cepebpo OOCJafaeT 3aMe4aTeJbHBIMH TeX-
HUYECKHMH CBOHCTBAaMM, 6.1arofapst KOTOPHIM €ro IIMPOKO NPHMEHSIOT B
npompiiienHocTh. CepeGpo OTJIHUaeTCH CaMOf BBHICOKOJ Cpean MeTa/ich
SJEKTpO- H TEIJIONPOROJHOCTBIO, COUCTAIOUIEHCSt ¢ HH3KOH XHMHUECKOH akK-

11 dynt — 96 307CTHHKOB.
2 B 1984 r. meHnl Ha 30J0TO HAa JIOHAOHCKOM pBIHKe KOJeBajuch OT

300 g0 360 gommapor 3a Tpofickyio yHuuio (31,1 r).
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THBHOCTBIO, NAACTHYHOCTBIO, OOALIIOH OTpaKATeNBLHOH CIOCOGHOCTBHIO
Becbva uerHEIME cBOficTRaMH 0GMaZAOT HEKOTOTPHIE COCNHHCHHSA cepedpa-

B oranume or 3071074, OCHOBHYI0 MAcCy KOTOPOTO HCIOJBb3YHOT B }OBET
IUPHOM ¥ CBA3AHHOA C HEH OTPACNSX NPOMBIILIEHHOCTH, cepeGpo, B OCHOB-
HOM, PACXOAYIOT HA YHCTO TeXHHYECKHEe LieJu. ’ 1

Baxcueiwedt chepoir norpeGnenns cepedpa ssasercs TIPOH3BOCTBO
CBETOYYBCTBHTENBHBIX MATepHANoB AJs KHHO- H  (hOTONPOMLIULICHHOCTH
Pacxop cepe6pa Ha npousBOACTEO KHHO- H doToMarepraton HeYKﬂOHH(';
BO3pACTaer, OJHAKO, HECMOTPS Ha BCE YCHJIHA yUeHDLIX, NONHOLEHHLIX 3aMe-
HUTelTeH cepgﬁpa AT 3THX uenedl moKa He HafifeHo. -

Kpynuoit obnactoio mpumenenns cepeGpa snsercs TEKTPOTEXHIKA
H 3JeKTPOHHKA, TJI€ BBICOKas 3JEKTPONPOBOAHOCTL Cepebpa B CoderaHHH
C XHMHUYECKOH CTOHKOCTBIO NPeJCHPENeNHAN HIHDOKOE HCIIOAB3CBAHHE €ro
JJ1si M3TOTOBJIEHHS KOHTAKTOB H MPOBOLHHKOB.

3Ha'—IHTeﬂbHOue KONUYECTBO Cepelpa pacxoayercst Ha  H3TOTOBJIGHHE:
UPHIIOER 11 NAHKH PasMHYHLIX MeTalnoB u cniaBop. CepeGpsiHbie MPHIOH
AAIOT TPOUHBIE H NNACTHUHbIE CMAH, NPOTHBOCTOSLIME YAApaM H BHGpAlHH
CTofiKOCTb K OKHCICHHIO OBYCTOBHIA HIHPOKOE NpHMeHEHHe cepeép;mm;
[PHIOEB B ABHANMOHHOM W KOCMHMUECKOH TEXHHKE, a XODOWIafl SJeKTPOMpO-
BOAHOCTb — B 3JIEKTPOTEXHHKE.

BbICOKHMHA Pa3pAAHEIMH XapakTePHCTHKAMH 06a1a10T cepebpAaHO-uHH~
KOBble H CepeGpsHO-KAAMHEBLIE AKKYMYMSTOPH, NpHMeHseMble B pakeTHOH
TeXHHKe, TOABORHOM (10Te M T. . Munuatiopunie Garapen copepxKampne
XJIOPHA Cepelpa, HCIOML3YIOT B 3ME€KTPOHHBIX HApYUHBIX 4acax, KHHOKAMe-
paX, KaJbKyJaaTopax. 7 -

M3 cnnasa cepebpa ¢ KagMHeM M MHAHeM H3TrOTABAHBAIOT peryRHpyIo-:
HIHe CTepXHU B AJEPHON TeXHHKe,

Cepebpo npuMeHSIOT Takike IAS NPOH3BOACTBA AHTUQ PHKILHOHHHX.
CIIABOB, HaHeCEHMs NOKPHTHH, B MEIHUHHE K T. 4. JlaBHO M3BeCTHBI GaKTe-
PHLHAHbBIC CBOHCIBA Cepelpa, Gnaromapsd KOTOPHIM 3TOT MeTail NpHMEHS-
I0T B YCTAHOBKaX 00e33apasKMBAHMsi [HTbEBOH Boxbl, KaTaTHTHUECKHe:
CBOHCTBA cepe6pa H €r0 CoepuHeHHR HeOGXONMMBI B COBPeMEHHOH XHMHH
NpH MOJYUYeHHH DPANa BEUECTB. A

TpapunuonHo#d chepofi npumeneHHs cepebpa ABAfETCA NPOU3BOICTBO!

YKpameHuH, CTOM0BOA MOCYAEl, NaMATHHX Menanel, NpeiMeroB KoJNeKIHOr
HUPOBAHHUS H T. I,

IFnasa Il
PYIAbl H MUHEPAJIbI 30JI0TA U CEPEBEPA

§ 1. Tunbl pya u MecTopoxkaeHuii.
Ho6blua 3000ta u cepedpa

30JI0TO — BecbMa Beﬂxn‘y’r JMIEMEHT, €ro KJaapx (cpeasee co-
JepXKaHHe B 3eMHOI KOpe) coctasaser 5-10~7 %, 1. e. 5 Mr/T,
yro B 20 pa3 MeHblie Kiapka cepe6pa u B 200 pa3s — kJaapka
pryti. Ha OCHOBaHMH KOCBCHHBIX JAHHHX [10JArCA0T, YTO CO-
JepAxaHue 30/10Ta B A/pe 3EMHOr0 lIapa 3HAYHTEILHO BHIIe,
Bosbie abCOMIOTHEIE KOMMYECTBA 30J0TA CONEPHKATCI B MOP-
CKOH BOJE, OJHAKO, H3-3a MaJIoH KOHuedTpauun (10—
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— 10! Mr/M3) H3BJIEYEHHC 30.10Ta H3 MOPCKOH BOJH NIOKA He-
peHTabeNBHO.

MecropoxieHus 30J0Ta Je/AT Ha KOPeHHble (DYHHBIC) H
POCCHINHLIE.

BOJBIIHHCTBO NPOMBILIEHHO BaXKHBIX KOPEHHBIX MECTO-
POXKIEHHH 30J10TA IPHHALJIEXRAT K THJPOTEPMANBHOMY THIY.
CxeMaTHUHO IPOLECC OOPAa30BAHHA TAKHX MECTOPOXKIEHWH
MOKHO MPEACTaBUTL CIEIyIOUHM 06pasoM. O6pasyomasca B
riy6uHe 3eMHOH KOPbl HJH B BEDPXHHX C/IOAX MaHTHH JeMan
MarmMa, ABHTasCh KBEDXY, BHEIpsAeTcs B 3eMHYIO KOpy H, HE
JOCTHTHYB NOBEPXHOCTH 3€MJIH, MEIJIEHHO OCTBIBAET M KpHC-
tajqnusyercda. MarMa npeacTasaaeT coboit CJAQXKHBIA, PEUMY-
H[ECTBEHHO CHJHMKATHBIH pacn/iaB MaHTHHHOIO HJIH KOPOBOTO
BEIICCTBA, HACHILIEHHHIH DACTBOPEHHBIMH B HEM JIETYUHMH KOM-
NIOHEHTaMH — BOJAOH, YTJIEeKHCIOTOH, CepoBOJOPOJAOM M T. J.
TIpi OXxJazIEHHH MarMbpl B OIPEJEJEHHOH NOCael0BaTeNbHO-
CTH KpPHCTAJNH3YIOTCA NOPOA00Gpasylomue CHIMKATH (0JH-
BHH, IHDOKCEH, TOJEBbIe IINaTH, KBapi M Ap.), MPAKTHICCKH
He cojepxkamue B CBOeM COCTaBe JeTYuYHX KOMIOHCHTOB.
Temneparypa INOCJHEIHHX CTaJHll KDHCTAJ/IH3aUHH KHCJIBIX
MarM Ha TyGMHAX HECKOJBKO KHJIOMETPOB OJH3Ka, NMO-BHAM-
momy, k 800 °C. Tlo Mepe KpHCTAJIM3aUHH MarMel COACpHKaA-
HHe JEeTyuduX KOMIOHEHTOB B OCTaTOYHOM pacmnjiaBe BO3paC-
TaeT. B ompeleseHHH MOMEHT OHO JOCTHraeT Iipeicia
PACTBOPHMOCTH, H NPOHCXOJAHUT BHAE/JIEHHE Ta30B. C nocaen-
HUMH BBIHOCSTCA HE TOJBKO JEeTyuue, HO ¥ JAPYrHe MeraJsllH-
yeckHe H HeMeTaJJIMUeCKHe KOMIIOHEHTH, B TOM YHCJE 30J0TO.
ITo TpemHHaM X IIOpaM Ta3y YCTPEMJAIOTCA B OKDYXKakolne
TOpHBEIE MOPOABI, 00pa3ys THAPOTEPMaAJbHBEIE PACTBODBHI. Bona
rAyOHHHBIX THAPOTEPMAJNBHBIX DACTBOPOB HAXOMMTCHA B BHIE
CTYLIEHHOrO napa, KOTODHI IIDH TeMIiepaType HHXKE 372°C
(KpUTHUECKAs TOUKA BO/JB) IO/ AdBJIEHHEM MEPEXOAUT B KHA-
KYIO BOAy. B yCJOBHfX BBICOKHX TEMII€PATyp ¥ [1aBJEHHH BO-
1a crnocobHa PacTBOPATHL M IIEPEHOCHTH MHOTHE B OOBIUHBIX yC-
JOBHAX HEPACTBOPHMbIE COEIMHEHHMsS, B TOM UHC/IE 30J0Ta,
kpeMHe3eM H 1p. Bompoc o (opme cOCTOAHKSA 3070Ta B THAPO-
TEPMAaJBHBIX PACTBOPaX MOKA OCTACTCH CIOPHBIM.

JlBurasicb o0 TPEIUIMHAM, THAPOTEPMaJbHbIE DACTBOPHI 110-
cTynalT B objacTe 60jee HH3KOTO JaBJCHHA H IIOCTENEHHO
ocTelBaroT. I101 BJAHAHHEM CHHIXKAIOLIErOCA AABJCHHA W TeMIe-
paTyphl, a TJaBHO€, B HTOTE CJOZKHOTO XHMHUECKOro B3anvo-
IeHCTBHS ¢ BMELIAIOIIHMU MOPOAAMH H3 THAPOTEPMAJbHHX
PacTBOPOB, OCAXkKAAIOTCS 30J10TO M APYTHe MHHEDaJbl (KBapi,
MUPUT, aPCEHONMUPHUT U T. A.). OHM MOCTENEHHO 3aNoJHAIOT
TPELIHHE], 06pa3ys XUIHL.
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ITOT NMpouUECC MOXKET MPOTEKaThb B HECKOJBbKO IIPHEMOB.
TIpu sTom 30/10T0 OTNIaraercs Ha JMOOHX paHee CHOPMHPOBAB-
WKXCA MHUHEpasax: KBapue, pasauYHHX CcyJabpunax, dvaule
BCErO Ha NHpuUTE U apcenonupure. [lpw onHoBpeMeHHOM ocaX-
JEHUH 30J10TO MOMKET BHJAEJAATbCA HE TOJAbKO HAa MOBEpX-
HOCTH KPHCTAJNJIOB JAPYrHX MHHEDAJOB, HO ¥ BHYTPH IO-
CIeHUX.

[Ipn HexOTOPHIX YCJIOBHAX 30JI0TO BHJIEASETCA B (opme
MEJKHX KDHCTAN/JIOB H JasKe NAHCNEpPCHHX BrJawoudeHuil. Ilpu
6,1aronpHATHHIX YCIOBHAX — 3aTAHYTOM IIPOLECCE KPHCTAJIH-
3auHu H3 GoraTelX 30J0TOM PacTBOPOB — MOryT 06pa30BaThCA
KPYIIHBIE KPUCTAJIBl HJIH arperaTel — CaMOPOJIKH.

B saBucumocTH OT yC/10BHH 06pa3oBaHUA M COCTaBa THJPO-
TepMaJIbHEIX PaCTBOPOB OOPa3ylOTCA MECTOPOXKAEHUS 30/10TO-
KBAPIEBHIX PYA, ILEe 30J0TO ACCOUMHUPOBAHO C KBApUEM, HJIH
30JI0TO-KBAPUEBO-CYIbQUIHBX pPY/, B KOTOPHIX OHQ AaCCOUHH-
POBAHO KaK C KBAapueM, Tax ¥ ¢ cyabpuaamu. BosmoxHa Tak-
JKe NIPeHMYLIeCTBeHHAA accouuamust 3010Ta € CyJdbdHIAMM.
Haxkonen, BeTpeyaloTes CIVIOUWIHBIE CYJAb(UIHbIE PYAB 30J0T4,
4aCcTO OJHOBPEMEHHO fABJAIIIHECS H DPY/LaMH LBETHBIX METaJ-
0B,

Ilocsie GpopMHDPOBAHUA KOPEHHOTO MECTODOXKAEHHSA OTHEJb-
HHl€ ero Yy4aCTKH, DacCloJIOXKEHHHE B [OBEPXHOCTHOW 30He
3€MHOH KODHl HJIH BHIXOJSIINE Ha JHEBHYIO MOBEPXHOCTH, MOSL-
BEPraroTcs BHIBETPUBAHHIO, T. €. PA3PYLIEHHIO Toj AeHACTBHEM
TAKHX (DaKTOPOB, KAK CYTOUHHIE H TOJNOBBIE KoJae6aliusg TeM-
NepaTypsl, NOBEPXHOCTHHE M NOJ3E€MHBIE BOJH, COJEpIKAIIHE
KHCIOpPOA M 1pYrHe pacTBopeHHble BemiecTsa. Paspywaloniee
BO3/IEHCTBHE OKA3HBAlOT BeTeDP, a TaKiKe NPOuUecCH, CBA3aH-
HBlE C JeATeJbHOCTHI0 MHKPOOPTAHU3MOB H NOUB00Opa3oBaHH-
‘eM. BriBeTpuBaHue CONpoOBOXAAETCA HE TONBKO MEXAHHUECKHUM
paspyuieHdeM pyJ/IHOTO TeJa M BMEHIAIOIUX NOPOJ, HO XHMH-
YeCKHM npeofpa3soBaHHEM MHOTHX MHWHEDPAJOB, BXOAAIIMX B
HX COCTaB (C/IOJ, MOJEBHX IINATOB, oJuBHHA U Jap.). ObJgom-
KH IIOpOJ, 3€pHA KBapua, I'PaHaToB H APYrHX YCTOHUHUBHIX MH-
HepaJ/ioB, B TOM 4HMC/I€ 4aCTHUBl 30J10Td, CHOCATCI aTMocdep-
HBIM{ BOJAMM M BOJAHHMH MOTOKAMH B NOHUXKEHHBIE YYACTKH
peaseda. Ilpu 3TOM NPOMCXOAUT COPTUPOBKA MNEPEHOCHMOTO
MarepHaJa nmo KPYMHOCTH H (opMe 3epeH, 10 NPOUHOCTH, HO
NPEeHMYNIECTBEHHO MO HX IoTHOCTH. HanBonee Taxense mu-
HEepaJipl, B TOM YHC/IE 30/10TO, IEPEHOCATCA 3HAUYHTENLHO Mej-
JIEHHEE H MO3TOMY, B OCHOBHOM, KOHIEHTPHPYIOTCA BOIH3H Ma-
TEPUHCKOI'0 KOPEHHOIO MEeCTODOXKJIEHHS, NOCTENeHHO NEPEABH-
rasgcb BHM3 IO CKJOHAM TOpP MJAM AHY pedHoH No/JuHH. Tak
006pa3yoTcs poCCHIHEIE MECTOPOK/IEHHS (POCCHIN).
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Oco6bIfi THII MECTOPOKXAEHHUH 30;10Ta COCTABJAAOT TAK Ha3bl-
BaeMble 30JJ0TOHOCHBIE KOHIJoMepaTsl. K 3TOMY THMY OTHOCHT-
sl KpymHefillee B MHPE MECTOPOXKICHWE 3070Ta (M ypaHa)
Butsarepcpann (IOAP). KonrnomepaTsl CT0XKEHB! H3 KBapue-
BHIX raJ1eK, IPOYHO CLEMEHTHPOBAHHBIX MEJNKO3EPHHCTHM KBap-
1M C TPUMECBIO APYTHX MHHEDa/0B; 30JI0TO HAXORHTCS B I€-
MenTe. Cpeny CrnenuaaucToB HeT efHHOr0 MHEHHA O NPOHCXOK-
JEHHM 3TOTO MeCTopoKjaeHus. YacTb reosoros mnosaraer, yro-
30JI0TO BMECTE C yPAHOM OblJIO NPHBHECEHO THAPOTEPMAaJbHEL-
MH PacTBOPAMHU B TOJIIY KOHIJIOMepaToB, 00pasoBaBlUMXCS HE
fonee paHHeH TeOJOTHUECKoi cTanuu. [pyrue reojors CrJo~
HAIOTCA K TOMY, 4TO 30J10TOCOJIeP:Kallue KOHIJIOMEPaThl Mpel-
CTaBJs0T co0OH JAPEBHIO DPOCCHIIb, MOJBEPTIIYIOCH NpOuEcCy
MeramopdusMa (mpeobpasoBaHuio). B TEXHOJOTHUECKOM OTHO-
UIEHHH 30/0TOCOAEPXKALHE KOHIVIOMEpATH TNpHHALMeXKAT K
THIY KOPEHHHX DYA.

Hspaeuedre 30/10Ta M3 DPOCCHINMHBIX DY/l 3HAYHTENIBHO MPO-
[I€ ¥ JeleB]e, UeM H3 KOPEHHBIX. POCCHIIH, KaK MPaBHJIO, 3a-
Jeralort ua HeGonpwHX TAyOHHAX. Dr0 NO3BOJAsAET paspaba-
THIBATb WX HauGoJ/ee JIeWeBHM OTKPHITEIM CI0OCOOOM. 30J0TH-
Hbl B POCCHIIHBIX PYAaX HaxoadTcd B CBOOOLHOM COCTOSHHY,
YTO J€J1aeT HeHYKHEIMH IHEPrOeMKHE M JIOpOTHE Onepalyuy
Apo0/IeHHua U H3MEJbUEHHS H T03BOJAEeT H3BJEKATb MeTaJl]l
NPOCTHIM H BHICOKOTIPOM3BOJUTENbHBEIM CIIOCOOOM  NIPOMBIBKH
necxkoB B Boge. B urore no6sua u o6paboTka IECKOB POCCHI-
HBIX MECTODOMK/AeHHH 00XOLHTCA B [LeCATKH Pa3 JeuleBje, 4yeM
KOpeHHHX pyA. Ilo3ToMy pocChHmHBIE MECTODOXKIEHHSA paspa-
6aTHIBAIOT, AaXKe MPH OUeHb HU3KOM COJEDXKaHHH B HHX 30J10-
Ta, BIJI0Th 10 0,1 r/T.

J1s KOpeHHBIX PYJA NPH CYILECTBYIOLUIEM YPOBHE TEXHOJO-
I'HH MHHEMAaJbHOE IPOMBILIIEHHOE cojepixaHue 3oJora, obec-
neuwBapliee peHTabebHYI0 pa3paboTKy MECTOPOXK/EHM,
OOHYHO JIEXUT B mpenenax of 1 po 4T/T B 3aBHCHMC-
CTH OT 3alacoB H THONA DYA, Teorpaduueckoro moJoxke-
HMf, TOPHOTEXHHUYECKHX YC/JIOBHH pa3paboTKH H ADYTHX ak-
TOPOB.

IlpocToToil u3p/euenus 30J10Ta M3 POCCHIEH 00BACHIETCS
TO, YTO B TEUEHHE MHOTHUX BEKOB M JaXKe ThICAUEJETHH poc-
CHIIHbIE MEeCTOPOMKAEHHS OBbIIH TJABHBIM CHIPbEBBIM HCTOUHH-
KOM 30/10Ta. B jpeBHHEe BpDeMEHa POCCHIHOE 30J0TO B 3Hau-
TeNpHHIX MacmiTabax po6uBanu B Adpuke, KOxuolt Amepuxe,
Asun (Kwurait), Eppone (Ha Tepputopuu HuHewnefi Mcenannn)
M JIPYTHX dacTaAX 3€MHOro wmapa. Emie B NpoulioM CTOJETHH
UIMPOKOH H3BECTHOCTBIO I10JAb30BaJHCh Ooratefduine PpOCCHIIM.
Kanndopuuu, Apctpanun, Kavanw, Ansicku.
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Tat6nnua 2. CTpykTypa 30/10TOPYAHOTO ChIphsl HEKOTOPBIX
KaTHTAJUCTHYeCKHX cTpaH B 1976 r., Y

Tun pyxn IOAP Kanana CIlIA ABCTpajiHa
Kopenpwe . . . . . . . . 95,0 73,0 33,0 71,2
Poccemmapie . . . . . . . . 5,0 0,6 1,0 —
Meaubte . . . . . . . . . — 17,4 34,0 13,5
CBHHIOBO-IIHHKOBEIE . . . . . — 0,3 32,0 3,8
[Ipoune — 8,7 — 6,5
Uroro: 100,0 100,0 100,0 100,0

Ilpumepno x xounmy XIX B. 30/10THE pocchnu OHJM B OC-
HOBHOM Bbipa0oTaHbl, H NpeosaafalIluM CHPbEM 30J0TOH3-
BJIEKATeJLHOU NPOMBIIIJIEHHOCTH CTaJdd KOPEeHHBle pyinl. B Ha-
cTOdLIee BpeMs HA AOJI0 pOCCHINEH MpHXOAHTCA He Oogee 2—
3 % o6men noGuiuy 30/10TA.

Kaxk yxe ymoMuHa/10Ch, KPYMHEANIMM B MUPe MECTOPOXKAe-
HHEM 30J10Ta SBJASIFOTCS KOHIJoMepaThl ButBarepcpausa B
IOxuoit Appuxe (IOAP). 3to yHHKaJbHOE KOpEHHOE MECTO-
pOXIIEHHE yKe B TeueHHe nodru 100 jer gaer 6GJABIYIO 4acThb
noOslBaemMoro B Mupe 3oqaota. s xkoursomepatoB ButBatepe-
paHIa NpH OTPOMHBIX 3amacax pyJ XdpaKTepHO CpaBHHTENA-
HO HEBHICOKOE COJIEPKHHE 30J0Ta (0k0Ja0 13 r/T), 0OAHAKO OHO
Bbi/1CP2KHBAETCH BIJIOTb A0 GoJabliuX ry6uH. lOxuHoadprkaH-
CKHE 3CJIOTHIE DYAHHKH — caMble Iyfoxkne B Mupe (rayOuHa
oTaedpHBEIX maxT pocruraer 4300 M). IloMuMo 30710Ta KOHT-
JomepaTs BurBarepcpanma coiep:kaT ypaH, NMONYTHOE U3BJe-
yeHHe KOTOPOTO CYIIEeCTBEHHO MOBHUIaeT peHTabeslbHOCTL Te-
pepaboTKH 3TUX PYA.

CoBpemeHHBIE KDYTHBIC MECTOPOXKAEHHS KOPEHHOrO 30J10-
tTa Haxoasarcs B Kamage, CIIA, ITanya-HoBasi I'Bunes, As-
crpanuu, 3uM6a0Be, [ane, JJomHHHKAaHCKOH pecnyOJuke, Ha
@duaunnuHax I B ApYyrux cTpaHax.

[ToMuMo coBCTBEHHO 30J0THIX pPYyA, B  KOTOPBIX 30JI0TO
npeiacTaBasieT co60f eIHHCTBEHHHH WM OCHOBHOH UEHHHIN
KOMTIOHEHT, Ba’KHHIM ChIPbEBHIM HCTOYHHKOM SIBJSIOTCA TAKAKE
cyJbbuaHbEe PYAH IBETHEIX MeTaJIoB: MENHHE, MCIHO-HHUKE-
JeBbIe, MEIHO-MOJMHGAEHOBLIE, CBUHIOBO-IMHKOBHE. [Ipu nepe-
paloTKe 3THX PYJ 30J0TO H3BJEKAIOT MOMYTHO.

B Hacrosimee BpeMs CTPYKTypa 30J0TOPYAHOrO ChHIpbs Ka-
MUTAJHCTHYECKUX CTPAH XapaxTepusyercs CJAeIYIOHIMMH TpH-
MEepHBIMHA faHHEIMH (Ta0lJ. 2).

Jagdpie 0 106GbUYe 30/10Ta B KaNUTAJHCTHYECKHX CTpaHax
TpHBENEeHbl HUXKE, T:
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1972 r. 1974 p. 1976 7. 1978 r. 1980 r. 1982 r . 1984 r.
Bceero, 1157,0 1010,0 972,0 980,3 954,4 1025,1 1148,7
B toM upcae:
IBAP 909,8 797,7 713,4 706,4 675,1 064,3 0683,3
Kanaza . . . . 64,7 52,8 52,6 54,0 50,6 64,7 81,3
cmiA . . . . 45,1 35,0 32,6 30,2 30,2 45,0 71,5
Bpaswmust . . . — 7,4 5,1 22,0 35,0 34,8 55,1
Ascrpams . . 23,6 15,9 15,6 20,1 17,0 27,0 39,0
duannmuHe! 8,8 16,7 15,6 20,2 22,0 31,0 34,1
Koaym6Hst 5,8 8,2 9,3 7,6 17,0 15,9 21,3
INanya — HoBas
rBI/I}?]eSI e e 12,4 20,7 20,5 23,4 14,3 17,8 18,3
3nuMGalse . . 15,8 24,9 18,7 17,0 11,4 13,4 14,5
TaHa . 22,6 19,1 17,1 14,2 10,8 13,0 11,6
Oxkono 60 % Becefi goGouu mpuxogutcs Ha joaio  HOAP.

OrpoMHuple 3aMackH 30/10Ta B 3TOH CTpaHe, HU3Kad sapaBoTHaa
nJaTa KOpeHHOro HaceseHus Ha PyJHHKAX MPHHOCAT 30/10TO-
10GHLIBAIOIHM KOMIAHUSAM GOJbLIHE TPUOLLIH. DTOMY cuocob-
CTByeT TAKKE MONyTHOE H3BJeyeHHe ypana u3 pyA. B sxomo-
muxe IOAP 3ognortopofbBatollasi MPOMBIIIJIEHHOCTL ABJIAETCS
Bedymiel, B Heil 3auarto 60 % BceX palOoTalOMIMX, PACXOLYeTCsd
40 Y% TpOHM3BOAUMON B CTpaHe 3/1€KTPOIHEPTHA.

3amacaMu 30J0THX pya pacrnonaraer CCCP. B naweh
cTpaHe MeCTOPOXKIEHHs KOPEHHOrO 30JI0Ta BCTpEYaloTCs B 3a-
nmannofi 1 Bocrounoit Cubupu, B 3abaiikanbe, wa ypaJse, Ha
Nlansuem Bocroxe u Ceepo — Bocroke, B KasaxcraHe, Ha
KaBkasze, B cpegHeasHaTCKUX pecrnyOlJ/HKax.

B or/1Mune oT 30J0Ta, 60JbIIYIO YaCTh KOTOPOrO H3BJEKa-
IOT 43 cOOCTBEHHO 30JOTHX DY/, cepe6po B OCHOBHOM IOJyYa-
10T TIOTyTHO TPpH TNepepaboTKe KOMIIEKCHHX PYX UBETHBIX Me-
Taaa0B. [1aBHBIM CHIPbEBBHIM HCTOYHHKOM cepebpa sBJAIOTCH
CBHHIOBO-LIMHKOBBIE PYABI, B MEHbIIEH CTeneHu-MeJHbIe, MEHA-
Ho-uHKeneBue u ap. CoOGCTBeHHO cepebpAHbEe pYAH HMEIT
nonynHeHHoe 3naueHue, HeGoublioe xoauuecTBo cepebpa H3B-
JeKaloT npu nepepaboTKe 30J10THX PY/.

JlanHbee O NPOU3BOJACTBE cepebpa B KANHTANMCTHYECKHX
cTpaHax HpI/IBeIleHbI HUIKeE, T:
1970 r. 1975 r. 1980 r. 1982 r. 1984 r.
Beero . . . . . 8040 7435 8160 9247 10046
B ToM uncae:
Mekcuka . . . 1330 1180 1473 1550 1988
Mepy . . . . 1238 1166 1340 1691 1664
105117 U 1399 1086 1006 1252 1381
Kagaga . . . . 1378 1235 1070 1314 1169
Ascrpanns . . 808 725 767 907 1063
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Cpenu 3apyGe:XHEIX CTDAH BEAYIIHMHE [POH3BOALTENSIMA
cepebpa apasoTcad Mekcuka, Ilepy, CIUA, Kanana u Agcrpa-

AHd, Ha NOJI0 KOTOPHIX NMPUXOAMTCS OKOMO 75 Y NpOM3BOACT-
Ba 3TOr0C MeraJaja.

§ 2. Munepasbl 30/10Ta

BeselicTBue cBoelt XHMHUECKOH WHEPTHOCTH 30J0TO HAXOLUTCS
B PYAax MOYTH HCKJ/IIOUHTENLHO B BUJE CAMOPORHOTO MeTasa.
XuMuYecKHil COCTAB YACTHR CaMOPOLHOTO 30.10Ta nepeMeHHbIH
C BapHauMaMH B JOBONLHO WIMPOKHX Npefesaax, HO OGLIMHO C
npobianarnem 3010ta. TUNUYHLIE TpuMecH B CaMODPOLHOM 30-
J0Te — cepebpo, Meflb, KeJe30; B MaJplX KONMUECTBAX IpH-
CYTCTBYIOT MLIIIbAK, BHCMYT, TEMTYD, CEIeH H APYTHE 3J1eMeH-
Tol. ConepxaHue 30J0Ta B 3epHAX CAMOPORHOTO METa/JIa CO-
craBaser 75—90 % (same Bcero oxono 85 %), cepe6pa —1—
300 % (umorma mo 20 % wu maxe 40 %), XKeaesza W MelH — 10
1 %. B MeHEIX Dynax WHOTZA BCTPEYAETCA MeEHCTOE 30J10TO,
B MEIHO-HHKEJEBHX DYNAX — MaiaJHCTOe, MJIaTHHHCTOE, PO-
AHCTOE 30/10T0. COCTAB HEKOTOPBIX CaMOPONHBEIX MUHEDAJIOB
30J10Ta NpUBejieH B taba. 3.

W3 Munepasop, SIBASIOMAXCA XHMHYECKHMH COENMHEHHSIMIL,
H3BECTHBL TeNypuAbl 30J0Ta (KaaaBepur AuTe,, cHAbBAHHT
AuAgTe,, xpennepur AuAgTe, neruur AgsAuTe, u Ap.), a
Takxe aypoctubur AuSh,.

H3 Bcex usBecTHIX MuHepanbHEIX (OPM 30.10Ta (CBbiie

Tadauua 3. Cocrar caMOpoAHbIX MUHEPANOR 3041074, Y,

Munepan Au Ag Fe Cu Ipoune
30J0T0 caMOposHoe 70—100 230 0—1 | 0—1
dneRTpYM |, . . 50—70 30—50 | 0—1 f 0—1
Menucroe somoto | 74,3—80,1 | 2,3—20 | — | 9--20,4
[TanaagucToe 3040-
10 (nopuenut) . 86,0 4,2 — 0,1 8,2—11.6Pd
aatuHncToe 30.0-
O .. . ... 86,0 3,0 — _— 10,5Pt
DPoiuctee 30010
(poauT) . . . . 88,4 — — — 11,6 Rh
Hpupucroe 3on0to
{upaypur) . . . 62,1 2,1 0,6 0,6 3,8Pt;

30,01Ir

Maapionur . . . 64,5 —_ — — 35,5 Bi
Avasbramet 3on0ta [£34,2—41,6 0—5 — — 57—61Hg ,
34

20) OCHOBHOE NPOMEIIINEHHO 3Hau€HHE HMeEeT CaMOpOAHOe
30,1070, OcrajbHple MHHEPasabl BCTPEYarOTCA PEIKO.

B pyZax caMOpOJHOE 30J10TO HAXOXUTCSA B BHIAE gaSHooé-
pasHblX, OGLYHO HEMPaBHW/bHBEIX 10 (opMe BELIeNeHHH: KPIou-
KOBATHIX, NPOBOJOYHBIX, NMPOKUIKOBBIX, ry0uaThlX, YelwyHya-
THIX, NTEHAPHTHBIX, 3€pHOOODPA3HBIX H T. J. KPymHOCTH yacTHL
€aMOPOJHOTO 30J10Ta H3MEHAETCA B WIMPOKOM AHamna3oHe — OT
MeJbyafllHX YacTHi HEBHAMMBIX AaXe M0J MHKPOCKOMOM, IO
THraHTcKHX caMopoakoe Maccoit 10—100 gr. Ilocnennue ogna-
KO BCTPEYAaloTesT HCKAUHTENbHO penko. Iloxasasoman maccea
30/10Ta NPUCYTCTBYET B DYJAAaX B BHIE MEJKHX TacTHI, 00bIU-
Ho Measue 0,5—1,0 MM,

KpynHOCTh 30/10Ta — OLHO M3 €r0 BaXXKHEHIMHX TEXHOJIOTU-
geckuX cBofictB. Mcxois u3 noBefeHHs 30J0Ta B MOCAEAYIOUIUX
TEXHOJOTHYECKHX OTepanusix, NPHHATO DasiauyaTh KPYyHNHOE
(+70 mxm), menkoe {(—70-+1 MKM) H TOHKOIHCIEPCHOE
(—1 mxM) 3omoro. Ilocnennee oOpIUHO XapaKTepHO A CYJIb-
(QHUIHBIX PYA.

KpynHoe 30/10TO mpu H3MeJNbUeHHH PyAH 0CBOGOXKIaeTCA
OT CBA3M C MuHepalaMu, o6pasyrompecs cBOOOAHBIE 30/10THHEI
JIETKO yJI4aBJMBAIOTCA IPM TPAaBHTALHOHHOM 0GOrameHuu, HO
MI0X0 GIOTHPYIOTCS U MeJJIeHHO PacTBOPSAIOTCS NPU IHAHHPO-
BaHuK. Meagoe 30/10TO B H3MEJbYEHHOH pyHe 4acTHYHO HAXO-
JHTCSI B CBOGOJHOM COCTOSIHHH, @ YaCTHYHO — B CPOCTKaX ¢
JPYyraM¥  MuHepasamHd. Meakxoe cBOOGOJHOE 30J10TO XODPOLIO
¢rotupyercs, ObICTPO pacTBOpPAETCA TNPH UIHAHHPOBAHHH,
HO ¢ TpPYAOM H3BJEKaercd TPaBHTANMOHHBIMH METOLAMH
oboramenus. Menxoe 30J0TO B CPOCTKAX TakxKe yCIelHo Me-
PEXOJMT B DAaCTBOP NPH [UAHHPOBAHMH, HO TOYTH HE H3BJeE-
KAaeTcs TPH rpaBuTaiOHHOM oboramenuu. PaorauuoHHas K-
THBHOCTb TAKOTO 3010Ta ompeensercsd (JOTALHOHHOH aKTHB-
HOCTHIO CBfI3AHHOTO € HHEMH MHuHepaJa. TOHKOLHCIEPCHOE
30/10TO, aCCOMHHPOBaHHOE B GO/bIIHHCTBE CAY4aeB C CyJab(H-
NaMy, NPH H3MeJbUYeHHH PYJABl BCKPHIBAETCHA JWLlbL HE3HAYU-
TeAbHO, OCHOBHAfl €ro Macca OCTaeTcl B MHHepaJax-HOCHTe-
JfX, yamie BCero B NMHPHTe M apceHonupute. [1pu uHanupoBa-
HHM TaKOe 30JI0TO He PACTBOPSETCHd, B NpoLeccax rpaBHUTALH-
OHHOTO ¥ (PJIOTALHOHHOTO OOOTALEHHS H3BJEKAETCS BMECTE C
MHHEDaJaMH-HOCHTeAAMH. PyIbl, conxepmxamue TOHKOIHCTIEPC-
HOE 30JI0TO, OTHOCATCA K KATErOPHH YNOPHBIX M mepepabaTH-
BAIOTCA ClIeHHAJbHBIMH METONAMH.

M3 cxka3aHHOTO cieayeT, YTO KPYTIHOCTb 30J10TA SBJSETCSH
OZHHM H3 OCHOBHHX (PaKTOPOB, OTNPEAENAONIHX TEXHOJOTHYE-
CKYyI0 cXeMy mepepalOTKH 30J0TOCOAepIKAIIEel PYIHL.

oBOMLHO uACTO YaCTHLB! 30JI0TA TOKDPHITH MIE€HKAMH U3
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OKCHIOB 3K€J€3a WM MapraHua, apreatura (Ag,S), koBemn-
Ha (CuS), ranenuta (PbS) u HEKOTODBIX APYIUX MHHEPAJOoB'.
Ilnenxy Ha sos0THHAX MoryT 06pa3oBaTbCsl TAKKE B PE3Y.ib-
TaTe HAK/€na MHUHEPAILHHX YACTHI, B IIPOMECCE M3ME/bUeHHS
pyan. IloBenemme TakOro 30/10Ta B TEXHOJOTHUECKUX onepa-
OMAX  3aBHCHT OT XapakTepa miaeHok. CIVIOWHHE 1 ILIOTHLE
IIEHKH NMDENATCTBYIOT DACTBOPEHHIO TPH MHAHHPOBaHHH. Ec-
JI1 NOKPBITHA MOPHCTH HJM 3aHMUMAIOT TOJBKC 4ACTL noBepx-
HOCTH, TO NHAHHPOBAHHE BO3MOXKHO, HO NPOTEKAET ¢ MeHpulefi
ckopocTeio. IIpu rpaBuranuonsom oGoramennu KPYITHOE, HOo-
KPBITO€ IVIBHKAMH 30JI0TO, TONAeT B KOHUEHTPAT, OJHAKO,
JanbHEHilee U3BJICUEHHE €r0 W3 KOHIEHTPATA TpebyeT npume-
HEHHA cneumaqpEHX MeTon0B. Ilpu ¢aoranuonHoM o6orame-
HHE SOJOTHEE! ¢ MOKPOBHHMH 00DA30BAHHAMH, KAaK NPAaBHIO,
GIOTHDYIOTCST XyiKe, ueM ¢ YHCTO noBepxuoctoio. Hauuuue
FJICHOK Ha 30JI0THHE HEOOXOAMMO YUHTHIBATEH TPH BbIOODE TeX-
HOJIOTHYECKO!l CXeMbl mepepaboTKH Py bl

_§ 3. MuHepabi cepedpa

Kak u 30s1010, cepe6po BeTpeuaerca B NPpHPOJE B CaMOPO-
HOM cocTosHud. OJHAKO 3HAUMTEJLHO Yame OHO HAXONMTCH B
Pynax B ¢popme MHHEpaJIOB, npeAcTaBaAsgIoOnIHX cobofl XuMuye-
CKHE COCNMHEHHA, UTO O0YCJAOBJIEHO GOJLIIeH XIMHUECKON AK-
THBHOCTLIO 3TOTO M€TaJiia MO CPABHEHHIO C 30JI0TOM.

HMsBecTrHo cBhime 60 MHHEpAJ0B cepebpa, KOTOPHIE MOK-
HO PAa3ne/IUTh Ha CaeayIoNmie OCHOBHHE TP YIIIH:

1) camoponuoe cepetpo u NPHPOJNHEIE CIIaBH cepebpa ¢
30/10TOM (KIOCTEJIUT 2, 3/IEKTPyM) ;

2) cyabbuasl, Hampumep, apresTHT Ag»S, uipomefiepur
AgCusS;

3) cyanocorn, nanpumep, nupapruput AgsSbS;, npycrur
Ag3AsSs, cTedannr AgsShS, u np.;

4) aHTUMOHMAH M  apCeHmuH, HANpPUMEp, JUCKPa3UT
Agng;

5) TENNYPHAL M CETHHHAB: TECCUT Ag,Te, uHaymanuur
Ag,Se, nernur Ag;AuTe, u Ip.;

6) razouns u cyibdaTH: Kepapruput AgCl, aprerrosapo-
auT AgFes (OH)g(SO4)2 u ap.

HauGomnee BaskHLIMH MuHEpaJaMH cepebpa, HMEOUIUMH
DPOMBILVIEHHOE 3HAYEHHE, SBAAIOTCA CaMOPOJIHOE cepe6po H
€r0 MPHPOAHBIE CTINABH C 30/10TOM, APTEHTHT, NPYCTHT, Kepap-

! TTokpEITOE MIIEHKAMH 30J0TO HHOTAA HA3HBAIOT 30JI0TOM <B pyb6an-
KE» HIH &PKABHIM:>,
* Koctenur — camopoanoe cepebpo ¢ npumechio 10—20 % Au.
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ruput. Kpome Toro, cepe6po 4acro mpHCyTCTBYeT B cynbdun-
HBIX pynax HBETHHX METAJJIOB KaK NMpuMech B rajesure PbS,
OaexabX pyAax! v Apyrux MunepaJax.

§ 4. OGmHe NPHHIUNBI U3BJAECYCHHSA 30J10TA
H cepebpa U3 PyIHOTrO CHIPhS

Texnosoruueckne cxeMu mnepepabOTKH 30J10THX Pyj OTJIHUA-
forca GoablinM pasHooOpasueM. BuGop ToH uanm uHOH cxeMbl
3aBHCHT OT MHOTHX ()aKTOPOB, U3 KOTOPHLIX IVIABHEIMH SIBJSIOT-
¢l XapakTep 30/10Ta B pyJae, MPExJAE BCEro ero KpymHOCTh;
BENIECTBEHHHI COCTaB DYAH; XapaKTep MHHEDAJIOB, C KOTOPLI-
MH acCOIMHPOBAHO 30J0TO (OOLIMHO XBapu HIM CYIbQUAH);
TIPHCYTCTBHE B pyae JAPYTHX UEHHBIX KOMIIOHEHTOB; NMPHCYTCT-
BHE KOMIOHEHTOB, OCJCKNAIOLINX TeXHOJIOTHIO 00pabOoTKH.

B rexmoJoruueckufi mpoumecc u3BJedenHs 30710Ta H3 pYy-
HOTO CBHIpbA BXOAAT MOJATOTOBHTE/bHBIE (JpOBJIEHHE, H3MEJb-
yenue), oforatuTenbHsle (rpaBHTANHOHHOE oboramenue, (Jo-
Tamusg ¥ T. J.) 4 MeTajfJypruueckue (amaJjbramaiidd, mHaHH-
poBaHHe, TJaBKa, OOXKHI u T. A.) onepamuu. Buibpannas
TEXHOJIOTHUYECKAsA CcX€Mma J0JiXKHa obecneunBaTh BLICOKOE H3-
BJICUEHHE 30JI0Ta, KOMIJIEKCHOE HCIONB30BAHHE CHpLI (T. €,
TIOTIYTHOE M3BJIEUCHHE H3 PYAH JPYTHX LEHHBX KOMIIOHEHTOB),
MHHHMAaJbHbIE YAEJIbHbIE 3aTPaThl MATEPHAJBLHBIX, YHEPreTH-
YeCKHX H TPYAOBLIX pECYpCOB, MHHHMAaJbHOE 3arps3HeHue
OKpyzKalolle# cpensl 0TXOnaMH IPOH3BO/CTBA.

Koneunofi mpopykuHed 30/10TOM3BJEKATENBLHHIX TpeInpud-
THI SIBJISIETCS YEPHOBOE 30JI0TO HMJM {orarsie 30/10TOCOAEpKA-
mue ocaaku. Jaspuefimag nepepaborka 3THX TIPOJYKTOB OCY-
IECTBJIsIETCA HA CTIENMHANH3HPOBAHHEIX aqzdpnﬁa)beIx 3aBofax
C MOJYUEHHEM 30J10Ta H cepedpa BLHICOKOH YHCTOTHI.

Cnenuduueckoli 0COOEHHOCTBLIO  30JI0THIX pyJ SBJASETCH
Kpa¥HEe HHM3KOe COJEeDKaHHe B HHX OCHOBHOTO IIEHHOTO KOM-
noHeHta, CreneHb KOHIEHTDHDPOBAHUS 30.10Ta B NPOIECCE
06paboTky Py H TOJYYCHHS UHCTOTO MeTalJla XapaKTepH3Y-
erca Beanunnof mopanka 105—10°. TlosToMy eciau HauagdpHbe
CTaJHH TEXHOJOTHYECKOTO Mporecca BecbMa IPDOMO3JIKH H CBH-
3aHBl ¢ TepepaboTKo# GOJLIWHX 00BEMOB PYIIIOTO CHPbA, TO
Ha 3aK/IOUHTENbIIBIX ONEPANHMAX HMEKIOT JeJI0 C HECOH3MEDH MO
MEHDIIHMH KOJIHYeCTBAMH MepepabaTHBaeMblX MATEpPHAJIOB.

! Baekncie PYAB — n3oMOpGHHH psAj  MHHEPANoOB -~ cyabdocosefl ¢
obuelt dopmynofi CupXySi3, rae X—As, Sb, B KOTOpOM MBILbSK ¥ CYypbEMa
MOTYT M30MOP(hHO 3aMemarh ApPYr Apyra. B KauecTBe mpHMecH B GJAEKJBIX
pyAax UacTo COMEP:KHTCH cepedPOo, u3OMOPPHO 3aMemaiomee Menb.
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Kak yxe 6bl10 cKa3aHO, OCHOBHBIM CBIDBEBHIM HCTOUHHKOM
cepebpa ABJAIOTCA PYAH IBETHHX METaJJIOB (mennse, mep-
HO-HHKE/ICBLE, CBHHIOBO-IIMHKOBLE U JID.), B KOTOPHX ceped-
PO (M HEKOTOpOE KOJMYECTBO 30.10Ta) NPHCYTCTBYET B Buje
OIpHUMECH H H3BJCKAETCH TMONYTHO C IBETHHIMH MeTadlaMi,
Texnogorus nepepaBoTKH TaKux pya moapolHo paceMarpu-
BACTCA B COOTBETCTBYIONIMX Kypcax METaNJIyPTHH TAKEIHX
UBETHBEIX METaJN10B. JI03TOMY B HacTOSmEM Kypce u3iomenne
METaJ1ypruy cepefpa OrpaHHYEHO B OCHOBHOM TeXHOJIOTHER
ap(PUHAKHOIO NPOH3BOICTRA. Bonpoce ke usBaeuenus ce-
pebpa U3 PyIHOTO CHIPb pacCMaTPUBAIOTCA JHIb B TOH cTe-
TNEHHW, B KOTOPOH OHHM CBSISAHH ¢ MepepafoTKON 30/0ThIX pyn,
COmepxKauux cepedpo KaK MpUMech.

F'napa 1V

INOATOTOBKA PY],
K U3BJIEYEHHIO 30JI0TA H CEPEBPA

B HacTosimee BpeMA 30J0TO M Cepe6po H3BJEKAIOT H3 KOPeHHEIX pyJa JHGO
€ HOMOUIbIO TMAPOMETANIYPrHYECKHX TIPOLECCOB, JHG0 ¢ NPUMeHeHHeM KOM-
CHHHPOBAHHBIX CXeM, B KOTOPHIX GOABLINYIO PO.b HrpaoT NpHeMB! OfHora-
WEHHs PA3NMIHBIMA MeTogaMu. Tak Kak Ao6HTAS pyna NpeicTaBAseT Co-
Goii Kpymuele Kycku (g0 500 MM, a WHOTZIA U KpynHee), To ee Npexje
BCEro JApoBsST H H3MEJbYAloT.

§ 1. Jlpo6neHne u usmeabueHHue

3aja4a sTHX ONEpauuit — NOJHOE Wn YACTHYHOE PACKpDBITHE 3€peH 30J50-
TOCOACPK AMHUX MUHEPAIOB, B OCHOBHOM, YACTHI, CAMOPOJHOr0 30J0T4, H
UpuBeieHne pYABL B COCTOsiHHE, OGeCHedHMBAIONIEE YCIHEIHOe [pOTeKaHue
NOCAeNYIOmHX OOOTaTHTeAbHEX M THAPOMETAJLTYPrHYeCKHX IIPOILECCOR,
Onepauun gpoGieHHss u OCOGEHHO TOHKOTO H3MEIbueHHs 3HEePTOeMKH, H
PaCXO/bl HA HUX COCTABJAIOT 3HAUHTEJbHYIO 10O OBWMX 3aTPAT Ha Nepe-
pabotky pyasl (0T 40 o 60 %). [Tostomy HYXHO MMerTb B BHIY, YTO H3-
MeJbUCHHEe BCEra HYKHO 3aKaHYHBATH HA TOH CTAJMH, KOrja 06.aro-
pOxHBlE METaJlIbl OKaxKyTCsl AOCTATOUHO BCKPHTBIMH /5% OKOHUATEJbHOrO
HX H3BACYCHUS HJIA JJIsi IPOMEKYTOUHOH MX KOHLEHTPAIlHH. .

[TocKonbKy OCHOBHOM NpHEM H3BJeueHHs 30J0TA M cepebpa aast Go.b-
UIMHCTBA pYJA — FHAPOMETAIYPTHYECKHE ONEpPAlMH, TO HeOOXOguMasi CTe-
OeHb H3MEJbYCHNSt N0/KHA OGECNEYnTh BOZMONKHOCTH KOHTAKTA PAaCTBOPOB
C pPAaCKpbIThIMH 3€PHAMH 30J0THX M cepebPsAHbIX MuHepanor, Jloctarou-
HOCTb BCKPBITHS STHX MMHEPAJOB 1A ZaHHO Pyasl OOHMHO OnpejgefeTcs
npenBApUTENbHBIME  JTABOPATOPHLIME TEXHOJOTHUYCCKUME HCIOBITAHHSMH IO
H3BJICUCHIIO GJAropoJHbX MeTaatos, JIas 3T0Oro mpo6sl pyasl MOABEpPraroT
TEXHOJIOTHYECKOH 06paboTKe NOCTe Pa3/IHYHOH CTelleHH H3MEJbUEHHS C O -
HOBPEMEHHbBIM OINDEJe/IeHHeM HBBJCUCHHS 30/I0TA M CONYTCTBYIOWIErO emy
cepefpa. SicHo, 4TO YeM TOHBIIE BKDAIIEHHOCTH 30J0TA, TEM ray6xe poJ-
KHO OHTb H3MelbueHne. JINf Pym € KPYNHBIM 300TOM OOBIMHO GHBaer
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Zocratouno rpyforo usmenbuenus (90 % kiracca — 0,4 wmm}. Ho mockonn-
Ky B GOJBIUMHCTBE PY/A HAPAAY ¢ KPYIHBIM 30J10TOM MPHCYTCTBYET H Med-
KOe, TO dame BCEro pyanl H3Meabualor Gouee Tonko (a0 —0,074 wma).
B OTZeJbHBIX CJAYYasix PYAY IPHXOZHTCA NOABepraTk euie 0oJaee TOHKOMY
uaMedabdenuio (mo 0,044 mwm).

ODKOHOMHUUECKH 1eaeco00pasHyl0 CTelleHb H3MeJab4€HHs  YCTaHaBIHBA-
0T C yYeToM Psla (akropos:

1) creneHn H3BJEUEHHS METAMJIA K3 PYABI;

2) BO3pACTAHHIO PacXojfa PeareHTOB NpH (oJee HHTEHCHBHOM H3MEJb-
UeHHH;

3) sarparaM Ha JONOJHHTEIbHOE H3MEJbUeHHE TDH JOBEJEHHU PYAHI
IO 3aAdaHHOH KPYIIHOCTH;

4) yXyZWeHUIO CTyU[aeMOCTH H (PHABTPYEMOCTH TOHKOM3MEdbdCHHBIX
PYA H CBA3AHHBIX C 3THM JONOJHHUTEJNBHBIX PACXOm0B Ha onepailnu cryume-
HuA ¥ QHABTPOBAHHA.

CxeMbl ApOGJeHHS M H3MeJbUeHHA BAPBHPYIOT B 3aBHCHMOCTH OT Be-
[MEeCTBEHHOTO coctasa pya u ux (usmueckux cpoiicts, Kak mnpasusio, pyay
BHAaYaJle NOJBEPraioT KPYHNHOMY H CpepHeMY ApPOBJEHHIO B HIEKOBHIX H KO-
HYCHBIX JPOGHJIKAX C IOBEPOYHLIM Tpoxouenrem. HHOrna NpHMEHSIOT Tpe-
TbI) CTAAUI0 MeNkoro jpobJeHus, OCYUIECTBAAECMYI0O B KOPOTKOKOHYCHALIX
gpoGuakax. IMocae aByxcragufiHoro ppobaeHHs OBBYHO MOJYHAIOT Mare-
PHAJ KPYOHOCTBIO — 20 MM, HOCJe TPeXCTaamiiHOro EPYIHOCTh MalepuaJta
HHOTAA CHHKACTCHA 10 6 MM.

JlpoGneHtlii MaTepnall IOCTYNaeT HA MOKPOe H3MEIbueHHe, KOTOpoe
yame Beero OCYmCCTBAAIOT B WapOBBix M CTEPXKHEBHIX MeabRHUAX. Pya
00LUHO BMeaLUAIT B HECKOJbKO cranuil. Haubodabimee pacnpoctpanenue
NOJIVUHAO ABYXCTaAMiiHOe H3Me/bueHHde, NpHueM, AJs HNEPBOH CTAANH INpen-
NOUNTAIOT HCHOJL30BAaTh CTeP:KHEBHIE MEJBHHIIB, KOTOpble Aal0T Go.jee pai-
HOMCPHBIH N0 KPYNHOCTH [POAYKT C MEHBILHM €ro Neper3MesibueHueM.

B Hacrosmiee BpemMs Ha 30J0TOLOCBIBAIOUIMX TNPELHPUITHAN Kak B
CCCP, Tax u 3a pyGexoM, B 1IHKJe PYIONOATOTOBKH OOJbHIOE PacHpOCT-
paHeWne NOJIYUMIO PYAHOS H pPYyaHO-raseqHoe camonavesabuenue. [lpi pya-
HOM CAMOM3MEJbUCHHH H3MEJIBUHTENbHOH CPeaoil ABJAIOTCS  HekaaccHdu-
IHPOBAHHEE 110 KPYIHOCTH KYCKH CaMOii M3MeJb1aeMOi DYAbl, NIPerycMoT-
PEH TOJBKO HEKOTOPHIH KOHTPOJb 3a BeDXHHM pasMepoM KYyCKoB. B cayuae
DYAHO-TATEYHOM CAMOK3MEJbUEHHH MH3MEJbUHTEILHOH Cpefosl  sABJIAETCS
CTeUHAJbHO BHJEJEHHAS MO KPYIHOCTH M NPOYHOCTH (PpPAaKmus KyCKOB
H3MeJbyaeMol pyasl (ranas}.

Pyasoe camonsMesbyeHHe OCYUIECTBJACTCH B BO3AYIIHOH HJAM BOJLHOM
cpefle B CheqHasbHLIX MEJbHHILAX, Y KOTOPBLIX 1O CPaBHEHHIO C OOLIYHLIMH
IAPOBBIMHK MEJbHHLIAMYH COOTHONIEHHE JHAMETPA K JJIHHE MEJbHHIH YBECJH-
yenO. Tak Kak M3MeJbuuTeJIbHOe aeHCTBHE KYCKOB pyAbl XyXKe, deM CTauab-
HLIX LADPOB, AHAMETD MEJbHHII CaAMOH3MeJb4eHHst gocturaer 55—11,0 M.

Jlasi cyxoro CaMOH3MeJbueHHst NPHMEHSIOT MeabHully Aspodona (puc.
3)., Oua npeactaBasier coGoli kopoTkuil Gapadan I, ycTaHOBJEHHBIA Ha Mac-
cuBHoM ¢yHaameHTe, Ha BHyTpeHHell NoBepxHOCTH (apafaHa BJOJb ee
06pasylomesl YCTAHOBJEHH HA HEKOTOPOM DACCTOSHHM OJH4 OT APYroH
NOJKH 2 M3 NBYTaBPOBHX OaJI0K HJH PEJabCOB, KOTOPLIE TDH  BpallleHud
Gapabana nogHumalor kycku pyab. [lagasd, xycku apo6AT HAXOAUIYIOCH
BHY3Y PYAY, H KPOME TOTO, YAAPssACh O NOJKM NPH NageHHH, KPYIHbie KYCKH
packaablpatorcsi. Ha topuesbix kpbimikax J Oapafana yKpelJeHe Hanpas-
JSIHEe KOJbila 4 TPEYroJBHOTrO CeueHus, HasHaueHye KOTOPBIX CBOAHTICHA K
HanpaB/eHHIO KYCKOB B cepejuny GapaGara, CKopOCTh BPaumieHHs MeNbHH-
np coctabaser 80—85 Y% xpuTHUECKOH.

Ha puc. 4 IpHBereHa cxeMa yCTAHOBKH MejbHHUB Azpodos B 3aMKHY-
TOM LMKJe ¢ KjaaccuguxatopoM. Pyna ua Oymkepa [ nurarenem 2 u KOH-
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BeflepoM d mojiaeTcs B 3arpy3ouHyl0 BOPOHKY 4 meabHuubl 5. Mamenbuen-
Hblll IPOAYKT M3 MeNbHHIH M0 TpyOONpOBOAY 6 BO3AYIIHEIM IIOTOKOM, CO-
34aBaeMBIM BEHTHIsTOpoM 7, mogaercs B Kuaaccudukartop 8.  Kpymusii
MaTepHaJ H3 KJjaccHpukaTopa 1o KoHBeflepy 9 mogaercss o6paTHO B MeJb-
Huiy. Menkuii MartepHas M3 kJaccHHKatopa HAeT B UHKJAOHM [0, B KO-

m— 7 7z

o N/

Pre, 3. Menpuuna Aspodon Ans CyXOro caMoU3MenbUeHHS PYAbI

TOPBIX H3 BO3AYIIHOTO NOTOKA BHIAGIAIOTCH HacTHIH TPebyeMoH KpymHO-
ctu. I'oToBHIA NMPOAYKT pasrpyxaercd B OyHKep [/ u nutateneM [2 noaa-
eTcss B KOHTAKTHHH 4aH I3, B KOTODOM IICArOTOBJAAETCS MyJdblla  AJS
MOCJICAYIOMAX TEXHOJMOTHIeCKHX onepanuit. Bosayx us unuknora [0 uepes
Kanopudep 74 noxaercst BEHTHAATOPOM 7 B MEJNbHHIY.

Usveipuenne pys B MedbHHIAX Aspodos obecneyHBaer HOJyYEHHE
Gosee OIHODOMHOrO MO KPYNHOCTH IPOAYKTa IO CPABHEHHIO C H3MeJjbue-
HHeM B OOBIUHBIX IIAPOBEIX MenpHuLAX. B MenbHHIAx AspodoJ cHHEKAeTCs
nepedsMesibdeHHe PYAB, YTO yaydllaeT (PHILTPYEMOCTb H CCYWAeMOcTh no-
AyyaeMblx nyabl. Ilocie HaMesbueHHS B 3THX MeJbHHNAX  YJAY4LIAKOTCS
TaKXe MOKA3aTeJd THAPOMEeTa/IypPrHIecKoll 00pabOTKH: CHHkKaeTcs PACX0]
pearentoB (1maunpa) Ha 35 %, noBbWwaeTcsd u3BJleveHHe 30012 (104 %).
Cyxoe OecluapoBoe H3MeldbyeHHe 30JI0THX PYA B DAje cAydaeB 3KOHOMHY-
Hee, O1HaKo, OHO MpeNbsIBAsSET XKecTKHe TpeDOBAHHA K COJEPIKAaHHK BJATH
B pyae (e Gojee 1,5—2 9%). [ToBHIeHNe BJIAXKHOCTH PE3KO CHHXKAET 3d-
$eKTHBHOCTDL NPOUECCOR H3MENbUCHHA H KJ/accHOHKAIHH. Kpome Toro, cy-
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X0e H3MeJbYeHHe CONpOBOXKAaeTcs OOMBIUMM MNELieoOpa3oBaHHeM, UTO Tpe-
fyeT pasBHTOfl CHCTEMB! NbUIEYBJABJIMBAHHA M YXYAILAGT YCJIOBHMSA TPyIa.
[TosroMy 6Gosee pacnpoCTPAHEHHBIM ABJSETCH CaMOHM3Me/bUeHHE B BOIHOH
cpeje.

Moxpoe pyaHoe caMoH3MedbueHHe OCyllecTBfgeTcs B MenasHuuax Kac-
Kaf (pue. 5). DTa MeJbHHLA UMeeT KOPoTKuil 6apabaH J € KOHHHECKHMM

Puc, 4. CxeMa YCTAHOBKH M€JBHHUB A3p0doN B 3aMKHYTOM LHKJAe ¢ BO3LYLIHBIM
KnaccudukaTopom

F

Puc. 5. Menpnnia «Kackagr RS MOKPOTO caMOM3MEAbLYEHHS

TopueBbiMu KphiuikaMu 2 u 4. IlycrorensiMu nandaMu I u 5 GapaGan onu-
paeTes HA MOAMHUHHKH, PYAa H3 MEJNbHHULI PASTPYKAETCH 4EPE3 DEIETKY
6. Menpuunbl Kackang paboraior B 3aMKHYTOM LHKJE ¢ MEXAHHYECKHM KJac-
CHHKATOPOM HJH THADOLMK/JIOHAMH.

Pynno-raneinoe caMousMesbyeHHe OCYUIECTBJAACTCH, KaK MpaBH/IO, B
BOAHOH cpefe. KOHCTPYKUHH PYAHO-TANEYHBIX M INAPOBEIX MeJbHHI C pa3-
rPY3KOH uepe3 peleTKY CXOMXKH,

KpynHOCTh PYRHOR rajiH, HCIIOJIb3YeMOA B KayecTBe H3MeabUHTebHON
Cpeflbl, orpenessercd cTagHell HaMenbueHHA. Ha mepBofi cTajuu H3MeJbye-
HHs! OOHIYHO HCHO/B3YIOT Talu KpynHoctbio —300+4100 MM, Ha BTOpON —
—100+25 mm. Otce ranm Bumosssior Ha rpoxorax. Popma ramm aas
H3MeJbUEHHSI HEé WMeeT 3HadeHHs. [lis MOBHIUEHHA NPOH3BOLUTENLHOCTH
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MeJIbHHI| [IPHMEHSIIOT HHOTAZ AOTPY3Ky wapoB (7—8 %), a TakiKe ynaseHne
OCKOJIKOB DYAHOH TajH.

[IpuMeHEHHE CaMOH3MEJbUEHHs IPH IepepaboTKe 30/10TOCOAEPKAMUX
pPYL HMeeT psi CYULeCTBEHHHX IPEHMYVINECTB IO CPABHEHHIO €O CTaHIapT-
HEIMH cnocofaMH: 1) B psilie CAydaeB IIO3BOJIHeT OTKA3atbcsg OT CPeIHero
H MeJKoro APOGJEHHS Pynbl; 2) yMEHbUIAET pacXoX cTadd (imapoB, CTEPX-
Hell} Ha waMesbUeHHE DyRBI, 3) CHHIKAeT DACXON PEarcHTOB [IPH jHasbHefl-
el nepepaboTke H3MeJbYeHHOH Pynbl; 4) yMeHbiaeT yjIesbHBIH pacxon
SAEKTPOIHEPTHH; 5) NOBHILIAET MPOM3BOIMTENBHOCT: TpyAa; 6) yBesauyu-
BaeT HU3BeJe¥eHHEe 30J10Ta.

Anaans paboThl OTedeCTBeNHBIX NPeAnpUsiTHi I10KA3aJd, 4TO OCHOBHAsA
4acTh 3KOHOMHUYECKOro 3agdexra, MosyuaemOro B pe3yjbrare  BleAPeHHs
CaMOH3MeJIbUeHHUsI, MOJYyUaeTcsl BCACACTBHE YBEJHUEHHS H3BJCYEHHSA 30/0Ta,
06YCJIOBJ16HHOI‘O HECKOJIbKHMHA [IpHYHHAMH. le/l oOBIYHOM H3MeJbYEHHH B
nyJsblie BCeraa HpHCYTCTByeT B3BEChb TOHKHX YACTHI MeTaJJIMYeCKOro imXceJe-
3a, o0pasywIMXCA 3a CYET WCTHPAHUSI WAPOB W crepxkued. ITa B3Bech
YXYAllaeT [OKA3aTesay [NaJbHEHLIero THApOMeTalIyprudeckoro hpouecca
W3BJICUEHHA 30J0TA ¥ B CJIyide CAMOW3MeNbyYeHHS B MYJblle OTCYTCTBYET.
KpoMe Toro, npu niapoBoM (CTEDXKHEBOM) H3Me/bueHHH 4acThb 30/0Ta BKO-
BHBaeTcsl B MOBEPXHOCTh IMApOB (cTePikHel) u Ce3BO3BPAaTHO TepseTcs ¢
orpaGorannofl mapoBofl (cTepikKHeBOH) 3arpy3xkoll, YTO ne MPOHCXONHT MpPH
CaMOH3MeJIbUeHHH,

B cxeMax 0OpaGOTKH 30JOTHIX DYJA 3HAUHATEJSbHCE MECTO 33HHMAlUT
onepalyy Kjiaccu(pUKanHH M3MeJBUEHHOrO MaTepHasa fo xpynHoctd. B mo-
clIefHee BpeMs Ha GO/BIUHHCTBE 30/10TOH3B/EKATEIbHBIX (pabpux B KadecTBe
KaaccHOUNUPYIOWEro annapara Ha BceX crajHsax OOpalGOTKH, B TOM YHCJeE
H B 3aMKHYTOM I[HKJe IepBUYHOTO H3Me/ILUEHHS, BMECTO CNHPAJbHBIX, pe-
€UHBIX M YalieBbiX KJAACCH(HKATODOB LHHPOKOE DaclpOCTPaHeHHEe [OJIYUHJIH
PHPOUHK/IOHE PasHBIX KOHCTPYKUHE. I'py6yio KJIacCH(pHKAanHIO HPOLYKTOB
MEJbHHII B DAAE CIyYdeR OCYILECTBJSIOT TPOXOUeHHeM B BapabaHHeiX
rpoxoTax, CMOHTHPOBAHHBIX Ha DasTPYy30UHBHIX KOHIAX MEJbHHUIL

3on0THe DYAb mepea THAPOMeTa/rypruueckoft obpaborkod uam oo-
rallleHHeM ¢Jaotannedr obeclIaMaNBalOT, €ClH WaMbl 00eiHeHb 30J0TOM
H OTPHUATEJNBbHO BJIHAIOT HA TEXHOJOrHYecKHe onepaitud. Jins obecluiamiiu-
BAHMS HCIOMB3YIOT THAPOLUMK/OHE H/IH CTYyCcTHTEHM. TakuMu [pHeMaMH
HHOTHa yAansiercss B orBad ao 30—40 % pesko oOefHEeHHOro MatepHasna,
4TO ¥We ToJbKO yaydiuaeT TEeXHOJOTHYECKHe MOKAasatesJd, HO W COKpamaer
obbeM anmapaTyphl I IPOBEAEHHS INOCIEIYIOUMX OnepalHH.

§ 2. CoprupoBKa u neprHYHOe 0GoraieHHe
KPYNHOKYCKOBOH Dy/bl

OGHYHO B 00HTOR rOPHON Macce Hapsay € KYCKaMH 30/0TOCCAEpiKaliel
DYJAH HaXOmSTCst M KYCKH IYCTO! MOPOAE, HCK/MOUEHHe KOTODOfl H3 nocie-
AVIOIEH nepepaboTKH MOXKET 3HAUHTENbHO YAYUIIHTE TeXHHKO-39KOHOMHYe-
CKHe II0Kas3aTeJsH.

Iast BrBOAA MYCTOH NOPOAEI NPHMeHAIT HHOMAA PY4YHYIO COPTHDOBKY.
Tlpu srom ¥3 ropHOH# MaccH JaHOo yaandsioT UyeTyo 1OPOAY, GO Bbiae-
ASOT pyAHyo dpakuHo, oboramentyio sonotom. OGUHM NPAaBHIOM COPTH-
POBKY HABJAETCA TO, UTO BBIBOAHMAs Iopoaa 1o copepXaHuio 30J0Ta He
JOMKHA GETH Boraue XBOCTOB 30/10TOH3BJeKaTedbHOH (albpyKHy.

OB6biuHo pYAHYIO COPTHPOBKY MHPHMEHSIOT AJIi MartepHana KpylHee
40—50 Mm. CopTHPOBOYHBIM KOHBeHeDHBIM JEHTaM MIs  YaAydlleHHs Oc-
MOTpa KyCKOR IPHAAIOT BHOpHpYMoUlee apuxkenve, OaHaKO DyiHAsA COPTH-
POBKAa DYA TPYAOEMKH# H Ma/ONPOH3BOAMTENbHEI Hponecc. 11osToMy B Ha-
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CTOfAMICe BpeMs ee He MPHUMEHSIOT (32 HCK/TOUEHHEM HECKOJBKHX NpEeAMpHSi-
it 5 [OAP),

B nocnennue ropbl AOCTHXEHHS HAYKH H TEeXHHKH nOSBOJHIH B3aMeH
PYYHOH COPTHDOBKH HCHOJB30BATL 60/ pPallHOHANBHbIE H 3KOHOMIUECKH
uenecooﬂépasHme METOABl TNPeABAPHTENBHOrO OCOramieHHst OTHOCHTENbHG
KPYNHOU KYCKOBOH PYABI, B 4acTHOCTH, NPOleCC 06GOralIeHHS B TKeNHX
CPENax, MOJIHOCTHIO MEXAHH3HPOBAHHLIH ¥ JOCTATOMHO NPOCTOH 10 OdopMIe-
Huio, HauGojee nepeneXTHBHO mpUMEHeHHe 0GOrauieHdsl B THIKE/bIX cpenax
K CYJAbHAHBIM DYAaM, B KOTODPHIX 30/I0TO CBA3aHO TOILKO € CY.Ib(HIaMH,
PaBHOMEPHO pacnpejesieHG, H er0 CojepxaHHe B OGOralleHHOM  Chipbe
NIPAKTHYECKH NPONOPUHOHANIBHO COnepxannio cyabduios. [lostomy npm
oboramenny B TAXeJHX CPefaX 30J0TO BMECTe C CyJib(pHLAMH KOHuéHTpH-
PyeTcs B TSKeBIX (PPAKUUAX; B JIerKue (paklHd OTxOLAT BMEmlAIomue
TOPOJbl, MOYTH HE MHHCPANH3O0BAHHbie JJIA 3TOH FPYNNH 30J0T0OCOxEpIKa-
WHX PyA.

OpHuM W8 HanmpasJeHwdl ycoBepuIeHCTBOBaHHS npomecca COPTUPOBKH
ABJACTCS NPHMCHEHHEe aBTOMATHUCCKOfl COPTHPOBKH, OCHOBAHHOH Ha He-
IOMb3OBAHUY DasMH4uil OTAENbHHIX KYCKOB DYAH MO HNBETy WM Palpoak-
THBHOCTH (€CTECTREHHON HJIM HaBeNeHHOH).

CoprupoBxka no uBery HauGolee sddexTHBHA HpH Gonbinod KOHTpa-
CTHOCTH UBETOB 30JI0TOCO/EPXAIHX MHNepaloB ¥ MHHEPa/JoB NycTofl ho-
POXBI, HANpUMEP, IPH OTHEJNEHHH 30/I0TOCOREPIKAILEro KBaplla OT CJaHIER
MM OXEJesHeHHRIX HOPOA; PajfiOMeTPHYECKAst COPTHPOBKA Iejdecoo6pasHa
IpH nepepadoTke 30/M0TO-YPAHOBHIX Pyx (I0AP), B koTOpHIX 30/10TC TECHO
CBSI33HO ¢ YPaHOM,

uO;maxo aBTOMATHIECKAs COPTHpPOBKa Tpebyer CJOXHOH Jqoporoctos-
Iley annapatypsl, NO3TOMY B 30J0TOA0CbIBAIOUIEN NPOMBILIJEHHOCTH A0
HaCTOHAMIEro BPeMeHH PacMpocTPaHeHa MaJlo.

I'maga V

FPABUTALLHOHHBIE METO/1 bl
H3BJIEYEHHUS 30J10TA U3 PY]]

D.iaropoanbie MeTassibl XapakTepusyioTcs BHICOKOH IVIOTIO-
CTbIO, HAMHOTO MpEeBbIIIAIOLIEH MJIOTHOCTL MHHEpAJoB BMeIla-
omen nopoArt. Ilostomy Ajs u3BAE€UEHHS CAMOPOAHLIX GJa-
TOPOAHDLIX METAJNJIOB M3 pyn 3¢h(EeKTHBHBI TpaBHTAIHUOHHbIE
NPOILeCCHI.

IpaBurauuonnoe oforaiienue BechMa MHpOKO NPHMEHSIOT
KaK Ha OT€UECTBEHHHIX, TAK H Ha 3apyOekKIIbIX 30J0TOH3BIeKA-
TeJbHBEIX pabpukax,

B Goabumnerse 3od0ToComepkamMX  pyi CodepKUTCA
ONMpEAE/SCHHOe KOMHUECTBO KpyMHOTO CBOOOLHOrO 30J10Ta
(+0,1) MM, KOTOpOe MJIOX0 H3BJEKAETCH HE TOAbKO (DJIOTAIMU-
OHHBIM OOOraleHHEM, HO H NPH THAPOMETAJJYPrHUecKof me-
pepaborke. [1o3ToMy npeaBapuTe/ibHOE BhIAEJIEHHE €ro rpaBH-
TalHOHHLIM OGOraleHHem B HavaJle TeXHOJIOTHUECKOrO IPOIEc-
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€a MO3BOJISICT CHU3UTL IOTEPH 30./10Td € OTBAJILHBIMH XBOCTAMH
¥ BHIJ€JIUTh YaCTh €ro B BHAe OBICTPO peasiu3yeMoro 30/10To-
COAePX alero KOHIeHTpaTa.

B coBpemenuo#t nmpaxkruke H3BJICUEHUS 30J0TA U3 PYI KO-
PEHHBIX MECTODOXKIEHHH NPUMEHAIT CcJeAyloliHe OCHOBHLIE
annapaTe [/ TPaBUTAIMOHHOro oborauleHHsi: OTCagouHbIe
MAallMHDLl, WIJI03L ¢ MSATKHM NOKPBITHEM, KOHICHTpAaIHOHHLIE
cTo/ibl, GapabaHible KOHLEHTPATOPhl, KOPOTKOKOHYCHEI€ TH-
POUHUK/IOHEL.

M3BsieueHne 30s0Ta B OTcanoynbx mamunax, OGorarmieHue
OTCaIKOH OCHOBAHO HA pas3ie/ieHHH MHHEpAJbHBIX 3€peH IO

Sumanae ™ R
: AV Aeznas gpanyus
(xBacnst}
e = e z
7 T T LT T
T ..—." v,
. . 7
¢ AR TAmenas gpanyus
' (KorYeHRTPas)

Puc. 6. Pacnpefeneline NMpoAYKTOB B OTCaflOyHOH MalllnHe

IIOTHOCTH B BOAe, KoJebuwuleiics (My/ncUpyloleffl) OTHOCH-
TeJIbHO pa3fessieMbIX 3€peH B BEpTHKAJIbHOH naockocTH. [1ymb-
canua Cpeabl CO3LaeTcsl CHeNUaJbHEIM NPHBOJHBIM MeXallus-
MOM.

Hamennuennas pyra (puc. 6) B Buae NyJbnbl Noiaercs
Ha peuero / orcanouHoit MamuHuL. I1pu oforaiieHUu MeJKOro
MaTepuajia Ha peleTo MpeiBAPHUTEIbHO YKJAALIBAIOT CJIOH
HCKYCCTBEHHOH nocrenu 2 u3 apyroro martepuada. Il1oTHOCTD
Marepuasa UCKYCCTBEHHOH mocTeJu JIO0JKHA OBITh MeHblLUe
IVIOTHOCTH TAXKEJIOr0 MHHepaJa pasienseMoid cmecH H 60Jib-
uie naoTHOcTH Jerkoro. Ilpu o6Goramenun 30.10THIX pyX B Ka-
7ecTBE MOCTEJNH OOLIYHO HCMNOJB3YIOT METANJIHUECKylo ApoOr
WM TeMaTHTOBYIO pyny. KpynmnoeTh uacTuil mocresist npuHH-
maercs B 3—6 pas GoJible MaKCHMaJjbHOH KPYyMHOCTH YaCTHIL
obGoramaeMoro MarepuaJda. Ilyjabma ucXomHOTO MaTepualia
ABHIKETCS 110 NocTea# BROJbL pewtera, Ilox neficTBueM cu-
JBI TSAXKECTH YACTUIBl TBEPAOTO CTPEMSTCS OCeCTh Ha poc-
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TeNb, HO CKOPOCTh OCAXKACHHUS Yy HHUX pasjnuHa. ¥ TIKENbIX
yalrtull ona 6oJbire, ueM y JgerkuxX. Ilpu BocxomsmeM noToke
BOJALL WACTHLE 30JI0Ta OTCTAIOT OT JIETKHX YacTHI{ MyCTOH no-
POl TIpH ABHKEHHH HX ¢ BoZoH BBepX. Ilpm Hucxomauem
NOTOKE YaCTHILI 30710TA YCNEBAlOT NPOABHHYTbCA K DeUlery,
onepexas Jerkue yacrunul. Ilpu moBTopenuu nyJbcauuifl Bo-
ABl, cCO3MaBaeMbix auacdparmofl 3, Marepuad paccjauBaeTcsa
110 MJIQTHOCTH: YACTHIE 30J10Ta U APYTHX TAXKEJIBIX MHHEDPAJIOB
IPOBAJIMBAIOTCA CKBO3b IIOCTEJNb H PAasTpykaioTCs MOJ pelle-
TO, JIerKHe 3€pHa IMycTOH MOpPOAbl OCTAIOTCA HA NOBEPXHOCTH
MOCTeJM M pPAasTpyxalTcsi uepes cJuBHON nopor. Boga B ot-
CaJOUYHYIO MAUIMHY nocTynaer ¢ nepepabaTnLiBaeMblM MaTepHa-
JOM, KpoMe TOro, HEKOTOpoe KOJHUECTBO BOJbI BBOISAT
JAOMOJHUTENLHO MO pEIIeTo,

OCHOBHBLIMM  TEXHOJIOTHUECKMMH NapaMerpaMu oTcanoy-
HOA MAalIMHbI, BJAMAIOLIMMU HA U3BJEUEHHE 30J10Td M KAayecTBO
f10J1yuaeMOr0 KOHI[@HTpAaTa, ABJAIOTCA XapaKTEepPHCTHKA HCKYC-
CTBEHHOH MOCTeNH, 4acTOTAa M pasMax MnyJbcaiui, CKOpOCTDb
BOCXOJSLIEr0 NMOTOKA TOJPEIIeTHOH BOAbI, NPOU3BOLUTED-
HOCTL MAaIUUHBL, PA3JKUIKEHHE NUTAHUA.

Kone6anus (my/ibcanuu) BOABL B OTCAXOUHBIX MAaNIHMHAX
€03]a10TCsl PasJaHYHLIME criocobamu. Hau6oaswee pacnpoctpa-
HEHHEe Ha 30JI0TOM3BJIEKATeJbHEIX HaGpuUKax nmoJyuuay orca-
NOYyHble MAaIUMHHI, B KOTOPHX KOJ€GaHUS BOJbl CO31aI0TCS
KayaHHeM TOPU3OHTANLHONH (IHHILE) MM BepTHKAJIbHOM tuad-
parmbi. Ha oreyecTBeHHbIX (pabpHKax IUHPOKO NPUMEHSIOT
JAByX-, TpeX- U ueThIpeXKaMepHble OTCATQUHLIE MAaIUUHBI THIIE
MOMA. VcrpofictBo TpexkamepHOil 0TCagoyHOfl MAaIIMHEI
MOJI-3M nokasano na puc. 7. Kopnyc I, cBapeHHBIH H3 JHC-
TOBOH Crasu, uMeeT (Hopmy NpsiMOYTro/aLHOH KopoOKH, pasme-
JICHHOA BEPTHKAJLHLIMM [ONEPEUHLIMH TeperopoikaMu Ha
Kamepel. B Kaxnofi Kamepe umeercs cuTo 4, Ha KOTOpOe yK/a-
JbiBaerca nocredn. [si paBHOMEPHOro pacnpeneseHus nocre-
JH Hal CHTOM YCTAHABJIMBAETCS IONOJHUTEIbHOE KDYIMHOsUe-
ucroe pewero 3. Kaxpgas kamepa kKponyca B HUKHEH yacTH
MepeXoAUT B BOPOHKY, K KOTOPOH u€pe3 pe3HHOBYIo puacdpar-
My 8 KpenuTcs KoHHYeckKoe anuiue 6. Konuueckue aHuma 3a
cuer cneunmanbHOro MexaHuama (7, 10, 11, 12) nmenr BO3-
BPATHO-NOCTYNATENLHOE IBUXKENHEe B BEPTUKAJBHOH ILJIOCKO-
cril. Hucao kauanuit cocrarisier 130—380 B munyrty, pasmax
koa1e6anuit He Gosnee 40 mm, McxoaHett Matepuan nogaercs
yepe3 3arpy3ouHblil k€06 2 1 nocJaeJ0BATENbHO POXOIUT O
cuTaM BceX kaMep. Jlerkasi ¢pakKuusi (XBOCTHI) pasTpyxaercs
yepes CAUBHOH nopor §, a Tskendas (Gppakius — yepes pasrpy-
304YHHE ycTpoiicTBa 9 B IHUmAX KaMmep.
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Puc. 7. AnapparMoBas OTCanoyHafs MalinHa C TOPH3OHTaNbLHOA AHadparmof MOZ-3M

k]
\

B nocaepnve rofb BHEADPAIOT OTCAJOUYHBIE MaWIWHBI, Xa-
pakTepusyeMble OGoJblied eIMHHYHON MPOU3BOLUTEIBHOCTLIO,
TakHe, Kak «KausieHa» u BO3AYUIHO-NYJIbCALHOHHBIE.

OtcafgouHble MALIHHBL LIHPOKO HCMOJAB3YIOT A8 YyJaBJIHBA-
HHUS CBOGOAHOTO 30J10Ta B IIUKJIEe u3MeapyeHus. [Tpu usmesn-
YEHUU 30J0TOCOAEPIKAIUX PYA MEIbHHILI, KAK NpaBHJo, pa-
60TalT B 3aMKHYTOM IHKJ/Ie ¢ K1accHduxkartopom. BekpoiBuiy-
ecst MpH H3MeJbUYeHHH YaCTHIbLl 30J0Ta CAMH HE U3MeJNLYANOTCH,
Tak Kak 30J0To KoBKUi Merasa, [lo3ToMy KpymnHBe TsXKeJble
qacTuiel ¢BoGOLHOrO 30/0Ta OYAYT aKKYMYJHPOBATLCS B IMP-
KyJupymouieit uarpyske (xjaaccudukartop-mednHuna). JJas
BbIBOJZA CBOOOAHOrO 30J10TA Ha pasTpy3ke MeJpHULBI Tepej
kraccuuKaTopoM YCTAHABJIHBAIT OTCAJOYHble MAIUHHL.

OCHOBHLIMH JOCTOHHCTBAMH OTCAJOYHBIX MAUIMH HBJSIOT-

sl BO3MOXHOCTL nepepaboTKH HeKaaCCHOUUHPOBAHHOrO Mare-

pHa/a; BHICOKAs MPOU3BOANTENLHOCTh HA €LHHUIY MNOBEPXHO-
CTH; BO3MOXKHOCTL paboThl HA MyJabNAaxX ¢ HU3KHM 3HAYeHHeM
K:T.

Orcagounble MalUMHEL, YCTAHABINBAEMbie B LHKJIE H3MEJb-
YEeHHST 30J0TOCOAEpKALNX pYyA, oObuHo obecrneynBaloT MOJY-
YeHue yepHOBOTO KOHLEHTPATA MPH BHIXOAE OT AECATHIX poJel
IO HECKOJBKHX TIPOIEHTOB U H3BJEYeHHH CBOGOIHOTO 30J0Ta
g0 20—40 % u GoJsiee B 3aBUCHMOCTH OT KPYIHOCTH 30JI0Ta B
HCXOAHOHN pyre.

H3pneuenve 3os10Ta Ha muno3ax. KoHIeHTpauHoHHBIE
LLTIO3K! SIBJSIIOTCA IPOCTEHIUNM OOOraTHTENbHBIM ANNapaToM,
NpHMEHSIEMbIM [JIsi H3BJIe4eHHst CBOGOAHOrO 30J10Ta U3 PYL H
pocchimned.

Ino3 npexcrasasier coboil keno6 MpsIMOYTOJBLHOTO Ceye-
HHSl, UMEIOUIH HeOOJIbLIOH YKJOH B TOPH30HTAJIbHOH MJIOCKO-
cti. Ha ane xenoba yJoxeHo CHenHa/nLHOe TMOKpLITHE (BOD-
CHCTASI TKAHb, PE3HHOBHIE KOBPDHKH H T. I.), NpexHa3HAYeHHOE
AJisl_yaepXaHHus OCEeBINHX Ha [LHO MHHepalbHBIX 3epeH.

[lynena uamesbueHHOf PyALI MOKAETCS B TOMOBHYIO BepX-
HIOIO wacTh uino3a. [Ipu gBUIKEHMHM B HAKJIOHHOM MOTOKe IO
LITI03y 3€pHA UCXOLHOTO MaTeprasa pacclanBapTCs MO MI0T-
Hoct# u KpymHoctd. IlpH 3TOM Ha MOBEPXHOCTH 1034 0CANK-
[Aal0Tes NPEHMYIECTBEHHO TsiKeJble YacTHILl 30J10Ta, & TAKXKE
yacTh KPYIHBEIX JIeTKHX MuHepavsos. [lepuonnueckn ¢ mosepx-
HOCTH LIJI03a MPOM3BOASIT CheM OCEBINEro KOHleHTparal,

HacTnus TBepaoro MaTepuasa TPAHCHOPTHPYIOTCS B ILJIO-
3€ TOTOKOM BOJbI, TAK KaK yToJ MpOAOJbHOTO HAKJIOHA [HA
annaparta K TOpH30HTAJBHOA MJIOCKOCTH 3HAYHUTEbHO MeHbIe

1 Jta onepainus HasbLIBAeTCH CMOJOCKOM IITIO3A.
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yraa TpeHus yacTuig (Yyroa, mpH KOTOPOM YACTHIIB CKOJIB3ST
10 HAKJIOHHOH TTOCKOCTH B NOKOALIEHCH KHUAKOCTH MOA Jeki-

CTBHEM CHJIbL TAXKECTH).

Xapakrep u3MEHEHHSI CKOPOCTH 1O riybHne TypOyneHTHO-
TO MOTOKa NOKa3aH Ha puc. 8. YCJHOBHO BeCb MOTOK MOMKHO
Pa3neNUTL HA TPU 30HLI: BA3KHH MOILCJIOH, nepexoanas # Typ-
OyJenTHasl 3oHH. B BA3koM mopcioe CKOPOCTH MaJbl, TaK KEFK
KUAKOCTb NMPHJIHIIACT K MOBEPXHOCTH, [IBHXKeHUE B H’EM HOCHT

PP

}I:Hc. 8. PacnpelleneHMe npOAOIBHBIX CKOpocTell U (yxazamo cTpenxoil) KHAKOCTH [O
OPMaJH K HDOBEDXHOCTH B [OTOKE, TEKYLLeM OO HAKJNOHHOH MIOCKOCTH:

! — Bsiaku# noxcyoh; 2 — nepexofiHast 30Ha; § — TypOyNeHTHAA BOHA

Puec, 9. CHabl, gefict
e A { BYIOIIHE Ha YacTHUY B KHAKOCTH, TEKyLieH [0 HARJIOUHOH nJoC-

JaMuHapHell Xapakrep. ToMmuua § 3TOro cjlog coCTaBigeT
OOBIYHO NI0/1M MUJIJIMMETPA M ABJAETCS BeJHYMHON nepeMeH-
not. B ormpenbhnie MOMeHTH mpomcxomnt IPOPLIB  BSI3KOTO
NOACT0sA, U T¥p6yneHTHoe ABHIKEHHE NOCTHTAeT HeNoCpeCT-
BEHHO TBeploH MoBepxHoCTH (§==0), nocile uero MoCTeNeHHO
CMEHAETCS TaMHHADHBIM.

HHTeHCHBHOCTL TYpOY/JIEHTHOCTH NOTOKA B 3HAYHTE.ILHON
Mepe OompefeJseTCsa COCTOAHHeM MOBepXHOCTH (IHA), MO KOTO-
poMYy MOTOK ABuiKerca. Uem 6osblue mepoxoaaTocm" TE€M Bhi-
e HHTEHCUBHOCTL TypOy. IeHTHOCTH,

Ha tBepayro wacruuly, naxondmyocs Ha HakJIOHHOR ILIoc-
KOCTH B ABHXKYIIEMCS NMOTOKe Xuakoctu (puc. 9), LeHCTBYeT
HeCKOJIbKO CHJi: COOCTBEHHO TpaBUTALHOHHAS cuja P (cuaa
TAKECTH MuHyc ApxumemoBa cuia), cuda Tpenus T, cuia nuo-
60BOTO coNpoTuBMeHHsT Fy M mogweMHas cuia F, OT Typby-
JMEHTHBIX BuXpe. COOTHOIUENHE STHX CHJI 3ABHCHT OT CKOPOCTH
M TOJHNIHHBL TIOTOKA, MIEPOXOBATOCTH MOBEPXHOCTH MJAOCKOCTH,

48

JIOTHOCTH, KPYMHOCTH # OpMBI TBEPABIX YACTHI[ H OUpeAeId-
eT coocof mepeMemieHHs YaCTUIL TOTOKOM.

[lepemenieHHe TBEPABIX YACTHL MOTOKOM XKHIKOCTH 1O Ha-
KJIOHHOH MOBEPXHOCTH 1LJ[03a MPOMCXOIHT TpeMs crmocobamu:
1) BicueHHeM MO AHY HJHM TIOBEPXHOCTH 3epeH, panee OTJIC-
JKHBLIHXCS BCJIELCTBHe KAUEHUs HJH CKOJbXKeHHd; 2) CKauKo-
00pa3HelM ABHMKEHHEM C NEPHOIHUYECKHM KacaHHeM [Hd H
4ACTHYHO BO B3BeLUeHHOM COCTOSIHMH; 3) [BHKEHHEM BO B3Beé-
LIEHHOM COCTOSHHH.

Hanpuwmep, TsKesabie 4acTHIB, Yy KOTOPBIX TPaBHTALMOH-
llas cujda HAMHOTO BHIE MOXBEMHOH, CTAHyT OLICTPO OmyC-
KaThcA HA JHO 1LII03a U OyAYT yAEpXKHUBATLCA TaM, eCyad Cijla
TpeHHs MPEeBLICHT CHJIY J10OOBOTO COMpOTHB/IeHH:. Jlerkne va-
CTHIIBI, ¥ KOTOPHIX PABHTALMOHHAS CHAA MEHbIUE NOIBEMHOH,
GyLyT HAXOZUTbCsi BO B3BeLIEHHOM COCTOSHHMM M CHOCHTBCA
IOTOKOM CO LUJio3a. VM, HakoHel, YaCTHIbl, Y KOTOPhIX IpaBH-
TamuoHHAs cuiaa 6Jau3ka K TMOXbeMHOH cuje, OyiyT mepeme-
11ATLCSI MO LIII03Y CKAYKOOOpAas3Ho M, B 3aBHCHMOCTH OT KOH-
KpeTHbIX YCJIOBUH, CTOXKHBIUIMXCA B MOMEHT CONPHKOCHOBEHHH
¢ mHOM 1UJTI033a, OyAyT 3amepkHUBaThCA Ju00 CHOCHTHCA NOTO-
KOM.

OCHOBHBIMH TEXHOJIOTHUECKHMH  llapaMeTpaMu IUII030B,
BJAUSIOLIMME Ha [0KA3aTejH H3BJEYEHHs 30J10Ta, ABJISIOTCS
AJMHA H YKAOH IIJII033, XapakTep MOKPBITHS €ro /HA, Pa3iKHu-
JKeHHe TYJbILI, YacToTa CNoJ0CKa.

[IpakTukoll yCTAHOBJNEHO, UTO YJaBAMBAHHE KDYMHBIX Tsi-
yKeNbIX YACTHI MPOUCXOAUT HA IEPBOM MeTpe JAJIHHBI 1HJII03a.
VYnaBiuBanue 0o0Jiee MEJNKHX 3epeH pacTsrHBaercs MO AJHHE,
¥ TOSTOMY AJil YJaBJAMBAHHMA MeEJKOrO 30J10Ta M[PUMEHSIOT
muHEBle 1LTIo3el. Ha 3o70oTon3BaeKkaTenbHbIX pabpukax mjiM-
HA LIJI030B C MATKHM TOKPLITHEM COCTaBJAeT 00BIUHO 3—4 M.

VYroa nakaona (YKJAOH) ILJII03a 3aBUCHT OT XapakrTepa Te-
pepabaTbiBaeMOTO CHIPBS, PA3XKHKEHHS MYJbIIb!, MPUMEHSAEMO-
ro NOKpLITHSI ¥ Harpyskm Ha wiw3. [lpy  mpodux paBHBIX
YCJAOBUAX yeM OoJblie YroJ HAKJIOHA 111033, TeM MeHbIe
M3BJeUeHHE 30J10Ta, HO Tem Goraie 1o 30J0Ty IoJdydaemblil
konuentpar. Kak mnpaBuno, ONTHMAMbHBI yroa HaklIoHa
1LT03a NMOoABupaloT OnbITHEIM nyTeM. Haxion HemoIBHKHBIX
HITI030B coctaBaseT of 12 1o 17 9% (120—170 mm na 1 M au-
HBl 11J11034) .

[TokpeiTisi, ynorpeGiasemMble AJs YAaBJIMBAHUS 30/10Ta HA
WI7103aX, OTJHuaTes GoabliuM pasHoobpasuem. Haile Bcero
B KAuecTBe MOKPHITHS MpUMEHSIOT Tpylylo XJomuatobymMaix-
HyI0 TKaHb ¢ pybuateiM BOpcoM — kKopaepoil. Kpome Ttoro,
ynoTpebuasiior pUQJIEHYI0 De3HHy, CYKHO, TpyOOTKAaHHLIE uiep-
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CTAHBIC TKAHHU, BOWJIOK, a 1J51 KOHIEHTPAIUH TOHKHX cyIndu-
108 — GpeseHt, mapycuny. B mocaennse rogn 3a pyGexom
LIMPOKO HCNOJNB3YIOT KOBPHKH U3 TyOuaTOro HaTypaJbHOTO
Kayuyka — JHHaTeKca,

OcHoBHASt 3afaua TOKpPHLITHS 1011034 — 3a/epKATL OCEB-
line Ha AHO YaCTHIA 30JI0TA OT CHOCA NMOTOKOM NyJbibl. Ilpu
3TOM KpYMHBIE YACTHIE JerkuX muuepansoB (SiO; u 1p.), B
OCHOBHOM, HE YJepXKHBAIOTCA NOKPETHEM, TAK KaK BHICTYMA-
10T u3 Hero. OxHAKo yacTbh KPYMHbIX JErKUX YACTHIL, OCEBIIHX
BMECTE ¢ 30/10TOM, y KOTOpHIX CHs1a TpeHHusi GOJblIe CHJBI JO-
GOBOro COMPOTHBJECHUA, MOTYT 3a[€pPKUBATHCA BMECTE C 30J10-
TOM na Jue waw3a. Ho BopeucrocTs nokpeitusi BrI3BIBaET
Goapliyo TypOyu3anuio NOTOKA. BosHuKalommue Impx 3TOM
BOCXOMsiI[H€ TMOTOKH CHOCOOCTBYIOT BBHIMBIBAHHIO H CHOCY Ta-
KuX yactiu. Bopcucras mosepxHoCTE 06yCJOBIMBaeT H3bupa-
T€.1bHOE HAKOIVIENHEe 4aCTHIl 30/10Ta U APYTHX TAXKEJBX MHHE-
paJios.

[lpu yBesuyenny LJAMHLL BOpca Y1epKHUBAMIAS CIIOCOGHOCTD
TIOKPBITHS] TIOBBIUACTCS,, OAHAKO MPH 3TOM YacTO 3a1€pKUBA-
IoTest 1 Jlerkue yactuusl. [loaTomy yeMm anunmHee Bope, Tem
Goablle H3BJIeYEHHE 30J10Td, HO GEHEe KOHIEHTPAT.

Pasgikenne mysnensl Ha 1MJ1I03aX ONpeIeNsieTcs, B OCHOB-
HOM, MAKCHMAaJbHOH KDYMHOCTLIO 4acCTHUI| nmepepabaThiBaeMoro
Mmarepuana. Dosee xkpymupifi Marepuan tpebyer 6oJbluero
pasxuxKenus. Ha mpakruke oHo Koje6./eTcsi B IIMPOKHX Tpe-
aenax (JK:T=2,5—10). [Ipu pabore Ha TycThiX myJbmnax B
YCJIOBHSIX CTECHEHHOrO NajfeHud 4acTh CBOGOIHOrO 30J0Ta He
yCmeBaeT OCeCTh Ha JHO 3a BPeMsl NPOXOXKAEHHS IU/I03a, H
u3BJeueHHe 30J0Ta CHuxkaercs. Ilpu yBeqnuenuy pas:kuxeHus
YCIOBUsS OCaxkAeHusi 3ojora yaydwaworcs. OIHAKO NpH CJIHII-
KOM OO/bUIOM DAa3KUKeHuu NPOUCXOAUT PACCHAHBAHUE MYJikh-
nbl 1 3aUIHBaHHE TOBEPXHOCTH LuMo3a. KpoMe ToOro, yBesn-
YeHHe PA3’KHKeHHs! BhI3hBaeT HeOOXOIUMOCTEL YCTAHOBKH B60JL-
uero KoJsinyecTBa amnmnaparos. I1o3ToMy B KaxKaoM KOHKperT-
HOM cayyae BHGHpAOT MHHHMAJILHOE pa3KHXKeHUe, MpH KO-
TOPOM MOJIY4aeTCst MaKCHMaJibHOe H3BJeueHHe 30J/10Ta.

Ilo mepe ocaxjaenuss KOHIeHTpara yJaBJHBawollasi CIIO-
cOGHOCTL 1JI03a clupKaercsi, [103TOMy TMepHOAMUYECKH NPOBO-
AAT CNMOJIOCK ammapara. Yacrora cHosocka omnpepensiercs
KOHCTPYKIuMEA HINI03a, TUIOM IOKPBITHS H XapaKTepom mepe-
pabarpiBaeMoro marepuaJsa. Ilpu mpouux paBHBEIX yCJ0BHSX C
YBEJHYEHHEM YaCTOTHl CIIOJOCKA YBEJHUMBAETCS H3BJEUErie
30J10Ta, HO KauyecTBO MOJIy4YaeMbIX KOHIEHTPATOB YyXYAIUAETCS.

[lo KOHCTPYKIHH ULTIO3H, NMpUMeHsieMble Ha 30J0TOU3BJIE-
KaTeaLHLX $abpukax, oraudanTcst 60/buM MHOrooGpasuem,
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HauGomee mpocThIM M PACIPOCTPAHCHHLIM SABJAETCA €Ta-
LHOHAPHBI 1IJI03, MPeACTABJAIIIHHA coGont KOpI:ETOOGpaSHbIId?
XeJa06 TpsIMOYTOJIbHOTO CEYEHMs, YCTAHOB/JACHHBH HEMOABHXK-
HO MO YIJIOM K ropusonty. Ha nHO xkesio6a ya0xeHo yaasi-
pafomee nokpwurue. [lepepabarbiBaeMbld MaTepHasa B BHAE
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Puc. 10. OTpOKHABBAIOUIHACS LIJI03

NyJaplel  TMOLAeTCa B BepxHuf
KOHel 1JI03a U [BHXKeTCs Ca-
moTekoMm 10 Hemy BHu3. [lpH
crnoJiocke 1IJ03a nogady HCXOm-
HOrO MarepuaJ NpekpalamnT, a
KOHIEHTPAT CO IHA 1038 CMbI-
BaOT CHJBLHOH CTpyeH BOIBl B
CrenUadbHy0 €MKOCTh.

CnoJiock — HauboJiee Tpyuao-
eMkas omepanusi npu o0CayHH-
paHuyn wJo3a. [losTomy uacro
MPUMEHSIOT ONPOKHUALIBAKOIHE-
cst wamo3el (puc. 10), Kortopwie
BO BpeMs CIOJNACKMUBaHMs TOBO- 3
pavYMBalTCA BOKPYT CBOEH MIPO- 5 ‘
JoJBHOR ocu, uTO o6Jeryaer
onepaluio CroJocKa.

Ha pne. 11 mnoxasan aBTO-  Puc. 11. ApToMaTniCCKHE LIMIO3:
MaTuuecKuH MHOTOICKOBBIH  f— nexn waiosa; 2 — nyasnogenn-
mmos. CrenuatbHbll maysHelit TSI 8 Eacos by e dron
MEXAHHU3M MEePHOAUUYECKH Mmepe- JocKa
KpHBaeT IOTOK NYyJbIH, MOCTY-

MapMUl B NyJbNOoxeuTe/b, HANpapJsis ero Ha JApyrue, na-
pasieanHo paboramliipe WIJIO3H, OXHOBPEMEHHO NOBOpaul-
BaeT N€KH M BKJIIOUAET CMBIBHYIO BOAY. [IpoHCXOIHT CTOJIOCK
1034, NPONOJIKAIUUACA 341aHHOE BPEMS. I[Tocne 3toro Me-
XaHu3M TOBOPAUMBAET [€KH B MpexHee MoJoXelne, BKI0TaeT
muTaHEe, W MUK/ TOBTOPSETCs. JTOT LLTI03 MPOCT B 0GCIYXKH-
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BaHHH H HMeer GOMbIIYIO yIedbHYI0 NPOH3BOAMTEJNbHOCTD HA
CIMHHNY 32HUMAEMOH IIOWIATH, YeM CTAIHOHAPHBIE HIIIO3HI

Hast matepuanos, oboramenue KoTopbix npoTexaer ¢ 6oub-
UIHM BBIXOJOM KOHNEHTpATa (HANpUMep, DYAH C BHICOKHM CO-
AepXKanuem CyIbQUIOB WM ADYTHX TAXKETLIX MHHEpaToB)

_ffTumanue

Hanpabrerue
JBuwenus
ABHTIE)

Puc. 12. JleHTOUHMIH w103

Xbocmey

negecooﬁpaano MPUMEHSTL JIECHTOUHBIE ILIIO3bI HENpephIBHOTO
ACHCTBHS (puc. 12), ucmodb3yeMule TakmKe mJsi ZOBOJKH (me-
PeUHCTKH) KOHUEHTPATOB, MOJYUYEHHLIX Ha CTALLMOHADHBIX WK
ONPOKUABLIBAIOUIUXCH MIJII03aX.

IlpeuMymecTBo 11110308 o CPABHEHHUIO C OTCALOYHLIMH
MAamiHHAMI COCTOUT B HX CIIOCOOHOCTH VJIABJAUBATL OoJsiee MeJ-
KOC 30J10TO M HU3KHX KaNMTAJIbHBIX 3aTpPaTax Ha YCTAHOBKY.
FnaBublil HeZOCTATOK WLTIO30B 3ak/IIOUAETCS B TPYAOEMKOCTH
MX SKCIyaTally ¥ HH3KOH NPOM3BOLUTEILHOCTH HA eIHHULY
niowanyu [2—20 1/ (m2-cyT)].

HaBneuenne 3zonora Ha KOHUEHTPAUHOHHBIX cTonax. Kax
IpasHJIo, YepHOBbIC IPaBHOKOHUEHTPATLI NIOABEPTAIOTCS AONO/-
HUTE@JNBHOH n0BOAKe (nepeuncrke). JlJsi 3Toi mesu yanie BCe-
TO UCHOJIL3YIOT KOHILEHTD AIHOHIIbIE CTO.TLL.

OGoramenne (KOHIEHTpalusA) HA CTONAX — 3TQ npouece
pasfeseHust MUHEPAJbHBIX UYACTHIL TO IJIOTHOCTH B TOHKOM
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£J10€ BOIKl, TeKyIel mo cJa60oHAKJIOHHOK MJIOCKOCTH (nexe),
coBeplIaoell BO3BPATHO-NOCTYNATE/IbHO® IBHXKEHHE B TODHU-
30HTAMLHOH TJIOCKOCTH B HANpaBJ€H#H, IME€PNEeHIHKY/IAPHOM
HANpaBJEHUIO IBUIKEHHST BOJIBI.

Jleka KOHLEHTpAlHOHHOro cTona (puc. 13), nmpuMenaemMoro
HA OTEUeCTBEHHBIX 30J0TOM3BJEKaTeabHLX (abpuxax (3UD),
OOGLIYHO BLINOJIHEHA B BuIe Tpaneuuy /iy mapaJjielorpaMma
(IMaroHaLHas) ¥ UMEET PeryJaupyemblil momepeyHbH HAKJIOH.
Ha noBepxHOCTH 1eKH 3aKpEVISIIOTCS OPOJOJbHLIE NIAHKH
(pudin). Bricora kaxmo# MiaHku yMeHbIIaeTcs No LMHHE ee
B HANpABJIEHUH K PAa3rpy30uHoil cTopone croja. Brosb mun-
HOfl BepXHell CTOPOHEI KM YKDPeNJEHbl 3arpysouHasi KOpobka
¥ pacrpepenTeNbHb Xeao0 st BOLBL Bo BpeMsi pa6oThl
BOJa paBHOMEDHHLIM TMOTOKOM TeueT nomepek Beeft pexu. O6o-
ramaeMbii MaTepual B BUAE MyJbIbl NOAA€TCA B 3arpy304HYIO
KOpoGKy H uepe3 Lielb Yy IHHINA KOpOOKM BHITEKaeT Ha mioc-
KOCTb JT€KM.

Munepa/bHEIe YaCTHIEL, TOCTYNHBIUKE Ha CTOJ, NOJiBepra-
I0TCS BO3LEHCTBHIO CHJ, CcO00IIaeMbiX NPUBOAOM, CMBIBHOMY
neHACTBUIO BOABI, TEKYLIeHl TOHKHMM CJ0eM MO YKJOHY NONepex
LeKH, ¥ cuabl TaxecTtd. [lox medicTBHEM CHJIBI TSIXKE€CTH YACTH-
bl OCEIAIOT HA TMOBEPXHOCTH TEKH H NOA BJIHAHHEM COTpsce-
"Hu#t mexuM B MeXpuhJeBOM NPOCTPAHCTBE NPOHCXOXHT pac-
caoenue Marepuaja. Menkue Tsa¥Kesble YaCTHLUBI OKa3bBa-
I0TCsi BHH3Y, MOBEPX HHX J0XKaTcs KpYNHBIE TsKeIble H
MeJKHMe Jerkue 4YacTHilkl, a Ha CaMoOM BepXY— KpynHEIE
JerKue.

ITpr BO3BpATHO-NOCTYNATE/ILHOM [BHXKEHHH JeKH CToJa
YaCTHIBl KOPOTKUMH DBIBKAMH N€PEMEMAOTCs BAOIb OCH CTO-
J1a, T. €. BIOJDL XeJQOKOB Mexay puJIsiMi U OIHOBpE€MEHHO
VBJEKAKTCs TOTOKOM BOJLI NONepeK cToJia.

Kpynusle JerkHe yacTHIB,, HAaXOASIIMECS CBepXY, Jerue
CMBLIBAIOTCS! TIONePEUYHBIM MOTOKOM BOIBI BCJeACTBIIe HX O0Jb-
UIoro pasMepa U MeHblieH 3alUMINEHHOCTH HapupJeHHeM, YeM
MeJIKHe TsKeqble uacTHIlbl, Haxoxsupecss BHU3Y. KpoMme Toro,
no Mepe ABHXKEHHsi MaTepHasa BAOJL CTOJA BeICOTA pHpIIeH
CTAHOBHTCS BCE MEHbIIe, 4TO CHOCOOCTBYeT CMBIBAHHUIO OoJee
MEJIKHX JerkMX 4acTul. B pesy/ibraTe Ha cToje obpasyercs
Beep W3 YACTHIl PA3HO IUIOTHOCTH u KpymHocTa (puc. 14).
Hanporus 3arpysounoit KOpoSKH CMBIBAIOTCS Haubolee TOH-
Kue (UJIAMOBBIE) YaCTHLLI, He yCHeBIIHe OCECTb HA MOBEpX-
HOCTh mekH. Jlasee oOpasyercsi MoJoca JIETKHX KPYMHBIX Yac-
THL, 3aTeM TOoJ0Ca NPOMEXYTOUHOH IVIOTHOCTH H, HAKOHeIL,
nosoca TsokeJabX uyacTum. OTae/dbHBIE IOJOCH Beepa cobupa-
I0TCSL B PA3Hble NPHEMHHKH.
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6 — ne-

. i 5 — pudan;
A CMBIBHOJ BOAbX' 9 — sarpyao‘mas

1

4 — BHHT;

43500

5 — MaxoBHK KPCHOBOIQ MCxaHH3Ma,

HKH 13 PCrYAHPOBalHS noAayu BOMLI; 8§ — 1010k

2 — POJNRKOBas onopa;

720

IAACTHHE;
KHBIC i1

Prc. 13. KOHQEHTPaAHOHHLIY CTOJ CKM-1

I — onopuasn
xa; 7 — noneu

KopoGKa

OCHOBHBLIMHM TEXHOJIOTMUYECKUMH NapaMeTpaMH KOHIEHTpa-
LHHOHHEIX CTOJIOB $IBJASAIOTCH yacToTa Ko.JdebaHuil U XOm AeKH,
yroad HakJoHA, THN HapHQJIeHHS, NPOU3BOLHTE/NLHOCTh, Pas-

KHKEHHE TTHTaHUS, PACXOL CMBLIBHOR BOIHI.
[To cBOMM KOHCTPYKTHBHBIM OCOOEHHOCTSM KOHLEHTpAIlH-

OHHHIE CTOJMBI XapakTepusylorcs Go/abLIMM — MHOrooOpasuem.

S ITGHE

TRMENDH QOOKYUS  TTPOMIIO0UATTT  JIEERDS DOIKYUA
(KOHUEHTIZAM) wfocmsl)

Puc, 14. PacrnpepaeseHHe NPOAYKTOB Ha JAeKe KOHIEHT-
PaHOHKOrQ ¢Toga

Oun ornyawTes GOpMOH M KOJIWYECTBOM €K, THIIOM NPHBOjL-
HOTO MeXaHu3Ma # T. .

OCHOBHBIM JOCTOMHCTBOM KOHILIITPALHOHIBIX CTO.10B SIB-
JIeTCst TO, YTO OHH MO3BOJSIOT NOJYyuaTh Ooratble KOHIEHTpa-
TBl MpH BBEICOKOM H3BJeYeHHH 3040Ta. OgHAKO, NOCKOILKY
oforameHne Ha CTOMAX OCYHIECTBJSETCS B TOHKOM CJIOe BOMH,
IIpOM3BOAHTENLHOCTL 3THX anmapaToB HHu3Kas. [loaromy uHa
30JI0TOH3BJEKATEIbHbIX $abpuKkax KOHLEHTPAlUOHIIble CTOJH
NPHMEHSIOT TOIBKO B KauecTBe MEePeUHCTHBIX aNNapaToB, Kak
NpaBuJI0, AJsl M€DEYUCTKH KOHLEHTPATOB OTCAJOYNbIX MaliuH,

bapa6annble KOHUEHTPATOPH H KOPOTKOKOHYCHBIE T'HJpO-
UMKAOHM., BapalaHHble KOHLEHTPATOPbl H KOPOTKOKOHYyCHble
TUAPOUMKIOHB NpuMensitoT Ha 3UD anst BeIBoAa ¢BOOOAHOID
30JI0Ta B LHKJIe H3MEIbYEeHUS.

BapaGanuuit koHuentparop (puc. 15) mpencrasnser cobol
TOTLfi IUANHAD, BHYTPEHHSIST TOBEPXHOCTH KOTOPOTO HMeEeT
PE3HHOBOE NMOKPHTHE ¢ HapH{IeHusMH BoicoToN 2—4 mm. Ha-
fpaBJieHre Hapu(IeHui cocrasiaser yroa 15° ¢ obpasywomuied
uununapa. bapaban ycranas/ausaercst mop yriaom 7—9° K ro-
PH3OHTY ¥ Bpaluaercss BOKPYT CBOeH TOPH3OHTAJIBLHOH OCH C
yactoTolt Bpauenns 2—6 ob/mun. Buytpu Gapabana nmomele-
Hbl BEPXHHH H HHXKHHH OpOCHTEJH M XKea00 AJs KOHIEHTpara.
Vicxonsmfi marepuas B BHAE MYJbIL MOAA€TCs B BEPXHHE KO-
ney 6apa6ana. Ilpu ABH:KeHMH MaTepHata BHH3 NIPOHCXOAHUT
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€ro pacciauBanue; AJisi Jy4llero paccjJanBaHHsA MORA€TCS L0-
[OMHUTEJIBHO BOJLA 4Yepe3 HUXKHHHA opocuTesdb. YacTuUl 3070-
Ta W ApYTHX TsiKeNblX MHHEPANOB, ONyCTUBIINECH HA NMOBEPX-
HocTb Gapabana, 3aXBaTLIBAIOTCS HAPHGMJIEHHAMHU H TPAaHCHOp-
TUDYIOTCA  KBepXy, rAe CMLIBAOTCS BOHOH w3 BepXHEro
OpOCHTEJSt B Ke100 A/isi KOoHLeHTpara. Jlerkue sepha mycroi
MOPOABL BEIHOCSITCSA MOTOKOM CHU3Y Gapabaua.

J585

-]

4 lm@:'-\ _m

SEarpitly et

[g 1300 j'

Puc. 15. BapaGaunmi KOHLIEHTPATOD:

! — npHBOA; 2 -~ npHeMHHK OYJBNE; 3 — MOKPHITHE H3 pHdrencll pesunbl; 4 — Gapa-

Gau; 5, 6— BeDXHHH u HHXHHH BO, opacrpe, T 7 —_ Tpa-
y 5, .
: T nperenn 'eAn; 7, 8 xeno6a JJsi KOHHEHTD g

Bapa6aunbiit KOHIIEHTpaTop yaasiuBaer OoJiee ToHKOe
30JI0TO, UeM OTCafOuHAst MAIUMHA M OTARIAeTCS GOMbIIeH Mpo
H3BOJHUTENbHOCTBIO, Y€M LIJIIO3H, -

B CCCP gus TPaBUTAUHOHHOTO OGOTALCHHSE 30JI0THIX pya
IPUMEHSIIOT THADOUMKIOHE ¢ GOJbILMM  YIJIOM Yy BepUIMHDI
KOHYyCa, TaK Ha3LlBAEMBIE KODPOTKOKOHYCHBIE THIPOIUK.IOHBI
(puc. 16). B orinume or o6bUHBIX OCTPOKOHYCHBIX (Kﬂuaccu-
(UIUPYIOIMUX) THADOUUKIOHOB, B HUX MPUCTEHOYHBIH MaTepH-
a7, ABUrascCh No CTEHKaM KOHyCa K pasrpy3ouHoMy OTBEPCTHIO
(Kak 1Mo HakJIOHHOH IVIOCKOCTH ), OBOTAIIACTCS TSHKEABIMH 4a-
cruuamu.  IlpousBogurenbiocts  sTux THADOUHKJIOHOB TI0
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CPaBHEHHIO C OTCAZOUHBIMH MAalUMHAMH BHIIE M [PH BHXOAE
MecKOB, PABHOM BHIXOAY KOHLEHTPATa OTCAAKH, OHH H3BJe-
kKalor 6GoJplue 3070Ta 33 CYeT YJAABJHBAHUS MeJIKHX Ya-
CTHIL.

['paBuTanuoHnbIE KOHIEHTpA-
TH, [OJy4aeMmble NpH Tepepa-
60Tke KODeINHX pyI conepxKar
ot 100 mo 500 r/r 30Jqo0ta. DTH
KOHIEHTpATH MHOrJa nepena- ]
10T Ha 3aBOALI LBETHOH Merals-

Jyprud (CBHHIIOBLIE HJIH MeJ-
Hble), TAe HCHOJAb3YIOTCsi Kak ¢ :]<_

¢daocyonine 1o6aBKH NIpH 171aB-

Ke WIH KOHBEPTHPOBaHHH. 30- 2wy

JOTO U cepebpo NPH ITOM H3BJIE-

KaT MOMYTHO ¢ OCHOBHHIM Me- \<>/
raanoM. Ho udame Bcero rpasH- L
OKOHLEHTPATHL nepepaGaTbI- Puc. 16. KOpOTKOKOHYCHLII  THADO-

BaloT Ha camux 3UD. Ilng sT70-  nmxaon

r0 TpPaBHOKOHUEHTpaTbl  Jubo

[O1BEpPrawT aMaJibraMantu

{cM. Huxe), aubo nocae ray6oKoH rpaBHTalHOHHOH MepeuncT-
K¥ mJaBAT ¢ A00aBKOH (WIIOCOB C IMOJYYE€HHEM KOHEUYHOTO Ipo-
JIyKTa — 4epHOBOTO 30JI0Ta.

I'masa VI

AMAJIbTAMAIHSA 30J10ThIX PY]L
H KOHLEHTPATOB

AmanpraManHeil Ha3bHBAIOT Npolecc H3BJIeUeHHs Ggaropon-
HBLIX METAMJIOB M3 PYA M KOHUEHTPATOB IIPH NOMOIIM KHIKOH
pryru. Ilpu amasibraMauud H3MEJbUEHHB 30J0TOCOLEPHKA-
wHii MaTepuan IpUBOAAT B KOHTAKT €O PTYTHO. HacTHYKH 30-
JI0Ta CMauuBaOTCH PTYThIO M KOJJIEKTHPYIOTCA B Hel, o0pasys
amajbramy. MuHepassl BMemalonesl MopoaLl, UBETHbIE MeTa-
Jbl ¥ XKeJ1e30 He CMauuBaloTCAd PTYTBIO ¥ B aMajbraMy He ne-
pexonsit. TakuM 06pasom, B OCHOBE Mpomecca JeXHT Crocol-
HOCTb KHUIKOH DTYTH CEJEKTHBHO CMauymBaTh 30/10TO C 06-
pasoBaHueM AaMaJjbrambl, KoTopas BcJjeiacTBue CBoeH GoJib-
HIOH MAOTHOCTH JIETKO MOXeT OHTh OTAeJieHa OT NyCTOH IO-

POJHL.
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§ 1. TeopeTHueckHe O0CHOBBI Npouecca

HpOILQCC amaJioraManuyd COCTOHT M3 JIBYX IOCJI€J0BATEJbHBIX

cragui: 1) cMaunBauwue 3070Ta PTyThIO; 2) Auddysus (Baau--

MojeHcTsuHe) pTyTu B 30J0To. Onpegesnsiiomeit siBasSeTCS nep--
Basg CTaiusi — CMaydBaHHE 30JI0Ta pTyTeio, HUem ayume cuma-
yHBaHHE, TEM BHIIE MOKa3aTeM aMmalbramanuu. [1oCKoabKYy
aMaJjibramaliiio npoBoJAT B BOAHOH Cpele, To B CMaylBaHUH
30J10Ta PTYThIO y4acTBYIOT TPH a3kl — 30J0TO, PTYTh H BOIa..
HssecTHo, uTo rpanuna pasgesia ABYX ¢as 06.1a1aeT CBO--
Goxno#t MOBEPXHOCTHOH 3HEpPTHell  (MOBEPXHOCTHLIM HATSIKe--
HHEM), BeJHYHHA KOTOpPOH om-
penesnsieTcs NpHPOJOH CONpHKa- 4
caromuxcst ¢as, Hem 6Hoasle
pasyinuue B MOJASPHOCTH CONpH-
Kacawmuxcs pas, TeM BbILIE NO- A8
BepXilocTHAass 3Heprus. Mepoit ’
noasipHocT#  ¢asn Moryr cay-
KHUTh TakHe ee CBOHCTBA, Kak

KOK KCI K8r KCAS

GHZU/Au 6Hg/Au Au rd

Puc. 17. CMaudBaHMe 3010Ta PTYTHIO

Puc. 18. BausHHe NONSPH3agMH Ha NOBEPXHOCTHOE HATAKeHHE PTYTH

AU3IEKTPHYECKAsi NOCTOSHHAS, QUIOIbHBIE MOMEHT MOJCKYJ W
Apyrue MoJeKyJsipHele cBoicTBa (asu. Corsaciio BTOpoMy 3a--
KOHY TepMOJAMHAMUKI, BCsikasi MeXK(asHas MOBEPXHOCTH CTpe--
MHUTCSL K CAMONPOH3BOJNLHOMY COKPAIEHHIO A/ YMEHDBIIeHHS
cBoGoaHOH 3Hepruy.

CMmauuBanne 30J10Ta PTYThIO ONpegeNsieTCs] 3HAUCHHEM [O--
BEPXHOCTHOTO HATsKEHMsA Ha TrpaHuue paspena ¢as: 3040To—
BOAA (Om,0/An ); 30J10TO — PTYTh (Opg/au ); PTYTh — BOIA
(0 m0/mg ). IlpH HaHeceHHH Kam/ium PTYTH Ha 30J0TYIO mJac-
THHKY, MOTPYXKEHHYI0 B BOAY (pHc. 17), ona Gyzmer pacTeKaTo-
CA 4O TeX 1op, MokKa He HACTYNHT PaBHOBECHE, ONpefesseMoe
COOTHOIIEHUEM:

04,0740 = Chg/au T Opomg €08 0,

OTKYRA €088 = {0y v Ongau) Ous,0 g (373
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YroJs 0, nasniBaeMbBI# DaBHOBECHBIM KDAaeBLIM yIJIOM CMa-
YHBAHMS, MOMKET CJYKHTL KPUTEpHEM CMauMBanuda. Hem MeHb-
e yroJ, Tem Jyuiie cMauuBauue. [Ipu IOJHOM CMauyuBaHHHU
OH CTpeMHTCA K HYJHO, a Cos 0 K eAuHHILE.

dyHraMeHTaJbHEE HCC/ICAOBAHMA NpoLecca amaJjbrama-
uun 6ptn nposenennl M. H. IlnakcuubiM. OTH paGoTel noka-
3aJi4, UTO CMAuyHBAa€MOCThL 30JI0TA DTYTBIO ONpEeAENAeTCs XH-
MHUECKHM COCTABOM 30J10Ta M PTyTH, COCTOAHUEM HX NOBEPX-
HOCTH, ITOTEHIHATOM PTYTH.

YucToe 30/10TO CMayuBaeTCA PTYThio Jyulle, yeM 30J10TO,
cojepxkaniee npuMecu cepebpa u, ocOGEHHO, IPHMECH XKeje3a
U LBETHLIX MerasoB. O6bsicHseTCA 9TO TeM, YTO IPHMeCH, CO-
AepxKaniuecs B 30710Te, 06pasyioT oKCHANYIO INIEHKY HA ero 1o-
BEPXHOCTH, KOTOpAsi U BLI3BIBAET YXyAlIeHHE CMAYNBAEMOCTH.
[Ipn moAB/MeHHH OKCHIHOH NJIEHKH HA [OBEPXHOCTH  30J10Ta
YBEJTHYUBAETCH NOBEPXHOCTHOE HATAXEHHE HA TPAHMIE 30J10-
TO — PTYTh U yMeHblLIAeTCAd Ha TpaHHIle 30J0TO — BOJAA, 4YTO,
Kak BHAHO H3 Boipaxenud (37), yBeJuuHBaeT KPaeBOH yrod
cmaunBanusi. FlMenHo moaTomy pTyTe He cMaynBaeT HebJaro-
pOAHHE MeTalJH, TaK KAaK OHU BCErfa MOKPHITH OKCHIHOH
niexkoll. OgHako cBexeobpaszoBaHHas, He yCneBlIas OKHC-
JIUThCS TIOBEPXHOCTL 3THX METAJJIOB, CMA4YHBAETCsI PTYThIO Tak
2Ke Xopolio, Kak u YHCToe 30J0To. Ecnau, manpumep, pasio-
MaTb MJAACTHIIKY IHMHKA, TOTPYXKEHHYIO B PTYTh, TO NOBEpPX-
HOCTh H3JIO0Ma cpasy e CMauyHBaercs PTYTLIO.

XuMuueckn yucras PTyThb CMauuBaeT 30JI0TO XyXKe, UeM
pTYTh, cofepxkaman HeGoubline kosnyecrsa (o 0,1 %) apy-
THX MeTaJJ0B. YBeJUUEHHE COACpKaHUA IBETHHIX METaJJIOB
B DTYTH BHIIlI€ 3TOrO npejena yXyAllaeT CMauuBaeMoCTh. ¥ XyA-
uieHHe CMavuBaeMOCT# B 3TOM ciaydae obObsacHAeTca o6Gpaso-
BaHHEM Ha NOBEPXHOCTH PTYTH OKUC/IEHHBIX TJIEHOK LIBETHHIX
MeTa/oB. Ha cMauMBaeMoCTh 30/10Ta PTYThIO BJIAUSET COCTOS-
HH€ TOBEPXHOCTH 30/10Ta. CBexkeobHaXKeHHasl MOBEPXHOCTDL 30-
JIOTHMH, BCKPBIBUIMXCS NPH M3MeJbueHHM CHIPLA, CMauuBaeTCs
pTYTEi0 XOpouto. [Ipu panpuefiieM U3MENbYEHHH MOBEPXHOCTL
30J0THH MOKeT MOKPHITLCA CJI0eM BKOBAHHBIX TOHKHX 4aCTHI
CY/AbGUAOB UAM MHHEPATOB NMYCTOH MOPOABI, YTO Pe3KO YXYA-
HiaeT CMaydBaHHE U CHHXKAeT pe3yJbTaTd Mpolecca aMalb-
ramanuyu. Ilostomy a¢ddekTHBHEE NPHBOAHTL 30J0TO B KOH-
TaKT C PTYThIO Cpa3y e B MOMEHT BCKPHITHA.

bosblioe 3naueHue g CMAuYUBA€MOCTH 30JOTHIX YaCTHIL
AMeeT COCTOAHHE MOBEPXHOCTH pTYTH, YHOTpebJsaeMol s
aMaJgpraMmanuu 3o0o7a. PTyTe modxHa GRTb NOABUXKHOM,
MMeTh CBEXKY1O GJeCTAHYIO MOBEpXHOCTh. Bynyunm Mexanwuye-
cKHM pa3buTa Ha MeJKHe Kaliy, OHA HOJXKHA NPU KOHTAKTE OT-
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ACJBHEIX KalleJb GBICTPO CJIMBATLCA B ONHY Maccy. P1y1b Jer-
KO meMmsylollascs, T. e. pas0uBalollascsd Ha MeJKHe, HEe coe-
AVHAIOUIHEC MeXAYy co00i KanjH, IJIOX0 CMA4YHBAET 30J0Tbie
H4CTHUL!, JIETKO BBIHOCHTCS M3 UHK/IA H TEPAETCA € XBOCTAMH.
obpaborku. [lem3oBanne pTyTH — 00pasoBaHHe  yCTOHYHBHIX
HEKOA/IECLUHPYIOLIHX Kaneab (UIADHKOB) PTYTH — MOMKET GLITh-
BEISBAHO TNOMALaHHEM B MyJbRy Maces, YIJHCTHIX H rpadu-
THCTBIX BEILECTB, & TAKXKE MEXAHHUCCKAM BO3ACHCTBHEM ADO-
Osiesi cpegbl. TOHKOH3MeIbUYEHHbIE CyJibpHIb, a HHOrLA CH--
JUKaThl H KBapu OPOHHDPYIOT cdepuueckne yacTHIH PTYTH H
NPENATCTBYIOT WX KOHTAKTY HE€ TOJBKO C 30JOTBIMH 4aCTHId-
MH, HO M MeXAY cOOOH. JlJs CHHUMKEHHS MeM30BaHUS HeoGXO--
AHMO H36erath NepeusMesbueHHs aMaJbraMUPYEMOro MaTe-
puasa. Ha ochoBannu coBpeMennoi TEOPHH 3MYJIbCUTI C 1e/IbIO-
yeTpaHeHus 6pOHMPOBAHHA Kanelb PTYyTH TBEPALIMH 5MY.ibra-
TOpaMH MOXKHO BBOJAMTbL DEAareHThl, YMEHbUIAOIHE CMAYNBae-
MoCTh aMyJsbratopa. OXnako sta 00./iacTh €lle HeI0CTATOYHO.
HCCJAEN0BaHa, H HA NMPAKTHKC ONTHMAJLHBIA peareuTHHil pe-
KAM aMa/braMalHOHHOr0 MpoLecca NoAGHPAIOT ONBITHEM NY-
TeM.

HM3BecTHO, 4yTO MOBEpXHOCTHOE HATSKEHHE HA rpaHulle Ka--
KOT0-n60 5/€KTpOAa M PacTBOPA 3aBHCHT OT MOTEHLHA.IA
37eKTposia. Hanbosbllee MOBEPXHOCTHOE HATHKEHHE HA G0
A4€TCs IpH MOTeHuHnaJse 3J1eKTPOAa, COOTBETCTBYIONIEM HOTCH--
uuaay nynesoro sapsasa. Iloaspusauust s1exkTpora B 1y o
HHYI0 CTOPOHY NPHBOAUT K CHHKEHHIO ITOBEPXHOCTHOTO HATS-
xenust (puc. 18). CieaoBaTenbHO, TOAAPH3ALHS PTYTH TO3BO--
JACT  YMCHBIIHTL TNOBEPXHOCTHOE HATSAMKEHNE HA TpaHHIe
PTYTb — BOAA, YTO YJyulIaeT CMAYHBAEMOCTb 300Ta PTYThIO.
[cm. Bupaxkenne (37)]. Ilpu katoxnoi NOJAPH3ALHHE CMAaYHBae-
MOCTb YJY4INAeTCA He TOJbKO BCACACTBHE YMEIbIICHHS NO-
BCPXHOCTHOIO HATAKECHHSA DPTYTH, HO U B DE3yJabTaTe HEKOTO-
pO¥t aKTHBALNU NOBEPXHOCTH 30J0Ta. Bhillle yKasnBaiock, 410
OKHC/IEHHBIC TUIEHKH METalJiOB MpHMecell Ha 30.70Te yXyuia-
0T €ro cMauynBaeMoctb pTyThl0. IIpH KaToxHO# noaspusaumm
PTYTH U3 pacTBOpa Bhie/sIeTCA Ta3000pasHbIfl BOIOPOI, KO-
TODEI YHHYTOXKAET 3TH NJEHKH, AKTHBHDYET MOBEPXHOCTb I
yJayuulaeT cMayuBaHue 30J10Ta.

Ilossipusauust pTyTH NO3BOJsIET aMaNbraMHpPOBATL H MLia-
THHY, KOTOpas B OOBIYHHIX YCJOBHAX IIJIOXO CMaddBaercs
PTYTbIO, TAK KaK €€ NOBEPXHOCTb BCETJa NMOKPLITA 3HAYUTE.Tb-
HOH TJI€HKOH cOpOMPOBAHHOrO KHCJIOPOAd. B yeaoBusix e mo-
JAPHU3ALHH 3Ta IUVIEHKAa YHHYTOXKAeTCsl BHIAENSIONIHMCH BO~
AOPOJOM, M NJIATHHA XOPOLIO CMA4YHBAETCS DTYThID H JErko
aMaJjJbraMupyeTcs.
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Oanako crnoco6 TOJNspH3aLMU PTYTH NIPH aMaJjiblaMauHH

671arOpOHBLIX METAJJI0OB He TOJYYHJ IPOMBILLJIEHHOrO IpHMe-
HeHHsl H3-3a CJOXKHOCTH amllapaTypHOro oQopMJ/eHHS.

Bropas cramusi amagapraMauuu (IHpdysus pTyTH B 30J0-
T0) MaJO 3aBHCHT OT TeXHOJOTHYECKHX IapaMeTpOB Npouec-
ca amaJjbraManiy # olnpenesasercs, B OCHOBHOM, NPHPOAOH HC-
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Puc. 19. Ouarpamma cocrosuus Au—Hg

e NI,

XONHbIX MerannoB. M3 nuarpammel Au—Hg, npuBeaeHHoll na
puc. 19, BHAHO, 4YTO 30J0TO CO PTYyThIO 00pasyer psii HHTEP-
Meraaauyecknx coennHenn#t (AusHg, Augng, Aquog), TBep-
AL pacTBOp PTYTH B 30J10T€, coAepxamui ~ 16 Y% IO-IgAH
KHAKHH PacTBOP 30J0Ta B PTYTH ¢ cogepxannem ~ 0,1 % Au.

Ecan Kycouek 30/10Ta ONYCTHTb B PTYTh M BHAEpPKAaTh 10C-
TA4TOYHO J0JIFO€ BPEMsi, a 3aTeM pa3pe3aThb, TO B IIepBOM [pH-
GJMKEHHA MOXKHO CYMTaTb, YTO COCTAB KYCOYKA IO CEUCHHIO:
OyleT MEHATLCS B COOTBETCTBHH CO CXEMOH, NMOKA3aHHON Ha
puc. 20. TakuM 06pasoM, 3070Tasf amajbramMma npeiCcTaB/ser
cobofi KUAKYIO PTYThb, cogepxamyio no 0,1 % Au, B KoTopoit
JUCTIePTHPOBAHKL TBEpAble yaCTHLUH, IPEeACTaBICHHbIE 30J10TOM,.
TBEPALIM PaCTBOPOM 30J10Ta B PTYTH H HHTEPMETAJHYECKH-
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MH cocAuHenusMH. [Ipu aToM cTemeHb nepexofa 30J0Ta B CO-
AMHCHHS CO PTYTbIO ONpeneasercs KPYNHOCThio H3BJICKAEMOro
30j0Ta. HeM Mesbye 30JI0THHBL, TeM GOJblie 30/10Ta TIEPexo-
AUT B HHTEPMETaNJHIECKHe COCAHHENHSA. B HeROTOPHX cyuya-
AX H3BJICUEHHE 30/10Td aManabramauueil neaddexTHBHO BCJei-
CTBHC 3aTBepleBauusi M XDPYNKOCTH obpasymouiefics amaJbra-
MBI, ITO 0ObscHSAeTcd MNONaJaHWeM B DTYyThb 3HAUHTENbHBIX
KOJHYECTB MEIH H KeJie3a,

T8epdve Al
T0600s111 pacmébep
Hg & Au

AU 3 H g

A, Hg

AlHg,

Mudwud pacmbos
Au 6 Hg

Puc. 20. Juddysus pryTn B 3070TO

Mellb HENOCPEACTBEHHO aMabraMupPYeTCs IJ0X0, HO B CBe-
A CBOCCTAHOBJIEHHOM, He OKHCJEHHOM COCTOIHHMH Jerko cMa-
YHBAETCS PTYTbIO. 30J0Tble DYJAbl HHOTJAA COMEPKAT HEKOTO-
poe KOJHYeCTBO MHHepaJoB MeAu. IIpw u3MebycHHH TaKHX
pPyA BO3MOXeEH Iepexol MeiH B pactBop. Kpome Toro, uouw
MeIH MOTYT MONajarh B IIPOLECC C NMPOMBIIIEHHBIMH BOIAMH.
HMousl Mean BOCCTaHABJIHBAIOTCS METAJIMUECKHM IKEAE30M,
TIONafalmHM B IYJAbHY BCJACACTBHE MEXaHHYECKOTO HCTHDA-
Hus M3Me/byalomlefl anmaparypel. B pesyabrate Ha mosepx-
HOCTH KEJIE3HBIX 4YacTHLU LeMeHTHpyercd Melb Cu+4Fe-—
—Fe?*+ Cu, xotopas erko cMayuBaercss PTYTbI0 H EMECTE ¢
HEJIe30M yBJjieKaercs B aMaJjbraMmy, feaas ee xpynkofl. B me-
JIIX 6OPbObI ¢ BPEAHBIM B/AHAHHEM HOHOB MEIH B MyJLIy J0-
0aBJISIOT H3BECTb, OCAXKMAIOLIYIO MEIb B BHAE THAPOKCHIA.

§ 2. Cnoco6bl aMansraManuu

[Tpouecc amanbramaunu OCyleCTBASETCS ABYMS CHOCOGAMH:

1) Buyrpennefi aManbramManueli, KOTOPyo NPOBOAAT OJHO-
‘BPEMENHO ¢ H3MeJAbYCHHEM DYABI WM Yalle KOHLEHTPAaTa BHY-
TPH CAMOT0 M3MeJbyaloluero annapara;
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2) Buemrnefl amasbramanueil, IpoBOAMMOH BHE H3Me/bYa-
omrero npuGopa (0OHYHO HA IIJIO3aX, peXke B CIELUHAJbHBIX
anmaparax — aMaJbraMaropax).

Buyrpennas anaiveamayus obecneunsaeT Hanboree Gua-
TONpHSATHLIE YCIOBHS [/ M3BJICUCHUS 3010Ta, TAK KaK OHO
KOHTA4KTHDPYET CO PTYTbI B MOMEHT OOHaXKeHHS YacTHIl 30.10-
ta, [lpu wu3menbuenun nepepabaTHBaeMOro MarepHa.ia
cBeKeoOHAaXKEeHHAs] IOBEPXHOCTb 30JOTHHOK, He ycIeBulas Io-
KPHITbCS TVIEHKAMH, XOpOIIO CMayuBaercs PTYTblO, 4TO ABJfA-
eTcs OCHOBHBIM YCJAOBHeM [JS XOpoulell aMaJgblaManhH 30J0-
ta, [Ipw BHyTpeHHeil aMmajbraManiH B H3MEIbYHTETbHDBIL
anmapar OJHOBPEMEHHO ¢ MATepHajIoM TOAAKT TakKke H
DTYTh.

Koauyecrso 3asuBaeMOH PTYTH W IPOMEXYTKH BDEMEHH
MeK/1y 3aJHBKOH 3daBHCAT OT Xapakrepa MarepHasa (BeLlecT-
BEHHOTI'o cocTaBa, (hOPMBI B KPYIHOCTH BKJIIOUEHH 30.10Ta), CO-
AepAanusl 30J0Ta B HEM H YCJOBHH Belenus mpouecca. ITH
nmapaMerphl Iporecca amajbraMalid YyCTaHaB/IMBAKOT NPEX-
BapUTEJNbHBIMH HCCJHENOBAHHSAMH H KODDEKTHPYIOT IPAKTHKOH
paGoThl TIPH DeryiUpOBaHHM JIpoliecca B MPOMBILIJIEHHBIX V-
Jopugx. OTHOLIEHHE KOJAHUECTBA 3aJHBACMOH DTYTH K colep-
JKAHHIO 30J10Ta B Chipbe Ha NpaKTHKE Ko/1ebJeTcs B UIHPOKHX
npenenax [Hg : Au= (3—10) : 1]. Ilpu Gosee KpynHOM 30.10-
Té OTHOWEHHE PTYTH K 30J0Ty 6epyT (3—6) : 1, npu Me1KOM—
(6—10) : 1. BrirogHee Bcero 3a/JHBaThb pTyTh ¢ HeGO/bLIIMMA
HHTEPBaJAaMH, TaK K4K 3TO II03BOJIET paBHOMEpHEE OCyIle-
CTBJSITH mpouecc amanbramandu. Ilpu yacteix mozadax pry-
TH MaJibIMH NOPUHSAMH YMEHbIIAETCH BO3MOMKHOCTB IIEM30BAa-
Hug prytd. /s nogaun pryTH NPHMEHSIOT cllelHa bHble THTa~
TEJH, TO3BOJASIOLIHE PETYJAUPOBATh CKOPOCTh NOAAYH.

B nacrosuree Bpems Hauboaee paclHpOCTPAHEHHBIM anna-
paroM AJs IPOBENEHHS BHYTPEHHEH aMaJibraMauHH SIBJSETCSE
aMaJabramanuonsasg 6ouka (puc. 21)., Drtor amnmapar coCTOHT
13 yyryHHOrO HJIH CBAPEHHOTO H3 TOJICTOrO JHUCTOBOIO Kejesa
LUJAMHPUYECKOTO KOoplyca | ¢ TopuOBbIMH cTeHKaMH 7. Mexk-
Iy TOPLOBLIMH CTEHKAMH H KOJbIIEBHIMH NPUJIHBAMH KODIIyca
3aK/aAbIBAOTCA 4YTYHHBIE IHCKH 4, TIpeacTaBJsioliHe coOoH
byTepoBKY TOPLUOBBIX CTEHOK. Douka WMeer NoJayocH 5, Jgexa-
mue B moAmmnaukax 6. Bpauenne 604ykH OCYMIECTBAACTCI OT
ABurareqas yepes mWkUB 3. g 3arpysky U pasrpy3ku MarepH-
ajsa B 6OYKE HUMEKTCS JABA NMPOTHBOIOJIOKHO PaCIOJOKECHHBIX.
JIOKa, 3aKPBIBAEMbIX KPBIIIKAMH 2 TpH MoMOIH BHHTOB. Ile-
pel HayaJoM amaabraManud B GOYKY yepe3 OLHMH H3 JIIOKOB.
3arpyxarT MaTepHas (KOHIEHTPAT, ULIHX), HOLJexKallHi
aMaJsibraManuuy, CrajbHble WIApbl, BOLY W PTyTb. Koauuecrso.
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prytu o6biyno B 3—10 pas nmpeBbllaer copepxaHue 300Ta B
MaTepHae.

Ecan nmepen amanpraManyefi HeOGXOAHMO AOH3MeENbYHTDb
MaTepHaJ, TO PTYTh 3arpy:KaioT HE CpPasy, a MyCcKakT GOUKY
C noBblIeHHOH cKopoctbio. [locae noHsMelbueHHsT MaTeprana
32JHBAKOT PTYTh, H NePeBOAST O0YKY Ha BpalleHHe ¢ MOHHKEeH-
HOM CKOpPOCTbIO BO M30exaHHe NMeM30BaHHS pTyTH. Hdas 6opb-
6bl C MEeM3yeMOCThI0 PTYTH NPHMEHSIOT XHMHYECKHe peareHTsl,
HanpHMep, KcaHToreHar. IIpono/KHTeNbHOCTE NPeLBaPHTENb-
HOro M3MeabyeHHs AJS GoJjiee MOJHOTO BCKPBITHS 30J0Ta U OC-
BEXEHHS ero MOBEPXHOCTH B KaXJOM OTIEIbHOM cayyae yc-
! - TAHABJAHBAIOT ONBITHBIM NyTeM. B cpeanem, na Ty W JIpyryio

| , : i | onepanuio 3atpayuBalT no 3—4 4. Ilo okonuaunnm amanbpra-
%& MauuH colep)kuMoe G0YKH BHIYCKAIOT 4epe3 BOPOHKY Ha NOJ-

030K, TAe yJaBJHBaeTCs CHOCHMas aMajbrama, OCHOBHAs
Macca pTYTH yJlaB/AHBaeTCs B BOPOHKE.

B amaJgbramaunonnoft Gouke pasamepoM 800—I1200 mm
MOXHO nepepaboraTb 2,5—5 T KOHLEHTpaTa B CYTKH.

ITpumepno no asajsorduHOMy NpHHUHIY paloTalT YaHb-
amanbraMaropbl, B KOTOPBIX MoOAJeXamuil aMma/ibraManuy ma-
TepHaJ/ PacTHpAETCs MEXAY HeNOABHXHBIMY H BDALIALIUMHCS
: Auckamu ¢ napudvienneM (no OpPUHHHIY Z€ACTBHA MEJb-
% HHYHBIX JEPHOBOB). Anmapar, Tak xe, Kak 1 aMaJbraMannoH-

]

Has OouKa, MO3BOJSET BHAyaJje BCKPBITH 30JOTHHHI H 3aTeM,

TN T~ mocJie 100aBKH DTYTH, OCYIIECTBUTb aMaJjbraManuio 30/0Ta.
Buewnas (Hapyscnas) amarveamayus OCYUIECTBASETCH

_FFE— } -H- | ’ Yalle BCEro Ha aMa/jbraManWOHHHX Ii03aX. KOHCTPYKTHBHO

] | T /K03 NpencTaBaseT coO0f nBe — TPH NOC/AeA0BaTENbHO pac-

j J TOJIOKEHHbIe HaKJOHHbIe MJOCKOCTH, Ha KOTODHX  YJOXKEeHH

LB - - | _ ! MeJHDIE JIUCTBI, HaTepThie PTYTbio. [TpH NMpOXoXKgeHUH NYJIbNB

| 30/10TOCOJEPIKALIEr0 H3MENbYEHHOro MaTepHaja MO LLIO3Y

CBOOOAHBIE 30JI0THHB OCENAT Ha AHO 1033, CONPHKACAT-

J

155 - - - ]}H_ Cs1 C PTYTBIO H N€PEXOIsIT B aMaJbramy.
{ YeaoBus npaBHABHOH paGoOTH IIAK03a CO3LAIOTCSA, B OCHOB-
Hil ; HOM, peryJHpOBaHHEM HAKJOHA IIII03a W KOJHYECTBa MNOCTY-

namome ¢ nyablHOH BOAM. ¥YCI0BHS TeYEHHs NOTOKA IYJbIIB
N0 IHII03Y AO0MXKHBI ObiTh TaKHMH, YTOOB He IONYCKaTb OTJIO-
JKeHWH TBepILOH yacTH NyJ/bIbl Ha OBEPXHOCTH MELHHIX JHC-

- ‘ TOB, TaK K4K 3TO 3aTPYAHHT KOHTAKT 30JIOTHIX YACTHIL H aMaJb-
] rambl ¢ NOBEPXHOCTBIO HIIIO3a M T€M CaMBIM YMEHBIIHT BO3-

, ) MOZKHOCTb YJIaBJUBAHHS 30JI0T4.
PHc. 21. Amanbramanmonsas Gouxa : Ha npaktuke o6bIuH0 nOAOHPAIOT ONTHMAAbHBIH YKIOH (OT

10 1o 21%) u onTuMaJbHOe pazxKuKeHHe. MHHHMAJbHBIM
pasxuxenneM, 00ecneynBawILEM HOPManbuyw paboTy HuIo-
30B, cyntaercg K : T=4:1.
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J71a ycnemHoro TeueHHs IpOHECca HapyXkKHOH amajbramMa-
UHH BeCbMa BaxKHO COCTOSHHE MOBEPXHOCTH  dMaJblaMypo-
BaHHBIX MexHbIX aucToB. IIpk obpasoBanuu Ha MX MOBEPXHOC~
TH HaJeTOB (NIPOAYKTOB OKHCJEHHs) Y/JaBJHBAHHE YaCTHL 30-
J0Ta H amaJjbraMol npekpauaercd. UIpw mosiBieHuH Ha 110-
BEPXHOCTH JIHCTOB 3@€/eHbIX MsTeH OKCHIOB MeNH HJIH uepHBIX
nsTeH BCJEICTBHE B3aHMONENCTBHS ITOBEPXHOCTH C CYJAbQHJ-
HBIMH MHHepajaMH peKOMeHAYeTCs pacTBOPATb OKCHAHbIE
mieHku 0,3 %-HbiM pactBopoM uuaHuga u 0,5 %-HbM pacTBo-
pom NaOH u Hatupars nopaxeHHble MecTa IOBEPXHOCTH J1HC-
TOB HAaTpHeBO# amMasbramoi. [IpH CHABHOM OKHCJIEHHH [10BEpX-
HOCTH HeOOXOAHMO CMEHHTh JIHCTLI HJIH OYHCTHTL MOBEPXHOCTH
JHCTOB H MONOJNHHUTENbHO HaTeperb nx pryrbio. [lpu pabore
aMa/jbraManyuoHHbIX IIJII030B YJaBAMBALIYI0 CHOCOGHOCTE
INOJAAePXKHBAIOT NEPHOLHYECKOH HATHPKON JHCTOB PTYTbIO 115
pasxHKeHHs 3aTBepAeBLIEro MNOBEPXHOCTHOTO CJ0S JHCTOB—
30J10TO# aMaJbrambl, IJ10X0 yJaBJAHBAIOUIEd 30J070.

Amanpramy c JHCTOB Jyullle BCEr0 CHAMATL PEe3HHOBLIMH
CKpeOKaMu BO H30exkaHne INOBpex/1eHHS OCHOBHOI'O MOBEpX-
HOCTHOTO ¢/105. AManbraMy CHHMAIOT C JHCTOB HE NONHOCTHIO,
OCTaBJSI Ha JHCTe TOHKHH CAOH 1715 OGJerdenHuss mocjaenyio-
nied HATHPKHU.

ITpenmymiecTBO aMaAbraMamuOHHbLIX IMLTIO30B B NPOCTOTE
UX YCTpOACTBA M paboThl, OTCYTCTBHH NMOTPeOHOCTH B 3HEPTHH,
MaJoM pacxofe pTytH. HO HemocTaTKu 3HauyMTEdbHLI: MaJas
NPOU3BOAUTENBHOCTL HA €IHHHOY MJIOWAAH; GOJNBLIOH PacXOX
BOJbl, HENPHTOAHOCTb AJA PYA, COAEDPKALIMX TSKehle MHHe-
paanl (cyabbhunbl, 6apuT, MEeJHT K Ap.), KOTOPbie OCefarT Ha
TIOBEDXHOCTH MLII030B H INPEnsTCTBYWT KOHTAaKTY 30J10Ta C
PTYTLIO.

B nacrosiniee BpeMsi BHeLIHSA aMaJbraMaiust Kak caMocTo-
ATeJbHbIH TIpouecc NpakTHYeCKH He mpliMeHsiercsd. Ee Hemos-
3yI0T MHOTJa KakK [ONOJHeHHe K BHyTpeHHefl aMajabraMaium
AJIs y/IaBAUBAaHHS, B OCHOBHOM, YaCTHYEeK aMaJ/nrlaMbl, Tepsie-
MOH 1ocJle BHyTpeHHel aMmaJbraMaluH.

OnHEM H3 cnOCO6O0B MOBHILIEHHS HM3BJAEYEHHsi OJaaropoin-
HbIX METaJJIOB IPH aMaJjbraMaluy ABJASETCS IpHMEHeHHe «aK-
THBHOH» aMagbraMauuy, 3aKalyalolueidcs B TOM, YTO HCXOJ-
HbIH MaTepuaJ o6pabarbiBaroT B 00YKaX WJH Ha LLTIO38X [(HH-
KOBO# amanbramMoi B KHC/IOH cpeae. Brupeasiomuiics npu B3a-
HAMOAENCTBHH IHHKA M KHCJIOTHl BOZOPOL AKTHBH3HDYET IO-
BepPXHOCTb 6J1aroponHbIX MeTasJsoB, YJAyYllaeT CMaylBaeMOCTh
HX DTYTbIO, H, B KOHEYHOM HTOTe, MOBLIIIAET H3BJeUeHHE B
amaJeramy. 10T cnocod ama/abraManuy IPUMEHSIOT B OCHOB~
HOM MpPH H3BJACYEHHH NJATHHDI. .
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[ToBBLICHTL MOKA3aTeaH amajbraMailii MOXHO TakKxXe, IpH-
MeHsisl pasjuyHble XHMH4yeCcKHe peareHThl, yRajldiouue ¢ no-
BepPXHOCTH 30JI0TA MACCHBHPYIOLLHe TJIEHKH. K TakuM pea-
renTaM OTHOCATCS, HanpuMep, CcepHasa KHCJAOTA, XJAOPHCTHIH
aMMOHHH, MapraHeBOKUCAbIH Kajui, OHXpoMaT Kajus. B ps-
J1e cJiyudeB npu mepepaboTke 30J0TOCOAEPKALINX cy. 1 un-
HbIX PYI M KOHUEHTParoB 3(QeKTHBHO NpoBeaeHHE aMalbra-
vanui ¢ 106aBKOH B MyJbly BOLODACTBOPHMBIX COJ€H CBHH-
na. IIpu sTOM yMenbllaeTCs neM3oBaHue PTYTH, TaX KaK HOHH
CBHHLA CBfI3BIBAIOT DacTBOpUMble CyJbGHIbI, BLI3bIBANOILHE
neM3oBanue. :

§ 3. O6paboTKa aMasbrambl

[ToayueHHyl0 aMajabramy Iocse cbeMa C annaparos OdHLLA-
JOT OT MexaHIuecKH 3axBaueHHbIX JKele3a, MeCKa, CyJbpHA0B
H IPYruX HHOPOIHbIX mpuMecefl. JKene3o yAaisioT MarHHTOM,
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Puc. 22. PeropTHas nedb

a ocTajdbHble TMPHMECH OTIEJSIOT, INPOMbIBas aMalbramy BO-
A0il B TPOMBIBOYHBIX YaHax WJH CIELHa pHOM LiIo3e. Ouniiet-
HYIO aManaplaMy oTkHMaoT (QuabTpyioT) Uepes IIOTHYIO
TKaHb WJAU 33MUJY Ha Hpecce. HpI/I ATOM OTie]adeTcsa XKuargas
pTYTh, cOogepxkamas ~0,1 % Au, xoropast sBisercs 060poT-
HBIM TMPOAYKTOM, H NOTY4aercs noaycyxas miacTuyHas aMa.db-
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rama, cogepxainag or 20 no 50 % Au. UeM kpynnee amasnbra-
MHpYyeMOe 30J10T0, TeM 0oraye mosycyxas amajbrama.

Hoa ylaneHns octaBLIEHCS PTYTH TONYCYXYIO aMajibramy
noxasepraior orinapke. OTrOHKY (OTHApKy) PTYTH MPOH3BOIST
OUCTHJLTAHEH B PeropTax, PasMep M KOHCTPYKIHS KOTOPHX
OTpeneNsioTcs MacuTaboM NpoH3BOACTBA. PerToprn marpesa-
0T CHKHTaHHEeM TONJHBA HA KOJIOCHHKAX MO PETOPTOH HJH C
moMombio 3JieKTpuuecTBa (puc. 22). CyKeHNBi KOHel peTop-
TH HMeeT BOASHOH XOJ0/AHJbHHK. Peroprs neofXoauMo Ha-
rpeBaTh MOCTENEHHO BO H3OexKaHne pasGphHI3THBAHHS aMalb-
rambl BCJ€ICTBHE DPE3KOrO Pas/OoXKeHHs HHTEPMETa JiH4eCKHX
COCAUHEHHH PTYTH ¢ GJ4ropoAHHIMH Merajnamu. [locie ypa-
aeHust Goapiueit yacty prytu npu 350-—400°C temneparypy B
peropte mosnmaor Ao 750—800 °C. Ilapw ortorHanHofi pryrH
KOH/IEHCHDYIOTCS B BOJSHOM XOJIOAMJIbHHKE, H 9T PTYTh BO3-
Bpamiaercs na aMmasbramanuio. [locsie OTroHRm pTyTH OCTaB-
meecss B OXJAXLEHHON peToTe 30J70T0 B BHJAe NOPOLIKA
Hin TyOKH BHIHEMAKT W NJaBAT B THTJAX ¢ duocamu (6ypa,
cona, ceTuTpa).

§ 4. [IpuMereHne aMaabramaiiuu
B CXeMaX 30JI0TOU3BJACKATEbHbIX (PadpuK

B MupoBoll mpakTHKe IPOLECC aMasjbraMaliy LWHPOKO NpPHMe-
HAIH AJIS1 H3BJIeUeHus 3010Ta U3 pyd. B nacrosimee BpeMs ero
HCIIOJb3YIOT PeAKO. BHIZBAHO 3T0, BO-TNEPBLIX, MOCTOSHHBIM H3-
MeHeHHeM KauecTBa 30J0TOCOAEpIKAalUIMX DY, BCJAEICTBHE
Yero MOBHIIARTCS co/epiKanue 30J0Ta, CBI3aHHOrO ¢ CyJibu-
JIAMH, HMEIoUIero MOKPOBHHE 00pasoBaHusl, a TakXkKe HH3KO-
IpoOHOro 30J10Ta, T. €. TAKHX (HOPM, KOTODHE He H3BJEKAloT-
Csl amasabraMmaiMes; BO-BTOPHIX, aMaJabramauus — Tpy/Ja0eM-
KHI1 TIpollecC, BCerjaa COIMNpOBOXKAAIUIMIACH NMOTEPSIMH 30J10Ta B
BU/l€ aMajbraMbl, KOTOPAs B IOCJEAVIOUIHX 3BEHbIX TEXHO-
JIOTHYECKOrO IpoLecca He U3BJIEKAETCs; B-TPeTbHX, BCJEICTBHE
CHJIbHOH TOKCHYHOCTH NapoB PTYTH HCIOJb30BaHHE OOJBIINX
ee o0beMOB CO3JaeT ONACHOCTL PTYTHOTO OTDABJIEHHUS JI0ei
H OKPYXKAaolled Cpebl.

Tem He Menee, amaabraMaius COXpPaHHJa CBOE 3HAYEHHe
JJist U3BTeUEHHs! CBOGOJAHOrO 30J10Ta M3 I'DABHTALHOHHLIX KOH-
LIeHTPATOB, MOJyYydeMbiX IIpH nepepatoTKe KOpeHHBIX U poc-
CBINHBIX PYA. B aTOM ciyyae nmpuxoanrtcs o6pafarsiBaTh He-
60JbIIOe KOJHUYeCTBO OOrartoro Marepuanad, u amajbraMali-
OHHHII IIPOLECC COXPAHSET CBOE OCHOBHOE IIPeHMYIIeCTBO —
JELIEBY0 1 OBICTPYIO peaJsin3alliio 30J0Ta B BHAE MeTa.ljia.
STHM MeTOJ0M, B YACTHOCTH, NepepadarxBaOT OCHOBHYIO Mac-
Cy I'paBHTallHOHHLIX KONLEHTpatoB B FOAP.
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I''masa VI

P®HU3UKO-XUMHYECKHE OCHOBbI
ILUAHHUCTOTO MPOLLECCA

PaccMOTpeHHbe BhIIIE METOb TPABHTAHOHHOrO 00Oraulenus
H aMaJjdbraManuy [MO3BOJISIOT M3BJEKATb H3 PYJ TOJBKO OTHO-
CUTeJBbHO KPymHoe 30.0T0. OaHako nojamisiioniee OOJBIIHH-
CTBO 30J10TOCOJepXKamMX pyl, HAPIAY C KPYMHBIM 30/0TOM,
CO/EDPXKHUT 3HAYUTENHbHOE, & HHOrja u mnpeobsaaioniee KoJi-
yeCTBO MEJIKOrO 30/10Ta, MPAKTHYECKH HEH3BJIEKAEeMOro 5THMH
merogamu. [105TOMY XBOCTH I'DABHTALHOHHOrO o0orauienus H
aMasbraManu¥, Kak NMpaBujio, COAepXKaT 3HAUHTeTbHOE KOJH-
yeCTRO 30J10Td, NMPEACTABJIEHHOro MejkKHMH 3osornnamu. Oc-
HOBHBLIM METOJOM H3BJEUEHHS MEJIKOro 30/0Ta SB/AETCS IPO-
11ecC LHAHHDPOBAHHS.

CymHOCTh 3TOTO NpOLECCa 3aK/04aercss B BHIIEIAYHBA-
HHH 6JAaropOAHBIX METaJJiOB C TOMOMIbIO Pa30aBJieHHbIX PacT-
BOPOB LHAHHCTHIX COJ€fl LIEJOYHBIX HJIH [I€T0YHO3EMeSbHbIX
meramios (KCN, NaCN, Ca(CN);) B npuCyTCTBHH KHCJIODO-
aa Boaayxa. [lepeweainie B pacTBOp 30JI0TO H cepebpo Ocax-
JAI0T LeMEeHTalHel MeralyindeCKHM LIHHKOM HJIH COPOHDYIOT
HOIIOOOMEHHBIMU CMOJaMH HJIH dKTHBHBIM YIVIEM.

§ 1. TepmopuHaMHKa MPOLECCa LHAHUPOBAHUS

[Ipu wuaHUPOBAHUH 30JI0TO H cepedpo OKUCASIOTCS KHCJIO0PO-
moM Bosayxa a0 Me(-+1) u mepexoasT B pacTBOp B BIJE KOM-
njexcHsx annoHoB [Me(CN)g]~. B ofuieM BHAE XHMH3M NIpO-
liecca ONMHUCHBAETCH ABYMS IOC/T€10BATENbHO NMPOTEKAIIIHMH

peaKuusIMHu:
2Me -+ 4CN™ + O, + 2H,0 = 2[Me(CN),I ™ -+ 20H "~ +- HyO,;
(38)

9 Me -- H,0, -+ 4CN~ = 2 [Me(CN),l~ -+ 20H ", (39)

Ilsis 30J10Ta CTEMEeHb pa3BHTHS peakuud (39) HeBeNHKA, H XH-
MHU3M TIpollecca NOCTATOYHO TOYHO COOTBETCTBYET DPeaklUHU
(38), 1. e.

2Au + 4CN7 -} O, - 2H,0 = 2 [Au(CN),}™ -+ 20H™ + H,0,.
(40)

Hus cepe6pa, HAIPOTHB, NPAKTHUECKH BeCh 00pa3yomHiCS 10
peakunn (38) mepoKCcH]J BOAOPOAA BCTYIA€T BO B3aNMOLEHCT-
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Bue no peakunn (39), nosromy pacrteopeHue cepebpa Golee
TOYHO ONHCHIBAeTCA peaxinel:

4Ag + 8CN™ - O, - 2H,0 = 4 [Ag(CN),]™ + 4O0H™,  (41)

npexcrasasomes coboi cymmy peakunit (38) u (39).

PaccmOTpuM TepMOAHHAMHMYECKYIO BePOSITHOCTL ITHX pe-
aKIHil.

OxucanrenbHbli TOTEHHHAJ 30J10Ta BECbMa BHICOK: Au=
=Auti-e, po=--1,88 B.

BO/bIIMHCTBO TEeXHUYECKH NpUEMJeMblx OKHCAnTeN el obiaza-
€T 3Ha4yuTeJbHO 6oJiee OTPHLATENbHLIMH NOTEHHHAaJdaMH H He
MOKeT OKHCAHTB 30J10TO,

[Inauncrnie pacTBOPHl WMEIOT LIEJOYHOH xapakrep. B mie-
JOYHOH cpeae nauboJee HOCTYHNHLIH M pacnpocTpAHEHHLIH B
THADOMETANNYPIHH  OKHCJAHTEIb — KHCJAOPOJ -— HMeeT OKHC-
JUTEIbHLIA TOTEHHHAJ, 3HAYNTEILHO YCTYNAaMIHA HoTeHLHa-
Jy 30J0Ta: :

0, -+ 2H,0 - 4e 2= 40H™, ¢, =-I- 0,408, (42)

Oxkncaurennune NOoTEHUHAaAblI KACJIOpOaa IIPH ero BOCCTaHOBIE-
HHH 00 NEPOKCHAa BOAOpOAa

0, - 2H,0 + 2e == H,0, + 20H™, ¢, =—0,158 (43)

H [IepoKCHId BoJOpoxa NpH €ro BOCCTAHOBJIEHHH N0 THAPO-
KCWJIbHBIX HOHOB

H,0, + 2e2-20H™, ¢, =+ 0,958 (44)

TaK¥Ke HeL0CTaTOYHBl A/ OKHCJAEHHS MEeTaIMYeCKOro 30J0Ta
U EpPEeBOJAA €r0 B PACTBOP B BHI€ KAaTHOHOB Aut,

Ho, xak caenyer u3 ypasHeHus HepHcra, noTteHuuan me-
Taj/ja B pacTBOpe ero COMH 3aBHCHT OT aKTHBHOCTH HOHOB 3TO-
ro MeranJa:

¢ =g, + (RT/nF) In A pge+s (45)

rre ¢ — noTeHuHaJ  MertaJssa B pacTBope €ro coau, B;

(po — CTAaHEaApTHLH noTeHuwaJ Meraana, B; R — rasosas
nocrosinas, R==8,314 I x/(moab-K); T — remneparypa, K;

1N — 4UCJAO0 3/1€KTPOHOB, NMPHHUMAIOUIMX VyacTHe B peak-
HHH;

F —uucno ®apaznes, F=96500 K.1/Moab, ame"™ — akTus-
HOCTb KaTHOHOB MeTaJJa B pacTBOpe.
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[loacTaBuB NOCTOSHHbLIE W TepeHns OoT HaTypaJbHHX Jora-
pHMOB K ACATHUHEIM, HONYINM AJs 3010Ta mpu 25°C

o= 1,88+ 0,059 1ga, . (46)

[Tocnennee ypaBHeHHe NOKA3bBAET, YTO MOTEHLHAJ 30J10Ta
MOYKHO CHH3HTb, YMEHbIIAS aKTHBHOCTb HOHOB Aut B pacTBo-
pe. D10 06CTOATEILCTBO H JIEKHT B OCHOBe mpouecca pacreo-
peHHsl 30/10Ta B HHAHHCTHIX PACTBOPAX. .

Hounm Aut oBpasyior ¢ nonamMu CN~ ouenb mpouHnlit KOM-
naekc [Au(CN).]—, paBHOBecHe AHCCOLMHALHH KOTOPOTO

[Au(CN),I~ = Au™ - 2CN~ (47)

CHJABHO CABHHYTO BJEBO H XapaKTepusyercs BeCbMa MaJoi Be-
JHYKHON KOHCTAHTL HECTOMKOCTH (IHCCOHHMALMH):

p— artfONT 1104, (48)
“laueNy,]-
TTosTomy B npucyrctBHM HOHOB CN- akruBHOCTb HOHOB Aut
PE3KO YMeHbLIaeTcs.
Hafinem us ypanuenus (48) akruBHOCTb HOHOB Aut u nmoa-
CTaBHM ee 3HaueHue B ypaBHeHue (46): ¢=-1,884-0,059 1g X

a 1 .1
X (1,1-10-01 PRy
aeN—
[Tocse ynpolerus noaydunM
¢ =—0,54 4 0,0591g (a[Au(CN)z]_/aQCN_). (49)

D10 BhHIpa)kKeHHe XapaKTepu3yerT noreHuual 30JioTd B pa-
CTBOpE, comeprkaluieM cBobornsie noHu CN™:

Au+ 2CNT 2 [A(CN),l ™ +-e. (50)
CraHpapTHbt  moTeHmWasJ 3ToH  moaypeakumu  (Opu
L[Au (CN), 1~ =1lu A.CN— = I) paBen —0,54 B.

3Hasg CcrTangapTHbie JTOTeHHHaJabl NOJYPEeaKHHN OKHCJIEHHs
U BOCCTAaHOBJEHHS, paccylraeM KOHCTaHTH DAaBHOBECHS H H3-
Menenne u300apHO-H30TEPMHUYECKOr0 NOTEHLHAJa peaKuuH
(38) u (39):

(90" — @p) nF

16 — ;
ek 2,3RT
AGggs = ((pgK — (pg) nF,
B
rie K — KOHCTaHTa DPAaBHOBECHS; @5 H (o — CTaHIAPTHHIE

TNOTeHHH Akl OKHCAUTEJId K BOCCTAaHOBUTENAS COTBETCTBEH-
#Ho, B;
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AG 55 — H3MeHeHHe 1300 4pHO-H30TEePMHUECKOTO TOTEHIH-
aja peakUuuHd B CTAHAAPTHLIX YCAOBHAX, JIK.
Hsia pacrBopenns 3onora mo peakuun (38) mpu 25°C:

g K — = 0,15—(0,54)]-2-96500 ' ~ 2. 10%-

gk 2,3-8,314-298 13,2, K~2:10%
AGYyy = —[— 0,15 —(—0,54)1-2.96500 - 10—3=— 75,3 JIx.

Has pactsopenns sonora nmo peakuun (39) mpu 25°C:
lo K — 0,95 —(—0,54)]-2:96500 _ _ ~ 3.10%.
gk 2,3-8,314-298 505, K~ 3-10%
AGyg =— [+ 0,95 — (— 0,54)] - 2.96500 .10~ =—288 kJIx.

2

Takne BLICOKHE 3HaueHHS KOHCTAHT PABHOBECHS H yMeHb-
Irenne H300apHO-H30TePMHUYECKOro IIOTeHIHAaNa IOKa3biBaloT,
uto peakuud (38) u (39) MOMKHBI MpOTEKaTb B CTOPOHY pac-
TBOpEHHS 30J10Ta.

TakuM 06paszom, cBA3bIBAg KaTHOHbI Aut B IPOYHHIA KOM-
nJ1eKc, HOHBI LHMaHHIa Pe3KO CHHXKAIT OKHCJAHTEJbHbIA MOTeH-
HaJ 30J10Ta H TeM CaMbIM CO3MAKT TepMOIHHAMHYECKHE TIpe-
IOCHIJIKH /1 ero OKHCJEeHHS KHC/JCPOLOM i IlepeBoAa B pa-
cTBOp B (hopMe KoMIiekcHoro annoHa [Au (CN)ql-.

HetpynHo nmokaszars, 4To mogobHbIfl pe3yabTaT MOMXKeET GHTh
nmoJyyeH W B cjydyae PACTBOpeHHS MeTal/Hyeckoro cepebpa.

HelicTBUTE/ILHO, YUUTHIBAS, UTO
Ag=Agt +e, g, =+ 0,80B;

2
% B = Sagtlen 1,8-107%, (I
alag(CNy,]—
MOy HM:
Ag + 2CN~Z [Ag(CN),I~ t-e, g, =— 0,31B, (52)

OTKyZa KOucTaHThl paBHoBecus peakuuii (38) u (39) pacrso-
peHus cepebpa paBHe 3-10° m 5-10%2, a uamenenusi nsobap-
HO-H30TepMHUECKOro [oTenlHasa coorBercTBenHo —30,9 u
—243 g 1:x.

Caenyer OTMeTHTb, 4TO HecMOTpS HA TePMOAMHAMHYECKYIO
BepositHOCTbL peakuuit (38) m (39), pacrBopeHne 30J0Ta, KAk
OblJIO OTMeUeHo, IPOTeKaer, B OCHOBHOM, 110 peakuuu (38); pe-
akuus (39) B CHJAY KHHETHYECKHX OCJO0XKHEHHH OCyLIeCTBJIsAeT-

¢S AHIObL B He(GOJbIIOH CTeleHH,
O‘{eBI/IllHO, yTO B TepMO,I[HHaMI/ILIeCKOM OTHOLISHUH paCTBOPGHI/Ie 30/10Ta
BO3MOXHO He TOJbLKO B UHAHHUCTREX, HO H leyFHX pacmopax, CCIH B HHUX
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HMEIOTCS. HOHBI W/IH MOJIEKYJM, 06pasyiomue ¢ 300TOM LOCTATOYHO MpPoY-
HHH KOMILIEKC.

Tak, won S0 g— o6pasyer ¢ 3o0ToM Kommiaekc [Au{S:0;).PF-, kon-
CTadTa HecTORKOCTH KOTOporo paBHa 4-10-%, mosroMy CcTaHZAPTHHIH mo-
TeHLHAJA OKHCJCHHA 30J10Ta B NPHCYTCTBHH HOHOB S0 %‘

Au+ 28,07 2 [Au (S,0,),]> + e

canxaerces go +0,15 B, u oxkdcnenne 30m0Ta KHCNOPOZOM, 4 TaKKe mepe-
X0 €ro B DacTBOpP, CTAHOBSITCS TEPMORHHAMHUECKH BIOJIHE BO3MOMXKHBIMH:

D 3— —
4Au + 88,05 + O, + 2H,0 = 4 [ Au (8,0, ),]>~ + 40H™;
K=~ 9-10  AG), ——96,5 xllx.
DKclepHMeHTaNbHEE HCCAEAOBaHUA NOATBEPKAAIOT (AKT PACTBOPEHHS

30J0TA B THOCYJALQATHBIX pacTBopax, COMCPIKAUHX pPACTBOPCHHBIE KHC-

JOPOJ.
B npucyrctBun woHoB S—% 3040T0 06pa3yer oueHb NMPOUHBIE KOMIIEKC
AuS-(fp=1,3.10-%), B pe3ynbrare uero MOTEHUHAJ 30JI0TA CHABHO CABH-

raetcsi B OTPHUATEJBHYIO CTOPOHY:
Au+S*"ZZ AuS™ +e, @ =—0,47B.
ITosToMy Meraanuueckoe 3040710, Kak nokasan M. A, Kakosckiii ¢ corpyz-
HHKAMH, MOMET DacTBOPATECS B THAPOCYAbGUIHBIX ¥ QTUACTH IOJHCYb-
$uIHBIX pPACTBOpAX:
4Au + 4SH— - O, = 4 [AuS]— + 2H,0;

2Au - S¥ == 2[AuS| .

Tlocnennsis peakuusi WHTEpecHa TeM, UTO OH2 MOXKeT NPOTEKaTb B OTCYT-
CTBHE KHCJIOPOJAA, UTO OODBACHAETCA AOCTATOUHO CHJAbHOH OXKHCJAMTENbHON
CTNIOCOGHOCTHIO CaMOro MOHA S%—.

Henapuo ycraHoBieHa BO3MOXKHOCTD. BBHILIEJIAUHBAHKSA 30J10TA BOAHBIMH
PacTBOPAMHM aAMHHOKHCJOT, TENTHIOB, G€JKOB, HYKJAeHHOBHIX kucaor (Yep-
aax A. C., Munees I'. I', 1965 r., Munees I'. I, Cmprnanoa T. C,
1984 r.). Ilpu B3aumMomeHCTBHHM 3THX COeNHHEHHH ¢ 30J0TOM 0GpasyrmoTcs
J0CTAaTOYHO TPOYHBle KOMIJIEKCHble coeauHenusa. Hampumep, B uienodHOM
pacTBope rJiMuHHA (AMHHOYKCYCHAS KHCJIOTd) pacTBOPEHHe 30J0Ta HAET
N0 peakUuu;

2Au + 4NH,CH,COOH -}- 20H— + 0,50, =
= 2[Au(NH,CH,COO0),]— + 3H,0.

HSy‘l&ETCH BO3MOXHOCTh MPAKTHYECKOr0 HCNOJAB30BAHHS 3THX

Tesiell A7 BHIUIETAYHBAHHA 30710TA H3 PYJHOIO CHIPBA.
C MojekyJaMy THOMOYEBHHB 30J0TO 06Da3yeT KATHOHHHIH KOMILIEKE

Au[CS(NH2)2]§I’ ¢ KoHCTaHTOH Hecroifikocth 3,2-10-26, mMOTOMY B THOMO-

YeBHHHOM pACTBODe CTAHAAPTHEI MOTEHUHAJ 30J0TA MOHHXKAeTCs Ao
40,38 B. 91tuM o6bscusiercs pacTBOPUMOCTh 30J0TAa B KHCAHX BOIHHIX pa-
cTBOpax THoMoueBHHH [cM. (10)], cojgep:xamux B KauecTBE OKHC/IHTENR
Houbl Fedt+( Py pes+ /Fe2+_+0’77 .

CHuXKeHHe NOTEHUMana 30J10Ta BCJAEACTBHE KOMIIEKCOOGDAa30BARUS
o6ycaoBauBAET TIPOTEKAHHe M APYrdX DaHee YNOMHHABLIMXCA PeaKuHit pa-
cTBOpeHns 3oso0ta (cm, ra. I),

pacTBopH-
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Tab6anua 4. IToreHunans 3010Ta nNpu o6pa3oBaHHHE KOMIVIEKCOB
(no paunbiM b. H. Memerunugoro, 1970 r.)

Komnexc —lg B TNoaypeakuus OKHCIEBUS Po. B

Crenenb okucienus 3oa0ta (14)

— — AuZAut e ~-1,88

[Au (CN)o}— 41,0 | Au--2CN—[Au (CN)pl~ 4-¢ | —0,54

[AuS]— 39,9 Au 4 $2—2[AuS]— - € —0,47

[Au (S503)0]3— 29,4 | Au + 25,0577 [Au (Sy08)ol>— 4 | 0,15

{Au [CS (NHy)olo® | 25,5 Au + 2CS (NHyp),2 -+0,38
Z[Au [CS (NHy)olol T + e

[Auly]™ 22,1 Au + 2~ 2 [Aul,]— e 40,58

CreneHb OKHCIeHHs 30s0Ta (34)

— — AuZ Aus+ - 3¢ --1,58
[AuBr,l— 36,9 Au - 4Br— 2 [AuBr}— - 3e 0,86
[AuCl,}— 29,5 Au 4 4C1—Z[AuCl,]— + 3e +1,00

3HayeHUA MOTEHI[HAJOB 30.10Ta NPH 06pa3OBaHHH HEKOTOPHIX KOMILIEK-
'COB [aHH B Ta6Ja. 4.

§ 2. KuHeTHKa npouecca HUHAHHPOBAHHA

Baaunmogeiicteue 6/1aropoiHbIX MeTaJJIOB C LHAHACTBIMH pa-
CTBOpAMH NpOTEeKaeT Ha rpaHune pasjeia asyx ¢as— TBep-
Jo# n xuiko#l. IloaTtoMy mpouecc ynanupoBaHus SABJAAETCS
THIIHYHBIM TeTEPOreHHbIM NPOLECCOM, H CKODOCThb €ro AOJKHa
NOLYMHATLCH 3aKOHOMEDHOCTAM, OOIMIMM [Jig BCeX reTeporeH-
HbIX IIPOLLECCOB.

Fereporennbsie mpouecchl OTJIHYAIOTCH OT TFOMOTCHHBIX T€M, HTO OHH
TIPOXOAAT He BO BCeM 06GbeMe CHCTeMBI, a Ha ONPEeAeeHHBIX ee YJYaCTKax,
HampuMep, Ha TpaHuue pasgena ¢as. [TostoMmy A48 HeNPepHIBHOIO IIpoTe-
Kagud peakUHu HeoOXOAUM HENPepHIBHBII MOABOJA PearHPYIOIMX BeulecTs
K 3THM Y4YacTKaM ¥ OTBOZ OT HHX IPOAYKTOB PeakUMA. ITHM oO6bACHAeTCS
‘CJIOXKHOCTh TeTePOreHHBIX IIPOLECCOB, COCTOAUIMX M3 HECKOJbKHX TOCJeH0-
BaTeJbHLIX CTAgHH M NOMHMO cOGCTBEHHO XWMHUECKOH peaKUHH BKJHOUA0-
mHx B ceba TakXe cragud AudOY3HN MCXOAHHIX PeAreHTOB ¥ KOHEUHHIX
npoaykToB. COBOKYNHOCTb BCeX CTajHH, M3 KOTODHX CKJAAjgbIBAETCH TreTe-
pOTeHHBIT NpouecC B LEJ0M, HA3bBaeTCsd MeXaHH3MOM 3TOro mpouecca.

U3 yueHHs o XHMHUECKOH KHMHETHKe H3BECTHO, UTO CKOPOCTb Haubojee
MeJJIeHHOH CTafuW OIpepesfeT CKOpPOCTh BCero mporecca. [103ToMy Bhisic-
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HeHHe MEXaHH3Ma MPOLecca W ero caMoifl MeLJeHHOH CTaAMH ABJAdeTCA XOTH
d TPyLBOH, HO BeCbMa BaXHOH 3ajajefl M3yyeHwHs KHHETHKH JHOGOro mpo-
1lecca.

Eecan caMaf MelJleHHaf cTanufl TeT€POreHHOrO 11polecca — coGCTBEHHO
XHMHuecKas peaxlHf, To CKOPOCTb BCETO NMPOLECCa onpeiensercs HCK/IWH-
T€IbHO CKOPOCTBIO 3TOH XHMHUeckOli peakuun. B 3TOM Ciyyae IpHHATO
rOBOPHTH, YTO IPOLECC IIPOTEKAeT B KUHETHUECKOH o6aacTH. K rereporen-
HBIM ITPOIECCaM, IPOTEKAOIHM B KHHETHYeCKOW 06J4CTH, MOryT GBIThL TpH-
MeHEHbl KHHETHYEeCKHe ypaBHEHHS I'OMOTeHHBIX peakUHH ¢ TeMm JHUIb OT-
JuMeM, 9TO AeficTByloniefl cTaHeT He 0ODbeMHAA KOHUEHTPALHA, & MOBEpX-
HOCTHAa4.

Ecan xe ckopocTs Aud@y3ud 3HAUHTEJbHO MEHbLIE CKODOCTH XHUMH4e-
CKOli Peakld, TO OTNpeAeasiOWUM sTamoMm Oyzer auddysusd, u Ipouecc
mporekaeT B Juddysnonnoii obnactu. CKOPOCTb BCEro Ipolecca NMpU 3TOM
onpenensiercd 3akOHamu Auddysnu. M, nakomey, ecanm ckopoctH auddy-
3UH M XHMHUYECKOH PeaklMH COH3MEPHMBbl, TO INPOLECC IIPOTEKAET B CMe-
LwaHHofl 06JAacTH, H CKOPOCTh ero OmpefenseTcs Kak 3akOHamu Audysuu,
Tak U 32KOHAMH XUMHUYeCKOH KHHETHKH.

Cnenyer, OAHAKO, NMOMBHTB, UTO KOrpga Mbl TOBOPHM O pAasyiHyHAX B
CKOPOCTAX AHPOYSHH H XUMHUECKOH peakiHH, Xapakrepudys ojpHy H3 HHX
Kak GHICTPYIO, a APYIVIO KAK MeIJIeHHYIO, 3TO He O3HAUAET PeasibHOro Hepa-
BEHCTBA CKOPOCTEH 3THX CTAjgHil BO BPeMs NPOTEKaHWS JAHHOrO IIpOLLecca.
B aeficTBHTEILHOCTH 10 YCJOBHSM MaTepHaJbHOro 6ajgaHca B CTAUUOHApHO
mpoTexamleM Tpouecce ckopocTd AHMGOYIHH H XUMHUCCKOH peakliuu pas-
HBi. H CJ0BaMi <«OBICTPHIH® U «MEAJEHHBIA» Mbl XapakTepusyeMm TOJBKO
TI0TEHIHAAbHEE BO3MOXHOCTH 3THX craauil., Tak, npu ObcTpoit auddysun
H MeJUIeHHOH XHMHYECKOH DeakUHH y MOBEPXHOCTH PACTBOPHAIOLErocs TBep-
JOro Teja YCTAHABJHBASTCH TAKOe COCTOSHHE, NPH KOTOPOM  auddyaus
MorJaa Obl NpOTeKarh GHICTPee, KO MeAJeHHasl XMMHUeCkas peakuus 3ToMYy
TPeusdTCTBYET.

[IpeacraBum cebe uyacTHuy 3040Ta (Man cepebpa), TOMellleHHYI B
UHAHHCTRIT PACTBOP, HAXOASUIMIACH B KOHTAKTe C ra3o06pas3HBIM KHCJIOpPO-
JOM HWJI BO3AYXOM. B pe3ysabTaTe XMUMHYECKOTQ B3aHMOAHCTBHA, TpPOTe-
Kaoler0 Ha IOBEPXHOCTH MeTasa, OYAYT pacxomoBaThCs HOHbI LHAHHAA
H MOJIEKYJ/bl KHCJHOPOZA M, C/eLOBaTeJbHO, HX KOHUEHTPALHUs B GJH3/exa-
UIENX K NOBEPXHOCTH 30JI0TA CJAOAX MHAKOCTH OyIeT NOHUXKATLCA, BO3HHU-
Kalas pazHoCTh KOHUEHTPAaUUR peareHTOB BOJH3M IOBEPXHOCTH TBEPHO-
ro TeJa ¥ B TOJIHE PacTBOPa NPHBELET K BO3HUKHOBEHHID AMGDY3HOHHOrO
notoka HOHOB CN~ H MOJexyJs KHCJIOpoma u3 o6beMa pacTBopa X IOBepX-
HocTH 30/0THHBL [I0 Mepe oGegHeHHs] pacTBOPa KHCJAOPOAOM HOBHIE €ro
nopuud GYyAYT NepeXOMHTh M3 razoobpasnoli ¢asel B XKHUIKYI, BOCIOJHAS
TaKUM 00pas3oM €ro VOHUIb. ,

ITH paccyKASHHH TMOKA3bBAIOT, UTO MPOLECC PacTBOpPeHH 30J0Ta B
UHAHHCTOM PAcTBOPE COCTOHT MO MeHbllell Mepe H3 UYeTHIpeX cTajpHi:

1) aGcopbuud (pacTBOPEHHHA) KHCJIOpPOAA UHMAHHCTHIM DacTBOPOM;

2) nepenoca HOHOB CN~ ¥ MoJeKyJ KHCJAOpoZa M3 o0beMa pacTBopa
K [0BePXHOCTH METaslIa;

3) cOOCTBEHHO XHMHUYECKOH DPeaKIHH Ha MOBEDXHOCTH MeTaJla;

4) rnepeHoca PAaCTBOPHMEIX NPOAYKTOB peakunu (HoHoB [Au(CN).]-,
‘OH- u mosexyn HeO;) or noBepxHocTH MeTaia B 00BeM pacrsopa,

Kaxpnagq w3 3Tux craguii XapakTepuayercs CBOe# MHAHBUAYANbHOH CKO-
POCTBIO, U JI06AS U3 HUX B OOwWeM CAYy4ade MOXKET 0KA3aTbCd caMofd men-
JIeHHoH (JUMHUTHDYOWEeR) ¥ ONpenesaTh MO3TOMY OBIYI CKOPOCTH MpO-
necca B LeJoM.

Bo MHorux mpoueccax BHuIEJAUHBAHUE caMolt MelJIeHHOH crajpdell AB-
JIfeTCA NMepeHoC peareHra U3 oObeMa DACTBOPA K NMOBEPXHOCTH TBEPAOro
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Tejia. M3BecTnO, 4TO 4acTHUB DPACTBOPEHHOTO B MKHAKOCTH BelleCTBa HpPH
€e JBHKEHHU [epeHocATcd OT TOUKH K TOUKE ABOAKHM o6GpaszoM. Bo-unep-
BBIX, TPH Pa3HOCTH KOHUeHTpPauHi BO3HHKaeT Moaekyaapuas nuddysns
H TOABJAAETCS HaUpaBJeHHHE TOTOK BemlecTBa u3 obsactH OOJblleldl XOH-
uentpalunu B obsacts Menbuiell. Bo-BTODBIX, BCAEACTBHE ABHMKEHHT MKHIKO-
CTH (KOHBEKI[HH) YacTHIH PACTBOPEHHOrO BECINECTBA YBJEKAIOTCH [OTOKAMH
KHUAKOCTH H UepeHOocsATess BMecTe ¢ HHMH. COBOKYUHOCTH 3THX TPOLECCOB
Ha3bBaeTcsl KOHBeKTHBHOH puddysuetl.

Cxopocts MOJekyaAdapHOH gu(PY3HH ropasn0 HUMKE CKOPOCTH MepeHo-
Ca BelEeCTBa 3a CYeT JBHKEeHHA XKHAKOCTH, UO3TOMY HAXKEe 1PH HeGOAbLIOH
CKOPOCTH TEUEHHS JKHIKOCTH Tepedoc
BeniecTsa, OO0ycJoBASHHBIT 5THM ABH-
KenweMm, Oyzer mpeo€ilalarb Hal Tie-
peHocoM MosexyaapHoil Auddysxell, w
JHIIb 0PI OUeHb MaJOil CKOPOCTH JBH-
JKeHUs KHIKOCTH OCHOBHYIO DOJb HA-
YHMHAeT HrpaTth MoJeKyasapHaa AHdy-
k)i$:4

Une
Uy

CKOPOCTh KHAKOCTH, OGTeKalomed TBep-
LVIO 110BEPXHOCTb, B HENOCPEACTBEHHOIT
Tepdoe 6JM30CTH OT Hee PaBHa HYJI0, a2 Jadee

meno - NOCTENEHHO  BO3pacTaeT H J0CTHTaeT
{ BeJHuMHB, CBONCTBEHHOH camMoMy moO-
4 TOKY.

Ha puc. 23 noxasauo pacupejeie-
HHe cKOpocrel JBHIKEHIS KHIKOCTH
Puc. 23. M3ameneHue CKOPOCTH U . BOJAHM3M IOBEPXHOCTH TBEPJIOrO TeJa.
JABHXKEHUA XUAKOCTH BOIM3M NOBEDX- 3a npeZenaMH MOTPAHHUHOrO CJON
HOCTH THEDAOTO Te1a TOJIIHHOH Oy CKOPOCTh UOTOKA BCHOLY

ONHHAKOBA M HMeeT Beanuuly up. Ha
paccTosiHiM, MeHbuieM, ueM §p, CKODOCTb NBHKEHHS XHAKOCTH CHUKAETCH,
HO OCTaeTcs Bce e JOCTAaTOYHO OOJIbLIOH, M TNepeHOC BellecTBa OCYLIecT-
BJASETCH TaK e, KAK K B oObeMe pacTBOpPa, IIaBHHM 00pa3oM, 3a cuer
JBUIKEHUS KHUAKOCTH. M TOIBKO B HenmOCPeACTBEHHOHW OJH3OCTI OT TBEpAOi
HOBEPXOCTH HAXOLHTCA TOHKHH CJOH TOamuHOM §, B KOTOpOM TpeoGiazam-
mas A0/ BEECcTBAa TEpEeHOCHTCS MOJeKyJAApHOil aubbysueil. Takum oGpa-
30M, OCHOBHOE CONPOTHBJEHHEe MNEPeHOCY pACTBOPEHHOTO BellecTBa OKA3LI-
BAET HE BeCh MOTPAHHUHBI €JIOi, @ TOMBKO ero He6OJbIAA YAcTh TOJUHHON
8, rax HaswBaeMblil audGy3HOHHBI cnofl. B 370M caoe MPOHCXOAHT OCHOB-
HOe H3MEHeHHe KOHLenTpaum# guddyniupyomero Benjectsa. Toamuna ero
TeM MeHbIlE, UeM GO0JbllIe CKOPOCTb ABHMKEHUS KHAKOCTH OTHOCHTENBHO TBep-
JOro TeJda H ueM MeHblle koshduuuent auddysuu M BAZKOCTH pacTBopa.
B o6meM cayuae tommuHa AudQy3HOHHOTO cJ0S He OJHHAKOBA B pPas.Jnu-
HBIX TOUKAX TOBEPXHOCTH, UTO OOYCJOBJEHO pa3/jHYHEM B CKOPOCTHX XBH-
KeHHS XHAKOCTH B PasjMyHBIX TOukaXx. Tak kak Beawumsa O 3aBHCHT OT
koshguunenta audysuu BeniecTBa, TO UPH ONHOBPeMEHHOH aupdysun
HECKOJLKHX BEUleCTB AJASA KaXKJOr0 M3 HHX XapaKTepPHa CBOS TOJIWHA jAHd-
¢dysuonsoro caos. C mpakTHUECKOA TOUKH 3peHHs laubosee BaXHOHR ABjs-
eTcAd 3aBHCHMOCTb O OT MHTEHCHBHOCTH MepeMeIUMBanust (CKOPOCTH ABUMKe-
HMS JKHAKOCTH OTHOCHTEJBHO TBEPAOro TEJa).

CorgiacHo NepBOMY 3ak0oHY (PHKa KOJHUECTBO BEIECTBa, Tpoulejllee
B pe3yJbTaTe MOJeKyJaspHoil mantbdysun uweped TIOCKyH MOBEpXHOCTb, NPO-
MOPUMOHATBHO BEJAMUHHe 3TOH MOBEPXHOCTH, TPOAOIKHTENBHOCTH IH(yY-
3UH ¥ IPajuedTy KOHIEHTPAIUHH MO HOPMAJH K MOBEPXHOCTH:

dm =— DS dt (dC/dx), (53)
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M3 ruapoAnHaMHKH H3BeCTHO, uTO:

Tie dm — KoanuecTBo UpoaubyHAHPOBABLIEr0 PEareTa, MoJb, D — KO-
‘spduuyent puddysun, cm?fc; S — maromans, cm?; dC/dx — rpajgueHT KOH-
ueHTpamuy, Moab/cM* Orciofa ckopocrts AHMGY3HE (MOTOK  pearenTa B
'eAUHHILY BPEMeHU Yepe3 efHHHIy UOBepXHOCTH) paBHa

j = (dm/Sdt) =— D (dC/dx), (54)

rie j — ckopoctb auddyanu, moas/(cm?.c),

Tak Kak KOHUEHTPAUMS BellleCTBa YMCHBLIAETCH TO HAMpamJeruio pud-
«DY3HOBHOI'O MOTOXA, TO rpagdeHT KOHUEHTPAUMM HMeeT OTPHUATENbHOE
3HaueHHe, ,

OGo3HaunM KOHUEHTPALMIO PearcHTa Ha NOBePXHOCTH TBEPHOTO TeJaa
‘Cr. @ KOHUEHTPAuMIo B o6beMe pactsopa — depes Cy OUeBHNHO, UTO Beiael-
CTBHE UPOTEeKaHHS XuUMHueckoh peaxiuud Cp<Cp, B mepsoMm npubiuxennu
'MOAHO CYHTATh, UTO H3MeHEHHEe KOHHEHTPauu# B Tpejeiax AHGOYIHOHHOTO

Z /)
s
RS S = 5
s
Tbeodoe ‘ 78epdoe
mene 7 7 meng P 7
a o 7

‘Puc. 24. Pacnpenesedne KoHUeHTpauMu € peareHTa Ha paccTOAHHI
{ OrT NOBEPXHOCTH TBepAOro Tena B Auddysmonnom (a) ¥ KuHETHUEC-
.KOM (6) pexumax

«J09 #ocuT JuHefnelll xapakrep. [Tostomy menuunty dC/dx MOXHO 3aMe-
HHTb mpumepHo paBHOf el AC/S, rae AC=Cn—C,. Torna ypasuenue (54)
JIpUMET BHJ:

j=—D(Cg—Co)lb. (55)

Ecas cKopocTh XMMHYECKOfl peakudd BO MHOTO pas GOJblIe CKOPOCTH
Anddysun pearedra, 10 Kamaslil npuOaHKAWMUACT K HOBEPXHOCTH TBEPLO-
To Tesia MOH (HAM MOJIeKyJsa) peareHTa HeMeJJIeHHO BCTYIHT B XHMHUYECKYIO
PeaKUHO, H KOHUEHTPALHsl 5THX HOHOB ¥ TOBEPXHOCTH TBEpAOro Teaa Oy-
AeT HAMHOrO MeHblIE, ueM B 0O0BeMe pacTBopa, T.e. Cn<€Co. XapaxkTep u3-
MEHeHHS KOHUEHTPaluM peareHra BOGJM3M HOBEPXHOCTH TBEpPAOTO Tejda B
3TOM cJjyyae MPUMeT BHI, NMOKAa3aHHBIA Ha pHc. 24, a. [Ipenebperas B ypas-
ueHuu (55) 3Haueunem Cp no cpaBHeHHIO ¢ Co, TOJNYUHM:

j=(D/8) Co. (56)

D10 ypaBHeHIe MOKa3LiBAET, 4TO NPH NPOTEKaHHM mpouecea B AuGPY3HOH-
HOIf 06/1aCTH CKOPOCTh NU(Py3un PEarenTa K MTOBePXHOCTH BIEEaUHBAEMOro
BelecTBa, a, CJAeJJOBATENbHO, H CKOPOCTh BCero Npouecca BHLUIEJIAUYHBAHHSA
-BO3PACTaeT ¢ POCTOM WHTEHCHBHOCTH TEPEMENIMBAHUSA (YMEHbUIACTCS BeEJH-
JanuHa ) W KOHUEHTpalUWH peareHTa (MepBBIT TOPAAOK MO KOHUEHTDALMH
pearenra).

Muoit tun auddy3HOHHOrO KOHTPOJAS MONKeT o0pa30BaThes, €CaAH CKO-
POCTH TIpOLEecca BHILeaUHBABHA Orpanvdeda auddysueft pacTBOpuMOro
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IPONYKTA PEaKUMH OT MOBEPXHOCTH TBEPLOro tena B o6beM pacreopa. Cko-
PocTL OTBOAA NMPOAYKTA PeakLUUM PaBHA:

dm D

I=sr 5 (Ca—Cy). 57y
31ech Bce CHMBOJIEL UMEIOT Te »Ke 3HAueHusd, UTo ¥ B ypaBHeHusx (53) —
(56), HO OTHOCSTCS HC K HCXOAHOMY peareHTy, a K NPOAYKTY peakUHi.
Buano, 4T0 CKOPOCTh BBILC/JAUHBAHHS B 3TOM C/yuae Tak:ke Bo3pactaer
¢ yBeJWdYeHHEM MHTEHCHBHOCTH MNepeMeninsands. Kpome Toro, oma Bozpa-
CTaeT ¢ TIOBHILUEHHEM KOHLEHTPAUWM TPOLYKTA DeakyUH Ha TPaHHue TBep-
A0€ TeJo — XHUAKOCTb, AOCTHras MAKCHMYyMa Tpl KOHIEHTPAaUlH, COOTBEeT-
cTByIOUell Mpeaedy pacTBopuMocTH. Kak ObIIO TOKa3aHO BHIIE, KOHCTAHTHl
pasHoBecusi peakuuii (38)-—(39) pacrBopenus 3040Ta # cepefpa B LHAHY-
CTOM PacTBOPE HMEIOT OueHb 60JblINE 3BaueHHd. B ciaydae Takns npakTH-
Yecky HeoOpaTHMBIX XHMHUEcKHX peakuMil Aud@ysus NPOIVKTOB peakuui
B 006beM pacTBopa 0GBIMHO MPOTEKAET AOCTATOUHO GHICTPO U He JMHMHTHpYeT
CKOPOCTL Hpolecca BHIIETAYNBAHUS.

Tak Kak B Ipopecce 1HAHHPOBAHHS Y4acTBYeT KUCJAOPOJ, Heo6X0AuMo
YYATHBATL OCOGCHHOCTH KMHeTnkd alcopOuuH ero pactBopom. AGcopGiinio
pacTBOpOM MOMKHO paccMaTpHBaTh Kak AHP@YSHOHBHBIA Npoyece, TPOTe-
KalonMil B TOHKOH TOTpaHMYHOH MJjeHKe XHIKOCTH, HEHOCPeICTBEHHO ¢O-
npukacaromefcs ¢ rasom. Ecau caATaTh, 470 Ha NOBEPXHOCTH pasiena HKHiI-
KO u razoo6pasnofi haz KUAKOCTb HACHINEHA Ia30M, TO cKOpocTh abcopb-
MY Tas3a, OTHeceHHas K egHHHIE TOBEDXHOCTH TBepaofi (daswl, 6y1eT paBHa:

d 1 Ch—Cy S
j=—— ———p-—RZo._=r (58)
dv Spg ) Sy
dm
rje j — cxkopocTb abcopbunn rasa, 1\/{0%/(@12"0);‘7T — KOIMUYCCTBO Ta3a,

a6copGHPYEMOro B eAHHHIY BpDEMCHH, Mogb/c; D -—koadouunent auddy-
3HH rasa B pacTBope, cM%/c; Cy — KOHIEHTpAuHs rasa B HACHIEHHOM pa-
ctBope, MOsib/em®; Co — KOHUCHTPANHS — PACTBOPEHHOTO rasa B oOBLeMe
pactBopa, Mosb/cM®; 8 — Tosmpna puddysHOHHOTO caosi pactBopa y rpa-
HMBl pacTBOp—Ta3, CM; S;— NOBEPXHOCTb Paszjena pacTeop—ras, cmi
S1s — HOBEPXHOCTL TBEPAOH Pasbl, cMZ

PacTBOpUMOCTb MaJ0opacTBOPHMBIX ra30B Cy no 3akoHy [enpn onpete-
AsieTcsl mapUUaabHBIM AABJCIIHEM p ra3a Hajl PacTBOPOM:

Cy = p/Kp, {59)
rie Ky — woncranta Tenpu. [oacrasuB (59) B (58), noayunu: '
= C
K. p—=Co S
i—D =L 60
j 5 Sen (60)
Ecan ckOpOCTh BhlImE1d44HBaHKS OTPAHBYEHA CKOPOCTHIO aGcopbuuu rasa, To

1
Co< K. P» ¥ ypaBnenue (60) upuHuMaeT BHI:
r
D _I S
1= 5§ Kr p Ses

T.e. CKOpOCTL BHUNENAYHBAHHA B 3TOM CJayuae NPAMO TPONOPIHOHAILHA
NapruaJbHOMY AABAECHHIO Fa3a HAJ DACTBOPOM H TOBEPXHOCTH KOHTaKTA

(61)
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rasa H pacTBOpa. 3aKOHOMEDHOCTH KHHETHKH a0cOPOUHH JOBOJBHO CJI0MHbL.
Beauunns S; u § 3aBucsit 0T MEOruX HAKTOPOB, B TOM UHC/Ié KOHCTPYKTUB-
HBIX OcoOeHHOCTEH  ammapaToB AJf BHUIEJAYHBAHWSL H  a3pHPYIOLIHX
yerpoiicTs. He ocTanapiayBasick mOAPOGHO Ha 3TOM BONPOCE, OTMETHM JHIlb,
4TO Ha TpaxkTHKe abcopOuHf KHCJAOpORA UMaHUCTHIM DACTBOPOM OOBMHO He
JUMHTUDYET CKOPOCTh BBIILEJIAYHBAHHSA, UTO AOCTHTAETCSA NpHMEHEHHeM Clie-
[HMAJBHBIX a3pHPYIOWHX YCTPOHCTB, UHTEHCHRHO HACHILAMWHX pAacTBOP KH-
CJI0POJOM.

[Tpu otcyretBun pud@y3HOHHBIX TOPMOXKEHUH NpOuece BHUIeJauHBa-
HUS MOXKET JHMHTHPOBATHCHA CKOPOCTHID XMMHUECKOR Peakiiuy, NPoTeKaole
Ha MOBepXHOCTH TBEPAOTO TesJa. XHMUUEcKas Peakund, sBJAAsACh OJHON H3
CTajuH reTeporeéHHOro mpouecca, caMa B CBOIO ouepelb TpPOTEKaeT uepes
onpejeJeHHble CTaAHH H, CJIeJ0BaTe]bHO MMeeT CBOM COOCTBEHHBIH Mexa-
nusM. MexaBrusMB XHMHYeCKHX peakuyil orjmvaiores GoJbIIMM paszHooGpa-
3HeM.

OueBugHo, 4TO AJS peakiuii, MPOTEKAlOWIHX Ha rpamHuue pasfenaa das,
KOJHYeCTBA NPOPearupoBaBUIEro B eJUHHIY BPeMEHH peareura 06p2130--
BaBHIerocs NMPOAYKTA PEakluH NMPONOPLHOHAJIBHE MOBePXHOCTH paspena $as,
B ofumem cayuae ckopocTb XHMHueCKOH DeakKuHH, NMPOTeKaloOMeHd NPH BHIIIE-
JAUHBAHHH Ha IpaHuue TBEPAOTO TeAa M DACTBOPA, MOMKeT ObiTh ONMHCAHA
KHHETHUCCKUM YPaBHEHHEM:

i = (dm/dv)-(1/8S) = kC", (62}

rae dm/dt — KoJH4ecTBO NPOPeaTHpOBaBLIErc B EAMHHLY BPCMeHH pealeH-
Ta, MOJb/c; S — MOBEPXHOCTb, Ha KOTOPOH TPOTEKaeT peakuud, cMm?;, B —
KOHCTaHTa CKOPOCTH peakiiH; Cy-— KOHUEHTPaIHs peareHra B ¢JI0e JKHA-
KOCTH, HEMOcpenCTBEHHO MNpHJEraloneM K TOBEPXHOCTH TBepAOro TeJa,
MOJIB/CM3; 1 — TOPANOK peaKIHH.

[Ipu mpoTexaHuMm TPouecca B KUHETHuecKOH OGJIACTH MEAJEHHO IAY-
mas XHMHuYccKas Peakuds He ycTeBacT «yOupaTb» HOHB (W MOJIEKY.TBI)
peareHTa, nocTaBJjseMble K NOBePXHOCTH TBepaoro tenaa auddysueit, [lo-
3TOMY KOHUEHTPAUHH peareHTa Yy NMOBePXHOCTH TBEPAOrO Te1a H B olneme
pactsopa HpHMepHO 0fuHakoBe: Cp=~C, (puc. 24, 6).

C yueToM 3TOro 151 CKOPOCTH TIpOecca B KHHETHUECKOH 06/ACTH MOIyUHM:

j=kCY. (63)

B ypaenenne (63) BenuunHa § He BXOAMT, T. € CKOPOCTb DACTBOPEHHS B
KuHeTHdyeckoil 00/1acTH He 3aBHCHT OT YCJOBHA TepeMeIUMBaHHA. Buino
TaK7Ke, 4TO B KUHETHYECKOM PEXHMe 110 CDAaBHeHWIO ¢ AM(dY3MOHHBIM 3a-
BHCHMOCTB CKOPOCTH MHpOecca OT KOH[IeHTPAWH peareHTa HMeeT OoJee
CHOKHBIE  XapakTep M onpeaessiercss IOPSAKOM XHMHYecKOil  DeaKUMH.
M toabko B uacTHOM ciyuae Tpu n=] 3ABHCHMOCTH CKODOCTH OT KOHIEHT-
pauMy pearenTta Ta e, 4TO H NpH AHGPY3HOHHOM KOHTpOJIE.

CKOpocTb mpollecca BHINEJIaYHBAHMA BBPAKAIOT OGHUHO Yepea CKO-
POCTH PacxofoBaHMs OJHOTO H3 DEareHTOB — YUaCTHHKOB peakuuH (Kak
370 gHAHO M3 ypasHemuii (56), (60), (63)) miu uepes ckopocTh mepexoia
B PacTBOp ORHOrO H3 MPOAYKTOB peakuHu (Yallle BCEro, 11€HHOTO KOMIIO-
nenta), OUERHIHO, UTO MeXAY UHCJACHHBIMH 3HAYECHHAMH CKOPOCTeH, BhIPa-
XKEHHBIX DA3HHMH CMOco6aMH, CYmecTBYIOT Mpocthle COOTHOLIEHHS, Ompe-
JejsieMBle CTeXuOMeTpuell NpoTeKawomeh peakuuu. Tak, pias Tpouecca
pacTBOpeHHs 30/10Ta B UMAHWCTOM pacTBope mo peakuun (40) umeewm:
faw="kicn~ =20,

lipy skcreprMeRTaJbHOM HCCAEAOBAHHH KHHETHKM TOrO HAH HHOTO re-
TEPOTeHHOT0 TPOIecca BecbMa BakKHO OHBaeT YCTAHOBHTb, INPOTEKAeT Iy
HPOIeCcC B AAHHHX YCJAOBHAX B KHHETHUECKOM pexHMe WM aHddysHORHOM.
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HUro6el 3TO clenaTh, HEOOXOMUMO PAcHONAraTh OOGBEKTHBHLIMH KDHTEpHS-
MH, KOTOpbi€ NMO3BOJSJAH OB Ha OCHOBAHHM SKCIEPAMEHTAJLHBIX JaHHEIX
CYZHTH O XapakTepe CTAZHH, KOHTPOJHDYIOUIEH CKOPOCTL BCEro mpoIecca,
HanGosee HagemubiM KpPHTEpHEM MOJKET CJIyIKHTb BJHAHHE YCJOBMiI mepe-
MEWIHBAHUA HA CKOPOCTL Mmpoueccd. Tak, ysBenuueHHe CKOpOCTH Npomeccd
C TNOBbIIIEHHeM HHTEHCHBHOCTH IlepeMelIHBaAHUA CBHAETEJbCTBYET O TOM,
YTo mpouecc Nporekder B guddysnounoli obsacrtu, HampoTtus, HesasucH-
MOCTb CKOPOCTH OT YC/IOBHH NepPeMelIHBAHHS YKA3LIBAeT HA KUHETHUECKUR
PEeXHM Tpomecca.

Io[pyl"HM KpuTepHeM NPOTEKAHHS reTepOreHHoro npouecca B JHGPysH-
OHHOU MM KMHeTHYECKOA OOJACTH MOMKeT CJAYXKHTh XapakTeD H3IMeHeHHA
CKOPOCTH Ipolecca oT TemuepaTypel. CKOpOCTh XHMHYECKOH pPeakluHH pac-
TeT C NOBBILIEHUEM TeMNepaTyphl ropasac ObICTpee CKOpoCcTH aHdGy3HH.

KosiuuecTsennoe B/HAHHE TeMIEpPaTypHl HA CKOPOCTh XHMHHECKOH pe-
aKIHH BhIpajkaeTcda ypasHeHHeM Appenuyca:

k= kyexp (— E/RT), (64)

rie £-— KOHCTAHTA CKOPOCTH XHMHYecKOi peakumH; F — SHeprus aKTHBA-
HUHH XHMUdYecKoi peaxuund, Jx/MOMb; R — yHuBepCajbHAs TasOBas MOCTO-
Aunas, R=8,31 Ix/(Mmons/K); T -—aGcomornas temmeparypa, K; fhy—
KOHCTAHTAa.

Kax ciezyer u3 ypasHenns (64), cKOpocTb peakuHu H3MeHSeTcs
TeMIEpaTypoil TeM cuJabHee, yeM Oosbile 3navenue E. Jlia GoablIHHCTBA
XHMHUECKHX DedKiui, NpOTeKaoliux Ha TPaHHLE TBepAOe TeJO — PACTBOP,
3Heprua axtusanun npesoimaeT 35—40 xJIx/MoJb.

[oacrasus ypasHenue (64) B (63), NOJYYHM 3aBHCHMOCTH CKOPOCTH
Tpouecca B KKHETHYECKO 0OMACTH OT TEMIepaTyphi:

f=Aexp(—E/RT), rage A=k Cn (65)

Cropocth JH(Y3HOHHBIX NPOMECCOB TAKIKe BO3PACTAET C TEMIIepary-
poft. 3T0 oBycJOBJEHO TeM, YTO ¢ NOBLILIEHHEM TeMIIEpPATYPh YMeHbIAETCH
TOAMHMHA ANPOYSHOHHOTO cjiof § (BejeAcTBHE yMeHbLICHHS —KHHEMaTHUe-
CKOfl BASKOCTH pacTBopd) H BozpacTder kosddunuedt auddysun D. Mox-
HO NMPUHATH, UTO BJHAHHE TEMIEPATYDPH HA cKopocTh auddysuum Taxxe
HveeT 3KCHOHEHIHANBHBIA XaPaKTep W ONHCHBAETCH ypaBsHeHHEM  4HAJio-
ragnbM (65). Ho HOCKOJIbKY KHHEMATHYecKas BASKOCTh pacTBOPa # KO-
s(pHIHEHT auPY3HH OTHOCHTENBHO Mas0 HIMEHSIOTCS C TeMIepaTypoll,
BEMMYHHA KaXKYHIEHCH 3Heprud aKTHBANHH AX(P(Y3HOHHEIX NPOUECCOB HMeeT
reboJbioe 3adenne, nopsagka 8—20 kJIK/MOJb,

[Iposorapudmuporas ypaBHeHHe (B5), moayuum:

lgj=18A4— (E/2,3RT). (66)

Hasa onpegeinenns E 9KCIEpHMEHTATbHO H3MEDSIOT CKODOCTh TpoImecca
OpH HECKOJDBKHX OTMHUYAIOHINXCA TeMuepaTtypax (u IDPOUYHX OZHHAKOBHX
YCAOBHAX), cTpodr rpaduk B KoopaHuatax lg j—(1/T) u paccuktsiBaor E,
YUHTBIBAs, YTO B COOTBETCTBHH ¢ ypasHeHuem (66) TaHresc yraa nakJjona
MOy eHHOH HpPAMOK JmHMH K ocH afcuuce pased — (E/2,3 RT).

Hapsaay ¢ xapakTepoM 32aBHCHMOCTH CKOPOCTH IIPOIeccd OT VCJIOBHE
flepeMelIHBAHUA, 3HAUEHHEe Kaxkyluefics 3HePTHH akTuBamuu E  sBasercs
ADYTHM ILHEPOKO NpPHMEHACMBIM KDHTEPHEM [Jis1 YCTAHOBJIEHHS C