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«Ubopqulwywb phdhw» nwuwagnph 2-pn hwwnnpnid hwiwywpgwé GGnYwjwg-
Jwé t d L f nmwpptph phdhw(: lvdpbph hwdwpwywinidp Yuwunwpwdé t pun ywppt-
pwywb hwiwywngh Gpywp nwppeGpwyh, huy tnwpptph wnndbtpp fEYLPNGwhG NLp-
Jwagdétpp O6pYwjwgdwé 60 pun ypnd. O. Rwdwywbh dowywé uygpnibph, npp tnpdwé
b 2wwhyh nwpdbntGuh:
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hOswbu L wrwohl hwwnnpniy, jJnupwpwbsjnep fudph Ginceh wpwnpwbpp uyuynid
wyn fudph pnhwOnip panipwagnpny wwnnilGtpp ElGYunpNOwiht nipdwgétph, hGwpwynn
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3ntpwpwlbgnip fudph tnwpptph YndwGpuwiht dhwgnigintbbtpla nt YGhuwpwbw-
Ywb Gowlwynigynibp GepYwywgynid G0 wrwbah:

Qwuwagnph wrwOdbwhwwnynigintb wyb £, np wwpptpwywb hwiwywpgh fudpt-
pnud L wwpptpnipntbOGpnud dhwgnepyntbbtph Yuwenigwépbtnb ni hwwnynigynibbtpp
pUbwpyywé 6O wyn 2wpptpnid phdhwywb Ywwtph thinthnfunipgjwb hnbwjhbhg dhbsl
hwiwndtpwiht (UndwGGunuwyhh), ysppnuénipjudp:

Awuwagnpntd GEpYuwywgwéd GO pwqiwphy pwpn wGhopquwlwywb thwgnipntbOt-
nh pwOwdlbpp L Ywenigwdpltpp, npnbp dGluwbGhynptb hpobp hGwpwynp sk L wwp-
wnwnhp k| st npwbp wlhpwdtwn GO pGnhwOnip ophbwswhnipNtbbGpp Wwpqwpw-
OGNt L hwuywbwnt hwdwn:

Awuwaghppep gpwé b Gplwbth wiunwywb hwiwjuwpwoh «Uoopqulwywb ph-
dphw>» wewpywih niuntdbwywb 6pwaphb hwiwwwunwufuwb: o wfju L wew OGwfuw-
inbujwo £ wrwohl YnipubghbGbph hwdwn, uwlyw)b pEpdwé Opniptph yGpwpetnpwy (wjl
inbnEynigntbbtpp Ywpnn GO ogunwywnp |hoG] Gwlk pwpdp Ynipubph nuwbnnGtph L
woOopgqwOwywb phihwyny gpwnynn ghunnwfuwunnnObph hwdwn:

Nuwbnnbtphb oqlbnt L 2wpwnpwbpl wytih hwuywbwih nunpduGnt hwdwp nw-
uwgppntd gbinbnywé G0 pwqiwphy GYwnObp L wyniuwyobn:
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1.1. ULSNUU3NUL SUMGNh ehUhu3h unuuuu<usunti@ntuueNe

UGgnudwghb yngynid G0 wylt wnwpptpp, npnbg wunndGbpnd Ywd hnOO06pnd dw-
uwdp [pwgywo G0 d L f pwnwbplbtpp: Un wnnGpdhtp Gwbwynid £, np wyn wvwwppbph w-
nndlGpnud GYwwngnid £ dwuwdp pwgwd Gwfuwybpohb 26punhg wbgnd nbwh 18 (d
tnwnnpbn) Ywd 32 (f vnwpptn) tiGHunpnt wywnpniGwynn Yuynit pwnwip: d Gopwdiwywp-
nwyh (pwgniip uyuynid t 3-pn fudph wtnwpptpnud (uwlnhnod, huippnud L (wbpwb) L
dLwywlnptl wywpundnid 11-pn fudph (wnhGd, wpéwp L nuyh) wnwpptpnud: Uuwbu,
wndwpeh wwndb nioh [Krl5s'4d™ ElGGunpnGwihG nipdwghd, wyuhpld’ npw d Gopwiw-
Ywpnwyp \phy |pwgywé k: UhLOnylt dwdwlwy wjb odinywé £ npnwiyh wywjdwabspned
d kGYunpnGLp wwint hwnynipwip” wewowglbiny, ophtwy, [Krl4d® nipdugény, +2
opuhnwgiwl wuwinhdwbny hwyunbh npny YyndwGpuwiht dhwgnipyntbbtn: Wuhtplb™ wp-
owpl wagniwihl wnwpp t:

Lweonnn’ 12-pn fudph twippbpp (ghty, Ywnhned L uGnhy), npnbp nuaka ns?(n - 1)d™
tlGYyunpnGwhG nupjwaghd, +2-hg pwpép opuhnwgdiwb wunhdwbny Ywynih Shwgnipjnib-
O6p s60 wrwowglnid, wuhbpl™ d Ghpwiwywnpnwyhg tiGYunpnGoGn s60 Ynpgbnud L d
tnwnpnpbp s60: Uwywyb, wipnnonyhb (pwgywéd gwon Latpghwiny d Gopwdwywnnwyh
wrywinigywip wwjiwbwynpjwd, npwbg phohwl GdwOynid b wbgnidwhb wnwppbph
phihwjh(:

NMwpptpwywb hwiwywpgh Ywpd nwpptpuynd wogniwht G0 hwdwpynid
Gnynnpnwywh Ghpwiudptph (pwgwenipjwdp ghGyh Ghpwfudph) wwnpnbpp, huy Gpywn
wwnpptpnipyntbbbph tnwippGpwynud™ 3-11-pn fudpbph tnwippbpp:

* Sb'u HeopraHnyeckas xumus, 1. 3, k. 1, M., 2007:
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Pninp wognudwihG wwpptpp ponipwgnynid G0 dGwnwnO6pht hwwnney hwpwpet-
pwywb gwén wrwohlb hnGwgdwb taEpghwyny: Cuwn EiGYunpNGwiht pwnwbplbtph |pwg-
dwb wognidwiht wnwpptpp pwdwbOynid 60 d L f vnwpptph: d vwppGpp Ywganid GO
Gpbp wpp’ hwiwwwuwnwuuwbwpwp snppnpn (3d), hhagtpnpn (4d) L Jtgtpnpn (5d)
wwnppGpnigynbbtpned: f vnwpptpp shwynpynid G0 Gpyne punwbhpnid” jwbpwOnhnbbph
(4f) L wywhOnphnbtph (5f):

Mwnth uygpnibphl L YEsynduynt Yuwanoht hwiwwwunwufuwb™ 3d L 4d GOopwiw-
wpnwybtpp hwiwwwuwnwupuwlwpwn jpugynid GO0 4s L 5s Glhpwiwlwnpnwybtphg
wOdhowwtu htuinn: Un ywuwndwreny wrwohl Gpynt wagnidwihb wppbpp (3d L 4d) wb-
dhowuwtu hwonpnnid GG s nnwnpptph fudphl:

Gppnpn wagnudwihb 2wppnud (wlOpwbh wwnndnd Onybwtu uyudnid | d Gopwdw-
Ywpnwyh (6s5d") |pwgnidp, uwluwyt wwpgyned £, np EoEpquiwtu wybih Yunt t 4f 6o-
pwawywnpnwyp, nph tGGnghw Yupney Gdwagnid | Ywpgwpedh (Ghentyh thgp) Z = 57-hg
0hbsl 60 wah dwiwlwy: 8tphnuah (Z = 50) 5d pwnwlpnid ntrblu Wwhwwbyned § dhwy
d tityupnop (6s?5d'4f"), uwlw)t hwonpnnn wpwabnnhnid (Z = 59) wnwppnid wyl
wagntd £ 4f Gopwiwywpnwy (6s%4f'): Ujanthbuinl dhasl hinbpphnud (puugyned b 4f G-
pwiwywnnwyp, huy (wbpwlnhnbtnhg YytpohGnud (yninbghnod) EiGYnpnGG waglnd L
5d Gopwiwywnnwy (6s?5d'4f'*): Wuwhuny, (wlpwlp (Z = 57) L yninbighnidp (Z = 71)
duwywbnptl hwdwpynd 66 d vwpptp: Uplbnyo dwiwbwy dh 2wpp hwunynepynil-
GGpny npwbp Gdw0 GG 4f nwpptphb L pGGwnyynid G0 npwbg htwn: Wn pninp wnwppt-
np, hGswbu Gwbl uywbnhnwdp L hupphnudp dhwydnpynid 60 hwgqywagyniuin hnnuwyhb wnwn-
npGph pGunnwbhpnid:

Lintinbghnidhb hwonpnnn hw$bhniip (Z = 72) pwnpnibwyned £ | pwglt) 5d Gopwiw-
Ywpnwyp:

Uwuwdp [pwgywd d opphuinwi b wynhynptt dwubwygnid £ phdphwywb Yuwwtnh
wrwowgiwlp: Wnwhuh Ywwbpp, npwbu uwlnb, ntoGb JuiGounwihb (YnwGawnwha)
pOnyp: <wiwnpdbpnipjwl wunhdwOp Yunpny wand £ d EiGYunpnGoGph pyh Gwgiw
dwiwlOwy, wjuhbpl® opupnwgiwl wunhdwlh pwpdpwgiwlp gnigwhtGr™ hwpowba L
trdwl obpdwunhgwalbnpnid: OphGwy™ dwoqwah (1) opuhnp hwiynd £ 1840°C-nLy,
dwbgwh (1) opupnp (Mn3QO4) 1564°C-n1d, huy dwaquOwlwh wohhnphnp (Mn207)
5-9°C-n1u:

LwOpwOnphnbtpp wwn pwlny wnwpptpynud 60 d fudph twppbphg: LepphG 4f
opphwnwbtpp jupunn fYpwlwgwé GO0 L gnpdbwywbnid 366 dwulbwygnid phihwyw
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Ywwbtph wrwowgiwlp: Wn ywwiwreny (wipwlnhnbtph 2wwn dhwgnigntbbtn hnbw-
ywh &G, huy pptlbp™ (wbpwlnhnbtpp, dgunud G0 niGGOwnt +3 opuhnwgdwl wunhdw:
Pwguwrenipintd t gbphnudp™ 4f vnwpptph 2wppnid weweohlp: “Ypwb pbnpny  4f L 5d
GOopwiwlwpnwybtph tO0EpghwbtGph dnuinhynigintbp, htsnd wwydwbwynpywé™ gbphnt-
ap phdhwl Gdwbdnud £ d dGunwnbGph phdhwihb: Ldwbwwnhw hpwyphdwy E nhinynid
Owl wywnhbGnhnbtph pbunwbhpnid™ pGnhniwy watphghned. wyn wnwpptpp Gdwb 66 d
fudph dGunwnOGphb: Ypwbg hwwnny GO thnhnfuwywb opuhnwgdwl wuwnhdwbbGpp,
dhwgnipntbbGpnd hwdwnpdbpnipjwb pwpdn dwulwpwdhbp: 5f wpph yt6pohh wyunh-
0nhnGGn0 hptlbg hwuinynipyntbbtpny Gawb GO jwlpwOnhnbGGphb: Uwlwyb wyn tnwpptph
nidbn Awrwquwjpwwynhynipinibp |ponptld funsplnnunnud £ npwGg phdhwih niuntdbw-
uhpntpynLOp:

b wnwpptpnipintt ny wbgndwihlG wtnwppGph™ d fudph dGunwnOGph wwnndbtpny
phihwywl ywwtph wrwowgiwb dte fwywh ntp G0 fjuwnnud d LGYUPNGLGEPP: Ywbp
nwuwynpywé 60 shontyht pwdwywbhb dnuin (GY. 1.1) L EYpwbwgbned GG wyG:

4rriy? }
M
AMﬁ\

LEpwynpnipjntbp dhontyhg

LY. 1.1. Unpwiwnh wwnih 3d, 4s L 4p onpphuwibtph EEYwnnpnGuhl
funnipynLbGEph 2wrwynwihG gnpdwenyratpp

d 2wpph ninnnipjwdp 2wnpdybihu typwlwgdwb wunhdwlh wand k, wuhGpld’
hwonpnwpwnp 3-pn fudph nwnpptnhg 12-pn fudphb wbgbtihu nhuinynid G0 wpnynibwytbun
thgph nt Ghpwiwywnpnwyh uynibnipjwlb ws L d opphunnwh ubndnwd (d utndnid), hGsh
nintygynud t tGGpghwh Gqwgiwdp (GY. 1.2) L wunndwihG wewdhnbtph hnppwg-
dwadp:
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Qqfuwynp pywbnwihl phyp

Swnnh Ywpguwehyn

LY. 1.2. UnndwjhG ninképh EGGpghwih Ywiunudp wwpph Yupgqwpeyhg

Mwngyntd £, np 12-pn fudph twpptpnud d £ EYunpnGOEpp EGGpghwl wybih gwép
t, pwl GGpphG opphuiwibbph EbGpghw (GY. 1.3), wy) Yepw wuwé™ npwbg ypw gunbynn
ElGYunpnGGGNG wy ki wndtipw)hG s6G:

tGGpghw

(n-1)d

Swnph Ywpguwehdp

LY. 1.3. Ulgnidwhl tnwpptph 2wppenid s, p L d opphwwiG6ph EGEpghwGbph thindhnfuntgnilp (Yewnwagdny
gnyg k tnywé Gepphl opphinwiGbnh EGGpghuyh thnthnfunteinLlp)
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ElGYunpnGwyhb thnfunwuwynpnegyntl: Qnpstwywlntd pninp d wbgnudwihb wnwip-
n&nG nLOBGO ns*(n — 1)d4 ywrnigwépp, npuintn x =1, 2; y = 1-10, wyuhbpl™ wywpnibwynid
GO0 wrOwql 1s EGYupnG: d wppny wnbnwywnpdybihu opphunwibGEph LGGpghwih
Yupny 0jwqiwl L, s opphunnwiGbph hwdtdwwn, wydbih wwun ubnddwb hGwnbwbpny
ElGYnpNGGLGPG wyblh nudbn G0 JwOynid, hOsp L wwjdwbwynpnid | EiGYUpnGGLGPH dh
dwuh inGnwpw?funiip s opphnwiGtpnid” sGwywéd wyb pwlh, np wyb noh wybh pwpdn
tuGpghw (0Y. 1.2 L 1.3): <wyinlbh £, np gqniquhte uwhbOtpny i GYNPNGLGEPH thnfuw-
nwnd Jwlnnnipnt0b wybh pny £, pwlt hwwewy uwyhbbtpny g GYUPNGOGPHGOD. win
Epynt yhawybtph taGpghwObph tnwppbpnigintt wodwOynid £ dhnfuwbwyuwyhl tOGp-
ghw: WO wrewdbiwgnyltb b nwrbtnd Gopwiwywpnwyltph Ypuwpwgdwb ywa phy
(pwgiwb’ 5 L 10 LEYnpNOwhG thnfunwuwynpnipjwb nGwpnid: Ypw hbwn | juwyywo
2wpph hobwdwuntd L ybpond qunbynn vnwpptph hhdbwywb yhdwyh LGyunpnbuwhb
onpphwnwbtpned GYwuinynn «k GYupnbwhb gwwnyh» Gpunypp: OphGwy™ ppndh ki GYWPN-
Guyhl nipdugénid 4s'3d®h thnfuwpba 4s23d* |, wwiwnhnsh EGUnpnGwihG nupdws-
qontd” 5s%4d'-h thnfuwnbl 4s?4d®, wnGah fudph wwpppnud ns?(n = 1)d°-h thnfuwpko
ns'(n—1)d"%

d Gopwiwywpnwyh hwitdww® s Ghpwdiwywpnwyh wybkh 066 fuGpghwh wwuwn-
Awrny wOgdwb 2wpph dGwnwnbGph hnbwgnidp uyuygnud t s EGYupnGOGEPL Ynpuunnd,
nphb hGwnlnud | d Gopwiwywpnwyh fEYunpnGGEph Ynpniuwnp: Wuwtu, Gpwigh wwnndh
ElEYunpnGwihh nupdwahdh b [Arl4s?3d®, Fe?* hnhap™ [Ar]3d®, huy Fe® hnGhbp® [Ar]d®:

Uwnnndwihb 2wrwyhnbtpp: d 2wppny inbnwwpdybihu wnndwihb wrwyhnbbph
0jwq thnppwgniip huinlwbp k' d ubnidw, nph wwwdwep dhontybbph |hgph wunhdw-
Owywb dtéwgniip L nbwh dheonty i GYunpNGLGph Ynynbywb dgnnuiywbnipjwb nidbnw-
gniil t: ludpnid 3d nnwpptphg 4d lnwpptpht wogbGihu wwunndwjhb wewyhnp qgwihn-
nGa wanud £, huy 4d mnwpptphg 5d lnwppbphb wogbbihu™ 2wwn phs: LAwbGophOwy wnwp-
nGph 2wrwyhnbtnh dnunnhynipyniip Yuwwywé  4f Gopwiwywnpnwyh (pwgdwl htwn, npp
Owhunpnnid £ 5d Gopwiwywpnwyh |pwgdwbp: LkpphU 4f opphunwiGGph swithubph thnp-
pwgliwl hGnlwbpny ((wbpwlOnhnwihl utnind) wwnndwihb wrwyhnbGph thnppwgnt-
dp gnpéGwywbnid |phy thnfuhwuwnnignd £ npw wép”™ Yuwywdé Gnp fGepgbunpy dwywp-
nwyh wrwowgiwl htwn: Yw hwbqgbglnud £ wpph uygpnid qunnbynn wbgnidwyhb dG-
tnwnOGph” ghpynOpnidh LW hwdpOhndh phdhwbtph dninhynepjwbp L wybih thnpp swhny®
Gpnphnudh L tnwiGunwh:



aLnku 1. ULSNFUUSNL SUMNENh 2hUhU3k LENPUDNHB3NFL

Uuinndwjhb 2wrwyhnbtpp, hoswtu Gwb wagdwb pwnpph dwOn (5d) dGuwnwnbGph hn-
Owgiwl LoGpghwih ypw wgnnid | Gwb rGywunhy hunnwwb Gplnypp:

PnOwgiwl taGpghw: s L p tnwpptph hwibdwun™ wognudwihb dGunwnOtph hnGwg-
awa Lapghwbpp (1) fwywb thndhnfunigintd wwppGpnigntned uwd judpned 2updybihu
sh nhundnud: d vwpptph Gptp pGunwbGhpltphg (3d, 4d L 5d) jnipwpwbgnipnid, d
tlGyunpnbGtph pYyh OGdwgdwlp gnigwhtr, hnGwgdwb wrwohl L Gpynpnpn tGGpghw-
OGpp npny swihny aGéwbnud G0, hOosp Ywwywd b d Ghpwiwywpnwyh Yuwynibnipjwb
pGnhwbnip wé&h htwn (GY. 1.4):

1}, yarin| 1, 4/

1000 2000
1800 -
800 1600

1400

60() 1 1 1 1 I 1 | | | 1200 1 L 1 L Il 1 i 1 1
S¢ Ti V Cr Mn Fe Co Ni Cu Zn Sc¢c Ti V Cr Mn Fe Co Ni Cu Zn

w R

LY. 1.4. 3d vnwnptiph wwnndltph wewgh® 14 (w) L Gpypnpn 12 (p)
hnGwgiwa tGGpghwatph hndhnfunigynilp

PnOwgiw tatpghwih Yupny ws nhungned £ d® L d" thnfunwuwynpnipyntGtph
JwubhyGbph nbwentd (ophGwy™ Cr*, Cu* L Zn®), npnbp NLOEG thnfuwGwywhG Eatpghwih
pwpdn wpdtpltp L pwpép uynibnignia: Wn Gnyb wwwndweny wyb dwubhybtpp,
npnbp niOG0 dGY Ywa gbg d EiGYunpnGOGn, hwitdwwnwé hpbhg hwplwb d wnwpptbph
htw, nlob60 hnGwgdwl tGEpghwih gwsép wnpdbpltn, ophGwy | (Fe?*) = 30,65 td, wjl
ntwpentd, tnp | (Mn?*) = 33,67 t4, huy | (Co®*) = 33,50 tJ:

ElGYunpwpwgwuwywbnignl: Gt ns wbOgnidwiht wnwppbphg Yuwqdwd thnpp
wwnpptpnigyntbbbpnud wnbnp £ nlbGOnid fiEYunpwpwgwuwywinipywl ws, www d wp-
pny intbnwywnpdybihu, hGswtu nhuinytb) £ hnbwgdwb tGGpghwih nGwpnty, fGYLpwpw-
gwuwywinipntbb wanud £ 2w wabwhb: udpnud EiGYunpuwpwgwuwywbnignibp Gyw-
gnud £, hGas0 wewyb] Gywwnbih £ 3d mwppbphg 4d lwppbpht wogltihu: Lwbh np db-
tnwnh d opphunw0Gn0 wynhynpbl dwubwygnid G0 Ywwbph werwowgdwbp, hGunlw-
pwp wwnnih tGYunpwpwgwuwywlnigntbp dhwgnipjwb dto Ywjuywd £ 2powuwinhg,
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huy yndwtpubtipnid™ (hqwlnh wnGuwyhg L npw nnUnpwwygtwunnpwiht hwwnynipyncb-
OGGphg: Un wwwiweny sbgnp wwnindh hwiwp i GYunpwpwgwuwywbnipywb  hw)p-
Jwpyywé wnpdtipbbnt wognidwihbt dGunwnbtph nGwpntd inbnGywunywywi s60:

UnnpnhOwgdwl pybp: 3d wpph wwpptphlt wewytb) pOonipwgpwywb £ 6 Ynnp-
nhGwgiwb phyp, uwyw)b hwynbh GO Gwbk pwqiwpehy Yndwtpultpn® wydbih gwén Ynnp-
nhGwgiwl pytpny” 2, 3,4 L &:

2npu Ynnpnhbwgdwb pyny Yndwtpubtinb nlbtO pwrwbhunnh Ywd hwpp pwrew-
Yneune (GY. 1.5, w L p), hhOg YynnpnhGwgdwb pyny Yndwtpubtipp® Grwbynib Gpypnipgh
wad pwrwyniuh pnipgh inGup (0Y. 1.5, g L n):

LY. 1.5. d dbuinwinOtph hnGGGph* tnwpptp YnnpnhGwgdwb pytipny YyndwGputtph YnnpnhGugiwl
pwqgiwlhuwnbp
w) pwrwbhuwn ([NiCl 4%, 4), p) hwpp pwewyniuh ([PtCI4%, 4), @) Grwllynil Bpygnipg ([CuCl’?, 5),
n) pwewynwuh pnipg (INi(CN)s]%, 5), b) shwquque hwwnywéwynny ((NbF-1, 7),
q) Shwqugwp nipwdhun ((W(CO)Br3], 7), t) pwrwyntuh Ywd wpphitnwl hwnwéwynnd (Y(H0)*,
8), p) brwqugqwp trwayntl hwnywswynny ([ReHg]*,9)

Gpptdl hwlnhwnid G0 wybh pwpdp Ynnpnhbwgdwb pytn (Bhasl 8): 4d L 5d
tnwnnbphb, hwnwwbu™ Gpwbg, npnbp nnwpwfujwé 6O wpph uygpnid, plnpny G
pwpdn YnnpnhGwgdwb pytpp™ 7-12: UnnpnhOwgdwb pyh thnthnfunigintd nhuygnud £
OnyOpuy aplOnyls wwppwswhnipjwdp dhwgnignibbtpnid: OphOwy whln TiBrs-p
wqidwé t pwrwbhunn dntyniGtphg, wl nbwpniy, Gpp ZrBrse-p L HfBrg-p nLlGO
2t6punwiynp uenigywép L Ywgijwé GO Ynnbpny dhwgwd nipwbhuntinhg: Lnyb duny

11
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CrOs-p (ppniwywl wbhhnphn) Ywenigwd £ ynnbpnd dhwgwéd pwrwbhunbph 2npw-
GGphg, huy dnhpnGowywl L yndpwidwywb wbhhnphnlbnb nlbtt pnhwbnip ynnbpny
26nwé nupwlbhuntphg Ywgidwé tpunwiynn Ywrenigwép:

Jbg Yynnpnhlbwgiwl pyny dhwgnipntbbbph 066 dwuhb pOnipwgpwywb § nipw-
Ghuwnnwyhb Ywrenigwépp, npp npnwyh ywydwbbaGpned Ywpnn | wnwywnyt) (3wo-at|-
L6nh GpLnyp):

Urw0abwgyntd  wnwywnywdéd nipwbhuwnp Gptip inbuwy (GY. 1.6).

L. 1.6. Unwywnywé nipwlhuinh tnbkuwybkpp
w) pwrwGynebwyht, p) GewOynibwiha, g) 2Enwayniawh

1) pwewlyniOwhG dgnud — hwywnhp qwagwpltphg snppnpn Ywngh wewbagpny
nipwOhuwinh ubndnud (0y. 1.6, w),

2) GrwOynibwhb — hwywnhp Ghuwintphg dgnud Gppnpn Ywpgh wewbgpeny (0Y. 1.6,
p). wrwowgwd pwgiwbhuwnp Ynsynid £ GrwbyniGuyht hwywhwunywéwynnd,

3) 2tinwbynibuwhla — Gpypnpn Ywpgh wewbgpny ukndnid (GY. 1.6, q):

3np Ynnpnhbwgiwl pyny dhwgnipntbbtpb nibbO Gpbp nnhwh pwqiwbhuntph’
haquGynit Gpypnipgh, Shwawaqwpe  GewGyntt hwundwéwynnih (GYy. 1.5, &) L dhwgqw-
quwp nipwlhuwnh (GY. 1.5, q) wnbup: Nip Ynnpnhbwgdwb pyny dhwgnipyntGbtnb niOkl
funpwGwnnh Ywd pwrewyniuh (wpphdtnywi) hwywhwunywéwynnih wnkup, npnb wrwow-
Gnud t funpwGwpnh Ghuinbphg dkyp 45°-ny wununbihu (GY. 1.5), huy hGp YnnpnhGwgiw
rYNY Uh pwnp Shwgnipntbbbn” Grwqugwe hwwnywowynndh (0y. 1.5, p):

<wjinbh 60 wywnhbnhnbtp L (wOpwOnhnbtp, npnbp nlOGG wydtih pwpdnp Ynnpnh-
Owgdwb pyny (UhGsl 16) hnUGGN:
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Phipwywb Ywwh panypep dhwgnignibbtpnid: Ubunwn-hquln thnfjuwgnbgnipncb-
OGpnud wqwwn d opphunwiGGph weywynipjwb 20nphpy dGnwinh wwnndp hwinbu £ qwihu
wygbwwnnph, huy |hqulnp™ o nnGnph nbGpnud: Ehdhwywb Ywwh wrwowgdwlp d op-
phunw 06ph wywnhy dwubwygnigintap npwb hwnnpnnid £ dwubwyh hwdwpdbp Yuwh
pOnyp: <wiwnpdbpnipjwl wunhdwOp dGdwlnid £ opuphnwgiwl wunhiwlh L Ynnpnh-
Owgiwl pyh Gjwqiwbp gnigwhtn:

{wiwndtpnipgjwlt wunhdwbh thnthnfunigywb pOnhwbOnip wywwnytbpp 0GpYwjwg-
Jwoé b gdwwwwnytpnid, npp Yugidwé b tnwpptp dGunwnb06ph Ywppopuhjwwbtph pjnt-
ptnwjht Ywrenigwéph indjwibeph yepineénigjwb hhdwb ypw (Gy. 1.7):

0,130+ Mn" Co'"! pe'Y 11,25
3 Ru"]]Os 11 (I
5 }Crlll ! H I;“" ’ ‘ 11,30 ”
g 11 I g
£0,128F  Mn" re R P 11,35 3
ig Fell {Ru ICuu T |40 2
= .0 mh =
5 FCo! ENi Zn 3
S 0,126} " et L {145 0
' 11 11 O
s ICu Cd" | 1,50

1
0,124 — 7 g 9 0 11 12

fudph hwdwpp

LY. 1.7. Uagnuiwghb dGunwn GGph Yuppopuhjwwnbtnnid dkwnwn-dtnwn Yuwh
Gpywpnipywl L wouwshb-ppywdéha Ywwh pwqdwwwwinhynipub Ywiuniip
fudph hwdwphg (A Yewnbpp gwén uwyhbGwhOny, o Ysunkpp pwpdp uwghGughlb Yyniwtpultnl 6a)

{wiwndtpnigjwlt wunhdwlip M — M Juwh pwgiwwwwnhynipjwb dEdwgdwlp
gnigwhtr wanid b Gwb Yiuwunbpbtpned, npp Gpptdd Ywpnn £ hwubb) snpup: Pwgqiw-
wwwhy Yuwbtph wewowgiwl dwiwlwy dGwnwnp Ywpnn t hwOnbu qw| hG0swbtu nn-
Gnph, wjbwbu £} wygbwwnnph nGpnud: Swon opuhnwgiwl wunhfwbbbpnid wbgniiw-
Jhb dGunwnOBpp d EiGYHunPNGGEPH dOh dwup tnpwdwnpnid G0 (hgwlnh wqwun opphunwi-
GGphG. winwhuh thhnfuwgnbgnipintbp Yynsyned £ m nwunhduwyhb: Wa npubnpynid £ wé-
fuwdébh (1) opuhnh, oltdhbLENh, dniGYniywp opwébh, nudhbltph, wwnhtabtph L
wgnunh hGwn wagntdwhb dGnwnb6ph wrwewgnwéd Yndw Gpubbpniy:
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LhqwlnGGpnid  wygbwunnpuwihb hwuinynegntGbtnpb nidtnwbned 66 hGinlywy 2wp-
pnty.

NO > PF > CO > PCl; > P(OR); > PR3,
npuntin R-p wihdwwnhyuwihb innbnwyuwynnb :

LhqwlnOtGpp dshwdwiwlwy hwintu G0 quihu Gwb npwtu 1™ nnGnpbGp, hGsp hwo-
gbtglnid £t wanip phihwywb Ywwh weweowgdwb (GY. 1.8): Lpywd Yndwtpuwhl dhw-
gnipyntbbtpp, npnGghg wrwyb hwjuinbh GG YwppnGhO06pp, Gopwpyynid 646 Uhnyhdhyh
ywbnOhb (wpryntbwpwnp wnndwihG hwdwnph wOnGOh0), hwdwdwjt npp™ Yunda £ 18
tiGUwpnbwlng pwnwlpp, wupbpl hwiwwwwnwuuwond  t wqbhy quwgbpp
(n - 1)d"°nsnp® L GYwpNOwhG nupywadht: Uuwbu, hwdwdwt wju Ywanbh, gpn opuh-
nwgiwl wuinhgwnid Ghytp (4s23d®, 10 tiGYUPNG) wrweowglnid t Ni(CO)s pwnwinnnt-
pjwip YwppnGhy (CO-h jnipwpwbsnip dniGynty tnpwdwnpnud £ a6y qnyg ElGYuipna),
huy Gpywpep' (Fe4s?3d®, 8 tityupnG) Fe(CO)s: Unpwiuinh nbuwpnid (Co® 4s%3d7, 9
tlGYupnb) 18 ki GYunpnG nuGbgnn pwnwbpep Ywpnn | wwywhnyb] dGunwn-dGunwn Yuwny
Co,(CO)g Gnyswihh wrwewgnLip:

LY. 1.8. B L m jwwtph wrwowgniip PF; YndwEpuntd

Ubunwnb6ph wygtwunnpuihb hwuinynipntGbpt wewytbp guyninit npulinpynid GO
pwpdn opuhnwgiwl wuwnhfwbatpnid L h hwjuin GO quihu nudbn o nnOnpGGph hGwn
dhwgntpntbbtpnid: Lhqubnbtph o nnGnpwht hwwnynigyntbbtnb nidtnwlnud GO pwgw-
uwlwb |hgph dESwgdwlp L npwlg swihubph thnppwgdwOp gnigplpwg.

0*>>F; P* > 8% >> CI; N*>>P*:

MO™} wlhnGGGpnLY (M =V, Cz, Mn, Fe, Mo, Tc, Ru, W L wj () M — O pwgiwwwuwnhy
Ywwb wewowlntd k ppywdth (pwgywé L dEnwnh nwuwnwny d opphunwiGtph thnfuwg-
nbgnipjwl 20nphpy: W dwiwbwy, Gpp pwgywd 3d opphunw GGnb wpdtpwihb wrw-
JhnGtph gnidwphg pwdwywOha thnpp hGrwynpnipjwb ypw yGpwdwéyynid 6o niphp

14



uvonNauuuuuu ehuhu

wuwnnilbph opphunwibGtpny (GY. 1.9), 4d L 5d opphwnwGGn0 wybih 066 nhgnywénipjwl
(nh$nignepynih) 20nphpy thnfuwgnnid G0 |hqubnbtph opphwnwibtph htw, Gt GnyGhuy
gnOynud GO0 dnunnwynpwwtu wpdtpwihb wrwyhnbtph gnidwnpht hwywuwp hbrwyn-
pnugjwb Jypw: Wn wywundweny dwiOp woagniiwht wnnwpptph (4d L 5d) dhwgnipyntGOG-
pnud dGwnwn-thquin YwwlO wybih wanep £, huy wpdbpwywbnigintbp”™ wybih pwndn,
pwl 3d tnwppbpnud: Ui Gnyb ywwndweny £ wytGih Juygnia 60 dGunwn-dGunwn Yuwny
dhwgnipyntbbtpp™ Ywuwnbnpbbpp:

4rrip? sq

4d

3d

<Grwynnnipjnibp dhentyhg

LY. 1.9. 3d, 4d L 5d opphwnwibGnh E GYunpnGwihl
2wrwynuwihl pw2fudwb gnpéwenypltpp

Ywuwntpltn: dwiwlwywyhg ghunnipjwb d69 «ywuwnbp» winbpdhtp (wbqgpta
cluctez «hnil9 funudp, pwqdnipntd Ynywy) nibph jwyb pdwunn b Ywpnn £ Yhpweyby
dwubhybtph yninnwynd GEpYuywglbnn gwlywgwd wrwpywih (opEYwnp) hwdwp:
Uuwbu, hbnny L ququwihb yph2wybbpnid guinbynn oph dnityni GGph dhwynpnudbtpb
wodwbynid 66 oph Ywuwinbnpbtn b wyb: LGN hdwuwnny Ywuwnbp G0 Ynsynid dGunwin-
dGunwn Yww (Ywwtn) ywpnibwynn shwgnegntbbtpp (0Y. 1.10): Wn wnnhwh wywnpqw-
gntjb opjEYnnbGnh pYhl GO Wwwnywbnud a6y dhhnGhg ywywu wwnndbtn wywnniGwynn,
0,338 Yyu-hg thnpnp wnpwdwaghé nibtgnn niunpwnhuwbpu dwubhybtpp: Unwhuh huyw
Yiwuwnbpnud dwubhybbph swdhubph thnppwgiwOp gnigpbpwg wénid t dwytplnyphl
gnOynn’ hptlg Gowb wy dwubhybtph shwynpybint dgunnn wwnndbbph phyp:
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aLnku 1. ULSNFUUSNL SUMNENh 2hUhU3k LENPUDNHB3NFL

Qru Qr O1
q

L. 1.10. [InZn4o] (w), [MosClsl®* () L (@) PraRuls Yiwunbpbbpp

Uiwuwnbpbtph Ywynitbwgdwb shwy dhongp npwlg dwytnplnypp Ywpenbhind, hw-
(ngtbhnttpny L wy (hqwlnbtpnd wwuwnb b k: UGinwnO06ph winwhuh dniGynywihb Ywu-
inGpwihb dhwgnipintbbtpp hwdwfu nlbGOnd GG pwpdn Yuynibnipyntb L Ywpnn 60 wnwp-
ptp (nLéhsG6phg YGpwpinipbnwgytb) nt Juyninudwyhb gbnbgiwl dhongny dwppyti: Gp-
pGd0 wrwbdhb Ywuwnbpwihb dwubhybtn 2npwbbGpned, 2GpnGpnid L hpdbwydwfupnid
dGunwn-dGwnwn Ywwny dhwonid 66 hpwn: Unwtu wewowlnid £ Ywuwnbpwihb Ojnip:

ubgnidwiha  dGwnwnGGph  Yiwunbpbbpnid  ppdpwywbt wwp gnubnid £ d
tiGYwnpnGGGph pbnhwbGpwgdwb dhongnd, npnbp Onylwbu Ywpnn GO0 dwulwygb] UG-
unwn-thgwin Juwh wrwowgiwlp: Mwpquagntt Ywppnbhiwhb YiwuwnGnpbtph hwdwnp
gnponud £t Uphnyhdhyh dLlwybpwwd wuinndwihb hwdwnph wanbp, npp GOpwnpnid £, np
Ywuwnbpnud pnnp Ywwtpp Gpyytauinpna, GpykitYunpnGuha 66: Uhwyb wyn nGwpnid 18
ElGYwnpnG nuGbgnn dwulbhyp Ywpnn £ Yuynib |hOG: Pwgdwbhuwn, pwqiwdhonty Yiwu-
intnlbph nGwpnid, npnbg ququpeltpnud fuwsynid G0 4-hg ng wwywu Ynnbp, wyn Yw-
GnOp fuwfunynid £, hGsp Jyuwyned £ Ywwh wdbih pwpn pGnyph dwuhG, npp GQupw-
agnynid b dnEynywihb opphwnwibbph Gnwlwyny: <wingtbhnwihb Yiwuwnbplbbph dté
duup Onybwtu sh Gapwpyyntd Uhnyhdhyh uwlnOhh. wyn dhwgnipintbbGpp pnpwGGBpp
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00wl ki GYunPNGOGPL Wwlwu nbb0: W Yepw wuwd™ npwbg wpdtpwhl tiGYunpnGGGpp
pwywpuwn s60 GpYELGUAPNG, BPYEIGEYULPNOWHG Yuwwtph wrwowglwl hwdwp: Wnwhuh
dhwgnigintbbbph Yuwynianegynibp hweonnynud £ npnzt” hwybing Yiwuuntpwiha Ydwiu-
pwihb ElGYuinpnGGERD, wyuhOpl® dGwnwn-dGunwn Jwwh wewowgliwlp dwulbwygnn
tlGyunpnGOGph phdp: WO hwdwuwp b dGunwnh wndtpwhb tiGYwnpnGuGph pbnhwOnep
pUNO™ shwpqwd wyb EiGYPNGOGPD, npnbp dwubwygned GO dGunwn- hqwln uwh wew-
owgiwOp L Ywunbpuwyhl dwubhyh thgphl: Ophbwy ResCly Ywuwnbph hwdwp Yiwu-
ntGpwihb Ydwpupwihl tiGunpnbbeph phyp hwwuwp £t 7 « 3 - 9 = 12, hOsp hwiwww-
tnwufuwbnud £ Gpbp pwrwwwwnhy dEnwn-dtunwn Yuwhb, MosCliz Ywuwnbph hwdwp®
66 -12 =24, wuhlpl’ [Mog] nwubtpynt Ynn nibtgnn nipwbhunnid hpwywbwbnd §
Mo — Mo 12 dhwyh Yww: Ywuunbpwihb Ydwfupwihb fiGYunpnGatph pyh Gwgnidp hwa-
gtglnud | dGunwnh wwnndlbtph dhol Ywwh pniywgdwp L, yGpoht hwyyny, Yiwuwnbpw-
Jh0 dwubhyh wrewowgniip nwnpdinid  wopwpElwywuwn: <wiwfu Ywunbpwiht dwu-
0pyoEnt wrwbg thnhnfunipjwb wbagbnud GO oh dhwgnipintbhg djntuhb. npn nbwptpnid
thnfuynid £ dhwjb npwg |hgpp:

Opuhnwgiwl wunhdwbbtpp: Uhwgnipintbbpnud d tnwpptpp npubinpnid G0 twip-
pbn opuhnwgiwl wunhswblbn” gbpwquigwwtu stgnp Ywd YuwnhnlwihG duny (Mn?*,
Mo(CO)g) hwlntu Gynn gwoéntphg uyuwéd dhbslk wbhnbh duny (MnO*, ReO*) gnjnLnLl
nLtbtignn pwpdntipp: Opuhnwgiwl wunhdwbbbph wewyb) 066 pwqiwquwbnipnth pln-
nn2 t jnipwpwlgnip d 2wpph dhobwdwuntd qunbynn aGunwnbGphb (GY. 1.11), hGswtu
Gwb npn2 wywnhGnhn wnwpptph (nipwib, OGwunnohnd, wininnOpnd L wadtphghnid):
ElGYunpnGOGPNY |pwgdtiihu 3d GlpwGnpunh Yuwyntbnigyntbb wanid t, win ywwnidwreny 3d
2wnph oGwnwnO6pp, uyuwdé GhYyLhg, hbunnptl wrwihu GG dhwyt wpwnwphl s E GYWNPNG-
OGpp, wuhbplt™ NGB0 +2 opuhnwgiwl wuwnhdwb: Pwpdpwagntt opuhnwgdwl wuwnh-
Swlny (+8) hwyuinbh G0 dhwyb 8-pn fudph wwwnhGwiht dGwnwnOtp enpGGhnLip L ou-
upnudp: ludpnud, h wnwpptpnigintt p lwpptiph, pwpdn opuhnwgiwl wunhdwbbbph
Ywyntbnipynibp ybpbhg O6ppl wanid £, hosp yuwwywo b d opphunwiGGph swichubph L gnt-
gwhGrwpwn wpdbpwywlnigwb dEdwgiwb hbwn: Unwhup 3d dGunwnOGph™ gwén op-
uhnwgiwl wunhdwOny shwgnipntbbtpp gbpwquigwwbu hnbwjhb GG, huy pwndénp op-
uhnwgiwl wunhdwanybtpp® wndtGpwyh:
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RuVl”’ OSVIII

wunhdwlp

Urwybjwgnt)b opuhnugniwl

[ L T e L =2 B
T T T

1 2 3 4 5 6 7 8 9 10 11 12
fudph hwdwpp

LY. 1.11. UGgniiwght dGwnwnOtnph huynbh pwpdpwgneO
opuhnwgiw( wuwnhAwabtpp

OphOwy® 8-pn fudph twpptph pwpdpwanib opuhnbtphg hwjinbh G0 dhwjl RuOgs-
n L OsO4p: UwlGqulwlywh wGhhnphnp (Mn207) 55°C-nti pwjpuwyyntd wuwypintlny,
dhOsntr Tex07-n L Rex07-n 200°C L wybih pwpdp obpdwunh&walbnnid hwiyntd GG
wrwlg pwypwybint: ludpnid pwpdp ophnwgiwl wuwnhdwbbtpny dhwgnipntbbtiph
opuhnhs hwwnynipyntbbtpp ytpbhg Genppl pnipwbnid GO (wyniuwy 1.1):

Unncyjwy 1.1
Pwpdn opuhnwgiwl wuwnhdwlny npn? d nwppbph unwbinuwpun EiEGunpNnuIht wnuntoghwiGtpp

annéplpwg E°, B (pH0) annpéplpwg E°, B (pH 14) annpéplpwg E°, B (pH 14)
MnO;/MnQ, 1,68 CrOf /Cr -0,80 FeOf /Fe** 1,84
TcO;/TcO, 0,74 MoO;/~ /Mo -0,91 RuO//Ru* 1,56
ReO;/Re0, 0,51 WO /W 1,07 0507 /0s?* 0,99

Wuwtu, MO, hnGp hwlnbtu t pGpnid Jwre wpunwhwjndwd opuhnhs hwuinynipyntb-
Gtp, dhbgntr wtprtGhww hnbh (ReO;) Yybpwywaqbiwl hwdwp wbhpwdtwn | nidtin
JGpwywbqlhs: 4d L 5d nnwpptphb pnpn G0 pwpdp opuhnwgiwl wuunhdwbbGtpp: Grb
dwbqwbh dhwgnipyntbbtpnd gbpwyzenid | +2 opuhnwgiwl wunhdwlp, www Gpw
owlp OdwlOwybtph™ wnbfubtghnidh L rEOhNLOh nGwpnid hwjinbh GG win opuhnwgdiw
wuwinhdwlny dh pwlh wwpq dhwgnignibbtin: Uagnidwihla dwOn wnwppbph dhwgnt-
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pINLGbGphg wwntipp (RuOg4, WCIg, OsF7) 3d oGuinwnltph dGo pnhwlbpwwtu Gdwbwybtn
snLOGG:

Ubhpwdtwin £ hpotl, np ophnwgdwl wunhdwbp wywjdwbwywb (hgpe £, npp, npwtu
ywalnG, twywOnptl wnwppbpynd [ ppwywbhg: Nppwb thnpp £ YwwhnOh swdp, L
pwpdn’ (hgpep, wjtpwb thnpp £ opwihb (nuénypnid npw gnjntpjwlb hwywbwywbnipyniOp:

ubgniiwhb dGunwnbtph gwénp opuhnwgiwl wunhdwboGpp Yuyndt 60 ™ wygbw-
wnnpOBpnyd (YwppnOhg, ghwbhn L wy ) dshwgnigntbbGtpnid: Npwtu ophbwy Ywpnn GO
owrwjt| olhdtGGENPH hGwin rnnhnudh (1) Yndwtpubtinp (Rha(C2H4)4Cl2), gnnjuiywib opuhp-
nwgliwl wunhfwlnd™ Ohybth ghwOhnwiht Yndwtpup (NasgNi(CN4)]) L dGuinwnlbph
pwquwphy Ywppnbpibtp, -2 opuhnwgdwl wuwnhdwlntd Gpywpeh Ywnppnbhwiho
Yndw Gpup ([Fe(CO)4]2'): S8wénp opuhnwgiwl wuwnphdwOny wOgnwiht dGwnwnbBph
Yndw Gpubtnb wybih Yuynib 60 ppywiht dshowyuwpnid: Wuwbtu, dwaqubp (1) stqnp L
prUYwIhG |nuonyplENNLY pRrYywELh hEwn sh thnjuwgnnid, dhOsntr hhdph weywnipjwip
wpwga opuhnwbnid t: Unylb duny GG hwintu quihu Guwb wy; wagnedwihb nwppkp:

Pwndn opuhnwgiwl wunhdwbotpt wewdb] Ywynib GO EiGYPNGGEPH Nudtn wy-
gbwyuwnnplbph L wybh 066 fGYunpwpwgwuwywlnipjwip $unnph nt ppywdébh hbwn
wrwowgnwd Bhwgnipjntbbbpnud (RhFs, KsNiFs, KsFeO4, OsO4): Pwpdn opuhnugdiw
wuinhidwbbtpny dGunwnOGpp 2w dhwgnipntbbbp unwgynid GG uininphnbtph inbu-
pny: pwlg opuhnhs hwwnynipintbbbnb wrewyb) nudbn npubnpynid G0 ppywiht dhow-
Jwjpnud, wyn ywwndweny uhbpbgp Ywuwnwnyned  hpdlbwht wgnwOnugtph weuynt-
piwdp: OnphGwy™ ppndh, 9pweébh Ywda hhwnpinphnh wanbgniejwdp ppndh () opuhnw-
gntip dhOslk ppndwun (V1) hGaunnigjwdp pbpwbnid £ hhdGwihG dshowduwypnid, dhbsntbr
prrYwht dshowywjnnid fuhun nddwpwOned E:

Ywjntbwglbb] nwpnpb woywynib opuhnwgiwl wunhgwbnid Gwbwynid £ Gjwqgbg-
46l npw opuhnhs Ywad yGpwywbqbhs wynhyniginibp, hOsp Yupbih £ wlb]” ginfubiny
npw tlEYunpnnwiht wnunbbghwip, ophlwy™ wndjw| vwppp nddwpwinyé Ywad Yndwtip-
uwjhb shwgnipjwl thony wOgywglbny: Nppwb thnpp £ Guinwéph (nustihnepjwb wp-
tnwinpjwp, Ywd 066 £ yndwtpup yuyniGnipjwlb hwuwnwuwnniOp, wjGpwl 066 £ hwonnnt-
Rl hwulbbnt hwywlbwywbnipnip: <wynbh G0 wnwhuh hnfuwpynuibtpp wwn oph-
Owybtn: UwbgqwOp (1) opwihb nuonypnid woywyntd £, uwyw)b phs (nuébh opun-
hhnpopupnp (MNOOH), npp hwjuinOh ' npwtu dwOqwbOhwun hwbpwOnip, L pPROYYW-
pRYwhlt Yndwtpup (Ks[Mn(C204)s]) onwihG dhowduwypnid Yuynil GG: UGywjnil op-
uhnwgiwl wunhdwbObpp hweonnynid £ Yuynitbwglb] prywdluwihb dhwgnipjntbObpnLd

19



aLnku 1. ULSNFUUSNL SUMNENh 2hUhU3k LENPUDNHB3NFL

(KsFeO,, BaFeO3), duinnphnwjhb yndiwtpubbpnid (KaTiFe) L hGunGpnwnih dhwgnipincb-
GEpnLa:

UwqOhuwywb hwwnynegnibbtip: EGYunpnGaeph weywynigintbp ywjdwbwynpnid
wwnnabtph L EilGYnpNGLGPH dwqbhuwywl hwwnyneeintGObpp: ElGYLPNGG NLOh L ubhw-
Ywb (uwhbuwypb), W ninGSpwihb dJwqbhuwlwb dndGlawinbtn: Urwohlp wywjdwbwynpywod
t hp wrwbgph 2nipg EiGYunpnGh wunnywiny, huy Gpynpnpnb wewewbnid £ dhentyh znipg
ElGYupnGh wnpddw hbuinlwbpny:

d wagnudwihb wnwpptph 066 dwuh dhwgnipntGbtpnid gnudwpwiht dwqbhuwywb
andtOuwnh hwdwp, npbG wpunwhwynydnud | pnph dwgbGuninGGBpnyg (RY), hhaGwywb OG-
npniip Ywuwnwpnid E uyhGwihb pwnwnphsp, npp hwdynid £ hGnlyw| pwbwélny.

p=4n(n+2),

npwtin n-p sqnyqywé EiGYwnpnbatph ghyl t:

2qnygwé tGYunpnGOGR wwpnibwynn wwnndbGnb ne hnbOGpp Ynsynid GO wwpw-
Gwqbhuwywl: Mwpwiwgbhuwywb dwubhybtpp dgynid GO dwqlbhuwywb nwunndd:
Gprt dwulhyh uwhbwiht dwgbhuwywb dndkGuwnp gpn £, www wjt nhwiwqhuwyw( E,
wjuhbpl’ ntoh Shwybt opphunwiwihb dwqbhuwywb dndbOw: Yhwdwqgbbunhybbpp sqnuyg-
Jwé tGYunpnbGGp snlO60 L wpunnwphO dwqbhuwywb nwwnhg nnipu 60 dnyni:

Cuwn hptbg dwqbhuwywb hwwnynipntbOBph’ Onuebpp pwdwOynid G0 dh pwlh
nwuh: Mwpwdiwqbhubtphg (wyntdhaphnid, Gwunphned, wnGdh (1) pinppn b wybt) L nhw-
dwaqUhubtphg (NaCl, wpgnt L wy0) hwyunOh 60 $ErndwqbhuGtpp L hwhwdbrniwg-
Gpultpp: dGeniwqbhuwywb L hwywdbrndwgbhuwywb hwunynipintbbtpny odnywd
G0 ns pE wrwlGdht wunnilbpp, wy dwagbipp: Gt Gnupld wrwowglnn wlgniiwih
trnwppbph wewOdht wwnndbbp nlbG0 sqnygqywé EGYunPNGGER, wyjuhbpl™ odnywd GO
wwpwdiwqgbhuntpgjwdp, www, gnOybiny dhquwag dnun tnnwpwénipjwld ypw, thnfuwg-
nnud 60 hpwp hGuin® werwowgltiny nnataatp (npnawyh i GYunpwywb Ywd dwqbhuwywb
hwwnynigntbbtnny inhpnyp): Gt nnitlLEph dwgbhuwywb dndtOuinbEpp hwdninnywé
G0, Onupp nwrGnud £ dtrndwqbhu (GY. 1.12, w): dErndwgbhuntpgjwip G odndwd Gp-
Ywpep L Yynpwiwp, hGswbu Gwl hwgywagnin hnnwiht wwwnpptpp® Gypnwhnidhg dhosl
pwihnid: OSwin d dGnwnOGphb $Erndwgqbhuwyuwb hwwnynipntbbbpp ptnpny 60, pwlh
np 4d L 5d opphunwGGp0G wytih nidtin G0 thnfuwgnnud dGYp gneup ™ werwowgltiny
wndtpwihb Ywwtn: dErniwqbhubbph pyhb GO wwwnwbnid 3d wagnidwhbt wvwpptnh
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gwdn opuhnbtipp: Urwyb) nidtn hwunwuwnnit dwqbhubbp wwuwnpwuwnnud GG NdaFesB
hwiwhwwéphg:

b hwhy wuinndlbtph 96pdwihl tnwunwbndbbph” twpwglbihu npnpwyh obpdwu-
inh&wland $trndwqbhubtph nnitbowiht Ywrenigwépp pwlnyndd £, L npwbp nwrGntd
G0 hwywdwqglbhultp: Un oGpdwuwnhdwOp Yngynid £ Yniphp oGpdwunpdwl: Gpyweh
hwdwn wjl uagund £ 769°C, huy Ghytih hwdwp' 358°C:

M™ hnGh sqnuaduwsé
klGynnnap

Lhqwanh qnug
tlGywnpnaatpp

- | — | -— | —
—_— | - — | -——

M™ hnGh sanugywé
klbywnnap

n

LY. 1.12. UhwgnipintGatiph dwgbhuwywl hwwnynipnibatpp

w) dwaglhuwywh nnikaGsph nunnywénipinip trndwqbhuntd L p) hwhwdpbieniwqbhund, q) dGuinwnh

wuwnnuh Gpyne sgnygyws kiYunpnGaeph hwywdtrndiwagbhuwywb thnfuwgntgnipinibp thgulnh (pugywé
opphwnwyGtph dhengny, n) [Cra(n-NH.)s(NHs)e** hwlw$brniwglhuh Ywrenigwépp

<wywdtirndwgbhuwywb hwwnynipynibbtpp pwgwunpynud GG nnikGGaEph hwyw-
rwy ninnywénigjwdp (0Y. 1.12, p): WG hGwpwynp £ nwrbtnud sgnyqwé tiGYunpnbGGen
wwnpnibwynn wuinnilbtpph ng pE wbdhowywb, wy nhwiwqbhuwht dwubhyh (ophbwy
prywaoth hnOp Ywd CN° fjunidpp (GY. 1.12, g)) dhobnpnnigjwdp thnfuwqntgnipjwb shon-
gny: <wywdtirniwqlbhuwywb hwwnynipntbbbpny odnjwé GO dGunwnlEph npny op-
upnbtp, wntp L YndwGpuwht dhwgnipntbbtpn: Ophbwy Ywpnn b dwrewjt] [Cra(N-
NHz2)3(NHs)s] Undwjtpup (0Y. 1.12, n), npp Yugiywo £ widhnwihG udpgowyny dhwgwo
Gpydponty danEynibGphg: 8pndh wwnndbbpp nbnwpwfujwéd GG 0,265 b hGrwyn-
pngjwb Yypw, hbsp npwdg d opphwnwiGEphlb pnyp sh vnwihu wadhowywOnptb ybpw-
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owoydt) (hwywrwy nbwpnd dhwgnigintbp Yhttp nhwiwqbhuwywa), pwg hGwpw-
Unp £ nwpdalnid |hqulnbtph [pwgywé opphuinwibbph dhongny npwlg dholnpnwynp-
Jwé thnfuwgnbgnipinilp: 26pdwunhdwbh pwpdpwgiwlp gniquhtr’ ULEH obpdwu-
nhdwOnd hwlywdtrniwqbhup nwrlnud £ ywpwdwagbhu: LHwpwagpywd Yndwtpuh
hwdwn Ukkh sbpdwunhswbp 23°C t:

1.2. MUM2 L3NH3GN

Mwnpqg Oneebpnud phipwywt Yuwh wewowgdwl oty wyuinhy dwubwygnipinil
ntoG0 d opphwnwibGpp: Uognidwiht dGunwnbtpnid dGunnwnwywl Ywwp GGpwenid
tnwppbp wwnndlbph d opphuinwGEph yGpwéwéyowb gnuinhbtipp: Ywwh wrwowgiwl
a9 d opphwnwibtph OGpnpnudp hwpwptpwygynid b dGunwnOGph thnhwgdwl Ebpw-
whwbph L hwdwb otpdwunhdwbGbph htwn: Onhwgdwb topwiwhwb pjniptnhg quw-
qwbiwl wwnibbtph wewowgliwl hwiwp wbhpwdtun LOoGpghw E: WG dnunwyn-
pwuwbu hwdwuwp £ hwjdwb L gnpnp2hwgdw b oGpdwunhdwbGaGnph gnudwph:

Uudtih wprynibwybunn | dwuwdp [pwgywé d opphunwibbph yGpwéwéynidp, win
wwuwndwreny witlwnddwpwhw| dGunwnbtpp nwuwynpdwé 6O 2wpph dhoGwdwunty
(GYy. 1.13): Ypuny swih |pwgqwé d Gopwiwywpnwyb odndwdé b pwnpdn Yuynibnipjwadp:
Apwiny | wwjpdwbwynpwd wppntd hp hwplwb wtnwppbph hwdbdwunnipjwdp dw-
qwbh wuinndwgdwl topwiwhwih L hwdwb oGpdwunhdwbh Gjwgnidp:

3d opphwnwttph hwitdwwunnigjwdp” 4d L 5d opphunwb6ph” wewyb| 166 6wyw-
(nY yGpwowséyniop hwbgbglned | judpnid ybpkhg GGppl thnhwgiwl Eopwiwyhwbbph L
hwjdwb oGpdwunhdwblEph wahb: Uin wwwnidwreny wewyb] nddwpwhw| dGnwnbtpp
inGnwpwfujwdéd GG Gpypnpn L Gppnpn wognuwihb 2wpptph dhobwdwuntd: Wnwhuh
hwyywénigintt £ nhunngnud Gwl Gpyunwpp dhwgnipyntGbtpnid, ophwy™ pnphnbGpnud L
YwpphnObpnia:

Ubunwnbbph dGfuwbOhywywb hwwnynigntbbtpp Gniybwbu, hpdbwywbntd™ wapnte-
piIntlp” wiwuwnhy dLwhnfunigntbp, jnipwpwbsnip 2wpph dhobGwdwuntd nudbnwbnid
G0: Npwbtu dGluwbhywywb hwwnynigntbbtph pbnipwanhs pnnibdwé £ Ginueh wrwé-
qwywbntgntbp (3ncbgh dnnnty):
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600 |
500 -
400
300

200

On2hwgiwh topwwhwh
y/in|

@fuptiglnn
onphunwittnpp

lOOSC 1Li \I/ Cr Mn Fe Co Ni Cu Zn
p

uiwuygnn

opphuinwGtipp 2000

1500 ¥

1000 -
Lwwwygnn
opphunwiGtnp

Lwiwb 9bpdwunh&wln,
°Cc

500 |

Sc "lLi V Cr Mn Fe Co Ni Cu Zn
= q

LY. 1.13. w) d opphunwiGtph yepwéwéynwdp™ taGpghwywa gnunnt werwewigdwip, p) 3d dbuhwnOtph
thn2hwgiwl Ehpwiwhwlbpp, g) 3d dGunwnGsph hwpdwb oEpdwunhiwGatpp

Ubtuinwnbtph yepwyuwbgbhs wynhynipinibp, Ywpgwpyh waht qnigplpwg, hGswtu
2wppnd, wbwtu k| fudpnd pnipwOned £, hosp pwgwunpyned £ hnGwgdwb tGEpghwih dt6-
owgiwdp: Wuwhuny, wrwyb, wywnhy dGunwnltpp nbnwpwfujwé 66 3d wpph
uygpntyd, huy wywywu wyinhybtpp® 5d pwnpph ytponid: Npwbu ophbwy Ywnpnn £ dwrw-
J61 d dGuinwnbGph dhnfuwgnbgnipynitp penLbtph htwn: 3d dGunwnGtphg npwywb unwb-
nwpu bGYnpnnwihG wninkGghwy E° (M™/M°) nith hwjG wnhGép, wjt nbwpntd, bpp
Gnuynnpn L Gppnpn wbgnudwihb 2wppEph pninp tiwipptipp, pwgwenigjwidp Junhntdh,
gnnpowywbnud skgnp GO Gnup ppnibtph L hhdptph GYwwndwdp, |pLeyntd GG dhwyl
opuhnhsh (HNOs, NOCI, KOz L wj0) weiwinipjwip Ywd yndwGpuwgnjugnigsh fuwr-
Gnipnnud (HNOs + HF, O, + KCN):

1.3. <UUULULYUDRLEN: MhUuN LNFONE3IBLGEN:
UhUuGsunluuhusnt@3ntuueN

Lwiwhwwéplbpp dGunwnwywb hhdpnd, hhdGwywbnid dGunwnlbp Ywd ng
dGunwnbtp (wéfuwdéhh, uhihghnud) wwpniGwynn, Gpyne Ywd wybih pwnwnphsbphg
Ywqidwé whOn nuénypltp G0: UGnwnOGph wwnndbGnb nbwy 60 ghnfuwgnbint dp-
qubg htwn™ wrwowglbiny dhoubnwnwahwgnipntGObp: Ypwbp hwdwfu dinbnud GG
0wl hwiwhwwéplbph pwnwnpnipjwb vGo:
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Lbpywyntdu hwynbh G0 hwunwunnia b thnihnfuwywb pwnwnpnigntbbtpny pwg-
dwpehy dhodGunwnwaihwgnipntGbtp: Ypwlp wewowlnid G0, Geb hwdiwhwwdph
nwpptp pwnwnphsGph wwnnabtpp dhgjwbg htun wybih nudtn G0 hnfuwgnned, pwhb
O0nylb tnbGuwyh wunndbtpp: Uhowuinndwlwb thnfuwqgnbignipintbp hwunwwtu nudtn t po-
pwlnid obpdwuwnhdwOp hotiglbihu: Wn nGwpnid whin (nuénypltph pGpdnnhbwdhyw-
Ywl woaywyncbnipjub hGinbwbpny hwiwfu wntnh £ nbGOnid pwpdpotpdwunpdwbwh
pwjpwjnid’ Gnp dwabph wrwowgniiny: UhodtunwnwihwgnipntGbtpnid hwdwiu hwo-
nhwnid § phdhwlywb Ywwh Gpynt inbuwy’ dEunwnwywb L wpdbpwyw: Ywbp Gpptdl
ndwn § uwhdwlwquwunt: Ywwh panyph npn2dwl hwdwn nwuntdbwuppyned G0 qnyy-
qbph dhole filGUNNNGuIRD funnipjwb pwfunidp (REOWgEHWG nhypwyghw), piniptinlb-
pnd  EiGYunpnGGEph npnpwyhnptlt tnbnwjbwgywd Ywyi snbnwjbwgywd nbnupw)-
funidp (rGUgGOWUWGYpw Gnwlwy), Shghywywb ne dGfuwbhywywb hwwnynepynio-
O6pp (WwaqbhuwywOnipynil, FGYunpwhwnnpnwywbnignia, wapnigintd L wy ) L pGp-
dnnhwdhywywb pOnipwaptipp: Uhgubunwnwahwgnipnibbbph Yupbnp  hwunyuwbh;-
OGphg 0G0 wunndbtph wewybiwagneOu Ywpgwynpwd nwuwynpywonipynibl £: Quih-
utpny L ElGYunpNOwihG Ywrenigwdépny hpwn dnun wwnndbtph werwowgpwéd thoutunw-
nwdhwgnipjntb06pnud (3nud-Nngbph $wqbp) wewbgpwihlt ntn nlbh pinupEnwgwbgniyd
wnpdbpwihb EGYunpnGGEpp L wwnndbGph pyh hwpwpebpniginibp  (wjuwtu  Ynsywd
tlGyunpnOwhG funnientbp): Ppwphg 2wwn wnwpptpynn wrwyhnbtnny Gpynt dGwnwn-
GGph dhwgnigntbbtpnid yuwpbnpwagnyb ntp £ Yuwuwpnod vnwpwénigiuwb dbe wwnnd-
OGph wewybiwanyl |pugdwb uygpnibpp (Lwybuh dwqtin):

ubagndwiha L ng wognuiwghb dGwnwnO6ph dh 2wpp Gpyunwpp hwdwywngbpnid
wrwowlnwd 60 CsCl-h Ywrenigwdépny, hwwuwpwwunndwihG AB pwnwnpnipjwdp dho-
dGunwnwaihwgnintGbtp: Unynpwpwp winwhuh dhwgnigint0bbp wewowglnid G0 6-pn
fudphg we wbnwpwzfujwsé wybih flElnpwpwgwuwywl b 2-6-pn fudpbph wybih
ElGyunpwnpwywb tnwpptpp, ophtwy™ TiFe, BeCO, ScNi, BaZn L wy G:

3nitpwpwbgnip dhoubunwnwahwgnipntt ntbh wewbdht $hghywywb, dGluwbhyw-
Ywa, oGpdwihl, dwqbhuwywb L wy, hwuinynigyntbbbp:
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1.4. (8164UDCLU3NL UhUusNH33NFLLEN: ULSUMNUUONHB3NFL

ubagnidwihG - wnwpptph gwoépwagnyt  opuhnltpt  hptbg  hwwnynigntbbtpny
(El6YunpwhwnnpnwywOnipnll, JGrnwnwywb thwy) hhptgbnud GO dGunwnbGnhG, hGsp
pwgwwunpynid £ dwuwdp [puwgywé d opphuinwibEph yepwéwdéynidny: Lwe hwjuinbh t, pb
Unipuyh dnunwiuypnid Gpyph dwytnplngyphb 2uwwn dnun gunnbynn dwqbhuwywb Gpywpw-
pwph (FesOs4) 066 wwpwpltn wrwowgnwdéd dwqbhuwywb nwwnp hoswbu b fuwpwnnLd
hUuplwpehrlbph Gwywqbwgnipjwb hwdiwlwngtpp: Wn dhwgnepnibp, hbswbu dGwnw-
nwywl Gpywep, $Erndwagbhu | L odnndwé L oGS hwnnpnwywlanigjwdp: <wnnpnwyw-
Onupjwl Ukluwbhqit pnapynd £ d opphuiwiObph Yybepwéwsyiws hwodht Fe?*-hg
Fe**-ht tit4unpnGh bunnwdbnwhb wagnuip:

Shunwbhg dhGsl Ghyt) +2 opupnwgiwl wunhgdwlny 3d wognidwiht dGwnwnbGph
opuhnbtnl n06G NaCl-h Ywenigwdéphb Gdwb Ywenigwép (OY. 1.14, w):

LY. 1.14. w) Guunphnidh pinphnh Ywenigywépn, p) rniphih Ywrenigwépp

Apwlghg 2wwintpp ny lwppwswhwywb dhwgnigntbbtn G0: Opphbwy unynpw-
Ywb Gnwlwyny unnwgywdéd tpyweh (1) opuhnl nibh FepesO pwnwnpnipinilbp, wuhbpl’
Yw GpYwpeh wwnndbEnph wwywunpn: Ywywl thgewynpdws hnbh wwywunpnp ginfu-
hwuwunigyned £ Ywenigwépnid Gpywpeh (1) wwnndbbph dh dwup™ dhbsl Fe* opuhnuwgnt-
any: Wuwhuny, Ywwnhnbwht GOopwgwbgnid pwihnip nhpptph weywnipjwb nbwpntd
wwhwwoynd £ EGYunpwstgnpnigintt: Rjnupnuyht Ywenigwépnid wrwowgnn w-
pwunOBph inGuwybtpp 06pYuywgywé 6o 0Y. 1.15-n10d:
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Uwnndp hwbgnigbbnh dhol

4 <Lwilgnugbtnh dhol wunndbbph
wnbnwwndp

Ajniptnh wpwwn

’ ’&
3583330393 ..

Lwlbgnygbbpnud wnndbbph inbnwyuwnwip
(thnpn wwnndbbpp ubnunid &G gwbgn,
funznpGEpp’ phnwpéwyniy)

L. 1.15. Upwwnbtiph intuwybkpp pynpbnGepnud

Uubgnudwyhb dGwnwnlbph Gpyopuhnlbpp pnupGnwlnud GG enehih (TiO2) Ywrenig-
Jwdéphl 00wl pwewbyntd Ywenigqwépny (0Y. 1.14, p):

ubgniiwiht dGunwnbOtph hwdwp hwyinbh GG thnpp pYyny Gropuhnbtin: ReOs; op-
upnb nlGh pOnhwGnip ququwpltpny dhwgwoé [ReOg] nipwbhuwnntphg Yuwguijwé Ywrenig-
Jwép (Gy. 1.16): NGOGhndh wuinndObnp0 wrwowglnud GO wwpgniOwy funpwbwpnuwihG
poho:

0
LY. 1.16. ReO3-h Jwrnigwépp™ w) wunnilbph wbupny, p) pwqdwlhuwntph inbupny

Liwb Ywenigywép nibh Gwb ynidpwih tropuhnp: Gpbt ynidpwih tGropuhnh
thnhb vnwpwgyh Gwwnphnudh gnpnp2hbGpnid, www Gwunphnidh wwnndbGph dh dwup
Yoduinlbh pjnpGnwiht Ywenigywoéph abe  wnbnwywyytind  Ynidpwih  wuwndlbphg
Ywqidwdé npn wwpquanyb poholtph YGhunpnbbbpnud: Stnh ynibtbw |hgptiph ybpw-
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pw2funcd. ynpdpwadh wwnndbbph dh dwup yyGpwywbgbyph® dbrp pbptind +5 opuhnwg-
dwl wuwnh8wl, GwuphndhGp Yopupnwlw dhGsk +1: dndpwih dwulbwyh ybpw-
Ywbgbdwb hwyyhlt unwgywé opuhnwihbt $wagp (NaxyWOs — ynidpwidwhla ppnlqg, x =
0,3-0,9) 4G6rp t pbGpnud pGnpny gnuyb (Ywndhp, Yuwnywu, nuytgniyb), dGunwnwywb thuyg
L hwnnpnwywbnipnib: <wdwbdwb hwwnynipyntbbtpny opuhnuwiht $wgbin hwyinbh G
Gwb wy rwppeph hwdwp (GnhpnGOwhG, JwOwnhnidwihb, Ghnphnidwiho L inhuinw-
Gwyhb ppnbgbtp):

ubagniiwiha vnwpptph ppywdébtwiht dhwgnipintGbtph uwplnp uenigwépwhb
inbuwybtphg 60 wtpnuyhwnp L 2whGbip: ABXs (X = O, F, S) pwnwnpnipjwip wb-
nnyuyhuinh Yurnigywépp (GaTiOs plwywb hwbpwbniph Gdwbnipjwip) hhatgbnud £ X L
A wwnndbbphg Ywaiwd Grwtpun glnwdl fuhin nwpujwép, nph nupwlOhunbph nw-
tnwny hwuinygwébtpnid inbnwynpywé 60 B wuinndbtpp (GY. 1.17):

ds Oo

P
LY. 1.17. ABO3z wpnyuyhwnh Yurenigwépp™ w) A wwnndh hbin wwnndbbph

wnbupny, p) pohoh Yahuinpnanid B wwnnih htw, q) pwgiwbhuwnbph
winbupny
MGpnuyhuinh Ywenigwépny pinipbnwibnid GG wrnwppbp dhwgnipyntGbtp, npno-
gnid A L B wwnnilbph gnuidwpuwhb thgpp +6 £, npnGp twywOnpGb tnwipptpynid GG
hptbg swihubpny: GOpwnptind, np hnGwwywb wepnuyphwnp Ywenigjwdépnid A L B
wwndbtpp hwynid &0, wwppwywb peoh (a) swihnpnzhsGEnp Ywnbih £ hwzqwnyt)
Gpynt Gnwlwynd (GY. 1.18).

1) a= 2(ZB + Zo),

2) a= \/2(rA +r0)9

npuntn ra-0, rg-0 L ro-0 hwiwwwuwnwufuwb hnGO0Gph wrwyhnbbnb 6GG° pun CGLONG-
Mpinthwnh:
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(ra+ro) (rg+ro)

LY. 1.18. PnGwyhb 2wrwyhnOtph hwpwpbpnigniln
wtpnyuyhunh Ywrenigjwdpnid

MGpnuyhunnh hpwywb Yuwenigwépnid hnbGOGph swihwqwbg thnpp wd swihw-
qwlg 066 swihubph hGinlwbOpnd nwpujwéph funniginibp fuwpunygned £, L wyn Gpynt
hwywuwnnuibtpny hwwpyywdéd a-h swhnpnahsbbpp thnpp-hbs tnwpptpynid GG: Nun-
nntap, npp hwdwuwnp £ wyn swhnpn2hsGGnph hwpwptpnugjwbp, wojwOynid £ unnGpwG-
wnnLpjwlb gnpénl (t).

t= (rA+r0)
V2TA +1,) ’

Pnbwjwywh wepnuyhwnnid t = 1, utnpnbghnidh tinhnwGwwnned (SzTiOs, r (Sz2) =
0,158 Gy, r (Ti**) = 0,745 (4, ro (O*") = 0,126) t =1,002:

PawOwiny nniGpwbwnipjwb gnpénbp” Ywnth £ npnzti, gt ABO3 pwnwnpnipjwip
dhwgntpntGlb nlGh” wprynp wtpnuyhwinh yuwenigwdp. nw hGwpwynp t, Gpp 0,85 <t <
1,06:

Pwpép obpdwunhdwbbGpnd B wunndObn0 nibwy 60 tnwippwywb pooh YGhunpn-
Ohg ntinwpwndytint, hGsp hwbgbglnid £ EGYunpwywb |hgptiph pwdwbdwb L nhwnih
wrwowgliwl (ubgbtwnnkEyunpuwywb Gpunyp): Unwhuh dhwgnipintGbGGpp Ynsynid GG
utglbunnk tYyunphyobp:

Uh 2wnp dhwgntpyntGbtph, npnbp nibt0 wEpnjuyhuinh Ywenigwép, ophlwy’ pw-
nhntdh wnhunwlwuwnp (BaTiOs3), hwuwniy b whqnkGyunpwywb Gplunypp, nph Enipnibl
wjb £, np dGuwOhywywb wagnbgnipjwb htnbwbpny Yuuwnwnpywéd B wunndh inbnuwpwp-
dp hwGgbglnud t ElGYunpwywl nwwnh wewowgdwh: MhtgnkGYunppyutpt nlEh (wyb
Uhpwenipyntl, ophwy” pwpdpwfunubtpniy, gugqwnphsGpnid L wy G:

Cwhatop wojwbynd 6O AB2O4 pwnwnpnigjwdp pwpn opuhnltpp, npnOgnid
dGunwnlOGph wwnndbbpp qpwntgbnud G0 ppywdlh wwnndbtpny wrwowgwd Grwbpun

28



uvonNauuuuuu ehuhu

glnwadl jupuin nwpujwéph nwunwny hwunywébtpp: Wn Yuenigwdpwihl unnGuwyb hp
wOywbnudb unwgt £t wqbhy 2wh0b] (MgAIO4) hwlpwlyniphg:

CwhbtGpntd A wuinndbtpp 0,08-0,11 G0 wrwynnd GpYyhge Ywwhnblbp GO,
ophtwy™ Mg, Cr**, Mn%, Fe?*, Co* L wj0: pwlp undnpwpwn qpwnbglnid GG
wOhnbwjhb GOpwgwlgh pninp pwrewOhuntph nwunwny hwnydwdébbtph 06y nipbpnpn
dwup: SwhUbih Ywenigwépnid nipwOhuntph nwunwny hwnydwdébtpp Yhuny swih
qpwnbgyws Ga 0,075-0,09 Gu pwrwyhn ntbbgnn Grwihge YwuinhnGotpny (Ti¥*, V¥, Cr*,
Mn*, Fe**, Co® L wj 0): Cwhlbih Ywrnigwdpl wewyt] wwwnbspwynp Yunptih b Gbp-
Ywjwglt; A wwnnilbphg Yuwqijwé cswywiwytbunpnbwgywd funpwlwnpnuwihb pooh
wnGupny, nph OGpuntd Ywb [BsO4] funpwlwpnlbp L [AO4] pwrwbhuwntp (GY. 1.19):

p
(

@A &8 Oo0

LY. 1.19. Cwhabih Ywrenigwépp

Npny 2whbbGGGpnid wnbnh £ nlbGOnud Ywpquwidhnfunud. B wwnndbtph YGup inbnw-
Jnpynud t pwrwbhuwintph, huy A wwnndbtpp B wwnndbbph gnwu Ysup hbuin® nipwbhu-
inbph nwunwpy hwwnywébtbpnud: Unwhuh 2whb606pp (B(A,B)O4) Ynsynid G0 2poywid:
Anwlg pUhG b wwnubned dwathuwywo Gpywpwpwnp (Fe(Fe", Fe')O,):

1.5. 2NPU3PUL LNON3BLENP RhURUL

Snwihb (nuénypLEpNLY wlgniiwihb dEunwnO6ph hnGOGpp hwlnhwnud 60 Ywuwhn-
OwjhG dubEph fjuwrGnipnh wnGupny, nph pwnwnpniejwl 0E9 hwAwfu dinbnud GO pwgdw-
opunhhnpwuwnbtn:
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UGinwnh wyywhnGh hhnpnihgh dwiwbwy plpwgnn gnpoplpwgltpp Ywntih £

wuwjiwlwywbnptl pwdwltb] Gptp wthwh.

1. ubthwywb hhnpnhg, wuhbGpG™ oph dnGYn GEpp dh dwuh wwwwpnunnbwgniyd
dGunwnh YynnpnhGwgdwb npnpunnid (npwbg thhnfuwnynidp hhnpopunfudptph).
wnhdbpwgnid, npp hwbqgbgnid £ hhnpopuhiwihb Yuwdpowybtph wrwowgiwl.
oph dniGYnih wynydwb hwyhb opunfudptinh wrwowgdwbl wrbsynn wnihyna-

nGhuwghw:

OH, |™ OH, |t=-v- OH, |u-2*
Hzol,,,,l\‘/l,,\\\OHz +H,0 H20/,,,_1\|4,.\\\OH +H,0 H20u,,_1\l/1_.\\\OH
H,07 | NoH,| -HO0" |H,07 | YoH,| ~HO |[H,07 | “oH

OH, 2 OH,

OH2 (n-2)+ OH2 O]—l2 2n - 2)+ .
Hy0n. [ wOH|  +2H0 | H,0m, |\ wOH . | wOH, +2H,0
H,0” | “oH ~41,0 (1,07 | Son’” | SoH, ~2H,0

2 2 2

OHZ OHZ 2n - 4)+

+2H,0 H20u,,‘l\|4,.\\\0'u..IJA_‘\\\OHZ

- 2H,0" Hzo/ | \O/ | \OHZ
OH,  OH,

<hnpnihgh YGpolbwywhb wprynitlbp £ hhnpopuhnp Ywd opunhhnpopuhnp: <hnpnihgh
wunhdwbbt wanud £ ahoniyh |hgph dGéwgiwbp L npw 2wrwynh thnppwgdwbp qnigpl-
pwg, hUsp htown | GYwwnb” hwibdwuntiny tnwnpptp hhnpopuhnbtph Guntgdwb pH-Gnp:
OphGwy™ Cd(OH), hhnpopuhnp pwlwywwbtu Guunnud k£, Gpp pH = 11, Mn(OH).-p, tipp
pH = 8-9, Fe(OH).p, tipp pH =7, Cu(OH)2-p L Zn(OH),-p, Gpp pH = 6, huy Fe(OH)s-p, tipp
pH = 3: 3d dGunwnlbph Grwihgp htpuwwyywyndwtpubtpp opwihb |nLonypLERNLY gn-
jnipgntt NGB0 dpwyb ndtin ppywiht dhowduwynpnid ([Me(H20)6]3+): Urwlg OGwfubwywh
prULgIWO wwwnpwunwdé Grwpdtp Gpywpeh wnbph (nuonypLGRNLG Ywh hhnpwwnwg-
Jwé YwinhnGObph pwpn fuwebnipn [Fe(Hz0)el™*, [Fe(H20)s(OH)I*, [Fe(Hz0)s(OH)]",
[Fe(H20)s(OH)2ls+, [Fes(OH)s(H20)e]**, [FesO(H20)s(OH)a** L wyG, nu tplwpeh hhnpop-
uhnh yninhn nwonyp: <hnpnithgh hwonbw wybih Yuynih G0 a6é swihubp nibtgnn (wa-
pwlnhnOtph YwunhnbObpp: Rwrwihgp Ywuwnhnbbbphg (nuonypned Ywpnn £ |hoG] dhw)
pnphnwih hnbp ([Th(H20)e]**): d wwpptph pninp hhnpopuhnlbpp gnpdGwlwbntd wju
Ywd wyb swhny Gpynhdp G0, wuhbpl® (nuéynid GG hhdph wybigniyntd™ wrwowgltiny
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hhnpopunyndwtpubtin: 3d 2wpph GpYwnpdtip Ywa Grwpdtp dGunwnbtGph hhnpopuhnlt-
np hhabwihG nuényplEpnd wrwowglnd GO pwrwhhnpopunyndwtpultin, npnbgnid
dGunwnh  Ynnpnhbwgdwb ninpup oph Gpyne  dniGyneG6pny hwulnud £ gbgh
([Fe(OH)4(H20)2]), huy f[upuin  hhdbwyhG |nénypend”  hbGpuwhhnpopunyndw tpubtn
([Fe(OH)6]3+): UGwnwnlbph™ +4 L wybh pwpdp opuhnwgiwl wuwnhdwbbtpny hhnpop-
upnbtphb pbnpny G0 ppywihlt hwwnynigintbbtpp: Ywbp hhdbwyhb (neénypUtpnLd gn-
Jnpinth nObG pwrwbhuwn opunhnbG6ph wbupnd, ophGwy™ VO3, MoO, L wyG: Gpyhgp
L Grwihgp opunhnGOEN0 wunhdwbwpwp prYLglthu uyunid GO funnwbwy.

2Cr0?2 +2H" = 2Cr,0% +H,0,

pGn npnid, npny dGuinwnOGpnud (V, Nb, Ta, Mo, W) wintinh G0 nibGOnid YnnpnhOwgiwl
rUh thnthnfuntpintt L wnjhopuntbuinwiwwnbbph (V10028]°, [M07024]% L wy( () wrwewgntu:

Ubgniiwiha dGunwnOtph wwnndbtph ynnpnhbwgdwb pybph hGown thndhnfuybint
hwwnynigjwdp  ywjdwlwynpywd dh wdipnne 2wnp wnihopundGunwiwwnbbph® hgnwn-
(hdhwgntpntbbtph wrwewgnLip:
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QLN 2
11-P1 uURh SUNPNGNh 2hURUL

2.1. cvuLnNEN PLNHBUGHML

Mwpptpwywl hwdwywngh 11-pn fudph (wnbdh funudp) wtwppbpb 60 wnhGép®
20CU, wnéwpp 47Ag, nuyhl’ 76Au, npnGp Gpptdlt wodwOynid 6O «<npwdwihb dGunwnOtn»
(hp0 dwiwbwybbpnd ogunwignpéyby GG npwbu npwd, huy htrwqunid npwbg hwdw-
hwiwdéplbphg hwwnb) G0 dGnwnwnpwdlbp), L fwrwqwjpwwywnhy rGOwngtGhnLdp
111Rg:

<pibwywb yhgwynid wyn tnwpptph wunndl6na nlbb0 d L s opphunwi Gpnud wpdt-
pwjhG EGYnPNGOGR wwpntowynn ns'(n = 1)d" fGYwnpnawihG nipdwghd, npp npnpw-
Ypnptl Gowl t wiwipwywb dGnwnbtph’ pwgqwd p opphwnwy L dGY s EGYunpnG
ntatgnn (n — N)s?(n — Nptns’ EGYUIPNGwihG nipugdht (Wwppbpwywl hwdwlwngh
Ywpd tnwppbpwyntd ynbdh fudph tnwppbpp wiwihwywb d6nwnbbph hbun guinbynid
G0 wrweohl fudpnid): 20wywé EiGYPNGwhG NuLpdwagdtph npny GdwbniNLGOENPHG™ wi-
Ywihwywb L 11-pn fudph dGnwnOGph phdhwywl hwuinynegntGbtpp qquithnptb wrwp-
pGpynud G0: Yw pwgwunpynid | Gpwbnyg, np (pwgywé d opphunwib6nt wybh pnyp GO
EYypwlOwglbnid wpunwphl s fiGYUPNGOGPD, pwl p opphwnwGGpp, hunLwpwp wnbGdh L
npw Odwlwybtph wpdtpwihb s tGYunpnGaGpp dhontyht wybih nudtin GO0 Yuwwywé,
hGsnd £] wwjdwbwynpywé GG 11-pn judph vnwppbph wwnndbtph werwohl hnGwgdwh
tuGpghwlbph 066 wpdtpltpp (wynuuwy 2.1): Ypwinyd G0 ywydwbwynpywé Owbl (wi-
Ywipwywb dGuinwnbGph hwdtdwuinnipjwadp) 11-pn fudph tnwppGph wunndwht 2wrw-
Jhnbtph thnppwgniip L phihwywb wynmphynipjwb Yunpniy Gwgnidp:
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UhLOnyO dwiwGwy hwjinbh t, np ns?np® pwnwlph pwpén YuyniGnipjulb wwun-
Awrny wiywhwywb dGunwnb06ph wuinndbbph Gpypnpn hnbwgdwb tGpghwl wybh 066

£, pwl 11-pn judph LnwppGph wwnndbGphbn:
MnGdhg wnéwpht wOglbihu dGrnwnwywb wewyhnp dESwOnd £, wjlnihGunl
abnd wohnhniu (wrgnuuwy 2.1.), hbosp pwgwunpdnid b jwbpwanhnwihb ubndGihne-

pJwlp:

Unyntuwy 2.1
11-pn fudph tnwppkph npn2 hwwnyneggnlGotp
Lwuinynipnip Cu Ag Au Rg
Elhbduuﬂm’g‘m? 62;[};{[“30‘““ [Ar}4s'3d " [Kr]5s'4d" [Xe]6s'5d"™ [Kn]7s'6d™
hnOwgiwb EuEpghw(, Yy2/dng
4 745,3 730,8 889,9 -
I 1958 2073 1973,3 -
I3 3554 3361 2859,0 -
Ubunwnwywb wrwyhnp*, 04 0,128 0,144 0,144 -
PnOwjhb pwrwyhnp**, G4
M 0,096 0,129 0,137 -
M 0,072 0,089 -~ -~
Mm% 0,053 0,075 0,085 -~
ElGYunpwpwgwuwywbnipnibp
puwn MinhGgh 1,90 1,93 2,54 -
puwn Oy En-Nnfunyh 1,75 1,42 1,42 -
0, +1, +2, (+3) | 0, +1, (+2), (+3), (-1), 0, +1,
Opuhnwgiwl wunh8wop*** L (+4) (+4) L (+5) (+2), +3, (+5) L (+3)
(+7)

*12 Ynnpnhbwgdwb pyh hwdwn:
** 6 YnnpnhOwgdwl pyh hwdwp. 2 Ynnpnhawgiwh pyh hwdwn Cu®™-h hnGwjht pwrwyhnp 0,06 G4 t:
*** Oulywastnpnid O24wé 60 wlywyntb opuhnwgdwb wunhAwbbtnp:

Cwrwynh dGéwgliwl hGnlwlbpny wnGdhg wpéwp wigiwl dwiwbwy wrwohl
hnGwgiwl LOoGpghwO Gwqndd £, huy dhontyh |hgeh wahb gnigplpwg wrwynh wbn-
thnfu dbwynt, hOoswbu Gwl dhontyh htwun 6s EGYUULNPNGOGEPH Yuwwh Ywynitbniginibp wwydw-
Gwynpnn rGywwunhyhunnwywl Gpunyph 20nphpy wpdwphg nuyh wOgdwl dwiwlbwy
wanLy:

11-pn fudph wnwppbph pwpdpwanylb opuhnwgiwl wuwnhdwlp gbpwqubgnid k
wwpptpwywb hwdiwywnpgh uwpd vnwpptGpuwyh fudph hwdwpp: 2pwghb (neénypnid
wnbdhb ptnpny £ +2, wpdwehb +1, huy nuyntlt’ +3 opuhnwgiwl wunhfwOp: “Hw hwdw-
dwjbtgynid t fudpnid hnbwgiwl EGGpghwih hwonpnwywb thnhnfunigywl hGwn:
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Upéwph wrwohl hnbwglwb FGGpghwt witbwhnppl £, wjb nbwpentd, Gpp wnGéh
hwdwn O0jwquanyOp” wewohlt Gpynt, huy nuynt hwdwp wrewohl Gptp hnGwgdiw
tuGpghwOGph gnudwnh k:

Cuwn MnhGgh™ 11-pn judph wwppbphg waklwibs fEYpwpwgwuwlywinpwlip
odnywdé t nuyhl, npb hp wpdtpny (2,54) dinwun | ubtbh (2,55) L j)nnh (2,66) tGYHUpwpw-
gwuwywbnipynt006phb: Pwgwuwywb opuhnwgdwl wunhdwbny dGunwn wwnpnibwynn
hnGwjhbt dhwgnipntbbtph (CsAu, RbsAu, Cs3OAu L K30Au) nu unjywuwnwgywd wniphn
(Au’) hnGh gnnipyntlp pwgwwnpynid £ 6s? EGYunpnGwht nipdugsh pwnén Ywynibne-
pwip wwjiwbwynpdwdé' nuynt wwnndh tiGYnpnbwiht 666 fubwdwygnipjwip: CsAu
dhwgntpyntGb hp hwwnynigyntbbtpny wybih Gowb £t wnbpha, pwl hwiwhwwoépltnh:

Unippn hnG wwpnibwynn nbnhb (nuényplbn unnwgynid GO gtighnidh wniphnp
(CsAu) htnniy wdinbhwynud |nuéthu: UdnOhwyh nwlnwn gninpzhwgiwl dwdwbwy
utnwgyntd 60 CsAu ¢ NH3 uniywuwunh Yuuwniyw piniptnbtn, npnGg gnuyGb pngéndd £ hi-
nnty wadinthwynd  wiywipwywb dGunwnbbph (nédwlb dwdwlbwy unpwuwnwgywé
ElGYyunpnGOGn wwpnibwynn wpgwuhpbbph Gdwbnepynilp:

MnGéh fudph wwpptpp +1 opupnwgiwl wunhidwbnid wdpnnonLjwip Wwhww-
Onud G0 [pwgywé d Gopwiwywpnwyp, wjuhbpl®™ dh wnpp hwwnynipinttbbpny hhobghnid
G0 hGunwbgnidwhl wnwpptphl: Wuwbtu, npwdg ponipwgpuwywb 6 gwén ynnpnhbwg-
dwb pybpp (2-3):

2.2. <UUUNNS MusUUvUL uyuunNy

Gnbp dGunwn0EnG £ (nuyh, wpdwe, wnh0é) nwuynid 60 wjb jnp dGwnwnGtph YN,
npnGp hwjuinOh GO dwpnynipjwbp nbrbu wun Jwn dwiwbwybbphg:

MnhGA0 wyb wrweohl dGwnwnbBphg £, npnbp uyub) £ ogunwgnpét dwnpnp: MnGéh L
ppnbgh (Cu-h L Sn-h hwiwhwwdép) ogunwgnponidp Gwlwynnpbp £ dwpnynipjw
wwuwnidnipjwb npnwyh nwpwpowlbtp (wnbdh L ppnbgh nwptp): Mn0ad6 hGwagnyb hpk-
np wwuwnywbnid 66 4. p. w. 5-nn hwqwpwdwyhb: Mn0dh «yniwpnid» wodjwbniip swagb|
t Uhwpnu ynagnt (hneb. Grewypnuy) wbnibhg, npuntn Yuwiht wnGédh hwbptp, L wpnto d. p.
w. 3-pn nwnnid wnhtd thb unnwOnid: Gopwnpynid t, np eniuwywb «megb» waywbnid
wrwowgb] £ hhb gpdwlwywb «dhnw» («dGwnwn») L «uthhdhtin» («<nwpphb») pweb-
nhg, nhnGp hpwnphg woywfiu éwagb| G0 hntbwywb «dGunwnb» («hwbpwnpwb») pwrhg:
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Gghwuwnnunid hwynbwpbpjwd wpdwpt qupntpp Onybwbu YyGpwagpynid GO 4. p.
w. 5-nn hwqwpwyywyhb: MGeLku 4. p. w. 2-pn hwqupwadwyntd wnpéwpp 2wwn hwqyw-
gjntin OGwnwn tp L qwhwwnynid Ep nuynig £ pwly: Yw «wpgnpniuy wOywbnidp
(hn b, wpgnd «uwyhuinwy, thwynn, thwjwwnwynn») jwnhbwlywb «wpgbnhnid»-h
hndplb t: <wdwpyned Ep, np (ntupbp Ywgddwdé b wpdéwphg, wyn ywuwndweny wjb Gaw-
Gwydt] t nwubh Grwbny (dwbqun): Nntuwywb «cepedbpo» wadwbniip |Gqyupwlbtph
066 dwup Ywwnid b gbpdwlbwlwb «uthpbp» pwreh hGun, npb wewowgt] £ wunpwyw
«uwpthney («uyhwnwy dbnwn», «wnéwe») pwrhg:

Nuyht wrwohlt dGwnwnG £, npht dwpnp dwlnp tp ntrlu pwpt nwphg: Yw
wwwdwrl wyb tp, np nuyhG ponigwb 69 hwlnhwnid Ep pwéht yhawyned: <anig h
Jd&p wyt hwdwnpdnud tp wpbh hGn. wodwOynid tp «wpbwht d6nwn» jwd ywpqu-
wbu «wpb» («unp»): LwinhObpta «wnipned» Gowbwyned £ «nbnhOy»: Ujwdnbwywb «30-
noto» Jwd «3nato» pwrp Yuwwnid G0 hinGypnwywywb «unp» («wnl») pwrh htwn:

NGawngtohntdba wewohl wbqwl uhbpbqyb) £ Ywnpdunnwnnud (AGpdwGhw) 1994 g.:
2003 p. ywwownnbwwtu pUnnioyty £t 111-pn vnwpph hwjnbwagnpénidp, huy 2004 p., h
wwuwnhy 4. Y. NGOwngkOh, wyo wodwoyb) t rGOwngkGhniy:

2.3. SUPUo4uonHa83NkFLL: h2NSNMU3NLL AUNUNNNHB3NFULL:
ususntue Gd bhpunnt@3ntue

Swpwdéywonipjwip 11-pn fudph wwnpptpp qqwihnptb wnwpptpynd G0 hpwphg:
UtlntGtLh uOnOht hwiwwwunwuuwb™ npwbu pbpl tnwpp® wnhbdb ntbh qquihnptl
wybLh U6S Ywpy, pwl dwin wpéwpep L nuyhl: POnLpjwG Bk wnhbdp (6,8 « 1072 quilq.
%), wndwpep (8 « 10* quibg. %) L nuyht (4 * 10° quilg. %) hwlnhwntd 56 hGswbu pGw-
yunnph, wybwbu £ shwgnipntbbtph wnbupny:

11-pn fudph nwpptph Lwpwwwndwht dhwgnipntbbEph (Gwuwdp™ opuhnbbph)
pGpdnnhtwdihywywb wblywynibnipinibp hwbgbgnud £ pwpdp otpdwuwnhfwbbtpnid
npw(g pwjpwjdwl, hGsp Gpypwytbnbp dLlwdnpiwl ywjdwbasnpnd nwnpdt| b «pGwéhb»
dGunwnlOGph wewowgiwlb ywwndwre: Unpdwph L nuynt, dwuwdp Gwb wynbdh, hOswtu L
wwnpptpnigynittnid npwbg hwplwb wiwwhoh L ywiwnhnioh «wqbynipyntbp» npulnp-
gnud £t hwunuwbu dGunwnwywt yhdwyp («pbwéhby») wwhwwlbine nibwynipjudp:
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Uwywjt wnbéh wyn nibwynipynibp pnyp b wpunwhwynywd, L npw pbwywnnpp hwb-
pwpwlwywb hwqywagniun Gpbnye k:

Nuynt 0§ pbwyuinnp (71 Y4g) hwyinbwpetpydt b Uquinpwihwyntd1869 p.:

2quwih pwlwynigwdp wnhbé L wpdwpe Gpypwytnund hwbanhwnod GO unbhnltph
inbupny’ «wynGdwhG thwy» Ywd pwiynght (CusS), pwiynwhphun (CuFeS,), «wunpdwpwihl
thwy» Ywd wpgtlnhun (Ag.S):

MnhGdp duinbnid £ Gl npn ppyw6lwihb dhwgnipyntbO6ph pwnwnpnigwl dke
Untwnhwn (Cu20), dwwfuhn (Cuz(OH)COs), wanitphun (Cus(OH)2(COs)2):

NuyhG hhdbwywbnid (95 %) hwlnhwnid £ «pGwéhb» wnbupny, sGwjwé hwjinOh GG
Owbl nuynt hwbpwwnbuwyltp, npnbp phdhwywb shwgnigntbbtn &G, ophtwy Yuwiyk-
nhunp (AuTez) L wnipnunhphunp (AuShby):

LhOGn y&huin vwpptp™ 11-pn fudph wnwppbpb nlGGG thnpp pYny hgnunnwbtp:
MnhGdp L wpdwel nlobo tpyne (53Cu, %°Cu L '7Ag ,'Ag), huy nuyhl® kY hgnunw (Au
(100%)), hGsp hGwpwdnpnipyntb  wnydtp £2gphun npnzGine npw wuinndwihb qubgqywon
(Ar (Au) = 196,96654):

MnGadh %Cu L **Cu hqnunnwlbphg gbpwypenid £ ©Cu-p (69,09 %), wjt ntwpntd,
pp wpéweh hgnunwbpp hwGnhwnid 66 gpbpt hwdwuwp pwwynipjwdp” 7Ag
(51,35 %) L "®Ag (48,65 %): LpJwd Yuynih hgnunnwGbphg pwgh™ wyn tnwppbpl nulka
Owl swrwquwjpwwywnhy hgnuninwUtin, nnnGghg, pun Yhuwwnpnhdwl wywpptpnipjwb L
Awnwagw)pdwl pUnipwgntph, npwtu Gywbwnhp wwnndbtp Gwwwwywhwpdiwp b og-
tnwagnnpdty **Cu (T12 = 12,8 dwil), "Ag (T12 = 22 Upy) L "*®Au (T42 = 2,967 op) han-
unnwbbpp:

<wny k G261, np "®8Au hgnunnwp pdoynLpjwb ik ogunwignpdyntd £ npny hhywbnnt-
pINLGOGph wiunnpndwl L pniddwl hwdwn: Uwulwynpwwbu, wju Ywd wjt phapwywb
dhwgnipjwl intupny win hgnunnwp wwnpnibwynn nuyne Yninpn (nuénypp GGpwnpynid 6o
swnnpwy nienigpltin nubtgnn hhywbnbtphb: <wdwpynid £, np nw hhjwOnh hwdwp
Junwbgwynp sk, pwOh np, ntbGowiny Yuwbph 2wwn upsd wnbnnnipnil, w)b opgqwbhg-
anud wpwq yGpwbned £:

NEawngtOuhntdt nbh 7 hgnunnwy, npnGp pwjpwiynid 60 a dwrwagwjpniiny’™ thn-
fuwpydytiny dGjinbtphndh hgnuinnwbtph.

272Rg Sa+ 168Mt:
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MnGAah wpunwnpiwb nGubninghwl wnpwwn hwbpwOniphg dGwnwnh nnipu Ynpg-
dwb wnhwhy ophbwy t: MnGAdwht hwbpwOnieh (pwiynwhphuwn) GniyGhuy witlwhw-
pnuwn Gun206pp wwpnitbwyned 66 dhosl 1-2 % wnhGd: Liwb Gpywpwht hwlpwunb-
uwyaena pnhwbpwwtu s60 dowyyniy:

MnGAdwyh0 hwbpwbniph d2wyntdp uyuyned b dwytpGuwht wyunhy Ojnieny npw
dinunwghnl hwpuwnwgdwip™ hhdbytiny pwiynwhphunh b nwwnwpy wwwph' dhgjwbghg
tnwnpebp ppotiihnipjwb hwwnynipjwb Yypw:

dinnnwgnidnd hwpuunwgdwb uygpnibph yGpwptbpw; wywwnybpwgnid Yuqibint
hwdwpn Yupth b Juwnwnpb dh wwng thnpd: Uwipwgwd wynbdh hwbpwOnipp (gOb]
wwwyt guwbh v, wybiwglb] onip L pwhwhwntb: UWipnne hwbpwbjnielt whdihowwtu
Yauwnh qruwlbh hwwnwyhG: Wonthbunb wybiwglt) «pinuinuquiwbynie», npnb pblwnpnnwpwn
Ywbyned £ pwiynwhphuinh Ynndhg, pwig sh thnfuwgnnid nwwnwny wwwnph (ophGwy
Udwpgh) hGwn: Unwhuh wonwinie Ywpnn £ |hGG] Yuihnwdh paiehppuwbunngtlwunp
(KSCSOC4Hg): Ruwlbwnngtlwuwnhg pwgh’ quubh e wybiwglt; thpthpwanuglnn Gjnip’
undnt jnin, L qubp pwthwhwnt: MM0dh unthnwyhb hwbpwbniph dwubhybtpp, npnbg
dwytpunyphb Yniunnwyyt tp Ywihnudh puwbuinngtbwwn, Yuysnid 6o tdhpthnephb, huy nw-
nwny wwwpp (YJwpg) Gunnid § hwuinwyho:

{wpuwnwgniip wynbdh wywpnibwyniginitbp fjunnwbynipnid dGéwglnud £ dnun 10 wl-
quw:

Glwha hwlph hwpuwnwgniihg hbwnn funnwOnipp, npp wwnpniwynud £ FeSae-h L
FeS-h fuwrGntpn, 1400°C-nt GGpwnynid GG opuhnuglnn pnéGWG.

2CuFeS; + Oz = CuzS + 2FeS + SO,
2FeS; + 50, = 2FeO + 4S0.,
2FeS + 30, = 2FeO + 2S0y:

Urwohl Gpynt rGwyghwlbpp wnbnh G0 nlbGGnud wdpnnontpjwdp, huy ybpohbp®
dwuwip: UQuwhuny, hwbpwbnigh dwyiwb wyn thninid pwiynwhphwnp thnfuwpyynid
t CusS, FeS L FeO wwpnibwynn juwrbnipnh:

@néntihg htuinn dhowlyw) wpgwuhp («2wbjb») unwbwint hwdwn fuwrtnipnl
wOnpwnwndhs Juwrwpwlnid hwind 6G° Gwfuopnp wybjwgltiny SiO, (FeO-0 Ywuwbint
hwdwp).

FeO + SiO; = FeSiOa:
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{wpwptpwywbnptb pbel Gpywpeh uhihywwnp hppl fuwpwd (2wy) Gianw | fuwe-
OGnipnh dwytplnyp L hGrwgynid, huy hwwnwyht dbwgwéd FeS L CuzS unidhnlbiph
fuwrOnitpnp (Ghowbyw] wpqwuhp) pGubdGpugbnud G0: Ypw hwdwn hwwé dhowbywy
wpquwuhpp (gbnud GO0 YynGybpuinkn, nph 069 pprywdéhl GO Gepkhsnud, npwtugh dhowayjwy
wpqwuhpp «sgnunwhwnyh»: Wn gnpéplpwgnid dlwgwd FeS-p wdpnnontpjwip thn-
fuwnyynud t FeO-h, nnp FeSiOs-h wintupny hGrwgynid t ynGytpunbphb SiO2 wybjwg-
G61nY, huy CuzS-p dwuwdp thnfuwpyynid £ CuzO-h.

2CusS + 30, = 2Cu,0 + 2S0,:

<wonpn thnyp dwpiwbnwetep Onybwbu wnbnh £ nlbGOnid Yynbybpuinbpned, uwyuwyl
wrwlg ppywdébh GGpthstwb: Mn0dh dwpdwlnwtep hwinypnid A0wgwé CuS-h L
Cu20O-h thnfuwgntgnipnttb £, nph htunbwbpny wnhbép yGpwywbqbynid £ thnfuwny-
JGiny dGunwnh.

CuzS + 2Cu,0 =6Cu + SOq:

Uwnwgyntd £ 90-95 % Cu wwpnibwynn «pGpwwwunpwuwn» wnhGd, nnh hGunwaquw
dwppnuip Jwuwnwnynud b «ypwywht qunupyowb» Gnwbwyny: “Ypw hwiwp «pbpw-
wwuwnpwuwny» wnhtdp Gnphg innbnwhnfunid 60 wanpwnwndhs Jwewpwb L hwipnod: <w-
(nypeh 0E9 dunglnid GO GpYwpt funnnwybtn L on thsnud: Unwtu wywydwbbbn GG uuntn-
ontd hGunnptl fuwpwd wagbnn dGwnwnbtph opuhnwgdwb hwdwn.

4Sb + 30, = 2Sb;0s3, 2Pb + Oz = 2PbO0,
2Zn + O, = 2Zn0, 2Fe + O, = 2FeO:

Opuhnwgiwl dwiwbwy Ywayned £ Gwb npny pwbwynipjwip wnhoé.
4Cu + O2= 2Cu.0:

NpwBugh wnhGdp opuhnwgywsé yhdwyhg thnfuwnytl dGwnwnh, hwenpn thnyntd
hpwywbwglnid 60 hwwé dEunwnh «juwrbdwb» gnpéplpwgp. hwiywéd wnbdht fuwre-
Onud 6O YEsne thwyinwyunnplbp Ywd thwynwénifu: «luwr0dwbO» Guwunwyp thwjnwé-
funy Cu20-h yGpwywbqgbniil k.

Cu,O + C=2Cu + CO:

Uwnwgyntd £ 95-98 % wnhOd wwpnibwynn «Yupdhp wynhady», nnb ogunwgnpéynid
t npwbu wlnn tGYLpwquwpyiwb Gnwbwyny wnbédh yepeltwywb dwppdwb hwdwn:
Npwtu Ywunnn oguinwgnpéynid £ dwpnip wynhGa:
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uannh ypw. Cu® - 2e — Cu?":
Lwuwnnh Ypwi. Cu®*" +2e — Cu:

Ubnnhg Ywuwnn wynhbtd wnbnwwnuynid t CuSO4-h opwiyhb (nuénypny:

Ubtnnwiht wwwpwfunwunid (Gungwép) Yninnwyyned 60 wqbhy dGwnwnbbn (wp-
owp, nuyh L wwuwhnhnbbp), hbswbu Gwl wnbGdh pwiyngtlhnbtn (CuzS, CuzSe L
CuzTe), npnlp ogunwagnnpéynid GO ubi Gl L wnGinp unnwbwint hwdwp:

Uwuwnnh Yypw wlowwnwd pwpdn dwppnigwdp (99,99 %) «kGYunpnhunughO»
wnhtdp Yhpwednid t EGYnpwiwptph, tlGyunpwnGuthywywa uwppwynpnidbbph ni
dGpLOwlGnph dwubph wpunwnpnipjwb b9, hoswbu Gwl wnhbd ywpnibwynn wnwnpptn
hwiwhwwéplbn unwbwint hwdwn:

Pwgh pwpdp 9tndwunhfwbatpnid wynbdh unwgiwb Gnwlbwyhg (9Epdwdikuinwnw-
gnpéncpynLb)” UGS Gpwbwynipyntt NGO hwbpwnipbphg npw Ynpqiwb wyb Gnwlwy-
GGpp, npnOp hhdGywé 6O wyu Yud wyb henniynd hwbpwOjnipbph dawydwb ypw (9pwdk-
wnwnwagnpéneeintb):

Opuhnuwjht hwOpwOjniptphg wnbdh wiowwndwl hwiwnp hwiwfu ogunwgnpdynid
t HoSOs-h Gnup [nuényp, huy untdhnwihb hwbpwbnietphg wnhtdp wptih £ nuétih
Jhswyh ptpt) hbGunlyw| rGwyghwny.

CuaS + 2Fe(S04)3 = 2CuSO4 + 4FeS0,4 + S:

Urnwowgwdé wnbdh unidwwnh Gnup [nuényphg dGunwnl wlowuwnnud GO Yw'd
tlGYwnpnihgny, Yuwd Bplwpeny:

Unpdwpep’ npwtu Ynnilbwyh Onip, unwgynid bt wynbdwiht L YuwwwpwghGywihl
unt bhnwihb hwbpwOnietph dwyiwl dwiwlwy, pwyg hhdbwywb wnpnipp wnbéh
EilGYunpn hunnwhb gunwinyiw bt wwwpwfuinuub g:

UpSdwp wwnniOwynn Yuwwwpwiht hwGpwOnipp, ophGwly Ywwwpwihb thuw)p
(PbS), npp wwpnibwynid £ dhOslk 1 % wpgblwnhun (Ag2S), dwytihu npwbu fuwpwad
wrwowlnud § «wpdwpwhw), pwnwlp», nnp unwlwnt hwdwp wpédwpep wwpnibwynn
hwiwé Yywwwpht wybwgynid  ghy: Urweowbnid GO Yuwwwpned spneéynn, Yuynib L
pwnwlph wintupny hwinyph dwytplbnyp Giunn AgaZns, AgaZns L dhoubunwnwywl wy)
dhwgnipyntbbtp: Ywwwpwiht hwinyph dwybpbnyphg wiowwnywsd «wnpdwpwihlt thwy-
(0» nwpwglnid 6O dowgwéd Yuwwwnb opuhnwgbtint L ghGyp htrwglbint (thy = 900°C)
hwdwn: Updwph ytpolwywl dwppnidp Ywwnwpygnid b EGYunpwgqunwnyiwl Gnubw-
ynd:
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Ubnnwiht wwwnwiuniuhg wnéweh, nuynt L wwwnhbwiht dGunwnbtph Ynpgniap
htGyunnigjwdp hpwywlwgynid b phdhwywb dwlbwwwnphny: b tnwpptpnipinitt nuyne L
wwwnhbwhb d6nwnb6ph™ wpéwpep (NLtéynid £ wgnunwwb prynty:

UpSwpeh Ghuinpwunh [nuényphg dGunwnwywb wpdwpe Ywntih § Gunbglb] Gpyweh
(1) unipwwnnd nu ghGyny, wdnbhwywyihb (nényphg” $npdwinthpnny, huy hpdph we-
Ywyntgjwl nGwpnid” dwOquabh (1) Ghunpwunny.

3AgNO; + 3FeSO, = 3Ag + Fe(NOs)3 + Fex(S04)s,
2AgNO; + Zn = Zn(NO3), + 2Ag,
2[Ag (NH3)2]OH + HCHO = 2Ag + 3NH3 + HCOONH,4 + H0,
2AgNO3 + Mn(NOs3),; + 4NaOH = 2Ag + MnO, + 4NaNO; + 2H,0:

Updwpeh Ywnlunpwagnt wnpynip G0 Gwl ypGnwpunwnpnipjwb b jntuwbyuipsnipywl
pwnGlGpp:

Upswp wwnniGwynn dbwgnpnltpp dowynid 60 wnwpepynd, wrwowgwd AgCl-h
Gunnwopp pwdwlnid G0 L HCI-h weywynigjwdp 1:1 hwpwptpnigjwdp yGpwyuwbgbnid
ghbyny.

2AgCl + Zn = ZnCl; + 2Ag:

<hibwjhb dhowywynnid npwtu Yyepwywagbhs Yuntih b ogunwgnpét) Gwb $npdwg-

nthhn.
4AgCl + HCHO + 6NaOH = 4Ag + 4NaCl + Na,COs3 + 4H,0:

Updwpeh pinphnh dwyiwl o6y wy Gnwbwy t unnuwyh htwn npw 2hjuwgnidp.

4AgCl + 2Na,CO3 = 4Ag + 4NaCl + 2CO; + Oy:

Upswpeh hwiwuwnphwih wpunwnpnipjwb dnunn 20 %-p unnwgynid b wpdwpwhl
hwOpwOjnLpGnhg:

{wbpwbjniph hwpuwnwgniihg htunn wyb yGpwadwynid GG, nph hhdpnid hhaGwyw-
Onud pbywé £ ghwbhnwyht gnpéplpwgp, wyb £ dGnwnh Ywd uni dpnp (nuénudp funnwig-
Jwé on GGpthsynn Gwunphnidh ghwbhnh (nuénypny.

4Ag + 8NaCN + O + 2H,0 = 4Na[Ag(CN)2] + 4NaOH,
Ag>S + 4NaCN = 2Na[Ag(CN),] + Na,S:

S8hwlhnwihb Yndwtpuhg wpdwpep Guunnbglnid GO dwbpwgywéd ghGyny Ywd wynt-

ahbny.
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2Na[Ag(CN).] + Zn = 2Ag + Naz[Zn(CN)4],
3Na[Ag(CN),] + Al + 4NaOH + 2H,0 = 3Ag + Na[Al(OH)s(H.0),] + 6NaCN:

Unti$hnwihG hwapwOniph dwydwb 86y wyp Gnwbwy £ 500-600°C-nLd pinpwglnn
pPoNLUp.
AgsS + 2NaCl + 20, = 2AgCl + NaySOy4:

@Bnéniihg htuinn wnpéwph pinphnp (NLéwqwunnid GG Gwunphnudh ghnunt dwunny b
wrwowgwd Naz[Ag(S203)2] Yniwtpup ytpwywbqlnid ghGynd.

AgC| + 2Na,S,035 = Na3[Ag(SZO3)2] + NaCl,
ONas[Ag(S:0s)s] + Zn = 2Ag + 3Na,S,03 + ZnS,0s:

Lodwé tnwlwybtpny unwgywdé wpdwpep uhauin wywpnibwynad £ thnpp pwbwynt-
piwdp nuyh, wnhtd L uwwwnp: Updweh dwpnpnidp Ywwnwnynid £ Yw'd phdhwywb, Yuw'a
EilGYunpn hunnwhG gquwpyiwb Gnwbwyny:

Lhipwywb Gnwlwyny dwpndwl nbwpntd «hntd» wnpéwpep |nLontd GO0 wgnunwywb
prYnil: dbpwpnipnugnuing  dwppwdé  wpéwph OGhunpwunp  yGpwywbgbnid GO
wnbany, huy nuyhb donud £ Gunnwdépnid: Uwppnudp upGih b Yuunwpt, Gwb w)p Gnw-
Gwyny: Yspwpnipnugywdé wpdwph Ghunpwwnp dowyned 66 wdnGhwyh opwyhb |nuényy-
pnNY” wyb thnfuwnpybiny Gpywahbnwpéwpeh hhnpopuhnh, npp YyGpwywbgbnid GG hwp-
Jwpywjhb pwbwynyd yspgywé wianbhnidh un dhnny.

3Ag + 4HNO3 = 3AgNO3 + NO + 2H,0,
AgNO; + 3NH4OH = [Ag(NH3)2]JOH + NH4NO3 + 2H,0,
2[Ag(NHs3)2]OH + (NH4)2S03 + 3H,0 = 2Ag + (NH4).SO4 + 4NH,OH:

ElGYunpnihinwihb quwnpydwl dwiwbwy ogunwagnpdynid k' «hnidy wpdwpb winn,
huy npwtu Yuuwnnn dwpnip wpédwpeb 2Gpwnhy: ElGYwnpnihin £ wpdwph Ghunpwwnhp |-
onypp: ElGYnpnihinind hwuwnwunnit hnuwbp wbglywglbbihu dwpnip wpdwpep Guunnid §
ywuwnnnh Jpw, huy wnpéwphg wynhy dtunwnbtpt hnbGph innbupnd wbglnud GG |ni-
onyp: Wn nbGwpntd nuyht dbGnd £t wlannuihlt wwwpwfuniunid: Unwgynid £ 99,9 %
dwppnigjwdp wpéwp, nnb oquwagnpoyntd k wpéwp-Yunipnidwhb Yniunwyhsbtnh,
ElGUunpwywl hwywwnbnh, hwGint L nuyGpswywb hptph, hOoswtu Gwb (nruwbYwnpswywb
dwwwytlh L phprtinh wpunwnpnipjwb 4G9:

Urnnowwwhwywb nbfubhywynid L pdynipjub e hGunwpnpphn Yhpwenipnia
gt dwOpwgywé wpdwpep: Onpdtpp gnyg G0 wndb], np Ag” hnbGO odinywé t nidtin
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wpunwhwynywsé pwgwrehy dwipfwuwwlb hwwnynigjwadp: Ophbwy wrw(g onh hbwn
20wl wpdwpt winpnid dGwgwdé onipp Ywnnn £ swihwquwg Gpywn dwiwbwy s06-
fub|, pwbh np dGLwnwywb wpdwph hGwn 2thdwb dwdwbwy hp oG wagwé s4sht pw-
Gwynipjwip wpéwph hnbOGpNY wyt gpbpt wdpnnontpjwip dwlptwqbpéynid k: Uw
hwjinOh £ Gnb| nbrblu hhO dwiwlwybtphg: Uuwbtu, dnunn 2600 wnnwph wrwye wwpuhg
Uhp 2whp rwqiwywb wpwywbplbph dwdwlwy fudbine onipp wwhbp £ wpowpek
wlnplOtpnLy:

UpSwpeh hnbOEph Yninwynedp opned Yuunwpynid b wjbpwl wpwg, nppwl 066 L
npw hGun dGunwnh 2thdwl dwybplunypp: WO wewybjwgnyu dGéwglbint L dwfuup
0Jwqabgbtint hwiwnp Gwwunwywhwpdwn £ undnpwywb wjwagh hwwnhybbpp ywuwnb)
dGunnwnh pwpwy 26punind L ontpp $hiinpt npwbny: LNYL Gnwbwyny unwgywéd «wn-
owpjw pwlghdlbtpp» (Gwryw) L «wnpéwpjw pwipwyh» yhpwywwbtpb ogunnwgnpdynty
G0 npn2 dwywihG hpqwbnnigntGbtph L sthwyynn ybpptnph pniddwl hwdwp:

<wny t G26], np «wpéwpjw oph» unnwgliwl wpyntbwybwn Gnwlwy £ oph hwnudp
ns pG dGLwnwywb wpdwpeh, wy wnpowph pinphnh htun: Un wnh hwgbgwé |nuéniypnid
wrwowgwd wpdweh hnbh Ynbgtlwnpwghwl uqdind E dnun 1 dg/|, wjb nbwpeney, Gpp
wnéweh dwintwuwwb wanbgntpjwt uwhdwap 10° dg/|

Pwlh np nuynt funnnipyntOp (19,3 a/ud®) wybih 066 £, pwl YJwpgwihG wywghlp
(2,6 q/ut®), opny [Jwlwny® «pawshb» nuyht pwdwbntd GO nwwnwny wwwnphg: Uwpntn
dGunwn unnwlnud 60 Yw's ghwbhnuhb Gnwlwynd, Yw'd wiwqudiwgniiny:

Shwlwgiwl dwiwlwy dwbpwgywé hnudplb onh hnuph wwjiwbabtpnid Gawynid
G0 Gwuwphnudh ghwbhnh hhdaGwyhG Gnup (nuénypny (pH = 10-11).

4Au + 8NaCN + O, + 2H20 = 4Na[Au(CN),] + 4NaOH:
S8hwlhnwyhb (niényphg nuynhb Guwintglnid G0 ghGyh thnyny.
2Na[Au(CN)2] + Zn = Naz[Zn(CN)4] + Au:

Anpéplbpwgp wnbinud £ dnuin 30 dwy, huy nuyne Gipp Ywqined £ 90-95 %:

UWdwiqwadwgniiny nuynb Ynpgbint hwiwp dwipwgywd hnudpp opp hnupny wbg-
Ywgynted £ ubnhynd drwyywéd wynbdt phpbnh ypwyny: Nuyhb (niéynid t ulnhynid: Nu-
Ynt wdwigwip 20-50 % nuyh wwnpniGwynn dwoénty k: Uanhyp nuynt htuin Ywpnn § wew-
owglti| AuHgz, AuzHg uhoutGunwnwuihwgnigntbbtn L 16,7 % ulnhy wwpnibwynn whn
[nLényR: Nuynt wiwigwihg utnhyp htrwgbnud GG 357°C-nLd pnpbiny:
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Lodwé Gnwlwybbpny unnwgywé nuyhb fuwrbnipnbtphg dwpnpnud GO i GYnpnip-
tnwiht quwpyiwb Gnwlwyny: Unnwgynid £ 99,99 % dwppnigjwdp nuyh: Npwtu wann
ogunwgnpéynid k sdwppywéd nuyh, huy npwtu Ywuwnn dwpnip nuyh: ElGYunpnhuin
Gnup HCI-ntd nuynt () pinphnh (nuénypep: ElGYunpnihgh dwiwOwy wnknh G0 nloGOnLd
hGuinlyw| gnnépbpwgltpp:

uannh ypw Ywuwnnnh Ypw
Au + HCI + 3CI" = H[AuCly4], H[AuCly] + 3H" = Au + 4HCI
Au - 3e — Au* Au® +3e — Au
Au + HCI + CI' = H[AuCl] H[AuClz] + H" = Au + 2HCI
Au-e=Au’ Au® +e — Au

Uwtyunpw dwppnipjwdp nuyh unwbwint hwiwp qunwdé nuyhb dowynid GG wnp-
pwjwonny L Guntglnud wybwhuh yGpwywbqbpsbtnph ogbnipjwdp, hbswhuhp GO §60pw-
JhG qwaqap, pprUoywpeprntt L wyt: Nuynt thnhb opwébh dhowdwpnid hwinid GG Nt Yw-
nwwwnnty:

Nuyht npwdiwht hwiwywpgh hhdpb t: <ujwjwywb pwbwynipjwip nuyh wywh-
gnid £ pwGytpnid’ npwidwpowbwrenigjwb wwywhnydwb hwdwn:

Nuytnsnipjwb dbe oguwgnpdyned G0 wy| dGwnwnlEph hbGwn nuynt hwdwhwywdép-
GGpp, npnbg 20nphhy nuyw hptpp dGjuwOhywywb hwunynipntbbGpp pwpGiwyynid Ga.
npwbp nwrOnud G0 wybh nhdwgyntG:

{wiwhwywéplbtpnid wqbhy dGwnwnOtph qwOgwéwiht  wwpnibwynipjwip
npnaynid £ npwGg hwpgp, nph wpdtpp hwiwwwunwuuwOned £ 1000 g hwiwhwywé-
pnud pwllywndtp dGunwnh wwpnibwynipjwbp: Nuyjw qupntpnd nuyphb hwdwfiu thGnud
t 583 hwpgh, huy wpdwpep™ 875: Nuyt L wpdwpb npwalbtph hwdwp hwpgh showaqquyhl
uinnwbnwnpup 900 E:

{wiwhwwéplbtpnid nuynt wywpnibwynegintp Gpptdld wpunwhwjnnud 60 Yw-
pwuwnbtpny: Ywpwuwnp nuynt qubgywéh 24-pn Gwub k, wjlwbu np dwpenip nuyht 24
wpwuw t: Bwllywnpdtp pwnpbph nGwpenid, ophbwy widwuwnh, Ywpwuinp wpunwhwyj-
wnnid £ ng pb dwppnieintbp, wy qubgywépn™ 0,200 g:

Bwlywndtp dGunwnltph ghGp hwdwi GepYwyjwgynud £ oGy wnpnuiywb nibghw-
Jjny, npp hwywuwnp £ 31,1035 gpw:

43



aLnHu 2. 11-N1 vUeh SUNPPGNh LhURUL

UGS pwlwynigjwip nuyh oguwgnpéynid t EEYunpnOhyuwynud” Yepwidwpnipjwb
hwlnbw Ywjnit hwywybtp ywunpwuwnbint hwdwn:

Ubunwnwywb hpph wpdwpwwwwnnidp L nuyGwwunnedp GGpywyniiu Yuunwpynid
G0 quwlwwwuwnhy Gnwlwyny: bpp’ npwbu Yuuwnnn, innGnwnpdniud t wqbhy dGuinw-
nh ghwOhnwht Yyndwbpuh (ntényp wywnnibwynn tiGyunpnhunwht nwpwih d6o: Shw-
OpnwihG Yndwtpu unwlnud GG nuynt pinphnp Ywd wpdwpeh Ghunpwuinb wpywb nbnhb
wnh L unnuwjh fuwrOnipnh |pLenypnid Grwgltiny:

Lwpuyhbnud dGinwnwywb werwnpywObph L GYEntghtbph qipbplOEph nuytgqodiwh
hwdwn ogunwgnnpéynid tp nuynt wdwigqwy, npp pwnywgwdé tn d6Y pwdhb nuynig L 2-3
pwdhb uGnhyhg: Nuytqodéynn hpp wwuwnydnd tp wiwgwaioh pwpwy 26punny, wjbnt-
hGuinl™ tnnwpwgynid: UGnhyh dh dwup hGrwOnud Ep, huy dph thnpp dwu whin (nuényph
wnGupny dbnid Ep nuytgodywsd hph ypwi:

Qhwut L thwyint hpbph nuytqoddwl hwdwn oguwagnpéynid t Gppwpbppwynp
nuyh® 96 % Au-h, 2 % Cu-h L 2 % Ag-h hwdwhwwép: Lppwpetpp NUYht wdpwgyned
wrwpywjh unubdwwwun dwytplniyphl:

NGGwingtohntdd wrwohlt wbOgqwd upbptqyt) £ wpwagwgnighsbtpnid phudniuinh dh-
ontyp GhytL-64 hgnunnwny rdpwyndtiny.

ZOQBi + 64Ni = 272Rg +n:

Urwowgwé hgnunnwb nibtp plnwakbp 1,5 iy Yhuwuinpnhdwb wwppGpnegnil: <6-
tnwaguwynid uhbptqyt) GO0 rGOGungGOhnudh wy hgnuinwlGbp, npnGghg wdtlwbpywpw-
Yuwgl ntbh 26 ynpy Yyphuwuinpnhdwb wwppbpniegndb:

2.4. MUM2 L3NHBGNNH Dh2hYUYUL {UsuntB3NtuLENre
11-pn fudph dGunwnOGpG NLoG0 Ghutnwybbhunpnbwgywdé funpwbwpnwhlb pynupbnw-

gwag, nph 20nphhy Shwuhb Ywpnn 60 wrwowglt] whan (nuényplGtp: Ywldp hwibiw-
nwpwnp ndjwnpwhw| gntbwynp dGuinwnbtn G0 (wyniuwy 2.2):

Unyntuwy 2.2
11-pn fJudph wwing Gnupbph hwwnynignuGatpp
Lwinynipinilp Cu Ag Au
Lwiwh 9bpdwunhswap, °C 1083 961 1064
Griwd obpdiwuwnhAwap, °C 2570 2160 2808
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tuuinnipynilp (20°C-nuy), g/ul® 8,9 10,5 19,3

Lwnénnipyntlp 25-3 25-3 2,5

Uunwbnwpw EGYunpnnwiht ynunbo-

ghuwip, E° (MM°), U +0,520 +0,799 +1,830
2 9

ns“(n - 1)d” t{GYuPNGh wbgdwb

tubnghw(, £ 1,50 3,72 1,75

Qnylp ywnuihp wpSwpwuwhwnwy ntnhb

Oputnwytbwnpnbwgywé 3 3
AjnipGnwgwbgp hunnuGWPRWhG

uaywynionipjulb wwwndweny rbGungtOhnudh hwwnynigyntbbenb niuntdbwuppywé
s60, L wngniuwynid npwb yspwpbpnn $hghywywb inyjwibtpp inpgwé s6a:

Uwpnip wnhbdp, wpdwpep L nuynb plnipwagpyned G0 pwpép Yrbhnigjwip, wwu-
inhynigywip L thwhynipgjwidp: “Ywbp hGunnipjwdp dgynid G0: UQuwbu, 1 g nuynig
wntip £ dgbiny unnwbwy 2 Yo Gpywpnegjwidp (wp: 11-pn fjudph twppbph wewowgnwoé
wuwng Gniptph jnipwhwuinynipgnca wyb £, np npwbp hwyunOh dGunwnbOGph dGe nlOGh
watlwpwndn  fiGyunpwhwnnpnwywinigntop L gipdwhwnnpnwywbnipynibp:  Un
hwwunynigntbbtpp wwjdwbwynpywd G0 npwbg gnuinhwywb (gnbwihb) Ywenigwdépny,
nph dLbwynpdwl dt9 hptbg GEpnpnud nLOkl d, p L s wunndwihbG opphwnwG6pp: <wnnp-
nwywbnipjwb gnuinhla dLwynpdnid £ s L p oppphuinwiGEpny: Ypwbhg Geppl ElGYUWNPNG-
GGpnd |phd (pwgywéd d gnunplb t: <wnnpnwywbnipjwb gnunne tiGYunpnGoGno www-
hnyntd 60 gwép inGuwywpwp nhdwnpneginibp b pwpép fGYunpwhwnnpnuwywbnienibl
nt 9Gpdwhwnnpnwyuwbnieyntbn:

Ubwnwnb6ph gnylp wwjdwbwynpdwé t pugywd gnuinnig hwnnpnwywbnipjwb
gnunh tiGYuPNGOGEpH wogdwb wnwpptp tEpghwbGnpny, wjuhUph.

ns'(n - 1)d'® - ns?(n - 1)d® wagniiny (wrynwuwy 2.2):

MnGah hwiwnp wyn tO0Epghwl hwiwwwwnwuuwOnwd £ EGYnpnGOEPHT inbuwlbh
uwytyuph uiws L uwnywn, nuynt hwiwp® uwunwdwbniawwagnyl, huy wpéweph
hwdiwp™ nipinpuwiwbniwywagnyb dwpgbpnud Ywbdwlp, hGsnd £ wwjdwbwydnpywo L
npwbg gnibwynpnidp:

Nuynth wpéwph Ywd nuynt hwiwhwwépht wnbdh wybjwgnidp hwogbgbnud | d
gnunt L hwnnpnwywOntpjwl gnunnt Bhol FGGpghwywb wpgbph dGéwgdwp, hGsh he-
inbwbpny wnbnh t nlbGanid gnybh tndhnfunegintt (ntinhhg Ywd Ywnpdhphg nwrGnud £
Yuwluwiy):
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Au-Ag-Cu hwiwhwwépltpp 15 % Zn wybjwglbhu unwOnd GO nbnlw-
gnpawyntb gnul: 75 % Au, 15 % Ag, 6 % Cu L 4 % Cd wwpniOwynn hwdwhwywdépl
nLOh dnig Ywbwys gnyb, 50 % Au L 50 % Cu wwpniGwynnp® Ywndhp, 75 % Au L 25 % Fe
wwnpnibwynnp® Ywwnywu, huy 80 % Au L 20 % Al wwpnibwynnp™ shpwbwagnyG:

<wijwsé nuynt L wpdwpp Ywpnn G0 Yuwob pwdwywlwswih ppywdhl, npp
dGunwnh winwlwnt dwiwbwy gpngwjunnid §:

MnGéh fudph dGnwnO6n0o weweowglnid 60 Yninhn (nténypltp: Mn0éh (1) uni dwunp
(nLénypp Gnpyphnbhwunny (NaxS204) ybpwywbqglbihu unwgynid £ Ywndhp yninhnwih
(nLényp, nna wybnthGunb hopbwptpwpwnp dwywnpnyned (Ynwagneynid) k:

Updwph L nuynt Yninhnbbpt wybih Yuynit 60 L Yuwpnn 60 ywwhwwoyb), nwubjwy
tnwphOtp: Uwubhybbph swihubphg wuwé™ nuyne Yninhn |nuénypbtpp Ywnpnn GO
thaG| ywOwg, nbnhG, Jupdhp, Yuwwnywun, dwonwywagnyb L GnyOhuy ul:

2.5. MUN2 L3NH3GNHh ehUhUyUuL <Usunkae3nkuueNre

Lwpqwénipjwb pwnpnid ynbéh fjudph dGunwnO6pp gunbynid 6O opwélhg we L wyn

wwuwndwreny 9nphg nu ns opuhnhs ppnLOtphg opwéhb nnipu s60G dnnud: Mnh0dp, npp
tudpnid wikOwrbwyghnbntGwyG £, GnyGhuy 1000°C-ntd opwihG gninpnt htw sh thn-

fuwqnnty:

fudpnud dEnwinO0B6ph wyuinhynipynitbp ytpbhg GEppl Gwgnid t: Wn dGunwnOtpp
(nLétLh yhawyh ptptint hwdwn oqguwgnpénid G0 opuhnhs penilGn Ywd nudtn Yndw-
[Gpuwagnywglnnbtn (hwawfu Gwb opuhnhsh wrwynipjwap):

MnhGép hGunnigjwdp hnfjuwgnnid £ hOswbu fupwn, wjbwbu £ Gnup wgnunwywl

pRrUN htiu.
Cu+ 4HNO3(ru) = CU(NO3)2 + 2NO, + 2H,0,

3Cu + 8HNO3) = 3Cu(NOs); + 2NO + 4H,0,
huswtu Owbl wy opuhnhs prnLUGNh htun, ophGwy.
6Cu + 12HCIO; = 5Cu(ClO3); + CuCl; + 6H.0:
fuhuin 660pwW WO pRYN htwin hnfuwqgnbgnipntbp pnirt pOpwOnLd £ wnwpwgltihu.
Cu + 2H,S0, —222°C_, CuSO,4 + SO, + 2H,0:
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udtih gwén obpdwunpdwbbtpnid thnfuwgntgnipinibp nwbnwn t pbpwbnid, L npwbu
rGwyghwih wpgwuhp waowwnyned £ CuzS-h pwywywlbwswih ul Gunywép.

5Cu + 4H,S0, —Z°°C_, Cu,S + 3CuSO, + 4H,0,

hul 200°C-ntd wlonip 6tpwlwh ppyh hbin thnfuwgnbgnipntGl pOpwntd t puwn ht-
nlyw| hwywuwpdwa.
2Cu + 2H,S04 = CusS0O4 + SO, + 2H50:

Addwpwinyd L Yndwbpuwiht dhwgnipntbbtph wrwowgniip hwOgbglnud §
Cu’/Cu wnwtOghwih GJwqiwb L dkwnwnh yGpwywagbhs hwwnynigjul nidbnugiwi:
Nppwl thnpp £ wnh (nuéGhnupywb wpunwnpwip, L 066 £ yndwGpuh Yuwynibnepjwl hwu-
wnwuwnnibp, wjbpwb qquih & Cu*/Cu wnwkOghwih Gwgniip: <6Og npwiny t pwgw-
unnynid wynbdéh (nuéndp hwingGlweonpweltwywb penibtpnid b wiwihwywb dGunwnbtph
ghwOhnbtph (nuénypLENNLY.

2Cu + 4HX = 2H[CuX_] + H2 (X=CI,Brul),
2Cu + 6KCN + 2H20 = 2K5[Cu(CN)3] + 2KOH + Ha:

bpnp, onh prywdlh pwgwyuwinipjwl wuwypiwbbtpnid wnhbtdp, wiowuwnbiny onpw-
6hG, Swypwhtn nwOnwn thnfuwgnntd t fupuin wnwppyh htwn: NEwyghwih wpwagnignLbp
qawihnptl wanid £ nipunpwidwOnwlywagntyt dwrwagw)plbn wpdwythu: Apndhnwiht L
jnnhnwiht yndwtpubtpp pinppnwihbGbGph hwatdwwn wybh Ywynit G0, wn ywundw-
rny ppniwopwdltwywl L jnnwopwédbtwywb penilbph htun wynbdh hnfuwqgnbgnipjw
dwiwOwy niyinpuwdwbnwyugnyb wrwagw)pnid wohpwdtwn st:

O6tpwonwdth htwn thnfuwgnbgnipintip 400°C-nd hwlgbglnid ' CuS-h wew-
owgiwl, huy npwbhg gwén obpdwunhdwlntd wewowlntd [ CuzS-h L CuS-h fuwne-
Gnipn: O60pwofuweth weywnipjwb nbwpnid OGnyb thnfuwgnbgnipjwb hGunbwbpny
wrwowlnwd 60 wnbéh (1) uny dhn L dGpwWAa.

8Cu + 2H,S + CS, = 4Cu,S + CHjy:

Opgwlwywl ppnibtpp wnbdh hGwn thnfuwgnnud 60 onh ppywdth wrywnipjwip:
Ophtwy pwgwiuwppyh htwn thnfuwgntgnipjwl dwdwbwy wrwowlnid ' «ur wnbdw-
YwOws» wadwdp hwynbh hhdlwjhG wgbunwn.

2Cu + 2CH3COOH + O3 = Cu(CH3COOQO); ¢ Cu(OH);:

Onh ppywdélh wrywjnipgjwdp wnh0dp nwlnwn nuéynid £ GnyGhuy wdnGhwyh
opwjhb (nénypnLy, hGsh dwuhb yywynud £ Jwe Yuwniywn (nuényph wewouwgniip.
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2Cu + 8NH3 + 6H20 + O, = 2[Cu(NHs)s(H20)2](OH).:

Onniud wynhbdp |neynid | Gwbe wanGhnidh Ghuinpwuwnh opwyhb (nudnypnid: Lnidnypp
hGuinghtuint unnwlOnud £ Ywwnyun gniGwydnpned, b dwiwbwyh pbhpwgpnid npwbhg
Guunnid £ YwbOws hhdbwyhG wn.

10Cu + 8NH;NO;3 + 2H,0 + O, = 2[Cu(NH3)s(NOs);] + 4Cux(OH)sNO3:

Unynpwywb otpdwunhfwlnid dGnwnwywb wnhbép JdGpwywbqbnud £ NO2-p,

huy dnwn 200°C-nLd” NO-G.
2Cu + NO2 = Cu20 + NO,
4Cu + 2NO = 2Cu20 + Ngz:

UtOwywiht obpdwunpswOnid wynhbdp nwlnwn thnfuwgnnud ' ppywdébh hGwn:
Uwwgnigywo t, np dGuinwnh dwytplnyph opuhnwgnidp uyuynid £ CugO L CugsO guidp-
wndtp opuhnlbph Gnipp pwnwlph wrwowgniiny: 100°C-ntd wnhbap dweéyynid t 6h-
nwlwagnylt CuzO-h pwnwlpny: Unwn 200°C-ntd wrewowntd t CuzO-h L CuO-h fuwne-
Gnipn, huy 2hugwé (ophbwy™ ququgnhsh Ynw) wnhbdb onntd Ywd ppywsbh dhow-
Juwjpnid wypynd £ Jwre Ywows pngny” thnfuwpyytiny ule CuO-h:

funGwy onnud (CO2 L SO, swwpnibwynn) wnhbdp ywunynid £ wynhbd L wynbdéh (1)
opuhn WwnpntGwynn wwwnwwbhs fuhun punwlpeny.
2Cu + Oz + 2H20 = 2Cu(OH),,
Cu(OH); + Cu = Cuz0 + H0:

Gpt onnud wwpnibwyynid G0 ququihl CO2 nt SO, L opwyht gninpzh, www wnho-
ap wwuwnynid £ YwlOws hpdbwyhb YuwppnGwunh ud hhdGwihO uny $wnh pwnwbpend.
2Cu+ Oy + HO + CO, = CUz(OH)zCOs,
8Cu + 50, + 6H20 + 2S0, = 2Cu4(OH)sSO4:

CO2-h wrlywnipjwip wiwhwywb dGunwnbtph pinphnbtph NLénypLENG wgnnid
G0 wnOdh ypw™ wrwowgltiny dwiwfuhwn (pinphnbtpp Juuwnwpnid 60 uwwnwihquwnnph
ntn), huy wrwdg CO2-h" plwywl wwnwywihwnh Gdwb hhnpopunpinphn.
2Cu + CO; + H,0 + O, —¥€ 5 Cu(OH), * CuCOs,
4Cu + 2NaCl + 4H,0 + 20, = CuCl; * 3Cu(OH); + 2NaOH:
Onpndnudbnpuwywb ppenilb nwbnwn (nuénud £ onnud tnwpwgywdsd wnhbdp.

2Cu + 4H3PO4 +0Oy= 20U(H2PO4)2 + 2H,0:
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Mnh0dp nwlnwn hnfuwgnnid £ hwingtbbtph htn™ wewewglbiny GpyhwingtkGhn-
GGp (pwgwrenipjwip jnnh, nph hGuin werwowglnid £ Cual): Anpéplpwgl wpwawOnid
unwpwglbhu, (nyuh wanbgnipjwdp, hGswbu Gwl fjunGwynipywb wWwjdwbbbpniy:

Oénudpp, ubitlp L wnGintpp wnbdh hwn thnfjuwgnnid G0 tnwpwglbihu Ywd uwbnh
069 wpnptihu” wrwowglbiny wnbdh (1) pwiyngthnbtn:

Urw0g onh hnuph $nudnph, wputith L wlhwnhdnbh hGwn dGnwnwywb wnbdh nw-
pwgniip hwOgbglnid £ $nuphnltph (CusP L CusP3), wputlhnltph (CusAsz, CuzAs L
CusAs;) ni. wlhwinhuinGhnbtph (CusSb,, CusSb L CusSby) wrwowgiw:

LUnyGhuy vnwpwgdwl wywjdwbbatpnid wnhbép opwébh, wgnunp b wéfuwébh hbwin
sh thnfuwgnnid: Ypwlg htuin wnbdh dhwgnipyntGbtpp, npnbp wOywynib GG, unwgyned
G0 YynnuOwyh Awlbwwwnphny:

Onhnfuwywl pwnwnpnipjwip (CuH) (x = 0,65 - 0,97) wnbdh hhnphnh Ywpdpw-
nwnsGwgnylb Gungwép wrwowlnid £t wynbdh (1) uniydwinh opuwyhl |nuénypp Ghpwdnu-
$npwyhb preUny Ytpwlwbqgltihu.

4CuSO0; + 3H3PO; + 6H,0 = 4CuH + 3H3PO4 + 4H,S04:

Yjnipghuinh Ywrenigwépny wyn dhwgnientop unynpwpwn wywnnibwyned £ wynhbd
L wnbdh opuhn, hGswbu Gwl 9nip: Swpwglbhu pwypwidnid | ywypyntny:
MnGéh Ywpphnp (Cu2Cz), nnb hp pGnypeny wgbtinhiGGhn £, unwgynid £ wnbéh (1)
pinphnh wanthwywyhb (nuénypny wgtwnp bt wogyuwgltihu.
2CuCl + 2NH3 + CoH, = Cu,Co + 2NH4CI:
U0 2wun wwypintbwyuinwbg inep t:
Unig Ywlws wnGdéh (1) Ghuuphnp (CusN) unnwgynid 280°C-n1d wnGdh (1) $un-

nhnh ypw wdnGhwyny wanbihu.
6CuF, + 4NH3 = 2CusN + 12HF + Ny:

MnG&h Ghuiphnp 400°C-nut hGpGwptpwpwn pwjpwyyntd b (Gppbdl” wwypintany):
Unwppryh wqnbgnipjwip wihwiwdwubwOndd k.

2CusN + 8HCI = 3CuCl; + 3Cu + 2NH.CI:

MnGdh Ypw wgnunwopwdbwywb ppyny Ywd wnbdh unidwwnp ypw Gwuwnpphnidh
wqghnny wqntihu wewowlntd t woyuynib b ywypintwywnwbg wynbédh wqghn.

Cu + 3HNj3 = CU(N3)2 + N2 + NH3,
CuSO4 + 2NaN3; = Cu(N3)2 + NaxSOg,:
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Mnh040 odinywé f dhodtitnwnwaihwgnigynibbtn wrwowgltint hwuwnynipjwip: Un
dhwgnipntbbtpp 066 dwup Ghpwpyynid £ 3nwd-Nngtiph YwlnGhb, wyb £ thnfuwgnnn
wwnnilbtph wpunwphG tlGYUNPNGGLGEPHL gndwiph hwpwpBpnipintbp dhodGunwnwihwgnt-
RIWG pwnuwnnNLRWG dt9 duinlnn wunniGbph pYhG hwywuwp Yud dnun t3p-h.

CuZn CusAl CusSn CusZng CusAly
le+2e=3 3e + 3e = 6e 5e + 4e =9 be+16e=21e 9e+12e=21e
3/2 6/4 = 3/2 9/6 = 3/2 21/13 = 3/2 21/13 = 3/2

MnGdh wwpnibwynigjwdp 2w hwdwhwwéplbn Ywb, npnbghg Yhpwrwywl
GowOwynipintd ntbtlO ppnGqOGpp”™ wignuihbwyhb (4-11 % Al, 2-5,5 % Fe, 3,5-5,5 Ni,
dbwgwoép’ Cu) nu wbwaqwihb (2,5-19,5 % Sn, 4% Zn, uhOsk 3 % Pb L dpGsl 1,2 % P),
wpnypbtpp (hwiwhwwép' dhbsk 50 % Zn-h wywpnibwynipjwip) wbwagwiha (1-1,5 %
Sn) nu wyntihbwihb (0,4-2,5 % Al), L wynhbd-0hyGiwht hwiwhwwdéplbpp™ dGphnp
(30 % Ni, 20 % Zn), ynGuunnwbunwb (40 % Ni, 1 % Mn) nt dwlGgqwOhb (12-14 % Mn, 2-4 %
Ni):

MnhGép npwiwht hwiwhwwéplbph hhdpl t: Uwyhunwy dwbpwnpwip pwnyw-
gwéd t 95 % Cu-hg L 5% Al-hg, huy ntnhGp™ 80 % Cu-hg L 20 % Ni-hg: <GwnnLpjwip
thnant yGpwéynn Gwpnh hwiwhwiywépp (50 % Cu, 45 % Al L 5 % Zn) Gpptil
ogunwagnpéynid £ npwtu yspwywbgbhs:

100°C-ntd CO-ny CuO-h ytpwlwhqlniihg unwgyws wnbGadh thnahG hpwypp k
(whpndnpwihG hwuinynipncb):

Lhipwywb nbuwbyntbhg wpdwpp pwywlwohba sqnp t, hnGwgybint hwuwnynt-
pwip hwlnbu sh qwipu L wytih wynhy dGunwnbtpny Ywd opwédlny hbuinnipjwdp
nntpu £ anynid dhwgnipyntbbtphg:

hOswtu wnhtdp, wpéwpp Lu ng opuhnhs penLUGpNLd unynpwywl ywjdwbbaGpnid
wrwlg ppywdth wrywinipjwlb sh ntéyned, hOsp hwiwwwwnwufuwbnd £ EGYwnpw-
phohwywl (wpywénipjwb 2wppntd npw gpnwywdéd nhpphb: Uwyw)b Gpb pinpwopwdéth
hnupnid wpdwpp Lnwpwgyh dhOsl Ywpdhp 2hywgiwb obpdwunhdwl, wb Yhnfuwgnh
pLnpwonwoélh htwn nwpdbh rbwyghwny.

Ag + HCI 5 AgCl + Ha:

On wwpnibowynn onph htw 2thybihu s0shG pwlwynipjwip wpéwp woagltnid k ne-
onyp.
O, + 2Ag + H,0 = Ag* + 20H,
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hOs0 wwwgnigynid £ irnipdwé rEwyghwyny wwjdwbwynpywé pH-h pwpdpwgniiny:
tunGwy onnud §6dph dhwgnipntbOGph weywjnigjwlt dwiwlwy wpdwpet hpbph
ubiwgnidp pwgwunpynid £ ndqwpwinyé Ag-h (1) uniidhnh wrwowgdwip, ophbwy.
2Ag + H,S = Ang + Ha:

Glpwnpynid k£, np rEwyghwb wnbnh £ nlbGOnd AgeS-h dwjpwhtn gwdép |nuékhnt-
pIWG wwwndwreny (Ig(LU) = -49,2): Mwpgyntd £, np E® (Ag2S/Ag) = -0,62 U utnwlnwnun
opuhnwytpwlwigtiwl wnwnbOghwip thnpp t 660pwopwéth pwgwlwnipjwip E°
(Ag'/Ag) = +0,799 4 wnubtlOghwihg: Uwywit hGwpwydnp £, np Ag2S-h wewowgdiwbp
Gwhunpnnid £ wpdwph opuhnwgntap.

4Ag + Oy = 2Ag,0,
Agzo + H.,S = Ang + H,0,
wjuhbp(.
2Ag + 2H,S + O, = 2AgeS + 2H,0:

Udbh 066 rtwyghnOnibwynipjwip [ odinwéd winGhnidh $npdwunnnd wipdwph
Ghwunpwunp tnwp (nényphg Gunbgywd twlpwnhuwbpu wndwpep, ophtwy” wyb htwnnt-
pjwip (ntéynid £ puinpwopwstwywb pryh L opwdth wtnopuhnh fjuwrbnipnntd.

2Ag + 2HF + H,0, = 2AgF + 2H,0:

hOswbtu wnhbtdp, wpéwpp Lu hGunnigjwdp |ntéynud £ opuhnhs penLOGpnLd, uw-
Yuwjl, h vnwpptpnipintd wnbéh, wjt wewowglnid  wnpdwph (1) wntn, opnhGwy.

B6Ag + 6HCIO; = AgCl + 5AgCIO; + 3H,0:

UGwnwnh |nénidp funsplnnunnn nddwnuwinté AgaS0O4-h wrwowgiwl ywwniwrny,
OnyOphuy wpwgiwl wwdwbbtpnuy, wpéwph L fupn §60pwlywb prYh thnfuwqnbgnt-
pINLG0 pOpwlNnLd 2w nwbnuwn.

2Ag + 2H,S0O4 = Ag2804 + SO, + 2H,0:

UpSwpep (niényp wiOgywglbint jwjwagnyt Gnwlbwyp npw thnfuwgntgnipntbb L
fupuin wgnunwywb pryh htiwn.

Ag + 2HNO; = AgNO3 + NO, + H,0:

Upéwpep hhdptph htwnn sh hnfuwgnnid, hGsp hhdGwiht hwdwb hwdwnp npwbhg
hwpwlnpltp L pwubtp ywunpwuwnbint hGwpwynpnignth £t vnwhu (h vnwppGpniendl
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wpéwpt hwiwbdwb nwpwltpp”™ wyiwwnhlt nwpwbtpp hpdbwiht hwpdwb dwdwbwy
YEpwdwpynid GO):

Snwdéih wetpopuhnh Ywd ppywdélh weywnigjwip wpdwpep (nuéynid £ ghwbhn-
Gtph |nuényplEpNLA.

4Ag + 8NaCN + 2H,0 + O, = 4Na[Ag (CN);] + 4NaOH:

Bprywdth wrywinigwip wjt nwinwn thnfuwgnnd b Gwl Gwwnphnudh pinphnh

fuhuwn nLényph htwn.
4Ag + 4NaCl + O; + 2H,0 = 4AgCl + 4NaOH:

BprYwdth htuin wpdwpep sh thnfuwgnniy, huy tnnwpwglbihu (240°C) oqnll wjh thn-
fuwnynid | pwpdnpwndtip opuhnh.
2Ag +203= AgzOz + 20.:

Unynpwywl otpdwuwnhdwlntd wpdwpp nwlnwn thnjuwgnnid £ hwingtGObph
hGinn® wrwowglbiny wpdweh (1) hwngtbhnlbp (pwgwenigwdp wnnph, nph hewnn
thnfuwgnbgnipjwlt dwdwlbwy wrwowlnid t AgFz): Swpwgiwlb L unynpuwywb 60w
wwydwbbtpnd thnfuwgntin pwiyngtltbtph hn™ wrwewglnd t pwiyngtlhnbtn, huy
$nudnph htn' AgP2 L AgsP41 dnudhnltp: <wny £ GG, npp hwiwdé yhgwynd wpdwpep
Yrwond t pwdwywlwswh uwyhwnwy $nudnp, nph dh dwup uwebgiwld dwdiwbwy
gngwjunnid £ L waowunynid gninpnt tnGupny, uwyuwyb Gnybhuy whon yh&wynid wpéw-
R0 Ywnnn | wwpnibwyt| qquih pwlwynigjwdp pnudnp:

hOswGu wnhOdp, wpéwpep Lu 9opwébh, wgnunh L wéfuwésth htuin wadhowywbnpth
sh thnfuwgnnid: 20wjwé Ywb ndjwibtp, np undnpwywb obpdwunhdwlnid, npp phs
hwywlwywb , wpdwpl wunniwp opwdébh hGn wewowglnid £ wlalwynit AgH: Swon
opdwuwnhdwlnd Grtpwihb (nuenypenid AgClO4-h L AlH4-h Ywd LiBH4-h hGun thnfuwignb-
gnigywl dwiwlwy wrewowlnid b nbnht AgAlHs Ywd uwhunwy AgBHs: LUdwéd dhwgnt-
pINL00GPp 2w wOywyntt G0 L uGbywywihbt oGpdwunhiwlntd wnpntb huy pwypwyyned
G0, ophbwy.

2AgBH4 = 2Ag + 2BH3; + Ha:

EL wybh wayuwynia t wpéwph Ghinphnp™ AgsN-p («wrwsnn wnéwpp»), nnb wrw-
owlnid b wpdwpeh pinphnh wanGhwywihb jupuin (Nuénypp hhdph hGwn fuwrObihu Ywa
funbwy wpéwph opuhnh L wanGhwyh fupun (nLényph thnjuwgqnbgnipwla dwdwbwy.

3AgCl + 3NaOH + NH3 = AgsN + 3NaCl + 3H20,
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3Ag,0 + 2NH3 = 2Ag3N + 3H,0:

UpSwpeh Ywpphnp, npp GnyOwtu wywypjntbwywnwbg Gnup £, unwgyned £ wpéwph
pinphnh wanthwywyhb (nuénypny wgtwnp bt wogyuwgltihu.

2AgC| + 2NH3 + CoHs = Angz + 2NH,CI:

MnGAah L nuynt hwibdwuwnnipjwip’ wpdwpeh’ dhodtunwnwaiahwgnipntGlbp wrw-
owglbnt hwwnynipntbb wybih pnyp £ wpunwhwynndwé, pwyg wnwhuh npny 0hw-
gnintbGbtn hwyinbh 660: Wuwbu, ubnhyh htwun wyb wewowglnid b AgsHgs (thy = 276°C) Lu
AgsHgs (thyy, = 127°C):

Npwtu wrwyb] nhwywywb «wqbhy» dGwnwn™ nuyhl (nudynid £ wybh nudbn opup-
nhs penLOGpnLy, ophGwy™ trwp wbonip ubGGwywb ppYntLy.

2Au + 6H,SeQ, = AUz(SeO4)3 + 3H,SeO3 + 3H,0

Ywad
2Au + 7H,SeO, = 2H[AU(SGO4)2] + 3SeO, + 6H,0:

AErLu wiphdhynubBphb hwyunOh tp, np nuyhG (neéyned | wppwjwopnid.
Au + HNO;3; + 4HCI = H[AuCl4] + NO + 2H,0:

Spywé rtwyghwynid npnwyh nbp £ Yuwunwpnd Yndwy Gpuwagnjugniip: Uppwjw-
onntd HNO3-p wwwhnyntd £ nuynt opupnwgniip, huy HCI-p wtnpwdwnpnud t hqwon™ CI,
npp Ywuwntd £ opuhnwgywé nuyhb [AuCls]” hnGh inbupnd:

<Gwpwynp £, np opupnhsh ntip uwuwwpnid £ Gwl Cl-p, npp Ghuipnghy pinphnh
hGuin dhwdwdwlwy wrwowlnid £t wgnuwywb ppdyh L wnwppryh thnuwgnbgnipjw
dwiwlOwy: bpnp, tpt hwdwywpgnid Yw pinp, www nuyha (néynd  Gwb fupun
wnwppynt.

2Au + 3Cl, + 2HCI = 2H[AUCl,]:

Uni0 wwwndweny nuyhb neeynid | Owl jupnn wnwppdh L Gwwnphnidh hhwnpin-

nhnh fuwrOnipnntd.
2Au + 8HCI + 3NaOCI = 2H[AuCl,4] + 3NaCl + 3H0,

huy pinph opwyhG [nuénypnid («ppnpwionipy») (ntéynud £ wrwewglbiny hhnpopunpin-
nhnwjhb Yndw)Gpu.
2Au + 3Cl; + 2H,0 = 2H[Au(OH)Cl3]:
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Swpwgiwl wwjywbbtpnd nuyht thnfuwgnnid t wiwiphwywb dsGunwnbbph pwq-
dwuntdphnbtiph L phnuni $wunbbph htuin™ wrwowgltiny phnwnbn.
2Au + 4NayS;03 = 2NaAuS + 3Na,SOq4 + 3S,
2Au + NayS; = 2NaAusS:
Wa hnfuwgnnid £ Gwb Gpyweh (1) pinphnh nwp (nuényph htun.

Au + 3FeCl3 = AuCl3 + 3FeCly:

Pwgh Opywd Gnwlwyotphg nuyhlt Ywpbh § nétih yph&wyh pbpbp hGunlywy
wqnwOniptpny’ fupunn 66dpwywl ppYyh L wiwihwywb dGwnwnbtph hhnpnuny dwnit-
nh Ywad uni dwwnbbph fuwrbtnipnny, wiywihwywb dGunwnbtph hhnpopuhnbtph L Ghun-
pwunObph fuwrOnipnh hwinyeny, nwpwgiwb ywjdwbbaGpnid Gwuinphnudh Ywd pwppnt-
dh wtpopuhnny, hGswtu Gwbl opuhnhsh wrwnipjwip wiywihwywb dGunwnlbtph ghw-
GpnGGph (nLénypnY.

2Au + 3H;S04 + 3NazSO4 = Auz(S0O4)3 + 3NaSO; + 3H,0,
2Au + 2NaOH + 3NaNOs3; = 2NaAuO; + 3NaNO; + H20,
2Au + 3Naz07 = 2NaAuO; + 2Na0,
2Au + 3Ba0, = Ba(AuOy), + 2Ba0,
4Au + 8NaCN + Oy + 2H20 = 4Na[Au(CN),] + 4NaOH:

@BGL 2wuwn nwlnwn, gnptpt witbtyww, puwyg L wjbwbu nuyhb NLéyYned | bwl Grwgnn

wuwn dwpntp fupwn (6fuwgnn) wgnunwywb pryntd.

Au + 4HNO; = AU(NO3)3 + NO + 2H,0:

LhaGind «wqOhy» dGunwn™ wyt Gnybhuy pwpdp otpdwunhfwbabpnid ppywdélh
hGwin sh thnfuwgnnid, uwyw)b Gnipp phpbnh wtupny Ywpnn § opuhnwbw| ppywdéln
wiwqiwjny Ywad nipinpuiwbniwywagneb swrwqu)plbph wqnbgnipjwip™ ogniny:

Nuynt hwingblwgniip hwagbgtnid £ nuyne (II1) hwyngtOhnOGph wrwowgiwl
(pwgwrenipjwip jnnh’ Aul): Nuynt htuin wyth hGon hnfuwgnnid £ ppndp. hnfuwgnbignt-
pINLG0O pbpwlnLd £ GnyGhuy uGbwywihb 9Gpdwunhiwbnid L nintygynid t juwrbnipnh
tnnwpwgiwdp: Binph L jnnh hGwn nuyne thnfuwgntgnipntt wybih wpwag b pbpwbnid
obpdnLpjwb Ywd nyuph wanbgnipjwdp: Swpwgdwl wwjdwbbttpnid nuyhbt dnudpnph htn
wrwowglnd £ AuP3 L AuzP3 $nudhnltip: O6iph hbwin sh thnfuwgnniy, huy wnbiniph htwn
wrwowglnud t wbnippn (AuTez): bp Gwfjunpnbtph Gdwb nuyhG 9pwdébh, wgnunh L
woéfuwdéOh htun sh thnfuwgnny:
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LUwl thwuwinkn, np walwynio AuHz-p uinwgynid t Gpbpned (-120°C) AuaCls-h L LiH-h
thnfuwgnbignLpjwip.
Au,Clg + 6LiH = 2AuH; + 6LICI:
AuH pwnwnpnipjwdp hhnphnh dnGyn06p0 wpédwbwagpybp 60 opwéth wrlw-
jnLpjwip 1400°C-nLd nuyhl nwpwglbihu:
AuzO-h opwihl Ywpunyph ypw wanbhwyny wagnbihu wewowlnid § AusN ¢ NH;

pwnwnpnigjwip Ghinphnwiht wéwbgjwip, npp Gnup peyny |Ywlwihu thnfuwnpyynid £
AusN « aq Ohwgnipjwb: 2np yhdwynid Gpynt dhwgnipntbbbpb £ wwypintbwyunwbg Ga:
<wynbh £ Gwb nuynt wghnp (AuNs), npp utnwigyned | hGuinlyw) rEwyghwny.

AuyClg + 6NaN3; = 2AuN3; + 6NaCl + 6Na:
UnyGhuy (nuonypnid wyb wywypintbwyunwlqg k:
2nnd sinteynn b ywypntbwyuinwbg nbnhb Au2Co-p unnwigyned £ nuynt (1) phnunt|-
Swunwihb yndywGpup L wgtinhGuh thnfuwgnbgnipjwadp.
2N83[AU(8203)2] + CoH, = AuoCs, + 3NaxS,05 + H,O + SO, + S:
GlUpwnpyntd £, np rGUwnngGOhntdp Gowb £ nuynib L wGwp E nlbGOw 06§ funnepniG:

Udtow)o hwywlwywbnipgjwdp, npwb ponipwgpwywb £ +3 opuhnwgiwl wuwnhiwlp
(hGswEu nuyncb):

2.6. 11-N1 WURH SUNNGNh OL_LUNALGMD

UhlOnyb opupnwgiwl wuwnhdwbny wjn wnwnpptph opuhnbtnb nbtO Gowb Yw-
rnigwép: Swpp-prYywdht Yywwb witlhg Yuwniab t wynbdh nbwpentd, huy wnpéwphl nt
nuyntb wbgbtihu npw YwyniGneginitbp Yunpney Gdwgnid k:

MnG&h opuhnp (Cuz0) plnipjwb dE9 hwlnhwnid £ Yyniwyphun hwbpwbniph inbupny:
UphGunnwywl Gnwowyny wyb Ywnbih £ unwlw) hhdbwiht dhowduwipnid wynbdéh (1)
wnbpp guniynquiny Ywd hhnpwaghtny ytpwywbqutihu.

2CuSO;4 + 5NaOH + CgH1206 e Cu20 + CgH11O7Na + 2NaySO,4 + 3H20,

4CuSO; + 8NaOH + NoHs —— 2Cu,0 + Ny + 4NaySO, + 6H,0:
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Ptpwéd rGwyghwltph wrwohb thnyntd wnbdh (1) wnh L hhdph thnfuwgntgnt-
pwb hGnlbwbpny wrwowlnid t Cu(OH)2, wjuhlplt’ bhwuwnwgh yGpwywbqbhsh hbun

thnfuwqnntd £ ng p& wnbah wnp, w)) hhnpopuhnp.
2Cu(OH), + CgH1206 + NaOH —“—5 Cu,0 + CsH1107Na + 3H,0,
ACU(OH), + NoH, —2-N2%H 5 50,0 + N, + 6H,0:

MnGéh (1) opuhn Ywpth b unwlw] Owl hwjwuwn pwlwynipjwdp ytpgywé

CuO-h L Cu-h fuwrbnipnp Juwynindwgywé Yywngt wbnpnid 1000°C tnwpwglbiny.
CuO + Cu = Cu0,
hGswtu Gwb wnbdh (1) pinphnuhb Yndwtpuh ypw hhdpny wanbiny.
2H[CuCl;] + 4NaOH = Cu,0 + 4NaCl + 3H,0:

MnGéh (1) opuhnp onnid Jwn [nteynn Yupdhp pjniptnwhb Ginie £ Urwlg puwjpw)-
dtint hwpynid £ 1236°C-nud, huy obpdwjhG pwjpwynuip uuynid t 1800°C-hg: Cuz0-h
trnwppwywb poontd ppywdéth wwnindp pwrwihunnptt 2powwwwnywd £ wnbdh snpu

wuwnndlbpny, npnOghg jntpwpwbsnipp prYweth wwnndlbph hn wrwowglnid | Gpynt
gowhb Ywuw (GY. 2.1):

Q- — -0

eCu OO

LY. 2.1. Cu,O-h pjnLptnh tnwppwywa peheop

MnGah (1) opuhnhG pGnpny E hhdGwht hwwnynegynibp: Wa thnfuwgnnid £ wnwppyh
htwn™ wewowglbiny pinphn, huy pinphn hnGh wyBigniyh nGwpentd” pinphnwhb Yndw-
|Gpu.

Cuz0 + 4HCI = 2H[CuCl;] + H20:

Cuz0O-0 |nonyp t pwthwbgnid Gwb wjGwhuh (hqwOnbBph wqnbgnipjwip, nnnGp
d'" nipdwagsny YwnhnbObph hiun wrwewglnid 66 Yuyntd Yndwybpultp, ophGwy.

Cu0 + 4NH; + H,0 = 2[Cu(NH;3)]OH:
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Opuhnhs penLOGnph wqnbgnipjwip wihwiwdwubwOndd t.
Cu,0 + HSO4 = Cu + CuSO4 + Ho0,
huy wnwpwgiwl wwjdwbbtpnd wohwiwdwubwgiwb htnbwbpny wrwowgwd Cu-p
opuhnwlntd k.
Cu + 2H;S04 = CuSO4 + 2H,0 + SOg:

CuzO-h Gpynhdp hwwnynipntbp npubnpynud £ wyd wiwipwywb dGunwnbbph
opuhnltph htun hwbihu.

Cu20 + Naz0 = 2NaCuO:

Swpwglbhu Cuz0-0 9opwdélny, wéuwébh (1) opuhnny, dwqltghniiny L wy yb-
pwywbgbhsbGpny  hGauinnigyudp  JGpwywbqbdnid £ hnfjuwpyybing  dGunwnwiyw
wnaah.

Cu,0 + H, =2Cu + H,0:

MnGah (1) opuhnp™ npwbu gnibwOynip, Yhpwreyntd £ wwywytgnpénipjwl L jukgb-
gnponLpjwb uky:

MnGéh (1) opuhnp (CuO) plnipjwb vE9™ wnbdwiht hwhpwiht Yniwnwynudbbph gn-
wnnid, hwbnhwntd £ inbbnphun (Gpptd0 wOodwOynid b «uly»y wynh6d) hwbpwuinbuwyh nbu-

pny: Unynpwpwn wnbdh (II) opupn wpth b unwbw onntd Ywd ppywdéth dhowywy-
pnud wnbaéh thnant tnwpwgniiny, hhdbwihbt Ywppnbwuwnh 2hlugnidny wd wynbép unt|-

$hnbGnh ppénidny.
2Cu + 0, — 2Cu0,
Cup(OH),C05 —3280°C _, 5Cy0 + CO;, + H,0,
Cu,S +20; —252Cu0 + SO,
huy (wpnpwuinnphuwynid” Gwb wnOdh Ghunpwunh pincpGnwhhnpwuwnh 9Gndwihb pwpw)nt-
any Ywad wnbdh (I1) wntpp LW hhdptph tnwp |nLonypLEnh thnfuwgnbgnipjwadp.
2(Cu(NO3); * 3H0) — 5 2Cu0 + 4NO;, + O, +6H,0,
CuSO, + 2NaOH —— CuO + NazSO; + H,0:
MnGah (1) opuhnp pRYwGlGh wqnbgnipjwip 1300°C-ntd hwiynn ul pjnipbnwihG

Gnip £ 2pnud sh (nuddnid, uwywyb, nbEGwind hhdbwiht hwwnynipnil, hGunnipjwdp
(ntéyned £ ppnibbpnid, ophbwy.
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CuO + 2HCI = CuCl; + H20:

pw eyl wpunwhwjindwé Gpynhdh hwuwinynipyniop npubinpdnid £ hwwdé hhdpbph
htun thnfuwgntgnipjwb dwiwbwy.
CuO + 2NaOH = Na,CuO, + H,0:

MnGah (I1) opuhnp (NLéYnid | Gwb winGhwyh opuwyhl (nuénypntd.
CuO + 4NHj3; + 3H20 = [Cu(NH3)4(H20)2](OH):

Chywglthu wyb Ynpglnid £ peywdh’ thnfuwpyytiiny wnbah (1) opuhnh.
4CuO = 2Cu0 + Oy,

wjuhGpl” hwlnbu £ quihu npwtu opuhnhs: MnGdh (Il) opuhnh L opqulwywb dhwgnt-
piINLGOGnh fuwrbnipnp dhosl Yuwpdhp 2hyugiwl oGpdwunhdwbp tnwpwglbihu wjb op-
upnwgtnid £t wétuwéhOp™ thnfuwnytiny CO2-h, huy opwéhb Ywwnid £ 9oph inbupnd, hb-
sp Gwpuyhbnd ogunwignpéyned Ep opqubwywl wlwihgnid: Swpwgdwl wwjdwbbbpned
opwéhbp, wéuwdéhh (1) opupnp L wdnbhwyp hGwnnipjwdp JGpwywbqlnid 60 wnbép
(1) opuhnp’™ wyl thnfuwnytiny wnbah.

CuO + CO = Cu + COy,

3CuO + 2NH; = 3Cu + N, + 3H,0:

Npwbtu Ywlws gnibwlnip’ wnbdh opuhnb oguwgnpéynid b wwwynt L wnébh
wpwunwnnninLbbbpney:

MnGéh (1) rGwywpdhp opuhnp (Cu203) unnwgynid | Cu(OH)2-p hhdGwihG dhow-
Jwjpnid hhwynpinphnny Yuwd wtpuny $wnny opupnuwglbihu.

ZCU(OH)z + K5S,05 + 2KOH = Cu,03 + 2K;S0O,4 + 3H,0:

MnGa&h (1) opuhnp 400°C-nLd pwjpwyyntd t CuO-h L O.-h: Wil ppdwjhb opuhn t L
hhdptph |nLényplLENPh hGuin wrweowglnid § hhnpopunyndwtpulbn™ Yniwpwuwnbtn (M),
onhbwy.

Cuz03 + 2KOH + 3H20 = 2K[Cu(OH)4]:

Unyl dhwgnipjnttl wrwowbnid £ Gl hndbwyhb dshowywypnid wnbdéh (Il) hhnpop-

uhnh b hhwnpinphnh Ywd hhwnppndhnh thnfuwgnbignipjwb dwdwbwy.

58



uvonNnauuuuuu ehuhu

2Cu(OH); + KOCI + 2KOH + H20 = 2K[Cu(OH),] + KCI:
MnGah (1) opuhnl opuhnhs t L hGwnniejwdp opuhnwglnid ' pinpwopwdéhlp.
Cu,03 + 6HCI = 2CuCl, + Cl, + 3H,0:

MnGAah hwdwp hwyuinbh £ Gwl wbpopuhn, npp ubwnwpsGwagnya thnane tnnbupny wG-
owwnynild £ opwédth wbpopupnh L jwy dwOpwgywsé Cu(OH)-h hnfuwgnbgnipjwl dw-
duwlwy.

CU(OH)Z + H>0O5 = CuOs * H,0O + H,0:

NGh hEinlyw| Ywrenigwdpp.

Undéwieh (1) opupnp (Ag20) nwpsbGwagntj thnpnt inbupny wlowuwnynid £ wpdwpeh (1)
Gpuinpwunh L hpdptph hnfuwgnbgnipjwb dwdwOwy.

2AgNO3 + 2NaOH = Ag,0 + 2NaNO; + H0:
Npwbu dhowlOYwy Gnip’ wyb unnwgynid £ «wpéwphwjbinwy rGwyghwih dwiwbwy.
2AgNO3 + 2NHj3 + 2H,0 = 2AgOH + 2NH4NOs3,
2AgOH = Ag,0 + H,0,
Ago0 + 4NH3 + Hx0 = 2[Ag(NH3)2]OH:
LUwjnibnipjwdp wpsweh (1) opuhnp ghentd £ wnbdh (I) opuhnhl, uwluylt wybih
uynth £, pwl nuynt hwdwwwunwuluwb dhwgnieintbp, L pwypwyynid £ 200°C-nid:

anniud gnpsbwywlnd sh neéyned, pwyg L wybwbu opnud Ywjunypwgdwb dwiwbwy
dhowydwynh pH-p pwpapwnid £, wyuhbpl’ (nuényp G0 wagbnid Ag™ L OH™ hnGOGPP.
Ag,0 + H,0 5 2Ag” + 20H:
PtpJwé rbwyghwl wywunpwuwnniyltph phdhwynid ogunwgnnonid G0 gwépwndtip
YwunhnGbtph hwingtOhnOBph (nuényplbphg npwbg |nétih hhnpopuhnbtn unwbwint

hwdiwn: Wuwbtu, RbCl-hg RbOH unwbwint hwiwp ywwunpwuwnned 60 Ag.O-h Ywunyp L
fuwrOntd RbCI-h opuwyhb (nuonyphb: Urwewbnd | AgCl-h Gunnwdép, L (nidnypned dbnid

t dwpnip eniphnhnidh hhnpopuhn.
2RbCl + Agx0 + H20 = 2RbOH + 2AgCl:
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Undw tpuwgnugdwl hwayhb Ag2O-0 Yuwpbih L hGunigudp wnbnwdhnfub) |nt-
onyp.

Ag,0 + 2NaOH + H,0 = 2Na[Ag(OH).],
Ag20 + 4KI + H,0 = 2K[Agl,] + 2KOH:

Gpt prnLGGph wohnOGGpp Gnup (NuényenLd Ag* YuunhnGOtph hbwn Gundwép sk
wrwowglny, www wyn pentbtpnid Lu Ag20-0 yndyh.

Ag,0 + 2HF = 2AgF + H,0,
Ag20 + 2HNO; = 2AgNO; + H,0:

MnGéh (1) opuhnh Gdwlh AgO-0 Onylwbu hwinypnid wiwhwywb dGwnwnbGph
hhnpopuhnbttph htwun thnfjuwgntgnigjwl dwiwlwy hwinbu t quihu Gpynhdh hwwnynt-
pintblbtpny.

Agz0 + 2KOH = 2KAgO + H,0:

Upéswpeh (1) opuhnlb wybih nudtin opuhnhs t, pwb Cu0-0: Wuwbu, Ag2O-0 opwéslny
Jtpwwagayntd £ 100°C-nid, huy opwéth wenpopuhnt wyl thnfuwpyned t wnpéwpeh Gny-
Ophuy uGOywyuwyhb oEpdwuwnhiwbniy.

Agzo + HO5 = 2Ag + H,O + O,:

Wa hGunnipjwdp opuhnwglnid £ ppnahp (1) dhwgnipyntbbbpp™ npwbp thnfuwnyt-
(ny pnpnuh (V1) dhwgniyntbbtph.
3Ag,0 + 2Cr(OH)z + 4NaOH = 2Na,CrO4 + 6Ag + 5H,0:

Ustuwonpwaohbltph hwingbbwdéwOgywibtph opupnwgniip hwbgbkglunid £ uwhpun-
GGph, huy winthhnbtnh opuhnwgniip” hwiwwwwnwufuwb penLlGph wrwewgliw:

UpSwpeh (1) opuhnh Ywunypp pd2ynipjulb bt oguwagnpéynid b npwbtu hwyw-
OGhuhg: <G yGpwywbgbynn opuhnbtphg (ophGwy wnbdh Ywd dwbgqwbh) b wpdweh
() opuhnhg pwnywgwdé fuwrGnipnp (wy Ywuwwihqwwnp b unynpwywb obGpdwuwnp-
Awlnud onh ppywdlny wétuwdsbh () opupnh opuhnwgiwl hwiwp: 5 % Ag0, 15 %
C0,03, 30 % CuO L 50 % MnO2 wwpnitbwynn fjuwrbGnipnp, npb wojwGynud £ «gnyyuw-
Lhwun», ogunwgnpéyned £ hwywquagtpnid™ CO-hg ww2unwwbybint hwdwn:

AgO pwnwnpnipjwip ule Shwgnipntblt wrwowbnid £t wpdweh (1) dhwgnipyntGbtpp
hpdbwjhG dhowywypnid wetpuny wunny Ywd Ywihnwdh wtpdwbqubwwnd, hoswbu Gubl
dGunwnwywb wpdwpp Ywd Ag20-0 ognlny opuhnwgltihu.
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2AgNO; + K2S,05 + 4KOH = 2Ag0 + 2K,S04 + 2KNO3 + 2H,0,
Ag;0 + 2KMnQO4 + 2KOH = 2Ag0 + 2K, MnO4 + H,0,
Ago0 + O3 = 2AgO + O,:

Uwnbh  oguwgnpét) Gwl AgNOs-h |nionyph wlnnwihb opuhnwgiwl dwiwbwy

wbowwinywsd Ag70gNO3 pwnwinpnigjwdp opunOhunpwunh hhnpnihqp.
Ag;0sNO; —22 56Ag0 + O, + AgNOs:

AgO-0 opnid Jwn [ntéynn, 100°C-nid pwnwnphs dwubph pwjpwyynn b dwgbhuw-
atnd pintptnwiyhb Oy t:

Uhwgntpjwl dwqbhuwdGpdnignitbp yywyned £ npwlnd wpéwpe (1) hnbGGph pw-
gwywynipjwlb dwuhb: bpnp, pintptnwiht Ywenigwéph niuntdbwuppnipinilp gnyg
wnybl, np npwantd wwnpniwyynid 66 wpdweh®™ Gpynt tnwpptp opuhnwgldwl wuwnp-
AwO0bpny wwnndbbn® +1 L +3: WuhGpl® Ojnieh pwlwdélp shown b anb Ag202 (Ag*Ag® 0,)
nbupny. wjl swtwnp t GbpYujwglb npwbu wtnopuhn (Ag-0-0-Ag): Ag®* hnlltpp wnb-
nwywywé 60 ppywdith wuinnilbtph wrwowgnwd pwrwyniunt YGhunnpnbnd, huy Gpynt
ynnpnhOwgdwl pyny Ag® hnGOGNG nlOGO gdwihG Gpypwswdnneeynila: Updwpeh Goqwé
hnGOGpp YwnGih £ pwdwlb, wpdwpeh () Yuntt gEppnnwiunwihb yndwGpuntd uihnudh
gbipjnnwiwnny.

4AgO + 6KOH + 4KIO4 = 2KsH2[Ag(106)2] + Ag20 + HL0:
Ag>*-h weywnipwip wwjdwlwynpywé™ AgO-0 nidbn opuhnhs k.

4Ag0O + 4HNO3; = 4AgNO; + Oz + 2H,0,
4AgO + 2H,SO, = 2Ag2304 + O, + 2H,0:
udth Gnup wgnunwywa ppyh L AgO-h thnjuwgntignipjwb dwiwbwy wrwowbnid L
dGunwnwywb thwyny, Ag70sNO3 pwnwinpnipjwip ule opunGhuinpuin.
17Ag0O + 2HNO3; = 2Ag;0sNO; + 3Ag + Hy0:
NEO0uingGlwywrenigywédpuwihb niuntdbwuppnipinip gnyg t wnydbl, np wyn opunGhun-
nwwnh pwOwalp Yupbih b oGpGujwgltb) hbinlywy tnbupny™ Agl( AglAg! Og)NO3:
fuhuin ppnilbGph L AgO-h hnfuwgnbgnipjwl dwiwlwly wewowlnitd GO opnud (wy
(ntéynn winpdwph (I1) wnbp, opphGwy wgnunwywb ppyh htwn thnfuwgnbgnipjwl dwiw-
Owy unnwgyntd £ Ag(NOs)2-h nwipsGwantyl [nuéniyp.
8AgO + 12HNO3 = 4AgNO3 + 4Ag(NO3)z + 6H20 + Oa:
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Nidtin wpunwhwjnywd opuhnhs hwunynipgywb 20nphpy AgO-0 oqunwignpdynid
Ag/KOH/Zn wntGuwyh Yyniwnwyhsbbph OGwpuwgéiwlb hwdwp: Ywlp wpuwwnnd GO
hGwnlyw| gdwuwwwnytpny.

AgO + Zn + 2KOH + H,0 5 Ag + Ky[Zn(OH)4):

Npwtu bEYunpnihin swewintd t KOH-h thnpp pwlwynipjwip (d = 1,443 g/ut®)
2wun fuhun [nLonypp: <wywuwp tnwpnnnijwdp wyn Yninwyhsbpp ywwwpwihbbtphg
3 wOgwy thnpp 60 L 5 wbhgwa pLpL:

Updweh () opubn (Ag20s) Yuwpbih t uwnwlw] wpéwph (I) wntiph, ophOwy
AgCIlO4s-h wlnnwjht opuhnwgdwdp Ywd ppywiht dhowdwipnid wpdwpeh L Os-h thn-
fuwgntgnLpjwadp.

2AgClO4 + HoO —L— Ag,03 + 2HCI + 30,:
2Ag + 303 — Ag203 + 302:

UL pjniptinwihb Ag20s-p wlywynib £, thnpp-hbs tnwpwglbihu thnfuwnyyned £ AgO-h.
2Ag203 = 4AgO + O,:
Odwnywé t opuhnhs hwwnynipjwadp.
Ag>03 + 6HCI = 2AgCI + 2Cl; + 3H0:

<wjinbh £ Gwb wpéwph gwépwagnyl opupnp™ AgeO2-p: ULuinwn-ubGunwn Yuwny
npw gnjnipjntip hwuwnwuwnnid b wdpnnontpgjwip d opphunwibttpny |pwgywdé dbwnwnh
Enpynt wunnilGtph thnfuwgntgnieinibtp: MYw hGwpwynp § wyb pwbh 20nphpy, np wpéweh
pwihnin 5s opphwnw06n0 nLbGhG 4d opphwnwG6ph EGGpghwihb dnun EGGpghw, hGsp ht)-
wnwglnid £ npwbg wagnidp:

Nuyne (1) opupn (Auz0) unwgynid £ nuyne (1) shwgnipyntbbtiph L hhdptph (nLényp-
OGph fuwrOnipnp Grwglbihu, hOswbGu Gwl Gnup (NLdnypOEPNLY AuxCle-p Hgz(NO3), °
2H,0-ny yLpwywbqlthu.

2AuCl + 2KOH = Au20 + 2KCI + H20,
AuyClg + 2Hgy(NO3)z * 2H20 = Auz0 + 2HgCl; + 2Hg(NO3), + 2HCI + 3H20:

Ul Yuwwnywn opwywiunye (hhnpngnp) b uwd wouwynid dwbnpwlwagnyb ghnph:
Unun 220°C-nd hGunnigjwip wiohwdiwdwubwOned t.

3Au,0 = 4Au + Au,0s3:
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Gpptdl nuyne (I) opuphnp nhuinynud £ npwtu nuynt L AuzOs-h juwrGnipn: POswbu
apLOnyb pwnwnpnigjwdp wynbdh L wnpéwph opuhnltpp, wjt nitbh hhdbwyhG hwwnynt-
pINLbGbG, pwyg wybh nudtn opuhnhs t, pwl hp GdwlwybGpp:

Lwl ngjwibbnp wayuwynia dntg Ywbws AuO-h gnynipjwlb dwuhb, npb wakowb hw-
Julwlwontpjwdp nth AgO-h Yurnigwépht Giwh Yurenigwsp' Au'AuOy:

MnGAh fudph nwpptph® +3 opuhnwgiwl wuwnhiwbny opuhnbbphg wybih Yuyntl k
nwnsbwantG AuzOs-p, npp utnwgynid £ 100°C-ntd nuynt opunhhnpopuhnp twpwglt-
LY.

2AuOOH = Aux03 + H20:

Udth pwpdén obpdwunhswbOGpned, pwb wohpwdtwn | Au,O3 unwbwint hwdwp,
unwpwglbihu wyb pwypwyyned k.
2AU0; —%° > 2Au + 30y
Bprywjht hwwnynipjwb 20nphhy nuynt (1) opuhnp (NLéyYnid £ hhdptiph fuhw |NLoNLYR-
GEpnia.
Auz03 + 2KOH + 4H,0 = 2K[Au(OH),] * H20:

11-pn fJudph wnwpptph Gerwnpdtp opuhnlbphg Au2Os-h Ywynibnipjwb wap wwjiw-
Gwynpywé t Cu — Ag— Au wnpntd ppywdéOh p L dGnwnh d opphuinw06ph yEpwédwéy-
dwb nudbnwgiwdp: Au — O Ywwp Ywnibwlnud £ Gwl erGywunhyhunnwywb Gplngph
hwyh:

2.7. 11-N1 vURh SUNNGNh <hNoLuUhnLENC B4
[6ld4UDLU3NVL BfBNFLENh UNGNL

MOH pwnwnpnigjwip hhnpopuhnbtnb waywyncl, opnid sinidynn, hhdbwhb hwun-
Ynigntbbbpny  Onptbp G0: Mwjdwbtwynpywd  Yndwbpuwagnugiwl hwwnynigjwdp’
npwGp (nuéynid GO hhdptiph fupun (NLdnypOEPNLY L wAdnGhwyh opwihG [NLénLReNLY:

MnGéh (1) Gapwnpwywb hhnpopuhnp (CuOH) nGnhG Guindwéph inbupny wbouwun-
gnud £ wynbdéh () wéwlgwibbpp yepwywoqlbhu Yuwd gwén otpdwunhdwbnid wynbdéh
(1) dpwgnipynt0GEpp hhdpny dawytihu.

HCOH + 2Cu(OH), = HCOOH + 2CuOH + H.0,
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H[CuCl;] + 2NaOH = CuOH + 2NaCl + H20:

MnGah (1) hhnpopuhnp, npp Cuz20-h unwgdwb showbYuwy Onip t, hpwywonid dwb-
pwnhuwtipu Cu20 t, nph dwulhybtph wpwag funnpwgdwl htinlwbpnd wyb unwbnid £
Ywpdhp gnuG:

MnhG&0 wrweowglnid £t wbohnOwihb L YwuinhnbwjhG shwpdbp wnbp:

MnGéh (1) Yyniwypwinbbp uinwgyned GG wnbéh (1) opupnlb wiywihwywb dGunwnbtph
opuhnttph Ywyd wghnbtph hGwn hwiGihu: Npny nGwptpnid oguwgnpénid GG wnbdéh
Uhwpdtip L Gpywpdtip opuhnbtph fuwrbGnLpnp.

2Cu,0 + 2CuO + 2CsN; —459°50¢_, 9CsCus0, + 3Ny

MCuO pwnwnpnigjwip Yniwypwunlbbpp wwpnibwynd 66 hwpp ghyhy [CusO4]*
wohnbOGn (GY. 2.2), M3CuO2 pwnwnpnipjwip wnbpp [0-Cu-O]* qéwjhG whhnGObn,
M3Cus04 wntipp’ -O-Cu-O- winbuwyh npwbtph wwnpnynpbtbp, huy MCusO, pwnwnpnt-
piwdp wnbnp® [CusOe] ghylbinh funwgyws 26nwntn:

LY. 2.2. MnGéh YniwpwnGbph Yuenigywépltpp.
w) [CusO4]* wlhnbp KCuO-h Ywrenigywdpnty, p) [CusO,] o 2nuinh hwuinywép CyCu;02-nLl

Snwhl (niénypned wynbdh (1) yniwypwunbbnpt wohwdwdwubwbnid GG, ophGwy.
2KCuO + 2H,0 = Cu(OH); + Cu + 2KOH:

MnGéh (1) opunppenLObph wntphg wytih hwyunbh £ wagnyb CuzSO4-p, npb wrwow-
anud £ 200°C-ntd wnGdh L wlonip dGGpwlwil pRrUN thnfuwgntgnipjwl dwiwlbwy Ywy
Cu20-0 bpyubphiunt$wnh htiin 160°C-nLl tnwpwglbihu.
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2Cu + 2H,S04 = CusS0O4 + 2H,0 + SO,
Cuz0 + (CH3)2S04 = CuzS04 + (CH3)0:

MnGAh (1) unidwuwnp snp onnud Yuyneb £, huy thnpp-hbs trnwpwgltihu Ywd funbw-
Jwbwhu wOohwdiwdwubwbnid .
CuzS0,4 = Cu +CuSOs,:
Onh ppywaslny opuhnwlnid £ thnfuwpyytiiny wnbdh Gplywndtp opuhnh L unt Hw-
winh fuwrOnipnh.

2Cu2S04 + O, = 2Cu0O + 2CuS0Oq4:

Ewnwnh wn Yngynn uwnwiht uwhwnwy wnbéh (1) unidhnh pinipnwhb Gungwép
wrwowOnud t wnbdh (1) wgbunwwunh Grwgnn (nuénypny §6dpwihbt quq wogywgltihu.

2Cu(CH3COO0), + 2S0; + 3H20 = CuS03 + 4CH3COOH + HoSO4:

Wo waywynib dhwgnipynib £, vnwp oph wagnbgnipjwip thnjuwpyyned £ CuSO3 »
9CuO pwnwnnpnigjwdp dwOnwywagnto hndbwhba wnh, wjnithGunl™ Cu0-h:

MnGah (1) unidwwnh L Gwunphnudh unbhnh |NLénypRLGPp fuwrGGihu Guunnud L
wnbdph™ Gpynt tnwpptp opupnwgiwl wunhdwbbtpny wwnndbtn ywnpnibwynn Geypk-
Lhwjh wnp” Cus(S03) * 2H,0 (Cu*?(Cu*S03), « 2H,0): 2np wnp Ywynth k onntd, huy fun-
Owylb wunhfwbwpwp opuhnwbnd t° thnfjuwnydtbiny wnbdh (1) opununi dwuwnh, huy
wrwlg onh nwpwglbhu™ wnGdh (1) opuhnh L wnGdh (1) unidwuinh: {wynbh G0 Gwb
wnbép (1) uny pwunp Yndw tpuwhb wntn, ophGwy Nasz[Cu(SOs3)2]:

MnGéh (1) Ohunpwunp sh uhbptqutl: Unig nwpsbwanyt wynbdh (1) L (1) fuwrp $nu-
$wwnp (Cu*'Cu™?PO,) unwibnid GG thwy updwyntd Cuz0-h, CuO-h L P20s-h fuwrbnipnp
500°C tnwpwglbiny:

MnGéh (1) wgbinwun (CuCH;COO) wrwowlnid | winOhniih wgbnwwnh hwgbgwé
LntonypnLd Cuz0-h L pwgwiuwppyh thnfuwgntgnipjwl htunbwbpny.

Cu,0 + 2CH3COOH = 2CuCH3COO + Hy0:

Wo ywpbh b unwlw) Gwl whppnhbnid wd wgbunnbhunphinid wnbéh (1) wgb-
tnwunh L wynb0dh hwiwdwulbwgniiny.

Cu(CH3COO0); + Cu = 2CuCH3COOQ:
MnGah (1) wgtunwuwnb nlbh wynihdGpwiht Yuenigwédp: 2pnid wdpnnonyhl hhnpn-
thgyntd t, huy §§0pwywl pryh |nLénypnid” wbhwiwdwulwlniy.
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2CuCH3COO + H,0 = Cu20 + 2CH3COOH,
2CuCH3COOQO + H2S04 = CuSO4 + Cu + 2CH3COOH:

MnGéh (1) hhnpopuhnp (Cu(OH)2) Swywinih, ny pinipEnuihb (wdnpd) L wbyuynil
(GnyGpuy Ywpfwunlb ywhwwldwb nbwpnid tdhnfuwpyynid £ wnbdh (1) opupnh) Yuw-
wnywn Guinjwéph nbupny woowwnynid £ wnbdh (1) wntph L hhdpbph thnfuwqgntgnt-
pwl dwiwbwy: Uhbptql hpwywlwgynid t opwgnpynidlb wpgbiwynn wwydwbbtpney,
ophGwy’ gihgtiphth dhowywjpnty.

CuSO; + 2NaOH —3heht 5 Cy(OH), + NazSO4:

Uwnlnp £ hwyyh welb, np Gpp wnbah (1) hhnpopuhnh Guuntgdwl hwiwp wnbdh
(1) wnh (nénypht wybwgynid § hwiwwwunwufuwb pwlwynigjwdp hhdp, wrwyb|
hwawlfu Guwnnid £ ng pE wnbah (1) hhnpopuhnp, wy hhdOwihG wn, nph pwnwnpnienLlp
Ywujwé t Guinbgiwl wwydwbbbphg: <hdbwihb wnbpp hhnpopuhnhg wtwpptnynid GO
wpunwphU inGupny: Ophbwy wnbdh hpdbwihb unipdwinp (Cus(OH)3SO4), h tnwippbpnt-
Nt (wnénth L wdnpd Ywwnyw hhnpopuphnh, fuhnn Nt wpwg Guunn thhpnequigneyl
Gunndwop t: Swppwswthwywb pwnwnpnipjwip hhnpopupn Guwnbglbip htwn st. npw
hwiwp wbhpwdtwn t nuénypnid wwywhnyt| Guintglnn OH™ hnbGGph gbpwyzenipncd
GlwhG wnnud hpdbwjhG wnh wewowgdwbp Gwywuunnn wahnbh GYwwnAwdp:

Rjniptnwihbt Cu(OH)2-p uhGptqynid £ hwwnnly GnwOwybtpny, ophtwy NaOH-h
opwihG [nuonypny Cus(OH)sSO4 hhdbwiht wnh Ypw wgnbind Ywd Jwyninidned
[Cu(NH3)4] (OH)-hg winGhwyp nwbnwn hGrwgltiny (H2S04-h ypw):

W Gpywndtp YwuinhnGOtph hhnpopuhnbtph hwdtdwwn™ wnGéh (I) hhnpopuhnh
htonn pwjpwintdip pwgwwnpynid £ Ywenigwoépltph wnwnpptpnipgjwip: Mwpgbgwo
aund npw Ywenigwépp Ywnpbih £ wwwytpt, npwtu pnhwbnip ynnbpnd hpwn dhw-
gwd [Cu(OH)s] pwrwlOhunnbphg Ywqijwd qéwihb npwlbp: Cnpwlbpp dGYp Ginwup
Oywuindwdp nwuwynpywéd GO wybwbu, np ybpbnud L GGpplnid qunbynn dshwgwd 2npw-
GGph prYywdéth wwnndbtpp (pwglnud GO wnbGdh wwnndbtph YynnpnhGwgdwb phyp dhGsl
6 (Y. 2.3):
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LY. 2.3. MnGéh (1) hhnpopuhnh Ywrnigywépp

LUbpywjwgwdé Ywrenigwépp wnbdh (1) opuhnh Ywrenigywdph yGpwihnjubint
hwiwp wwhwOoynid GG pbnwikbp hhnpopupy fudptph dh dwuh wGowwnndp L npn?
2npwlGnh wwnwnnudp dGYp gjntup GYwndwdp:

MnGah (1) hhnpopuhnp (NLdYnid £ penibtpnid, ophGwy.

Cu(OH), + 2HCI = CuCl3 + 2H,0:

UhohU funnnigjwdp hhdpbph hbwun thnjuwgnbgnipjwlb dwdwbwy wyb ns dh thnthn-
funipjwb sh Ghpwnpyynid, huy fupuin |NLénypLLpNLY |NL6YLGINY wrwowglnd £ Jwre Yw-
wntjun pwrwhhnpopunyniwpwun (Il).

Cu(OH), + 2NaOH = Naz[Cu(OH)a]:

20wjwé wnbadh (1) hhnpopuhnh hhdbwht hwwnynipjwb gbpwyzenipjubp” nnpywé
hwywuwpnidp ywynud £ npw Gpynhdnigjwb dwuhh:

NMuwjdwbwynpdwsd wnbdh () hhnpopupnh gwjninit wpunwhwjnywdé pniy; hhdbw-
JhG hwwnynipjwdp” pnyl penLOGph (ophbwy” wéluwppdh) dhehl wntn opwihG [niénype-
GGnhg hGwnpwynp st uhbpbqab:

Uwudwé wqnuwOniptph hwpwptpniginthg™ wnbéh (1) unydwwnph L Gwwnphnidh
ahohl Ywd ppent YwnpnbwuwnbtGph (nuényplbbph thnfuwgntgnipjwl dwdwbwy Ywnpnn GoO
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wrwowlw| wnadh (I1) hhdbuyht undwnh (wnbdh undwnh S wybigniyh nbwpnid)
ywa () hpdbuwht Ywppnbwwh (wgnwbnietnh 1:2 dnpwiht hwpwptpnipjwb nbwpntyd)
Ywuwnuun, hhnpwunwgywé winnd Gunywdéplbn:

Bpywp d0wihu Ywd pny; twpwglbihu (100°C) hhnpwwnwgywé hhdGwhG Ywp-
pnOwwnp opwagpyynid £ thnfuwpyytiny dinunnwynpwuwtiu CuaCO3(OH)2 pwnwnpnipjwip,
ns pnipGnwiht Jwre JwoOws thnynt, npp hwdwwwuwnwufuwbnud | powub dwjwphwn
(16rOwNG Ywlwy) hwbpwbjniph.

CU2(OH)2CO3 * XHzo = CU2(OH)2003 + XH20:

Uwwphwp hGunnipjwdp (niéynid | penibbpnid’ wbowunbin wéluwppnt qwq,
huy |nt6ytiny wanbGhwyh opwyhb neénypnid’ wrweowglnid b juwniyun wihwywn.

Cuz(CO3)(OH), + 4HCI = 2CuCl, + CO; + 3H,0,
Cu(OH),CO;3 + 10NH3 * Ho0 = 2[Cu(NH3)sJ(OH), + (NH4),CO3 + 8H,0:

Uwiwphwnh Jwpunypp unnwih fuhun (nuényph hGwn Grwglbhu weweowbnud £ Yw-
wnyuwn |nLoentyp, nphg pyntpbnwbnid £ Gpyowagnyt Yuwppnbwwnyniwpwn.

CUz(OH)3COs + Na,CO; = Naz[CU(CO:;)z] + CuO + H,0:

POnLpjwb uE9 hwlnhwntd £ Gwl Yuwnywun wgniphun hwbpwbniep” Cus(OH)3(COs),
(16rOwhO Yuwnyw, wnbdwhl jwoywpn): Lwpnpwuwnnp Gnwbtwyny wjt unnwOnud GO 4
0d. uln. u. 8020wl wwy np unwgywé dwiwphwnh L wéluwppnt guqgh thnfuwgntgnt-
pjwip Jwd Ywighniih Yuwppnbwuwp wynbdh (1) Ghunpwunh (nuongypnid tnwpwgltiny.

3CU2(OH)2CO3 + CO, = 20U3(OH)2CU(CO3)2 + H,0,
3CU(NO3)2 + 2CaCO;3 + 2H,0 = CU3(OH)2(CO3)2 + 208(NO3)2 + 2HNO3:

funbwy onntd wagniphunb wunhfwOwpwn thnfuwpyynid £ dwjwphunh:

Unynpwywl wwjdwbbtpnd pniebG pbpwgnn hhnpnihgh wywwndweny wOywynil
uhoht Ywppnbwuwn (hGswtu ppndh () L pGphthnedp () YwppnGwunOBpp) opwyhb nuénuy-
pnLd hOwpwydnp st unwbwy: MnG0&h snp dhohlt Yuwppnbwwn wrwowlnid £ pwpdp 020wl
L oGpdwunpdwlh wwjdwbbaGpnid wnbdh () opuhnh, hhnpopuhnh Ywd dwjwphwp ni
wdétuwppnt gugh thnfuwgnbgnipjwb hGunlwbpny.

Cuz(OH),CO; + CO, —24pun50°C o 56,0, + H,0:
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MnGdh dhohl YwppnObwuwnb nibh Grewswih (hhdbwydwfupwihlb) Ywenigdwdép: Wo
Ywqidwo b pwrwOynil pnipgh L nibbgnn [CuOs)-h hwunywoébbphg, npnbgnid wnbaéh
(1) wwnndltpp 2pewwwnywé GG hhag twpptn COZ fudptiph prYwéth wunnidtpny:

MnGah (I1) wntphg wewyb] htunwppppwyw  wynbdwnowuwp (CuSO4 « 5H,0), npp
funynn GpYyOwanyb pjnipbnlGph inbupny wOowwnydnid £ wnbdh (1) unidwuwnh onpwyhl
(nLényplEphg: RUnLpjwb 069 wjt hwlnhwnid £ pwiwbunhwn hwbpwpwph wtupny, npp
unt dhnwihb hwbpwOniptph opuhnwgiwl wngwuhp t: <uynbh | Gwb pnuinpun (CuSO4
* 7H20) hwlpwbjnipep, npp hwanhwnid £ pwiwbwphuinp hGun fuwrtnipnh inbupny:

MnGdwpowuwh urenigwépnid wynbdh wwnndp qunbGynid £ oph snpu dntyni btphg
Ywqidwé hwpp pwrwyniunt 2nowwwiunniy: [Cu(H20)4]2+ pwrwyniupbtpp hpwp dhw-
gwo GO GpynGaunwbuinwiht Ywipowywiht unydwunwihba fudptpny, npnbp nwuwynp-
Jwd GO jnipwpwbgnip pwrwyniunt hwppnipjwb ytpund L 0Gpplnid: 2ph hhbgtbpnpn
anlGYn G wpunwpht ninpuwhG £ Woa wanp opwéslwiht Yuwwbpny Yuwwywé t ns pb
wnbdh wwnndbbph, wy unidwwnwhb fudpbph ppdwdéth Gpynt wwnndbtph L GepphG
ninpuinh onph anEyny bt6ph prywdéth Gpyniwywb wwnndlbph hGn®™ wnwtu npwbp Yw-
wbny hpwn (GY 2.4, w):

56°C-ntd wnGdwnowuwp Gapwnyyntd t pwqiwadl (wnhdnpd) wagdwh (04. 2.4, p):
93°C-ntd thnfuwnyyntd £ Ywwnywn trhhnpwunh (CuSO4 « 3H20), nnh Ywrenigwdpntd
wnbdh wwnndbbpp dhwgwdé GO oph Gpbp danGynyGeph, uniydwunuwhb fudph prYwdélhn
06y L qquih htrwynpnipjwb ypw gunbynn Gpyne unt dwunuwyhl fudptiph prywdéth Gpynt
wuwnnilbph: Wuwhuny, hGswbu L uwywudnid tp, wynbdwpowuwh pwnwnpnipjwb dko
auinbnn wpunwpht ninpnh ontpp tnwipwglbihu wewontbt £ wbhowwnynid: <bunwagw
tnwpwgntip (105°C) hwbgbkglnid £ gnp Yuwnywn anGnhhnpwuwh wrwowgdwb, npp
Yuyntl k Ghbsk 203°C: NpwlGhg pwpdp 9bnpdiwunhgwabbpnid wdpnneonyhb opwgnyyntd
t L, Ynpgltiny uuwniun gniybp, thnjuwpyyned pwg dnfupwagny wbagnep untpdwnp (GY.
2.4, q):
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LY. 2.4. w) wnbdwpowuwh Ywrnigywdépn, p) wnadh (1) unipdwnh inuébihnigynibp opney,
@) 9tipdwyhb pwjpuydiwl Ynpp onntd

nnid wnbdh () woonip uni dwnp (Nuddwb dwiwbwy woaowunynid £ obpdntpntl,
huy (ntonypp unnwbnid  Ywwniyw gnyl. Gnphg wewowbnid  wynbdwpowuw.

CuS0O,4 + 5H,0 = CuSO;, * 5H,0:

Pwpép otipdwunhdwanid 2hjugltihu wbeonip unt dwunp pwypuwyyned k.

2CuS0O, —%°C_y 2Cu0 + 280, + Oy

Pwjpwjiwl htnbwbpny npwtu Ynnibwyh Ojpe Ywpnn £ wewowlbw] opununt|-
$wn (Cuz0S04), nnp 860°C-nLd Gnphg thnfuwnyyntd £ CuO-h” whowinbiny SOz L Oy
MnGah (1) waeonip unipdwn Yupbih b unwbw] Gwl hEnniy 660pwhb qugnid ud
unt pnipht pinphnned wnbaéh (1) pinphnh b 66dpwywb wahhnphnh thnfuwagntignipjwdp.
CuCl; + 2803 = CuS0O, + SO.Cly:
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Upryntbwptpnipjwb dbe wynbdwpowuw unwbnid 60 wynbdh dowydwl pwhnbGbbpp
660pwywb ppYny vwybny:

MnOdwpowuwl oquwgnpéyntd £ ElGYunpwunbuthywywla  gnpéplbpwgbtpnLd
wnbdtb dwoynypltbph unwglwl, thwjnwbniph Ynbutpyuwgdwb hwdwp L npwtu wnbah
tnwnpebp dhwgnipintbbtph upbptgh GwlOnue: MnGdwpowuwh [NLénypntd Yuwighnidh
hhnpopuhnh Ywfiunypp oguwagnnpdéynid b gininwinlbuntunipjub d6o™ pnyubipp 4hwuw-
wnnibtphg LW hhjwOnnipyniGbbphg wwunww b nt hwadawp:

MnGdh  unidwuwnh  |nonypltipp  Grwglbihu  wrwowlnid GO  Cug(OH)eSO4,
Cuy(OH)2(SO4)3 * 4HO L Cu3(OHg) = SO4 * 6HO0 hhdGwihG unidwwinlbbph Yulbuwg
Gunndwoépbtn: Lpdwd hhabwiht wntpp’™ npwtu phdhwywb dhwgnipntbbGEph hGphnt-
nnyOnigintbp hwuwnwuinygnud £ GpwOnd, np npwip hwiwwwunwufuwbwpwn ppnwbz-
wnhw, yLGpbwnuyphuin L Yuwikptghun hwbpwunGuwybtph wnbupny hwinhwnid GG pOne-
pwb dt9: <wynnbh GO Gwl Cus(OH)sSO4 * HO (ynqlyuyhun) L Cug(OH)sSO4 « 2H0
(qwGghwn) Ywwnyw pinipnuwhpnpwunltpp: Ywbp dwiwbwyh pbpwgpntd Gunnud GO
wnO0dwnowuwht nwppwswhwywb pwbwyny Gwuwnphndh hhnpopuhn wybwgywé ni-
onyphg:

U ywihwywb deunwnOtph uni$wunbbph hn wynbdwpowuwlt wrweowglnid L
Unybwyh wntp® 26GhnGEN (SniinnuinnGh wntip), ophlwy KaSO4 © CuSO4 « 6H20: Ywlp
Glwyh0 Gnipbph hwdtdwuwn nlbb0 gwén |nuethnipynth L hGyuningjwdp pjnuptnwbnid Ga:

MnGah (11) Ghunpwunp 24,5°C-nd 9puwighb [nuényphg pyntpbnwitned £ Cu(NOs), « 6H,0
Ywuwnuun hhnpwwnh wnbupny: Ywbhg pwpdn oGpdwunhfwbaatpnid Yuwynib t Grhpnpw-
wnp: dwyninidnid 0,0001 G4, uln. u. 620wl wwy 60-70°C-nLd th pwih dwd wwhbihu
trhhnpwwnp thnfuwpyyned £ dnGnhhnpuwwnh, huy 80-90°C-nid widpnnonyhb opwgnyyntd
E: Pwyg L wybwbu, wbeonip Ghuinpwunh uphbpbqp Gwywunwlwhwnpdwnp b hpwywbwglb)
wnbéh ypw phiwgtnwunnid (ntéywé hbnniy N2O4-ny wqgnbiny.

Cu + 3N,04 = [NOJ[Cu(NOs)3] + 2NO:

Uunwgywd pinipbnwiht Juwunwywbws dhowblyw] wpqwuhpp Jwynindnid inw-
pwglbhu thnfuwpyyned £ wbenip Ghunpwwnh.
[NOJICu(NOg)s] —— Cu(NOs); + 2NOp,
nph Ywwnwn pnipbnGbpp 147°C-nwd hwynid &G, huy 160°C-nud” glnnud™ gninpznt ok
thnfuwpyytny Cu(NOs3)2 dntndbpwyhlb dnGyneh (GY. 2.5, w): Mhan Swaqnud Gnipp hwa-
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ntu t quihu Gpynt pwqiwdlnipjwdp, npnbp Ywenigwé GG hhabwydwiupnid Ywdnpow-
Yuwyhb Ghunpwwnwihb fudpbpny dhwgwdé wynbdh wuwnndbtpny dshwynpywdé wbytpe qhg-
qwawadl. 2npwltphg (0Y. 2.5):

@cu N Oo p

LY 2.5. MnOéh (1) Ghunpunp urnigwépn® w) gninpznt Bk,
p) pintptinncd (B dluwhnfunieynih)

MnGah (1) Ghunpwuwnp (nudnypp Cu(OH)2-h Ywiunyph htunn fuwrlbhu unnwgynid |
Cuz(NO3)(OH)3 pwnwnpnipjwip Ywlws hhdGwihh wn, npp pUnipjwb 069 hwlnhwnid §
gtpjuwpnhunn hwlpwwnbuwyh wnbupny: WG Ywpbh § unwlw] Gwl hhnpwunwgywé
wnbéh opupnp (CuO « nH20) Ywd wnbdh hhdbwihbt YwppnbGwuwnp wnbdh (1) Ghunpwunh
(nLénypny vwytind, hGswbu Owl wnbdh () Ghuwnpwwnh |nenyphl thnpp pwlwynt-
pjwip hhdp (Ywda NH4OH) wybjwgltiny.

CU(NO3)2 i 3H20 + 3Cu0 = CU(NO3)2 ° 3CU(OH)2,
4Cu(NO3),; + 6NaOH = Cu(NO3); * 3Cu(OH)2 + 6NaNOs:
MnGdh hhdOwhG Ghunpwwp opnud gnedynn, uwlwyl Gnup penibtpnud (nuéynn
pInLBnWIhG Gynie L
MnGah (1) Ghunphnh dhohl wnp huynGh k-
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Lwjinbh &G 066 pyny wynbdh pnudwunitp:

Swppwswihwywl pwlwynigjudp wnbéh (Il) opuhnh, hhnpopuhnh Ywd hhabGwhG
Ywppnbwuwnh L $nudnpuywb ppyh thnjuwgnbgnipgjwlb dwiwlbwy wrwowbnid  wnbah
Jwwniun oppndnudpwin.

3Cu(OH), + H3PO4 = Cu3(POs)2 + 6H20:

MnGéh (1) oppndnudwunp hnfuwgnnid £ pnupnpuwywl ppyh hbuin® wrwewglbiny
CuHPO4 Lt Cu(H2PO4)2 prYywihb wnbn:

Uhbptgyb| 60 Gwl gipnifunt YwlOws hhdabwihb wnbp (Cus(PO4)2 * (OH)3, Cux(PO4)
(OH) L Cus(PO4)2(OH)4), npnlp ogunwgnpéynid G0 npwtu pbwywb Yuwbws gnibwbyniptn
(«ybtn6 dwwphwny):

Lwuwinphnudh wputbhnph b wnGdh (1) uniydwnh (nuénypltpp fjuwrbtbihu wrwow-
Onud £ thnthnfuwywl pwnwnpnepjwip YwOws Gundwdép, npp hwyuinbh | Gebeh Yubwg
waniany: Wo wnoéh (1) hndGuwht wputOhwin £, nph pwnwnpnegintip L Ywenigywépn
dpwbwlwynptbt npnpwéd s60: CEEGh Ywlwsp Grwgnn pwgwiuwppyntd |nLétihu
unwgynd £ aGY wy ywlOws gnibwlnip’ dGdnipuinught Ywlws (Cu(CH3COO), -
3Cu(A302)2: luhuwin pnibwdnp [hOGNL wwwndweny OGpYuynidu wyn Gnuebpp 560 og-
tnwignnpéyny:

<bnnty wwwynt hbin wynbdh wntiph thnjuwgnbgnigjwl dwiwbwy wewowbnid G
uhthywuwnbbph Guingwépltbn: <wynbh GO pUnigywb dE9 quipnifunt Ywlws nhnwunwq
hwOpwOnigh  wnbupny  hwlnhwnn, npwjwlwl  Yweniguwdépny dhwnwuhhlwuwnp
(CuSiO3(H20)) L hhdlwjhl wntp, ophlwy  Cus(OH)2(SisO1) * nH20 (fuphgnyui) L
Cus(SigO12)(OH)2: Ywpujwd fuwrbnipnbtph L oph wywnpniGwynigintbhg' fuphgnywih
agnuOp Jwr Yuwbwshg thnfudnid £ dhbsl thhpniquignyb L GpyawgnyG:

NtrLu wwn hhO dwiwlwybtphg wnbdh L hnnwiwihwywb dGnwnbGph ypyowyh
upihywuwnltpp hwyinbh thG dwpnynipjwlOp L oguinwgnpéynid thG npwbu gnibwbyniptn:
OphOwy™ Jwr uwwniun gniyuh 20nphpy CaCuSisO10 Ynybwyh upihywunp 5200 tnwph w-
rw9 <h4 Gghwuwnnunid Yyhpwrednid tp npwbu Yuwnyw gnibwlnie: Wo unwgt) 60 wp-
htutnwywb bnwawyny” dwiwphwnp Ynwpwnh b Ywpguwiht wywgh htn 800-900°C-nLy
Grwywtind, pOn npnud, wohpwdtwn tp wwhwwobp ng dhwjb Giuwbnuetph hwpwpetpnt-
pintbp, wy; Gwb 9Epdwunhiwbn (1000°C-ntd YpYyGawyh uhihwwnp pwjpwyntd £ wnGah
(I1) opuhnh, tnphnhdhinh b wwwytadwh winpd uhihywnh):
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RjnipGnwhhnpwunh wnbupny unwgyt 60 wynbdh weppinpwwnp (Cu(ClO4)2 « 6H20) L
Cu(XO3); » 6H,O (X = CI, Br L I) pwnwnpnigjwip hwingtOwuwnbtpp: Mn0dh jnnwuwnp
unwgyntd £ Gwb wewGg 9nh, npp 290°C-ntd pwjpwyyntd t.

20U(|O3)z = 2CuO + 21, + 50,:

U ywihwywb dGunwnbtph opuwjwwnbtpp wynbdh (1) wntph (nuényplbphg Guuntg-
Onud 60 wnbdh Ywwnywu opuwjwun (CuCy04 * H20), nph pwjpwjniihg (wgnwnh dhow-
Jwjpnud) wewowbnid b dGnnwnwywb wnhGd.

CuC,04* H,O0 —2 5 Cu + 2CO, + H,0:

Opgwlwywl ppnibtph™ opnud |nwéGth wnGéh (1) wntphg hGunwppppnigintt GO
OGpYwywglnid Yuwppnbwpenibbph wntpp’ Yuwppopuhiwunltpp:

MnGdh (1) wgbunwunh dnGnhhnpwunp (Cu(CH3COO); « H2O) pjniptinwbnid E swthw-
pwlwyny ybpgdws wnbéh hhdbwiht Ywppnbwunh Ywd hhnpopuhnh L pwgwiuwpeyh
thnfuwqgnbgnipjwl hGunbwbpny wrwowgwd |nenyphg: Woa unwgynid £ Gwb wynbah (1)
untdwunh L pwphnudh wgbnwwnph thnfjuwgnbgnigintbhg: MnGéh () wgGwnwwnh dnbn-
hhnpwup Juwwunwwbws hwindwdwynndwihb pinuptnwihb Ginwp £, npp jwy (nuéyned £
ns dhwjb onpnid, wy Gwb uwyhpuindd L Getpned, hGsh dwuht Jywynid £ npw dnGyniwyhb
Ywrnigywépp:

MnGéh (Il) wgtwwuwh hhnpwwnp nhdGpwgynid b wnhbd-wnhGd Yuwh hwayhh:
NnG&h Jnipwpwbgnip wwnnd gunbyned £ nhdbph pwnwnpnigjwb dtbe dunlnn wgbunwun
hnGOGph 4 Ywipowlwiht YndwGpuwhl fudptph ppywdlh 4 wwnndlbph wrwowgnwo
pwrwyntunt YGawpnbnid (GY. 2.6):

@cu 9c Oo eH

L. 2.6. MnGdh wgbnwwinh nhatph Ywrenigwépp
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MnGAh jnipwpwlsynip wwnndh Ynnpnhbwgiwl pwnwlpnid hhGgbpnpn wnbnnud
gnbynud £ H2O-h anityntp, huy 6-pn wnbnp gpwyned £ Cu — Cu uwwp: Wuwbu wnbéh
wuwnndh 2npg duwynpynid | nipwbhuwn Ynnpnhbwghw:

MnGah (1) wgbnwwnnid Cu — Cu Ywwh weyuwynipiniip wwjdwlwydnpywé t Gpw-
Gny, np [Cu(CHsCOOQO); * H20]> nhutpnid Cu — Cu htrwynpnipintbp waywbnb Ywps £
0,262 049, L phs b gGpwqwOgnid dGunwnwywb wnbdnid Cu — Cu YwwhG' 0,256 (u:
hujwuwtu, wnbah (1) wgtwnwwnnd Cu — Cu Ywuwp dhwyh t, wyn ywwdweny pny| k:
Apwlny £ pwgwuinpynid wb thwuwnp, nnp nhdtpwiht Yuppopuhiwuinltpp (nuénypltpnid
(nhy nhungynud 60 (pwgwenipntt £t wnGdh (1) dnGnpinpwgbnwunp, npp opwhb [ne-
onypnid ywhwwOnwd £ hp nhdGpwihb Yuwenigywépp):

MnGah (1) wgtwnwuwnh dnGnhhnpwuwnp Jwyninwdnd vnwpwglbihu opwagpyyned L,
huy wjbnithGuinl’ wbglnid qugquwihb yph&dwyh:

Onh prywd6th werywnipjwdp wnbdh L pwgwiuwppdh (ndnyeh Gplwp thnfuwqnt-
gnipjwl dwiwlwy wrewowlnid £ wnbdh hhdbwha wgbwwun (Cuz(OH)2(CH3COO),
5H.0), npp «wnOdwywlws» («dbEnywOlyw») wodwbniind oguwgnpéynid Ep npwbu
Ywlws gnibwOnip: UdGih Jwn wyn wnp unwbOwint hwdwnp wnbédh phptinh 2G6pwntph
dpw 19Gnd thO fuwnnnh dqwép, nph fudnpiwl hGunbwbpny wewowbnid £ pwgw-
fuwppnt: Uh pwlh wpwp wig unwgwd wnh thwep ptpnid tho L wewbdbwgbniy:
Ltpywyntiu ynbdwywbwys unwbnid 60 wnbGdh (1) hhnpopuhnp hwwpyuwiht pwbw-
Uny ytingywé pwgwiuwppyny stqnpwgltiny:

MnGah (1) hnGatph opupnhs hwwnynigntbbtnb h hwywn 6O quihu wyn |nLényRUGPH L
wnbédhg wywnny dbunwnltph Ywd winthhnbbph thnfuwgntgnipjwl dwdwbwy.

Fe + CuSO,4 = FeSO4 + Cu:
Opuhnhs hwwnynipntbb wytih Jwe b wpunwhwjnydwd hhdbwhb dhowywypniy,
uwlw)b npwtu wgnwOnp Gywwunwywhwndwn st oquwagnpét] nnOnnnwadwb wnbah
(1) hhnpopuhnp: MGwp t G26], np ghbtppeyh L Yhinpnbwppuh Ywd fubdnpwpepyh weyw-

Jnijwdp wnbdh unidwunh |nényphg Yoént wiywihbbpp wnbéh () hhnpopuhn st
OGuwnbglniy, pwOh np wnOdh () hnGOGpp Yywwywé G0 Yuynith yndwtpunid: UnhLongyl

dwiwOwy wnwhuh (nuénypLENG opuhnhsbtbn GO L jwpnpwwnnp Wpwyunhywntd ogunw-

gnpéyntd G0 winthhnwihG fudptiph, hhnpwaghGh, hhnpopuhjwahbh L wy yepwywbgbhs-
OGGph hwynbwptnpiwld hwiwnp: YepwywbqbhsGEph weywynipnitop Jywynid £ Gwnpbow-

gntj0 Ywd nGnha wynbaéh (1) opuhnh Guuinywédph wrwowgniip:
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MnhGdp, hGswbu hp dwop GdwGwyabpp, +3 opuhnwgiwl wunhdwanid niah d®
ElGYnpNGwhG nupdwighé:

MnGah (I1) Shwgnipynttbbpp 2w phs G0 L nlbG0O nudtn opuhnhs hwuwnynipyniGOtn:
Nnwlp O06pYwywgynid 6O wikbwt GYunpwpwgwuwywb wnwppbph® ppywdéth L dunnph
dhwgnipntbbtpny, npnGp Ywpnn G0 nhdwyw)b npwbg nidtin opuhnhs hwwnynipntb-
Gepha:

<pdptiph hwinypnid |ntéwd wnbdh (Il) opupnh LGYunpNihtwhG opuhnwgdwb
Ywd wyuinhy dGuinwnltph opuhnGtph weywjnipjwdp pprywdtny Gnylb Ojniph opupnwg-
dwl dwiwlwy unwgynid 60 MCuO2 (M-p wiywihwywb dGnwnb t) pwnwnpnipjwip
anLg Ywuwniyw, huy Gpptdla” ul wynGdh (M) Yniwpwunbtn.

2CuO + 2NaOH 20030t hnuwlp o oNaGyO, + Ho,
ACuO + 2Na,0 + O, —Y 5 4NaCuOy:

Un dhwgnigntbbbpnid wewbdhb Yyniwypwun hnbGtp s60 ywpnibwyynid, wnbdh
wuwnndlbpp 2powwwnywdéd GO ppywdth wwnndbtpny, npnbp Ywqunid G0 hwpp pwrw-
Ynirup, L hpwp dhwgwé GG hwpp dwwwytintd.

{wjinbh 60 Owl oppnyniwypwuwnlbbp: Wuwbtu, 150 pwp ppywdobh A020wl wnwy
wnbép (1) L thphntdh opuhnbtph hnuwqgnbgnipjwb dwiwlwy weweowbnid § dnig Ywp-
dhp LisCuOs:

Uwndhp hhnpopunyniwtpultpp upbptgynid GG hhdbwhbt dhowywypnid wnbdh
(1) hhnpopuhnp hhwnpinphnny opuhnwgltihu.

2Cu(OH), + KOCI + 2KOH + H,0 = 2K[Cu(OH)4] + KCI:

Thwbp pwjpwynid G0 ng dhwyb dhowydwynph pH-p ohbsl sbqnp hotightihu, wy Gubl
Onybp wwhGhu: MnGdh hhnpopunyniwypwwnltph |nényplUGph wpwg prYtgniip hGw-
pwynpnipntl £ iwihu unwbwine CuO* hnGlbp wwpniGwynn woywynth Yuwngu (ni-
snyplbp (E° (Cu™/Cu?*) wnuinklghwip 1,57 4 t):

uahnOwihb auh wrwowgiwl hwynip Ywpbh t pwgwunpb wbpuniydwunnyg
wnGéh (1) hhnpopuhnh opuhnwgiwl dwiwbwy wa9wunynn Cuz03 * XH,0O hhnpwwnwg-
Jwé waywynib opuhnh gbpwyzenn ppywiht panyeny:

MnGéh (1) YuwuwhnGwyhl wnbp hwjuinbh $60:

hlsweu Gz46) £, 11-pn fudph wwpptph™ MO pwnuwnpnipjwdp opuhnbbpp opnid
s60 (nLeynd: Pwyg L wjbwbu opnid Ag2O-h Ywiunyp unnwbwihu (nuényph pH-p pwpdpw-
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Gnud £, wyupGpl’ (nényp GO wGglnud Ag® L OH hnGOGpp (OGpYuwywgynid £ AgoO-h
hwwnynigyntbbtipnid).
Undwph (1) opuhnh 9npwihb Ywiunypp Yont wiywihtbph Gdwb onhg Yiwbnid | CO, L
(nLénud £ wynudplp.
Ago0 + CO, = AgoCOs3,
Ago0 + 2Al + 11H,0 = 2Ag[Al(OH)4(H20),] + 3Ha:

Wu pninpp yywynd GG, np wOyuwyntd wnpéwph hhnpopupnp pwywywbhb nudtin
hhdp t, L npw nudtin penibtph wntpp gnpébwywonid s66 hhnpnihgynta:
Undwpeh (I) hhnpopuhnh pnyy Gpynhdh pGnyep npubnpynud £ hhdptph fuhin ni-
onyplEnpnLd (pH > 13) Ag20O-h dwulwyh [ntédwl dwiwbwy.
Ag>0 + 2MOH + H,0 = 2M[Ag(OH);]:

Uunwgwdé wOywyntht hhnpopunwnpgtunwuwnObpp gnjnugyntt nlOBG dhwya opuyhl
(nLénypnLa:

Updwpeh (1) opupnh L wiwihwywb dGunwnbtph opuhnbbph thnfuwgnbgnipjwb ht-
inbwbOpny wrwowlntd GO opnd wdpnnonyhlt hhnpnihqynn wbonip wpgGOunwwnbtn
(M4Ag404 L M3AZO,).

M4Ags04 + 2H20 = 4MOH + 2Ag20:

2nn uwhuiwy AgOH hwonnyb b unwbwy -50°C-nii AgNO3s-h L KOH-h thnfuwgnk-
gnLpjwlp.
KOH + AgNO; —2%2 5 AgOH + KNOs:
Lwyinbh 60 vnwpptp prYywéOwihh wohnbGtph wnpéwph (1) wntp, npnbg 0GSG “wup

ndywpwinyé k: Pwgwrenipntt G0 Ghunpwuwnp, wgtGwnwunp, pinpwiunp b wtppnpwiunp:

Upéwph (1) prywdluwhb penibbph wnbphg (L ng dhwjb prywdtwhb) gnpébwyw
Opwlwynignth ntoh AgNOs-p, npp Ywnbih £ unwbw] dsGinwnwywb wpdwep, wndweh
unt $hnp, opuhnp Ywd yuppnbwunp wgnunnwywb ppyntd |nLétiny.

3Ag + 4HNO3 = 3AgNO3 + NO + 2H,0,
Ago0 + 2HNO;3; = 2AgNO; + H20,
3Ag>2S + 8HNO3 = 6AgNO;3 + 3S + 2NO + 4H,0,
Ago,CO;3 + 2HNO; = 2AgNO; + CO; + H,0:
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2np wnp unwgynid b ppdwé rGwyghwlbnny wrwowgwd (nuényplbph gninp-
2hwgntihg:

Upswph (I) Ghunpwunp 212°C-nud hwiynn uwhwnwy pinepbnwiht Gnee £ Wo nus-
dnid £ ns Ghwyb 9pnud (20°C-nwd” 222,5 g, huy 100°C-nLi™ 770 q), wy; Gwl opqulwywl
pLtrwihb |nu6hsGEpNLY: Swpwgltihu hGyunnigjwdp pwjpwynid k.

2AgNO; = 2Ag + 2NO; + Oy;

Upswpeh (I) Ghunpwunh htuin wtbwp k2w qgnyy wzfuwwnt], pwOh np dwyh ypw
pGYyOG pu wrwowglnid £ wpywdép, npp GYwwnth £ nwelnd dh pwOh dwd wig. hwydw
inbnnd dwyp ubwbnud £ L wybnithGnb dwhwOnud: <60g npw Yypw £ hhaGdwdé gnpun-
OnybBph wypdwb L hrwgdwb hwdwn ndnfuwpwph (80 % AgNO3 L 20 % KNO3 wwpnt-
Gwynn fuwrbGnipn, npp hwjinOh £ «gwwhu» wadwdp) ogunwagnpénidp: Updwph Ohwn-
pwwnl ogunwagnpéynid bt wlwihwnhy phdhwnid™ npwbu wgnwOnip (wpdwpwswdnt-
pinLl) wpdwph w)| Shwgnipynttbtph L wpdwpwhlt hwytihtGph unnwgdwb hwdwn:

Uwwyw hptph wpéwpwwwwniwl Gywuwnwyny wpdweh Ghunpwwh opwihb |nt-
onyphb Ywph06pny wytiwgynid £ winGhwyh fupun (nuényp dhasl uygpnid wrwowgwé
Ago0-h Gunnqwdph (nudybip: Gnudwpwihb rEwyghwb nibh hGnlyw) wnkupp.

AgNO3 + 3NH3; + H,O = [Ag(NH3)2]OH + NH4NO3:

Uunwgywd |nuonyphg wnéwpep yGpwywbqlbint b npwing wwwyw hpbpp ww-
iGNt hwdwp oqguwagnpdynid GG opqubwywb Ojnptn ($npdwinthhn Ywa qyniynqu):
UpSwpwwwwnntdlt hpwlwGwgynid £ pny; tnwpwgdwb (50-60°C) wwjdwaatpned: Sknh
ntbtgnn hGuinlyw| rGwyghwltph hGunbwOpny wpéwpwwwwnynn hph dwytplnypep
wwuwnyntd £t wpdwph thwynib thweny.

4[Ag(NH3)2]JOH + HoCO + 4H20 = 4Ag + (NH4)2CO3 + 6(NH3 » H20),
2[Ag(NH3)2]OH + CeH120g + 2H,0 = 2Ag + CeH11O/NH4 + 3(NH3 o H20):

Gpt npwbu YybGpwywbqgbhs oguwgnpdynid £ gyniynqw, www npw opwihb nt-
onyphb wybwgynid £ thnpp pwlwynigjwip fuhin wgnunwywb pent L Grwgynid: w

wlhpwdtauin £, npwbugh gyntynquyih ghythy aLb wpwag thnfuwpyyh npwtu wnpéweh (1)
JGpwywbqbhs hwlnbu Gynn pwg auh0: MGuinp t G026, np wpéwph wdinGhwywihb

UndwGpup sh Yupbih Gpiwn wwht], pwlh np hGwpwdnp £, np wyb ginfuwpyyh fuhun
wuwypntbwynwbg wpéwpeh wghnh (AgNs):
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0wywd Shwihgp Ywihndh, rniphnhnidh, ghghnush L Ag*™-h swihubph GowGntpjw-
Op, h vnwppBpneginlt Swbp wywhwywb dsGunwnbtph pinpwunObph L weppnpwuwnbtnh,
wnpéwph pinpwuwnp L wGppinpwunp (wy (neéyned G0 opnid:

Unéwph pinpwwn (AgCl0s) ywntih b unwbw| wpéwpeh (1) opuhnp Ywd Ywppnbwunp
pinpwywb ppyntd |nétiiny, Ag20-h opwihb Ywiunypny Clz wbgywglbiny, hoswtu Gub
wnéwph Ghunpwunh L Yuwihnwdh pinpwunp thnfuwgnbgnipjwdp.

Ag20 + 2HCIO3 = 2AgCIO3 + H,0,
Ag,CO3 + 2HCIO3 = 2AgCIO3 + H20 + COy,
Ag>0 + 6Cl;, + 5H,0 = 2AgClO3 + 10HCI,
AgNO; + KCIO3 = AgCIlO3 + KNOs:

Updwpeh pinpwiinp uwhuwwy pinipenuwght Gnee £, hwidned £ 230°C-nud, huly 270°C-
Ny’ pwjpwjyntd.

2AgCIlO3 = 2AgCl + 303:

N.Gh opuhnhs hwuwnynigntGbtp: Updwph pinpwuwnh nt 660ph fuwrbtnipnp hwpyw-
6hg, 2n2whtihu L nwpwglbihu wwypntd k.
2AgClO; + 3S = 2AgCl + 3S0y:
Updwph (1) weppnpwwnp unwgynid £ wpdwpeh (1) opuhnp Ywd dGwnwnp wbp-
pinpwywb ppyntd |nétiny L thnfjuwbwydiwb rGwyghwny.

2Ag,0 + 2HCIO, = 2AgCIO, + H,0,
Ag + 8HCIO, = AgCl + 7AgCIO; + 4H,0,
AgNO; + NaClO, = AgCIO, + NaNOs;

UG onnid wpwag thnzhwgnn uwhuinwy Ginee £: Pwgh opnid jwy |ntéybintg” wpdwpeh
() weppinpwnhl pUnipwagpwywb t wnininuninid, ghgbphbnid b wy, opqubwywb nuéhs-
OGGpnud nuddbp: Updwph gnwu wntph Gdwb yGpwywbgbhsbbph wqnbgnipjwip wyl
ubwnLd £, huy tnwpwgltihu (500°C)" puwjpwjyntd.

AgC|O4 = AgC| +20,:

Upéwpeh wbppinpwunl opqulwlwb phdhwynid oguwgnpéynid £ npwtu Ywuwnwih-

quunnp:
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Upéwpeh ppndwuwnp (AgBrOs) L jnnwunp (AglOs) unnwgynid 60 Onyb Gnwbwybtpny,
hGs pinpwiwnp, L NGO ppnpwunh hwwnynipynibbGGpp, dhwjbt wyb tnwpptpnigjwdpe, np ppn-
dwunp opnid ndwpwinyé k:

<wjinbh 60 Owbl wpéwph htGunlyw|] wyennnwwnbtpp™ AglO4 (Gwnbowantl), AgaHslOg
(nbnh0), AgslOs L AgslOg (uly):

Upéswpeh (1) prywdéluwihb wnbphg otpdwywynil, nddwpwinyd AgaSO4-p unwugyntd
E nwpwgdwl wwydwbbtpnid dGunwnwywb wpéwph L jupuin §é6opwlywb prYyh hnfuwg-
nbgnLpjwadp.

2Ag + 2H,S0O, = AngO4 + SO, + 2H,0:
W0 ywpbh £ unwOw) Gwb Ag20-0 L AgoCOs-p fuhwin 66dpwlwl pryYntd |nékiny.
AngO3 + H,SO4 = AngO4 + CO, + H,0:
Upswieh (1) untyuwinp 1000°C-nLl pwjpwyynn uwhwwy Gnep k.
Ag2304 = 2Ag + SOs + O9:

Swpwglbhu opwéhOp Yepwywbgbnid £ wpdweh (1) uni dwunp.

AgoSO4 + Hy —25°C 5 2Ag + H,SO,,

AgoSOy4 + 5Hy —32°C 5 2Ag + H,S + 4H,0:
Pwndn otpdwuwinhdwanid wjb thnfuwgnnid t Cla-h hGwn.
AgyS04 + Cly = 2AgCl + SO, + Oy
Upswpeh (1) uniydwuwnnp d6dpwywb pryh dhowduwinpnid tnwpptp yspwywbgqbhsbt-
nny yGpwywbgbynd £ thnfuwnyytiny dGunwnwywb wpéwpeh.
Ag>S04 + 2Cu = 2Ag + SO, + 2Cu0,
Ag2S04 + 2FeSO,4 = Ag + Fex(SO4)s:

Onfuwgnnid  660pwywlb pprYyh hbnn™ wrwowglbiny onnud |nuétih, twnppebp pw-
nwnnpnipntbbtpny (AgHSO4, Ag(H3O)(HSO4)2 L Aga(HSO4)2(H2SO4)) prntL wnbin:

Updwph Ghupwwnh nuonyphg NaxSOs-p Gunbglnid b AgaSOs uwyhwnwly dhohl
wnp, nn0 wanwOniph wybigniyh htn weweowglnid £ YyndwGpuwihb [Ag(SO3)(H20)] L
[Ag(SOs)* hnlGkn: Grwglbihu unidhnh Gunywéph opuihl (niénypp pupuydnid ,
hGsh hGunbwGpny ubwbnid k.

2Ag2803 = 2Ag + AngO4 + SO,:
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Updwph pprywdbwiht ppniltph wntphg phnunidwwnp (AgS203) unwgynid L
wnpéwph wgtnwuwnp Ywd $unnphnp Gwwnphnudh phnuni $wuwnh (nuénypny drwytiny.

2AgCH3COO + Na,S,03 = Ag28203 + 2NaCH3COO:

Wo wayuwynih thnp k, opnud Jwwn £ neéyned, uwywyb wiywihwywb dGunwnbbph
phnuni dwunlbph |nényplUtpnd (wy |nteynud £ wrewowglbind YyndwGpuwihb dhw-
gniyntbbtp.

Ag>S;03 + 3Ns2S,03 = 2Nas[Ag(S203)2):

UpSdwph phnunt $wuwnp |nueniypp rwglbhu Ywd prytglttihu pwjpwyynid k.

2Na3[Ag(Szo3)2] = Agzs + Na,SO4 + 2Na,S,05 + S + SO,
2Na3[Ag(S203)2] + 4H2S04 = AgaS + 3NaxSO4 + 2S + 6SO; + 4H,0:

Undwpeh (1) Ghunphnp unnwgynid £ hsunlywy thnfuwbwyiwb rGwyghwyny.
AgNO3 + KNO2 = AgNO; + KNO3:
Grwglbhu opwyhl (nLénypp pwjpwyyntd k.
2AgNO; = Ag + AgNO3 + NO,
huy snp wnh pwjpwjntip (140°C) wbnh £ nLGGNLE wy| pGpwgpny.
AgNO, = Ag + NO2:

Updwph Ohwnphnb ogunwgnpéynid b wihdwuwhy Ghuinpnwéwbgyuibtn uinwbwint
hwdwp:

Lwuwinphnudh ppnt dnudwuinp (NagHPO4) wpdwph wnbph stgnp (nudnyplbphg
Guwnbglnid £ penilGpnid L widnGhwynid (nuéynn wnéwpeh ntnha shohlt $nudpwn.

3AgNO3 + 2Na,HPO,4 = Ag3PO4 + NaH,PO,4 + 3NaNOs:
Ubunwdnudwunh wagnbgnipjwb dwiwbwy Gunnud £ uyhuinwy AgPOs.
AgNO3 + NaPQO; = AgPO3 + NaNOs:

Updwph $nudwinh L Inudnpwywl ppyp fuhuin |nionyplEph fuwrbtnipnp Grwglt-
thu wrwowlnid t AgogHPO4-h ntnht Guunwdédp: W0 wpdwph gjntu wnbph Gdwb 2wwn
qawjntb t (nyup GYwwndwdp, huy oph wgntgnipjwdp thnfuwpyynid | AgsPO4-h.

3Ag2HPO4 = H3PO4 + 2Ag3PO4Z
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Updwph hhnpndnudwwnh L 80 %-wlng Inudnpwywlb ppyh |nLonyplLEPh fuwn-
Gnipnh junwgiwl dwiwbwy wrwowlnid k pnupGnwiht wpéweh Gpyhhnpndnupwnnh
wagnylb Guindwép, npp oph, uyhpwnph L Getiph wanbgnigjwdp Ywld tnwpwglbihu ht)-
nnipjwip pwjpwyntd k.

2AgH,PO4 — AgoHPO4 + H3POy,
3AgH,PO,4 = AgsPO4 + 2H3PO4:

<wjinbh 60 Owl wpdwpeh ghyhy dGunwdpnudwinitin (AgsP30¢ L AgsPsOs): Updwph
Gphunpwunh L unnwih thnfuwgnbgnigiwl dwiwbwy wewowbnid 200°C-nLd pwjpuwyynn
wnéwph YwppnOwwh uyhunwy Guinwép.

2AgNO3 + Na,CO; = AngO3 + 2NaNO;,
AngO3 = Agzo + CO,:

Upéwpeh YuppnOwwnl wiwihwywb dGunwnbtph YwppnbGwwnbbph hbun werwowg-
Onud b ypyowyh wnbp, ophwy KCOsz ¢ AgoCOsz: pw pwgwjuwppywihb (nuoniyph
funwgiwl dwiwbwy wubnOwdl pniptnltph wnbupny pjnipnwibned £ opnud L uwhp-
inned |ntéynn wpdweh wgtiunwun (AgCH3COO):

Ugnunwywb ppryh uwyhpunwihb (nuonypnid |ntéwd AgNOs-h [nuénypp tnwpwglt-
thu pynipGnwlnud £ wpdwph pniihbwwn (AgCNO): WG hwyinbh £ Gpynt dLwdhnfuntpgyncb-
GGpnd, npnOghg Jnipwpwbgnipnd wpdwpeh wwnndp Ynnpnhbwgynud | onpwynid Ywd
ghythy hGpuwdtpnid wyn wwnndp Ywwnn Gpyne nidhbwwn hnbbGph wéuwébh wuwnnd-
GGpny:

UpSswpeh $nijdhbwuwnp tnnwpwglbhu Ywd hwpdwéhg pwjpwynid b wwypyniny.

2AgCNO = 2Ag + 2CO + Ny;

NLOh hgnitbp® wnhdGpwiht wpéweh ghwlwwnp (AgNCO), npnid wpdwph wunnd-
GGpp Ynnpnhbwgynid 60 (hgwlnh wgnunh wwnnabtpny: Ag — N Yuwb wybih Yuynda k,
pwl Ag — C Ywuwp, wyn wwwndwreny ghwbwunp Yuynta £ §hosk 335°C gbpdwunhswln L
wwpntbwywnwbg st:

Lwywnnbh 60 066 pYyny wpdwph uhhywunbtipn (Ag2SiOs, AgsSizO7, Ag10SisO43), hGswtu
Owl fuwrep wnbp (Ag(Si0)sSO4 L Age(SiO4)2(NOs3)): Undwph dkwnwuh hwuwnp Ywrenigwd
t uhhghnuiwppwdébtwiht pwrwlhuntphg wrwowgwé npwltphg, nnGg wnpwbpntd
inbnwynpywé 6O Ag” hnGOtpp (GY. 2.7):
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Z

LY. 2.7. Ag.SiOs-h Ywrnigwépp

UpSdwpeh (1) wntph (nuonyplEn0 wiwihwywb dEunwn06ph ppndwwnbGph (nLényp-
GGpny Ywytihu wewowlnd £ wnpdweh ppniwwnh Yuwpdpwnwpswagniyo Gunywép.
2AgNO3 + Nas,CrO,4 = Angf’O4 + 2NaNO,,
npp hGunnugjwdp (NLdyned £ wdnbhwynid W hwbpwihb ppnibGpniy.
Angf’O4 + 4NH; = [Ag(NH3)2]ZCrO4,
2Ag2Cf'O4 + 4HNO3 = 4AgNO3 + H,Cr.0O7 + H,0:

Upéwpeh tGpyppniwwnp Ywpdpwnwpsbwagnyb Guingwéph winbupny wbowwnyned L
wpéwph wnbph |nonypLENPH L wiywhwywb dEnwnbBph wntGph (neenyplUGNh thnfuwg-
nbgnigjwl dwiwbwy.

2AgCH3COO + Ksz207 = Angsz7 + 2KCH3COOZ
2nnid Grwglbhu wjb thnfuwnyynid £ ppndwunh.
2Ag20r207 +H,0O 5 2Ag20r04 + HoCr07:

{wjinbh 60 wpéwph™ gwdén Yuwnibnipgjwdp L nidtn opuhnhs hwunynipintbbtpny
pGnipwagnynn thnpn pynd Gpywndtp dhwgniginibGGbp: LhGGiny nudtin opuhnhsbbn’
npwbp ophg L ppywdbwihb prnLOEphg nnipu GO dnnid prYwsh.

AAg® + 2H,0 = 4Ag" + O, + 4H™:
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Updwph Bpywndtp wntphg Ophinpwunnp unnwgynid b wgnunwywb ppyh Uhow-
Jwjpnid wpéwph (1) Ghunpwunb ognbny opuhnwgbbihu: GUpwnpynid £, np opuhnwgniip
wintnh k ntbGGnud Gpyne thnend.

AgNO3 + 03 = AgONO3 + Oy,
AgONO3 + AgNO3 + 2HNO3 = 2Ag(NO3)2 + H0,
gnidwnpwihb hwywuwpniip hGunlyw) b k.
2AgNO3 + O3 + 2HNO;3 = 2Ag(NO3)2 + H,O + O,:
<wyh wrlbny, np opwjhb nLénypnLd Ag2+ hnGp wrwowglnud £ wyywyndwbpuh
intupny pjntpbnwhhnpwwn. NGwyghwb Ywptih § 0Gpyuwywglt] htuinlyw) Yepw.
2AgNO3 + 2HNO;3 + O3 + 7H20 = 2[Ag(H20)4](NO3)2 + Oa:
Unpswpeh (1) Ghunpwunp 9nny htun pwypwyynn wbagniyb pyncpbnwghb Gynipg .
4Ag(NO3)2 + 2H,0 = 4AgNO3 + 4HNO3 + Oa:
ubonip dnudpnpuwywb ppyh htin AgoOo-p hwibihu unnwgynid £ opnud jwy |ntéynn
wnéwph (1) wagnyla Inudwn.
4Ag202 + 5H;PO, = 2Ag3(PO4)2 + AngPO4 + 4H,0 + O3:
Uwl nyuwibbp nwpsbwagnyl AgCOs-h, AgSiOs-h L AgCrO4-h unnwgiwl ybpw-
pGNjwL:

Upéwpeh (1) wwpq wnbp (YwwhnOGwihb), pwgwenigjuwdp $unnphnh, hwjinbh s6a0,
uwlw)b wpdwpeh (1) wntph wonnwiht opupnwgiwl dwiwlwy wwuwnhOb L EYnpnnh

ypw wrwowbnid 60 Agz0sX plnhwbnip pwnwnpnigwip (X = NO;3;, HSO,, HF, L BF;)
ul, SElnwnwywb thwyn wnpéwph (I L 1) opunwntp, ophbwy.
7AgNO; + 8H,0 — LMl , Ao OgNO; + 5H; + 6HNOs:

Wn wntph ypw ppnibtph opwihb nuényph wagnbgnipjwt dwiwlwy wrwowguwd
AgO" hnGGtpp 9ph dnitYnL OGph nL wOhnGGGnph hwinbw nudtn opuhnhs wynhynipwb L
wpwqg hhnpnhgytint hGuinbwbpny Yuyntb s60 GneyGhuy fuhuun prywiht dhowdwjpntd.

Ag70gNO3 + 17HCI = 7AgClI + 5Cl, + 8H20 + HNO3:

OpunGhwpwwh opwih(t Ywiunyph wwpwgniip hwbOgbgbnid  wpdwpeh (1, 1)
opuhnh wrwowgiw0.
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Ag70NOs —2° 5 3A6,0, + AgNO; + Oy:

Unig dwOniwywagnyl AuOH-p unnwgynid b pny vnwpwgdwl wwydwbbbpnid
KOH-h [ni6nypny AuBr-h ypw wqnbihu.

AuBr + KOH = AuOH + KBr:

<hdiph wybigniyh nbwpntd AuOH-p wrwowglnid t Ywwnyun gnp (YninhnwyhG |ne-
onyp), pwg npwb gniqwhte Gwbl dwuwdp |neynud £, npb wiotbw)t hwywbwywbne-
puwip wwjiwbwynpywsé t  pGpGnipnylt yhdwynid (yhOn yphswynid) sunwgyuwéd
M[Au(OH),] wnippuinbEph wrwowgliwdp:

b tnwppbpnigintt wnbdh L wpédwph’ nuyhlb prYywdétwhl ppnLbtph dhwpdtp wnbp
sh wrwowglniy, hGsp wwydwawynpywé

Au* 5 AU + Au, K=10"°

wihwiwdwubwgdwh rtwyghwih hwunwwnibh 666 wpdtpny L Au*/Au (1,83 4) qnugh
066 wnunbOghwiny:

Nuynt (1) hhnpopuhnh L ppywdébuihlb penLttph wntp huwywnbh s60:

Nuynt pippopwébwywb ppyh Yypw hhdp wybiwglbbihu wrwowlnid £ Au ()
hhnpopuhnh (Au203 * XH20) ntinGwnwnsbwagnyb Guinywép.

H[AuCl4] + 3NaOH = Au(OH); + 3NaCl + HCI:

Wa néynd t hhdpbph fupuin |nénypend” wrweowglbin nbnht pwrwhhnnop-
unwnLpwwinGen (11).
Au(OH)3 + KOH = K[Au(OH)4]:

Nuyne (111) hhnpopuhnh pprywht hwuwnynipintbGtpp pny G0 wpunwhwynywds, uw-
Ywjb npwbp gbpwyzenid 60 hhdaGwiht hwwnynegynibbGtphb, hGsny £ wwjdwbwdnpywé
npw hwbpwhwyn wbdwbndp® «nuyt penu»:

MhOn $wqwiht upbptgny Ywptlh § unwlw] wbonip wnipwwnlbbp (KAuO,,
CuAu,04, NagAu0s L wy (), ophlwy.

KNO3 + Au = KAuO; + NO:

Nidtin ppniGGph htun nuyne (1) hhnpopuhnh thnfuwqgnbgnipnitbp hwbgbglnid L
wOhnOwyhb Yndw Gpulbph wrwowgdwl, ophbwy.

AU(OH)3 + 4HNO; = H[AU(NO3)4] + 3H,0:
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Wuhbpl' prywdluwihb penibtph nuynt wnbp opuyhlb |nuényplUtnhg hGwpwynn sk
unwbwy: Nuyha (1) Yuynio wydwyndwGpbtp sh wewowglni:

Gpywp dwiwlbwy hwiwnpnid thG, np nuyne L ubGowywb ppyh thnfuwqgntgnipjwl
hGuinLwbpny wrwowbnid k ubiGowwn (Auz(SeOq)s): Uwlyw)lt wydd wwpqywé £, np Gpqwé
thnfuwgnbgnipjwb dwiwlwy wrwowbnid b wynhdtpwihbt opunubiGahun.

2Au + 3H,SeQ, = AU20(SGO3)2 + 2H,0 + H,SeO3,

Ywd Gpyublhhuin®  Au(SeOs3)2(Sez20s), huy opuhnhsh wytigniyh nbwpntd™ nbnlbw-
GwnGowgnyyb fuwep wn™ AuzSe0s),SeOs, npp Yuyntl £ thask 370°C:

2.8. 11-N1 vUrh SUNMNGNh ULhaguhnuNe

11-pn fudph wwpptph hwingthnbtph Yunibnipyniop (hndhb hwidwwwwnwuuw-
Gnud £ opupnbbph Yuynibnigjwbp. wnbdh hwdwn pnipwgpwywb 60 GpyhwingtohnGtpp
(Culz gnjnipyntb snLbh) L shwhwyngtOhnbbpp (pwgwenipjwip CuF-h), wpéwpeh hwdwn’
UhwhwingtOhnOtpp, huy nuynt hwiwp® dshwhwingtOhnbtpp L GrhwingtOhnbGpp (wn.
2.3):

Unjnuwy 2.3
11-pn fudph thwnppbiph hwingtOhnbtnpp
Opuhnugiw wunhAwln Cu Ag Au
+1 CuCl, CuBr, Cul AgF, AgCl, AgBr, Agl AuF, AuCl, AuBr, Aul
+2 CuF;, CuCl,, CuBr; AgF, AuF,
+3 CUF3 AgF3 AUF3, AUzcle, AUQBFG
+5 - - AuF;
+7 - - AuF;

hOswbu 0246| £ hwingtbbtph pwdbnid, duinnphn hnGGGpp vwpptpp YugniGwgbnid
G0 pwpdp opupnwgliwl wuwnhdwlny dhwgnipntbbpniy, wyn wwuwndweny pwpdpwin-
dtip hwngtOhnOtp hwonnyt| £ uunnwbw| Shwyb $unnph htuin hwdwywnpgbpnid:

Mwnpqg Oniptiphg 11-pn fudph pninp dGunwnbtpp™ +1 opuhnwgdiwl wuwnhdwbny
pinphnbtph, ppndhnbGph L jnnhnlbph wewowgnidp wrewehl dninbgdwdp Jupbih &
nhuwnyt npwtu (pwgywé d L hwingtlbtph dnGYn GEpp pwihnip opphuinwi 06ph thn-
fuwqnbgnipwb wpnyncbp:
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Ubwnwnh L hwingtth wuinndwihb wrwyhnbbph waht gniquhte’ dGunwnh d L hw-
(ngtbh dniGYnih bhuptglnn ™ dnGynwihb opphuinw GGph ypwéwéydwb nidbnuigdwl
hwyyht M — X phdipwywl Ywwh hwiwpdGpwiht pwnwnphs dwup L pjnipbnugubgh
tUGpghwl dG6wOnd 6G, hOsp hwbgbgOnud | nudGihnipjwb 0jwqiwb: <wiwnpdtpw)lnt-
pwb wany k pwgwuinpynid Gwl AgCl — AgBr — Agl wnpnid gnuyah dqwgnidp, hGsp wwy-
dwOwdnpwé t uwbyunph nyunpwiwbnwyugnyl nwyunhg wnbuwlbGh nwwn thn-
fuwOgiwb 26pwnh inbnwwndny:

Lytlp, np wwppbpwywl hwiwlwnpgh Ywpg wnniuwyh wnwpptpwynid wnbép,
wpéwpeh L nuynt hGwn Gnyb fudpnd guinbynn wiwihwywb dGunwnbtph hwingtbphnbtnph
(nLéGLhnigyntbp opnud Gwgnid | hwywewy Ywpgny, wuphbplt’ watbwdnpp nuébint-
pjwip oduinywé L LiF-p: Qw wywjdwbwynpywé £ wyn dshwgnipintbbtpnid Ywwh hnbwyhb
panypny L hwiwwwunwuuwlwpwn ynipnbywb thnjuwgnbgnipgjwb LaGpghwih thnppwg-
dwadp nt hnGwhb wrwyhnbtph dGdwgdwdp:

MnGéh (1) hwingtOhnbtpp (CuX), npnbp wgnyl, opnid phs (NLéYnn (hwdwwwunwu-
fuwGwpwn 1,2« 10%, 5 10° . 1,1 + 1072 |nL6G hnLpjwb wpunwnpywiGtpny) Shwgntpntl-
OGp G0, unwgyntd 60 wnGadh () dshwgnigntbbtph yEpwywbgbnuiny: Wuwbu, OGwuwn-
nhnidh hwingtOhn wwpnibwynn wnbdwpowuwh (niénypny 660pwihlt quq wOgywg-
06 hu wrweowOnLd £ wynbdéh (1) hwingtthnh uwhwunwy Gunywép.

2CuS0, + 2NaX + SO, + 2H,0 —>5 2CuX + 2NaHSO, + H,SO,4 X=CILBrul):
MnGah (1) pinphnp Ywnbph £ unwOw] Gwb hwiwdwubwgiwb rGwyghwyny.
CuCly + Cu —2% 5 2¢yCl:

Ntwyghwih dhowbYuwy thnintd unwgynud £ Bpypinpyniwypwnnp (1) wbagnyb (ni-
onyp, nph Gnupwgniihg wewowbnid t CuCl-h wagnylb Gunywép:
MnGéh (1) pinppn unwgynid b ppywdéth wrlywjnigjwdp dGnwnwywb wnh0dl
wnwpprYny dawytihu.
4Cu + 4HCI + O, = 4CuCl + 2H,0:
MnGah (1) hwingtOhnlGph unnwgdiwb vGY wy Gnwlwy § Cu20-h L hwiwwwwnwu-
fuwl hwingEhwonwdélh thnfuwgnbgnipnilp.

Cus0 + 2HX = 2CuX + H,0:
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Uhwppndhn L dhwynnhn ywptGih £ unwbw] Gwlb pwpdp 9Gpdwunhdwbnid hwiw-

wwuwnwufuwb hwingtlweonpwdébh L dGunwnwywb wynbdh thnfuwgnbgnipjwadp.
2Cu + 2HX —%— 2CuX + Hy:

MnGdéh (1) jpnhnh unnwgliwl Gwwwnwlywhwpdwp Gnwawy £ wynbdh () unydwuwnp L

Ywihntdh jnnhnh wldhgwywb thnfuwgnbgnieynip.
2CuSOy4 + 4Kl = 2Cul + Iz + 2K3SOy4:
3nnp htrwglbint hwdwnp Guindwépp (ywbnid GO ghnunty $wwnh |nuéniypny.
I2 + 2NazS,03 = NaS406 + 2Nal:

MnGah pninp dhwhwingtUhnbGn0 nlbGh0 uptiGphwnp Yurenigywép (4. 2.8):

LY. 2.8. MnGadh (1) pinphnh twppwiywl pehep

2nnid ndywpwinyé wnbdh dhwhwingbbhntbpp |ntébh yhswyh Yuptih t ptnptg
npwbp Ywuwnhnbwihb Yuwd wOhnGwihb YyndwGpuh thnfuwnytiny, ophbwy.
CuCl + 2(NHj3 * H20) = [Cu(NH3);]CI + 2H,0,
CuCl + HCI = H[CuCl_],
CuCl + KCI = K[CuClJ],
2CuBr + 2HCI = H[CuCl;] + H[CuBr3]:

Uunwgywé wbgnyl (nuénypltpp Cu®™-h wnwa opupnwgiwl htuinlwbpny, Gpp wyl
thnfuwnyyntd £ Cu®*-h, unnwbnid 5O Yuwnywn (wonGhwywhG Yndwbpup) Ywd Yubws
(PInphnwyhlG Yndwtpup) gnij(.

4[Cu(NH3)2]Cl + Oz + 12NH3; + 6H,0 = 4[Cu(NH3)4](OH)2 + 4NH4CI,
4H[CuCly] + 4HCI + O3 = 4H[CuCl3] + 2H,0:
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MnGdh dhwpinppnh wnwppywiht Ywd wdnbGhwlwihb (nuényplbpp hGunnipjwdp
Ywlnud 6O CO™ wrwowgltin onpnid wd wnwpwglbihu pwjpwyynn Ywnpdhp Gpyswih
(nhatin).

OoC Cl CO
[ N cu NG L S }
Ho”” Nci - “\OH,

huy wnwppuwht [NényplEpp Ywlnd GO quwquwihG  $nudhl’  wrwowglbiny
[Cu(PH)s]CI:
UdanOhwyuwyhb (nuénypnid wynbdh (1) pinphnp hGauninegywdp Ywlned b wgbinhGb L
R-C = C-H wnbtuwyh wéuwopwaehblbp” wrweowglbiny snpwglbihu wywjpintbwyunwbg
Ywpdhp Guuinywépltp.
R-C = C-H + CuCl — R-C = C-Cu + HCI:

L2wdé hwwnynipnibbbph 20nphpy wynbdéh (1) pinphnp gwqwihb wlwihgnid ogunw-
gnnpoynid £ npwtu wetuwdéh (1) opuhnh, $nudhbh L wgbinhGh Ywbhs:

2tqnp dhowduwynpnid wnbéh (1) hwingtthnbtpp otpdwywynib G0: Wuwbu, uwhuinwy
CuCl-p 178°C-nii GOpwnyyntd £ Pwquhl thnfuwpydwh, nph hbinbwbpny nwrelnud
Jwr Jwuwnyun, 450°C-nid  hwiynid £ thnfuwpyyting  dnig JwlOwg hGnniyh, huy
1212°C-n1d benid | wlglbiny gninp2h hAwyh' hpple ygwOnwidwbh onwywdl dnit-
Ynt| (Cu-CI-Cu wllyntGp dnwn 90° ).

/

cu——Cl—cy

MnG&h (1) hwingGOhnbbpp: <wywnbh 60 wnbdh BpYdwinphnp, Gpypinphnp L
Gpyppndhnp: Gpynnhn sh uhGebqybl. jnnhn hnbbGnph nudtn YGpwywGqbhs hwwnynipjwl
wwwnswreny npwig L Cu® hnGObph hwiwwnbn gnjnipintbp wohGwn

MnGéh (1) hwingtGhnGGph pynuptnwhpnpwwn unwbwne hwdwp wnbdh opuhnp,
YwppnOwwp Ywd hhdbwht YwppnGwuwnp neénud 60 hwdwwwwnwufuwb hwingbOw-
opwélwywb ppryntd L unwgywdé |nuontpp (CuXz) funwglniy:

UGonip hwingtOhnOGpp Ywpbih £ unwOw] wwpg Gnipbph thnfuwgnbgnipjwdp L
hwingtUwopwdéhtlGph hnupnid  hwiwwwwnwuuwb hwingtbhnh  pjnupGnwhhnpuwunh
onwagnpyiwadp: Mnbah waenip Gpypinphnp unwgynid £ pinipinwhhnpwunp ghnbhy pinph-
nny dwybhu.
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CuCly * 2H,0 +2S0Cl, —%°C CuCl, + 2SO0, +4HCl,

wd pwgwjuwinthhnh weywnipjwip uwrgwiht pwgwjuwppyntd wnbdh wgbuwuwnh
Lntényph Ypw wgtwihy pinphnny (wgbunh ppndhnny) waqnbihu.
Cu(CH3COO), + 2CH3COX = CuX; + 2(CH3CO),0 (X = ClI, Br):

MnGah ppndhn YwnGih £ unwlw) Gwb wnbdh (1) pinphnh L pnph ppndhnh ginfuwg-

nbgnLpjwap.
3CuCl; + 2BBr; = 3CuBr; + 2BCls:

Urnwowgwé BCls-p glnbih b L rEwygiwl dhowdwiphg htywnnipjwdp htrwOnid k.
utnwgyntd £ dwpnip CuBry:

ubgnt CuFz-p pynipbnwlnud £ dGrp pbptind quqwpltpny dhwgwéd wlaywbnb
[CuFg] nipwlhuwinbbphg Ywaiwdé rniphih wnwywnywé Ywrnigywop:

Atpunwpwgywd opwyhb gnnp2nt wgnbgnipjwip pwjpwyynid k.

CuF;, + HoO S CuO + 2HF:

Unynpwyuwl oGpdwuinhdwanid hhnpwwnwgywdé wnbdph (1) Sunnphnp, wbhowuntiny
dunnpwonpwdhl, thnfuwnpyyned £ hhdbwyhb $unnphnh.
CuF3 * 2H,0 = CuOHF + HF + H0:

MnGéh Puiinphnb wiywihwywb dsGnwnbtph L wdnbhnudh $uininphnlbph hGn wrw-
owglntd £ M[CuF3] L M2[CuF4] pwnwnpnigyntbbttpny Yndwbpuwht wnbn:

MnGah pinphnp L ppndhnl nlbG0 hwpp dwwwytonid pbnhwbnip Yynntpny dhwynnp-
Jwé [CuXy] pwrwGhuntiphg Yuaquywé 2tnunwynp Yurenigwép:

MnGah (1) hwingtOhnOGpp (wy (nuéynid GO opned, uwyhpunned L wgbuinnbned: 2pw-
Jhb |nénypltphg npwlp pnipnwind 66 bhnfuwpydtin hwingth Ywipowywih
wwnnilbpny npwjwywb wnhdtpbtph [CuFz ¢ H20], [CuClx(H20)2] L [CuBry(H20)2]
2H,0 pjnipnwhhnpwwnbtph wnbupny (GY. 2.9):
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Cu
F, Cl, Br
Oo

® H

LY. 2.9. CuX; ¢ (H,0), (X = F, CI L Br) GpyhhnpwuwnOtph Ywenigywépltpp (pinphnh Ywrenigywépnid Cu—-Cl
htrwynpnipynlp 0,228 L 0,293 (G4 E, huy Cu—O Ywwh htrwynpnipintlp’™ 0,1494 (1)

NMwjdwbwynpywsé wnbdh ynnpnhbwgdwb ninpunnid dhwdwdwbwy Gpyne (hqwln-
GGnph weyuynipjwdp” wnbdh pinphnh Gpyhhnpwunp thhpniquignyb £, huy epny Gnupwg-
abint dwidwGwy [Cu(H20)s)?* wyJwhnGGbnh wrwowgiwl wwwndweny gnylp nwrlnLd
E Juwnyuwn:

MnGah (1) hwingtUhnbtph otpdwyuwyniGnigintbp uninphnhg ppndhn GJwgnid L:
Jtnohlp Gnybhuy pnyp twpwgtihu pwjpwyynid £ wnbéh (1) ppnndpnh L ppndh.
2CuBr; = 2CuBr + Br:

Swpwglbhu GpyhwingbbhnbGpp wnwpptp yGpwywbgbhsbbpny JGpwywbgbynid
G0 thnfjuwpyytind dEinwnwywb wnbéh, opnhGwy.

CuCl, + 3FeO = Cu + FeCl, + Fe;03,
CuBr; + H, = Cu + 2HBr:

MnGdh () $uinphnh Gowb pinphnp L ppndpnlt wrwewglnud GO [CuXs] L [CuX,J?
Yndw Gpuwht hnb0OENp ywpnibwynn dhwgnipntbObn:

Gnyhwingtbhnbtph |ntényplEphg hhdptph wonbgnipjudp Ywnblh § whowwnt)
hhiOwjhG wntp, ophGwy” Cu(OH)CI, Cuz(OH)sCl L. Cux(OH)3Br:

Uwhpunnud b wyp wbonip dhpwywyptpnid wynbdh (1) hwingtohnbbpp thnfuwgnnid
G0 NO-h htunn® wrwewglbiny CuX; « NO yndwGpuwihl dhwgnipnibGtp: hGplnipne
wbowwnynid G0 ul CuClz « NO-G L CuBry « NO-O, npnUp uwhpunwihb |nLénypnLd nh-
ungyntd G0 hGunlyw) uuGdwny.

CuCl; » NO 5 NO* + CuCl; :
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MnGéh (II1) hwingtibhnGtphg hwjuinGh £ dhw)b CuFs-p: Cu®-p nudbin opuhnhs t L yb-
pwywbgbhs hwwnynigjwdp odinywdé gjntu hwingthn hnbGOGph htun sh Yuwpnn gnynipyntl
ntOoGOuwiy:

MnGah (1) $wnphn (Yunpdhp pnupbnatph wbupny) wewewlntd t -60°C-nid htip-
uwdwnnpyniwypwunh L puinpuonwdbh hnfuwgntgnipjwb dwdwbwy.

2K3[CuFg] + 3HF = CuF; + 6KF + H3[CuFg],

huy uwuwniun htpuwpwnnpyniwypwn® uinnph showyduwypnid KCI-h L CuCle-h fuwrbnipnp
unwpwglbhu.

6KCI + 2CuCl; + 6F; = 2K3[CuFg] + 5Cl3:

MnGéh htGpuwduinnpyniwypwin unnwgynid  Owb dGunwnwywb wnhGédp Ywihnidh
$uinphnh hbwin 300°C-ntd Yud dbinwnwywt wnGéh thnpnt b dkinwnuwywt Ywihnidh
fuwrUnipnp Gnyb oGpdwunh&wbnid uinnph dhowydwnpnid trwpwgltihu.

3K + Cu + 3F;, = K3[CuFg]:

Lwjinbh 60 Owb Cu-h Yyndwtpuwihl uinnphnlbtp, npnGgnd wnbdh opuhnwgdw
wuwinhdwlp 066 £ +3-hg: Unwhuph dhwgnipntbbbpp uhbpbqynid GO nidtn opuhnhsOtb-
nny’ unpny Ywd wqbhy quaqbph unphnbtnpny: Mp[CuFe] (M = Rb; Cs) pwnwnpnt-
pwip Jwpipwlwnpbowagnyl dunpyniypwunbbp (IV) uhGpbqynid GG duinph pwpdén
£020wl wWwjiwbbBpnud™ pun hbuinlyw rEwyghwyh.

CuF, + 2CsF + F, —3 , Cs,[CuFg:

Zepuwdinnphnyniwpwunh (IV) Jurenigwépntd welw G0 [CuFel® nipwlhuinwhl
hnGOGnp: Un dhwgnipntGOGpp pnerl hnfuwgnned GG oph htwun L opuhnwglnid GO0 dunn-
nwopwdshbp GnyGhuy -78°C-nLu.

Cs,[CuFg] + HF = F3 + 2CsF + H[CuF3]:

Updwph (I) hwingtOhnOtpp: Updwpeh™ AgX pwnwnpnigjwip dhwhwingtohnbbpp,
pwgwrenipjwip AgF-h, opnid Jwuwn |nuéynn dhwgnigintbbtn G0, pbn npnud, npwbg |nuét-
Lhntpyntlp, hbswtu wnbdh dhwhwingGGhnbbph nGwpentd tn, pinphnhg jnnhn GJwagned L
Mwlp hwiwwywunwuuwlwpwnp NGO (NG hnigjwa wpwnwnpwih hGnlbyw] wndtp-
Gbpp* 1,8+107™,5,3+10™ 18,3+ 10"
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Unpéweh (1) uinphn Ywntbih £ unwlw) nwpwgiwb ywjdwbbtpnid wnwwpptph wo-

dhowywl thnfuwqgnbgnipwip, wpéwpeh (I) opuhnh Jwd YwppnGwwnh Ypw wiwyhywb
pRUNY wanbiny, hbswbu Gwl 200°C-nLi Ag[BF4]-h pwjpwyntiny.

2A¢ + F, = 2AgF,
Ag,CO3 + 2HF = 2AgF + H,0 + CO;,
Ag[BF.] = AgF + BF3:

nwihb nwényphg AgF-h pinipbnGGph wlowuwnnudb hpwywbwgyt) £ Jwyninidnid
dpnipjwl 469 |nLényph funnwgnLiny:

Upsdwpeh (1) $uinppnp NaCl-p wenigwépht Gdwb Ywrenigwdépny pjniptnugnn,
onntld Awwwnynn, 435°C-ntd hwiynn wagnyl pnipbnwh Onee £ WO jwy (nuéyned
onntd (25°C-nLd 100 g 9pnid” 180 q), hGsp wwytiwbwynpyws t Ag — F Yuwwh hnGuwjhl
pOnypny L F* hnGh hhnpwunwgiw( oGd taEpghwind: b tnwippGpnigintd wpdéwph Jyjniu
dhwhwngtOhnbGph™ $uninphnb nlbwy  wewewglbint hhnpwwnbbp™ AgF « nHO (n = 1,2
L 4):

UpSswpeh (1) $unnnphnp nnwpwglwl ywjdwbaatnpnid opwyhb gninpzny L opwéslng Jb-
pwywbqbyned k.

4AgF + 2H,0 = 4Ag + 4HF + Oq:

Upswpeh (1) $uninphnh hwgbgwé |nényph L jwy dwlpwgywd wpdweh thnjuwqnb-
gnigywl  dwiwlwy wrwowlnd £ wpéwph Yhuwdwinphn (Gopwdhwnphn™  AgoF
(Ag'AgF)):

Spywnéwph thpwdwnnphnp 26punwynp Ywrenigwdépny (d (AgF) = 0,246 (4, d (Ag
Ag) = 0,286 00) ywlwswppnGquagnylb pincptnwihb Gnip £: 2np onnud uyndb £, uwuw)l
onny thGsk 1000 °C tnwpwglbihu pwjpwjyntd k.

AgoF = AgF + Ag:

Upswpeh (1) $uinnphnlb oguinwgnpéyntd £ judbine onipb wunwhwOGint hwdwn:

Upéweh pinphnp (AgCl) plnipjwl dbe hwlnhwnid £ YGpwnghphun hwbpwbnieh
inGupny: UphGunnwywb tnwlwynd wyb unwbnid G0 dsGnwnwywb wpdwep pinpwopny
dowytiny, pwpdp otpdwuwnhfwlntd tnwppbph wbdhowywb thnfuwgnbgnipjwdp, wp-
swpeh Upw ququwiht HCI-ny (1150°C-hg pwnén) L wpswpeh |ntébih wntph ypw wnw-
pRrYNY Ywd [nwdtiih pinphnny wanbiny, opuhnhsh wreuwjnigwip wnwpeph L wnpéwpeh
thnfuwqgnbignLpjwip.
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2Ag + Cl, = 2AgCl,
2Ag + 2HCI = 2AgCl + Hy,
AgNO; + NaCl = AgCl + NaNOs,

4Ag + 4HCI + Oz = 4AgCl + 2H,0:

Upéwph pinphnp funpwlwpnuyhG (NaCl-h Ywenigwdép) Jurenigwépny uwhunwy
pinipERWihG Gntp t (thy, = 455 °C, tye = 1554°C): Lnidynid b wijwihwlwl dkwnwnGeph
pinphnbtpp (Gwl NH4CI-n1d), ghwOhnOGph, phnuni wunbbph nu Ghinpwwnbbph L wdn-
Gpwyh (nuénypOEPNLY” wrwewglbiny |ntéGh whgnyb Yndw Gpuwhb dhwgnipyntbbtp.

AgCl + KCI = K[AgCl3],
AgC| + 2Na,S,05 = Na3[Ag(8203)2] + NacCl,
AgCl + 2KCN = K[Ag(CN);] + KClI,
AgCl + 2NH3 = [Ag(NHs),]Cl:

Lniyjuh wanbgnipjwdp pwjpwynid (Yapwywbqgbyniy) k.

2AgCl = 2Ag + Cly:

Ptpywé rbwyghwih ypw t hhdbdwé wpdwpeh pinphnh Yyhpweneginibp (nuwbywn-
swywl dwwwytLbbpnid:

Swpwgiwl wwjdwbbepnid 9opwéhlp nwlnwn thnfuwgnnid £t wpdwph pinphnh
htw, huy ppndp L jnnp’ Gnyb wywydwbabBpnd shwyb oph weywynipjwb nbwpntd.

2AgCl + Hy = 2Ag + 2HCI,
5AgCI + 3Brz + 3H20 = 5AgBr + HBrO3 + 5HCI,
5AgCI + 3l + H,0 = 5Agl + HJO5 + 5HCI:

dbpohl Gpynt thnfuwgnbgnipniGbtph pbpwgpp Ywnbih £ 0GpYwywglt] hGunlywy
Ytpw: UYygpnid hwiwwwuinwufuwb hwingtOp (ncéynid £ opned, ophGuwy.

3l2 + 3H20 = 5HI + HIO;,
Urnwowgwé hwingGlwonpwédbwywh penil, |hoGiny wybih nudbn pent, pwl pinpw-
opwéltwywb ppnLl, yepohthu nnipu £ dnnud hp wnbphg.
5AgCl + 5HI = 5Ag| + 5HCI:
Pwgh wjn” wrwewgnn wpswpeh ppndhnp L jnnhnd wybih nddwpwinyé Ga, pw

pInnhnp:
Unpéwph pinphnp 66dpwywl ppyh hbwn Grwglbihu unwgyned £ wpdwpeh untpdpwun.
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2AgCl + H2SO4 = AgoSO4 + 2HCI,
huy unnwjh hbwn hwiGihu™ dGrnwnwywb wpéwp.
4AgCl + 2Na,CO3 = 4Ag + 4NaCl + 2CO; + Oq:

Upéwph pinphnhg wpéwpeh Guinbgdwlb a6y wy nwlwy t npw ypw gyniynquijh
Ywd dnpdwihbh hhdbwyhb |puonypny wqnbip.

4AgCl + CH0O + 6NaOH = 4Ag + Na;COs3 + 4NaCl + 4H,0:

Swpwgliwl wywjdwbbtpnid wpdwpeh pinphnp tnwnppetp yGpwywbqbhsGtpny htp-
wnnipjwip yGpwywbqgbynid k, opnhGuwy.
2AgCl + Pb = 2Ag + PbCl,:

Updwpeh pinphnb ogunnwgnpéynid £ npwtu hwitdwwnwywb EiGYunpnn, nph wzfuw-
unwbpp hhabGywé £ huinlyw) rGwyghwh ypw.

AgCl+e=Ag+ClI:

Upswpepinnhnuwhb filGYunpnnp Yuwaudwé £ KCI-h (nuényph dbe pbynddwsé wndweh
pinphnny wwwnywsé wpéwpb phrtinhg, nnb nubh 0,22 4 Gnpdw) wynunbOghwi:

Updwph pinphnhg wwupwuwnnid 60 hGdpwywnihp dwrwgquwypiwl dwpgnid
wfuwwnnn uwppbph nuwbwybtn: UGé pwlwynigjwip wpéwph pinphn dwiuuynid
(ntuwOywpswywl cwwwytubtph wwunpwundwbt hwdwn: <wdwiu AgCl-p oquwgnno-
gnud t wnhbgbpwywl dwrwquwypttnh wpdwlwgpdwb hwdowp: G06ny AgCl-h dwl-
ntwuwwl wanbgnipintbhg” npw hhdwb ypw wwwnpwuwnnd 60 wsptph (npdwpwnwOph
Gowydwl wwwnpwuwnniybtp: Bnpwé onny AgCl-h dwyiwl dwiwlwy unwgywd «wp-
owpwiht onpp» oguwgnpéynid £ npny ublnwjhG dpbppltph dwiptwgbpédwl L
wwhwénugiwb hwdwp:

Upéwpeh ppndhnp (AgBr), npp pOnipjwlb 069 hwOnhwnid t ppndwpghphun hwGpw-
Onigh inbupny, wphGunwywb Gnwbwyny unwbnd GO wpéwph Ghunpwwnp ppndw-
onwélh (Ywi wiywihwywb dGunwnh ppndhnh) (nednyeny dawytiny Ywd wnwppbph
wbOdphowywb thnfuwgnbgnipjwip.

AgNO; + KBr = AgBr + KNOs,
2Ag + Bry = 2AgBr:

Npwbtugh pwgwryh AgBr-n |niuwdbpwywbqlnudp, uhbpbql hpwywlwgynid L
dpnLpjwb uG9:
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Updwph ppndhnp onpnid Jwun [nudéynn, funpwlwpnwiht Ywenigqwdépny ntnhl
pintpERWihG Gjnip b (thw, = 434°C, ts, = 1337°C): Undwytpuwgnjugiwl 2Gnphhy (nLsyned
tE wainOhwynid, ppniweopwéltwywl ppyh b wiwihwywb dGunwnl6ph ppndhnbGph nu
rhnunt dwinh | nénypLERNLY.

AgBr + 2NH3; = [Ag(NH3),]Br,
AgBr + HBr = H[AgBr3],
AgBr + 2Na,S,0;5 = Na3[Ag(SZO3)2] + NaBr:

Swpwglbhu |ntéyned £ Gwl §60pwywb prYnLy.
2AgBr + H,SO4 = AngO4 + 2HBr:

Undwph ppndhnp (nyuh GYwwndwdp wybih qquynil £, pwG pinphnp, L (nyuph wgnb-
gnigjwip hGyunnipjwip pwjpwyynid £ pwnwnphs dwubph: YGpwywGgbynad £ Gnyb yb-
pwywbgbhsbGpny L Ony0 wwydwaGGpnid, hGs wpéwpeh pinphnp:

Oguwgnpéynid | ntuwbyuwpswywl dwwywybabtph wpunwnpnigjwb vk, hbswbu
Owbl opgquwlOwywh phdhwyntd’ npwtu uunwihquuwnp (GphOjwph rGwyghwiny o6pho-
GEph unwgdw b dwawbwy):

Updwph jnnhnp, hoswtu pinphnp L ppndhnp, pOnipjwb dbe hwlnhwnid £ hwhpw-
inGuwyh (J)nnwpghphwn) inbupny: Lwpnpwwnnp GnwOwyny wybt Ywpbih b unwbw; (Gent-
pwb 0t9) AgNOs-p jnnwopwdélny wd wiywihwywb dGunwnp jnnhnny dwytiny, db-
tnwnwywb wpdweh Yypw jnnh gninp2hbtph wadhowywb wagnbgnipjwip, wnwpwgdiwl
wwyiwabtpnid wpéwpeh pinphnh Ywd ppndhnh fuphwn (neényeh W jnnh, hoswtu OGwb uwep
wwyiwabtpnud dElnwnwywb wpdwpeh L jnnweonwdélh thnfuwgnbgnipjwdp.

AgNO; + Nal = Agl + NaNOs,
2Ag + | = 2Agl,
5AgBr + 3l; + 3H20 = 5Agl + HIO3 + 5HBr,
2Ag + Hl = 2Agl + Ha:

Uwrenigwoépny Agl-p tnwpptpgnid £ wpdwpeh gjntu dhwhwingtbhnltphg (npwig
00wl Ywenigywdép unnwgynid £ dhw)b pwpdn 8020wl ywydwbabaGpned):

Unynpwlwl wwjdwOOEpnd yuynia £ uwdwitppuinh Yuenigwépny y dLwthnfunt-
pintbp, npp 136°C-ntd thnfuwpyyned & Jjnipghinh Ywenigwép nibtgnn B-Agl-h: dbp-
ohGhu Ywrnigywdépp 6wl £ uwenygh yGgwlhuunwihb wrenigwéphl L ogunwgnpd-
gnud bt wiwbpnud gbpuwrtgwdé opwihb gninp2h06ph pynpbnugdwb Yeaunpnbbtn
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uintinétint hwdwn, hbs0 wrwowglnid  tntnnuibtp” wbadplp inbupny, wjuhlpb™ wbnh
nLOGOnLd Ywpyunwptp wiwtph gpni:

Upéwph jnnhnp 555°C-nid hwiynid £ ne pwypwyyntd, opnid wun k niéyned: UGhn-
GuyhG Yyndw Epuwgnyugiwl 2Gnphhy (wiy [nuéynid £ HI-h, wiwihwywb dGunwnbtph,
ubnhyp jnnhnbGtph fupuin (NuénypLEPNLY, huy YwuwpnOwihG yndwtGpuh wrwowgiw
20nphhy” wnpéwph Ghuinpwuwnh tnwp (nuénypned, hbswtu wpdwph gnwu hwingtohnbtpp.

Agl + HI = H[Agl],
Agl + Nal = Na[Agl2],
2Agl + Hgl, = Ago[Hgls],
AgX + AgNOs = [Ag2XINOs Luid AgX + 2AgNOs = [AgaX](NOs)z:

UGhnGuihG (AgXel) L YwuwhnGwih ([AgX]™ ni [AgaX*") Undwjtipultph Yuynt-
Oniwl hwuwnwunniGbtph wpdtpltpp CIF = I wppnid wénid G0, hOsp yywynid £ wyn
YndwGpubtpnid wpdwpeh L hwingttlbph thnfuwgnbgnipjwb hwiwndtpw)bnipwb qb-
pwyzenipjwb dwuhb: Ywwh hnGwywb |hoGint nGwpnid ophbwswithnigintbp Yhbbn hw-
Ywrwyp: Wuwntn gifuwynp nbp Ywuwnwnpnid £ Cl-hg I” (hqwbnbGph 1 nnOnpuyhb wywnh-
ynipjwb nidnwgniip:

Lnyuh wagnbgnipjwdp Ywd nwpwglbihu wpéwpeh jnnhnp pwjpwjyntd £ pwnwnnhg
dwubph, huy winbphwlwiht nényplGpnd  wiwipwywb dGwnwnbbpny  Ybpw-
ywbgbynid £ hnfuwpyybin sGnwnwywb wpdwph:

Oguwgnpéynid £ pnuwaqquynia (pruwGywpswywt dwwwytobbph wpunwnpnt-
pjwl ubo:

Unéwpeh (1) L () hwingbUhnGtpp: Updwph (1) L () hwingtOhnbtphg hpwywh
dhwgnipntbbtpp, npnGp wwnpnibwynud G0 +2 L +3 opupnwgiwl wuwnhdwbbbpny d6-
tnwnh wwnndltn, dunphnbtna G0 (AgF2 L AgFs3):

Unéwpeh (I1) uiinphnp wynnuwunwagnyb piniptnbtph wnbupny unnwgynid £ dGunw-
nwywb wpdwpeh Ywd dhwdwnnphnh unnpwgnidny.

Ag + F» = AgFo,
AgF + CIF; = AgF, + CIF:

dunnph wunndbtph wwywuh nGwpnitd wyt unwbnud £ nbnbwnwpstwagnyb gnibw-
gnpnta:
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Gpydwnnphnh Juenigywédpnid wndwph wwnndlbtpp guinbynid G0 hwpp dwwwybo-
G6pnyd dhwgwéd Puinnph wwnndbEph uinbnéwéd pwrwyniunt YEhuinpnbned:

UpSwieh Bnyduinphnp Yuntih £ ogunwgnpéti npwtiu winndwjhG $unnph wnpynep.
AgF2 = AgF +F:
Nidtin opuhnhs k L oguwgnpéynid £ npwtiu $uinnpuglnn wgnwlnip wbpdunnpué-
fuwonpwehGlbph upbptqnty.
CH3(CH2)sCH3 + 32AgF, = CF3(CF2)sCF3 + 32AgF + 16HF:
WG ntbwy £ pwrwpinpwéuwdhtp thnfuwpytint pwrwdwnnpwsuwsan.
CCly + 2AgF, = CF4 + 2AgClI + Cly:

Upswph Bpyduninphnp onh wanbgnigjwdp pwjpwynid £ wlowunbiny peywdéth L
ognlp fuwrGnipn.

4AgF, + 2H,0 = 4AgF + 4HF + O,,
BAgF, + 3H,0 = BAgF + 6HF + O,

huy htnniy unnpweonpwébned (néyned £ dwuwdp hnbwgybiny: Unwhuh [nuényplUtphl
Linthup nidtin ppnibtp (ophbwy wbunhdnbh hGgw$wnnphn) wybiwglbihu wrwowbnid
G0 [AgF][SbFg] wnh dnig Ywuwntjun pyniptnbtn:

Upéwph Gnydunnphnh ppywiht hwunynipintbbbnb h hwjn G0 quihu Linthuh tnhwhy
hhdptph (wywhwywb dGunwnbbph $uininphnbtinh) htwn thinfuwgntgnipjwl dwdwbwy.

KF + AgF> = K[AgF3]:

Unpéwpeh (ll) $uninphnp Ywpdphp pincpbnughb Ojniph inbupny uinwgyned | nudbin
opuhnhsh, ophlGwy” YnhwwnnGh Gpypuinnphnny AgF-h punpugniiny.

AgF + KrF, —2°C 5 AgFs + Kr:
Npwtu $unnpopuhnhg ogunwgnpsynid t Gwl Gpyppwdth Bpydpuinphnp.
Ag + OgF; —2C; [Op][AgFs] —£°— AgFs —1C AgF, + Ag:
U0 unwgynid £ Owl hGunlyw rGwyghwiny.

K[AgF4] + BF3s = AgF3 + K[BF4],
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huy Giuwht pwrwdwnnpupgtbuwunp” Ywihnioh b wpdwph Ghunpwwnbbph fjuwrGnipnh
dunnpwgniiny.

KNO; + AgNO3 +2F, = K[AgF4] + 2NO, + Oa:

Upswpeh () $uninphnh unwgdwl hwdwn npwbu opuhnhs™ $unnpp whwnwbh sk,
pwlOh np npw wwnndwglwba hwdiwp wywhwboynid £t wybih pwpdn oGpdwuunhswl, pw

wyb, npnud Ywnpnn £ gnynipyni nuOGOw; AgFs-p:
Upswpeh Grdunnphnb walwynib £ L GnyGhuy uGljwywihb oEpdwunhswbnid nwb-
nwn hnfuwnyynid £ Epydunnphnh.
2AgF; = 2AgF; + F3:
LUwl inuibep, np pwjpwjiwl dwiwbwy wewowOnid t fuwrp $uinnphn.
6AgF3 = 2Ag[AgF4]2 + Fa:

UpSwph trdunnphnb wjGwhuh hgnp opuhnhs t, np opuhnwgbnid t GniGhuy puk(n-

Gp.
2AgF3 + Xe = 2AgF + XeF:

Uytih pwpdp wpdbpwywlnigjuip wpdwpeh wunnd ywpnibwynn Gpyunnwpn dunn-
nhn hwyunbh sk, uwyuwo hwyunbh | Csz[AgFs] Yndwtpuwht wnp, nn0 wrwowbnid
AgF-h L CsF-h fjuwrGnipnh ypw $unnpny wgnbihu.

4CsF + 2AgF + 3F, = 2Cs,[AgFe):

Uzqwé dhwgnipintbp ywnptih £ hwdwpb), wpéwpeh (IV) wéwbgjwl, uwywb hGunw-
gnuincpntbbtipp gnyg G0 inydbi, np wyb nhwiwqbhuwihG £, wn wwwdweny &hawn b wjl
nhunwnyt npwbu wpdwpeh Grwpdtip L hGqupdtp wwnndlbp wWwpnibwynn Csz[AggfsAg

o5 Fel pwnwnpnipwip fuwep $unnpuihG Yndwibipu: Ywenigqwé t [Ag"Fe] nu [AgFel

nLpwbhuwinbtphg: Swpwglbihu pwjpwyyntd £ thnfuwnpyytbind wnpéwpeh (M) wéwbgjwih.
2Csy[AgFs] = 2Cs[AgF4] + 2CsF + F:
Nuynt (1) hwngtOhnOtpp: Nuynt (1) $uninphnp hwyunGh sk:
b wnwpptpnipintd wnbéh L wpdweh pinphnbGph, ppndhnGEnh L jnnhnGBph™ nuynt
(N hwiwwwuwnwufuwb dhwgnipnt0bEpt NLGGG nuynt wwnndh qéwihG Yynnpnhbwghw
wwwhnynn qhgqwagwdl 2npwltpny wnhdtpwiht Ywenigwép, wjupbplt™ Au - X
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Ywwb nibh gbpwyzenn hwdwpdtpwhlb pOniye, npny wyn dhwgnipyntbbbnb twywbnptl
unwpptpdnd G0 11-pn fudph nwppGph gjntu shwhwingtbhnbtphg:

MnGAh L wnpéwph Shwhwingtthnbtph hwdtdwwn® nuynt Shwhwinqtbhnbtph |nL66-
thnepynthl £ wybh gwon | (hwiwwwwnwuuwOwpwn (nuéGihnipjwb wpunwnpuGep
6a°2,3+10,50+10" 1. 1,6 « 10%):

Nuyne (1) pinpphn wa9wwnynid £ nuynt Ywppnbhy pinphnh pwypwjdwl dwdwbwy.

Au(CO)CI = AuCl, + CO,
huy AuzClg-n” wgnunh hnupntd 95°C-nil tnwpwglbihu.
Au,Clg = 2AuCl + 2Cl,:

Npwbtu dhowOyuwy ™ AuCl unwgynid | Gwb nuynt pinpwopwédtwywb prYyh

pwjpwjiwl dwiwlwy.

H[AuCIs] ——> AuCI + HCI + Cl:
AuCl-p ns pinipEnwihb nGnht thnzh £: Mwhwwbdwb dwiwlwy nwbnwn wihwiw-
duwulbwlnd t.
6AuCI = 4Au + Au,Clg:
200°C-ntd pwjpwjyntd £ pwnwnphs dwubph: ©nfuwgnntd £ oph htwn.
3AuCl + H20 = 2Au + H[Au(OH)Cl3]:

Unup wnwpepdh L wihnudh ppndhnh |nuénypltiph hGwn thnfuwgnnid £ pun he-
nlw| hwywuwnpnidbtph.
3AuCl + HCI = H[AuClg4] + 2Au,
12AuCl + 4KBr = 3K[AuCl4] + K[AuBr4] + 8Au:

Swpwglbhu shwOnud £ CO-hG™ wrweowgltiny nuynt Ywppnbhi ptnphn.
AuCl + CO = Au(CO)CI:

Nuynt (I) ppndhnp utnwgyned £ 115°C-ntd AuzBre-h tnwpwgniiny Ywd 10°C-ni
Jwynininid H[AuBr4] ¢ 3H20-h pwjpwyniiny.

Au2Brg = 2AuBr + 2Br»,
H[AuBr,4] * 3H,0 = AuBr +HBr + Br, + 3H,0:
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Nuyne (I) ppndphnp ntnhbt whbn Gnee £, dhpun ywpnibwyned £ Au b AugBrs, hOsh
wOhwiwdwubwgdwl wpnyncbp t:

6AuUBr = 4Au + Au,Brs:

215°C-ntd pwjpwyyntd £ pwnwnnphs dwubph: Ppndwepwétwywl pruh hbuin thn-
fuwgntgnipnttb pbpwlnud £ htuinlyw) Yepw.

3AuBr + HBr = H[AuBr4] + 2Au:

AuBr-n opwjhb [niénypp hGunnigjwdp thnfjuwgnnid b wwihwywb dGunwnbtpp
ppndhnltph htn™ wewowgbtiny M[AuBr;] (M = K* L Na*) pwnwnnpnipjwip Gpyppniwwn-
aGn:

Nuynt (1) jnnhn Ywnbih £ unwbw) 100°C-nud tnwppbph washowwl thnfuwqnbgnt-
pjwip, KJ-h (nionypny nuynt pinpwopwédtwywb ppyh ybpwywagbnidny, hoswtu Owl
nuynt (lll) opuhnh ypw jnnwopwébny wagnbiny.

2Au + I3 = 2Aul,
H[AuUCl,] + 3Kl = Aul + I + 3KCI + HCI,
Auz03 + 6HI = 2Aul + 2I; + 3H,0:

Aul-p YhuinpnOwagnyy whan Gnee £: 2pp hwinbw wybih Yuyndb £, pwb nuyne (1) pn-
nhnp L ppndhnp: Rujpwyyntd b pwnwnphs dwubph 177°C-nLd: Onfuwgnntd b wiywhw-
Ywl dGunwnbtpp j)nnhnbtph L jnnuonpwébh hbwn.

3Aul + Ml = M[Aul,] + 2Au,
3Aul + HI = H[Aul,] + 2Au:

Nuynt (1) jnnhnp, hOswbu Gwbl pinphnp L ppndpnp (nedynid 60 Owl wiwihwywb
dGwnwnbtph ghwbhnbOtGpnud, ophGwy.

Aul + 2NaCN = Na[Au(CN);] + Nal:
Nuynt Gpyhwingtlhnbtpp hwjuinbh s60:
«Nuynt Gpyprnphnp», npp ule pynLpEnOGph inbupny wlowwnynid £ phnOhp pinphnh
(nténypned nuynt () prnphnh ypw wéstuwébh (1) opupnny wanbihu, hpwywbnid nuyne (1

L 1) pinphnGGph fuwreGnipn L.
2AuCl3; + CO = 2AuCl, + COCl,:
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Nuynt GrhwingtOhnbbpp: 11-pn fudph twpptbph GrhwingtOhnlGphg wpdtpwynp
G0 dGuwnh watbwywinth npwywb opuhnwgiwl wunhdwlhlt hwiwwwuinwufuwbnn
nuynt GrhwnqtOhnbtnp:

Nuyne (1) $uinnphnp unnwgyned £ ppndh () $uinnphnnid nuyne |pLédwl wpquupp
AuF3 ¢ BrF3-h pwjpwjniiny.

2Au + 4BrF3; = 2AuF; * BrF3; + Bro,
2AuF; * BrF3; = 2AuF; + Br, + 3Fa:

Nuyne (1) $iinphnp onnid widpnnentgwidp hhnpnihqynn GwunGowanyyt thnzh .
AuF; + 2H,0 = AuOOH + 3HF:

Wa nibh jnipwhwunny 2npwjwywl Ywenigqwdp: Nuynt jnipupwbgnip wunnd
agnbOynid £ uninph wuinndlbphg Yywqigwéd pwrwyniunt Yhuinpnbned: Uin wewbdhb pw-
rwyniuhbtpp Ynntpny dhwgwé GO wwpniypwdl 2npwitpnud (GY. 2.10, w), npnbp hw-
plwl duinnph wuinndbtph hGun nuynt wuinndbtph ey thnfuwqnbgnipjwl hGnbwbpny w-
rwowglnid GO Ynnphg Gwjbihu wuwnnh intup ntbtgnn Gpywp funnnjwybtp (GY. 2.10, p):

LY. 2.10. Nuyne (1) $unphnh Yurnigywépp

Unwn 500°C-nti AuFs-p pwjpwyntd b pwnwnnphs Gwubph: Ulywihwlwh dkunwn-
GGph $uinnphnbBph hGuin wewowglnud | hGyunnigjwdp hhnpnihqynn pwrwdwnnpuwint-
nwunOtn.
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AuF3 + NaF = Na[AuF4],
Na[AuF4] + 2H20 = AuOOH + NaF + 3HF:

Nuyne (1) uiinphnb ogunwgnpéyned £ npwtiu nudtin $unnpwglnn wqnwibynip:

Nuyne (1) wbonip pinphn Ywpdhp pinipbnuwihG Ojncgh wnbupny wbowuinynid L
260°C-nLd nuynt thnont Jwd Gppwpehetnh Upw pinpny wgnbihu: <wny b Gp6p, np obp-
dwuuinh&wbh sGsht pwpdpwgnidp hwbgbgbnud £ wpqwuhph dnGnpinphnh pwpwjdwo:

MhGn L gninp2h yph&wybtpnid nuyne () pinphnb pGnhwGnip Yynntpny dhwgwé
Gnpynt hwpp pwrwyniupbttpnny Yuwqiywdsé AuxCls Gpyswih £ (GY. 2.11):

LY. 2.11. Au,Clg-h Yurnigywdpp

Nuynt (1) pinphnp nLéYned £ opnid” wrwowgltiny nuynt dnGnhhnpopuntrpinpuw-
opwdlhwywa pent.
AuzClg + 2H20 = 2H[Au(OH)Cl3):

Apw opwyhb nuénypltphg nuyht wywpy dGunwnlOGph (Zn, Mg, Fe, Al L w)0)
wqanbgnipjwip htunnipjwdp Guunndd £, ophbwy.

AuyClg + 3Zn = 2Au + 3ZnCly:
55°C-nti CO-0 thnfuwgnntd £ AuzClg-h htn.
AuyClg + 4CO = 2AuCOCI + 2COCly:
Unynpwyuwb 9Epdwunphswbnid l-p yGpwywbgbned £ AugCle-p.
AuClg + 41, = 2Aul + 6ICI:
dnudphbh L nuynt Grpinphnh dhol pbpwbnid G0 hunlywy thnfuwgnbgnipntbOtpp.

2Au2Clg + PH3 + 4H20 = 4AuCl + H3PO,4 + 8HCI,
3AuCl + PH3 = AusP + 3HCI,
AuClg + 6AuzP + 12H,0 = 20Au + 6H3PO, + 6HCI,
AuClg + 3H3PO2 + 3H,0 = 2Au + 3H3PO3 + 6HCI,
AuxClg + 3H3PO3 + 3H20 = 2Au + 3H3PO4 + 6HCI:
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Nppw0 pwndn £ [nwonyph pH-p, wjbpwl wytih hGawn £ opwslh wtnpopuhnp Ybnpw-
Ywbglnid AuaCle-p” wyb thnfuwpytiny nuynt.

Au,Clg + 3H,0, + 6KOH = 2Au + 6KCI + 6H,0 + 30,:

2tqnp Ywdi ppywihla (nuényplbphg ¢60pwlwl ppyny AuCls-h ybpwlywbglnidp
wtinh £ nlOGGnd huinlywy Yepw.

AuyClg + 3H2S03 + 3H,0 = 2Au + 3H>SO4 + 6HCI:

UGwagh (II) pinphnny nidtin ppywihG dhowduypnid nuyne (Il) pinphnh (Ywd nuynt
(1) wyp shwgnipyntbbtiph) ybpwywbgbiwlb dwiwlwy wrwowlnid t dwlopwnhuwbpu
nuynt ubwnwnpsGuwagnyb Guindwép, huy pny; prYywiht Gnup (NuényplEpNLY” Yninhnwihl
nuynt Shpwlwgnylb Guuinjwép: <Gpuwhhnpopunwlwquwihb prYyny Yninhnwiht nuynt
Yrwaywé wpgwuhpp waqwaynd b «Yuuhlwht shpwbwgntyOy.

AuzClg + 3SnCl; = 2Au + 3SnCly,
SnCly + 6H20 S Hz[Sn(OH)g] + 4HCI:

Nuynt (II1) pinphnh yGpwubgqbiwb hwdwp oguwgnpdyned G0 Gwbl wnwpptp op-
qwlwywh dhwgnipnitbtn, ophtwy' ptlghnhl, hGnhgn, 2wpwp L wyb: WG nuyne wyg
dhwgnigntbbbph, wyn pyntd’ Owl opquwlwywb dhwgnipintGbbph uhbptgh wpynibw-
JGun Gpubnep t.

AuxClg + 4(C2Hs)MgCI = 2Au(C2Hs)2Cl + 4MgCly:

Nuyne (1IN pinppnh L wnwppdh |nwényplEpp fuwrbbhu unnwgyned £ nuynt pwrew-
pLNpwopwwywl ppent.

H[Au(OH)ClI3] + HCI = H[AuCl4] + H2O:

Unylb wpqwuhpl £ unwgyned Gwb nuyht wppwjwopnid wd pinph werlw)nigjwdp
fuhuin wnwepyntd |nLékhu:

Nuynt pwrwpnpwonpwdlwywb ppnid pnipnwlnud § funtwy onnud Awwwnynn,
wutnbwdl nGnhb pjnipGnwhhnpwunhp (HAUCly] « 4H20) inGupnd: 2np onnud wjb Ynpg-
Onud £ aGYy ansyne onup: Uwhpuwyhb (nuényphg pintptnwbnid t wewbg 9nph: <hdpny
stqnpwglbihu unwgynid £ pwrwpnpuNLpWWN.

H[AUCI4] + MOH = M[AuCly] + H,0:
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Pwrnwpnpwnipwwnlibphg  wnpdbpwynn  § Gwwnphnidh  pwrwpnpwnipwiunn
(Na[AuClg] * 2H,0), npp hwywnbh £ «nuyt wn» wajwonwiny: WO pinipbnwlnud to6-
nwayniGwdl hwuinhyotph wnbupny: Wn wnh opwihb (nuonyplt odnywé t pny| prywih
hwwnynigjwdp:

«Nuyt wnp» oqguwgnnoynud t quwlbwwwuwnpy Gnwlwyny nuytgodiwl, gni-
Gwdnp GYwpbEph unnwgdw, hoswbu Gwl wwwyt L hwudwwwyt hpeph Gywpwagwpn-
dwl hwdwp:

Nuynt (1) ppndpnh Gpyswihp Yupdpwnwngbwagnyb phptnhybtph wnbupny unwg-
dnud £t nuynt thnpne L henniy ppndh dhole intinh nibtgnn obpdwlowunhs rGwlyghwiny
Y 70°C-nud AusCle-p wybigniyny Yytngywé HBr-ny dwytiny.

AuyClg + 6HBr = Au,Brg + 6HCI:

Uhbptqlt hpwywlwglbihu wtwp b funuwht wybih pwpép obpdwunhswbhg,
wjlwwbu unwgyws wnguwuhpp Ypwjpwjyh.

Au2zBrg = 2AuBr + 2Br:

Nuynt (l) ppndhnh Gpyswihp ybGpwywGgbynid £ Gyl wwpdwbOEpnud L Gnyl
JGpwywbqbhsbtpny, has AuxCles-p:

Nuync (1) ppndhnh opwyhb |NLényRL NLbh gwdp Yuynibnigyntd L Grwglb hu wbow-
wnnud £ nuyh:

Nuynt pwrwppniwgnpwétwywb penit (H[AuBry] * nH2O, n = 4,5 Jwd 6) Guunnid |
HBr-ny dwyywdé AuzBrs-h Y AuOOH-h nuonyplEnh funwgdwl dwdwlwy.

AuzBrs + 2HBr = 2H[AuBr4],
AUOOH + 4HBr = H[AuBr4] + 2H,0:

W0 wrweowglntd £ 27°C-nid hwiynn Ywpdhp pnipbntn, npnGp tiwp 9nntd wpwg

hhnpnihqyntd GG.
H[AuBr4] + H20O = H[Au(OH)Br3] + HBr:

Nuyne (1N jpnhnp dnig Ywbws pyniptnlbph inGupny unwgynid £ nuyne (Ill) pinphnh
L wihntdh jnnhnh thnfuwbwydwb rGwyghwny.

AuyClg + 6KI = 2Aul; + 6KCI:
Wo woywynib £ L uGbywywihb oGpdwunpdwinid wpntb huy pwyjpwyynid k.
Auslg = 2Aul+ 215:
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ClunhwOpwwtu nuynt GrhwingtbhnbGph Ywynibnipynitbp $unnphnhg jnnhn Gjwgnid
E, hOsp wwpdwlwynpqwé £ hwingtbhn hnGh yGpwywbqbphs hwnynipjwb nidtingiwadp:

Pwgh G2dwé hwingtbphnbtphg™ nuynt wrwowglnid t Gwb pwpdpwndtp $uinnphn-
aGp:

Nuynt hGgwdwnphnh Yuwpdpwagnpy piniptnbtn unwgynid G0 nuyne thnhb duinp
wwnpnibwynn nidtin opupnhsny (KrF2) Ywi ppywdobh L uinnph fuwrbtnipnny duninpuig-
GGLhu.

2Au + TKrF, —%90% 5 o[KrF][AuFg] + 5Kr,
[KIF][AuFg] —4™ 5 AYF5 + Kr + Fy,
Au + Oy + 3F, —%0CP_, O,[AuFg],
20,[AuFg] —d_y 2AUFs + 20, + Fa:

Ququwjhb yph&wynid nuynt hGgudpuinnphnp dunnpp Gpynt Yuwidpowwihb wuinndlt-
nny GpYyswih (AuzFqo) k: Hhwidwaglbwhy k, hOsp hwiwwwuwnwufuwbnid  gwén uwhbw-
Jh0 niwbhuwnwhG d® nipquwgdhb: Nudtn opuhnhs t. pngwywrentd £ opquGwlwl Gyni-
rENp, opuhnwglnid t pukOnGh (1) $uinphnp L onipp.

AuFs + XeF, —2%2°C 5 XeF, + AuFs,
2AuFs + 2H,0 = 4HF + 2AuF3; + Og:

<hdlwihb $unnphnbtph hGn hnfuwgnbgnipjwlb dwiwbwy nuynt hGgwdwnnphnp
npubnpnid | ppywiht hwuwnynipnil, ophbwy.
AuFs + KF = K[AuFg):

Nuynt hGpuwdwnnpunipwwnbtpp (V) wybih Yuynia 60, pwb hGgudwnnphnp: Hwbp
wrwowbantd 60 nuyhb Ywd npw GrPuninphnb wiwihwywb dGunwnh $uninphnh weiuwynt-
Rjudp opuhnwgltihu.

2Au + 5KrF; + 2MF = 2M[AuFg] + 5Kr:

Uunwgywé nbnhb wntpp wwpniGwynid G0 [AuFe]” nipwlhuwntn:

Uunnndwywb $uninpnyd nuyne (V) unnphnh opuhnwgiwl dwiwlwy wrwowlntd L
nuynt (VI) ququwihl dwnnphn, npb wpwg wohwiwdwubwanwd | wewowgltin hOqu-
$wnphn L jnpwdnnphn.

AuFs + F = AuFe,
2AuFs — AuFs + AuF7:
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Nuyne (VI) uiinphnh Gipp 2wwn thnpp t, pwg L wlwtu AuF7-h pwnwnpneginibp
hwuunwwndt) t phohwywb (rnwpptph) wowihgny L gninpne £020wb dhongny dniGynt-
(wiht qubgwdéh npndwdp, huy +7 opuhnwgiwl wunhfwlp hwuwnwwnyb) £ jnnuisw-
thnpjwdp:

Nuynt Jnpwduinnphnp nbnh, glnnn (196°C-nLti) pjnipbnwiha Ginue £, hGauinnipjwdp
pwjpwiynid 7 wrwowglbiny hGgwduinnphn L $unnp.

AuF; —1%°C s AUF: + Fy:

Opuhnwglntd £ onipp.
2AuF7 + 7H,0 = Auz03 + 14HF + 20,:

2.9. 11-NMN WURh SUMNGBNh _RULYNQELhALENL

«Owihniy hhdptipho» wwwnywonn unidhn hnGh GYwwndwdp wnbéh fudph wnwp-
pGph pwpép fubwdwygnipintop wwydwGwynpnid £ npwbg” 6énidp wwpnibwynn dhw-
gnipyntGbtph pwndp YuyniGnigyndbp:

MnGdh L wpédwph unidhnbbpp plnipjwb vE9 hwlnhwnid GO hwbpwwnbuwyltph
inbupny:

Udtih pOngnynil £ +1 opupnwgiwl wunhdwiny unibhnbbnph phdhwh: Ljniph
pwjpwjiwlp hwbgkgltnn unt$hn hnbhg dGuinwnh Yuuinhnbhb tjGYunpnbh GepdnGYNLywp
wOgiwl wwwdweny pwpdp opuhnwgdwl wunhdwOny uny dhnbbnb waywynda GG: 1T-
nwwhywjhb thnfuwgnbgnipjwb 20nphhy fudpnid ytipbhg Geppl dhwunt bhnbbnph Yuynt-
Onignibp OGnwinh wwnndh L 66dph Ywwh wipwgdwb swhny wanid :

MnGdhg nuyh wlgiwl dwiwlwy dhwgnipjwl gnybh nidqbugnidp Yyywynid
660ph wuinndh dnEYnywiha opphunwih ypw inbnwybwgywé |hgph™ dGunwnh opphunwi-
G6ph0 whgdwb dwun:

Uhwunt $pnlbpt ntbG0 Gowb Ywenigywép, hGsh 20nphpy hGwpwydnp £ nwrGnud
pOnLpjwb 069 npwbu hwbpwunbuwybtn hwinhwnn AgzAuS; L AuAgsS; fuwrp Uhwgnt-
pINLO0GNh wrwowgnLip:

MnhGép (1) duinbnud | Owb tnmwpwéwd pwiynwhphun hwipwwnbuwyh pwnwnpnt-
pwulb JdG9: Yw Ywenigwdépnid Ywb plnhwlnip quaquwplbpny dhwgwoé [Cu™'S4] L
[Fe*3S4] nipwlhuwntn (GU. 2.12):
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J OFe

@ Cu
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LY. 2.12. Lwynwhphwnh (Cu*'Fe*®S,) Ywrnigywépp

MnGAh fudph wwppbpp 66dph hbGin wrweowglnid GO wtwppbp pwnwnpnieNLOGG-
nny unt bhnlbp:

MnGéh (1) untdhnp unwgynid £ pwpdn otpdwunhfwlnid tnwpptph wodhowywb
thnfuwqnbgnipjwip, opwébh Ywd wqlhy quagh dhowdwjpnid wnGéh (1) opuhnh Yud wy
dhwgnipntbbtpp™ 66dph htuin 2hywgnidny, wnGép (1) unydpnp® opwélng ybpw-
Ywbgbniind, wynbdh L §60pwopwédth, dEnnwnwywb wnbdh L 660pwsuwébh gninnhbt-
nh, wnbdah (I) wntph L 660pweonwdlh Ywa nuétih unydhnlbpp, hbswbu Gwbl §60pwé-
fuw6Oh weywnigjwip wnbdh L §60pwonwdlh thnfuwgnbgnipjwadp.

2Cu +S — CusS,
2Cu0 +2S — Cu,S + SO0,
2CuSO;4 +3S —— Cu,S +4S0,,
2CuS + H, —— CuS + H,S,
2Cu + HyS — CusS + Hy,
4Cu + CS; =2Cu,S + C,
CusS04 + HoS = CusS + HaSOy4,
8Cu + 2H,S + CS; —"—> 4Cu,S + CHy:

MnGéh (1) untphnp ul Gnep £ (OGS pynLpEn0GNG OGO dnig Yuwnyw gnlbwynpnid):

Snpnud Jwwn £ nudyned, pwyg (wy (nidyned b wgnunwyub pryntd.

3CusS + 16HNO; = 6CU(NO3)2 + 3S + 4NO + 8H,0:
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Wa onnud Ywd ppywdth dhowywipnid tnnwpwglbihu wewowlnid G0 wnbdh (1)
opuhn L uni wn.
2Cu,S + 50, = 2Cu0 + 2CuSO0q4:

Onfuwgnnid k fuphwn §60pwwl ppyh L wndwph Ghuinpwuwnh hbwn.

CuzS + 2H,S0, = CuS + CuSO; + SO, + 2H.0,
Cu,S + 4AgNO3 = 2Cu(NOs), + AgsS + 2Ag,

hoswtu OGwb wnbGdh dhwpdtp L Gpywpdtp opuhnbbph hGwn.
CusS + 2Cu,0 = 6Cu + SO,

CusS + 6CUO = 4Cu,0 + SO, i CuzS + 2CuO = 4Cu + SOy

MnG&h (1) uniphnp tnin 200°C-nd opwdtng Ybpwwbgbynid k: Upywhwyw
dGunwnbOGph uny dhnbtph htun hwibihu wewowglnid £ phnwntp (NasCuzSs, KzCusSs):

MnGéh (1) ubltbhn (CuzSe) wrwowlnid b vnwpwgiwl wwjdwbbbpnid CuSe-n
opwélny Ywd wnbdh (1) ubEowunb wouwétny yEpwywbqgltihu, hbswbu Gwb wnbép
(1) opuhnh L ukiGGh (IV) opuhnh thnfuwqgnbgnipjwl dwdwbwy.

2CuSe + H, = Cu,Se + HsSe,
2CuSe0; + 6C = Cu,Se + SeO, + 6CO,

4Cu0 + 7Se0- Z CusSe + 6CuSeOs:
W0 ule Ywa dnig Ywbws thnph t: <Gaunnigjwdp pwjpwjnid £ nuyne L wpéwph (nuébih
wnbinpp, opnhbwy.
CuzSe + 4AgNO3 = 2Cu(NO3), + 2Ag + AgzSe:
MnGéh (1) wGnipphn (CuzTe) wrwowlnud £ inbiniph gninp2hbGph L 2w tnwpwg-

Jwé wnbah thnfuwgntignipjwb dwdwlwy, haswtu Gub wnbéh (1) pinphnh wnwperywht
(nLényph ypw wyntihh wnGiniphnny wqntihu.

6CuCl + AlaTes = 3CuzTe + 2AIClI3:

Wo hwlnhwnud £ wd dnfupwgnylt dwip nipwOhunwhb pynupbnbtph, uwd ul
thnont inbupny:
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MnGéh fudph wwpptph® +2 opuhnwgdwl wunmhidwany unidhnlbphg hwynbh
dhwjlb ulke CuS-p: MnGéh (1) unydhnp, npp plnipjwl VG hwinhwnid £ Ynybiha hwbpw-
Ojnh wnbupny, wphGunwywb GnwOwyny unwbnud GO ppywiht dhowdwpnid wnbah
(1N wn&pp (nLénypLEPh ypw 660pwopwsltny Ywd wiywhwywh duinwnltph unydhnit-
nny, wynbdh uni dwwnh ypw wainbhnudph phnghwlwwnny wagnbind, hbswtu Gwl dGwnw-
nwywb wnbéh Ywi wnbéh (1) untphnh L 66dph gninpzhbbph thnfuwagnbgntpjwdp.

CuSOg4 + H3S = CuS + H3SOq,,
CuSO4 + 2NH4SCN = CuS + 2S0; + 2NH3; + 2HCN
CuS +S —»2CuS:

MnGéh (1) uniiphnh pinpbnwiht Ywenigwépnid Yub wynbdh® 2 tnhwh wuwnnibbph
Cu™-h L Cu™?h unydhntbph fudpwynpniibbp (wewehlp' §6tph wwnndbbph Yugiws
GrwbynitthOBph, huy Gpypnnp™ §6dph wunndbbph Yuwgiwé pwrwbhuwntph YEaunpnbnid)
(Y. 2.13): Wuwhuny, npw pwbwdélp shoun b obpjujwglt) Cul'Cu?*S%(S™), intupny:

0,196 ud

LU. 2.13. MnGah (I1) unybhnh Ywenigwépp

MnGdh gwépwnpdtp unibhnh Gowb CuS-p hhdpbph (NLénypLEpNLY L Gnup 660pw-
Ywhb pryntd sh (nuéynid, uwywyb |néynid £ fuhun wgnunnwiwb pryntd, wpdweh Ghunpw-
winh, wiwihwywb dGunwnbtph ghwOhnbtGph L wdnbhnudh uny$hnh (NLénypLEpNLY.

BCUS + 22HNO; = 6Cu(NOs), + 3H,S0, + 3S + 10NO + 8H.0,
CusS + 2AgNO; = Cu(NOs), + Ag,S,
CusS + 4KCN = Ko[Cu(CN)a] + K5S,
CuS + (NH4)2S = (NH.),CuSy:

110



uvonNnauuuuuu ehuhu

Swpwgliwlb wywjdwbbtpnid CuS-p opwdéth L 660pwonwélh fuwrbnipnny ybpw-
Ywbqgbbihu uinwgynid k2w dwpnip CusS:
Onnud 2hywglbihu wyb thnfuwpyyned £ wynbdéh (I1) opupnh, huy funGwy yhsdwynid
onntd tnwpwglthu® untpwunh.
2CuS + 302 = 2Cu0 + 280,
CuS + 20, = CuSOq:

Urwlg onh hnuph dhGslk Ywpdhp 2hwgiwl 9Gpdwunhiwb wnwpwglbihu thn-
fuwnyyniud t shwuniydphnh, huy wybih pwpédp obpdwunhdwlntd pwjpwyynid £ punw-
nnhg duutph.

2CuS = CusS + S,
CuS = Cu +S:

A00wl nwly CuS-p S-h htin thbsk 350°C nwpwglbihu unwgyntd k whphuwnh
Ywrnigwépny CuSy: Uplninpunwihb 2620wl tnwy wnbdh Gpyuny dhnp Yuyndl £ shasl
200°C: Mwnqyb| k, np wyb 660ph hbn wnG&h Shwy dhwgnintll £, np wwpniGwyned k
dhwjb wnhbé (1):

MnGéh (1) uGGOhn wewowlnld £ wnGdh (1) unidwinh |niénypny ubEGwopwaéhl
wOgywglbhu, hOswtu Gwb wynGdh (I1) prnphnp ubEGwenw6lh hnupntd twpwgltihu.

CuSO, + H,Se = CuSe + HoSOy,
CuCl; + H.Se = CuSe + 2HCI:

Wa opnud 2w Jwun niéynn wubnOwdl ule pynipGnuihb Gnee £ Swipwglbihu
pwjpwjyntd k.
2CuSe = Cu,Se + Se:

Unéweh (1) untpdhnp (Ag2S) plnigjwb db9 hwlnhwnid | wpgtGunhun juwi wywOw-
wnhwn hwlpwuinGuwyh inGupny: Lwpnpwunnp Gnwlwyny wjb unnwbnud G0 fjunbGwynipjwb
wwjiwabtpnd dnwnwywb wpéwph Ywd npw dhwgnipintbGbtph™ 664ph, §60pw-
opwélh Ywd wy |néGh unydhnbbph hGun thnfuwgnbgnipjwdp: UGuinwnwywb wpdwep
66uph htun Ywpnn £ thnfuwqgnt) LW whOn yh&wynid (uwhwnwy 2hywgdwb 9Gpndwunhsw-
Ond), U nuonypnid (tnwp onpnid Ywd uwep wywydwbabpnid §60pwouwdtnid [nuéywoé
660ph (nLényyp).
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2Ag + S = Ag.S,
3Ag,0 + 4S + H,0 = 3Ag,S + H,S0s,
2AgNO; + H,S = Ag,S + 2HNO,
4Ag + 2H,S + O, = 2Ag;S + 2H,0:

Upswpeh (1) unidpnb wpéwph wikbwndwpwinyé wnb £, wn wwwdweny wjl
660pwonwaolny Yupbih b Gunbglbp ng dhwyt wntph (nuénypltphg, wy Gwb wybwhup
Yuwyntb yndw Gpuwihb shwgnipintbbtphg, htswhuhp G0 wdhwywwnbbpp.

2[Ag(NHz)2]" + 3H2S = AgoS + 4NH; + 2HS™

Upéwph (1) unibhnp ul pniptnwihG Gnup £ WO nhwdwglBunhy £ Pwgh ophg’
Jwuw t (niéynd Gwbe winGhwynid b wiwihwywb dGunwnO6ph phnunidwunlbbpnid:
Lwy (nudynid £t wgnunwiywb ppyned, wiwihwywb dGnwnbbph ghwbhnbtpnid L fuhwn
wnuwppyntu.

3Ag>S + 8HNO3 = 6AgNO3; + 3S + 2NO + 4H,0,
AgsS + 4NaCN = 2Na[Ag(CN);] + NazS,
AgoS + 2HCI = 2AgClI + H,S:

Jwyntnwinwd 350°C tnwpwglbihu pwjpwyynid b pwnwnnhs dwubph, huy opwsth
dhowywjpntd 260°C wnwpwglbihu Yapwywbgbyned £ thnfuwpyybing deinwnwywt wp-
owph.

Agzs +H, = 2Ag + H,S:

Updwpeh (1) untidpnp ypwywbqgbynid £ Gwbl wiywihbGph hGwn hwiGihu, 300°C-nLi
AgS04-h, 400°C-nLy dEnwnwwl Ywwwph htwn nwpwglbihu.

2Ag,S + 4KOH = 2K,S + 4Ag + O, + 2H,0,
AgZS + Ag2304 = 4Ag + 2S0,,
Ag,S + Pb = 2Ag + PbS:

<wingtbbtpp pwpdp otndwunhiwlnid thnfuwgnnid G0 AgeS-h hbuin™ wrweowglt-
Iny AgX: 1000°C-hg pwipén gbptiwunh&wntd ppywdhl wit opuhnwglntd £ thnfuwp-
ytiny Ag2SOs-h:

Upswpeh (1) uniidpnb wiywihwywb dGnwnbGph unidhnbtiph htun hwibihu wew-
owglnid £ ypybwyh wnbp (NasAgS2, KAgsSs):

Cwuwn phihwywb rEwyghwObpnd ogunwignpéynid £ npwtu Yuwuinwihquiwnnp:
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<wyinbh 60 wpéweh (1) utikthnp L wnbinphnp, npnGp hGunneejwidp utnwgyned GO
ubG0h Ywd nGiniph L tnnwp wpdweh Ghuinpwwnh (nwényph thnfuwgnbgnipjwadp.

4AgNO3 + 39 + 3H,0 = 2Ag23 + H303 + 4HNO3:

UL Ag;Se-p L dnfupwwuwunwynit AgzTe-p opnud gnpédbwywOnud s60 (nuéynid L
Yuynib GO onnia:

UpSwpeh pwiyngbbhnOtpp (ntéynid GG AgNOs-h fuhun |nidnypnid: Lnudtihnepnilp
aGoéwolnid £t S — Se — Te wppnid L npwbg ynbgtbuinpwghwih waht gniquhte: Wo wwy-
dwbwynpywo £ Agod » nAgNO; pwnwinpnipjwdp YndwGpuwihl dshwgnipintbbtph wew-
owgdwip: Un yniwGpubbpnid YyndwGpuwgnuglnn t 3-h wuwnnip: Uuwbu, wrwbé-
Owgywé G0 [SAgs]NOs L [TeAgs]NOs pwnwnpnipntbbbpny yndwGpuwiht dhwgnipnib-
GGpp:

Unéweh (1) unihnp nwpsbwagniyo Gunnwéph inbupny wbhowunynid £ pthgnbhun-
nhintd |nteywéd AgNOs-p 660pwstuwslned |ntdywd d6aph |nLoniypny dawythu:

Nuyne (1) unydpnp (AuzS) unnwgynid £ K[AU(CN)]-h nuonypp 660pwonpwélnyg hw-
gbigltihu.

2K[Au(CN);] + H2S = AuzS + 2KCN + 2HCN:

tunGwy yphAwyntd wyb dnfjupwwnnwwuwnwgnyb t, huy snp ypdwynid ubwnwpgbw-
agni0 whbn Gnee £: 2pnid L Gnup penilBpnd gnpébwywbnid sh (nudynid, uwyw)b htp-
wnnipjwip wrwowglnid £ Yninhnwihl (nuényplbp, hwunywwbu™ §ddpwopwdth wryw-
Jjnigwip: Nudtin opuhnhsbbph (pinp, wnppwjwonip L wyb) wanbgnipjwadp (néyned b puwy-
pwiybiny: Nuynt (1) unydpnp (nidynid | owl wiwipwywb dGunwnbtph ghwOhnGBpp
(nLényplEpNLY” wrwowglbiny ghwlwwnipwwnbtn.

Au,S + 4KCN = 2K[AU(CN),] + KS,

hOswbu OGwl wiywhwywb dGnwnbGph unydhnbtph L pwqiwuny dhnbbph opwyhl (ni-
onyplEnpnLy” wrwewglbiny phnwnbp.
NasS + AusS = 2Na[AuS]
Ywa
3NazS + AuzS = 2Naz[AuS;]:

UhGsk 240°C tnwpwglbihu pwjpwyyntd t pwnwnnhs dwubph:
Nuynt (1) untphnp (AuzSs) nuyne (1) gjnu shwgnipntbbtph Gowb nudtn opuhnhs
E, L opwyht |nuényplEnhg wyb hGwpwynp sk unwbw:
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Qnwiht dhowdwypnid nuyne (M) dhwgnigntbbbph dpw uwep wwydwbbbpnid
660pwonwolny wagnbihu unnwgynid £ AugSz, nph pwnwnpnigwl dbe wakiw)d hwyw-
Gwywbnipjwdp dnbnd G0 nuynt” +1 L +3 opuhnwgiwl wuinhfwOGtpny wwnndlbp (Au-
S-Au = S).

8H[AUCl4] + 9H2S + 4H0 = 4Au,S; + HoSO4 + 32HC,
huy tnwpwglbihu Au*-p Yepwlywbgbyned £ thnfuwpyytbiny dkwnwnh.
8H[AUCl,4] + 3H2S + 12H,0 = 8Au + 3H,SO4 + 32HCI:

Un ywuwndwreny nuyne (1) unihnh uhlpbql hpwywbwgynid £ wbonip Gebiph dp-
owyuwynntd nuyne (N dhwgnipyntbO6pp §6dpwopwédlny drwytiny, ophGwy.

2Li[AuCls] + 3H2S = AuxS3 + 2LiCl + 6HCI:

Nuyne (1) unigdpnp gpwdhuinp GAwb ng pyncptnwyhb thnh : 200°C-nLd pujpwyynti
tE pwnwnpps dwutph: Lnudynid £ wiuihwywb dGunwnbtph ghwOhnOGph (nuénypnud L
wppwjwonnty.
Au,S3 + 4KCN = 2K[Au(CN),] + K2S3,
AuzS3 + 8HNO3 + 8HCI = 2H[AuUCl,] + 8NO + 3H.SO4 + 4H,0:

2.10. 11-N1 URHh SUMPEMNP USL ULB4UDLU3NUL BfeNntubMh unsNe

11-pn fudph wwppbph wj| woppquwsétwihb peniltph wntphg wnbdh (1) ghwlhnp
(CuCN) utnwgyntd t wnbéh (1) opuhnh ypw ghwbwopwdbwywb pryh opwihb nténypny
waqntiny, wnbéh (1) pinphnh b ghwlwepwsbwywh peyh wd Ywihnidh ghwbhnh thn-
fuwgnbgnipjwip, guquwjhl SOz-h weuwynigwip wnGéh (1) pinphnh nténypp ghwbw-
opwélwywb ppdyny dwybind Ywd wiywhwywbd dGnwnh unydbhnh welwjnipjwdp
wnGéh (1) unt pwnh ypw wiwihwyuwb dGinwnh ghwbhnny wanbiny.

Cuz0 + 2HCN = 2CuCN + H20,
CuCl + HCN = CuCN + HCl,
2CuClz + 2HCN + SO; + 2H;0 = 2CuCN + H,SO4 + 4HCI,
2CuSO0; + 2KCN + NazSO3 + H20 = 2CuCN + 2KHSO4 + NaxSO4:
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MnGéh (1) ghwbhnp uwhwnwy piniptnwihb Gnip b (thw, = 473°C), opntd L Gnup pRNL-
GGpnud sh (nuéynid: Lwy (nuéynid £ jupun penibtpnid, winbhwyh L wdinGhnidh wnbph
(nLényplEpNLY, pwyg wybih hbn’ wiwihwywb dGunwnbtph ghwbhnbGph nuénypLG-
pnud” wrwowglbiny ynybwyh ghwbhnbtn.

CuCN + KCN = K[Cu(CN)2]:
Upybwyh ghwbhnbtnb ogunwgnpéynid G0 wnOdwwwuindwb hwdwn:
MnGéh (1) phnghwlww Ywd ennwihn (CuSCN) uwhwnwy Guuindwéph wnbupny

unwgyntd £ wnbdh tGpywndtp wntph [nonyplEpp YGpwywbgbhsbbph (Gpyweh (1)
unt dwun, 660pwiht quq Ywd wiwihwywb dGnwnbGph unidpn) weiwinipjwip Yw-

Lhntdh rnnwbhnny dwybihu.
2CuSO0O4 + 2KSCN + SO, + 2H,0 = 2CuSCN + 2KHSO4 + HoSOy4:

MnGah (1) phnghwbwuwp (nLéynid | wiwihwywb dEunwnb6ph phnghwbwwnbbpnud

wrwowgltny shwnpdbp wynbdh phnghwlwuwnwihb YndwGpulbbn.
CuSCN + CsSCN = Cs[Cu(SCN)_],
CuSCN + 6KSCN = Kg[Cu(SCN)]:
MnGéh (1) hGpuwduinnpuhhuwn (Cuz[SiFe]) unwgynid t upihghnidh uinnpwonpwio-
Owywb ppyny dELwNnWYwO wnbédh Yypw wqnbihu.
HZ[SiFe] +2Cu = CUQ[SiFe] + Ha:
WG Ywpdhp whan Ginup £, pwpdn oGpdwunpdwbnid pwypwyynid k.
Cu[SiFg] = 2CuF + SiFy4:

MnGah (I1) ghwbhnp (Cu(CN)2) nbnht Guinwdéph wnbupny unwgynid £ wnGah (1)
unt dwunp nwppwswhwywb Yuwihnwih ghwbhnny dwytihu Ywd wnbéh (1) wgbunwunh
Unw ghwlwepwébwywh pryny wantihu.

CuSO4 + 2KCN = 2CU(CN)2 + K>SOy,
Cu(CH3COO), + 2HCN = Cu(CN); + 2CH3COOH:
MnGah (I1) ghwOhnb waywynib £ L undnpwywb obpdwunhdwlnid nwlnwn pwjpwy-
ynid t* thnfuwpydtiny dhwpdtp wnbéh woewbgjwih.
2Cu(CN)z = 2CuCN + (CN);:
NEwyghwl hwiwiu oguinwgnpéynid | Gpyghwl unwbwint hwdwn:
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LUnyl bwywwnwyht £ dwrwnid wb FeCls-h htiuin CuCN-h tnwpwgnidp.
2FeCl3 + 2CuCN = 2CuCl + 2FeCl; + (CN)a:

MnGéh (1) phnghwlwuwn (Cu(SCN)z) unnwgynid £t wnbdh (II) wnbph (nuényplUENp
pwlwywswhwywb Yuwihnudh rnnwbhnh (nuénypny dowybhu.

CuSO4 + 2KSCN = Cu(SCN)2 + K2SO4:

Wa ul ppniptnuyhb Oynie £: MnGéh (1) ghwOhnh Gowl woywynib £ L hGyuninggjwap

thnfuwpyyned £ wnbéh (1) wnh.
2Cu(SCN), = 2CuSCN + (SCN);:

Unéweh (1) ghwbhn (AgCN) unnwgynid £ wpéwph wnbph L wiwhwywb dGunwn-
G6ph ghwOhnOGph thhnfuwbwyiwb rGwyghwny.
AgNO3 + KCN = AgCN + KNOs:

Wa uyhunwy pinipbnuhl Ginup £ Ainuptnbtpp Ywenigwd Gh eee Agee e C=N e e
*Ag—C =N - - wlytipg gowjhl znpwlbnhg, wjuhlpl” wnpdwep dhwgwd k ghwbhnuwihl
wohnbh L wéuwdébh nu wgnunh: b twppGpnipintd wpdwpeh hwingtGhnbGph™ wyb |nyup
wqanbgnipjwdp sh dgwoOnid: 2pnid L Gnup penilbGpnud gnpdGwywbnid sh |nLeyned:
UndwGuwgnwgiwl hwyyht (wy (nieynid £ wiwipwywb dGunwnbbph ghwbhnbtnh,
rhnunt $wnlEph L wdinbhwyh |nLénypLLpNLA.

AgCN + KCN = K[Ag(CN)J],
AgCN + 2Na,S,0;5 = Na3[Ag(SZO3)2] + NaCN,
AgCN + 2NH3 * H20 = [Ag(NH3)s]CN + 2H,0:

Shwlwwnpgtlwnwuwnlbbpp, ophbwy Ywihnuih GpyghwlwwpgtOunwunp, npb wew-
owlnud t Gwb onh weywjnipjwdp dGunwnwywl wpdwph ypw Ywihnidh ghwbhnh ne-
onypny wanbhu, ogunwagnpéynid | quwlwywb Gnwlwyny wpdwpwwwundwl hw-
awn:

@pniltph L §60pwopwédlth nu Gpyghwlwwngbwnwunbbph hnfuwqgnbgnipntl po-
pwlnud b hGuinlyw yepw.

K[Ag(CN);] + CH3COOH = AgCN + KCH3COO + HCN,
2K[Ag(CN)2] + 2H2S = AgsS + K3S + 4HCN:
Uwihnuih Gpyghwlwpgblunwwnbbph wpéwph Ohwnpwwnph Neénypny  dwybhu
unnwgynid £ wpéweh GpughwbwpgtOwnwen, npo wpédweh dhwghwbhnh Gpyswih k.
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KIAg(CN)] + AgNO3 = Ag[Ag(CN),] + KNOg:

Updwph phnghwOww Ywd rnnwbhn (AgSCN, uwyhwnwy whOn Gnee) unnwgynid L
AgNOs-h [nLénypl wihpwdtn pwlwynigjwidp wiwhwywb dGnwnh rnnwbhnny Gw-
Y&ihu.

AgNO; + KSCN = AgSCN + KNOs:

Gprt wynbdh hwiwwwuwnwuuwb wnhb ponipwgpwywb t YywwnhnOh L wGhnbh Ywwp
660ph dhongny, www AgSCN-h piniptnp Ywgiywd £ » » s/AgSCNe » *AgSCNe *  qhg-
qwawadl. waybpe 2npwltphg, npnGgnid wpdwpep Yywwdwdé t ny dhwjb §66ph (d (AgS) =
0,243 (1), wy| Gwbl wgnunh htwn (d (AgN) = 0,222 (4):

Updwpeh phnghwlwwp opnid ndwpnigjwdp b nuéynud, pwyg (wy |péynid L
wiywphwywb dGwnwnlbph phnghwbwwnbbph |nLénypltpnid” wrwewglbiny phnghw-
GungtOunwuwnObp (M[Ag(SCN)2]l, M2[Ag(SCN)s] L M3[Ag(SCN)4]): W0 winGhwywihl
(nLénypnd wwhwwb dGunwnny htyunnigjwdp yGpwywoagoyned k.

AgSCN + Na — Ag + NaSCN:

Nuyne (1) ghwbphnp (nGnhG pyncptnwiywb i) unnwgynid £ OGnylo GnwlGwybtpny,
hGs Shwynnhnp, wuhOpb™ w)b rGwyghwGtpny, npnGg nGwpntd wyaywiyned £ nuyne (1)
wéwbguiiEph wrwowgnty, ophGwy.

H[Au(Cls)] + 3KCN = AuCN + 3KCI + HCI + (CN)2:

Nuynt (I) ghwbphn unwgynid £ Gwb nuynt (1) ghwbhnwihG yndw Gpubbnb wnwppyh
htn 50°C-nLd tnwpwgltihu.

Na[Au(CN),] + HCI = AuCN + HCN + NaCl:

Nuynt (1) ghwbhnb niGh Gnyb Ywenigwépp, hbs wpdweh hwiwwwwunwufuwb wnp:
L<Gwnwpnpphn £, np 2npwltpnid nuynt hwplwb wwnndbtph hGrwynpnigintbb wybih
thnpp £ (0,509 (4), pwl wnpéwph hwplwb wwnndbGphOp (0,526 GY):

Wa opnd Jwuwn £ inudynid, uwuyb qwy (nuéynid £ wiwihwywb dGuinwnbtph ghw-
OGpnbGph (nuonyplLERNLY” wrwowgltiny M[AU(CN)] pwnwnpnigjwdp Yuwyntd Yndwtpu-
O6p: Undw Gpuwagnwgiwl hGnbwbpny wyb (neynud | Gwb wanGhwyh opwhl nuény-
pnLy, wiwihwywb dGunwnOtph phnuniy dwunlbph L wpywb nGnhb wnh neényplUtpnLd.

AUCN + KCN = K[Au(CN),],
AUCN + 2NHj3 * H,0 = [Au(NH3)2]CN + 2H,0,

117



aLnHu 2. 11-N1 vUeh SUNPPGNh LhURUL

AUCN + 2Na S,03 = Nas[Au(S203)2] + NaCN,
16AuCN + 4K4[Fe(CN)g] » 3H20 + O, = 16K[Au(CN),] + 4Fe(OH)3 + 8HCN + 2H,0:

Nidtin lnwpwglbihu pwjpwyyned k.
2AUCN = 2Au + (CN)2:

U ywihwywb dGunwnltpp ghwlwwnipwenatp (1), npnbp oguwgnpdynid G0 nuyp
unwOwint hwdwn, hoswbu Gpyb] £ ybpbnid, wewowlnud GO ppywdlh weywjnipjwip
dGunwnwywb nuyht hwiwwwuwnwufuwb dGunwnh ghwbhnh (nuénypnid |nétihu, pan
npnud, wwnpqyby £, np gnpéplpwglb ninGygynid £ dhowbyw) H202-h wrwowgiwip,
onhbwy.

2Au + 4KCN + 2H,0 + O, = 2K[Au(CN).] + 2KOH + H20,,
2Au + 2KCN + H;0, = 2K[Au(CN)_] + 2KOH:

PnOwthnfuwbwydwlb Gnwiwyny Ywihnuih ghwlwwnipwwnhg Yupbih £ unwbw]
nuynt BpYyghwbwepwétwlwh pent (H[AU(CN),]), npp 100°C-ntd pwjpwyynid £ nuynt (1)
ghwlhnh L ghwlwenwshwywb ppyh:

Nuynt (1) ennbhnwiht wéwOgywibtnt woaywyntb G0 L wunhdwlwpwp pw)pwy-
gnud 60" whowuntiny dGnwnwywb nuyh:

Auynt () ghwlwywb L phnghwlwywh wéwlgwittphg hwywnth GO pwrwghw-
Gwopwdltwywl L pwrwphnopwdGwywb ppnilEnlG nL npwbg wnbpp:

Nuynt pwrwghwlweonwdlwywb ppent (H[AU(CN)4] * 3H20) uunnwgynid | juwunw-
pRUNY nuynt pwrwpnpwonwistwywh ppyh Ynw wanbihu.

H[AuUCl4] + 4HCN + 3H,0 = H[Au(CN),] * 3H20O + 4HCI:

Wa opnud, uwhpwund L Gebpnud (wy |ntéynn wbgnylb pincptnughb Ojnie £ “Ypw
wntpp unwgyntd G0 AuxCle-h L KCN-h fupuin |nuényph fuwrOnipnh  fjunnwgdwdp,
onhbwy.

AuzClg + BKCN = 2K[Au(CN),] + 6KCI:

Nuynt  pwrwghwlwopwébwywb ppntl  opwiht  |nényphg  pintpGnwbnid L
K[AU(CN)4] * 1,5H20 hhnpwuwnh wntupny, npp Ywaqiwd t wbgnyb phptnltphg: 200°C
tnwpwglbhu wyt Ynpglnid £ pynupGnwoncpp, huy wybtih pwpép otpdwunhdwlnd pwiyj-
pwyyned k.

K[Au(CN)s] = K[Au(CN)2] + (CN)2:
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U ywihwywb dbunwnlbph pwrwghwlwwnipwwnbbnb oqgunwgnpéynid GO0 quiyw-
Gwywl nuybwwwniwb b wwywyha ne A6Gwwwyhb nuytgnib Gepytne hwdwp:

Nuynt pwrwphnghwlwopwétwywh ppnit (HJAU(SCN),4] * 2H20) snp onnid Yuynil
Ywpdhp pinipenwihGa Ojne £ Qpw wntpp unwgyned 60 nuyne (1) pinpwopuidbuiywib
pRrYN L phnghwlwwnbbnh thnfuwagnbgntpjwdp, ophwy.

H[AuCl,] + 5NaSCN = Na[Au(SCN)4] + 4NaCl + HSCN:

2.11. 11-NM uURh SUNNPGNh YNUMLGRUUSHL UhUuSNHa3NFuLEND

Undw Gpuwgnwgniip 2w plnpny  11-pn fjudph tnwippbphb, L wwn nbwptpnid
npwOp YuyntGwbOnid G0 wGyuwynib opuhnwgiwl wunhdwbbGpney:

MnGéh fudph® +1 opuhnwgiwl wuwnhdwl niObgnn wwpptph hwdwnp, npnGp
(n-1)d10 wwpthwy bEYunpnbwht pwnwip nbbgnn M* uwnphnGOtp 66, upbih £ Ywo-
fuwuwnbut| sgnitbwynpywd nhwiwagbhuwywb yndwGpuwhb dshwgnipntGbtph gnynipjnt-
Op: Ywlp wewowlnud GO h hwhy thqubnbtph tGunpnbwihb gnygbph L yGtunpnbw-
Ywl dhwihgp YwuinhnOh wpunwphlt wqwuw ns, np L nd opphunwGEph nnGnpwwygbw-
nnpwihb hnfuwgnbgnipjwb: Yw Ghpwnpnid | YndwGpuwiht dhwgnipintbbGGph gwon
pGpdnnhtwdihywywb L yhbbwinhy YuyniGngyndb:

bpnp, wnGéh fudph’ +1 opuhnwgiwl wuwnhdwbny pninp tnwinpptph hwdwp hwjun-
Gh &G [MX2] hwingtGhnwihb, [M(NHs)2]" wanGhwuyhl L [M(S203)2]* phnuntdwnwihl
YndwGpuwiht dhwgnipnibbtp: “Ypwbp wbgnyb GO, noG0 qéwihlb Ywrenigwdp
(YGunpnOwywb hnbh opphwiw0Gph sp hhpphnwigntd, Y. p. = 2) L tnwpptpynid G0 Yw-
jnioncpywiip: <witliwwnwpwn Gjwqg Yuynitt wnbdh (1) Yndwtpubtiph (nuényplbtnb onnid
wpwg opuhnwintd &G, hasp hGwpwydnpnipnih £ wwhu npwbp (ophGwy [Cu(NH3)2]Y)
ogwnwgnpétint ppywdlh fuwrGnipnhg wgnunh L wqbhy quqbph dwppdwb hwdwp’
nnwap Yndwtipuh |nténypny wnwowyuwynnbiny:

UdnGhwywyhb yndwGpubtph hwitdwwn wdbih Yuwinta 66 ghwbthnwihb yndwtpu-
GGpp: P vnwppGpneginLt gdwihb Ywrenigywdép nlbbgnn wpdwpeh L nuynt wéwbgywbGepp’
Gpyghwlwyniwypwun (1) pnGOGpp wiywihwywb JdGwnwnbGph  M[Cu(CN)2] wlonin
Yndw Gpubtpnid wwpnypwdél Ywenigwopny wnihdtpbtn G0, npnGgnid, h hwhy CN°
hnGGGph GpynGaunwbwnnipywb, wnbdh (1) . p. = 3:

119



aLnHu 2. 11-N1 vUeh SUNPPGNh LhURUL

CuSOs-h 10 %-wlng |nonypny SO2-h hnup wOgywglbihu wrwowlnd L
cu'[Cu'sOs); * 2H,0 wnh Ywpdhp Gundwép, npnid npuwbu wGhnG hwinbu £ quihu
[CuSOs] Yndwtpu hnlp:

Lwjinlbh 60 Gwl wy (2-hg wnwnpetn) |hqubnbtnpny YndwGpuwiht dhwgnigyntbbtn:
MnGdh (1) hwdwp npwbp 60° [ML], npuintin L = SO%; S,0%, [MLg]™, npuintin L = SO?% ; S,0
2, CI; Br; I; SCN, [MLg]*, npinbn L = CN; SCN: Upéwpeh (1) hwiwp hwjunGh &G
rnwOhnwihG Yndwtpultpp® [Ag(SCN) ™", npinbn n = 2; 3; 4; 6, 2 L 6 |hqwln wwpnt-
Gwynn  GhunphnwihG  Yndwybpuwht  dhwgnigniGlbpp,  hoswbu Gl M'[AgFs]
yndwtputtnp, npuintn M" = Mg; Mn; Cu; Ni:

+2 opuhnwgiwl wunhdwOny Yndwtpuwiht dshwgnipntGbtpp pbnipwagpwywb G
wnbahb: Gpywndbp wnhbdh nudbn YndwGpuwagnyuglnn k: <uywnbh GO npw’ wnwpptn
lhqwanttpny hwpynipwynp YndwbpuwhG shwgnipntbbbn: Ganphhy Cu?* «thnpphy»
YwunhnGh wpdnib tlGYunpnOwiht pwnwbeh L hwitdwwnwpwnp 066 (hgph™ wnhbdp (1)
wrwowglnd t wnhGé-hqwin phihwywb wwh wnwpptp tnnbuwyotpnd L ynnpnhbw-
ghwjh pwqiwqwb &dutpny YndwGpuwihG dhwgnignitbbtin: Lhgwlnh hGwn wnbdh (1)
Ywwp, Yuiuqwé hqulnh pOnyphg, wju ud wjb swihnyg Yupnn £ |hGG hnGwhG Yuwa
hwdwndtpwjhb, huy Yuyntbnigyntbp” tnnwunwbOyb| (w)b uwhdwbbaGpned:

Uwrenigwopny witlOwunynpwywb L pninphl hwynOh wnGdh (1) Yyndwbpup
[Cu(OHL)sl**-0 t, nph ibupny wnhGép (1) weyw t hp wnbph opwyhb (nudnypltpnud: W
(nLénypht wnwhu £ Gpyawgnyb Gpwbg, Ywenigwépl ntbh wnwywnywdé nipwbhuwnh
tnbup, hGsp, puin 3w-BLiLph Gplnyeh, ptnpny £ d® nipduagsh, huy Cu?*-h L HO-h
Ywwbtpp wewlgpwiht ninnnipjwip qquihnptt pniwgwéd GG: MnGdh () Yndwbpu-
OGpnud nipwbhunn YnnpnhGwghwih JwOpb Gpwht wnwywnywénipjnitlp dGéwOnud L,
Gpp 0GSwlNnd £ thqwlnh nidp, hGnlwpwn nppwl nudbn t |hgqwlnp, wOpwb 066
wnbap (1) yndwtpubbph hwynwip® yGpwddbint wnwywnywéd nipwlbhunph’ plnhniw
pwrwyniunt wd £qiwd pwrwbhunh thnfuwpyybip:

Npwtu ophbwy Ywpnn GG Swrwt wnbdh (II) Yndwtpuwht wihwywuwbbnp,
npnbp wrwowlntd &G opuwiht [nuénypGENNLY htpuwwywhnbh ([Cu(H20)sl** Ywaquintd
HoO-0 wuwnhfwlwpwp NHs-nd thnpuwphbbint  hGinbwGpny: <wjuinbh £, np win
thnfuwpyndb wpwqg pOpwbnud £ dhOsk wyb ywhp, Gpp wewowlnd £ pwrwwihwywwn
([Cu(NH3)4(H20)21*"): Gpb wrwlgpwjhG YnnpnhGwwnh Ypw inbnulywydws b wdbih pny
nwawh thqwln (ontp), Ywd bpb wjlnbn pUnhwlpwwbu |hquin shw, www NHs-h
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htinwqw Shwgnuip Cu?*-ht Gwwwnwlwhwnpdwp sk, pwih np hwiwywnpgh tGGpghw(
thnpp L: [Cu(NH3)4(H20)2]2+ pwnwnpnipjwip wanbhwywiht yndwtpuntd wdnthwyny
sinbnwlwidwé H2O-h bpynt dnityneabph Ywwp Cu?*-h htwn wybpwl pny £, np wyl
ywpblh  wownbub;: Wn wywwndwend wnbéh (1) pwrwwdihwlwwh pwnwnpnipjnilp
unynpwpwn GEpYuywgynea [CU(NH3)4]2+ pwlwadlny:

MnGéh (1) fuGwwnwhl, hGswbu Gwl ng fubjwunwh Yndw tpulbphb pbnipwgpw-
wa t snpu, wewybiwagnytp hhtg nnOnpwihG wwnndabtph ynnpnhbwgniinyg uwhdwOw-
thwyybint dgunnudp:

MnGah (I1) ynnpnhObwgdwb pyh thnppwgniip, h wnwpptpnipntt wwnppbpnepjwip
npwl hwplwb dGnwnwywb nwpptbph, npwtu Ywonb, uwywé st nnwpwswywb pwnp-
nnLpgnLbltph htwn: Wuwbu, Gpb nipwlhuin ppgwwywwndwd Cu?* hnGh pwrwyhnp 0,073
0l £, www Co?* L Ni®* hnGbph wrwyhntbpp hwiwwwunwuluwbwpwn Yhota 0,074 L
0,069 4, npnGp 2w dnwn 6O Cu?*-h pwrwynh wpdbphG: Ypwh gniquhbe” Cu?t, Co?* L
Ni?* Yndwytpultiph pwnwnpnipintbbtnb nu Yuwenigwéplbnb fwwbu wnwpptpynud GG:
Opphbwy Ywpnn 60 dwrw)b| npwbg’ tnwnpptp (hgwlnbtpnd wyb yndw Gpuwhb dhwgnt-
pintGbGpp, npnOp wwpnibwynid G0 jubwwnwht  wgtnppwgbunnGwunwiha L O-p6-
GuwbGunpnihOuwhG ghybp ([Co(AcAc), » Phen L [Ni(AcAc), « Phen): Nnwlp nilGG nipwbhun
Ywrenigwép: LAwG hnpdbwlywb ywydwbbtpnid wynhbdp () weweowglnid £ [Cu(AcAc)
« Phen * (OH2)'NO; pwnuwnpnipjwdp Yndwitipu, npnud LGwbunpnihh L wgbkinpiwgt-
nnOwwnwiht |hqubnh nnOnpwihG wwnndbbpp wnbnwywyywdé G0 hwpp pwrwyniunt
quaquwplbpnd, huy Cu?-h YnnpnhGwgdwl ninpup (pugbnd b H,O dnbynip: Upu-
whuny, npwtu wnbah (1) ynnpnhlbwgdwb pwqiwbhuwn, win shwgnipjwb dto hwinbu
gwihu pwrwOynib pnipgp, wyuhbpb™ Yahunpnbwywb wwnndh Y. p. =5 L ns b 6, hGswtu
Ynpwinh (I1) L Gpytip (1) yndw Gpulbbpniy:

MnGah (1) nupwbhuwn YndwGpulbp Gpptdl wrewewlnd GO, npnGghg £ ng dhw)l
Utpnhhpjw htpuwwywhnOp ([Cu(OH2)e]?*, wy Gwl pny| nwpwn nitgnn (hqulnltpny
dGowphy wy yndwtpulbbp: Oppbwy’ nipwihuwn Ywrenigwdp nibh EphiGaGpywapb pw-
rwwgbinwunp (Naz[Cu(G6LeU)] « 3H20), npnud Yndwtpuntp hwyynd £ 5 htgwbnwy
lublwinwhG ghytepny (1 tphisOGNYNhwahGwihG L 4 «gthghGwyhG»)™ Cu®* hnGh zntpg
wrwowgltiny Ynnpnhbwgldwl pwqiwbhunn® Juwgijwdéd wagnunh 2 L Yuwppopuhiwhb
fudptbph ppywdébh 4 wwnndlbphg:
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Zewinwppphp &, np 662U *-h 1 Yndwbpunbuwwn hnGp Yupnn £ Yndwbpuntd Yuwb
wnbép (1) 2 wwnnd: Un nbwpnid tphiGOEpyuwaohbwihb juGiwwnwihbt ghyip pwgynid t, L
wrwowlnud £ «qubunbiwhb» Ywenigwdép, npnntn wnbdh (I1) Gpyne wuinndlbpp hw-
dwndtip nhpptipnnid Go:

[Cuzx(BGLU)]-h dbe wnbah (II) wuwnndbbph Ynnpnhbwglwb npnpunp hwgbgwé st:
hPpwywOntd wb |pwbnud £ HO-h L hwplwb dnGynyh Ywppopupiwihb fudph ppywdéth
hwpyht: WuhGpl' [Cux(56LU)] « 4H.0 Yndwtpunbwwnnid Cu?*-h jnipwpwlsnip wwinndh
ynnpnhbwgdwb phyp nweGnud £t 5 (YnnpnhGwgdwl pwqiwbhun® pwrwOyntbwihG
pNLNG):

MnGah (1) dhwgnipynttbtph ophbwyny htwun £ inbubt], np, «hpwywb» Yyndwtipu-
GGph hwibdwuw, Ynyowyh wnbph Yuynibnegynibb wyth gwén t: Wuwbu, wnadh (1) une-
dwuwnh L wanGhwyh opwyhb nLényph thnfuwgntgnipjwb dwiwlwy uwhpwnh wytiwgnt-
dp hwlgbglnud £ wnGédh pwrwdhOuntdwwnh ([Cu(NH3)4S04]) pjntpbnwgiwl.

CuSO4 + 4NH3 = [Cu(NH3)4]SO4:

2hs |ntéynn CuS-h wrweowgiwl htnbwapny (LU = 6,3 * 10%) wyn Yndwtpup
hGunnigjwdp pwypwiynid [ §ddpwopwélny.

[CU(NH3)4]SO4 + 2H,S = CuS + (NH4)2304 + (NH4)23,

pwjg wjbt Yuyntb t hhdptph hwinbw, pwGh np Cu(OH)2-p wuwn wybih (wy Lk (nuéyniy,
pwl wynbdh unydhnp: Upklnylb dwidwlwy wyb (nuonyplbphg, nnnbp wwpnibwynid GG
hwiwndtip pwlwynigjwip wnbdh L wdinbhnwdh unidwinlbbp, pwg s60 wwpnibwynid
uyhpw, pintpenwbnid £ ypyowyh wn.

CuSO4 + (NH4)2SO4 + H20 = (NH4)2Cu(SO4)2 * 6H20:

Loqwd dhwgnipintbp htGaunnigyuidp pwjpwyynid £ ng dhwb 660pwonwdlng, wyl
Owl wywihny: bppnp, npw opwyhb nuénypht wiwih wybiwglbihu waihowwbu
Guinnud £ wnGah (1) hhnpopuhn, wjuhlpl® [Cu(SO4)21% unt pwnwht Yndwbpub wybkih
woywyncb £, pwh [Cu(NH3)4]2+-n: Nupwagpwy k, np uyhpunwihb dhowyuwypnid nudbnwbnid
E wnGdah (1) Yyndwtpuwagnugdwb hwyniip:

Gwuwn Yuwynib £ wynbGéh (1) ghwbhnwihG YndwGpup (K2[Cu(CN)4], nph |nénypltphg
sh Guwnntd n's hhnpopuhnp, n’s k| unt phnp:
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Pwndn Ywnibnipynit nlbbb Gwb Gpyupdtp wnbdh wyb Yndwtpuwiht dhwgnt-
pINLGOGpp, npnGgnud npwbu |hqwbn hwOnbu GO qwihu oppniNnwywb L oppnwnGinLpWw-
Yuwl penibtph wohnGGtpp (Nag[Cu(HIOe).] » 13H,0 L Bay[CuTeOg)):

Updwpep (1) wiywipwywb L hnnuiwihwywb dGunwnbtph hGn wewowglnid L
dwnnphnwihb yndwbpubtp (M[AgFs] L M[AgF4]), nnnGg wbhnbGOGNG nlbGO pwrwyniunt
unbup:

Nuyne () Yyndwtpulbp s60 uhbptqyt|: YwiGGunuwiha FEYunpNOGGEPH pwpdn 2wp-
dniGwynipjwl hGuinbwbpny nuynt nEwpnid guwyunnit wpunwhwynywé 6o 3wb-BL(tph
GpLnypep L (pwgnighs pLubirwgnidp: Gt nuyne (1) YndwGpuwagnugniilb hpwywlwbwp,
www nuynt Gpyihge Ywunhnp, nlobGwiny 5d° tleLunpnGwiht nupdwghd, Ywrweowglbn
wjipwl ndtn dgywd Ynnpnhlwgdwb nipwbhunnny Yndwtpuwiht dhwgnipynil, nn
tuGpgwwbu wybh whwybun Yy hGep tiGyunpnbwht funnipjubt JGpwpwyiunidp, wj-
uhGpl

2AU* = Au* + Au®

wlhwdwdwubwgniip:

MnhGdp (1) nudtin Yndwbuwagnjuglnn £, hasp wwdwowynpdws E Cu®* Yuwuinhnbh
2wwn wprynitbwybwn pwpdp |hgpny L gwépwuwhbwiht pwrwyniuwiht Yndw bpulbbn
wrweowglbint hwiwnp pwpbowwuwn 3d® tLPNGwihG nupwagény: Uwyw)a Cu™ wndt-
pwihG yphgwyp Yuwynibwlnd £ wyb dwdwbwy, Gpp Yupnnwonad £ hwwnpytp wnbép
ntdbn opupnwglnn hwuwnynipjwlp:

OphOwy GYwpwgpywé GG Nas[Cu(HIOg)2 * 3,8H20, Nas[Cu(H2TeOg)2] « 11,5H.0
nhwiwgbhuywb yndwGpubtpp, hOswtu Owl pwrwynuh wOhnbG wwpnibwynn
Cs[CuF4] L nipwlOhunn wohnO wywpniOwynn wywpwiwqgbhuwlwb Csz[CuFg] Yyniwbpu-
GGpp: MnG&h () wEpnnwunwht L nbinpwunwihb |hqwbnbtpnyd Yyndwtpulbtph Yw-
rnigwédpnid Ywb Gpyniwywb nipwbhuwn fudptp ([HIOe] Ywd [H2TeOg]), nnnbp hpwn
Ywwywdé 60 wnbdh wunndh dhongny (Gpyntwywb Cu — O Yww jnipwpwbgynin nipwbhu-
wnh htw): <hagbpnpn Yuwwbt wewowlnid  wnbéh L oph dnGyneh dhol, npp gunbGyned £
wnGép (M) ynnpnhGwgiwb pwqiwbhunph’ pwrwOynth pnipgh gugwenty:

Grwndtip wnbdh wtpnnwuwwiht L wnGntpwwnwihb dhwgnipntbbtpt nbbh nudtin
wpunwhwynywdé opuhnhs hwwnynignibbbn L, ppywiht dhowdwipnid  wbowuwnbiny
pRrYwGhl, thnfuwpyyned G0 Gpywnpdbp wynbdh wéwbgjwibtnh:
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Undwiep (1) wnbdh (1) Gdwb YuyntGwbned £ wjGwhup Yndw Gpuwihb dhwgnipntb-
GGpnuy, npnGgnid (hqwOnp niGwy £ nhdwywytint wpéwpeh () nudtn opupnwglnn wagnb-
gnipjwlbp: Ywbp GO Ks[Ag(HIOg)2] « 10H20 L Nas[Ag(H2TeOs),] * 18H20 nhwiwqlhuw-
Ywb Yyndwbpubbpp L pwrwyniuwiha nipjwagény wahnbGOpnd fuhun funbwydwénid
K[AgF4] L Cs[AgF4] yndwtpulbpp:

<wjinbh 60 0wl wpéwph (1) N-nnGnpwjhG |hqwbnbtpny Yndw Gpuwht dhwgnt-
pINLGOGND, npnbghg &, ophGwy, opwyhb |nuénypLGRNLG Ywihnidh wGpopununi $wwnh wre-
Yujntpjwip Ephitbh GpyphgniwbhnhGh htin wewgwgnn Yndwbpup:

NH

L

NH

T
C

/TN

NH
I
N

N—-C

Ne—en" g\N-————C/

NH,

NH,

1

NH

34

Auyne () yndwbpulbpp pwqiwphy GG, L pwlOh np npwbp opuhnwybnpw-
Ywbgbdwb nbuwbynibhg nt obpdwwtu wybh Yuyni G0, pwl opwihb (nuényplEpnLd
ntdbn hhnpnihqynn hwuwpwy wntpp, wn wwwidweny ntGG (wyb Yyppwentpnib:

Nuyne (N wiotbwdwuwsbih YndwGpuwihl dhwgnigntbp pinpwopwdltwywb Ywad
pwrwpnpnuyw (HAUCls]) ppenit t: <wjinbh GO0 Owb npw ppndhnwihb L jnnhnwihG
GdwOwyoknp, hoswbu Gwl H[AUCly] « 4H,O pyniptinwihG Gniep, npp 200°C-hg pwpdn
obpdwunhdwbOEpnd pwypwyyned £ wreweowglbind nuyne (I pinphn, pinpwonpwdéha L
onin: <wynbh G0 wyn ppdh’ wiwihwywb dGwnwnlbph hGun werwowgpwéd wnbpp
(M[AUClg4]), pln npniy, gighnuah dhwgniepyntbp opnid ndwnpuwinyé t: Wn yndwGpultpp,
haswtu Gwb ppndhnwiht wéwOgywGph wohnbGOENG NLOGO pwrwynLunt wnkup:

<wjinbh 60 Owb wiwipwywb dGnwnbGph L nuyne (1) uninphnuwihG (M[AuFg]),
unt dwunwihl (M[AU(SOs4)2)), (M[Au(NO3)a]),
(M[Au(CH3COOQ),]) L wy; Yndw Gpuwihbt shwgnipyntbbtn:

bOswbu wnbdh (1) L wpdwpeh (1), wlwbu k) nuyne () hwdwp unwgyt) GO
wEnnnwuwunwha (Nas[Au(HIOg),] * 3,5H20) L inGintpwuinwihb (Nas[Au(H2TeOe),] « 12H,0)
YndwGpulbtpp:

Cwuwn pwpdn Yuwnibnipgnta ncbt0 nuyne () ennwbhnwihG (H[AU(SCN)4]  2H20,
KIAu(SCN)4]) L ghwlhnuwyhG (H[Au(CN)4] * 3H20, KIAu(CN)4]) UndwGpultnp:

Ghunpwiuinwiyh wgbwnwunwihG
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Lwjinbh 60 nuyne (NI) ppYwdébwiht Nt wgnunwywb nnUnpwht opqulwywb |h-
qwlnbBph hbGwn wrwowgnwé UGS pYny Yndw tpuwhb dhwgnipinittbtp, ophbwy’ fuwrp
thqwlnwjhb $EGwbunphinOwhG Yndwtpup ([Au(phen)CI2]CI):

Anyniginth NGB0 Owl fuwep thquOnwihb YyndwGpuwht dhwgnigntbbtp, npnGp
Gpyatiphnuynt L B-tGpyybuwnnGatph wéwbgjw bt GaG: OphGwy hwynbh t Gpyakehinuyne
wgtwnhjwgtunnOwuwnp ([CH3)Au(AeAe))).

CH

H,C O C/ ’
AR INAN

Au Y ’CH
H;C/ \O:;C/

Ncn,

Uw Ywpbh t nhunwpytp npwbu dGunwnwywb opgwlbwywl  dhwgnipnil’
[Au(CHz3)s] Grdbphy nuynt wéwbgywy, npnud vGY dEph; rwnhywip thnfuwphbyws t wgk-
inhjwgtunnbwun hnbnd wrwowgwd Yytgwlnwd jubjwwnwht ghyiny: Lpdwé dhwgnt-
piINtlp ququiht yh&wyh £ wbagbnid hwitdwwnwpwp gwén obpdwunhdwbnid, L pwbh
np wyb ubuntd £ pwypwyyti 140°C-nid, hGwpwynp £ nwrelnud guquiht $wghg nuynt pw-
pwy phprtinh unwgniip, nnb oguwgnpdynid £ uwppwhbnipjwb dE9 L dhypnkGYwnpn-
Ghyuwyniu:

Undwtpuwjhb dhwgnipjntb0Gpnid nuyhb (1) wybih hwdwm nioh 4 Ynnpnhbwg-
dw phy, hGsp panpny £ d® EiEGUPNGwihG nupugsny NiZ*, Pd?* L P2 yndwy bpuwgnjws-
gnnOGnphG:

Pwrwnpdtp wnhbdp wpdwlwagpywé t dpwylt nipwbhunn wohnbny YndwGpuwihl
duinnphnltGpniy, ophbwy Csz[CuFe]-nid, nnb wrwowlnid £ wynbdh™ wybtih gwén opup-
nwgliwl wunhiwany Snnphnwiht Yndwbpubtnh ypw $unnpopupnhsbbph wqnbignt-
Rl dwiwbwy.

4Cs3[CuFg] + XeF4 = 4Cs,[CuFg] + 4CsF + Xe:

8tghnidh dunphnh wybigniyh ntwpentd wpéweh (1) $nnpyndwtipuh Ypw dnyb-
Ynigywpn $uiinpny wigntihu wrwowbnid b Csy[AgFs] dhwgnipinilp, npp YwnGih £ hwdw-
nptGp  wpéwpeh (IV) wéwlgjwy: Uwywlt niuntdbwuhpnegyntbbtpp gnyg GG indb, np wyn
dhwgnigintop nhwiwqbhuwywb £, wn ywwndweny wybih &hwn Yihoh wyb GEpYuwywg-
GG npwtu Ag (I1)-h L Ag (V)-h fuwep Yndw)tpu (Cs[Agy's Ag, s Fel): Un Yndwtipunid Ag

(V)-h weywynipintip wwwgnigtint hwdwp uhOpbqyb) £t yndwibpu, npnd Ag (lID)-p
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thnfuwphOyty £ nhwdiwqgbhuwywb Ga (I)-ny: Unwgywséd dhwgnipinibp (Ca[Gag's Ag,
Fe), hOswbtu L uwywuynid tp, Gnybwtu nhwiwqbhuwywb t, hGsp nwpdb) £ nphw pwnw-
npnipjwl ate Ag (V)-h wrywjnipjwl wwwgnig:
UhOsl. 340°C wnwpwglbihu Csz[AgFs] Undwbpuhg wlowwnynid £ Fz, L wyl
thnfuwnyynid £ wpédwph () wéwbgywp.
2Cs;[AgFs] = 2Cs[AgF4] + F» + 2CsF:

Auynt (V) Yndwtpuwht shwgnipntbGOphg hwjinOh GO RTAUFs]” pwnwnpnipjudp
$unpwnipwnGtipp (R = 03, NO*) L YUnhwuwinlh nu pukGnGh $uninphnbtip wwpnibwynn
YuuwnhnGatn, ophGwy [KoFT*-p: UhGpbqut) 6O Gwl M[AuFg] (M = Li — Cs) L M" [AuFe] (M"
= Mg — Ba) dunnpwnipwunltp (V):

UGywfu wpunwphl ninpuinh uwnhnGh pbnyphg™ $uninpuintpuiunbbpp uyuncd G0 pwy-
pwyyb| 110°C-nuu.

4M[AuF¢] = 2MF + 2M[AuFg] + AuzF 1o,
2M"[AuFe], = M'F; + M'[AuF.], + 2F5 + AusF1o:

MnGdh Yndwtpuwht dhwgnipntbltpp Yppwreynid G0 quijwbwwnbubhyuyned,
gninwunbuintbunipjwb d69™ npwbu $nibghghnbtp (Jowuwlwnp ubytpp nsbswglnn Gyne-
prEn) L dhypnwuwpwpunwiniptn, npwbu OGpyGph gnibwlnie, wwpptp phdhwywb
gnnpoplpwgltpnid’ npwbu YuwwnwihquunpObp, Ywoyh d2wydwl hwdwp L wyb: Cyb)-
gbph wqnwnipp (Cu(NHs3)4(OH)s) oguwgnpéynid £ wnbdw-wihwyuwhl dwbpwebih
wpunwnnnipjwb aGe:

Upéwpeh L nuynt Yndwbpultinb ogqunwgnpéynid GO inbubninghwywb Ywplnpw-
gni0 gnpépbpwglbpnid (qunnid (wdhlwd)), (NnLuwblwnsnipjwb dGo, shypnkGyunpnGh-
uynid, hswtu Owb waopqulwywb L opqulbwywb upbpbgnty:

2.12. UNOUMEBU3NUL LNFUULUUN2NHB3UL <hULUYUL aNNoLuilUSLEND

UpSwph ndywpwinyd hwingtohnltpp (nyuh wanbgnipjwdp pwjpwyynid G0 wrw-
owgltiny wwpq Gnupbn.
hv
2AgX = 2Ag + Xa:
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AgX-h |ntuwqauw)bnipnttl wpdwpwihb (ntuwbywnsnipjwb hhaph E:

Uwiudwé nplut wewpywihg winpwnwpdnn L AgX wwnniGwynn (ncuwOynieh ($n-
wnnOjniph) ypw pOyann nyup wywjdwenipjwld wunhdwbhg™ hwingtbhnh pwjpwjdw
wuwnhdwlp tnwpptp £ |hGnud, hGsh 20nphpy £ wrwowiGnid b wrwnlwih wywuwnytpp:

Unynpwpwp (ntuwgquynta Gincebp ywunpwuwnGint hwdwp ogunnwgnpontd G0 wp-
6wph ppnihnp, pwih np AgCl-h |ntuwggujOnipynibp 2wuwn thnpp £, huy Agl-hGp”™ wwn
a6 Uwyw)t hwunney Gywuwnwybtpnd wpnn G0 oguinwgnpéybp pninp Gpwé hwngb-
OpnbGnG £ MGwnp £ G26], np (ntuwqquynib G0 dhwy0 wpdwpeh dwlpwnhuwtnu hwingb-
OpnGtGpp: <né Ganwp06pp (ophGwy’ hwiwé AgCl-p) Gpywnp dwiwbwy, wewlg GYwunGh
thnihnfunigjwl L pwypwyybine, Ywnpnn GG dGwy nyup wnwy: buy dwbpwnhuwtnu ywwn-
pwuwnntybtpp (nyuh wanbgnigjwdp wwn wpwag pwjpwynid G0, hwunywwbu™ wyn gnp-
oplpwgp fupwlnn hwuwniy hwybintyosph weywnigjwa wwydwbatpnid: Uww)ba wyn
nGwpntd wpdwpe YyGpwywbqbynid § dhwyt dwubhybtph dwytpunypht, L pwjpwjyuwd
AgBr-h dwubwpwdhOp sh gGpwquwbgnid 10 %-p:

Lnuwblwpswywb gnpéplpwgp pwnyuwgwd b hGwnlyw) thnytphg wwhwdwy,
GpLlwynid, wipwgnid Ywd ubbrwynid L tinwywgnnepyniG:

Mwhwdwip [nuwbywpswywb uwpph 69 inbnwnpywé (niuwqquynib Gincph |nt-
uwynpiwl dwiwOwyb E: Lnyup, wonpwnwrOwny (niuwbywnynn wewpywihg, nplk
owwmhywywb hwiwlwngh dhongny Yhqwytunnid t nruwgquynilt tdniupwnd wywuwn-
Jwé [ntuwdwwwyboh ud (nuuwbywpswywb pnpeh ypw:

Lntuwqquynta Ojnip unnwOwint hwdwp AgNO3 L NH4Br wwpniGwynn opwjhG ni-
6nypht wybiwgynid £ wnwpwgywéd dbjwwnhb: Lniuwbywpswywb tdniuhwh wwuwn-
pwuindwb Gnwlwyp Gpwfuwdnpnid § dhwjb dwlpwnhuwtpu dwubhybbph wrwow-
gnLap:

Lnyup, (nruwynpbiny (nruwktdnguhwl, weweowglnid b npwlnd wwpniGwyynn
AgBr-h dwulhyttpp pwjpwnid: Urnwowgwd dntynijwhb ppndp thnfuwgnnud b dbjw-
inhOh hGwn, wyuhbpb’ rEwygdwb showywjpned Brz sh aGnuy:

Gplwynuip (hwyunnwénid) wyl thneyb £, npp ppwgpntd ywhwdwdywé (ntuwlynipp
dowyynud £ wyu ywd wyb yepwywbqbhsny (hwidwpu™ opqubwywb), ophGwy’ dGpniny
([CeHa(OH)NH2CH3]2SO4)  Ywd  hhnpniuhlGnbny  ([CeHa(OH)2]):  Opquibwywl  ybpw-
YwbqbhsOGph hwdwp wwpunwnhp hwyGiwonge t wiopquwbtwywb Jtpwywbqbhsp
unynpwpwn Gwunphndh hpnpnunidpnp (NaHSO3): <wjinwéiwl Gywunwyp ybpw-
YwbqgUhsbbph wagntgnipjwdip AgBr—Ag wlgiwl nidbnwgnial t: AgBr-n wrwyb) 066
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wpwgnigjwip yGpwywbqoyned £ wybwnbn, npuntn (nruwkdniupwb wpntl Gopwpyyb t
(nyyuh wagntgnipjwlp L wwpnibwynid £ dGunwnwywb wpdwpeh wybih 2wwn dwubhybtn:
Un wywuwndweny hwjunwéeiwl dwiwbwy ntuwtinupwt uyuwywewyh Ywld pwnwlph
dpw hwywuwpwswih sh ubwbOnd. npw ypw Gpblwydnid £ GYwn, npnud (ntuwynpynn
wrwpywih wewdb) 2wwn (nuwynpywé dwubphl hwiwwwunwufuwbned G0 wikbGwadntp
hwwndwolbpp L hwwewyp: Pwbh np |puuwhwnnpnnudp wnwhuh pwnwoOph Ypuw,
pGophbwyh hGwn hwitdwwnwéd, hwwrwy ninnywénignitt nlbh, wnwhup wwuwnytpp
Ynsynid £ dfunnwbywp (GEquunhy):

Wipwgiwl Ywi ubbrwlydwl (wpdwlwgndwd) thnyntd unnwgywé dunwbywpp
dowyyned b hwwnniy (nudnypny’ ubbrwyhsgny, npp (ntuwtdngupwihg hGrwgbnud £ wew-
ohU Gpynt thnyGpnud spwypwyywd AgBr-p: Gpb nw sywuwnwnpdh, www Gplwyhsh wgnb-
gnipjwidp nno (nruwkdniupwl wunhfwlwpwn YubwOw, L 0Ywpp YuwihGunnwbw: Ub-
uyhwnwy nuwbyuwpsnigywb ot npwtu ublbrwyhs witbhg hwdwiu oqguwgnpdynid
Gwwphnwdh  phnunydwwnh  nuénypp: Bhnunydwwnn hnbGGpp  YndwGpuwagnjugdiw
ptwyghwh Uto GG duinGnid AgBr-h Ag* hnGh htwn, h0s0 E| hwigbkgbnid t wwhwdwdh
wad Gplwyiwb dwiwbwy spwjpwyywé AgBr-h |ntédwlp.

AgBr + 25,02 = [Ag(S;05):]> + Br:

Ultrwyhsny dpwytinig htunn jntuwpwnwlpp Ywd uyuwywrwyp |nyuphg «sh ywfiub-
OGnud», pwlbh np fdniupwih 2G6pnp wwpnibwynd £ aphwb dGnnwnwywb dwulbhylbtpp
inGupny wpdwpe (wy ny L |NLuwqaguw)ntt AgBr):

Swwagpnipyntbp |pruwblwpsnigwb ybpoht thni b t: dfunnwbywpbtphg unwOned
G0 npndwhtwnptpp (wynghwnhyObpp), npnGg ypw [ntuwhwnnpnnudp  hwdwwwwnwu-
fuwGnud £ hpwywhG: Swwagpnipjwl gnpépbpwgp Ywqdywé t GnyG dhnutphg, hos
diuinnwOywph unwgniip: WnnihwOnbpd, (nuwbnuph ((ntuwpninep, npp wwwnywdé
AgBr wwpnibwynn tdniupwih 26punnd) (ntuwdnpnudbt wpnbt Yuwwnwpdnid | dfunw-
GYwnh dhongny: “w 20nphhy dfunnwbywnph dne hwnywébtbEpht hwiwwwunwufuwbnn
(ntuwhwnnpnnidp (ncuwpneh ypw hwiwwwuwnwufuwOnid £ pncuwdnp hwnywoébbpht L
hwywrwyp: <GinLbwpwp nwwagpnipjwl dwiwlwy nyuph L unybph nbnwpwfunidp
hwiwwwuwunwufuwbnid £ pbophbwyh:

NMwhwdwihg hGunn npndwhGwnptpp Gplwynd G0, www' ulbrwynid: Npwbu
wpryntbp unnwigynid £ |ntuwbGlwpynn wewpywih ub-uyhwunwy wywwytpp, npp Ywpnn
wwhwwOyb) Gpywp dwiwbwy:
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UhGsl gnibwynp (nruwbyupsnigiwlb dwwngbih nwrtwip ub-uyhwnwy (pruwbywp-
GGph gnybp thnfubint hwdwn ogunynid £hb «thnfuwbwynidhg»: Ophbwy wpéwp ww-
pnibwynn ub-uwyhnwy (pruwGyupp AuCls-h |neénypny dowytihu ywunybpp unwbnid
Ep hwabih updpwdwOnwuwagntyt Gpwbg.

3Ag + Au* = A + 3Ag™:

Anitbwynp (neuwbywpsnipynibp, hbswbu ub-uwyhwnwyp, ogunwgnponid | wpdwpe
wwnpnibwynn nruwqguyntt Oyneetip: Gnibwynp (nuuwhwnnpndwb  |nruwlniptpned
wryw t GpGp 26pwnn, npnGghg Jnipwpwbsnipp pwnwgwdé b wpéwph hwingtbhnhg b
qaw)bnipintbp pwpépwglnn hwybinty qquybwpwnphg, nnb wwwhnyntd t jnipwpwbgnep
26puinh qqwjbnipyntbp uwGyunph wyu Ywd wyb dwuh wihpbtph GHwundwadp:

Pwnwlph Ywd uywywrwyh Ojnigh hGun wadhowywlnptla 2thynid £ Edniuhwyph’
Ywpdhp dwrwquwpttph GYwwniwdp qgwinca 2Gpunp, npha hwonpnnid £ Edniupwih wjb
26punp, npp Ywbned £ inbuwbtih (nyup dhohb (Ywbws) dwrwaquwyplttnp, huy Ldniuhwih
dwytplnyphbt qunbynid £ wyb 26pwnp, npp Ywbnd £ uwyblunph juwnyun swewquyp-
GGpp: Wn 26nwnp sh qquybwgyt) L Yuwnwnpnid £ nbnhb Shiuiph nbn, nphg Juwniywun dw-
rwquw)pOtN0 fdnupwih dbe s60 wbgtnuy, qquynitb £ Ywbws L Yupdhp dwrwqu)pltph
GYywuwndwdp:

2quwjowpwnph L $hpinph nbp 66 Ywwnwpnod 06pynn opquibwywb Ojniptnp:

UhOnwpunwnpnipjwl L (niuwwpryniGwptpnipjwb 069 ogunwgnpéynid GO 06GS pw-
Gwynigwdp wnpéwpeh hwingtthnbtbp: Wn wwwdweny hpwunww G0 wpdwph pw-
thnb0Eph wwhGunwydnpiwb L JGpwywbqbdwb jubnpp (niénwdp L Gnp ng wpdwpwih
(nuwqquynta Ginuebph unknénidp:

2.13. Mu2h vULh SUNMNPGNh YGLUURULULWUL NEM0

11-pn fudph wnwppGnb noB0 YEhuwpwlwywb Ywplnp Gowbwynipgnia: {wwnyw-
wtu Ywplnp nbp noh wnpGdp: Wo wwuwnywbnd b «yubph dGunwnbtph» pyhl, wy-
uhbpl’ YGhuwagnpénibbnigywlb hwdiwp wbhpwdtn L wahnfuwphGbih Shypnuwpnp §:
UpSwpp L nuyhl wwuwnywonwd GO «fuwrlGnipnwihG» dhypnunwpptpp pyhl, npnbg y&a-
uwpwlwywb nbpp nbrblu wdpnnontgjwldp hGunnwgnunywé sk: UEGnwohuGph opqwlhg-
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anud wnbdh wwnpnibwynigntbb wybih oG t (1« 10* %), pwl wpéwpehUp L nuyntbtp (hw-
Jwwwwnwufuwbwpwn 3+ 105, 5+ 10°% L. 107 %):

Mnh0ép dwpnnt opgwbhguntd Ynenwyynid £ hhdbwywbnid gwpnned, gifunintnnid
L wpw d69: Mwpqdty £, np dwpibh 70 Yg qubgywséh nGwpntd wnbdh wywnpnibwynt-
piNtap hwulndd £ dnunnwynpwwtu 1,1 ddn-p: Uwpnnib wohpwdtun wnbdh opwywb sw-
thwpwbwyp Ywqginud £ 2-3 4g, npp | phy wwwhnyynid £ ublnwipbppny:

O6dph hwlntw 11-pn fjudph wwpptph ubGwdwygnepnttp wwydwbwydnpnud t M-8
Ywwh 066 tOatpghwb, nnl k| hp hGpphlt wagnnid | YGtuwpwlwywb hwdwywpgbpnid
npwlg Jwpph Ypw: Uwubwynpwwbu, wnadh Cu?* hnGObpp thnfuwgnnid &G Bpyrhn-
Oppwyhb fudnphsOGn hGn™ wrwowglbiny

S
—R< >Cu
S
inhwh dwubhybtn:

Uwnplnp nGp 60 Ywunwpnod wynhd ywpnibwynn fudnphsbGpp L uwyhunwynigbtpp,
npnbp Yuwunwihgntd G0 ppywdéth thnfuwqntgnipintbp hhdbwhniph (untpuunpuwun) hbun:
Ujuon hwyuinbh G0 25 winwhuh fudnphsO6n L uwyhwnwynigbtp, npnbp Yuwqginid G0 opup-
gtilwqltph L hhnpopuhiwqltph funwdpp: Ypwbp wynhywglnid G0 opqulbwlywb dhw-
gnipyntbbtph opupnwgiwlp dwubwygnn ppywdth dntynyp: <hnpopuhiwqlbpp Yw-
wnud 60 ppywdbh dhwyb vy wwnnd® Cu-O-, dhGsntr opupgtibwqltpp Ywwnid GG
pRrYwdEUh dnEYnih Gpynt wwnndbbpp™ wrwowgltiny wtpopuhnwyhl funidp:

Mnh0d wwpnibwynn fudnphsGEpnd wnhGdbt nlbh +1 opuhnwgdwl wuwinh&wa:
BrYywdbh wanbgnipgjwip wjb hGunnigjwdp opupnwlnid t° dtrp pbpbiny +2 opuhnwg-
dwl wuinhs8w:

Uwl uyhwnwynigltn (opupnwqlbp), npnbp Ywunwihgnid GG opupnwgnn Gjniphg
wOdhowywbnptlb ppywdtht ypnunnbh L EiGHUANGOEPH Ywd dhwyb EiGYunpnGOGPh thn-
fuwbgniiny opuphnwybtpwywbgbiwb rGwyghwbtpp: Opuhnwqbbph Ywplnpwanylb OG-
Ywjwgnighsp 20swrwywb fudnphsh £ ghunnpnfupndopupnwqub: Wo Ywwwihgnd £ 205w-
rnipjwl Ggpwthwyhs thnip: Wn gnpépbpwgnid wnbdh opuhnwgiwl wunhdwlp nwp-
a6 hnp&0 thnfuynid £.

+e
Cu®* s Cu™:
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Cu? hnGObNG pGnnLbnud 6O b GYwnpnaaen” thnfuwpyybiny dniGynewha prywaolny
opuhnwgnn Cu™-h: Unwtu Ytpwlwghynn ppywohip 2ngwwwwnnn showywiphg yting-
OGnud t b EYnpNO0EN L thnfuwpyynud oph: Wuwbu Ynswé «tpybwagnyb» opuhnwqu
(gtpninwywquhl) ywpnibwyned £ ppywdéth nip wwnnd™ hwdywd punn uyhwnwynigh
aGy dniGyneh: 8Gpnunwwqihbp Ywwnwpnid b ghnfuwnpdwb gnpéwenyp, ywpgwynpnid
t wnGdh hwaytyzhep L wwwhndnid npw wybigniyh htrwgnidp opqubhqihg: O, gbip-
wbtpopuhn hnOh pwjpwjniil wpwagwglnid £ gGpwtpopuphn nhintwnwqwb: MnhGd ww-
nnLbwynn qEdnghwbhO uwyhwnwynigp nwindbhnpta dshwglnid £ prywdh:

MnGéh wwywuh nGwpend wpwl wiwqdwih L Ephepnghinlbtph dhele Gpywph thn-
fuwOwynigintbp Ywpnn £ puwbqupdbi: NpwGugh uwywywpnionegind swrwowlw,
ubniOnp wewp £t ywpnibwyh wynhbd: MnhGép Ywpbnp nbp niah Gub ahGhap™ Ojunpntiph
rELhYOEPh pwnwlph dLwynpdwb vbG9:

Opgwlhgunitd wynbdh wwlwup nwreGnud £ Gwb dwqgbph uwyhwnwybint wwwnswe:
Niuwnh functphnipn £ uipgnid 2w oguinwignpétine wnbdny hwpniun wjGwhuh dpbpplbn,
hGswhuhp GO pUynyqp, d4yh nbnbnigp, dwénibp, wnwptywah hwgp L gwpnp: 2Quithw-
qwlg ub¢ pwlwynigjwdp wynhbd t ywpnibwyynid dtb60Gh innbplbtpnid” sGwywd Gpui,
np w0 hnnGpnud, npnbgnud wanud | dbOp60p, wnhGdp wwn phs t: Pnyubpp hnnhg
Jtpglnud 60 4 %-hg ns wybl wnhGd, huy dwpnp j)nipugbnid | ubOnwiptppnid wywpnt-
Gwyynn wynbdh dinwn 10 %-p:

Swppbp hhqwlnnigntbbtph pniddwb hwdwp wynhGdp ywnnig ogunwgnnéynid L
dnnnypnwywb pd2ynigwb dte: <uywnbh t, np wynbGdwhwbpbpnid wfuwwnnn pwbynplt-
np s60 hhwlnwOnd rwnhynihuinnyd, wpwl pwpédp A60pnidng L swpnpwy nienigp-
G6pny: MnGah wwuwnpwuwnniybbpp pnidnud G0 066 swihwpwlwyny wuwhphb plnnibt-
(Nt hGnlwbpny wrwowgwd fungp: Un wwwdweny funphnipn £ uvipdnid hhywlnhG
wuwhphOh htwn dshwdwdwlwy wnwint ynhtd wwpnibwynn nbnwdhongltin: MnGah
hnGOGpp Ywhfunid 60 hjntujwéplbtph pnppnpnidp L Gywuwnnid fungh pniddwp:

MnGdh pwgwywnipjwlb nbwpnd ywpnnid Yninwyjwéd Gpywep sh wpnn dwu-
Owygt| htungnphOh wrwewgiwbp: {<Gunkwpwn wynhbdp GpYwpht hwywuwpwanp ntn
E yuwunwpnid wpwb Gnpdw pwnwnpnipjwt wwywhnddwb hwdwn:

Mnh0d wwpniGwynn uwyhnwynigbbph pwpdp fubwdwygnipintip prywdéth hwo-
ntw pwgwwnnynd £ npw Ynndhg wnbéh® Cu*-hg thask Cu?* hbowin opuhnwgdwdp: Ujn
wwwdwreny wnbdh fudpp fjudnphsbbpp, nibGGwiny opuhnwybpwywbgbhs wynunbOghwih
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(O4M) JdG6d wnpdtplbn, dnGyniwhb pprYwdhtp dhun ogunwgnpénid GO npwbu
tlGyunpnbOGph wygbwunnp: COswrwywb npwih hhnpnfuhGnbh Gdwl pwnwnphs0Bph
opuhnwgiwlp dwulwygnid 60 wynhGd wwnpnibwynn fjudnppsbtn:

0wjwd dwpnnt opqwihqip hwiwp nlbobgwd Ywpbnp Gowlwynipjwbp™ wynhbdp
Ywpnn t Gwb pnibwydnp (hGG: MnGh dhwgnipntGbtpp (hwwnywwtu™ §6dph hGuin wrw-
owgnwo gphOwuwp) pniGwynnp GG: OpgwOhguinid wnOdh wybigniyp Ywpnn Lt hwo-
qbiglt| ywpnh hhwbnnipjwb L 20sninhGtph gnpéwenyph fuwbgwniwa:

UGS fuinnipjwlb nGwpnid wnbdh |nuétih wnbpp pnibwynp 60: 2 g ynbdwnpowuwl
wrwowglnud t nudbn pnibwynpnid”™ hGwpwynp dwhywb Gipny: Wn nbwpntd wnhbdép
uwhwnwynigbtph hbnn wewowglnid £ wOpnetih YGhuwwbopqulwywb fubjwwnbbp’
wipnLdhbwwnbtn, wyuhbpl’ dJwywpnnd £ uwyhwnwynigbtpp:

Updwpp wwwnwnid ' uwrbtnipnuht shypnunwppeph pyhb: Uwpnne opgwlhg-
dnid wwpniwyynn wpdwph ~7,3 dinip Yninwyyned £ gwpnnid, hhwndhgned, Ephppn-
ghunbGpnud L wsph gnibwOnipwht pwnwobpnid: Buwithwbgbiny opgqwlhgqd’ wpdwpep
gintu swinp vnwpptph Gdwb nOGOnd £ opnilbwynn wgnbgnipnit: Npwbu ulnb, win
nGwpntd wpéwpep Ywwynid kb uwyhwnwynigbbph 660ph wuinniGtph Yynnihg, hbsh ht-
nbwbpny ywuphdwOnid 6O fjudnphsbtpp, L dwywnpnynid G0 uwyhwnwynigbtpp:

10 dony/ wpéwpeh hnb0Gp wwpnibwynn onnb ntbop dwOptwuwwb hwuinynegynt,
npp wWwjdwbwynpywé b wbpniébih wipnidhwunbbph werwowgdwdp: Updwph dwlpkw-
uwwl wanbgnipintlb wdbih nidtin £, pwl pinphGp, pinpwynhGp L Ywppnjweeyhp:

UpSdwp wwpnibwynn wwuwnpwunnlyobpt odndwé GO nwpwnnn, wpnn L
dwlptwuwywb hwwnynipntbbbpny: Wn ywwunpwunniybtphg hwynbh G0 ypnunwpgnip
(wpdwph YndwGpup uwhwnwynigh htwn) L Ynpwignip (Yninhn wpdwpep): YnGjntywnh-
Jhwnbtph (npdwpwnwlph, dwyywihb, nupninghwywb L yGaGpwywb hpwbnnigntbbbiph
pnidiwl hwdwn ogunwagnnénid GO wpéwpeh dhwgnipntbGGGph Yninhn (nuényplEnp:

Uunnwialbwpnidnipjwb 069 wndwpp wwpptn hwdwhwywdéplbph inbupny ogunw-
gnpoynid £ npwbiu wunwdlwihgp: YUninhn (nuonyplLEPh pYhG GO wwwnwbnid uyhunw-
Ynigbbph htuin wpéwph YndwGpulbpp™ wypnunnbhbGwwbtpp: b twppGpneeintd tkhwhy
wlOopquOwywb shwgnipjnttbbph™ yninhn wwuwnpwuwnnyobpp hjntujwédpuwihb uwyhwnw-
Ynigbbph dwywnpniwb s606 hwbgbgbnid: Mwunpwuwnniyh wynhynipiniop Yuwugwé t ny
G Gpwlnud wwpnibwyynn nno wnéwph, w) hnbwgywéd wnéwph pwlwyhg: <wpw-
Jdnp £, np nw wwyjdwbwynpywé t Gpwlnd, np yninhnbbpp s60 nhungynty:
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Updwpeh [nt6bh wnbpp, opqubhqld pwthwbgbiny (066 pwlwynipjwip), wrwowg-
Onud G0 unip pnlOwynpned, npb nintygynid £ unnwidnpuwnhpwiht nnpwywnh (npdwpw-
nwOph dwhwgnuiny: Updwpl opquihqihg htrwglbint hwdwn wOhpwdtw £ wyb thn-
fuwnyty wopnetlh pinphnh, hGs0 ppwywbwgynid b unwdnpup Gwwnphnudh pinphnh
(nLénypny [wlwny:

Nuyht dwpnywlg L yshnwohbttph opqwbhqulbpnid dunnwiwtu hwbnhwnn dhypn-
tnwnppbphg t: Wo wybpwb 066 nbp sh Yuwunwpned, nppwb wynhbdp L wpdwpep: Pwig L
wjbwbtu, nphw Shwgntpntbbtpp (wyb Yhpwenegintb G0 gt pdynipjwb ate: Wuwbtu, nu-
yne (I) dhwgnipnt006nG ogunwgnpéynid 6O Juwpwyhs wynihwpuphunh, pnpwfuwnh, dwp-
Ywiht L yEOGpwywb hpqwlnnigntbbbph pniddw, huy nuynt b wpdwpeh Ywd wnbdéh
hwiwhwwépttpp” wwnwdbbph wpnpiquynpdw hwdwn: 8Au Gnuyihnp Yninhn (ni-
onyplENh nnGupny oquwgnpéyntd £ swpnpwy nienigplbtph pniddwl hwdwn:

Nuyph wwpnibwynn wwuwnpwuwnnybphg (wjbnpgt Yhpweynd GO Yphqwlbnip
(Ca[Au-S-CH2-CH-(OH)-CH2S0s]2) L uwbnyphghbp (Na[Al(S203)2] * 2H20):

MnGdh hnGGGPph GOwlb nuynt hnbGGGpp thnfjuwgnniud GO0 uyhwnwynigwihb panyph
unt $hnwyhb SH fudptph htwn.

R-SH + Au* = R-S-Au + H™:

Nuyh wwpnibwynn wywwnpwuwnniybtph pnidhs hwuinynipjwb wpnynibwytunnegnt-
Op wwjdwbwynpwé £ inpgwé thnfuwgnbignipjwdp:

hOswbu wpéwph, wjlwbu £ nuynt dhwgnipyntb0bnb N0 dwlptwuwwb wqnb-
gnipnth:
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QlLNHu 3
12-N1 uURh SUNPNGNh 2hUBUL

3.1. cLKULNEN APLNHBUGHND
NMwptpwywb hwdwywngh 12-pn fudph (ghOyh funidp) dEe duinGnud GO ghOyp™ s0Zn,

Jwnhnidp® 48Cd, ulnhyp® soHg, L wGyuwyntb, Awrwquwjpwwyunnhy Ynwtpbhynidp® 112Cn:
Ujn nwnnptiph npn2 hwunynipyntbbtp GpYyuwywgyned GO wgniuwy 3.1-ncad:

Unjniuwy 3.1
12-nn f[udph twppkph npn2 hwwnyneggnlGotp
Lwwnynipynilp Zn Cd Hg Cn
Elhblj“uﬂm‘auﬁ}? érmgﬁ;qhén [Ar}4S23d™ [Kr]58%4d ™ [Xe]6S?5d™ [Rn]7S%6d"®
Pnbwgiwb FuEpghw(, Yy2/dng
4 906,4 876,6 1007,0 -
I 1733,3 1631 1809,7 -
I3 3832,6 3616 3300 -
Utnwnwywa pwrwypnp®, 04 0,139 0,156 0,160 -
PnOwjhb 2wrwyhnp**, 04
M 0,089 0,109 0,116 -
M - - 0,111 -
ElGYunpwpwgwuwywbnipnibp’
puwn Mnjhbgh, 1,65 1,69 2,00 -
puwn Oy tn-Nnfunyh 1,66 1,46 1,44 -
Opuhnwgiwl wunh8wlp*** 0, (1), 2 0, (1), 2 0,1,2 0, (2)

* 12 Ynnpnhbwgdwl pyh hwdwp:
** 6 (M**) L 3 (M") YnnpnhGwgdwl pyh hwdwp:
»** Owyuwagdstpnid Gp4wé 60 woywynih opupnwgiwl wunhswbbtpp:

hOswbu Gpunid  wnyniuwy 3.1-hg, ghOyh fudph vwpptpp hhdbwywb yhawynid
ntata ns(n - 1)d' tGYwnpnawihG nupdwahd, wyuhbpd™ npwig d EGYwnpnGwht wiwp
Lnhy (pwgywé £, hlsh htnbwbpny npwbp nwuyntd 60 d tnwpptph pUhl, uwlw)t hpkag
hwwnynigntbbtpny wytih 00wl 60 wwppeGpwywb hwiwywpgnid hwonpnnn hGunwb-
gntiwihb nwpnptnho:
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Udpnnonyhl jpwgywé d EiGYunpnbwiht wdwh pwpép Yuynionipjwidp | ywjdwbw-
Jnpwé Gppnpn tiGYnpnOh™ nddwpnipjwdp wOowwnybip, hGso wpunwhwjuinynud t Gp-
nnpn hnGwgdwl tGGpghwih pwpdn wpdtpny: Yw hwbgbgnud £ Gpwb, np fudph pninn
twnpbnph hwiwp wybih Yugnea b (n -1)d"™ EGYunpnawht nipquagény +2 opuhnuigiwl
wuwnhswlp:

Wuwhuny, phdhwywb gnpépbpwgltnnid 12-pn fudph wnwpptpp hGwpwynp pninp
wnpdbpwiht Jhdwyltpnid wywhwwoond 60 phy [pwgywé d GOpwiwywpnwyp, wy-
uhbtpl™ d vwpptp s60: Ypwb gniquhbe” d wdwh hGyn dLwhnfudwh 2Gnphhy ghGyh
fudph tnwpptph wpdbpwihbG hGupwydnpnipintbbbpp pwywywbhb (wyb GG, npnbp gwy-
wnnih npubnpygnud 60 ubnhyh nGwpencd: Wnwhuh dLlwihnfudwb hGwnbwbpny pLubrw)lne-
pwb [pwgnighs wnryntbpp hGwpwynp £ nwpdlnud hwdwpdbpwiht Yuwwbph wrwow-
gniap, hbosp yunpniy pbnpwybnud £ pbpwgnn rGwyghwOtph L dhwgnipntbbGph 2npow-
Owyp: Uwubwydnpwwtu, ghtyh fudph wnwpptph jnipwhwunynipnibbt wyb £, np npwbp
Ywpnn G0 wrwowgll] hwiwpdtpwiht (punn Ywwh wnGuwyh) L dnyniughb (puwn
Ywrnigwéph) dtunwnonqwlwywb dhwgnigntbbtn, wewohlb hbppht™ ghty L ubnhy
wwnpntbwynn:

POwywa £, np fudpnid ybpbhg O6ppl d opphuinwiGEpp dLwthnfuybint nLbwynipynt-
Op nudGnwlnud £, npp wwydwbwynpnid | (hwuinywwtu ubnhyh nbwpnid) hwdwndtpw-
Jh0 Ywwbph wrwewgniip: 8hayp Onylbwbu wrwowglnid b hwiwpdtpwhlt Ywwny
dhwgnipyntbbtp, ophtwy Zn — C Ywwny dGwnwnopqulwywb dhwgnipntbbtin: Ywn-
dhnuib wyn wnnbuwytuinhg ghontd £ ghtyhl, wewytb] Lu™ ubnhyhlb: Ywndhnwih hwdwp-
dtpnipjwb wnwhuh «ynpdwlnidip» pwgwwnpyned t Gpwbny, np Zn — Cd — Hg wppntd
wwnnulbtph plbrwglnn wqnbgnipintbp thnfuyned £ wbywbnb yGpwny, pwbh np ghGyh L
utnhyp hwdwpn wyb ntbh trwppbp pbnyp: Ppnp, pwbh np G24wé 2wppnid wwnndbbph
2wrwyhnp dESwlnLd £, nunh wiklwibs pLbrwglnn wagnbgnipjwip wtwp  odinwé
thatp ghbyp (AhLOnyo ywydwbbaGpned JwiGownwhb feYunpnGaeph wdwh «ynunnipjuib»
ntwpntd): Ppwywbnid shlubnyb «ynunneginibp» sh wwhwwooynid, L Zn — Cd — Hg wp-
pnid Yupniy wanud £ pwgnighs dlwihnfudwlO wprnynibpp: Wuwhuny, Ywndhnwih plt-
rwglnn wanbgnipintblt watlbwihnppb £ hGuinlyw| Gpynt hwywgnigwhtr dgunudbtiph
JGpwnpiwb wwwniwreny.

1. blGYunpnbwiht wiwh dLwthnudwb htinbwbpny plbrwglnn wgnbgnipjwl wa.

Zn — Cd — Heg,
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2. wwnndh 2wrwynh thnppwgiwl htinlwbpny pLtrwglnn wagntgnipjwl wa.
Zn «— Cd « Hg:

8huyh fudpnud plbrwglnn wagnbgnipjwb ng dhwiwp thnthnfuntgintGb hp nGpa nibh
hGuinGpnwuwnndwihG shwgnipyntGbtph (opuhn, hhnpopupn, hwingtbhn L wylG) hwuwn-
Ynipyntbbtiph L Ywrenigwédplbtph thhnthnfunegyntGbtpniy:

Ywndhndp hwwnynipintbGepny dnwn £ ghGyhl: Bpyne dGunwnbbnb £ nlbGO 066
phihwywl wywnhynignia, dhwgnipntbbtpnid npubnpnud 60 +2 opuhnwgiwl wuwnp-
£w0: Uanhyp, panhwywrewyp, «stgnp» 6s? tGYunpnGwiht gnygh weywnipjw 20nphhy
phihwwbu skanp t: Hg?* hnGp pwywwoh nidtn opuhnhs t (E° (Hg?/Hg) = 0,851 U): h
wwppbpnipintl fudph gnu dewnwinGbph™ unhyht panpny £ Gpydhontyuht Hgs" L pw-

rwihontyuiht Hg? qéwihl Yiwuwnbnplbp weweowglbip, npnagnid Hg — Hg hwdwndt-

pwjht Yuwwl wewowantd t utnhyh sp? hhpphnwgywé wwnndGbph thel: UGnhyh Yw-
inhnGOGpp nnhwhy «thwhniy» penibtp 60 L wn wnGuwOynibhg 00wl GO wpdwph nt
pwihnidh YwuwnhnOOGpphb: Gpyhgpwynpwéd Yuwunhnbbbph  «thwdhynigywby»  ybplhg
OGppl hwonpnwywb dE6wgiwl dwuphb Jywynid £ wyb thwuwnp, np ghtyh [Zn(NCS)4]2'
YndyGpunid [hgwlnp YnnpnhGwgynid £ wgnunnh wwnndny, wjb nGwpniy, Gpp Yundhnt-
ah L ubnhyh hwiwwwwnwuuwb YndwGpubtpnid wyb ynnpnhbwgdnid £ wybih «thw-
thnty» ¢6Gph wwnndbbpny (M(SCN)4?*, M = Cd L Hg):

Snwjhb |nonypltpnid ghtyhh L Ywndpnudhb pOnipwgpwywl 66 4 L 6 Ynnp-
nhOwgiwb pYyLpp, pbn npnud, wytiih 866 hnGwihb wrwyhn nlbtgnn Yundhnidhb wybih
pOnipwagpwywb t nipwbhunwiht yuenigywédpny YndwtGpubbp wrweowgltipn, dhGsntr
ulnhyhb, swywdé wybih d6é hnGwiht wrewynhb, wewyt] ptnpn? £ pwrwbhuwnwih
2nowwwinniip: <wqyuwagjnin 360 bwb 2 L 3 ynnpnhbwgiwb pytpny dhwgnigntbbtpp:

3.2. <UUUNNS MUSUUY“UL uyuuNy

0wjwé ghGyh hwlpwwnbuwytbpp dwpnywog hwyuinbh thG nbelu wwn Jwn dw-
dwlwybtphg, L dh0sL d6p nwpwnpowlp hhh hnybtpp, GghwywnwghUbpp, hendtwghGtpp
L hwjtpp wywunpwuwnnid tha ghGyh nt wnGdh hwdwhwwdép wpnyp, uwywyt Gpywp
dwiwbwy stnp hweonnynid unwbw| dwpnip dGinwnwywb ghGy: Mwundwreb wyb tp, nn
dwpntp ghty dhown thnpdb| G0 unwbw;] ghtyh opuhnl wéfuny yspwywbqgbtiny: Lygwé
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gnpéplpwgp wnbnh £ nibbkGnud  1000-1100°C-nd, huly ghGyp btenid £ 906°C-nLu:
Uunwgywdé ghtyh gninpphbtnb onh htwn 2thdGihu wypynud 60 L Gnphg thnfuwnyyned
opuhnh:

GlUpwnpyned t, np dGunwnwywb ghGy Xil nwpnud unwgt] 60 <onuuwnwbnid L
2htwuwnwbnid: <onywywb L shGwywb ghbybpp Gypnww GO pEpdtp XVI-XVII nwpbpnid
«uqwnud» wojwdp: AGpdwlwgh phdpynu U. U. Uwpyungpwdp 1746 p. drwyb|
wrw(g onh hnuph, Yywyt hpwhtuwn pnpwlnpnid ghGyh opuhnh fuwrOnipnh 2hlywgnt-
any, wjbnithGuinl gninp2hbEph uwrtgniinyg ghGyh unnwgdwb Gnwbwy:

«8h0y» pwrh wrwowgliwl Yybtpwptnuwy Ywb dh pwOh Jwpywébtn, npnbghg dGYyh
hwiwdw)t® wyo wewowgt|  gEpdwlwlwl «ghGGa»-hg («wbwg»), npnhbt ghGyp thnpp-
phs Gowl E:

Uwagnbpnipnh (QGpdwbhw) nbnwuwb™ ghtyh opupnh wywunpwuwnnybtph wlw-
thgh dwiwbwy (Yuwuyws Ep wrwowgti, nn npwbp ywpnibwyned GO wputb) . Cuinndb-
j6pp hwynbwpetptp ' Yunohnd (1817 p.): Ywulywdél wrwowgb) tp Gpwlhg, np win
wwuwnpwuwnniybtpp 2hywglihu nbnOnud £, huy 660pweonwsélnyg npwbg Ypw wgnbkihu
(rRYGgNWS NLéNypNLY) wrwowlnid Ep ntnhb Gunwdédp, uwyw)b wyn nbnhbt Gunwdpp
wwnpnibwynid Ep Gnp dGwnwn, npp Gunndbepb wojwlbg «juinihnii»:

<Gunwquynid, woywiu Guinndktphg, Ywnihnud pwgwhwjntg YWepGuuntblp, L pwbh
np Gw wyn dGunwnh uny$hnp uinwgtb] Ep npw wnh ypw HzS-ny wqgnbiny, wjt wajwdbg
«aGhanuindy»  (hnbwnGb  dgponu  «nbnhb, hOswtu ubpylhip», Gundwéph nbnhb
gntjuhg): «4wndhp» pwrep hwwnoh £ nbebu hnbo dwiwbwybtphg: Woa oguwgnpéynid kp
wnbéh hwbptphg wynbdh hwpiwb dwiwlwy nbtnhb GpwOg hwnnpnnn ghGyh opuhnwh
L YwppnOwwnwihG hwOptpp 0260t hwdwp: GOpwnpdnd L, np «ywndhp» pwrb
wrwowgb] t gyntbhygh Ywndnup wOnitGhg, n hpp wewohlb § gt hwlphg wnhbdp
hw|Ghu npw gnybp thnfunn qupdwbwih pwpp:

UGnhyl wjb jnp dGwnwnO6phg t, npnGp hwynbh EhG dwpnynipjwlp nbrbu 2wwn Juwn
dwiwbwybtphg: UGnhyh dwuhb ghwntht ntrlLu dGp pywpynipinitbhg 1500 wwph
wrw9: Uanhyp hwiwnpt| 60 dGnwnGGph hhdpp (nuynt Gdwa), wyn wywuindweny w)b wo-
Jwolb| 60 «aGpyniphnud»” UpGgwyhl (nuyh) dnun gunbynn dnpnpwyh wancbny: UpLongyb
dwiwlwy, Gopwnnbiny, np utnhylt wpéweh hbs-np yhAwy k, wyphdhynubenlb wyb wo-
Juwab] 60 «hbnny wpdwpe» (hniGwptb «hninpwnpgnipnu» pwehg. Anna «onupy, wn-
qgnipnd «wpdwpy, npuintnhg k| weweowgb) k jwwnhiwywb wiwanudp hninpwpgnipnid):
Nniuwywl «pTyTe» WOYwb dwgnidp hwjuinbh sk:
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UnwbtnOhynwip uplpbqyty t “Ywpdunwlnh (AGpdwbhw) dwbp hgnunnwObph
hGunphunnwuinnid: Swppt wynwbu t wojwbyt) 2010 p. L. Unwtpbhyh ywuinyh:

3.3. SUNPUS4YUoNH33NFLL: h2NSNMU3NL ARUNUNNNHEB3NEFLLEND

12-pn fudph rwpptpp, wwjliwlbwynpywé 660ph hwlnbw 066 fubwdwygnipjwip,
Epypwytnlnid hwonhwnud G0 unydpnbtph inbupny. dhwjbt Gpypwytnbh wakbwpwndn
hwwudwénid ghGyp L Ywnihnwip hwOnhwnid G0 ppdwdébtwihb dhwgnipntbbtph (opuhn,
YwppnOwuw L up hywuwn) inbupny:

8hGyh [udph wwppbph pwiyndbunnipnibp pwgwwpynd £ npwlg wwnndlbph
«thwhynigjwip», npnbp gGpwnwuntd 60 dhwbw) «thwdhny» wwnndbGppb, ophbwy
unt $hnwyhb 660ph wuinndbtpho:

Gpypwytnuntd hp mwpwédywdnipjwip (7,6 ° 103 %) ghGyp dnwn £ eniphnhnudhb L
wn0d&ha:

8huyh hwlpwwnbuwlylbphg 06d wnpdtip NGO ghGyh fuwpniuwyp (ubbEphwn) ZnS,
L yjnipghunp’ uni hnh wyp dLwhnfuniginia: Pwgh Gdwébtphg™ ghtyt wrwowglnid
Owb wy hwbpwwntuwybtp™ ghtyhun (ZnO), udhuinunGhun (ZnCO3), Yuiwahb (Zn2SiOy4
H20 « ZnCO3) L yhy Gipun (Zn2SiOy):

8huyh pbwywb dhwgnipyntbbtpp dnlbnud G0 pwgiwdtunwnwywb hwbpwbniptnh
pwnwnpnipjwl b6, npnbp wwpnibwynwd 66 Owl Pb, Cu, Fe, Sn, Cd, In, Ga, Ag, Ge L
Hg utnwppbph dhwgnipyniGbtn:

Ywnuihnwih hwlOpwwunbuwybtpp (unidpn, opuhn L YwppnOwuwn) hhdbwlwbnid
nintygned GG ghGyh L ywwwph hwbpwuntuwybtppb: Ypwbghg phs pE 2wwn Ywpunp GO
aphGnypuip  (CdS), dnGunGwnOhuinp (CdO) L ownwydhwinp (CdCOs3):  Gpypwytinlinid
Ywnihnuih wwpniGwynipynbp Yugdnid £ 5,0 « 10 %:

PUnLpjwb dt9 ulnhyp hwgywnbw hwinhwnid £ pbwdht yhdwynid: Uquun yhsw-
Ynud wyb hwbnhwnid £t Yhandwpph hwbpwyniinwynidbtph ybpht 26punbpnid, Gppbol g
wiwqwuih wntupny ninbygnud £ nuynil, wpdwpehb L wwiwnhnudpb: Ugwun yh&wynid
ubnhyp unnwgynid £ npw pwywb dhwgnipintbbbph ypw yGpwywbqbhsny wagnbihu:

UGnhyh hhibwywb hwopwwnbuwyb t yhatndwpp (HS), uwlwyb GppGdb wyb hwb-
nhwnud £ Juindtp (Hg2Clz), anGuhpnhnhuin (HgO), wnhdwGwhwn (HgSe) L Yninpwnnhun
(HgTe) hwlpwuntuwybtph inbupny:
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LhaGind qnuyg Ywpqwpyny wnwpptp® Zn-p, Cd-p L Hg-p nlbGO 066 pynd Yuynil
hgnunwObp (hwiwwwuwnwufuwbwpwnp 5, 8 L 7): Pwgh npwighg wnwppbp wpwqw-
gnighsbGpnid L dhontyuwyhb rGwyunnpbGpnud wphGunwywb Gnwbwynd hGwpwynp §
unwOw| wl 066 pYny Awrwagwjpwwyunnhy hgnunnwbtp: Ywintt hgnunnwOphg wytih
066 htwwpnppnipintl £ Gepyuywglnid ®Cd hgnunnwp, npG nuah GeuipnGatph Ywo-
dwb 066 Yunpgwép 25000 pwnb: Wn dGontpjwb jnipwhwuwnynipynibp pwgwhwjuingnid
wyj| tnwppbph® GejuinpnGOGpp Ywbdwb Yupdwéph htn hwdGiwwnnipjwip: Wuwbtu, ghd-
Uh pbwywh Ywynitt hgnunnwbtph fuwrOnipnla ntoh 1,02 pwnb Ywbdwb Yunpdwép, wé-
fuwdéOh™ GGjuinpnGOGPH Ywbdwh Yyupdwdpb wybih thnpp £ 0,8 pwnl, wb nGwpenty, Gpp
ywnihniih pbwywb hgnuinwObph fuwrGnipnh’ GGunpnGGGph Ywbdwb Yunpdwépp
4500 pwnh £ (20nphhy npwtnid "3Cd-h weywjnipw): Un wwwndweny Ywndhniil og-
tnwgnnoynid £ shontyuwyhl tOGpgEnhlywynd” wuinndwihb rGwywnnpbGpnud 05junpnbGGph
hnupp Ywnpgwynnpnn dnnbp ywuwnpwuwnbint hwdwn:

0wjwd Ywnihndbt ntbh 8 ywynth hgnunnw, huy ubnhyp™ dtyny wwywu, pwig L
wjlwbu qubgwdwuwtyunpwnhunnipjwip 196-204 wunndwiht quOgywény dt6 pyny
hgnunwObp G0 hwyunbwptnyt hthg uGnhyh hwdiwnp (GEnGhg hGuinn wrwohlp):

Lwjinbh &GO UnwtnpOhynwdh nbirlu 4 hgnunnwObp, npnGghg wutlwGpywnpwywgl
ntoh pbnwatOp 34 4yny Yuwbph wnbnnnipnil: Pninp hgnuninwObpp a tinpnhnudny tn-
fuwpyynid G0 nwpdunwnhuinnidh hgnunnwbtnh, ophbwy.

173 169 4.
120N — ;oDs + S

3.4. 12-N1 wURh SUNNGNh USUSNHUL B4y uhfunnHasnrue

8hOYyp unnwgyntd t opw- L hpwibinwnwagnpéwywb tnwlwyobpny, uwywlt wrwe-
Gwyh0 £ 9opwibinwnwagnpéwywp, npb pGngpynid £ hGuinlywy thnytpp.
1. <wlpwhwnpuunwgnidny ($npwwnnwghwny) hwpuunwgywé udbiitiphunh ppénid.

2ZnS + 30,=2Zn0 + 2S0,.

wlhowwnywd SOz-p ogunwignpayntd £ 660pwwb pent unwbwint hwdwnp:
2. Unwgywé ZnO-h dwynid 660pwywl ppyny.

ZnO + H,SO,4 = ZnS0O,4 + HL0:
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3. ZnSO4-h | nLényph dwppnid Fe-h, Cu-h L Cd-h dhwgnipyntbbtph fuwrbtnipnhg:
Un Gywuwnwyny ZnS-h juwrbtnipnnid ywnpniwyynn uwyhpphuinpg Fe (I) uni dwuwnp
nGupny |nLényp wbagwdé Fe-p (1) opuhnwglnid 6O whpninighunny.

FeSO4 + MnO, + 2H,0 = Fe(OH)SO4 + Mn(OH)3:

Npwtugh Fe-h () hhnpnihgb pOpwlw dhbsl 4bpg, L wl wbgwwnyh hhnpopuhnh
inGupny, wytbiwglnid GO Yuypa.

Fe(OH)SO4 + CaCO3 + H20 = Fe(OH); + CaSO4 + CO.:

MnhGép L Junohnuib wbowuwnbint hwdwp ZnSO4-h [nuényphlt wybjwglnid GO
ghGyph thnzh: Ubnnwnwywb wnhtédp L Ywnihnwdp Guunnid 66 ghOyh ypw (unnwgyned k,
wjuwtiu Ynsyws, wynbdwlywnihnidwihb «yGy»" yenl):

Uwpnwd ZnSO4-h |nionypp Gopwpynid G0 tiGYunpnhgh™ npwtu wunnn oqguw-
gnnobiny dwpenip wynwdhl, huy npwtu wonn dwpnip juwwn: Ywwnnnh ypw wiowwn-
Jgnid £t dwpnip ghGy, puy wlnnwiht tnwpwénipntbnid 66dpwwb pent, npp Gnphg
ogwnwgnpéyntd £ udtiGppuinh ppéniihg unwgywé ghGyh opuhnh dowydwl hwdwn.

2ZnS0, + 2H,0 bbb 27n + 2H,S0,4 + O3:

<pwitvnwnwagnpéwwl nwowyny dwyiwl Gopwpynid &G ZnS-ny hwpniuwn
hwOpwOniptinp: <wlph funwOniep Gewywintd 60 Ynpuh htwn: Un Gywuwnwyny pw-
nwnpwiwutph fuwrGnipnt wypnid G0 L unwgywé dnipwyuninpltpp Gnphg ppénLd wyb-
Lh pwpép 9Gpdwunhswbnid.

Zn0+C=2n+ CO:

Logwé nwlwyh ptpnipintGb wyb £, np unwgywdé ghGyp dwpnip sk, uwyuw)b 2wwn
Owwuinwybbpny winwhuh ghliyp wqwwnnptl Yhpwetih t:

Ywnuhnd unwgynid £ Zn-h hwbptph yndwbpu dowyiwb dwiwbwy:

8huyh juwpniuwyh funwinipp 2hywgbtihu ZnO-h hGwnn unwgynid t Owl CdO,
nnp, |hbGny htyun glnnn, Guunnid £ fjunnwglnn uwpptph wytih htent gnunnwd: Opuhnhg
dGurnwnwywl Yunihnd Yupbih £ unwbw] snp 2wbGwwwphny, wuhbpb™ tnwpwgdwl
wwyiwbabtpnd opwélny, wéuwdélny Ywl dEinwnwywb Mg-ny wjb yepwywbqbbny.

Mg + CdO = Cd + MgO:

Uwndihnidh uhbpbgh wadhowywb hnudp £ wynbdwywnihnidwihb unpwiuhgp (YeYy),
npG wrwowbnid £ opwitunwnwagnpéwywb Gnwlwyny ghtyh wpunwnpnigjwld dwdw-
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Gwy: Unpwiuhgp wwpnibwyned £ ghGy L Yundhnid, hogwtu Gwl wynhOd nt uwwn: Un
pninn twpnGpp unpwiuhgnid wgwun yh&wyned G6:

Ywnuhnil wbowuntint hwdwnp unpwfuhgl opuhnhsh wreywnipjwip Nuénd GO
660pwywb ppyntd (ynhbtdl wyn dwiwlwy dbnd £ Gundwdépnid) LW Gnphg ghGyh thnany
Guuntiglnid (gGutauinwgnid).

Zn + Cd** = Cd + Zn?*

Uwndohndp dwppnd G0 phghywywb, phdphwywb Ywd EEYunpwphihwywh
GnwlOwybbpny:

dhghywywl Gnwlwyny dwppiwlb hwiwp «hnud» Yundhnodt wéfuh wewyne-
pjwip pnpnud G0 Jwyninidnwd Ywd opwédbh dhowywypney:

Phihwywl Gnwlwyny dwppiwl hwdwn «hndy Jundhnudp (peéncd G0 Gnup
660pwywb prynid L Ywnipnidp Guuinbglnid CdS-h wnGupny: Ujn Gwwuwnwyny unwgywé
(nLénypp wnwowywynpnid 60 H2S-nd. Ywndhnudh unydhnp Gunnnid £ wywipnibwyting
thnpp pwlwynipgjwdp CuS L ZnS: lvwrlnipnp HCI-nwd |nuétiinig htuinn dwynid GG
(NH4)2COs3-nU:

CdCOs-p Guunnud k, huy ghOyh L wynbdh dhwgnipntbbtpp dond GO |nLénLypnLY:
LJwlbwinig L snpwgbbinig huinn CdCOs-p 2hywgniiny thnfuwnpynid 60 CdO-h L ybpw-
Ywabqlbnid wéfuny:

El&Yunpwphdhwywb Gnwlwynd dwppiwl hwdwn «hnudy Jwndhnudp (nuéncd GG
Onup §60pwwl ppynid L GUopwnynid tiGYwPNhgh™ oguwgnpétin Yuwwwpwiht wOnn
L wyndphbt Ywuwnnn.

2CdSO,4 + 2H,0 k- 5 2Cd + Os + 2H,S04:
UGnhyp unnwgynid t yhtndwnph ppénidhg: b wnwpptpnipnit ghGyh L Yundhnidh
unt phnttnh’ 500°C-nLa pnSELhu Yhtnywpp thnfuwpyynid  dGuinwnh.
HgS + Oz = Hg + SOg:

Anpéplpwgl wpwagquwglbint hwdwn yhanjwph ppéiwl rGwywnnph dbo wybjwg-
Onud GO Gpywpe wd Ywighnioh opuhn, npnbp Ywwnid GG uni dhnwihb é6éndpp” wirw-
owglbny wyth opdwywynibt dhwgnipynib, pwb yphGnwnh k.

HgS + Fe = Hg + FeS:
4HgS + 4Ca0 = 4Hg + 3CaS + CaSOq:
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Gprt ynhGndwpp wwpnibwynid § Fe20s, www ulnhy Ywnbih § unwbw) hGunlyw)

rGwyghwny.
7THgS + 2Fe;03 = 7Hg + 4FeS + 3S0q:

Ulnhy ywpth t unwbw) bwb 9pwitunwnwagnpdwywb tnwbwyny: Uuwbu, ynbn-
Jwnpp (neénd G0 Guunphnudh unt bhnh hhdbwhG (nuénypned, wybnithGuinl ubnhyb woow-
unnd G0 wynidhGph thnpny Ywad tiunpnihunwhb swbwwwphny.

HgS + Na,S = Naz[HgSZ],
3Naz[HgS;] + 8NaOH + 2Al + 4H,0 = 3Hg + 2Na[Al(OH)4(H20)2] + 6Na.S:

<wny t Gz, np wyu Gnwlbwylb wydd wpnynitbwptpwywb wpdtp snGh:
Ulnhyh dwppnudp Ywunwnpynud £ uwd Juynenwdnd pnpbinyg, Ywd wgnuwywl
pRYNY dawyb|ny:
Ugnunwywl ppryh oguinwgnpéniip hhdbywé £ wyb pwbh ypw, np wrwowgwé Hg (1)
L Hg (1) Ghuinpwunltpp 2w wyuinhy dGwnwnbtph opuhnhsbbp 60, ophGwy.
Zn°® + Hg,* = 2Hg + Zn™,
Zn® + Hg*? = Hg + Zn*%

UnwbtpOhyndb wphGunwywb Gnwbwyny uphlbpbqwéd wnwpp . wyt unnwgynid L
wntinnbhned-242 hgnunnnwp Ywighnii-48 hgnunnnwny dwrwagqw)pwhwntiny: Lwfu wrw-
owntd £ 114-pn tnwpph hgnunnw™ 2°FI, npp a Swewagwypniiny thnfuwpyyntd £ 2°Cn-h.

242 48 289 1
uPn+ xCa — T, Fl +4n,

2Fl—>2Cn+ja:

8hayh wpunwnpwpwlwyh dnunn Yeub ogunwgnpdéynid b Gpywpep YGpwidwynidhg
wuwuinwuwlbint hwdwnp L wpnyph wpunwnpnegywb ate: Shoywwwwnywd Gpyupp wnn-
wuwuwnb phptn t, nnp wwunywé t ghGyh pwpwy 26npunny: Shoywwwwnndp Yuwwnwpyned
ElG4wnpnihinwhb Bnwlwyny, dGwnwnh gninpzhbbpp thnzhwgbbiny wd hpp hwinyph
069 untgbiny: 8hGylb ogunwgnpéynid £ yahgwnuwiht hptph LW npn qujwbwywb dwpun-
Yngltiph nt yniwnnwyhsbbph wpunwnpnigwb by, hbswtu Gwl nuynt, wpdwpeh, hGnhnidh
L wy dGunwnOGph wpnynibwptpnugiwb 069" npwtu ybpwywbgbhs: 8hGyh opuhnp™ np-
wbu uyhwnwy gnibwlnie, Yyhpweygnid § jwpwbGpyuwihG wpunwnpnipjwb («ghGYuhb
uwyhwnwywbtpy»), hoswtu Gwb pd2ynipjwb ake:
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Ywndhnidp ghGyh Gowb oguwgnpdyned k Gpywpt L wynnwwwnt hpbph ww2unww-
Ops Gwoynyp uintndtint hwiwnp: b tnwppGpnegintd ghGyuwyhb Ywndhnidwyhb dwéyntiyp-
OGGpp hptph dGuWOhywywb nEdnpiwghwih dwdwbwy 360 6punwbowwnynid, hGswtu
Owb wwhwwOnd 60 Yuynibnegyntap nuwyhb opnud L onh 066 funbwynipjwb nbwpnty:
Uwnohnuiwihb dnnbplb ogunwgnpéynid GO0 dhontyuwihb rGwyuninpbtpnid™ npwtu O6jun-
pnGbGph YwohsObp: Ywndhnuwdh Yyppwenigiuwb Yuwplbnp npnpun £ hhdGwihG Yyninwyhs-
OGph wpunwnpniginLlp: Ywndhnidh untdbhnb ogunwgnpdynid | npwtiu gniGwbynee, huy
utiGOhnp L wGinipphnp” wplwiht dwpwnyngbbpnud hodpwywpdhp dwrwquyplttnp Yiw-
GGnL hwdwn:

Ut6 pwlwynipjwip ulnhy oqgunwgnpéyntd £ NaCl-h opuwyhl (nuényph EiGYuwnpnhgh
dwiwlwy, hGswtu OGwbl hwOpwOnetpp Vwybhu (Wdwjgwdwht dGunwnwgnpént-
RINLb):

Ulnhyp etipdwswihtpp, £0wswhtpp (pwnpndtun) L dwOndGunptpp (hGnnuybtph
nt quqbph £02ndp swihnn uwnp) w2fuwwnbglnn Ui £: ElGYLnpwnGluGhyuwynid wyb
thnthnfuwywlb  hnuwGph, ninnnpnhsOBph,  geipGYuypt (wdwBph L ulnhywihG Jw-
yYnintdwhb wndwtph pwnwnphs dwu k:

3.5. MUM2 L3nta@GNn h2hLUYUL G4 LhUhULUL {usunta@sntuueN

8hGyh fudph wnwpptph pOnipwagpwywb Shghywywb hwunynigntbbbnb GO0 uwh-
unwywwpéwpwagnyltp, thwihynipintbp L nynupwhwinigntop (wrynwuwy 3.2), pln npnd,
ubnhyp unynpwywl ywjdwbaatpnid dshwy henniy dGuinwn &:

Unjntuwy 3.2
12-pn fudph twnntph $hghlwwl hwinynuggnubGenp
Lwunynipynilp Zn Cd Hg
Lwtwb okpdwuinhAwp, °C 419 321 -39
Griwb 9bptiwunhswp, °C 907 767 357
Lwiwb Eopwiwhw, Y2/dn; 6,67 6,61 2,33
Annpz2hwgiwb Eopwiwhw, Y2/dn; 115,3 99,9 59,2
Uwunndwgiwl tapwiwhwb*, Y2/dn 130,7 112,0 61,3
fuuinnipynLlp®, g/ul® 7,14 8,65, 13,53
Lwnénnipynttlb pun Unnuh uwlnnwyh 2,5-2,9 2 1,5 (whbn yhdwynid)
ElGYunpwywb nhdwnpnegntop™*, dyOy, « ud 5,8 7,5 95,8
UuwnwlOnwpun tEYunpnnwiht wynunbOghwip’
E® (M*/M°), U -0,762 -0,402 +0,853
* 25°C-nLu:
** 22°C-nu:

143



aLnkHu 3. 12-N1 vUeh sSUNPPGNh LhUbUL

8hoyp L Yuwndpnidb ntbt0 ygwbhunwihlb fuhun nwuwdnnpnipynib: LUbpuph 26punnid
dGunwnh wwnnabtph dholc hGrwynpnigintbp 10 %-ny thnpp £ hwplwb 2GpnGph wnnd-
GGph dhol hGrwynpnipintbhg: Ywndhnidp hwhniy £ ghyhg L hGunnipjwdp gninp2hw-
Onud E:

8hOyp uttyjwywihb eEpdwunhdwbntd thfupndb t, uwyuwyb 100°C tnwpwglbihu nwe-
Onud | wwuwnhy, gingynud £ pwpwy phpbnh L dgynud £ jwph wnbupny: 200°C-nLd wyl
OGnphg bhupnib | nwebnud: Ywndhnudp, hwywrewyp, ubhuywihb oGpdwunhdwbnud Yrb-
th L agynn dbwnwn £, Yunpdnid b nwtwyny: 80°C-nid nwieGnid £ thfupntt L Yupnn & yb-
pwoyby thnpn:

8hGuyh fudph wnwpptpp gwép hwidwb ebpdwunhdwlny L glnbihnigjwdp fupuwn
unwpptpdnud 60 wOogdiwb wpph nnhwhy wnwppbphg, npnGp, npwtu Ywonb, dGunwnw-
Ywl ypgdwynid ndjwpwhwy Go:

Lphy (pwgywdéd d opphuinwibtpp s60 Ywpnn dGunwnwywb Yuwh wewowgdwb dbo
hwdiwnpdbpwihl GGpnpnud nLOGOw, wn wwwidweny wjt dbwynpdnud § dhwyb wp-
tnwph s EGYLpPNGOGEPNY L hwdGdwwnwpwp oy £ Yw hwbgbglnid £ fudpnud ybplhg
OGppl pjntpGnwgwbgh tuGpghwih Gywqiw:

UGnhyp opnid sinéynn, dEinwnwywb thwyng dwbn hbnnuy £: Gpywp pwthwhwnt-
(Y™ wyb wpbh £ dwbpwglb]” yepwotinyg ul thn2h hhptglnn thnppwagnty dwubhybtnh:
Ulnhyp dwénighy htnniyltph hGunn juwrlGihu wewowlnd £ dhwuber tdniuhw, npp
hwpjnipwynp tnwphObp werwe oquwgnpéyb £ npwtu ntnwdhong:

ulnhyh ng unynpwywb gwép hwidwb obpdwunhfwip wywjdwbwynpywé t rbjw-
inhyhunwihb Gplniypny, s? opphwnuwih utnuGihnipjwdp L dGunwnwywb Ywwhb npw
dwulwygnigjwlb wahbwnphOnigjwap (6s® qnygh «sbgnpnipnLl»): Yw £ ywuwndwrep, nn,
g)ntu BGnwnbGph hwatdwuw, ubnhyb nibh pwgwehy pwndp [EYnpwywb nhdwnpnt-
pintt: Wa -39°C-nid pynipbnwitnud £ wewewgbbiny 2enwalyntbwihl pyniptnbtp, npno-
gntd ubnhyh jnipwpwbgnip wunnd 2powuwwunywé t ytg dnun guinbynn (0,300 GY) L ybg
wyblh  hbent gunGynn wwnndGbpny (0,347 Gd): -194°C-nid wrweowlnid b Swywiw-
YGaupnbwgywé gwigny p pwrwOynLGuht dLwihnfuntpyntb:

ulnhyb odingwé L gjntu dGunwnbGphla ng pGnipwgpwwb dh 2wpp hwwnynipynil-
Gbpny: OphGwy wyh, shGwjwd whbwh, pwyg (ntéyntd £ opnid 25°C-nLd (1000 g 9pniy” 6
4qg), ptlgnintd L nhopuwlntd: UGnhyt niah gninp2hGbph pwnén £0pnud (25°C-nui” 0,25
Mw), wuhbplt™ hGyunnigjwdp gninphwOnid £ yGpwéyting dshwwnndwbh qugh: Ulnhyh
gninp2hbtpp fuhuun pnlbwynp G0: Bwhywd ubnhyh Ywehbtpp hwywpnid GG wnbdb

144



uuoNrauuuyuu ehuhu

wd wpnypt gnquphwyny (ubnhyp Yuwsnid £ dGunwnh dwytpunyphl): Atnptpnid
lgwé ubnhyh Ywpehtpp Yuwwned 66 66upny Ywa FeCls-h |nionipny.
Hg + S = HgS,
2FeCls + 2Hg = 2FeCl; + Hg,Cla:

Cuun unwlOnwpun i GYnpNnwiht wynuntbghw GGph wpdtplbph (wnniuwy 3.2)°
fudpnid ytpbhg Geppl wwng Gyncetnh wywnpyniginibp pnujwbnid k:

Lhihwlywb nGuwaynithg ghtyp L Ywnihnuip wyunhy dGunwnObnp GG, huy ubnhyp
phdhwwbu sbgnp t:

UlnhyhG plGnipwgpwywb £ +1 opupnwgdwl wuwnh&wbp, hGsp hwogbglnud £ Hg —
He Yuwuw wwpntwynn [Hezl?* utipwynpniitbph wewewgdwlp:

8hayh onnud wwhbnitg fuwdpnud £ ywwnydbiny dGunwnp hGunwqw opuhnwgniihg
wuwwinwwlnn opuhnh (ZnO) Gnipp pwnwlpny: Opupnwgniil wytih hbauin £ pbpwlnid
onntd pwpdn funGwynigjwl L wéfuwppnt qugh weywinipjwb nEwpnid, Gpp dplnNp-
nwihb ywjdwbbGpned ghtyh dwytpunypht weweowbndd § hhdbwiht Ywppnbwuwh Gnipp
pwnwlp nZnCO3 * 3Zn(OH);z * H2O (n =1 Ywd 2), npp Gnylbwtu wwn jwy ywunuwwbnid
t dGunwnp hGwnhwqw opuhnwgniihg:

3hayh gninpzhbbnb onnid wynynid GG, L GpE ghlyh pwpwy phptnp 2hywgyh qu-
quinhsh Ynwyny, www wib Ywipyh ubwswagnyb pngny” wrwewglbiny opuhnh uwh-
tnwy énifu:

Ywnuihnidp L ubnhyb onnud Yuwynib G0 L s60 Ynpglnid dGunwnwywh thwyp: Opuhnh
(MO) wrwowgniiny npwbg thnfuwagnbgnipintlp ppywdéth hbwunn wnbnh § nbEGnd dnun
350°C-n.u:

Ulnhyp hGaunnipjwdp opuhnwbnid £ Os-ny” thnfuwpyytiny ul. Hg20-h.

2Hg + O3 = Hg,O + Oy:

Pwndn obpdwuwnhdwlnid ghGyp L Ywndhnidp thnjuwgnnud G0 hwingtObtph,
660ph L $nudnph htwn: Ulnhyp, h tnwppbpnigintd ghGyh L Yuwndhnodh, hwingtGbtph L
660ph htuin thnfuwgnnid £ wpnbl uGOwywiht 9Epdwunhdwbnid” wewowglbiny hwdw-
wwuwnwufuwb GpyhwingtOhnObp L unydhn: Mw wwjdwlwdnpywd b rEwyghwb fuhuwn
wpwawglnn utnhyh htnniy yh2wyny, uwyuwylt $nudpnph htwn wyb sh thnfjuwgnniy:

12-nn fudph wnwpptpp opwébh, wgnunh L wéluwébth htwn 360 thnfuwgnnud: Ujn
wnwpptph htun npwbg dshwgnigntbbtpp unwgynid G0 ynndbwyh swbwwwnhny:
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0wywé vEnwnOBph (wnpywénipjwb wppenid ghyp L Ywnahnidp 9pwébhg puyw-
ywbht dwpu GO gunGynid, pwyg L wlwbu hptbg dwytpunyphlt wrwowgwd hhnpop-
uhnbbph ywunwwbhs pwnwleph wwwiweny npwbp unynpwywb wywydwbbGnpnid onh
htun s60 thnfuwgnnud: Uwywo updhp 2hugdwl oGpdwunhdwbnid thnfuwgnnid GG
onwjhb gninp2nt hn.
M + H,O = MO + Hy:

8hayp L Ywnihniip thnfuwgnnid GO ng opuhnhs pRNLUGPh hGn™ whowwnbiny opw-
6ha.

M + 2HCI = MCI; + Ha,
M + HoSO4) = MSO4 + Ha:

@pniltpnid hwunywwbu (wy t |nteynid 0jwq wynhy dGunwnbtp (ophbwy™ wynhbdé
L Ywnihnid) wwpnibwynn nGubhyuwywb ghGyp: Cwun dwpnip dGunwnOtpp Yhbbwnp-
Yuwywlb wwwiwrdtpnd Yuwyntd 60 ppnibbph hwintw: NEwyghwlt wpwquwglbint hw-
dwp (nheenyphb wybiwglnid G0 thnpp pwlwynigjwdp ynbdwnowuw:

Opuhnhg penLlpnid GpGp dGunwn0Bnh £ |ntéyned B6: YEpwywbgbywd wpgwuhp-
G6ph pwnuwnnnieginilp Yuiuywé £ pryh Ynbgtbunpwghwihg: Ophbwy Yupnn b dwrew)tb)
ghOyh L nnwpptp ynbgthunpwghwbtpnd wgnunwywb pryh thnfuwgnbgnipynibp.

Zn + 4HNO;3(ypn) = Zn(NO3)2 + 2NO, + 2H,0,
3Zn + 8HNO340 %) = 3Zn(NOs), + 2NO + 4H,0,
47Zn + 10HNOg320 %) = 4Zn(NO3), + N2O + 5H,0,

5Zn + 12HNO3 %) = 5Zn(NOs), + N2 + 6H20,
4Zn + 10HNO30 5 %) = 4Zn(NOs3)2 + NHsNO;3 + 3H20:

Anpéplbpwgh ninnywontpjwb ypw wagnnid G0 Gwl 9oGpdwunhdwlp, dGunwnh dwp-
pnepyntlp, rGwyghwih tnbnnniginibp L prYyh pwbwynignibp:
tuhuin 660pwywl ppentd ghtyny L Ywnihnudng unynpwpwn YyGpwywbgbyned §
dhbsl SOs.
M + 2H,SO4 = MSO4 + SO, + 2H,0,
uwywb ghOyp Ywpnn b §60pwlwl penit yepwywaqlt) dhGsl 66nudp, dhbsl wOgqud
H2S.

4Zn + 5H,S0, = 4ZnSO; + H,S + 4H,0:
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Uanhyp, sEwnwnbtph (wpdwénipub wppnid gunGytiny opwébhg we, H hnGGtpp
sh JpwywbqgOnud, uwywyt wtuinp t 0261, np pinpwopwdébh hbun thnfjuwgnnid £ funGw-
Jnipjwb wwydwaotpnid™ weweowglbiny shwhwingtOhnbtn, huy ppndwepwdébh L jnnw-
opwélh hun undnpwywl wwydwabtpniy:

Uwrp ywjdwbbtpnid ubnhyp fjupuin 660pwywl pryh htunn sh thnfjuwqgnned, hGsh
20nphhy ¢np ulnhyp Gpywp dwdwlwy Ywnbih b wwht) fuhn 66dpwlwl ppdh 26pnh
unwy, uww)o nwpwgltihu inbnh t nGGEGnLd opuhnwignty.

Hg + 2H,SO4 = HgSO, + SO, + 2H;0:

uytigniyny ybpgdwé fuhin wgnunwywb ppyh wanbgnigjudp ubnhyp thnfuwny-
gnud £ Gpywndtp Ghunpwuwnh,
Hg + 4HNO; = Hg(NO3)2 + 2NO, + 2H,0,

huy wdbignyny ybpgqws ulnhyh L Gnup wgnuwywl ppyh thnfuwqgnbgnipintbl wy
pGpwgp nLbh.
6Hg + 8HNO3; = 3Hg2(NOs)2 + 2NO + 4H,0:
Ulnhyp hGaunnipjwdp (ntéynid £ wppwjwonnid wrwowgltbiny untjbdw.
3Hg + 2HNO; + 6HCI = 3HgCl; + 2NO + 4H,0:
NMwjdwbwynpdwé hhnpopuhnh Gpynhdnigjwdp dEnwnwywb ghOGyp |ptéynud L

hndptiph (nuénypLENNLY.
Zn + 2NaOH + 2H,0 = Nay[Zn(OH)4] + Ha:

Uwndihnudp L uGnhyp Gowl hwwnyniginid snlbbl. Yundpndp yndwGpuwgnjuig-
dwl hwbntw pnty hwynwah, huy ubnhyp hhnpopuhnh waywynianipjwb ywwndweny:

UndwGpuwagnugdwb hwadhb, h vnwpptpniginit Gnybwbu Gpynhdh wynidhlh,
ghGyp (ntéyned £ Gwl wdnGhwyph opwyhb (nuénypned.

Zn + 4NH;3 « H,0 = [Zn(NH3)4](OH)2 + H, + 2H,0:

8hayp L ywnihnidp thnfuwgnnid 60 wdnOhntdh Ghunpwwnh fuhw [NLényeh hGwn' wjl
JGpwywbqbtind dhGsl Ghuphn, hOswtu wl Gpyweh () L wnGéh (1) wnGph hGw.

NH4NO3 + Zn = NH4sNO- + ZnO,
Cd + CuSQO4 = CdSO4 + Cu:
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Ulnhyp hGyunnigwip yGpwywbgbniud | Gewpdbp Gpywpeh pinppnp L pinpwiunp
wrwowgltny dhwpdtp wnkp.

2Fe(CIO3)s + 2Hg = Hgy(ClO3), + 2Fe(ClO3),:

Zn-h fudph tnnwnnptipp ohdwbg L 2w wy dGnwnbtph hbun werweowglnid GO hwiw-
hwiwépltn, nnnlghg wewyb] 466 Yyhpwenipntd niGh wpnypp” wnbdh L ghyh hwiw-
hwiwdépp: Ywndhnih wwn hwdwhwwéplbp nynipwhwy GG, ophGwy Yninh hwdw-
hwiJwépp (50 % Bi, 25% Pb, 12,5 % Cd L 12, 5 % Sn) hwyyntd k 68°C-nLi:

NMwpptGpwywb hwdwywpgh 1-hG L 2-pn fjudpbph dGnwnbOtpp pnerbG hnfuwgnntd
G0 ubnhyh htn” wrwowgltiny dhwgnipntblbtp, 3-10-nn fjudptph dGwnwnb06pp gnpébw-
ywalntd ubnhynd 3606 (nuéynd ywad phs GG nuéyned, 11-15-pn fudptph dGwnwnObph
(N6 hnigyntbp Gnphg Yupney dGdwbnid t, pwyg ny dhwgnipintt wrwowgltbint hwynt-
any: Mwppbpnipjwb hwiwph w&ha gnigwhtre undnpwpwn dGunwnbtph neéGihnipnLlp
ubnhynid aéwlned E:

ulnhyh hwiwhwwéplbpp  wiwjgwiltpp  (wpwpbpblt <hwdwhwiwép»),
thanud G0 henniy Ywd fudnpwbdw, pln npnud, npwig wgptguunwht yhawyp Ywugwo
t ubnhyh L dGunwnh dnpwihG hwpwpGpnipyntbhg: Npn dGunwnO6n, wyn pYynid Gwbl ph-
dhwywb wywnnhy GpYywpep, ubnhyp hbwn s60 thnfjuwgnned, hosp hGwpwynpnignel £ wnw-
Lhu GEpywpt wpwbtnb ogunwagnpsétint utnhyh wwhwwbdwb L inGnwdhnfudwb hwdwp:

Udwiqwiltph upbptigh wditbwwwpq Gnwbwyp ubnhyh thnjuwgnbgnignila
hwiwwwuwnwufuwb dGunwnh hwn: <wdwfu Yhpwednd L Gwb EiGYupwphdhwywb
uhbptiqp: OphGwy NaOH-h tGYwnpnihgh dwiwbwy ubnhyt Yuwuwnnnh ypw wrwewlnid
E fudnpwlOdwl Gwuphnudh  wdwgqwy:  ElGyunpnihgh  gnidwpwihG  hwyjwuwpnidp
hGuinlyw G k.

4NaOH + 4Hg = 4Na/Hg + 2H,0 + Og:

Lwuwnphnud-ubnhy hwdwywpgnd  gnynipintt NGt dh pwpp  dhwgnipnlbbtn
NaHgz, NasHgs, NaHg L w0, npnOghg ulnhyh gwén wwpnibwynigintd nibbgnnbtpp
Ywqidwd GG Gwuwnphnudh pniptnugwbgh nwunwny hwuinydwdébbpnid Gepnpdwéd Hg-h
wrwOdbwgywdé wuwnnilbphg Ywd wrwbdhl Ywuwnbpltphg: OphGwy NazHgz dhw-

gnipjnttp ywpnibwyned § Hgﬁ' hwppwpwrwyntuwiha Yiwuwnbpotp (Gy. 3.1):
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LY. 3.1. NazgHg, wiwiqwuih Yurenigywdépp

Udwiqwaintd wwpnibwyynn dbunwnh phdhwywb hwwnynigntbbbnb twwbu s60
thnfuynid: Wuwbu, oph htwn 2thygbihu Gwunpphnudh wiwjgwdl waowwnnid £ opwdha, L
wrwowlnwd t NaOH, wjuhltplt rEwyghwl ntbnh £ nbG0ntd wjbwbu, hbswbu dGnwnw-
Ywh Gwunphnudh nGwpened, uwlw)b pbpwOnid  wytih dGnyd, win wwwiweny jwpnpw-
nnp wypwyuinhywjntd Gwuinphnidh wdwgwib oguinwgnpéynid b npwtu yGpwywbgbhs:
Npwtiu ytpwywbqbhs ogunwgnpéynid £ Gwl ghGyh wiwigwdp (nGuh rGnntyunnp):

3.6. 12-M1 wUeh SUMNGEMh BIBYUDLUSKL Uhu8NtE@3NFuLLENe

CUnhwlpwwtu wnwpwwwnndwiht dhwgnigntbbtpnd 12-pn fudph twippGphl
pOnipwgpwywb § +2 opuhnwgiwl wuwnhdwOp, uwywit uGnhyh hwdwp hwywunbh GO
[Hezl** udpwynpniiGbp wwpniGwynn dhwgnipntGbbn, npnbgnid uGnhyh opuhnwgdw
wuwnhswlp +1 L:

12-nn fudph nwppbph wuinndbbpp +2 opuhnwgiwl wunhfwOnid NGO wywpun-
Jws d'° kiGYwnpnbwiht dswywpnwy, hosp pwgwentd t d-d wagniiGbpp: Un wywwndweny
M-h (II) dhwgnipntbbtph dGé dwub wbgnylb £: Gnibwydnp G0 dhwyb wyb Shwgnipntb-
GGpp, npnbgnid 066 £ pjniptnb6ph wpwuwnh Ynbgblhunpwghwa, ophGwy opuhnbbpp, Ywd
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wryw t nudbn plbrwglnn gnigpbytipng wuwnnd: YbpohbOGpp hwgbglnid GO |pwgnighs
pLbrwgiwl L npw hGinbwbpny winwhuh wwnnihg 12-pn fJudph twppGphO EGYUPN-
OwjhG funnipjwb dwubwyh wagdwb, hGswtu ubnhyp (1) jnnhnh nGwpnud: ElGYUNPNGOG-
nh Gdw0 wbgnudp L gnybh werwowgnib wytih ponipwgpwywb 60 ubnhyh wéwbgjwi-
GGph0, pwOh np wyb ntbh qquih pblbrwglnn waqnbgnipintd L nudtin pLGrwbnid k:

{wjinlbh &G 12-pn fudph wwpptph MO pwnwnpnigudp opuhnltipp, huy ulnhyh
hwdwn Gwbl HgoO opuhnp: MO pwnwnpnipjwip opuhnbbpt odinywé G0 npnwyh glnb-
thntpjwidp (Oh0sL hwdwb 9Gndwunhiwbhb hwubbip ppywdébh L dGwnnwnh tnwnpptn otp-
dwunhswbobpnid pwypwinidny), hGsp yyuwynid £ M=O uwh wrweowglwb dE9 hwdwp-
dtpwjhb GEpnpdwb dwuhb: MO-h onwywfuntplUtnp (wtpngny) fuhuwn pniGwynp GG:

8hayh opuphnp (ZnO), npp plUnipjwb OE9 hwlnhwnid £ ghGyhnn hwlpwwnbuwyh
wntupny, uwyhuwy pwpwy ptihyatph wbupny (wiphihynubGBnh Wwwnybpwgiwdp: «thh-
thunthwywywb pnipn») unwgynid £ dGuwnb onnud 2hywgltihu: Wa uptbih £ unwlw
Gwbl ghGyh hhnpopuhnh, YwppnGwuwh L Ghunpwwnh 9Gpdwihb pwypwnidny.

Zn(OH), —— ZnO + H,0,
ZnCO; — 5 ZnO + CO,,
2Zn(NO3), —2—5 2Zn0 + 4NO, + Oy

8hauyh opuhnp ynipghinh Yuenigqwépnd, nddwnpwhwy (tw, = 975°C), gpnui
ndywpwinydé uwhwunwy pincptnuihb Ginee £ Swpwglbihu ppywdéth wuinnibtph wbbywb
Ynpuinh htnbwbpny wrwewgnn ng tnwnppwswhwlwb ZnO dwgh wywwndwreny wyl
nGnGncd £, huy uwrtgltihu uwyhwnwy gnuybp nwbnwn yGpwywagbynid t:

8huyh opuhnp Yhuwhwnnpnhs t: Ywudwé ZnO-h uhlptgh wwjiwabtphg hwnnp-
nwywlnipgwb nGuwyp thnfudnid t: Wuwbu, Gt ZnO-0 pwndp oGpdwunpswbnid wwh-
dh prywo6lh gwdén £020wb tnwy, www wyb dGrp Yptiph ElGYnpNGwhG hwnnpnwywlnt-
piIntd (N wbuwyh Yhuwhwnnpnhs), npp wtwpptpdnd  undnpwywlb ZnO-h0 plnpn?
funenswhb hwnnpnwyuwbnipjnibhg (p wtGuwyh Yhuwhwnnpnhs):

ZnO-0 niéynid k' penibtpnud L hhdptpned, wyuhbpb npubnpnid £ Gpynhdh hwwn-
Ynipyncbbtn.

Zn0O + 2HCI = ZnCl; + H20,
ZnO + 2NaOH + H;0 = Naz[Zn(OH)4]:
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Unwn 1000°C-ntd ghtyh opuhnp wwpptp yepwywGgbhstepny Jtpwywagayned
thnfuwnytiny dGwnwnwlywb ghtyh.
ZnO + H, =Zn + H,0,
ZnO + CO =2Zn + CO3:

Swpwglbihu |néyntd £ SiO-ntd L B2O3-nid wrwowglbiny  wwwytudwb
qubqyuwé.
27Zn0 + SiOz = Zn,Si0y,
Zn0O + B203 = Zn(BOy).:

Swpwgliwl wwjdwaatpnd |nuéynid t npny opuhnbbpnid” wrwowglting ghbywuwn-
aGn, ophbwy Nhodwbbh Yubuwus.

Zn0O + CoO = CoZnOa:

8huyh opupnp uwhunwywitpy wantbny oguwagnpéynid £t npwtu GGpyGph gnt-
Gwbynie, rtghth wpunwnpnipjwb 069 npwbu [gwlnip, hwwnny wwwyhbtph L wpébh
wpunwnpnintbbpnud (hinfuwphOnud £ pnibwynp PbO-hb): Uwpnip wwuwnpwuwnniyp
aunlncd £ Yynudtuinhy puncplbbph L dwwpuniplbtph pwnwnpnipjwb aGe:

Ywnuhnioh opuhnp (CdO), npp pGnipjwl BE9 hwlnhwned £ dnGnGwnOhn hwbpw-
nbuwyh wnbupny, unwgyntd t Gnyl Bnwowyatpny, hts ghtyh opupnp: Wa 900°C-nu
pwjpwjniiny gannn, opnid nddwpwinyé nwnsbwagntyt pinupGnwhb Ginee £: “pulinpned L
Onyb hwuwnynipynibbtpp, hbs ghGyh opuhnp, dhwyt wyb trwppbpnuwdp, np npw BpY-
nhdh hwwnynigintbbtnt wybih pnyp G0 wpunwhwjungwé, pwb ghGyh opuhnhbp, hGsh
wwuwndweny |niéynid £ Shuwyb hhdptph fupwn |nLénypLENRNLA.

CdO + 2NaOH + H;0O = Nap[Cd(OH)a]:

Ywndhnidh opuhnp duinOnud £ wnpébh pwnwnpnigjwb 06o:

uanhyh opuhnl niGh Gpynt mwpwuwntuwy Ywpdhp L nbnho:

Lwndhp opuhnp utnwbntd GO dEtwnwywb ulnhyp 350°C-nid pRYwéth Ywd onh
dhowdwjpnid 2hywglbing Ywd ulnhyh (1) Ghuinpwnh gtpdwihb pwjpwjntdny, hGswtu
Owb wytgniynd dtpgwé hpdpnid Ko[Hglsl-h (nuénypp 50°C-nid bpLywp dwiwGbwy
wuwhbiny.

2Hg(NO3)2 = 2HgO + 4NO; + Oo,
Kz[Hgls] + 2KOH = HgO + 4KI + H,0:
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Ubnhyh (II) wntnh |nwényph ypw hhdpnd wanbihu wewowOnid £ ulnhyh nbnho
opuhn.
Hg(NOs)2 + 2KOH = 2KNOj3 + HgO + H,0:

ulnhyh Ywpdhp L nenhb opuhnbtipp pwgiwdlnipntbbtip s60. npwbp nwpptpynid
G0 Ohwyb dwubhybbph swhutpny (nGnhGh dwubhyosna wybkh thhnpp GG):

ulnhyh opupnp Ywrenigwdé t O — Hg — O gqéwihG hwwndwdélbphg wrwowgwd
hwpp wwnpnypwél 2npwltphg, npnGp hpwn GYwwndwdp phpywd GG 107° walwh wnwy
(ay. 3.2):

0,204 uu

@Hg Qo

LY. 3.2. HgO-h Yurnigywdépn

ulnhyh opuhnp opntd sh nudyned, ntbh hhdbwyhb pbnyyp, h nwpptnpnipntt ZnO-h
L CdO-h 9bptiwunhgwth Gywwndwdp walwntl t L 400°C-hg pwpan obptiwunhAwanL
pwjpwjynid £t pwnwnphs dwubph: Yepwywbaqbphsbtpny yspwywbgayned £ wytbih guép
obpdwuwinhdwbbGnnid, pwb OGwfunpn Gpynt opuhnbtpp: OphGwy ulnhyh ntnhG opuhnp
opwélny  JGpwywooqgbynd £ (Yuuwwihgynd b jwd CuO-nY, Ywd AlOs-ny)
50-120°C-ntd, huy Ywndhpp 90-200°C-nLi:

ulnhyh opupnp |ntéynid b wiywihwywb dGunwnbtph hwingtOhnbtph (niéniyplt-
pnud wrweowglbiny hwiwwwuinwufuwb hhnpopuhn, ophGwy.

HgO + 4Kl + H0 = Ky[Hgls] + 2KOH:
2np pinpny HgO-h ypw wagnbihu wrwowbnid 60 Clz0 L uGnhyh opuhpinphn.

3HgO +Cly = Hg3020|2 + CI,0,
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huy Gnyb thnfuwgnbgnipintbp twpwgliwlb wwjdwbabbpnd pbpwbnid £ ppywdbth whow-
unnuiny.
2HgO +Cl, = Hg2C|2 + Oq:

HgO-h opwjhG Ywiunypp pinpny t2wytihu weweowbnid  HOCI.
3HgO + 2Cl;, + H,0 = 2HOCI + Hgz0.Cly:

UGnhyh opuhnb wiywihwywb dewnwnbbph wtnpopuhnbtnh Ywa gtpwbpopuhnltnh
htGwun hwi G hu unwgynid G0 Ma[HgO2] pwnwinpnigjwdp dGpynipwunltp.

2HgO + 2Na,0, = 2Nay[HgO-] + O.:
Utpynipwunltpp onpnud pwypwyynn wbgnyb Ginuptp Go.
Kz[HgO-] + H20 = 2KOH + HgO:

Nwlg Juenigwdpntd welw G0 [O-Hg-01% qdwjhl hnGobn:
ulnhyh opupnp NH4OH-h dhowduwynnid wnwpwglbihu unwgynid | dwbpwpnint-
nwhl ntnha thnzh (Uh(inGh hhdap).
2HgO + NH40OH = Hg,NH2(OH)s:

Ulnhyh Ywpdhp opupnp Gwybph wpunwpht dwuh hwwnwyh hwywytpwadwwih
owoéynyph gnibwbne £, huy nbnhGp dunOnud £ dwpywihbt puniplbph pwnwnpnipjw
ako:

COnhwbOpwgltiny Ywnpnn GGap G26[, np 12-pn judph dGunwnbGtGph opuhnbtph hpdbw-
Jh0 hwwnynigyntbbtipp fudpnid ybpbphg GEppl nidtnwbnud G0, huy 2wppencd Gnylb ninnne-
pjwdp nidtnwlnid GO opuhnhs hwwnynipntGGtpp, hosa wpunwhwnynid £ npwbg ytnpw-
YwOgbdiwh okpdwunhdwaatpned. ghGyh opuhnt wétuny YbpwlwGgbyned £ 900°C-nuy,
YwnihnwdhGp 500°C-ntd, huy uGnhyh opuhnp 400°C-hg pwpép obpdwunhswantd
pwjpwyyned £ GnyGhuy wewbg ypwywbaqbhsh:

8hGyh fudph tnwppbpb wewewglnud G0 Gwbl wtpopuhnltn, npnbp unwgynid GG
npwag wntiph Ywd hhnpopuhnltinh (ZnOz-h L CdO,-h ntiwpnid) Ypw opwéth wtinopup-
nny wgqnbhu: Ulnhyh wtpopuhn Ywnbih b utnwbw) Gwl ntnhG opuhnh Upw -20°C-nLd
30 %-wlng H202-ny wqnbny.

HgO + H,0O, = HgO, + H0:

Twlp wytih woyuwyni G0, pwla hnnwiywihwywb dGunwnbtph wtpopuhnbtpp:
[BrnLOEph wanbgnipjwip wyn wtnopuhnbtpp pwjpwyynid G0° whowuwntiny H20,.
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MO + 2HCI = MCl; + HxO2:

8hayh wtpopupnbt odinywé t hwywlbiuhs hwwnynigwdp L hwdwfu puniplbph
pwnwnpnipjwb uk9 thnfuwphbnud £t ZnO-hG:

UGnhyh (1) opupnl wjbpwl wOywynilG k, np npw gnnipntbp hwdwfu Ywuywdh
wnwy £ npyned, b wyb ywunybpwgynid £ npwtu Heg-h L HgO-h fuwrbOnipn: Pwyg L wjb-
wtu, utnhyh (1) opuhnp nhinwpyyned £ npwtu opnid spntéynn ule Gynee, Nnpb wrwowlniy
t uGnhyh (1) wntph L hpdptph hnfuwqgnbgnipjwb hbunlwbpny.

Hg2(NO3),; + 2KOH = Hg,0O + 2KNO3 + H,0:

Pwlh np Ghpwnpynn HgO-0 |noynid  dhwyb prniltpnud, npwb yGpwagnpned GO
hndbwyhb hwunynegnt.
ngo + 2HNO3 = ng(NO3)2 + H,0:

3.7. 12-P1 wURh SUNNPGNh <pNNoLURNLGNL
GJ @le4UOLU3PL UNGNre

8huyh fudph wnwpptph hhnpopuhnbbphg hGpGnipnylt yhawynid wbowunywéd 6o
ghyh L Ywnudhnih hhnpopuhntbpp: Utnhyh hhnpopuhnh waywjnibGnigyntp Yunbih t
pwguwuwpby Hg2+ hnGh nidtin plbrwglnn wgnbgnipjwip:

8hGyh hhnpopuhnl winpd Yh&wyntd opned phs (nedynn (LU = 1,2 « 10™7) uwyhuwwy
Gunndwéph nbupny unnwgynid b swihwpwbwyny ybpgywdéd hhipny (npwtugh hhnpop-
unyndwtpu swrwowlw) ghtyh wnbph |nténypltph ypw wqntbihu.

ZnS0O4 + 2NaOH = Zn(OH); + Na;SOq4:

Anpbnwihlt Zn(OH)2 unwOnd G0 wybih pwpn GnwOwyny. ghGyh wnh L hhdph
thnfuwqgnbgnipntbhg wrwowgwdé dbip (NLénid G0 wdinGhwyh dnun 6 dnywpwbng opwih
(nLényph wybgniyny, wybnithGunb wihwywuwp hhnpopuhnh thnfuwnytint hwdwn wan-
Opwyp hGrwglnud G0 Jwyninudnud Ywd wdhwywwh (nuénypp funbwydwgbpsdhsnid
(Epuhywunnp) wwhnid G0 fupun §6Gpwywl pRYH Ypw:

Qnjnipyntl nLbth ghGyh hhnpopuhnh dh pwbh twpwdlnientGbtn, npnGghg Yuyndb
t €-Zn(OH)2-p: Uy Ywagddwé t Grwswih hhdbwydwfupnid dhwynpywé [Zn(OH)s] pwnw-
OGhuwnbnhg:
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8huyh hhnpopuhnb niGh Gpynhdh hwwnynigynibbtn: Wa (nuéynd | penibGpnud

wrwowgltiny wntn, L hpdptpnid wrwewgltiny hhnpopunghGywuwnObn.
Zn(OH); + 2HCI = ZnCl; + 2H.0,
Zn(OH),; + NaOH + H0 = Na[Zn(OH)3(H20)]:

8hGuyh hhnpopuhnlb nidny gptipt hwywuwn t gjnwu 3d dGunwnOGph hhnpopuhnbt-
nhG (GpYwpe (1) L Swagwa (11): w hhdGwiht nhungdwl hwutnwinntb ntth K =4« 10°°
wndtpp:

UdtOowyo hwywbwywbnipjwip, Zn(OH)2-h L hhdptiph hnfuwgnbgnipjwb dwiwbwy
opwihb |nuenyplUEPnLd gbpwyzenid G0 [Zn(OH)3H20T pwrwGhuwnwihG hnGGGpp, npnlbp
(nLénypp funwglbihu woowunnd GG oph dniGYnp L OH Ywipowywihbt Ywwbph dp-
ongny dhwynpyntd pnpwdtpnid: Wnwhuh juenigwédp ntbGl hwnywwtu Guwnphnidp
pninn pjncpEnwihb hhnpopunghGywuwnGtpp (GY. 3.3):

@Zn
Qo
® H

LY. 3.3. Uthnth Yurnigywépp Na[Zn(OH)sl-nid

<hnpopunghbywuwnbtpp 2hywglbihu weweowbnid GO ghGywuwnbtn: Ywbp Yupbh k
unwOw| bwb yhbn Ywquihb upbptgny.

ZnO + Na,CO3 = Na,ZnO, + COo:

LUwrenigwoépwiht nwuntdbwuhpnepntGbtpp gnyg GG g, np NaxZnO2 wntuwyh
ghGywunlObpp WwunwOnd 60 fuwep opupnltph pUhl. npwlgnid pwgwlwnid GG
wrw0dbwgywdé ZnO? Yurenigwépwiht hwwnywdébtpp, npnbp Yhwunbhl ghtywwnls-
nh wwwnywbGhnipynibp Gopwnnynn H2ZnO2-hG:

{wjinbh G0 fuwrp opuhnbbph pYht ywunywlnn ghty wwpnibwynn o6é pyny hbs-

wbiu Gnpdwy, wjbwtu £ 2neqwé 2whbbi06p: CwhobiOtpp panipwanpyned GO prywdhwhh
wuwnndlbph gpbpt swnwdwnywdé fupuin nwuwdnpnipjwip: Uhwjt nw wpntb huy pw-

gwnnid L ZnO'22 opunwOhn(O ywpniGwynn ghGywuwnh wrwewgniip:
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Wuwhuny, wyhOn $wquiht opupnwiht hwiwywpgtpnid ghth (1) hnbwwrwowg-
dwl hwynuip pnuy  wpunwhwjnyuwé:

Uwnuohnsh hhnpopuhnp opntd nddwpwinyd (LU = 2,2 « 10™) nnannnubdiw
Guinwéph inbupny upbptgyntd £ Onyb Gnwbwyny, hbs ghGyh hhnpopuhnp, Shwyb wyb
tnwnppbpnigjwip, np Ywndhnudh hhnpopuhnp hhdptph Gnup (nuényplbph wytigniynid
sh nLéyniu:

Ywndhntdh hhnpopupnp |ntéynid £ penibtpnid wewowglbiny |niényp waglnn
wntn, ophbwy.

Cd(OH), + HSO4 = CdSO4 + 2H,0:

Wi rnwpwgiwl wwpwbbtpnid wwn nwlnwn (nuéynid | Gwb hhdptph fupun (ni-

onypOGnnLy” wrwowglbiny hhnpopunywnihwuwnbtp.

Cd(OH), + 2NaOH = Na,[Cd(OH)4]:

LGnLlwpwp Ywnihnwih hhnpopuhnl odwnywdé t pnyp Gpynhdh hwwnynigjwdp, L
hhdOwyhb hwunynegintbp Zn(OH)2-hg Cd(OH)2-h0 wlgltihu nidGnwlnd £ (K=5 10'3):

Uwndihnidh hhnpopuhnh gtpwy2rnn hhdOwjonipinibp wwydwbwynpnud £ ghGyh
wnbph hwdtdwwn Yunihnudh wnGph phs hhnpnihgytGint hwwnyniginip: “w pwgw-
wnnyntd £ Zn-hg Cd wigdwt dwiwbwy M?*-h hnGwjht wrewynh tESwgdwdp:

UndwGpuwgnjugiwl htuinbwOpny ghGyh L undhnudh hhnpopuhnbbpp |nuéynid
G0 wanGhwyh opwyhb (nuénypned.

M(OH), + 4NH3 = [M(NH3)4](OH).:

LPwlOh np ghOyh L unihnih pwrwwihwywwnbbph Ynnpnhbwglwl ninpuinh gk
dunbnid £ oph Lu 2 dnitynty, npnbgny dLbwdnpdnid £ npw nipwbhunwihb Yuwenigywépp,
hGinLwpwp pEpdwé pwlwdlp sh hwiwwwunwuuwOnid hpwywbnigjwbp. wpnn
wrwowlw] Gwb htpuwwihwywuwn, nnb wybih pnipwgpwywi £ YwnihnuapG:

nntd ubnhyh opuhnh qawih [NLSGhNLRINLGp (=107 dny/|) hhip t Gapwnpbint, np
(nLénypnid Hg(OH)2 & wwpnibwyynid: UGnhyh (1) wntph nudbn hhnpnihgp yyuwynid §
Hg(OH)2-h pnyp hhdOwihG hwunynipjwb dwuhb: bpnp, Hg(OH)2-h hhdGwyhl nhungdw
hwuwwwnntp 2w thnpp £ (K =10™"):

0wjwé Hg(OH)2-hb pprywihbt hwwnynigintbp pbnipwgpwywb sk, wjbniwdtbw)uhy
uhbpbqyb] 60 M2HgO2 (M-p wiywihwywb dGunwnb ) pwnwnpnipjwidp dGpynipwwnltp,
npnbp funbwynipjwb hwinbw 2wwn qquntt uwhwnwy pjncptnwghb Gnuptn GG:

156



uuoNrauuuyuu ehuhu

Wuwhund, ghbyh, Ywndhnidh L ubnhyh hhnpopuhnltiph 2wppntd hhdbwjhG hwwn-
Ynigyntbbbpp uyqphg (nbwh Ywnohnod) wunphfwlwpwn nidnwlOnud G0, wjbnihGunl
(nGwh ubnhy) pniwdnd: LYwwbh £ hhdGwht hwwnyneentGbbph ng dhwiwn thnn-
funiginth, npp Ywnpbih b pwgwuwnpt] Ywndphnudh gwén plbrwglnn wgnbgnipjwip, ht-
inbwpwnp npw hhnpopuhnntd M — OH uwwh gwoén uwynibnigjwdp:

M - OH hnGwjhG Yuwh ntwpntd Zn?*-Cd?*-Hg?* wnpntd, hnGwjhG wrewynh tb-
owgliwip wwjiwlwynpywé, hhdabwiht hwunynipintbbtpp wbwp £ nudbnwbwihb: Uw-
Ywjb Hg(OH)2-h plbrwjtnipjwl woywynibnipjwl, hOswtu Gwl Hg — O Ywwh hwdwp-
dtpnipjwb Yupny wéh hGinlwbpny Hg(OH)2-h L hGinnLwpwp npw nhungdwl wpgw-
uhpltiph (Hg?* L OH") YnGgbkGunpwghw [niénypntd swjnwuinh&wh thnpn E:

BprYwdébwihlt ppnibtph htwn ghGyh fudph nwpptpp, hwonbu quiny +2 opuhnwg-
dwl wuunhgfwlny, wrwowglnid GO wnbp, npnbg qqwih dwup [Nuénypltphg whowwn-
Jnud £t vnwpptp pwnwnpnepntbbGnny pyniptinwhhnpwunbtph inbupny:

Qnnud (wy |npeynn wnbpp GOpwnpyynd GG hhnpnihgh, pbn npnud, Ywndhnudh
wnGnpp wytlh phs, huy ulnhyhlp wytih 2wwn, hGsp hwiwwwnwufuwbnid £ M(OH).
pwnuwnnnigjwip hhnpopuhnbtph hhdGuwihb hwwnynipintGbEph pbnyeh thnhnfuntjwlp:

BprYwdélwiht ppniltph wOhnGOGp wwpniGwynn ghGyh L Ywndhnwh wnbpp, np-
wtu Ywanb, dund Gowb (hgndnpd) GO dwqbtghnudh wntphl, pwyg nwpwglbihu wybih
wOywynib &G:

3np anGyn opny pinipbnuigwé ghbyh undwnp (ZnSO4  7H.0) Ywd ghlyh
wpowuwp 2Gnwayntbwdl uwyhwnwy pinipbnbtph wnupny Guuinnud £ Gnup 660pwyuil
pRYNLA |NLéywd ghlyh opuhnh, hhnpopuhnh Yud uppnbwwnh |niényplbpp funwgtihu
(38,12°C): Gpptdl wnp nddwnp t pnipGnwlnd: Wn nGwpntd wyb 260hinh jurenigywé-
pny (NH4)2Zn(SO4), * 6H0 ynyotwyh wnh nbupny Guintglnid GO winOhndh unydwn
wyblwglbny:

8hayh unt pwnl wipnnontpjwdp onwanyyned £ 280°C-niy, huy 940°C wnwpwglt-
thu thnfuwnpyynid £ ZnO-h:

{wjinbh GO Owlb ZnSO4 * NHO (n = 6, 4, 2 L 1) pwnwnpnipjwip pNLpGnw-
hhnpwuwnltGpp:

8hGyh wpowuwp Gpywp wwhbhu hnndwhwnpynid £ thnfuwpyytiny ZnSO4 » 6H.0-h,
huy wwpwglbihu  hhnpnihgynid, 600°C-nid thnfuwpyyntd  opunwnh (Zn30(S04)2):
8hGyh opuhnp 900°C-nti Gwwnphnidh whpnunidwnnh hbin hwibihu unwgyntd k
Naz[Zn(SO4)2] Yndw|Gpuwjhl wnp.
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Zn0 + NazxS;07 = Naz[Zn(SOa)2):
Lowdé Yndwtpuntd ghyp gunbynid £ ppywdith wwnndbbph GrwOynibwppqudél
2nowwyuwwndwb ukg:
<wjinbh G0 Owl ghtyh ppywihb (Zn(HSO4)2) L hhdGwjhh (Zn2(OH).SO4) unipdwuwn-
GGpp: Bpywiht wnp unwgynid t fuhun §§dpwywb prYyh (nLényphg unt dwwnh piniptbinw-
gnutiny, huy hhdGuwhb wnp uni dwnp (neényph dhosh p" = 8 stqnpwgntiny:
8hayh wbonip unipdwnp unnwgynid £ juwpniuwyh uni dwunwglnn ppénidny.

ZnS + 20, = ZnS0q4:

Zn-h unidwunnp ghGyh 2wwn dhwgnigintGbtph unwgliwb hnwdp £, Yyhpweynid §
yunnpbntoh OGGpydwl L pnph uwhunwytgiwlt dwiwbwy npwbu fuwdwnie, pd2ynt-
Rl b9 npwtu wsph YwphlGGph wwwpwuwnniybbph pwnwnnhg, hoswtu Owb gwy)-
tnwiwyiwb dwiwlwy npwtu tnningnphs (npwbny GGpédywé thwywnb ni £ thunnd):

Ywnudhnih uniwuwnp pwpn pwnwnpnipjwdp pintptnwhhnpwuwnh (3CdSO4 « 8H,0
Ywd CdSOy4 * 2,67H20) inbupny unwgynid £ Gnylb Gnwlwybtpny, hbs ghGyh uni dwnn
pintpGnwhhnpwuwp, dhwjt wyt wnwpptpnipjwdpe, np dGunwnwywb Ywndhnuih L §§0pw-
Ywb ppyph thnfuwgnbgnipwl dwiwlwy rGwyghwl wpwagquglbint hwdwn [neenyph
wyblwgynid £ thnpp pwlwynipjwdp wgnunwywl pent:

LUwnohniih unidwwnh pnipbnwhhnpwwmp nwpwgbihu (110°C) opwgnyyned k
dhGsk dnGnhhnpwwh, huy 200°C-nud hisk wlonip unidwnh thnfuwnydtip, npp
1135°C-n1d hwynid £ wewGg pwjpwyybint:

Pwgh Gwéd Bnwlwyhg Ywndihnidh woonip unidwn wrwowlnid £ Gwl CdS-p
SO2-h hnupntd tnwpwgltbihu L dGnwnwywb Ywndhnwdh nt hwwé wihnudh ywd wan-
Opnudh wepunidwinh thnjuwgnbgnipjwl dwdawbwy.

CdS + 280, =CdSO4 + S,
Cd + K>S20g = CdSO4 + KoSO4:

AinLpbnuht CdSO4-p Yuwunnnuwyhl swrwagwypltnny Awrwquyptihu |ntuwndwyned :
Swpwglbhu opwéhlp yepwywbgbnud £ Ywndhnwdh unydwuwnp wyb dhnfuwnpytind
Owfu CdS-h, wjbnihGunl dEnwnwywb Ywndhnudh.
CdSO4 + 4Hz = CdS + 4H,0,
CdS + Hy=Cd + H2S:
U ywihwywb dGunwnbBph uny dwnbbph htun Yundpnidh uni dwunlb wewowglnid
E Yynybwyh wnbp, npnGg 066 dwul nloh M2Cd(SO4); * 6HO plnhwlnip pwlwdlp:
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Uwywjt hwyunbh 60 0wl wybih pwpn pwnuwnpnipjwip wnbp, ophtwy KsCds(SO4)s °
5H,0: 20wjwd ng wipnnonipjwip, pwyg b wjlwbu wyn wntpp opuyhb (nuénypLENNLY
qgqwihnnGl pwjpwjyntd GO pwnwnphs dwubnh:

LntéyGiny winbhwyh opwha (nuénypnid wndhnidh unidwunlb wrwowglnid
wihwyuwuwn ([Cd(H20)2(NH3)4] * SO4), huy wbonip wnh ypw ququiht wihwyny wagnbihu
wrwowOnud £ hGpuwwihwywun ([CA(NH3)s]SO,):

hOswtu ghGYyp, Ywnihnuip Lu wewowglnid b ppywiht (Cd(HSO4)2) L hhdGwyhh
(Cd2(OH)2S04) uni pwwnltp, npnbp uwnwgynid GO Onyb GnwlOwybtpny, hbas ghayn
hwiwwwuwunwufuwb wntnp:

Ywndhnwh unydwnnb wyn dGnwnh 2w Shwgnipintbph unwgiwb Giwonip L,
ogunwagnpéynid  YbuuinnOh Gnpdw| dwpwnyngh tiGYunpnihinh pwnwnphsh, hbswtu Gwl
nEnwgnpéwywb wwwnpwunnityutph wpunwnpnipjwb dGy:

8hayh L Ywnihnih unydhnbtpp (MSO; « NH,O pwnwinpnipjwdp) Guuinnud GG npwbg
wnbph ypw Gwunphnidh unybhnny wagnbihu: Ywbp opnd phs GO (nuéyned, pwyg (wy
(nLéynid G0 wiywihwywb dGunwnbtph uni dpnbtph (neénypbtinnid, hosp wywjdwbwynp-
quwé b yndwytpuwhlt M,[M(SOs)2] * H20 winbnh wrwewgdwdp:

8hayh L ywnapniah unt $hnbbpp tnwpwglbihu hbunnigwdp pwjpwyynid Gb, opp-
Gwly CdSOs-h obtpiwjhG tpnhnidp GQwwnbih £ nweanud 350°C-nuy, pwgh hhdGwyw(
rGwyghwihg, npp wnbnh £ ntGGGnLd hbunlyw) pGpwgpny.

CdSO3 = CdO + SO..
dwuwdp intbnh £ nbGOnd wihwdwdwubwgned.
4CdS0O3; = 3CdS0O,4 + CdS:
UGnhyh Gpywpdtp wntipp, hGswtu ghGyh L Ywndhnidh wntpp, wagnyb GO, uw-
Ywjh, h tnwppbpnigintb npwbg, opwihb (nuénypltpnid nudbn hhnpnihgqynid Ga.
[Hg(H20)e]** & [Hg(H20)s(OH)]" + H*, K= 2,6 « 10

<hnpnihgp 262610t L hhdGwyhb wnGph wrwowgniipg funtuwthtine hwdwn [nuéniyp-

O6pp pRYLglNLy GG: UGnhyh wntph hhnpnihqlb nuintygynid £ pwqiwdhonty hhnpopun- L
opunywunhnGltiph [Hgz(OH)(Hz0)I""-h L [HgeO(OH)(H0)]*"-h  wrwowgdwip, pln
npntd, gnpépbpwgh wywnwhb gbpwyrenid 60 opunywwnhnbGtpp: <hnpnihqb pbpwOned
t dhGsl yinobwywb wpqwuphph HgO-h wrwewgnLip:
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ulnhyh (1) wntpp hwywnbh G0 nudbn ppywdébwhbt peniltph wnbph gbpwyzent-
piwip: 2nwihb (nuénypnid npwbg UGS dwup dwuwdp nhungynid £: Swpwglbihu pninpp
pwjpwjyntd G Ghbsk opuhnh, huy 400°C-hg pwndan otpdwunhdwinty thosk dEnwnh
thnfuwpyystip:

Ulnhyh Gpywpdtip uni dwnp unnwgyned £ ubnhyp Ywad npw opuhnp fupun 660pw-
Ywhb ppyntd |nLébihu.

Hg + 2H,SO,4 = HgSO4 + SO, + 2H,0:

O60pwppywihb (nénypp Gnupwgltihu ubnhyh unt$wuwnp pincpbnwbnid £ dnbn-
hhnpwwh (HgSO4 ¢ H2O) winbupnd, npnid ulnhynh wwnindp qunbynud £ oph dniGyneh
pRrYw6lth wuwnndh L uwdpowyuwyhb unidwuinwihb fudpbph ppywdélh hhGg wwnndlbph
nLpwOhuwnwihl 2powwywindw b BG9:

Lnuényph hGunwaguw UGnupwgntip hwOgbglniy k hndGwjhG wnh
(Hg3(OH)2(S04)2(H20)) wrwowgiwl, npp pnyp tnwpwgltihu thnfuwpyynid £ opunwnh
(Hgz02(S04)): Opununtdwuwnp wywnnibwynid £ 26pintkp, npnbgnid ppywdébh jnipwpwb-
sjnip winnd Yuwnid | GrwOywb gwgwpltnp gpwntglnn utnhyh Gptp wuwnny:

Ubonip HgSO4 wrwowlnid £ hGuinlyw) thnfuwqgnbgnipjwb hGuinbwbpny.

HgS + 20, = HgSO4:

Wa dwbp pinupenwihb Ginue £, npb onnud ubwiOned t, wybnithGunl nGnbnid, huy
tnwpwglbihu (500°C) pwjpwyyntd k.
HgSO4 = Hg + SO, + Oa:

ubonip unt dwwnp onpnid hhnpnihgyntd k.
3HgSO4 + 2H,0 = HgSO4 *» 2HgO + 2H,SO04:
U ywihwywb dGunwnbtph unt dwnbtph hGwn opwyhb (nuéniypnid wjt wrwowglnid
E Ynyhwyh wnbip.
M2SO4 + HgSO4 + 2H,0 = M2SO4 « HgSO4 * 2H,0:
UGnhyh unipwwnlb oguinwgnpéynid t npwtu uunwihquunp wgbwnhthg wgb-
tnwnthhnh unwgdwb hwdawp (YUnsEpnyh rGwyghw), GppGdl £ npwtu Giubnie ulnh-

Uh wy dshwgnignLbbtph upbptigh hwdwn:
@ny)| ppnLbtph (wéuwppnt, uphwpepnt L 660pwihha prNL) Bhohl wnGn0 wOyuwynll
G0 wd pnhwbpwwbtu hwjuinbh s6G:
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UGnhyh (1) uniydhnp, npp uwyhwnwy Gunnwdéph inbupny wbowunynid b ubnhyh (1)
wntpph ypw unt bhnny wanbihu, Gnybwtu 2uuwn woyuynia L wpwag pwypwyyned £: UYL-
th uynca £ Yyndw Gpuwhlt Naz[Hg(SOs)2] wnp, npp unwgynid | dGunwnbGph uni $pn-
Gtph stanp (nonypLENNLG HgO-h L hhnpnihgh hGnlwbpny wrwowgwd hhnpnuni $hn
hnGh thnfuwqntgnipjwb hGuinlwbpny.

HgO + 2HS O} = [Hg(SO3)2* + H20:

Lnuényph gninp2hwgniihg pynupGnwibnud £ Gpwéd Yuyntd Yndwy GpuwihG wnp,
npnLd unt phnwihl fjudptpp Yynnpnhbwgbnid G0 ubnhyp 66vph wuinnibbpny (Gy. 3.4):

0,240 il

Hg @s Oo

LY. 3.4. UOpnGh Yurenigwdpp Na[Hg(SO3),]-nLi

Ulnhyh Gdwb yndwtpuwiht dhwgnipyntb0bpp Yuynia 60 hhdbwht showywynned,
pwjg pwjpwynid GO ppnibtph wqnbgnigjwdp: 2pwiht (nuénypnid npwbp nwlnwn
unpnhyntd G0 hGunlwy Yepw.

[Hg(SOs)]* = Hg + SO + SO:

8hayh L Ywnohnioh Ohuinpwunbtpp unnwgynid GO dGuwnGtpp, YwppnGwunObpp
Ywd opuhnbtplt wgnunwywl ppynid [(nuébiny: Lniényphg npwlp pinipbnwind GO
ZNn(NO3)2 ¢ 6H20 L Cd(NO3)2 * 4H.0 pjniptinwhhnpwunbbph wnbupny: 8hGyh Ghunpwup
tnwpwglblhu hhnpnihquned £, Ywndhnish Ghunpwwnp 190°C-nud 9pwigpyyned £, huy
350°C-nLd pwjpwyyntd £ thnfuwpyytiny opuhnh.
2Cd(NO3), = 2CdO + 4NO, + Oy:

<hdiptipny Ohunpwwnbbph ypw wagnbihu weweowlnd GG 26punwydnp uenigywé-
pny, M3(OH)4(NO3)2 L Ms(OH)s(NO3)2 * nH2O pwnwnpnipnttbbpnd hhdGwihlG wnbtpp
pinpbnGtn: <pdbwhbt GhunpwuinObph Ywenigwépp Ywpbih b O06pYwjwgltb), hoswbu
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ppniuhwinh (Mg(OH)2) wrenigdwdpp, nph 26pnbph thole inbnwywyywd 50 NO; wlhno-
GGpp:
8huyh L Ywnuihnidh wbonip Ghuinpwunbtip unnwgyned 60 dGwnwnh Ywd opuhnh ypw
wagnunh hbnniy pwrwnpdbp opuhnny wagnbihu.
M + 2N2O4 = M(NO3)2 + 2NO:

8huyh wbonip Ghuinpwwnp Jwyninidnid tnwpwgbbihu glnnid t:

8huyh L Ywnuihniih Ghunpwwnlbbplt ogqunwignpéynid GO wyn wnwpptph wy; dhwgnt-
pINLGOGN unwbwint hwawp:

8huyh fudph tnwpptph Ghunpwwnbbphg (wpnpwwnnp Wpwywunhywynid wakbhg 2wun
ogunwgnpéynid t uGnhyh Ghuinpwuwnp (Hg(NO3)z » H20), npp pincptnwitnid £ Owbl wybi-
gntyny ybpgwd fupin wgnunnwiwib ppyntd (ntéywé ubnhyh (nuényphg: Wn (nuénypnd
wyywhnGObph htn wwpniGwyynd 60 Gwl Hg(NOs)* L snhungywé Hg(NOs)2:

Ulnhyh wbgnip Ghuinpwunp unwigynid £ Gnyyb Gnwbwybtbpny, hbs hp Gwjunpnbtph
OhuinpwiunOGnp:

UGnhyh Ghwnpwunb wdbih nidtn £ hhnpnihgdnid, pwb ghtyh L jwndhnwdh Ghun-
pwuwnbtpp: Mhln unhyh Ghunnpwuwnp oph WG9 dunglbihu hGnhywunnph ((wydniu Ywd uG-
prhiOwnbowantjb) gnylbp (Yupdhp) wbhdhowwtu thnfuynid £, L wewowlnid | opunwntph
Gunndwép.

Hg(NO3)2 + HoO = Hg(OH)NO3 + HNO3,
2Hg(NO3)2 + H,0 = ngO(NO3)2 + 2HNO3,
3Hg(NO3)2 +2H,0 = Hg302(NO3)2 + 4HNO3Z

ulnhyh Ghunpwunh pwthwbghy nuényp Ywnbih £ unwbwp dhwjt npwb wgnunw-
Ywhb ppnt wybiwgltiny: Uanhyh Ghuinpwunh |nuénypnid ubnhyh opuhn |nétiihu wrwow-
Gnud £ hphdGwihG wn, ophGwy Hg(OH)NOs, npp pwnywgwé b ghgquagwél waybne
2nprwltphg, nnnbGg wpwbpnid wnbnwynpyws G0 Ghuinpwuwn hnbOGpp:

R

0) O .
H/ \H NN N
g gli2Hg Hg) Hg Hg
/ iy
\(l)/ \?/ X
H H
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150°C-ntd wyn Uniep (nuéynud | ubthwywb pincpGnwopny, huy wybih pwnpdn
ebndwunhdwlnid pwjpwyyned £ thnfuwnpyytiny ubnhyh (1) Ywndhp opuhnh:

utnhyh () Ohwpwwh Jpw Ywihnwdph Ghunpwun wybiwglbihu unwgynid L
Ks[Hg(NO2)sNO3 Ghuinpwuwunwihb Yndwy tpup, npnid ulnhyh wwnndp Yynnpnhbwgywé t snpu
Opinpwunwihb fudptph ppywdth nip wwnndbGpny: <wywnbh £ ubnhyh (I1) eniphnhnudh

htpuwOhunpndtpynipwunp RbaHg[Hg(NO2)6] (GY. 3.5):

oN @He (O

LY. 3.5. Rbo,Hg[HG(NO2)e]-h Ywrnigywépp

ultnhyh Ohwpwwh Gnup [neenyph ypw winGhwyh opwhb (nuénypnd waqnbihu
wrwowlnud t opunwadhnntpyubnhyh Ghuinpwwunh uwyhwnwy Gunywép.

2Hg(NO3)2 + 4NH3 » H,O = OHgoNH2NO3 + 3NH4NO;3 + 3H20,

huy Gnyyb (nuénypny $nuphbh wbaglywgnidb ninbhgynid £ vrnwpwglbint htuinblwbpny Ywd
hwnywséhg wwyeintGny pwjpwjynn HgsP2 « 3Hg(NOs)2 *« HgO pwnwnpnipjwip uwhwnwy
Guuinjwdéph wrwowgliwlp:

Ubnhyh Ghuinpwinhg unwlned G0 ubnhyh pwgiwpehy dhwgntpnLbUn:

2tqnp dhowdwjpnid Guunphnudh hhnpndnudpwwnp wgnbgnipjwip ghtyh L Ywn-
uhnudh wntphg waowwnynid t M3(PO4)2 * 4HO pwnwinpnipjwip stgnp wntph nnlnn-
nwOdwb uwhwnwy Gunywép, npnbp dwiwbwyh pbpwgpntd pjntptnwbntd Go.

3MCI, + 4Na,HPO, = M3(PO4)2 + 2NaH.PO,4 + 6NaCl:

Lnyb thnfjuwgnbgnigintbp wainbhnudh wntph weywnipjwdp wbnh £ nlbGUnd wy
pOhpwgpny. wrwowlnid GG Yypybwyh pnudpwwnbtp, npnbp nwpwgltihu thnfuwnpyyned
G0 whpndnudwunh.
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MCI; + NasHPO4 + NH4Cl = MNH4PO4 + 2NaCl + HCI,

2MNH4PO4 = MoP,O; + 2NHs + H,0:

Lwynnbh 60 Gwl ghGyp L Ywndhnwih hhaGuwihl (Zn2PO4(OH) L Cds(PO4)sOH) L
PRYWING (M(H2PO4)2) wntinp:
<hnpopunwwwwnhwnh Ywenigwoépny hhdbwiht wntpp unwgynid G0 Gundwéph
nGupny Onp wlowwnywé sbqnp wnbpp opnud Grwgltiny, huy ppywiht wnbpp win d6-
nwn0Gph Yuppnbwwnbbph L wybigniyny ybpgdwsé oppndpnudpnpuywl ppyh thnuwg-
nbgnLpjwadp.
MCO3; + 2H3PO4 = M(H2PO4), + CO, + H,0:

BprYwjhl wntpp nwpwglbhu thnfuwpyynid G0 dEnwdnupwunh.
M(H2POs), = M(POs3), + 2H,0:

ulnhyh hwdwp Gnybwbu hwywnbh G0 dh pwOh $nupwunlbp’ Hegz(POs)2, HgHPO,4 L
HgoP207:

UhGpbqutl &G ghGyh fudph tnwpptphg dhwb ghGyh L Ywndhnwh® MCOs puinw-
npnipjwdp dhohb YwnppnbwuwnObnp:

8hayh L Ywnuihnih wnbtph |nénypltph ypw Gwuinphnudh YwppnGwunny wqnbihu
wrwowlnd £ thnhnfuwywb pwnwnpnigjwdp hhdabwiht wntph uyhunwy Gunywop,
npnbp dwiwbwyh pbpwgpntd pintptnwbnid Ga:

Swppbpwyynid 66 ghtyh Gpbp tnGuwyh hhnpopunywppnbwwnltp ZnCO3 « Zn(OH),
* H,O (wbywynih), 2ZnCO3 * 3Zn(OH); * HO (Ghwyb ki GYupNGuhG dwhpwnhunwyny
tnwnpbpynn dwlpwagnylb phptinwiht pjniptnbtp) L ZnCO5 » 3Zn(OH)2 * nH2O (wwn
pwpwy wubnhyltp Ywa pbibp): Ybpoht Gpyniub niGBO thnthnfuwwb pwnwinpnipyntl,
hptitg Ywrenigwdépny ppniupuinh (Mg(OH)2) wéwhgwibtp Gb: Gpb Gapwnnyh, np npwig
hhnpopuhiwiht 2Gpunbpnud OH™ hnGOGph §h dwup thnfuwphGdwé £ CO3 hnGGkpny,
www hhdbwiht uwppnbwuwnh 26pnp YnibGlw wybinpn pwgwuwywb hge: Un (hgph
thnfuhwwnnigdwb (Yndwbhuwghw) hwdwp 26pnGph dhole inBnwpwfuynid G0 hwdw-
wwwnwuluwb pdny Zn?* hnGakp (9nph dnbynL GEph hbw), pan npntd, Gk jnLpwpwsntp
snppnpn. OH™ hnOp thnfuwnphGy w6 § CO§'-nL[, www wyn Ywppnbwunbbph urenigwépp
Ywptih £ 06pYuywglt) 2ZnCO;3 « 3Zn(OH); » H20 pwlwdliny.
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5ZnS0O,4 + 5NaxCOs + 4H0 = 3Zn(OH)z * 2ZnCO3 » H20 + 5NaxSO4 + 3CO2:
hOswtu G246| £, ywnihnudh wntph (nuénypltpp b wiwihwywb dGunwnb6ph Ywnp-
pnOGwuwnbbpp thnfuwgnbgnipgjwlb dwiwbwy Unybwtu wewowbnid GO hnthnfuwywb pw-
nwnpnigjwip hhdbwiht YwppnGwunbtp, npnbg pwnwnnnintp npnpygnid £ rEwyghwyh
069 dunlbnn |nuonyplEnph YnbGgtlunpwghwibpnd L wyb 9Gpdwunhidwlny, npnud inbnp
nLuGONnLd thnfuwgnbgnipniOp.
(m + n)CdSO4 + (m + n)NazCO3; + mH20 = nCdCO3 * mCd(OH), + (m + n)NaxSO4 + mCOx:
Gprt m=1, huy n =3, www hwjwuwpniip Yntbtbw hbunlyw| inbupp.
4CdSO4 + 4Na,CO3 + H,0 = Cd4(CO3)3 . (OH)z + CO3 + 4Na,SOq:

Gpt ghtyh L Ywndhnudh wntph |pénypltphlt wybiwgyh ng G wiwhwywb uG-
unwnh, wy] wanOhnudh Ywppnbwwn, wwyw uwrwowlbw wyn dGwnwnitph hhnpopunyuwn-
pnOwwnlbph Gunwép’ qquihnptl thnpp pwlwynipjwdp, pln npnud, wqnwnieh
wybigntyh nbwpnd wahwywuwnwiht yndw Gpubbph wrwowgiwl wwwiweny wjn
Gunndwépbtinp ynuoykh: <60g winwhup |nwényphg, npntd Ywnihnudp hwinbu £ qwihu
npwtu [Cd(NH3)4]JCOs-h pwnwnphs, Grwglbind uwnwlnid GO dwpnip pnipGnuwhb
CdCOs:

8hayh dhohlt Ywppnbww (Ywighwnh Jurenigwépnd udhununGhunn hwbpwbjnig)
utnwgyntd t dhosk 3°C uwrbgywé ghGyh untdwnh (nLényph ypw Gpywp dwiwbwy
COz wigywgywéd wiywihwywb dEunwnh hhnpnywppnbwwnh neénypny wagnbihu.

ZnS04 + 2NaHCO3 = ZnCO3 + Na,SO4 + H.O + COo:

Uunwgdiwb wy Gnwbwy £ ghGyh hhnpopuhnh Ywfunypny CO2-h wlgywgniip.
Zn(OH), + CO2 = ZnCO3 +H,0:

UGnhyh (I) wnBnh nidtin hhnnihgh wwwndweny HgCOs sh uhlpbqyb): Ujuwbu,
ubnhyph wntGph ypw Ywppnbwwn wd hhnpnwppnGwun wytiugbbihu weweowbnid GO

HgO-h Jwd hnthnfuwywl pwnwnpnipjwip hhdbwhbt wnbp, npnbp thnfjuwpyynid GO
opuhnh Ywd opunywppnbwuwnh (HgsO2CO3).

3Hg(NO3z)2 + 6NaHCO3; = HgzO.CO3 + 6NaNOs + 5CO; + 3H20:

Opuwjwuwn hnGny ghGyh L Yundhnwh wnbph |nuonyplbtph ypw wagnbihu uwhunwy
Guinwoéph inbupny wlowwnynid G0 wyn dGunwnOGph opuwjwwinltph pjniptnwhhnpuun-
OGpp (ZNC204 ¢ 2H,0 L CdC204 * 3H20): Nwlbp onpnid ndjwnpuwinyé Gnuebp GO, uwyuw;l
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[M(CgO4)2]2' yndw Gpuwht hnbOEph wrwowgdwb 20nphpy (NLéynid GO wiwhwywb uk-
nwnbtph opuwjwwnlbph wybigniynid: Ywndhnwdh opuwjwuwp [neéynd b Gwb wjyw-
(hwywl dGwnwnbtph pinphnbtph fupun (NLénypOEPNLY.

2CdC,04 + 2KCI = Kz[CdzC|2(CzO4)2]Z

UGnhyh opuwjwunp ndjwpwinyé uwhwunwy Gundwéph wnbupny unwgyned b wyb
Gnwlwybbpny, hbs GwunpnObpp: Lnyuph wgnbgnipjwdp pwjpwyned £, hGsp hGwpwyn-
pnigintl £ vwihu wyb oguwgnpétine tnbph (ntuwswithnud: EnGph (neénypp wwnpnibw-
Unud £ 80 g (NH4)2C204 L 50 g HgCly (GpGpwywl |huip opnud): Wn (nuényph |nt-
uwqquybnipntbp Ywnbih £ qqwihnptb dGéwglb” wybiwgltin thnpp pwlwynipjwip

Hg(NOs)2: Wnwhuh [nidnypnid ubnhyh opuwjwwnp hwlnbu £ quihu unhyh (1) pinphnh
htwn hGowin [nudynn Ypybwyh wnh nbupny: Lniuwdnpiwl dwdwbwy wnbnh § nibGOnid

hGuinlyw| thnfuwqgnbgnignilp.
2HgC|2 + (NH4)20204 = ngC'z + 2C0O7 + 2NH,CI:

Urnwowgwé Ywindtih pwlwynigintbp hwitdwwnwlwb £ vipdnn (nyuh pwbwynt-
piubp: Wuwhuny, tnGph (ntuwgwdhp pnyp £ uvnwihu (nyup pwbwyneggnibp swidhtp wbwih-
why YzGrpeny:

8hoyh L Ywnuihnwih wgbunwwnlbtpp (M(CH3COO); « 2H20) unnwgynid GO npwlg

Ywppnbwwnbbph ypw pwgwfuwppYyny wanbihu: Gpynwub £ opnud jwy |néynid GO:
UhGsl 130°C tnwipwglbihu bpynwub b 9pwignpyyntd &0, huy dnuin 250°C-nLi” pwjpwyyntd
thnfuwpyytiny pbphhnudh opunwgbiinwunh (BesO(CH3COO0)s) Ywrnigwépny opunwi-
gbunwwinObph.

4M(CH3COO), = M4O(CH3COO)s + (CH3CO0),0:

b tnwpptpnigintt pGppihntdh opunwgbunwwnh™ npwbp opny hGunnipjwdp hhnpn-

Lhqyntd &G, hbsp wuwydwbwynpdwé t ghGyh b wnahnidh Ynnpnhlbwgdwl ghdp 4-hg 6
pwndpwglbint hGwpwynpnigjwadp:

8huyh opunwgtiinwunp gannn &, hsh 20nphhy wyt hGupwynp t dwpnty, huy Yun-
dhntih opunwgbinwnp 300°C twpwglbihu pwjpwyyntd k.

Cd4O(CH3COO)s - 4CdO + 3(CH3CO)0,
wjbnthGwnb pwypwyynid b Gwl pwgwuwbhhnphnp.

3(CH3CO)20 = 3(CH3)2CO + 3CO2:
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UGnhyh wbonip wgtiunwuwn (Hg(CH3COO)2) unwgyned b ubnhyh opupnp 50 %-wlng
tnwp pwgwfuwppyntd [netihu: Wo opnud jwy (nuédnn Ginip £, uwuwyl npw (nuényp-
OGpp Jwuwn b GYunpwhwnnpnhs GG, pwOh np wyn (NLénypOEpPNLY wryw GO ng RE hnGOGP,
wy| uniGyne OGn:

8hayh wntph ypw Gwuwpphnidh uhthywunh (puénypny wagntihu wewowlnid t thn-
thnfuwywl pwnwnpnigjwdp ng pintpenwihG (wdnpd) Gunywép, npp hbGwpwynp sk pynt-
nbnwglb: Wa 800°C-nid 2hlwglbihu wewewbnid £ ghGyh oppnuhihjwwn’ Zn,SiO4
(Jhyieapun hwbpwbnie): 8haGyh oppnupihywuwnp, hGswbu Gwbl dGwnwuhhywuwnp (ZnSiOs)
dwpntp yhgwyny uinwgynid 6O ghtyh opuhnp uhthywhnnh htuin hwGihu: <wyunbh £ Gwbl
pOwywb gEdhdnpdhun (ZnsSizO7 « (OH)2(H20)) hwlbpwOjnipn:

{wjinbh GO pninp Gpbp dGunwnOGpp™ HXO3 (X = hwingbl) pwnwnpnipjwdp pRNL-
GGph wnbpp (066 dwup™ hhnpwuwnbtph wntupny): 8haGyh L Ywndhnudh pinpwwnObnla ni
ppndwwinObpp (wy (nuébh GG, puy jpnwwnbtpp L ubnhyh wnbpp pwywywOht Juwuwn:
NEOouingGhwywrenigywédpuyhb nuuntdbwuhpnegntGbtpp gnuyg G0 wndb, np Zn(BrOs), -
6H,0-nLd pninn pynepbnwentnp Yuwwyws GG Yndwytpuwht YwwnhnOnud' [Zn(H20)sl**:

BprYwdélwhl ppnibtph wntpnd +1 opuhnwgdwl wunhdwbp npublnpyncd £ Shwyb
ubnhyh dhwgnipnitbbbpned, npnbp wwpnibwynid G [Hg-Hgl?* Yiwunbpwihl fudpwyn-
pnudbtn: UdGh uynih 66 Gpyahentyuhb Hg§+ fudpwynpnidlbpp, npnbg wrwowgnLip
wwyiwbwynpyws k 6s? EiEYinpnGwhG gnygh Ywyntbnigjwdp b opuhnwgiwl dwiwbwy
Gpynt wuinndlbph Wwuwnywonn™ pEYniq hwiwpdbpwiht Ywwh dhongny wyn tiGYunpna-
06ph wwhwwbdwap:

Mwpgyned t, np Ywuwnbpnud ubnhyh Gpynt wunndlbph dhole hGrwdnpniginibp
wyblh thnpp £, pwb GnyOhuy dGunwnnid: YwunbGpwihG Ywwnhnbp sh wwpnibwynid
sqnyqywé biGYwnpna, wyn wwwndweny, stwjwé Hg™-h 5d'%s! tjGYwnpnowiha Ywenig-
Jwoéphl, wyb pninp dhwgnipjntb06pp, npnbg pwnwnpnipjwb db9 duinbnud £ wyn Ywu-
intpwihb YwwnhnGp, nhwiwgbtunhy Go:

Gnyulnhyph (1) hnbp ([HQO-Hg-Hg-OHg]2+ wyywyndwtpu) Gnpiw; wwpdwbbbpnid
wlhwiwiwubwgdwb hwbntw Yuwyntb k.

- 2+
Hg2+ 0,9914 ng 0,7694 Hgo,

[He™]
[He:']

Hga' S Hg + Hg?, K = =1,15+ 102
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Uwyw)b Gpb GGpnpdba wybwhuph hnGaGp, npnGp Hg?* hnGObpp Yndwbpuntd Ywd
ndywpwinyd wnnid Juwwbine wwwndweny thnppwglnid 60 uGnhyh (1) opupnwgdiw
wnwntOghwip, wyw wihwiwdwulwgdwl hwjwuwnpwyzenigintbp Yunbnwwnddh nb-
wh we: Nw wbnh £ nbkGnd ubnhyh (1) ypw OH, S, CN;, SCN, F, I' hnaGtpny L
wanOhwyh dnGyni G6pny waqntihu.

Hg3" + 20H = Hg + HgO + H:0,
Hg3' + 8% = Hg + HgS,
Hg2® + 2CN = Hg + Hg(CN),,
Hg>" +2SCN" = Hg + Hg(SCN);,
Hg>" +2F + H0 = Hg + HgO + 2HF,

Hgs" + 41 wymgny = Hg + [Hglal®,
Hga* + 2NH;z = Hg + HgNH, + NH;:
Wuwhuny, ubnhyh (I) wntpp uyntb 60 dhwyb pprywdébwihb ppniltph wntpney,
hGoswbu Gwbl pinpphnnd L ppndhnned:
ulnhyh (1) wntphg wrwyb] hwawi ogunwagnpéynid £ Ghunpwunp: Uit unwigyned
ulnhyp wybgniyp uwrep ywydwbatpnid wgnunwywb pryned (1:1) (nuébiny.

6Hg + 8HNO3; = 3Hg2(NOs)2 + 2NO + 4H,0,
hOswtu OGwl dGnwnwywb ubnhyh L uGnhyh (1) Ghunpwwnp Yuwd wpdwpeh Ghunpwunh
thnfuwgntignipjwip.
Hg + Hg(NO3)2 = Hg2(NO3)2,
2Hg + 2AgNO; = Hgy(NO3), + 2Ag:

Wn |nwéniyplbphg Hga(NOs)2-p pyniptnwbned £ Hga(NO3)2 © 2H20 pjnipbnwhhnpwunp
intGupny: U0 wgnunwywl pryh pnyp hninind (wrwowlnid t hhnpnihgh hGuinlwbGpny)
wubnOwal pniptnuwiht Gnue £, npp wwpniGwyned £ [H20-Hg-Hg-OH,1** qéwiht hnGobn:
70°C-nLd Ghuinpwunp hwynid | ubthwywG opnud, huy wybh pwpénp obpdwunh&wantyd
pwjpwyyned k.

ng(NO3)2 *« 2H,0 = 2Hg0 + 2NO, + 2H,0:

168



uuoNrauuuyuu ehuhu

2gninptlb opwgnytihu uinnwgynid £ nGnhb wbonip Hga(NOs)2: 2ph wgnbgnipjwip
hOswbu wbeonin Ghunpwuwnp, wjbwbu k| npw hhnpwuwp hhnpnihgynud £ wewowgbbiny
nbnhG hhnpopunGhupwun.
2Hg2(NO3)2 + H20 = Hgs(OH)(NO3)s + HNOs3:

wyn wwuwndweny wnh ntényp unnwlwnt hwdwp ogunwgnpdynid k ng b onun, wy, wgn-
nwywlb ppnt:

Hga(OH)(NO3)s-nii Hg2™ tplyshontyuwhl Yiwuinbplbnt hpwp shwgwdé 6o udpow-
Ywyhb hhnpopunfudptinny, huy Ghunpww hnbGOGpp (pwgbnud GG ubnhyh npny wwnndlbbph
ynnpnhbwgdwb pytnpp dhosl GpGp (04. 3.6):

QHg
QN
Oo

® H

LY. 3.6. Hg4(OH)(NOs)s-h Yurnigwéph hwunjwén

MGwp L G26], np hhnpnthgh wpgwuhpOGpnud hwynbwpebpdt] 60 0wl wy wnbp
Hg10(OH)4(NO3)s L. Hg4O(NO3), « HNO3:

ulnhyh (1) Ghuvnpwwunh ypw winbhwyh opwihb (nuénypny wagnbihu wewowlntd L
opunwuihnnbpyulnhyh Ghunpwwn.

2Hg2(NO3)2 + 4NH3 » H,O = ngONHzNO3 + 2Hg + 3NH4NO; + 3H,0:

Ulnhyh dshwnpdtip wntphg Ghunpwwnp dhwyb £, np wewowglnid £ utnhwhy ypybwyh
wnkn, pn npnud” gepwquigwwbu plupdtp tkunwntph Ghinpwunbbph hbun.
nGn, pn np gtipwqwlgwuwtiu Gpywndtip natip n n
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2Hg2(N03)2 + M(NO3)2 = 2Hg2(N03)2 ° M(NO3)2:

ulnhyh (1) Ghinpwinl nudbn opuhnhsbbph wgnbgnipjwip opupnwbnid £ thnfuwny-
ytiny unhyh (1) Ghinpwwnh.

ng(NO3)z + 4HNO3(ruhu1) = 2Hg(NO3)2 + 2NO, + 2H,0,
huy wybLh pny opuhnhsh weywynipjwip wihwdwdwubwOntd .
ng(NO3)2 + 2NaNO, = Hg(NOz)z + Hg + 2NaNOs:

Apw (nLénypp nwbnwn opuhnwlnid £ Gnybhuy onh ppywdéltny, win wwuwndwreny
wjl wwhntd GG ubnhyh 26pwnh wrwy: Ndbn YybpwywbgbhsGph weuwynipgjwip w)
npulnpnid | opuhnhs hwuinynigyntGbtp, ophbwy.
Hg2(NO3)2 + Zn = Zn(NOs), + 2Hg:

Ulnhyh (1) Ohunpwuinb oqgunwgnpéyned £ uGnhyh (1) wy ndqwpwinyd wnbkph, huy
hhiOuwyht OhuinpwunlOtpp Ynudtuinhy ywuinpwuunneybtph unwgdwlO hwdwn:

ulnhyh (1) (nuébh wntphg phs pG 2wuwn hGunwppppnigintt 60 GEpYwjwglnd wep-
pinpwwnp (Hgz(ClOa4)2), pinpwinp (Hgz(ClOs)2) L ppndwwnp (Hg2(BrOs)2):

UGnhyh (I) ppndwwinnid, npp Ywgidwé £ OsBr-Hg-Hg-BrOs qdwhG dnityni 06phg,
Epynt wybh hGrwgwéd ppywdth wwnndbtpp O6pweynid GG ubnhyh YnnpnhGhwgdw
ninpw, nph hGuinbwbpny Hg-h wuwnndh 2powwwuwnp [pwgyned £ 0h0sL wnwyjwnywé pw-
rwbhuwnh ybpwéybip:

BprYwdélwhb ppniltph wntphg utnhyh (1) unidpwwnp unnwgynid £ ubnhyh (1) Ghun-
pwuwnh L Gnup 660pwywlb prYh hnfuwgnbgnipjwip, hbswtu Gwb wpwgdwl wwjdwb-
OGpnud wybigniyny yspgywé ubnhyp fupwn 66dpwiywl ppynid (nuétiny.

ng(NO3)2 + H,SO,4 = ngSO4 + 2HNO;,
2Hg + 2H,S0O, = ngSO4 + SO, + 2H,0:
ulnhyh () nddwpuwinyé wntphg unt$wunb wrwbdbwbnid k nuéGhnigjwlb wpunw-
nwih wokGwiks wpdtpny (LU = 107): <hnpnihgh hbwnbwbpny wyn wGgnyl pynipt-
nwjhb wnh ntényphg wrwowlnid £ hhdbwyhb wnh ntnhb Guuinywép.

2Hg>S04 + 2H,0 5 Hgy(OH), * HgoSO4 + H,SO04:

UGnhyh (1) unydwunl nbh -0OSO2,0-Hg-Hg-OSO,0- qéwihb  dnityni bbphg
Juaiwd npwjwlwh Ywenigywdsp, npnid HgHgO waynibp 165° £, d (Hg-Hg) = 0,250
Gg, d (Hg-O) = 0,224 (0: WO EGYwnpwphdhwynd oquwgnpéyntd £ jwpnudp &haun
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swihGint hwiwp Gwjuwwnbujwdé npdw)] dwpunyng (hpple dLwbint?) wywwnpwuwnbint
hwdwn: UYLh hwdwfu oguwgnpdéynn wynwhuh dwpwnyngh Ywenigywdéph géwuwjwun-
Utpp GEpYwywgywé £ Gy. 3.7-nLd:

NITTIT? N[
B ; FCHERLE

CdSO,- |nLényr

e Y T
Cdso,-

“~T~RInunGnutn

-
=

e

LN ————

=y Hg,SO,

LY. 3.7. Lnpiwy dwpwnyngh géwwwnytpp

Uwpuyngh w2 fuwwnwbpp hhabdwé § hbuinlyw; rGwyghwh ypw.
Cd + Hg,SO4 = CdSO4 + 2Hg:

20°C-nuu kiGYunpwiwnd nidp 1,0186 4 t L 2w phs b Ywudwé obpdwuinh&dwlhg:

ultnhyh (I) Ghunpwunh (nuényph ypw Gwunphnudh YwppnObwwnny wgnbihu Gwfu
Gunnnud £ dhwpdbp uGnhyh hwonpn ndywpwinyd wnp ntnlbwagnylt Ywppnbwuwp, npp
Hg-h, HgO-h L CO2-h wpwg pwjpwjdwl wwwndwreny nwrlnid £ dnfupwagn)l.

ng(NO;;)z + Na,CO; = ngCO3 + 2NaNQO3,
Hg,CO3 = Hg + HgO + CO.:

Swpwgliwl wwjdwbbbpntd Gwwnphnudh ppndwwnh wgnbgnipjwdp utnhyh (1) Ghun-
pwunh (niényphg Gunnud £ Ywpdhp utnhyh (1) ppndwn.

ng(NO3)2 + Na,CrO4 = ngCfO4 + 2NaNOs:

{wjinbh 60 Gwb dhwpdtp ubnhyh wy nddwpwinyéd wnbp jpnpunp (Hg(103)2),
oppndnudwinp ([Hgz]s(POs4)2), hhnpnwpublwinp (HgzHAsO4), uhihywwnp (HgeSiz07) L
hhnpopunyuwppnlwwnp (Hgs(COs)(OH) « H20): Ybpohl Gpyniup hwaywnbw hwlnhwnn
Enquinptjihun L whuinbppt) hun hwipwwunbuwyotn Go:
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3.8. 12-N1 wURh SUNNGENh™ U2NS aMUuMNFuuunn
uhusnk@sntuuNe

Ugnunh htuin ghGyp L Gpw GdwOwybtpp s60 thnfuwgnnid. npwlg™ wgnun wwnnt-
Gwynn Gpyuwpp shwgnipntbbtpp unnwgynid G0 Ynnibwyh swbwwwphny:

MsN2 (M = Zn, Cd) pwnwnpnigwip wOyuwinid ule GhunpphnOtpp unwgynid GG
npwlg wihnbtph pwjpwjniiny.

3M(NHy), —% 5 M3N, + 4NHs,

3hayh Ghwphnp Yunbih b unwbw) Gub ghGyh thnzhl wdnGhwyh dhowywjpnid

600°C-nLi tnwpwglbiny.
3Zn + 2NH;3 = Zn3N, + 3H,:
8huyh L Ywnuhntdah Ghuinphnbtpp hGaunnipjwdp pwjpwjynid GO opny.
MsN> + 6H,0 = 3M(OH)2 + 2NHa:

Lo2wd hwuinynigjwidp npwbp hhatgnid G0 hnnwiwihwywb dGunwnOGph Ghunpphn-
GGpha:

UdnOhwyh hnupntd ZnagNz-h L LisN-h fuwrOnipnh tnwpwgniip hwbqgbgbnid £ ZnNLi
fuwrp Ghunphnh (ulk) wewowgdwl, nnb wybh wayuwynib £, pwb Mg-h hwdwwwuinwu-
fuwl dhwgnipniOp.

Zn3Na + LisN = 3ZnNLi:

Unig nwpsbwagnyl, wwjpintGwywnwbg ubnhyh (1) Ghuppnp unwgynid £ henniy
wanOhwynid Hglz-h L KNH2-h thnfuwgntgnipjwb hGuinlwbpny.

3Hgl> + 6KNH2 = HgsN> + 6Kl + 4NHa:

12-pn fudph wwpptnphg ghtyh L Ywndhnuwih wuypinibwyunwg waghnbbpp unwg-
gnid 60 hwiwwwuwnwufuwb YwppnGwunbbph ypw 24 %-wbng HNs-ny wagnbihu.

MCO3 + 2HN3 — M(N3)2 + H>O + COa:

Uwujwé unwgiwl Bnwlwybtphg ubnhyh wghnp (Hg(Ns)2) hwlnbu t quihu
Gpynt dLwihnfunipyntG0Epny: Mwypintbwyunwig a wghnp unwgynid £ opwyhG (nuény-

pnLd untGdwjh L Gwuinphnudh wghnh hnfuwgnbgnipjwdp.
HgC|2 + 2NaN3; = Hg(N3)2 + 2NaCl,
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huy wytblh Yuynth B dlwihnfunignibp ubnhyh opupnh L waghnwepwébtwywh pRUh
thnfuwqgnbgnipjwip.
HgO + 2HN3; = Hg(N3)2 + H,0:

UGnhyh (1) uwhunwy wahnp (Hgz(Ns)2) uinwgdnid £ ulnhyh (1) Ghuinpwnh L wan-
Ghnidh wghnh thnfuwgnbgnipjwip.
Hgo(NO3)2 + 2NH4N3 = Hga(N3)2 + NH4NO3:

8hayp L hp Gdwlbwybtnt wrweowglnid G0 M(CN)2 pwnwnpnigjwidp ghwOhnbtn:

8hayh L Ywnophnuwih ghwOhnbbpp uwhunwy Guunnwéph wnbupny unwgynid GO
npwGg wnbtph |nenyplUtph Ypw wiwihwywb dGunwnbtph ghwbhnOGph nwényp wyb-
(wglb|hu.

MCI2 + 2KCN = M(CN). + KCI:

8huyh ghwlhnb wrwGdbwlnld £ pwpdp oEpdwywynibnipjwdp (pwypwynid £ dnwun
800°C-nLu):

M(CN); pwnwnpnipjwip ghwbhnbtnpt nO60 wpwnwunynp pinipbnwiht wenig-
Jwop: Mwlp Ywgiywéd GO hpwphg wllwiu Ghpwgwbgtphg, npnGp hhtgbnid GO
wiwuwnh Yurenigwépp L yuwgiwé 6O ghwbhnuwiht Ywipowyuwihb fudptpny dhwgwd
dGuwnh wuinniltph pwrwbOhuntpny (0y. 3.8, w): ULY GOopwgwlgh ntwh gjniup 26nyb-
(Nt nEwpnid Ywrenigwdépnid wrwowlnid GO funensGbn, npnGp Ywpnn G0 |gdt| |ntéhsh
aniGynibbpny: OphGwy Gt Ywnhdhnioh pinphn L wihnudh pwrwghwlwlywnihwunn
(K2[CA(CN)4]) wwpntbwynn onwijhb [niényphlt wytjwgyh opqubwywh [nidhs (ophbwy
pwrwpnpwdéfuwohl), www tpynt 26pntph uwhdwOht Ywrwowlwb Cd(CN), « CCly4
Yiwuwnpwuwnbbip, npnbagnid CCly dniEYyni GGpp tnbnwywyywé 60 innbnwwnddwb hunbwb-
pny wrwowgwd ytgwbhuwn Yuwwninhbtpnud (GY. 3.8):
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LY. 3.8. w) wnihnuih ghwOhnp, Yunihnidh YnnpnhGwgdwl 2powwjwunnp, p) widwunwGiwl
Ywrnigywépp (Yuniphniih wwnndbtpp Ywwnn CN fudptpp gniyg G0 tnpdwé ninpn gétpny),
g) Ywuwnpwuwnp CCls-h hbin

Zn-h L Cd-h ghwOhnOGpp (nuéynid GG ghwOhn hnGGGph wybigniynid” weweowglb-
Iy Yndwpuwghl wohnGatn (IMCN)® L [M2(CN)I*): UndwjtpuwhG ghwGhnbtiph
hhdbwyhb |nénypltnbt oqunwgnpéynitd GO EEYnpnihinwhlG Gnwlwyny dGwnwnbtph
owaoéynyp unnwbwint hwdwn:

UGnhyh ghwOhnh nhungiwl hwunwunntGt wibpwh thnpp (K = 10%), np wj
wrwowlntd £ CN™ hnGh GnyGhuy sGshb ynbGgthunpwghwih nbwpnty:
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UGnhyh ghwbhnp uwhunwy Gungwdéph inbupny unwgynid £ ulnhyh opuhnh ypw
Ywwwnwppdyh opwihG ntényeny, ubnhyh (1) wnBnh opwihG ntényph Upw wijwihwywh
dGuwnh ghwbhnh nuénypnd wqntihu, hOswbu Gwbl pErhGjwl Ywwnywp nwp opnid
ubnhyh opuhnny Y ubnhyh pinphnny dwytihu.

HgO + 2HCN = Hg(CN). + H20,
HgSO4 + 2NaCN = Hg(CN), + Na,SOx,
Fes[Fe(CN)glz + 9HgO = 9Hg(CN), + 2Fe203 + 3FeO:

Gprt npwtu Glwbnte ogunwagnpdyh ubinhyh dhwndtip wn, www nphg Ywrweowlw
utnhyp (1) ghwbpn, vwywt dELnwnwywb ubnhyh fuwrtnipnny.
Hg, + 2CN" = Hg + Hg(CN),:
ulnhyh ghwOhnp wenigywdé [ NC-Hg-CN qédwjhG dantyni Gtphg (Hg-C hGrwyn-

npnipyntOp 0,201 G4 t): Onfuwgnnid £ wiwihwywb dGuinwnbtph ghwbhnbtph hGuin® wew-

owgltIny ghwlhnwihb YndwGpultn.
Hg(CN)2 + 2KCN = Ko[Hg(CN)4]:

Onfuwgnntd t Gwb hwingtOweonpwdéhbltph fJuhun |nLényRLGNH hGwn.
Hg(CN)2 + HX 5 HgX; + HCN:

ulnhyh ghwbhnh |nénypenid HgO nu6bhu wrwowlnid | opnuwn.
Hg(CN), + HgO = Hg,O(CN)2:

Uunwgywdé wnp whan yhgwynid nibh dniGynyuwht Ywenigywdép, npnud ulnhyh
Gpynt wwnndbtpp Yyuwwywé GO0 ppywdth Ywipowlwht wwndny, huy opwiha [nuéniy-
pnLd hwlnbu § qwihu hhnpopunwnh (Hg(CN)OH) uinbupnd:

Ulnhyh ghwbhnp 300°C-nLd pwjpwyyntd k.

Hg(CN)2 = Hg + (CN)2:
Ubunwnwywb wlwgp NaCl-h juwd wiwihwywb dGunwnlbtph weywjnigjwdp pwj-
pwjnid £ unhyh ghwbhnp.
Hg(CN)2 + Sn + 2H,0 —®)_, Hg + Sn(OH), + 2HCN:
O6dpwonwdéhip Hg(CN)2-h hbuin wrwowglnid | HeS.
Hg(CN), + H,S = HgS + 2HCN:
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ulnhyh ghwbhnh gwénp nuéGihnigywlb hwwnynigintbb ogunwgnpdynid £ uwunw-
prUN wipnnowlwb dwywip npntint hwdwp.

HgCl, + 2HCN = Hg(CN), + 2HCI:

Wu thnjuwgnbgnipintp Ywpétbu pb hwywunid £ thnfuwbwyiwl rEwyghwih onh-
Guswihnigjwlp (enyl pRNLO nnipu £ dnnd nudtin peYhl hp wnhg), uwlw)t rGwyghwh
00wl pObpwgpp wwpdwlwynpywé  werwowgwd wnh gwdén (nudGhnigjwadp: Ypwlny
wwpiwowynpdws Gwl Hg?*-h wnbph [nénn wgnbgnigintip opnud sintéynn npng

ghwhnbGnh (ophGwy AgCN-h) ynuw:
{wjinbh G0 ghOyh L wnipnuwih wapnbtpp (M(NH2)2), npnGp utnwgynid G0 henniy
wanOhwynid dGnwnwywb opgwbwywb dshwgnigntbbtph ypw wdanGhwynyd wqnbihu.

M(CzH5)2 + 2NH3 = M(NH2)2 + ZCZHGZ
Ywnuhniih wahn Ywpbih £ unwbw] bwl hbnniy wanGhwynid Ywndhnidh rnnwbh-
nh ypw Ywihnidh wahnny wqnbiny.
Cd(SCN); + 2KNH; = Cd(NH;), + 2KSCN:
Gpynt wihnbtnb £ uwyhwnwy (Yuwndhnwdh wdhnb onnud dqwbnid £) wbdl thnohObn
G0: hOswtu Gyl £, swhwynp tnnwpwglbihu (300°C) npwbp wbowuwnnid G0 wanbhwy b
thnfuwnyynid M3N2 pwnwnpnigjuwdp hwiwwwwnwufuwb Ghunphnh:
Snh L ppnibtph wgnbgnipjwip pwjpwjynid Go.
M(NH2)2 + 2H20 = M(OH)2 + 2NHa:
ErGpwihG |nLonypnd 9pwébh wbpopuhnny dwybihu wyn wihnlbnpt wewowglnid
G0 hwiwwwuwnwujuwb dGnwnh wbpopuhn, ophbwy.
Zn(NHz)z + 2H,0, = ZnO, + 2NH5 + 2H50:

LUbpywjwgynn wwnpnptph  ennwbphnbtpp  (ehnghwlwwnbGpp) unwgynid GO0 wyn
dGunwnOtph JuwppnOwwnObph L ennuwbwopwétwywb ppyh thnjuwgnbgnigwdp Ywd
nnwlg wntph [nenyplEph Ynw Ywihnidh phnghwbwwnny wanbiny.

ZnCO3; + 2HSCN = Zn(NCS), + H20 + CO,,
CdSO4 + 2KSCN = Cd(SCN). + K2SOs4,
Hg(NO3)2 + 2KSCN = Hg(SCN); + 2KNO3:
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Uwnuhntdh L utnhyh ernnwbhnGGpnud dGnwnp ennwlwfudpht dhwgwdé £ 660ph,
huy ghtyh rnnwbhnnid” wgnunh wwnndh dhongny:

UGnhyh rnnwbhnp uqidwdé t Grwswih hhdGwydwfupnid pbnhwbnip qugquwiplt-
nny Uhwgwd nipwlhuntphg: <wwnywbwywb £, np ubnhyh jnipwpwbgnip wwnndh
Ynnpnhbwgdwl ninpun dinbnud GG §6dph wunndbEpny Ynnpnhbwgywé (Hg—S htrwyn-
pnigyntbp™ 0,232 04) Gpynt phnghwlwuwnwihb funtdp L wgnunh wunndny YynnpnhGwgywé
(Hg—N htrwynpnigyntbp™ 0,281 (G4) snpu |hqwln:

UhGsk 165°C wwpwglbihu uGnhyh rnnwbhnp, fuhunn GGswglbinyg dwdwip, pwj-
pwiyntd ' pOnnibGind quiwpynn odh winbup (0Y. 3.9): <wynbh t «thwpwynbwihG od»
wOdwOnibny:

LY. 3.9. UGnhyh pnnwOhnh puwjpwjniip

Pwypwntdb ninbygynid £ §60pwsfuwsth whowwnniiny, npb wypynid k.

2Hg(SCN); = 2HgS + C3N4 + CS,,
CS, + 30, =C0Os + 2S03:

Npwbtu rGwyghwih Ynnibwyh wpquuppbtp unwgynid G0 Gwl Gpyghwb (CN)g, L
66nLdp, npnGp OnyOwtu wpdnid GG: Uanhyh rnnwlhnh obGpdwihb pwjpwyniihg wrw-
owlntd £ CsNs pwnwnpnipjwip rEGngttwwinnd wétuwsth Ghunphn, npp 550°C-nid 7
QMw A020wl nwy waglnid b ppnipenwiht ypswyh: «Odh dwpdbh» dwynwnyth dnwg
qubgywép, npb wpunwphbhg ywwnydwdé k ubnhyh uny $hnh opuhnwgniihg wrwowgwoé
ntnhb opuhnny, wéuwséth Ghunphnh L ubnhyh untphnh fuwrbnepn t:

Bhnghwlwuw hnGGGph wybigntynh nbwpntd ubnhyh ennwbhnp [Hg(SCN)s]T L
[Hg(SCN)4]2' yndwGpubtiph wntupny wogltnid t nuényp: Ypwldgnid 660ph wwnndlbpp
Ynnpnhbwgywé Ga: Bhnghwlwuwnwihb fudptph wgnunh wwnndbtpp Ynnpnhbwgywé sa,
wyn wwwiweny wyn yndwtpubtpp dGunnwnh wuwnndbtph hwdwp wpnn G0 |hqulnh
nGn Ywuwwnb: OphGwy ynpwinh hnbOGph weiwinipgjuidp wrwowbnid £ Yynpwyiwinh (1)
pwrwrnnwOnitpynipwwnh Yuwnywn Gunywop.
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Co?" + [Hg(SCN)4]* = [Co(NCS)4Hg]:

Un dhwgnigjwl Ywagdind ynpwiunnp () gunbynd b phnghwbwwnwhG fudptbph
wagnunh snpu wuinndbGph pwrwOhunwihb 2pewwwuniwb BE9:

8huyh L Ynpwiwnnh rnnwbhnbtpp Gnybwbu wewewglnid GO Ynybwyh rnnwbhnbbn,
uwlw)b npwbp hptog Ywynibnipjwip pwdwywbhb ghontd GG ubnhyh hwiwwwwnwu-
fuwl dhwgntpntGOEnhG:

<wjinbh £ Gwb uGnhyh Hgz(SCN)2 dhwndtip rnnwbhnp, npp ndwpwinyé pinupk-
nwht uwyhwnwy Guinjwéph wntbupny unnwgynid | Hga(NO3z)-h L KSCN-h thnjuwqnb-
gnLpjwlp.

Hg2(NO3)2 + 2KSCN = Hgz(SCN), + 2KNOs:
U0 htunnigjwidp wihwdwdwulwbnid k.
Hgo(NOs), = Hg + Hg(NO3),:

Ulnhyb wrwowglbnid t wybh 2w wgnun wywpnibwynn dhwgnipyntbbtp, pwb hp
pERL Gbwlwybtpp: Rubwnpytbp npwbghg vh pwbhup:

UGnhyh ghwlwuwnp (Hg(NCO)2) uwnwgynid t dGpwlninid wpéwph ghwlwwh L
uGnhyh (1) pinnphnh dhol thnfuwbwydwh rEwlyghwny.

2AgNCO + HgCl, = 2AgCl + Hg(NCO),:

Opw hgnitp dnidhwwnp uwyhwnwy 2Gnwoynid pjniptnlbph wnbupny pjnLpGnw-
Onud t Ephuwyhpunh, ubnhyh L wgnunwywb ppryh thnuwgnbgnipinthg wrwowgwé |ni-
onyphg: WO wldwbynid £ «urwsnn ubnhy» L ogunwagnpéynid b npwbu &wypnighs (nb-
unnbwunnn).

Hg(CNO), = Hg + 2CO + Na:

UGnhyh (I1) dnipdhGuunp yhpweynid b wyp dGwnwnbbph (ghty, Ywndhnd, wnhbé L
Gwunphnid) $ndphbwuinb6n unwbwnt hwdwn.

Hg(CNO), + 2Na = Hg + 2NaCNO:

Wo Ywaijwsé £t Hg — C Yuwny (npny L wuwydwOwynpqwé £ npw wayuwynilne-
pintbp) Hg(CNO), hwpp dntyniGtphg (GY. 3.10, w): dnydhbtwwn hnGutph wybkigniyh
nGwpntd  Ywpnn £ wewowlw| pwrwihunnwiha (GY. 3.10, p) Ywenigwépny
[Hg(CNO).J* Uniiuybipu:
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Hg—C 0,22 ud

LY. 3.10. w) Hg(CNO),-h pjnipbinwigwbgh wrewowdégnipntlp (wpnjtyghwa),
p) [Hg(CNO),]" hnGh Ywrnigdwépn

UdnOhnud pnGOGph weywinigywip HgCla-h opwihb (nuényph ypw wgnbihu wrw-
owlnid £ [Hg(NHs3)2Clo] winOhwywihh yndwtpuh uyhunwy Gunndwép, npp hwpgnid
wrwlg pwjpwidbint: Wn wwwdweny wyd wOdwlnd GO «nynipuwhw|  uwhunwy
Guunnywiépy.

HgCl, + NHs —™% 5 [Hg(NH3)z]Cly:

LUnylb dhwgnipintbb £ unnwgynid Owbl HgCl-p hbnniy winGhwynid (nuébihu: Wa
hGyunnigjwdp (nudynid £ Gnup wgnunwwb b §§dpwywb penibbpnud, hbswbu Gwl pw-
gwfuwppyntld: Pninp nbwptpnd unwgyned G0 HegCly L hwiwwwuwnwuuwb ppyh wdin-
Ohnudwyhlb wnp:

UdnOhnudp pnbGOGph pwgwyuwnipjwip HegCle-h |nuényphlt wdnbhwyh wybjwgniip
hwOqgtgbnud £ uniynihgh, npb nidtinwbnid | vnwpwgbbihu Ywd hpdp wybjwgltihu: Ung-
Jnihgh hGunbwbpny wrwowlntd t wihnuwyhb yndw tpup uwhwnwy Guinywép.

HgCl2 + 2NH3; = [Hg(NH2)]Cl + NH4CI:

Upunwphl nbGupny wyt Gowb ' wdhwwuwnhb, uwywyt gnnid | wewbg hwpdw(,
wyn ywwiwreny £ wadwoaynid k «shwpynn uwhunwy wypbghwhuwnwuny:
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2hwiynn uwhunwy wpbghwhwwinp wanbhnudh wnbph wanbgnigjwdp thnfuwny-
gnud t hwidnn Guuindwéph: Unidnihgh niudbnwgnudp, ophbwy HgO wybjwgltihu,
hw(gbglnid § hdphnuyht yndw Gpuh wrwowgdiw.

HgCl, + NH3 + HgO = [Hg2NH]CI, + HO:
Ynipwhw| uwyhwnwy Gunwdépp Yuqijwé [H3N-Hg-NH3]2+ qowjhb YywuwhnblObphg
L CI' hnGUGphg (OY. 3.11, w), wlb nbwpnid, Gpp [HegNH2]Cl wdhnwihG Yyndwtpup
Ywaqidwdé £ CI" wbhnbUGphg L hpwp gniqwhtr, npwywb |hgpwynpywé ghgqugqwdl
* o « NH2-Hg-NH2-H* * « onpwltphg (0. 3.11, p):
hohnwiht Yndwbpuph Ywrenigwépp uwnnyg hwnbh sk, pwyg Gdwb ppndhnp
([HgaNH]Br2) Ywquiyws t [Hga(NHz)o] 2™ ni [HgBrs]” 2nuntiphg L Br wlhnGObphg (0y. 3.11,

q):

@ He
Qa, Br
O N
® H

LY. 3.11. Ulnhyh wdhbn-, wihnn- L hdhnn- Yndw Gpubtpp
w) [Hg(NH;):]Cly, p) [HgNH,]CI, q) [HgNH]Br,, 1) [wunhnluyhl Ghpwgwlgp HgoN](NOs)-nLd
(GY. 3.10-h w-nLd L g-nLd 9pwidth wunndbtpp gnigunpywé ska)

UdnOhwyh opwihG niénypny ulnhyh nbnht opuhnh ypw wagnbihu weweowlnid L
nEnhG pyniptnwyhb Guuinywép.

2HgO + NH3 + H,0 = [HgzN](OH) * 2H,0:
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Swpwglbhu (110°C) Ynpgltny atY antyney onip® wyn Guinwépp thnfuwpyyned k
nwnsbwagnyb dnbGnhhnpwuwnh: Lwlh np npw pwnwnpnipjwb 4G9 dinbnud £ wy wohnO0G-
nny thnfuwphbtynn OH funidp, wyb wadwbytg UhinGh hhdp (wrwohl whgqwd wyn Gjnipp
hwjinlwpetnt) £ $pwlupwgh phdhynu Upiinbp): UhinGh wnbphg dh pwhup (pinphn,
unt pwin) hwanhwnid 60 hwOpwOjnetph nnGupnd:

Uhyinth hpdpp L npw wnbpp Ywenigywd GG dshwyh Grwswih hpdbwydwfupnid
pGnhwbnip ququwpltpny dhwynpywé [NHgs] pwrwOhuwntphg, nnnGg nwunwpy hwwn-
Jwobbpnud inbnwpwfudwdé G0 wbhnbGOGpp: Npwbu pny| (hqwOn hwintu Gynn wGhnG-
GGph (sOZ, NO;) nbwpnid Yuynib & funpwlwpnwihl pehop (GY. 3.11, n), huy UhynGh hho-
ph L npw hwingtOhnbGph nGwpnitd yagwbhuwnwjhlp:

<Gwwpnpphp t, np shwiynn uwhwnwy wpighyphunwunh dbwywb 0dwbwyp hwdwp-
ynn HgNH2F wihnwiht Yndwtpup Ywenigywdé £t UpnGh hpdph Gdwl, wuhbpl®™ ww-
pniGwyned £ HgoN hhdbwydwiup, nph nuunwpy hwndwsbbpnid inbnwpwfuwé G
NH; L F hnG06pp: Uuwhuny, wn Ghwgnigwl pwlwdlbp ghpnn £ GGpYuwjwglb)
(HgaN)NH4F2 duny:

Lniénypnitd Upnbh hhdph YwuwhnOwiht GOopwgwOgh nwuwwpy hwwnywdélbph
swihubphO hwiwwwwunwufuwOnn funanp wOhnbGGGph (Br, ") wewnipjwb nGwpntd npw
wnbpp unwgynid G0 wahOnyndw tpubtph uniynhgh ypobwywa thnepnid.

2HgBr, + 4NH3 + H,0 = [HeoN]Br « H,0 + 3NH,Br:

Apwlp hwawiu unwbnid GG UhnGh hhdph OH funwdpp pprywiht dbGwgnpnh wOhn-
OGny thnfuwphbbny:

Lbutph wgnwnieh, hhdph L winGhwyh hnfuwgnbgnipjwb dwiwbwy Uhnbh
hhdph jnnhnh gnp2 Gunwdéph wrwowgniip winbhwyh L wdnbhntd hnbh npwywywb
rGwyghwih hGuinbwGp k.

2K3[Hgls] + 3KOH + NH3 = [HgzN]I * H,0 + 7KI + 2H,0:
Linphnh thnfuwntb ubtnhyh (1) Ghunnpwwn ogunwgnnétiihu plpwlnid GO unynihgh
Onyb gnpéplbpwgltinp, dhwjt wyb nwpptpnugjwdp, np [Hg(NH3)4](NO3)2: wihUnyndwtip-
up wy |ntéynid t opnia:

Ywpdhp bnudnph, uGnhyh (1) ppndhnh L unhyh' swihwpwlwyny Yyepgdwé fuwn-
Gnipnp 12 op 300°C-nLd tnwpwgbbihu unnwgyntd £ pwg nbnhG pinpnwht thnph' Uh;-
(nGh hhdph wnh $nudnpwiht Gadwbwyp: Lnyh OnLERL | wrwowlnid pGUgnNLd $nudpnph
L $nudhlGh thnfuwgnbgnipjwb dwiwbwy:
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3.9. 12-N1 wURh SUNNGNh dULnaguhauveMre

Pninp Gpbp dGunwnlEph hwdwp hwywnOh 66 Ynnphnhg dhGsl j)nnhn Gpyhwngb-
OhnGGpp (wnynuuwy 3.3):

Uryniuwly 3.3
12-nn fudph Gpyhwingtahnotnph hwwnyneentbGtpp

Uhwgnipyntbp Qnylap {wiwlb 9bpdwu- | Lnuotihnepynibp AnLptnwiha Ywrenigdwépp

wh&wap, °C onnLu*, dny/j

ZnF, whbgntyl 872 1,57 MNniphih Ywrenigywép

ZnCl, -/l- 275 31,8 UGhnGOGph fJuhin nwuwynpnipjwdp
funpwbwpnwiht Yuwwnhnbbbpp wint-
nwpwpfujwé GO pwrwlhunwih
nwwwny hwwndwsbbpnd (dynin-
nphunhG dnw):

ZnBr, -/l- 394 20,9 Lnuylp, hbs CACI-h nGwpnty:

Znl, -1/- 446 13,0 -/1-

CdCl, -/l- 868 7,70 UOhnGGGph fjuhuin nwuwynnpnipncl,
Ywuwnhnblbbpp wnbnwpwpfujwd GO
nipwlhunnwiht  nwwwpy  hwwn-
Jwdébbpnud:

CdBr, -1/- 568 4,20 LniGp

Cdl, -/l- 387 2,30 -/1-

HgF; / > 645 psztﬂjr:ﬁud " dyninphuinh Yurenigjwép

HgCl, -/1- 280 0,25 UniGyntwyh

HgBr, -/l- 238 1,7+ 107 -Il-

Hal, ywnpdhn 257 1,3+10° Ququwplbpny dhwgwd [Hgls)

(aély) pwrwOhuwinbph 26pun (pwrwlhu-
nGnha nwihb a al),
(B aL)™* dniGyniwhl (oppnrndphly B Gl)
* 20°C-nLu:;

** Pwypwyynid £:
** q &lp thnfuwnyynid £ B uh 126°C-nui:

8huyhg Ywnuihnd wbgiwl dwiwlwy dbwnwn-hwingtt Yuwwh hnbwywbnipjwl
wuwinhdwlp atéwbnud £, hOsh hGuinlwbOpny hwingtOphnbtph hwpdwb L Grdwb 9Gpdwu-
nhdwbbGnpp, hhnpnihgh hwOnGw Ywynitbnegintbb waned G0, L wewowlnud £ 2Gpunwynp
pinipEnwihG Yuenigwép: Unhyh hwingtOhnlbpp, pwgwentpjwl $uinphnh, s? stanp
gnygh L dGwnwnh wwndbtph (pwgywéd 5d opphwnwibtph |hqwlnbbph wpdtpwih
aniGYniywp opphuinwi Gph wprynibwpwp yGpwéwéyowb 20nphpy hwdwndtpwihb Ga:

Utunwn-hwingtd Ywwh hwdwpdtpnipniop OGnyGwbu dGéwlnd £ hwingkbh
wwnndh wunniwihbt hwdwph wah hGnbwbpnd npw tGHunpwpwgwuwywinipjwb Gwg-
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dwal swhnd: Lnyb wppnid [hgwbnh nwunwny dnGYniwhbt opphwnw0Gph tGGpghwih
OJwqiwl swihny nhuingnid | dGunwn-hgwln 1 thnfuwgnbgnipjwb nidbnugniy, npp
hwOqgtgbnud £t Sunnphnhg j)nnhnhG wbgbtihu hwingGOhnwiht Yndw Gpubbph Yuwynibne-
Rl Yupniy wah.

Uniwbpu [Znls* [Cdl4]* [Hela]*

K 0,31 2,2+10° 6,8 « 10%°

Uuwhuny, ghbyh, Ywnapnidh b uGnhyh $nnphnbbphb pGnipwgpuywh £ hnbwhG
Ywuwp: Ujnwu hwingtGOhnlbpt niGb0 hwdwpdtpwihbt dhwgnipintbbtphb pbnpny 2G6punw-
Jnp Jwd dniEyniwiht Yurenigywép:

Shayh L Ywnuophnish $uinnphnltph0 pOnipwgpuywl b pnipbnugubgh 066 EOp-
ghwl, wb nGwpentd, Gpp uGnhyh punphnp rwp opnid wlnwndbihnptlt hhnpnihgyned &
opuhnh L wwyhlywb ppyh:

ubonip duinnphnbtpp unwgynid GO ninnwiyh upbptigny.

M+ Fo = MF,,
huy npwhg hhnpwunGBpp Ywppnbwwnbbph ypw wwyhlywh pruny wanbiny, ophbwy.
ZnCO; + 2HF + 3H,0 = ZnF3 * 4H,0 + COy:

UGnhyh dshwpdtp Suinnphnp unynpwpwn unnwgynid b irnwpwgiwl ywjdwbbatpnid
ublnhyh Gpywpdtp $unnnphnh whhwdiwdwubwgniiny.

HgaoF2 = HgF2 + Hg:

Npwtugh unwgywdé ulnhyp rGwygdwb dhowywiphg htrwgyh, rEwygiwb fuwrbtnipnp
pinpwglnid GO.

ngFz +Cly = Hng + HgC|zZ

8unnnnibwy HgClz-p dhowdwjphg hbrwbnid L:

ulnhyh opuhnp 40 %-wlng wwyhywb ppyntd |nétihu unnwgynid £ wayuynil
HgF2 * 2H,0O hhnpwuwp, npp hGunngjwdp hhnpnihgynid £ L thnfuwnpyynid hhdaGuyghb wnh
(Hg(OH)F): <wywinbh t Gwl Hgz(OH)2F4 hhdbwihG uinnphnp, npp unnwgynid £ ubnhyp (1)
dunnpuni pnbwnh hhnpnihgny:

8hGyh fudph wwnpptph Yunnphnwiht Yndwtpubtpp opwiha (nuénypnid wayuynil
G0: Ypwlp Yupbh b unwbOw) dhwyb ng opuwhlb (nuonyplEpntd Ywd whOn $wquihl
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Gnwlwyny: Uuwbtu, K[HgFs] YndwGpup unnwgynd  [Hg(NH3)2]JCl-h L KCI-h juwr-
Gnipnh uinnpwgnudny:

8huyh L Ywndiphnudh gnwu hwingtbhnbtpb wognyb pyniptnuihb Ojnuebp GO, gnnid
2wun (wy (nudynid 60, dwulbwynpwwbu wahnGuwyhb Yndw pu wrwowgltint 2Gnphhy:

ubontp pinphnbbpp L ppnahnbGpp fuhuwn funGwywéndé Ga:

ubonip  pinppnbtpp  unwgynid GO 500°C-nLd Ubwwnlbph pinpwigniing Yud

pinphnbtph wdnbGhwywhb yndwGpulbtph 9Gndwjhlb pwjpwjniiny.
(NH4)2[ZnCl4] = ZnCl; + 2NH; + 2HCI,
(NH4)[CACls] = CdCl, + NHs + HCI:
8hayh wobonip pinphnh unwgliwl Gwwuwnwlwhwpiwp Gnwlwy § dGnwnwywb
ghGyh HgClz-h hGun tnwpwgnidp.
Zn + HgCl; = ZnCl; + Hg:

8hGyh pinphnh fupwn |NLGNLRH (20°C-nLi 100 g opnii’ 367 q) pwnwnpwdwubph
hwpwpGpnipntlp hGuinlyw| b £ [ZnCly] : [H20] = 1 : 2, wyuhbpl wyb spynipbnugwéd dw-
onighy Gpyhhnpwuwn £: <hnpopunfudptph hGwn Yndw Gpubbp wrwowgltint 20nphhy wyn-
whuh |nonypep Ywnpnn b onuéb] pwnwlpwlOniep, wn wwwidweny wjb sh Yuwnbh
dpuinnpb| pnpet Shiunnpnd: Wn hwwnynigjwb ypw £t hpdbywé npw oguinwgnpdniip dugu-
nwpb pneh wnpwnwnpnLwb aky:

Lnup [nudnyplbpnud [Zn(H20)]?* wydwhnGGbph hbin welw 66 Gwl [ZnClaf?,
[ZnCl3(H20)]” L [ZnCl2(H20)4] hnGGEPQ:

{wjinbh GO Gpynt hpdOuwyhG  pinppnbtp wwpg 26punwynp gwlg nlbtgnn
Zn(OH)CI-p L pinphnh nt hhnpopuhnh dGyp GjntuhG htppwqwinn 26nntphg Juqdywé
26punwynp Ywrenigwépny Zns(OH)sCle-p: Ypwlp unnwgynid 606 ghGyh pinphnh nt-
onypeh Yypw hhdp wybjwglbihu Ywa ghbyh opuhnp ghtyh pinphnh fuhwin [nwéniyeh htiwn
fuwrGthu: Ybpoht nbwpnid unwgdwéd quigwop wlnwlwihu dwywip sh thnfuncy,
hGUsp hGwpwynpnipntb £ tnwihu npwbhg ywunpwuwnbint wwnwaoh gtdtow: 8hyh pin-
nhnh (nuonypp («juwdwuinywdé pprn», wjuhtplb ghGyh htun thnfuwgnwdé wnwppnt) oqw-
gnpéyned £ qnniwb dwiwbwy dEwnwnp dwpntint hwdwnp: o yhpwednid | Gwb opguw-
Owywb 0GpYEPH wpunwnpnipjwb dE9. npwbny GEpYYwsd hwyinlb ni £ thunnd: 2pp hw-
nbw 066 fubwdwygnipywb 20nphhy ghGyh pinphnp hwidwfu oguwgnpéynid £ opgquw-
Owyuwb dhwgnipntbbBphg onip wynytint, wyuhbpbt Ynbnblhuwgdwb hwdwp:
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Uwndhndh pinphnl wytbih phs £ Gopwnyynid hhnpnihgh, pwb ghtyh pinphnp, L
dhsk 170°C wnwpwglbihu wdpnnonyhb opwgnyuned £ (s0shG pwGwynipjuip Cd20CI,
opunpinnhnh thnfuwnyytiny):

Uwndihndh wb9nitp pinphnp Ywenigwdé t plnhwOnip Yynnbpnd dshwdnpywé
[CdClg] nipwlhuwntph 2Gpintphg, npnbghg Jntpwpwbgnip snppnpnp Ynyonud £ wew-
ohthG: Wnwhuh hwonpnwywbnipinip pOnipwgpwywb £ funpwlwpnwihb gbnwdél fuhwun
nwuwynpnipjwb hwdiwn ABCABC... (0Y. 3.12):

w n

LY. 3.12. Ywnuinidh pinphnh pinupbnuyha Ywenigwépp. w) 26pntph htppwquwynidp,
P) 06y 26npwih uenigywépp (inkupp Ytplhg), q) 26nun” GEpjuwjwgywé pwqiwbhunh wkupny,
n) 26nwnh ntupp Ytinlihg

CdClz>-h Gdwl pynipbnwbnud 60 Gwb dwgbbghnidh, dwOgwbh, Gpywpeh L 6h pwbh
wyj| OGwnwnbtph wbonip pinphnbbnpp:

Npnywyh pwlwynipjwip Ywnipniih opunpinphn (Cd20OCI;) unnwgynid £ pinphnp
700°C-nLd onntd tnwpwglbiny Ywd pinphnb opuhnh htwn hwdwhwbiny:

{wjinbh 6O Cd(OH)CI L Cdx(OH)sCl hhdbwyhb pinphnbtnp:
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8hayh L Ywnuihnwih ppndhnbtipp unnwgynid G0 Ywpdhp 2hjwgiwb 9Gpdwunhiw-
Gnud hwidwwwunwufuwb dGuinwnh ypw ppndh gninp2hbtpnyg wgnbiny: Ywndhnidh ppn-
dhn Jupbih b unwGw) Gwl 200°C-ntd Gpyhhnpwunh 9pwgnydwdp.

CdBr; ¢ 2H,0 = CdBr; + 2H,0:

Pnpnihnbbn0 hptlg hwuinynepintGbtpny dnun G0 pynphnbGpha:

8hayh Jnnhnp unwgynd £ 600°C-nLd hwyws ghyh Ypw jnnh gninnzhbbpny wg-
nGiny Ywai ghGyh thnznt L jnnh hwdwute juwrtnipnh ypw dh pwbh Ywphy ontp wybjwg-
OGNy (rGwyghwih pbpwgpp Gdwb t Alls-h unwgdwb rGwyghwih pbprwgph):

Uwnuhnuah jnnhnp unnwgyned £ Onyb Gnwowybtpny, has ghGyh jnnhnp, uwyw)b
pwOh np wndhnwdh jnnhnp pinipGnwhpnpum sh wewowgbned, wyb upbih b unwOwg
Owbl opupnp Ywd YwppnGwunp Gnup jnnuiopwdtwywl ppynid (nuétiny.

CdCOg3 + 2HI = Cdl, + H,0 + CO3:
Cdlo-0 nibh 26puinGpnud pOnhwGnp Yynnbpnd  dhwgwé [Cdlg] nipwOhuntphg

Yuaqiywd 2Epunwdnp Yurenigdwép (GY. 3.13): 3nipwpwbsnip Cd%* hnl 2powwwinywd
t kg I hnGGtpny, huy jnupwpwlsnip I hnb' Bpbp Cd2* hnbGbpny:

O O 0
0 0 O O
O ) O
o ,
O 0 e 0
® O ®
® ® ®
O 0 ® 0
O ®
® ® 0 O
0 O 0

LY. 3.13 Cdl>-h 26punwynp Jurnigwépp
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Cdlo-hG pOGnipwgpwywb £ opuwhlG nuénypnid wntinnyndwtipuGtn wrwowglbip
(YunpnOwywb wwnndh yGpwnwuwdnpnidp YndwGpuwhb dhwgnipjwlb wpunwpht L
GGpphUG ninpunnbtph dhol), nph hGuinlwbpny Cdl; hnGOGpp Ywuwwpnud 66 Ywuwphnb L
wlOhnb wrwowglnnh nbn.

2Cdl; S Cd[Cdl4],
3Cdl; 5 Cd[Cdl3).:

<wny t G261, np G2dwd wneinnyndw Gpulbtpp whon yhdwynid wrwbdbwgywé s6a:

8huyh L Ywnuihnidh hwingtbhnbbpp hGwnnipjwidp werwowglnid GG hwingGOhnw-
Jhb YndwGpubtin, nnnGgnud ghGyp dhown nibh snpu Yynnpnhbwgdwb phy L pwrwbhuwnw-
Jha  2powwwunnid (K[ZnCl3(H20)], Ko[ZnCls]):  UnylGhuy  (NH4)s[ZnCls]-ntd  pinph
hhbgGpnpn wuwnndp  dGnwnht dhwgwdé sk, wd wpwnwphlt ninpunwhG wohnG L
((NH4)3[ZnCl4]Cl):

Uwnuhntahb Gnybwbu pUnipwgpwywb £ snpu ynnpnhbwgdwb phdp, uwywyb fun-
2nn wohnGOGpp (ophbwy [Cd(NH3)6]3+) Jupnn GG [CACIsP wOhnGOGpp YuyntGwglh
GrwOynit Gpyppqwihb Bpypwswithnipjwip, huy wbonip dhowywjpnid unwgyned GG
Owbl nipwOhunnwihb hpuwpnp YunihwunOtp, opnhbwy K4 CdCleg):

8unGihnipjwlt wwwdweny ubnhyh (1) pinppnp (HgClz) wOjwbynid £ unytdw
(lwuwn. uniphdwpned «ganwbinge, gunwdép») (Gy. 3.14):

T

15,0

12,5

10,0

T

Stupiwt wpugqnipnil, Uq/d
“w <
=) U\
T T

75 90 105 120 135 150 165 180
Stplwunhdwl, °C

LY. 3.14. UGnhyh hwingtahnlabph glnbihnigjwb Ywiundp ebpdwuwnhadwlhg
1) HGCl, 2) HgBr2, 3) Hglz, 4) Hg.Cl>
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UnyGowl hwyuinOh £ Bnbl nGrbu wpwpe wiphdhynubbphb: Gpywp dwiwbwy wyl
unwOntd thGo ubnhyp L fupuin 660pwywl ppUh thnjuwqgnbgnipintbhg wrwoWgWo
HgSO4-h (II) L NaCl-h fjuwrbnipnp Ywyb pnpwbnplbpnid tnwpwglbiny.

HgSO, + 2NaCi —— HgCl, + Na,SO4:

Ubgnt)t wutbnOwdl pjniptnltph wnbupny unyGdwb Guunndd | pnpwlnph uwrep wwwnb-
nha:

Lwynbh GO uniyGdwh upbpbgh wy GnwOwybtp Lu pippwgnidp, wppwjwonpnLy
ulnhyp (nénudp, hwdwnpdtp pwlwynipjwip wnwpepyntd utnhyh (1) opuhnh [NLénidp,
tnwpwgiwl wwydwbatpnid ubnhyp (1) uniidwnp ne ququihb pinpweonpwdébh thnfuwg-
nbgnipintbp, Hg-h wa HgS-h ni SeCla-h thnfuwgnbgnipinttp b tnwpwgdwl wywydwb-
GGpnud HgO-h ququihl pinpny dwiynidp.

Hg + Cl2 S HgCly,
3Hg + 6HCI + HNO3 = 3HgCl, + 2NO + 4H,0,
HgO + 2HCI = HgCl; + H20,
HgSO4 + 2HCI = HgCl, + H,SOq4,
HgS + S2Clz = HgCl; + 3S,
2HgO + 2Cl; = 2HgCl;, + O4:

UGnhyh (II) ptnppnh hwdwp Yuynib £ géwihb dnGyny GEphg Yuwqidwé dLwhnfunt-
pintbp: Qdwyhb dntYni GGpp ey hnfuwgnnid G0 hpwp hGwn wybwtu, np hwplwb dn|G-
Yni Gph pinph wwnndGGpp (pwiglnid GO jncpwpwbsjnip ubnhyh wuinndh YynnnpnhGwgdwb
rhyp 0hbsL ybg (Y. 3.15):

G*@/ @ Hg

Qa

N
F:// D\
A

Ly. 3.15. Ulnhyh (I1) pinphnh Yuenigwépp
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Unubdwl jwy (nudynid £ Ephiuwhpuinncd, tphiwgbnwmniy, wnwp opnud L hwdb-

Jwwnwpwn Jwwn' uwep 9nnd (20°C-nLd 100 g opnid’ 6,60 q):

Snwihb (nenypnid wjb wObywb § nhungnid L hhabwywOnid hwGnbu t quwihu
an GynbGph wntupny (Gy. 3.16):

—
(]

Nupniwlmpniip,
uny
(=]
n

Nupnibwlmpinilp,
un
Sy & =
o [ °

<
(9]

Nupnibwlmpyniip,
uny

[HgCly* [HgClJ*
HgCl, Hg*
\[HeCl3]
0 3 5 7 11 13 -lg[CIT]
m
[HgBry]* [HgBr]*
HgBr, ng+
[HgBr;|~
3 5 7 11 13 -lg[Br]
P
[Hell*
Hgl, Hg*"
7 11 13 —lIg[I]
q

LY. 3.16. Cuwn YnbgbhGuinpwghwyh® ulGnhyh (1) hwingbGhnltph wwpptip dWGph gnyneynLap
hwgbgwé |nuényplbpnid 25°C-nud. w) pinphn, p) ppndhn, 1) jnnhn

Uniytdwh 0,5 U-wlng [niényph nhungiwl wuwnhdwOp Ywagind [ dnin 1 %:

Linphn hnGGGph 0,1 dny/) (-ig[CIT = 1) Ynbgbbuinpwghwih nGwpnid |NLénypNLd wwnnt-
Guyyntd &G [HeCly?, [HeCls(OH)] L HegClo-h tniyntiGbn, huy 1 dny/y (-lg[CI] = 0) ync-
gbaunpwghwih ntwpntd [nLénypntd gepwyenid 6 [HgClJ? hnGObnp:

ulnhyh (1) pinphnh tnténypl nibh pniyp prywiht pbnyp: Pwndp oGpdwunpswbnid
uanhyh () pinphnp pwjpwyynid £ pwnwnphs dwutnh.

HgCl; S Hg + Cla:

ulnhyh () pinphnh opwyhb (nuéniypp H2S-ny, HaSe-ny L PHs-ny dwytihu wrwow-
Onud GO tnwipptp pwnwnpnegntGbtpny Guinywépltin.

2HgCl; + H2S = HgCl; » HgS + 2HCI (uwhwwy),
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6HgCl2 + 2PH3 = Po(Hg2Cl2)s + 6HCI:

Ulnhy (1) pinphnp thnfuwgnned £ hhdptiph hGun.
HgCl, + 2MOH &S HgO + 2MCI + H,0,

huy uwrp Wwydwbbbpntd NaHSOs-h.
HgCly + 2NaHSO3 = Nay[Hg(SO3)2] + 2HCI:

hOswbu ulnhyh gnu Gpyupdtp dhwgnipntbbEphb, wibwtu b unyGdwihb pbnt-
pwgnwywh t opuhnhs hwwnynipynilp, L, Yuiuywsd ybepwywbqbhsh nidhg, wib Yupnn £
Ubpwlwogbyty thnfuwnpyybind Yw's Heg2™-h, w'd Hg’-h: Wuwbu, onh htwn 2thiw
wuwpdwbotpnd wwhwwbdwb dwiwbwy wybt opny wunhdwbwpwp ypwywbgaynid k.

4HgCl; + 2H,0 = 2HgoCl2 + 4HCI + Og:

UntiGdwih (niényph Upw wbwgh (1) pinphnh wnwppqwihb (niénypny wanbihu
wrwowbnud £ utnhyh (1) pinphnh uwhunwy Gundwép.

2HgCl3 + SnCl; + 2HCI = HgoCl;, + Ho[SnClg):
SnClz-h wybigniyh nEwypnid werwowlnid £ dwbpwnhuwbpu ubnhyh ul Gunnywép.
HgCl; + SnCl; + 2HCI = Hg + Hy[SnClg]:

Lwuwnphnidh $npdhwunp, pppioywpentt, wiwhwywb dbunwnbtph opuwjwwnbtpp,
wuywpphOwpeentld L Gopwdpnudnpwihb ppnibt HgCl-p ytpwywbglnud G0 dhbsl HgoCly.

2HgCl, + NaHCOO = Hg.Cl, + NaCl + HCI + COy,
2HgCl, + HyC,04 = Hg;Cl, + 2HCI + 2CO,,
2HgCl, + KoC,04 = Hg.Cl, + 2KCI + 2CO,,
2HgCl, + C¢OgHs = HgzCl, + CsOgHg + 2HCI,
2HgCl, + HsPO, + H,0 = He,Cl, + HsPOj3 + 2HCI:

UniGdwl ogunwagnnpéynid t pdoynipjub oo npwtu wpryniwytwn hwywbtiuphs L
wfuinnwhw(nn dhong, hswtu Gwb Jwpwyhs yeoGpwywb hhndwbnnigntbbtph pniddw
hwdwp:

Unt Gdw0 fuhuwn pnibwynp £: Ypw dwhwgne swhwpwbwyp Ywagind £ 0,2-0,4 g:

UGnhyph (I1) ppndpnp unnwigynid £ Gnyyb Gnwbwybbpnd, has HgCle-p, hGswbu Gubl
wiuihwywb dwnwnbtph ppndhnGGpny uGnhyh (1) Ghwpwwnh Ywd wppinpwnh
(nLényypUENH Ypw wagnbiny.
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Hg(ClO4)2 + 2KBr = HgBr, + 2KCIO4:

NL0h Gnylb Ywenigqwdépp L hwwnynipyntbOGpp, hGs pinphnp: Pwnpdp 020wl innwy
Unpglnid £ dnGynipwyhb Ywenigwépp hwonpnwpwn thnfuwpydtinyg dh pwbh dLwihn-
funtpynttOEnh, npnGghg d6YG nLbh Cdle-h Ywrenigwépp:

Ndqwpwinyé ubnhyh (1) jnnhnp unwgyned £ ubnhyh L jnnh thnant fuwrGnipnp
wnpnpbhu wd Hg-h Gpywpdtp wnbph |nuénypltph ypw wiwihwywb dGunwnbtph
Jnnhnny wanbihu.

Hg + 2 S Hgly,
HgCl, + 2Kl = Hgl, + 2KCI:

Gpypnpn rEwyghwih dwiwbwy Owfu Guwnnid £ nenha B dup, npb wpwg thnfuwny-
gnud £ Ywpdphp a duh: Un Gpunypp hwiwwwunwuuwbnid E OQunwinh wunhgdwbousph
ywbnbhG, nph hwidwdwyl Gpb G)ntelh ntbh dh pwlOh dLwhnuntgnLbbtpn, www hwidwfu
uygpnid wrwowlnud  npwbghg wibhwwoywynibp:

UtOjwywihb oEpdwunhdwbnid utnhyh jnnhnh updpp dLlwhnfunigintbp Yugidwé
t Grwswih hhaGwydwfupnid pnhwbnip ququpeltpny dhwgwd [Hgls] pwrwbhuntnhg
(ay. 3.17):

@ Hg
Qa

@)

LY. 3.17. Ulnhyh (1) jonhnh Yurenigywépn
UGnhyh jnnhnh thnihnfuwlwntG dlwihnfuntpnibp, npl wewownid £ 126°C-hg

pwndp obGpdwunhAwbnd Yuwpdhp a duh guntint hGuinbwbpny, niGh utnhyp (1) pinphnp
Ywrenigwéphlt Gowl dnEyniwihtG uwenigwép: <wjnlh t Gwbl pnhwbnip qugwp-
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06pnd dhwgwé Hgalio dniEYnL 0Gphg Yuwguiwdé pwrjwly pwrwlhuwnh wnbupny Gwpbow-
gni)b y-Hglo-p:

Ququyhl Swagnid ubnhyh (1) pinphnp, ppndhnb ni gnnhnb nllG0 géwihb Yui-
rnLgywop:

UGnhyh (1) jnnhnp opnud ndqwpwinyé £ L wytih phs £ nhungynud, pwb pinphnp L
pnndhnp: w [nwonyphg wnpdwpeh Ghinpwiinh wgnbgnipjwdp wnéweh jnnhn sh Guwnniy,
L hpdph wagnbgnipjwip ubnhyh opuhn Ywd hhdbwhb wn sh wewowbny:

ClunhwOpwwtu ubnhyh hwingtOhnbbph |nLéGhnLpynLtOp opnud dniGynLwhbt qubg-
Jwoéh wahb gnigpbpwg 0wagnid t:

ulnhyh (1) jnnhnp (wy nuéynid £ opqubwywb (nishsGbpnid b wiwihwywb k-
tnwnbtph jnnhnGGph (nLéneypnLd.

Hgl, + 21" = [Hels]?:

Urnwowgwdé Yndwtput wybpwl Yuwynih k, np sh pwjpwyynid GniyGhuy hhdp wybjwg-
O6Lhu:

ulnhyh (1) jnnhnhg wywwpwunwd puntpl ogunwgnpdynid b npny dwyuyhb
hhjwlnnigntbbtph pniddwl hwdwn:

hOswbu Gpyb) t, pwrwnnniGpynipwuin hnG0Gp wwpniGwynn (nuonyplEN0 wb-
JwOynid 60 Lkutph wgnwOnip L wowhwnhy ypwyunhywind oguinwgnnéynid G0 sGshh
pwlwynipjwip winbhwyh Ywd wdnbhnid hnGaGph npn2dwb hwdwn:

U ywihwywb dGunwnbtph pwrwjnnndtpynipwunbtnp (nuonyplbphg pinuptnwbnid
G0 pwg ntnhG pjnuptnbtGph inGupny: Uin dhwgnipntGbGpnid ubnhyh wwnndlbGpp inbnw-
Ywjywé 60 jnnh wwnndlbph Ywgiwdé pwrwbhuntph YGhGunpnbnud: UagnidwihlG pwpph
dGunwnOGph wntpp opnud phs GG (nedynid L hGauinnipywdp wbowunynid GG opwyhlb |ni-
onyplEphg: MYpwlghg dh pwlhupb pGnipwgpwywb b gnybh thnthnfunipjwidp hwunyw-
G24nn pwquiwdlnipnip: Wuwbtu, wnbdh (1) Ywpdhp pwewjnnnitGpynipwunp (Cuz[Hgls))
70°C-hg pwpap otpiwunhdwlntd nwelnid b 2nynunwnwnsbwagnyb, huy uwrbgbbihu
Gnphg unnwOnud £ GwpuyhG gnybp: Updweh (1) pwewjnnndtpynipwuwnh (Ag2[Hgls]) gwon-
otndwunhdwlbwiht B dLwhnfunigynthb nibh nbnhG gnuyb: Ypwbnid ubnhyh wunndbpp
gpwnbtglnid 60 wOhnbwjht GopwgwOgbph nwwnwpy hwwunywdébtph dh dwup, huy wp-
owph wwnndbtpp ginbynid G0 pwrwyniupbtph yshunpnbned (Gy. 3.18): UhGsl 51°C nw-
pwglbihu wpdwpeh wwnndlbpp nbnwpwudnid G0 pwrwbhunbph nwwnwny hwnywo-
GGpnud: Mwpgyned £, np jpwugywé £ npwbg %-p, wjuhbpl' jnipwpwbgniph snppnpn dwup
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abnud | nwuwpy: Wn nwunwpy hwnydwsébbph nhppp wwngqywé sk, pwbh np wwnhn-
OGpp 02unwwbu inbnwwndynid G0 dh nhpphg gnwup: Uin wywwdweny wrwowgwo
GwnOowywpdhp a duwdnfunigintip whbn EiGYwnpnhuin £, wyuhbGpl whGn Gyne, nph
ElGUunpwhwnnpnwywOnipyntbp hwdtdwwnbih £ EGYunpnihinGEph opwiha (nuényplUtph
tlGYunpwhwnnpnwywbnipjwb htun:

DAg, Hg OI

b F

LY. 3.18. Agz[Hgls]-h B ntinhl (w) L a Yupdhn
(p) dLwihnfunignLGGGph thnjuwnwpd hinfuwpynuibepp

a duwihnfunipyninud |hgpwyhp 60 0Gnwn06ph YwuwnhnbOBpp, npnbp ynuinbOGghwii-
G6ph twppGpnipjwlb wanbgnipjwdp hGownnpbl nbnwwndynid GG pjnepbnh Ywunhn-
Owjhb GOpwgwOgh nwunwny hwunywébbnpnid:

ulnhyh () hwingtopnbtpp hwyjwé 60 wy hwingtbhnbtph hGunn ynyowyh wnbp
wrwowgltnth:

MhGn pinpn-, ppndn- L jnnnatpynipunbtpnud wwpnibwyyned 60 wewbdbwgywé
(ophbwy K[HgBr3(H20)], Na[HgCl3(H20)] » H20, Cs2[HgCly4], Ko[HgCls], Cs3[HgX4]X, npuntin
X = Br, 1) Jwd npwjnid dhwugwé [Hgly] pwrwlhuntphg (Csz[Hgsls]) Yuwqidwdé dhwgnt-
pINLLOGN: Npn2 wnbpnud (Cs[Hg2Cls], Cs[HgsCl14], Tlo[HgXe], npuntbn X = Br, 1) wryw GG
wybih 066 YnnpnhOwgiwl pyny (5, 6) ulnhyh wwndlbp: Ywlg hwywewy whan
dunpnibpynipwnnbtipp (Cs[HgFs], Csz[HgF4]) Ywqidwdé GO plnhwOnip ququplbpny
dphwgwo [HgFg] nipwlhunbbphg: Ypw wwwndwep F hnbh ghnpp awrwyhnb t:
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ulnhyh opunhwingtOhnbtnt wrewewlnid G0 ubnhyh opuphnp L hwingtbhnh fuwne-
Onipnp rnwpwglbihu Ywd npwbp opwihb (nuenypnid Grwglbihu: <wywnbh G0 HgzO2Cl,-h
Gpynt ulk L pwg nbnhG pjnpbnwiht  dLwhnfunugynlbbtn: HgsOCls opunpinphnp
Ywaqudwé £ O(HgCl); L CI hnGlGphg:

3.10. 12-M1 UR,h SUNNGENh +1 ORLULNUSUUL UUShaULNY
<uLnasuvhnutnNe

0wjwé ghtyhlt L Yundhnuihb +1 opupnwgiwl wuwnhdwOp pOnipwgpwywb sk,
pwjg L wlwbu hwyinbh G0 wbwhuh dhwgnipnLtbbtin, npnbgnutd npwbg opuhnwgliwl
wuwinhdwbp +1 E: UGonip pinphnbGph hwinypnid wyn dGunwnOtpp (nté6dwl dwdwbwy
unnwgynid t Ghpwnpwpwnp Mg* Gpydhontywihb Yuwwnhnbbtp ywpniGwynn nhwdwaqbp-
uwjhG nEnhb wwwyh:

NMwpqwo t, np ZnXz hwingtOhnbtph (nuénypnid (ntdywd ghtyh gbntihnipynibp
(Cl < Br < I) Jwyntnuinid Yunpney wénid £, npp ywydwbwydnpwé £ hbnbyw) hwywuw-
pwyzrnipjwadp.

Zn +ZnXy S ZnXo:

400°C-n1u hwywuwpwyzenipintbp pEpywdé t nGwh we, huy dhbsl unynpwyuwh
obpdwuwnhdwl heobgltihu wybt (phy pbpynid £ dwfu: WG hGwpwynp t ogquwagnnoty
dGunwnh dwpnpiwb hwdwn, hbswtu wyniahlp:

Uwnihnwih +1 opupnwgiwl wuwnhfwOp wdbh hunwy hwunwwndtb)
Cdy(AICl4)2-h pjniptnlBpnLy, npb wewowlnid | Ywndhnidh pwrewpinp wyntdhbwuwp
hwinyph L dGunwnwywb Ywnahnudp thnfuwqgnbgnipjwb hGnbwbpny.

Cd(A|C|4)2 +Cd= Cdz(A|C|4)2:

Apwntd wwpniowyynn Cd2* hnlp Ywrenigdwé b ulnhywihl Yiwuntph Gowb (Cd — Cd
= 0,258 (0):

Ywnshnush (1) weppppwwnp Ywndhnuihng 65°C-nud yepwubqbbihu unwgynid k
Cd?" wwpniGwynn dhihdnywpwang (niényp: Npnadty 60 wohwiwdiwubwgiwb hwu-

tnwunntlp.

194



uuoNrauuuyuu ehuhu

[Cd*']
Cd> 5 cd®+ cd®, K=——5-=56,5
) [Cd;']
L wnuntOghwp.

Cd2+ -0,454 Cd§+ -0,354 Cdo:
dbpwywbgbybint hGuwpwynpnipjwip Cd§+ Gpydhonitywiht uwuwhnbp hwdbiw-
tnbith £ U**-h htwn:

UGnhyh (I) pninp hwingtbhnbGnb nbG0 dnGYniwht Ywenigwdép b pwnyugué
G0 Hg — Hg Yww wwpnibwynn géwihb dnGyni G6phg (wnniuwy 3.4):

Unyniuwly 3.4
uanhyh (1) hwyngtohnGtph hwwnynipynubbbpp
Uhwgnipyntlp Qnylp Hg — Hg wuwh <wdwb Lniétihnipjwib
bpYwnnunilp, Gi | 2Bndwunh&wap, °C wipuwnjwp*
Hg.F2 wagnty0 0,251 > 570" [néGh &
Hg.Cl, -Il- 0,253 383*** 1,1+10™
Hg.Br, -/l- 0,249 345*** 1,3+10%
Hgal, ntnha 0,269 140*** 4,5+10%
* 25°C-nLu:

** Rwjpwyynid t:
*** 80nnud £:

ulnhyh () hwingtbhnbtpnid hwplwb dntyni Gph hwingth wwnndlbpp |pwg-

Onud 60O ubnhyh Yynnpnhbwgdwb ninpup dhGsk fupunn wnwywnywé nipwlbhunh wew-
owgntip (Gy. 3.19):

LY. 3.19. Hg,Cl>-h urnigwépp
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UGnhyh (1) duinppnp (HgaF2) unnwgynid b uwep wwjdwbbEpnd ubnhyp unnpny
dawytiny, 40 %-wlng wwdhlwh ppyny Hg2COs-h Upw wanbiny Yud HgzCla-h L AgF-h
thnfuwgnbgnipjwdp.

HgoCO3 + 2HF = HgaF2 + CO2 + H0,
HgoCl, + 2AgF = HgoF, + 2AgCl:

Gpyubnhyh $wninphnp dwlpwnhuwtbpu ubnhyh wrewowgiwl wwwdwreny onntd
dgwlnid £, huy opwyhlb |nénypnid pwjpwyynid t, hbsp (nyuh wqnbgnipjwip wpwagw-
Gnua L.

HgsF> + H,0 = HgO + Hg + 2HF:

Quwquwjht wdnbhwyh Ywd wdnbhwyh opuwyhl |nuényph thnjuwqnbgnipnibp
Gpyulnhyh uinnphnh htun pbpwinid £ hGwnlyw| Yepw.

HgF> + 2NH3 = HgNH,F + Hg + NH4F:

Ulnhyh (1) hwingbOhnbBnhg upbnpp pinphnb £ (Ywindby), npp unnwgynid | wyb)-
gntyny yEpgywé ubnhyph L pinph thnfjuwgnbgnigjwdp, unytdwb ubnhyny ytpwywbqlt-
(ny, ubnhyh (1) Ghuinpwuwnh (nényep Gnup HCI-ny Ywd wiwihwywb dGnwnh pinphnny
dowytiny, htswbu Gwl unyEdwb wowgh (1) pinphnny Ywd opwyhb (nuénypnid SO2-ny
JGpwywaqlbtiny.

2Hg + Cly = HgoCl,,
HgCl, + Hg = HgoCl,,
Hg2(NO3)2 + 2NaCl = Hg,Cly + 2NaNOs;,
2HgCl; + SnCl; + 2HCI = Hg,Cl; + Ha[SnClg],
2HgCl; + SO, + 2H,0 = Hg,Cl, + HSO4 + 2HCI:
Yuwinab) unnwgynid £ Gwb uniyGdwih L wdnOhnidh opuwjwwnh thnfuwgnbgnipjwdp.

2HgC|2 + (NH4)20204 = ngC|2 + 2NH4CIl + 2COa:

PEpJwd thnfuwgnbignipintbp wntnh £ nibGGnid dhwyb (nyuh wanbgnipywdp, L thn-
fuwnyiwl wunhfwOp hwitdwwnwywb § hwnnpnynn (nyuph pwOwyhb: Giuht (nuénypp
wuwuwnpwuwnnild G0 25 g (NH4)2C204-p, 15 g HgClo-p L Hg(NO3)2-h 0h pwlh pjnipbn dGYy
Lhup opnud |nuébny:

YwiniGp uyhunwy, wlhnun L wOhwd pjnepbnwghb thngh £ Swpwglbihu Ywd
opwjhb |nényep Gpywn Grwglbihu wihwiwdwulwgdwb hGunbwbpny nbnbnud k.

ngC|2 = HgC|2 + Hg:
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Ubhwiwdwulwgndbt wytih £ wpwqwinud wnwpepnt ywd pinphnbtp wybiwglt-

Lhu, hGsh wwwndwrp YndwGpuwagnyugiwb hwpyhb utnhyp (1) Yuwnidl k.
Hg,Cl;, + KCI = K[HgCl3] + Hg:

UdnGhwyh wagntgnipjwdp Ywindtip ubnhyh L ubnhyh (1) wdhnwhb yndwtipuh
wrwowgiwld wywwndwreny ulwbnid .

HgCl, + 2NH3 = [HgNH,]Cl + Hg + NH,CI:

<tlg wOowwnywéd Guindwéph gnylnd £ pwgwunpynid wyn Ginugh wajwOnudp
Ywindbl, npp wqaytb) b hnibwpbb «quipnuy» ne «dbjwuy pwetphg L Gowbwyned £ «gb-
ntghy ul», pEL wnb wagnyl E:
Unyl ul Gunnwépp unwigyned £ Gwb hhdph L Ywindbh thnjuwgnbgnipjuwlb dwiw-
Gwy.
Hg.oClz + 2NaOH = Hgo0 + 2NaCl + Hy0,
Hg,O = HgO + Hg:

Wb, np woowwnynid | dwlpwnhuwtpu ubnhy, wwwgnigynid £ Guinwéph htun wnbaéh
rhrtnh hwlwl dwiwbwy wnbdh wdwigwuih thwyntb 26pnh werwowgliwap:

Uwindbip npubnpnud £ L opupnhs, L~ 4Gpwywaqbhs hwwnynigntbbtn: UGnhyp
Ohwnpdtip dhwgnigntbbtph Gdwl hGunnigjwdp opupnwlnud | thnfuwpyytiny ulnhyh
Gpywpdtp dhwgnipntbbbph.

3HgoCly + 8HNO3; = 3HgCl; + 3Hg(NO3)2 + 2NO + 4H,0,

3Hg2Cl; + 6HCI + 2HNO3 = 6HgCl, + 2NO + 4H,0,
ngC|2 + Cl, = 2HgC|2:

Nudtin yGpwywbqbpsbph wgnbgnipjwdip w)bd JyGpwywbqbynid £ thnjuwpyytiny
dGunwnwywb ubnhyh.
Hg.Clz + SnCl; + 2HCI = Hg + Hy[SnClg],
ngC|2 + S0, + 2H,0 = 2Hg + HoSO4 + 2HCI:
Uwihnidh pinphnh hwgbgwé |nuénypnid yuwindbih yGpwywbgbdwl uinwbnwnpun
ElGYyunpnnwihb wnuntOoghwip dwiwbwyh pbpwgpntd gpbpb sh thnfuynty.
HgoClawy) + 2 S Hg + 2CI, E® = 0,2424,
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pnyl t Yuwiuqwd obpdwuwnpdwlhg L JGpwpuwnpgnid b ojneénypny pnyp hnuwbp
woOgywglbihu: Yw Yypw  hhdbdwd Yuindbh oguwgnpénidp bGYunpwphdhwywb sw-
thnudbtpnid hwibdwwnwywl E EYunpnnbGph ywunpwuwndwb hwdwp:
Enpyulnhyh ppndpnp (Hg2Brz) unwgynid £ Hga(NOs)2 Gnup |ntényph Ypw wiwihw-
Ywl dGunwnbtph ppndpnGGpny, uwrep wywydwbbbpnd wybigniynd 4ytpgwd ulnhyp
Upw ppndwonny, HgBr>-h Ypw nwppwswihwwl pwlwynipgjwip ulnhyny wantind,
hGOswtu Owbl pnyp wgnunwppywiht |nuenypnid Hgza(NOs)2-h Upw ppnind wignbind.
Hga(NO3), + 2KBr = HgzBr, + 2KNOs,
2Hg + Bry = Hg2Br,
HgBry + Hg = HgoBr,
2Hg,(NO3), + Br, = HgzBra + 2Hg(NO3).:
UGnhyh (1) ppndhnp onpnid Ywn inisynn pyniptinwihG Ginee £, npp- thnpp-pb;s inw-
pwglthu wihwdwdwubwgdwb huinbwbpny ntnbnud t:
Swpwgliwl ywjdwbabatpnid (neéynid £ juhun wgnunwywb L 660pwywb penibtpned.

3Hg2oBr2 + 8HNO3 = 3HgBr, + 3Hg(NO3)2 + 2NO + 4H,0,
ngBrz + 2H,S0O, = HgBrz + HgSO4 + SO, + 2H50:
Gpyubnhyh ppndhnh L winGhwyh dhol REwyghwb pOpwlNnLd £ hGwunlyw] Yepw.
Hg,Br; + 2NH3; = HgNH2Br + NH,4Br + Hg:

Addwpwinyé Hegalo-p unwigyned £ Hgza(NOs)2-h b wiwihwywb dGunwnlGph jnnhn-
GGph thnfuwgnbignipjwip Ywd Hglz-h Ypw Heg-ny wanbiny.

ng(NO3)2 + 2Kl = Hg2|2 + 2KNOQO3,
Hgls + Hg = Hgoly:

Uwpnip Hgalz-p nbtnhb L, uwywyt dwubwyh pwjpwjdwlb hGinbwbpny unynpwpwn
Ywlws gnyl § unwbniy:

Ulnhyh (1) jnnhnh pinipbnbGtpp nuypunnpuidwbnwywgnyb dwrwaw)pltph wgnbgnt-
puip dininptugtbnnd GG (Gwpbowanyb (nyu G0 wpdwynid), opqulwywb |néhs-
OGpnud Jwuwn G0 (neyned, huy HNOs-nLd L HaSO4-nLd (nidynid GO0 wrwewglbiny utnhyh
(1) wnbp:

Gpyubnhyh jnnhnp thnfuwagnned £ utnphyp (1) Ghunpwunh L wdnbhwyh hGwn puwn he-
nlw| hwywuwpnibtph.

Hg2|2 + Hg(NO3)2 s ng(NO3)2 + Hg|2,
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Heolo + 2NH3 = HgNH.l + Hg + NH4l:

[@ny)] nwpwglbihu L |nyuh wgnbgnigwip wihwdiwdwubwbned k.
Hgol> = Hgl, + Hg:
fudpnid wOohwiwdwubwgdwb hwynwdp ybpuhg GOGppl wénd | Wuwbu, Gpb
utnhyh (1) $rnphnp pwpwyynd £ 570°C-nid, pinphnp’ 530°C-nud, wwjw jnnhnp jnnhn
hnGh wybignityh nGwpnid wohwdwdwulbwOnid £ wpnbl uGOwyuwihb oGpdwuunhdwbnty.
Hgolz + 2KI = Ky[Hgls] + Hg:

3.11. 12-N1 luUR,h SUNNGNPh _ULLUNAQEGLNLALEND

8hGuyh fudph rwpptph MS pwnwinpnipjwdp unydbhnbtpp opnud wonuéth G0, pan
npnud, ZnS-hg HgS-hO w(glbihu (nudGihnipyntbp Gwgnud £ ((nudGihnpywb wipunw-
nnwObpp hwiwwwwnwufuwbwpwnp ntibG hbunlyw) wpdbpltpp 1,6 « 1024, 1,6 « 102 L
1,6 + 10°2;

Lwlh np HgS-p [nionypnid weyw £ ng dhw)l Hg?*-h, wy| Gwl wybih pwpn éuny,
wjn wwuwndwend npw hpwywh (nébhneentGb wydbih 066 £, pwb (nudtihnipjwb wp-
tnwnpuwp: Bpywihb (nuénypntd Ywpnn £ wewowbw| [Hg(SH)2), huy hhdbwihbt dhow-
Jwjpnid [HgSz]z': Uwnnpl GEpywywgynid G0 hwiwwwwnwufuwl hwywuwnpwyenipncl-
O06pp L npwbg hwuwnwuinniG0Bph (nguphpalGtpp.

HgS@nintn) S Hgé;) + S(Zéq), lgK = -51,8,

HgS @pyniptn) + H;q) s Hg(z;) + H2S quq), I1gK = -30,8,
HgS@nintn) + H2S(qug) S [Hg(SH)2]aq, IgK = -6,2,
- 2-
HgSEnintn) + S g S [HgS2] (o), 12K =-1,5:
8hayh unidpnp plnigywb db9 hwlnhwnid £ ghtyh fuwpnuwy (ubwitphw) Ywad
yjnipghun hwbpwuinbuwybtph wbupny: Lwpnpwwnnp Gnwowyny wjb Ywpbih £ unwbwg
ghGyp thnznt, ZnO-h Ywd ZnCOs-h L 660ph fuwrlnipnp twpwgltiny, Ywpdhp 2hywg-
dwb opdwunhdwbnd ghGyh ypwyng wgnunh L §ddpwétuwéth fuwrbnipn wogyuwglt-
(nY, hoswtu Gub ghOyh wnbpp L 660pweonw6th Yuwd uni dhnbtph thnjuwbwydwb rbwy-

ghuwjny.
Zn+S =27nS,
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27Zn0 + 38 = 2ZnS + SOy,
2ZnCO; + 3S = 2ZnS + 2CO;7 + SOy,
2Zn +CS,=2ZnS + C,
ZnCl; + NazS = ZnS + 2NaCl:

8hGyh wntph 9pwyhb |nényphg ququwiht §dopwonpwdtny ZnS-h Guintgiwlb dw-
dwlOwy wyb waowwnynid £ ng ppniptnuwhb (wdnpd) thnpne inbupnd, npp 660pwonpwéth
wybigniyh nGwpnid wewowglnid £ uynta Yyninhnwyhb nuénuype:

MGwp £ 026], np Gdwé Gnwbwyny Guwinnid £ ghGyh ap dwup, pwOh np (nLénypnLd
yninwyynid 66 H hnGGGp, npnbp £0pnud G0 H2S-h nhungnidp L Yupniy Gqwgbglnid
S%-h YnGgblunpwghw(, hGsh wwwnAwreny ZnS wyilw sh Guunntd.

Zn?* + H,S = ZnS + 2H":

ZnS-h Guuntgniudp funsplnnunn wypnunnGGtpp hGrwgltint hwdwn (nuényphl wyb-
(wgynid t Gwwnphnidh pwgwfuwwn, nph wohnGGGpp Yuwnud 60 wypnuninGGtpp LW ZnS-h
GuuinGgiw b hwdwn unbnénid pwpbhuwwuwn dshowywyn.

CH3;COO" + H* = CH3COOH:
Udinp$ ZnS-p wgnunh thowywjpnid 650°C-ntd wwhbihu unwgyntd £ pGwlw
udwiGphwnhb Gnylbwywb pjniptnwyhb ZnS:
RinLptnwihlt ZnS Guuintglbint hwdwnp Yuwntbih £ oguwagnpét| phnihqwbnie (PH >
7) Jwd wadinbhwyh dhowduwipnid ghGyh opupnh L &&6dph thnjuwqnbgnipintblt hpw-
YwOwglb] opwebndwhG tnwtwyny (225°C, 15 pwp £G2nLy).
3Zn0 + 4S + 2NH3 + H,O = 3ZnS + (NH4)2804Z

8hayh unt phnb nbh Gpyne dLwdhnfunipintt’ gwonotpdwunhdwlwihb udwitphwn
(ghtyp puwpnuwy) L pwpdpobpiwunhdwbwha  Yjnipghn (hnfuwnwnd  wOgnuap
1020°C-n1v):

Udwitphunh Ywrnigwépl wéwlgywé t widwunh funpwlwpnwiht Ywenigywo-
phg, npnud hwbgnygbtph YGup qpuntgywa £ ghGyh, huy gniu Ytup' 660ph winnibtpny
(GY. 3.20, w): 8hayh L 660ph wwnnilbEpp hwiwwwunwufuwlwpwn nGnwyw)ywé Go
[ZnS4] nu [SZng] pwrwlOhunnbph YGaupnOnud, L npwOg YnnpnhGwgdwl phyp 4 ¢:
Yinipghwnh pincpbinbGpp Ywenigwé 60 widwuwnh yeguwbhunwihb Ywrenigywdéph hhdph
dpw, npnud ghuyh b 660ph wwnndbtpp htppwaw)nud &G (GY. 3.20, p): hOswbu udw|tpp-
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wnnid, yjnepghunnid Lu ghGyh L §6dph wunndObpp hwiwwwunwuuwbwpwn gunGynid GG
[ZnS4] L [SZNns] pwrwlOhuntph YGhunnpnbned:

@ Zn
Os

LY. 3.20. w) upwtphinp Yurenigywépp, p) Wnipghunh Yuenigywépp

Gpb piniptnwiht ghGyh uni $hnb winpd duhg unnwgynid £ wnbdh (1:10000) Yuwd
wj| BGunwnbOtph hGwnpbph wewnipjwdp, www wjb dtrp £ ptpnid nupnpbgtilundw,
wyuhbpl dpnigywl dE9 |nLuwpdwybint hwuwnynipynil: Pwgh npwbhg, h nwpptpnipjw
hnnwiywipwywb dGunwnOGph unydhnlbbph, wnwhup ZnS-p (nuwpdwynid § Owl
rGOwngLUwh Awrwaqwyplttnh wgntgnigwb nwy: Un hwunynipjwb 20nphhy wyb ogunw-
gnpéynud t rGOngEljwl dwrwaqw)pltph GYwwdwp qqwntt tYypwbbEph Wwwnpwuwn-
dwl hwdwp:

8hayh unyppnbt oguwgnpéynid t Gwb uwhwnwy OGGpyGph wpunwnpnipjwb dke:
{wdwfu wyb ogunwagnpéynid t (hwuwnnbh inbupnd, npp unnwgynid £ ghtyh unypwnp b
pwnhntdh unt bhnh thnfuwgntignipjwip.

ZnSO4 + BaS = ZnS + BaSOq:

8hayh unt $hnb onnid 430-550°C tnwpwglbihu thnfuwnyyntd £ opuhnh b unt -

wunh.
3ZnS + 50, = 2Zn0 + ZnSO,4 + 2S0,,
huy 940°C-nLd° ZnSO4-h.
ZnS + 20, = ZnSO4:

8hayh unt dhnp hhdpbpnud sh (nudynid, pwyg hbunnipywdp (nudynid £ hwbpwyihb

prNLOGnNLY wlhowuwnbiny 660pwonwdha.
ZnS + 2HCI = ZnCl; + H,S:
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Ywndhnwh unydphnp (CAS) plnipjwlb GG hwqywnbw hwlnhwnid t gphbnyhun
hwOpwwnbuwyh nbupny: Wb htwn unnwgynid | dGunnwnwywb Ywndhnudp 66dph hbun
tnwpwglbiny, Ywndihnidh wntph opwjhb (nuényphg §ddpwopwédtny Yuwd wiwihwywb
dGunwnbtph un dhnbtinny Guntglbiny.

Cd +S =CdS,
CdCl; + H,S = CdS + 2HCI:

LUwiujwé Gunbgiwl wywjdwbobphg unwgynn Guindwéph gnybp Ywnpnn £ nknh-
Ohg nwrGw) OGwpOowanyl, hGsp ywjdwbwynpdwé t Gunjwéph nhuwytpudwl wuwnp-
Awlny:

O6dpweonwélny Gunnbgiwl dwiwbwy CdS-h YyhunpnGwnbnhG Gunwdép Ywnbih k
unwlw| Ywnihnudh wnh pwpd nénypny HeS wbglwglbihu, huy Gwpbowagnty(
Gunndwop |nényph pprYytgiwl L obpdwunhiwlh pwpdpwgiwl dwiwlbwy: Npwbu
OGuntbglnn wanwOnie Gwuwnphnidh uny$hn oqunwgnndétiihu unwgynid § hhnpopunwnny
yEnunuinwd Ywndhnwdh unt dhn:

UGS pjniptinbbpnyd Gupbowgnyb wpgwuhp unwgyned b onh pwgwywnipjwlb wwj-
dwbbBpnud Ywndhnidh opuhnp, uwppnbwuwnp ud opuwjwwnp 660ph htwn 2hywglbhu.

2CdO + 3S = 2CdS + SO3:

hOswbGu ghUyh undhnp, Ywndhnwdh unydphnp Lu nlbph Gpyne dLwhnfuncgncb:
8wép obtpdwunhiwbbtpnid Ynipghinp ygwbhunwihb yuenigwépny CdS-p wytbih
Yuwyncl £, pwl udwitphuinh 60wl funpwlwpnuwihl Ywenigwép nibbgnnp: Uwlw)b dh
dLwihnfunipjwb Gneuphb thnfuwnyybint wpwagnigntbp thnpp £, wyn wwwndwreny Gpynt
duwihnfunipntbb6pp hwdwfu hwintu G0 quihu dhwuh(: Lniénypltphg Guinbgywd wp-

qgwuhpp hwdwfu Gpyne dLwhnfunipintbbph fuwrGnipn £, huy 2hywgbtihu funpwOwnp-
nwjhb dLwithnfunipynt00 wunhgwbwpwn hnfuwpyynid § ysgubhunwihbh:

b wnwppbpnigintd ghGyh unydhnh, Ywndhnwsh unidpnp (nuédnd £ shwylt hw-
pwihl penLbtph fupwun (NLénypLEPNLY, wyb t wpwgdwb wwjdwbabEpnLy.

CdS + 2HCI = CdCl; + H,S.
CdS + 4HNO; = Cd(NO3), + S + 2NO, + 2H,0:

Ywnudhniih unidhnp hhdpbpnud sh neéyned, uwywla (neéyned | wiwihwywb ok-
wnwnbtph ghwbhnOGpned.

CdS + 4KCN = Ko[Cd(CN)4] + KoS:
202



uuoNrauuuyuu ehuhu

Onntd 2hywgltihu wipynid £ thnfuwpyytinyg opuhnh.
2CdS + 30, = 2CdO + 2S0;:
CdS-p 400°C-ntd tnwpwgltiihu opuhnwntd £ thnfuwnpyytiny unt $wnh.
CdS + 20, = CdSOq,
hul 700°C-hg pwpdan obnpdwunh&dwanid opuhnh:
Pwpép otpdwunhiwantd 9pwéetny yepwywbgbyned £ thnfuwnpyybiny dGunwnh.
CdS + Hy 5 Cd + HS,

huy opwjhb gninpznt wqnbgnipjwap thnfuwnyynid £ opuhnh.
CdS + H,O & CdO + H,S:

Ywnadhnwh uni hnp Yyppwreynid kb jninuiht 06pyGph wpunwnpnugjwb 069" npwtu
nbnhG gnLOwOynip:

UGnhyh unt dhnp (HgS) Gnybwbu nibh tnwpptp gnybh Gpyne pwqiwélnipnibObn:
WG ubnhyh wntph opwihb |nuonyphg é6dpwonwdth wgntgnipjwdp Guwnnid £ plnipjwb
069 hwlnhwnn ubnhywihb ul Ywd denwyhbnwph wntupny (ul. HES):

ulnhyh pinphnh opwihb (nuénypht wunhdwbwpwn H2S wybiwglbihu Gwju wrw-
owlnid t unidnpinppnh uwyhwnwy Gunywép.

3HgCl, + 2H,S = Hg3S,Cly + 4HC,

nn0 wunhdwbwpwnp thnfuwnpyyned £ nbnha, gnpg, huy ytponed™ ule HgS-h.
HgsS,Cl, + HyS = 3HgS + 2HCI:

Ulnhyh (1) wntnh (nényplbnh ypw 660pwopwslnyg wanbihu uwwuynn uGnhyh (1)

untibhnh thnfuwnbl wrwowlnid £ uGnhyhg L ubnhyh (1) unydbhnhg Ywgigwd ul
Guuinywép.

Hgo(NO3), + HoS = Hg + HgS + 2HNOs:

NEwyghwih Gdwb pbpwgpp hGwnlbwbp £ HgS-h wwn gwdp |nustihnipjwb L ubnhyh
(1) dpwgnipynL006ph wbhwiwdwubwgdwb hwyneap:
Aninphwgniinyg Ywd wiwihwywb dGunwnbtph pwqiwuny dhnbbpnd dawytihu

ule undhnp thnjuwpyyned £ ypndwn wodwdp hwyunnOh Ywnpdhp dLwdhnfunipjwl, npp
ubnhyh Ywplnp hwGpwbniet t: Whondwn Ywnpbih £ unwlw] usbjwywiht 9bpdwuwnh-

Awlnud wwng Uynptiph thol pbpwgnn rGwyghwny.
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Hg + S = HgS,

hGswtu Gwb utnhyp Ywihnidah haqwuni $hnh fupun (nuényph htun twpwgltiny.

Hg + K5S5 = HgS + KyS4:

UhGnjwpp nEnbwynib L uwwnwywpdpwagnyb Gpuwbgbbpny Jwre wndhp thnzh L:
GpwOglbph wnwppbpnieintip ywjdwbwynpywo t Ginuh nhuwbpunigjwdp. yhGndwnph
Jwr gnybh thnphGtpp Yuwqidwé 6O 2-5 dyy, huy dnigp 5-20 dyd swhutpny dwulbhy-
Gbnhg:

ulnhyh unidhnh ub dLwhnfunignibp pjncpbnwibnid £ dtep pbpbind upwitphuinh
Ywrenigwép, wjuhlpl' quwagwplttpny dhwgwé [HgS4] pwrwlhunntphg Ywqguiwé hha-
Gwydwfup t:

UhOndwpp Ywenigwd | -Hg-S-Hg-S- Ubrwagdwiht npwlbph wwnniynpbtphg,
npnbgnid hwplwb ynpwlBph §6dph wuinndbtpp |pwglnid GO0 ubnhyh wuinndGtph Ynnp-
nhGwghw(™ wrwowgltiny wnwywnywé nipwbhuinwihb Ywenigwdép (0. 3.21):

S — Hg — S Ywuwtnh dhol walyntap 172° £, huy Hg — S — Hg Ywuwbph sheol: 105°:

QHg
Os

0,237 ud
N\

UL. 3.21. UhGnwnh Ywrenigwdépp

UhGndwnph thn2hl (nyup vnwy Gpywn pnnbbint htinblwbpny dqubnud £ wunh8w-
Gwpwn thnfuwpyybiiny ul dbwhnfunipyjwb: haGpun dhpwywpnid tnwpwglbhu Yyhonyw-
no gninpzhwbned £:

UGnhyh uniydhnp (niéynid £ opuhnhg penibtipnid, wybih (wy wppwjwennid, npp ng
dhwjb opuhnwglntd k uny $hn hnGbGpp HgS-h pjniptnbbph dwybplnypht, wyl uwnid
t Hg®* hnGObpp Ywyntb Yyndwypuntd.

3HgS + 12HCI + 8HNO3 = 3H2[HgCls] + 8NO + 3H2SO4 + 4H20:
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UGnhyh (I1) ppndhnwiht L jnnhnwihl YndwGpuGBnh pwndn Ywjntlnipgjwdp b pwgw-
wnnpynud fuhuin ppniwopweltwywl b jnnuopwstwywh penibtpnid ubnhyh untdhnh |nt-
oG hnepynLlp.

HgS + 4HI = Hy[Hgl4] + H,S:

b wnwpptpnipntt ZnS-h L CdS-h™ ubnhyh unbpnp |PLéynud b wiywihwywb vk-
tnwnOGph unidpnbtph fupun (NLdnypLEPNLY wrweowglbiny unt dhnwiht Yndwtpulbn,
onhbwy.

HgS + NayS = Nay[HgS]:

Uu rGwyghwh ypw t hhabgwé |GrOwiht wwwnbbphg ynnwph Ynpgnidp:

UGnhUh untibhnwihl YyndwGpultpp opnid hhnpnihqynid G0° thnfuwpyyting Ynhn-
Jwnh.

[HgS2I> + H20 = HgS + HS™ + OH::

<t0Og npwlny t pwgwunpynid dGunwnbbph pwgdwunt $hnbtph hGun nnwpwgltihu
ul ulnhyh thntuwpynedp Yhnygwnh:

b wnwpptpnipntt ghGyp L Ywndhnwdh uncdhnbbph™ uGnhyh unidpnp 600°C-nLu
opuhnuwglthu thnfuwnpyyned £ dGuinwnh.

HgS +0,= Hg + SO,,
huy pnty; lnwpwgliwl ywjdwbbtpnid rGwyghwb Ywpnn £ wy pbpwgp nibGOwy.
HgS + 20, = HgSO4
Ywa
2HgS +30; = ngSO4 + SO,:

ulnhyh unidhnp vwp fupnn 660pwywl prYyny vwytihu wunhfwlwpwn thn-
fuwnyynid £ opnid sinéynn, 2HgS * HgSO4 pwnwnpnipjwip uwyhunwy Guinywédph: Lwbh
np Grwglblhu wyo whowwnnid £ SO hnGkp, huy Hg®* hnGObp sh whowwnid, niunh
w0 whbwp § hwiwnpt] [Hg(SHgE)21SO4 pwlwadlny Yndwtpuwiht dhwgnipntb:

Swpwgiwl wwjdwbbtpnd ubnhyh unidhnp opwéing ytpwywbgbynid k.

HgS + H, S Hg + H,S:

UhGnwpl oguinwgnpéynid £ npwtu |ntuwrtghunnpltph YhuwhwnnpnswihG Ojne,
huswtu Gwb npwtu Ywpahp Gepysph gnlbwbynipe:
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8hGyh tudph wwnptnphg hwjnbh GG uGnhyh L ghGyh™ MS2 pwnwnpnipwip pwqiw-
unt$hnbtpp:

UGgnyb [nyup nidbn pblwlnn HgSz-h pinipbnlbp unwgynid GO 250-300°C-nil
puwn htunlyw| rGwyghwyh.

t
[Hg(SHg)2]Cl2 = HgoCl, + HgS::

390°C-hg pwnén otptwunhdwlntd HgS,-p, whowwnbiny dénidp, thnfuwpyyntd

ulnhyh uni $pnh.
HgSz,= 2HgS + S:

ZnS,-h uyhuinwy Guinywédp wrwowlnid £t ghGyh wntph (nuényplEph L wytigniyny
Jenpgywé phnunt dwuwnh fuhwin |nuéniyeph fuwrbnipnp twpwglbhu.
ZnCl, + 2N823203 = Na28206 + ZnS3 + 2NaCl:

ZnS2-p uluntd t puypuwyyt] 120°C-nLd, pwjg wipnnontpjwdp thnfuwnpyyntd £ ZnS-h
500°C-nuu:

12-pn fudph twpptph® MX (X = Se, Te) pwnwnpnipjwdp ubGuhnbbpp L inbinuphn-
060 pGnhwbnip wrdwdp Gdwb 60 hwdwwwwnwuuwb unydhnbbphb: S-hg Te whgdwl
dwiwlOwy npwbg gnybp dqulnd t: Wuwbu, Gt ZnS-p wbgnyb £, www ZnSe-p nbnh
t, huy ZnTe-p” Ywpdpp: Yw ywjdwbwynpdwé b pwiyngtbhn hnbOGph swihubph dGéwg-
dwlp qnigpbpwg npwlg dbwthnfubihnigjwdp: Hg?* hnGh tké pLbrwgiwdp b pwgw-
unpynid ubnhyp ubGohnh L inGniphnh ule gnylp:

UGnhyh wbiniphnp (HgTe) dhwgnipjulb Gquyh ophbwy &, nph uhlpbap wwnq
tnwnpnpbphg yuwwywé b dwywih aGdwgdiwl htun: Wb pwypwyyned | dhwyb 2620wl wgnb-
gnigjwip (15 hwqwp dd. ubn. u. 8020wl wanbgnipjwip HgTe-p nwlnwn pwjpwjyntd
pwnwnphsGbnh):

8hayh L Ywndhnwih ubiGOhnOGpb nu inbnuphnbbpb oguwgnpéynid GO Yhuwhw-
nnpnswiht inGubhywynid: UGanhyh hwiwwwuwnwufuwb dhwgnipntbGbtpp ntuwrbghu-
nnpbGph hwdwp Yhuwhwnnpnswihb Gyneptp GG:
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3.12. 12-P1 lURH SUMNEMNh U3L 6RusuM™ uhusnk@3ntuueNe

3hayh fudph twpptph® MHz pwunwnpnipjwip hhnphntpp eGpdwwbu walwni,
wbgny0 whan Onuptp G0: Ywbp unnwgyned G0 Getpwihb |nuénypnid Ml; j)nnhnbtph L

Lhehntdh wynidhGwhhnnhnh thnfuwagnbgntpjwdp.
MI; + 2LiAIHs = MH; + 2Lil + 2AIHa:
Npwtu dhowOyjw| wpgwuhp Ywpnn § unwgytp woyuynia M[(AlH4)2] wiwbwn:
8hGyh hhnphnp unnwgynid £ Gwb GeEpwihl (niényenid ghGyh jnnhnh L thphntdh
hhnphnh thnfuwgnbgnijwdp.
Znly + 2LiH = ZnH, + 2Lil:
Onfuwgnbignipjwb dwiwbwy Ywpnn t wewowlw] Gwb ZnHI pwnwnpnigjwip fuw-
rp hhnpnnnhn:
<hnnhnGEphg ghGyh hhnphnp snp onnud Yuynil £ L pwpwyynid kb pwnwnphs dw-
ubph 90°C-niy, CdHz-p' -20°C-nid, huy HgHz-p wllwynitl t wpnkG -125°C-hg pwnén
obGpdwuinhdwbnty:
8hayh hhnphnp hGunnipjwip opuhnwbnid k.
ZnHy + O, = Zn0O + H.0,
huy onh wanbgntpjwdp nwlnwn pwjpuwjyntd k.
ZnH, + 2H,0 = Zn(OH)z + 2H.,:

<wjinbh 60 Owl M(BH4)2 (M = Zn, Cd) pwnwnpnipjwip pnpwbwwnbbpp, npnGp
unwgyntd GO Gebpnid MH2-h L BoHe-h thnfuwgnbignipjwdp, ophlwy.

ZnHs + BoHg = Zn(BH4)2:

Zewnwpnphp t, np dhasl 85°C-p Yuynth ghGyh pnpwlwwnp hbtnwgw tnwpwgiwl
wwjdwbbbpnd pwypwyyned | wywpg Oyneebph (werwbg Gpypnpwb whowintint).

Zn(BHs)2 = Zn + 2B + 4Hy;

Ywnuhniih pnpwbwuwnp pwypwyynid £ Gnyb pbpwgpny wpnblb ubkOwywhb obpdwu-
nhdwlnty:
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12-pn fudph twpptph YwpphnltnG wgtinhibOh wowagywibtn (wgtiinhitohnltn)
GG: 8hayh L Ywnohnoh Ywpphntpp unwgynid G0 hwiwwwunwufuwb dGnwnb wgk-
wnhiGOh hnupntd tnwpwgltihu.

M+ C,H, = MC, + Hy (M =7Zn, Cd),

huy wwjpyntbwynwbg ubnhyh Ywpphnp® ulnhyh (1) wnbph [nényeny  wgtinhibl
wlOgywglbhu.
HgCly + C2H, = HgC, + 2HCI:

8hOyh Ywpphnp pwjpwyynid £ oph, huy Ywndhndh Ywpphnp Gnup peniltnh
wqnbgnLpjwip.
ZnC, + 2H,0 = Zn(OH)z + Csz,
CdC, + 2HCI = CdCl, + CoHa:

UGnhyh Ywpphnh ypw onipp nplt wagnbgniginit sh nibG0nud, huy Gnup peniltph
htwn thnfjuwgnbgnipwl dwiwbwy whowwnynid | wgtitnwinthhn.

HgC, + 2HCI + H,O = HgCl, + CH3CHO:

PtpJwé rbwyghwih ypw £ hhdbwdé wgbunhtohg winthhnh unwgiwb dwiwbwy
ulnhyh dhwgnipintbbtinh (HgSO4) ogunwgnpdnidp npwtiu uwunwihqwwnnp:

8hayh L Ywnipnwih $nudpphnlbpp’ wputlbhnbbpp L wbwnhinbhnbtpp, NGO MsXz L
MXz pwnwnpnipntbObp: Undnpwpwnp G2dwé dhwgnigntbbbpp unnwigynid 60 wwpg
Oinebph thnfuwgnbgnipjwip:

8hayh L Ywndiphnuih® MsP2 pwnwnpnigjwdp $nuphnlbbpp, h vrwpptpnipinitt MP3
pwnwnpnipjwip dnudphnlbiph, pwjpwynid G4 Gnup wnwepyh wanbgntpjwap.

MsP2 + 6HCI = 3MCI, + 2PHs:

Swpwglthu MP2-p thnjuwpyynid t MsP2-h:

8hayh L Yywnipnwih swbn wohywnngtbhnbtpb odunywé GO Yhuwhwnnpngwb hwuwn-
Ynipyntbbtipny:

<wlwuwywb 606 ubnhyh déwlp wohyunngtOhnObph gnnupywb dwuhb nyjwbenp:
Qpwywlnipwb db9 Gpptal Gadnid £, np wyn dhwgnipntbbbpp gninegynia sncbGh, huy
Gpptalb £ GEpYuwywgynid GO npwlg unwgdwl Gnwlwybtpp L Gnybhuy gnybtipp: Wu-
wtu, unig nwnsbwagntt unhyh $nudppn Ywptip £t unnwbw hbnlyw; rbwyghwny.

Polsy + 5Hg = 2Hgl, + Hg3Po,
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ywd k| uwhpwn-Grtpwiht dhowywjpnid PHs-h, KOH-h L Hglo-h thnfuwqnbgnipjwdp.
2PH3 + 3Hgl,; + 6KOH = HgsP, + 6Kl + 6H,0:
HgsAs2-h ul wdnpd thnzh unnwgyned £ HgCla-h L wpuhOh thnfjuwgnbgnipjwdp.
3HgCl; + 2AsH; = HgsAs; + 6HCI:

3.13. 12-N1 luUeh SUNNGNh YNUMLGLRUU3NL UhUu8NHa3NFuLeNL

8hGyh fudph wwpptph M?* hnGGspp npubnpned B0 Yndwpuwiht ShwgntpyntGabn
wrwowgltint pnirb dgunnid, pln npnud, wnwpptp (hgwlnOGph hGn wrwowgpwé
Yndw Gpubtinp ubnhyh watlwyuwynth shwgnipntGbtnb GO:

Gunphpy hwiwnpdbpwiht jwwh twywb Gepnpdwb™ 12-pn fjudph tiwppbph Yndw-
(Gpuwjhb dhwgnigntbbtpp 2wwn wybih Yuynit 66, pwb hnnwiywihwywb dGunwnbbnh
hwiwwwuwnwuuwb Yndwtpuwiht dhwgnipnibbbpp: OphOwy  hnnwiwihwywb oG-
tnwnO6ph YndwGpuwht pinppnbGp0d wybpwb wOywynid G0, np nddwpnipjwdp GO
hwjnbwptpyniy, w)b nGwpniy, Gpp Gnybhuy Ywndhnudp (12-pn fudph tnwippbphg wdt-
OGwpny| plbrwglnnp) nibh Gowb dhwgnipntGbtn, npnGp waowwinynud GO whan yh&w-
ynca:

M?* hnGGENG nLOGG d' EiGYnpnOwhG pwunwle, win wwwndweny npulg wrwowg-
pwéd Yndwtpuwiht dhwgnigntbbtph™ pinupbnwiht nwuning Yuyntbwgnidt wprynibw-
Jeawn st (pinipbnwyhbt nwawnh nbungnib): Uwyw)b wynwhup Yyndw tpuwhbt dhwgnt-
pINLGOGN gnynegynLlh nLbGh, L npwbghg 2wuwntpp Yuwynib GG:

8hayh fudph tnwnpptph YndwGpuwihb dhwgnipntbbtph Yuwrenigywédpwihb phdhwb
npnaynud | npwlp wrwowglnn wwnndbbph swihubpny, tiGYunpwuwnwwnhy nudbpny L
Ywwtph hwiwpdbpnipjwdp: M?* hnoh swihubph dGGwgiwl hewnlwbpny Ybg Ynnp-
nhawgdwl phyl wybh hwywiwyws t Yunoshnwh, pwh ph Zn?*-h dhwgnipyntGatpned:
Pwjg L wjlwbu ghbyph 4tg Ynnpnhbwgiwlb pynd Yndwtpuwiht dhwgnipntbbtn
hwjuinOh &G, snpu YynnpnhGwgdwb phyp hwdwfu npuknpynid £ Ywndhnudh dhwgnipyntl-
GGpnud: Uanhyh (11 géwyhb ywenigwdépny Yndwtpubtipnid pGnpny £ Gpyne, huy pwrw-
OhunnwyhG YndwGpubtpnd™ snpu YnnpnhGwgiwl phyp: 20wywéd 12-pn fudph wnwp-
ntphg ulnhyh wwnndh L hnGOGph swdhubpt wiklwadkésb GG, npwb |hqwlnbGph nupw-
GhuunwihG YnnpnhOwghwO wyGpwa k| pGnnpny st:
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UGnhyh (1) hwdwn yndwGpuwagnjugniip ponipwgpwywb sk, pwbh np Gnyb |hqwG-
nh htun uGnhyp (I1) ShwgnipintbbEph wybih 066 Ywynibnipynibp hwbgtglnid £ uGnhyh (1)
wOhwiwliwubwgiwb: Uuwtu, Hga(NO3s)2-h ypw NHs-h fuhwun |nuénypny wignbihu qniguw-
htr pUpwOnLd 6O rEwyghwObn, npnGg dwiwlwy weweowlnid GO dGwnwywb ulnhy L
ubnhyh (1) Ywunhnbwjhb yndwGpultbp.

2Hg»(NO3), + 4NHs = 2Hg + [HzNJNO3 + 3NH,NOs,
ng(NOe,)z + 2NH;3 = Hg + [HgNHz]NO3 + NH4NOs:

8hayh fudph wnwpptph Yndwtpuwiht dhwgnipntbbtph 066 dwup wywwnywbnid
wbpnOwiht Yndwtpubttph pyhlt: Ywbghg GG, ophGwy, pninp hwingtlbtph™ M[3X3],
M2[3X4] pwnuwnpnipjwdp Yndwtipultipp L My[OXe]-p (npuntin M-p wijwihwywhb dtunwnb
t, puy 3-0° Cd Ywd Hg): Ywnuihniih L ubnhyh hwingtGhnwyht Yyndwtpuwhb dhwgnt-
pINLGGGNPH YwyntbnipyntGG wanwd £ Cl-hg I-hG wbglbihu: [ZnXa]* yndwbpubbnhg wewyb)
Yuynil £ jnnhnwyhOp, wikGwphsp ppndhnwghtp: [8X% Yndwytpulbnh opuwihl nLenyp-
OGph hwdwn npnaqwd Yuynibnipjwb hwuwnwunnibbGGpp ghyhg Ywndhnuohbt wbgbtihu
hwitlwwnwpwn phs G0 wanud (3-6 Ywng), huy ulnhyht woglbhu® fjuhunn 2wuwn (13-24
Yuwna):

[CACI4]* wlhnGGEpp M[CACls] whin dhwgnipniGbtpnid Yugintd GG pGnhwantp
qgwauwpltpny dhwgwd nipwlhuintph 2Gpwntn, [CACIs-p Na[CdCls)-nid pUnhwlnip
nipwbhuwintph unbwyltp, huy [Cdls]-p° Rb[CdIs]-nid pwrwOhuwnbph 2npwltp: Ujuwh-
uny, 0pLOnyls vwppwswhwywb pwnwnpnigwdp Yndwtpuwht dhwgnipntbbGpnid
npwlg pynipinwihb Yuenigwdpep Ywnpnn £ wnwpptn |hG6], L pnhwywewyp® wnwpptn
tnwppwswhwywb pwnwnpnigjwip YndwGpuwhb dhwgnipntbtph Yuwrenigqwdépwihl
hwwundwaébbpp Ywpnn G0 Gnybp |hoG: Wuwntn Gwlwywih ntp ntbG0 wpunwphO npnpuinh
Ywunhnlh swihubpp: hOswGu G24G] £, uGnhyh (1) janhnh qwe wpdhp Gundwéph Upw
wybigniynd ybpgywé Ywihnudp jnnhn wybiwglbihu wewowlnid £ wbagnyl Yuihnudh
pwrwinnwatpynipwwn (11).

Hglz + KI = Ko[Hgl4]:

[Hgls> hnGh gniGwgnipy (hGbp hunwy Yupbih b pwgwwnnt) Gpuand, np [Held?
hnGnLd inbnh £ nuabanud - hnGGEph wybih pny; pbbrwgiwh funinnpntd, pwGh np Hg?*-h
wqanbgnipntGlb wyuintn tnwpwdéynid t I'-h snpu hnbGOGph Ypwi, wyp ns pE Gpyniuh, hGswtu
Hgl>-h nGwpnid: WnnihwOnbpd, 00wl pwgwunpnipintGa hGs-np wenwdnd wjGpwl £
&hawn sk, pwlh nn, hOswtu 0248 £, Yupdhp Hgle-h Yurenigwépwihlb dhwdnpp Gnybwtu
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[Hgls] pwrwOhunb Lk, npuinbn Ywl snpu dhwwnbuwy (Yuwdapowywihl) Hg — 1 Yuwbn,
npnbghg jntpwpwbsniph Gpywnnipynip 0,278 G4 t, npp Gwlwywihnptb OGS £ qéwihl
aniGynentd Gyl Ywwh Gpywpneginitbhg  (gngnp2hbBpnd 0,257 G40): Hglo-h  wie
gnLGwynpnidp unynpwpwn pwgwwnpntd GG 1-hg nbwh Hg?* |hgph nbnwithnfuntiny:
12-nn fudph vwpptpp |hquOn-wOhnbOGph hGwun wewowglnid GG Yndwtpulbbp
ghwlhnuihG® M2[3(CN)4], rnnwlhnwihl’ M2[Zn(SCN)s] L M2[3(SCN)4] (Ywndhnuih L
ubnhyn hwdwn), phnunidwnwiht® Ma[3(S203)2] (ubnhyph L Ywniphndh  hwdwp),
K4[Cd(S203)3] L Ke[Hg(S203)4], L opuwjwuwnwihl Mz[3(C204)2]: 8hGUh L Ywnudhnidp
hwdwpn hwyunOh G0 26GhnGEph tnGuwyh Ypyawyh wnbn M2[3(S04);] * 6H20, ulnhyh
hwdwn ypyawyh unipdwinbtp’ KoSO4» 3HgSO,  2H20: hhswtu Gpyb) £, uGnhyb nibwy £
wrwowgltnt Yyndwtpultp untbhn hnbatph htwn, ophlbwy K[HgS2] « 5HL0:

8hayh fudph wnwpptipp Ywunhnbwihb Yndwtpubtip G0 wrweowglnid sGanp |hqwln-
G6ph, dwubwynpwwbu™ wdinbhwyh hbw: [Zn(NH3)4]2+ hnbh uynitbnigynibp Gpyne up-
any pwpdp t [CA(NHs)J?* hnGh YwjniGnipinibhg: Ywndhniip Ywpnn b wrewowglhb
winGhwyny wytih hwpniuin Yndwybpulbn, ophGwy [CA(NHa)sl?*, pwig npwilp wwlwu
Yuynib 6G: UWdnOhwywihb yndwtpubtph wrwowgiwl htGuinlwbpny ghGyh L Yundhnidh
hhnpopuhnbtpp |ntéynid GO wanbhwyh opwihb [nLéniypney:

UdnGhwyh hbwn jnipwhwunnty Yepwny £ thnfuwgnned Bpwndbp uGnhyp: Hg? -p
2wwn nudbn pLbrwglnn wqnbgnipjwl hGunbwbpnd opqulwywb dhwgnipntbbGpnid
wrwowglnud t wéfuwdhb-wgnun Ywwh Gdwl ubnhy-wgnun 0wl hwiwpdtpwiht Yuw
(oppbwy waphGaobpnLY):

nwihb nuénypltpnly, Ywiujwd wywjdwbbtphg, utnhyh hwingtbhnbtph L wadn-
Ohwyh thnfuwgnbgnipjwlt dwdwlbwy wrwowlnid GO wnwpptp pwnwnpnipntbbbnny
dhwgnipyntbbtp (GEpYuwywgynid £ pbtbwnpyynn wnmwpptph’™ wgnun wwpnibwynn dhwgnt-
pintGOtpnd): <wynbh G0 Gl ubnhyph® w) pwnwnpnigjwdp winbhwywihb Yndwtpu-
Gbip’ [Hg(NH3)4](Cl1O4)2 L [Hg(NH35)4]SO4:

ulnhyh® wgnun wywnnibwynn dhwgnipntbbtph Ywenigwdpwihb niuntdbwuppnt-
pintGbGpp gnyg GO0 wndbl, np npwbgnud Hg — N Yuww wwnpniGwynn pninp snpu inbuwyh
YndwGpuwiha dhwgnipntGOEnG £ hwyunOh GO.

1. [HaN-Hg-NHs]?* Unqyuyuyht hnaobp [Hg(NHs)2]Xa-nL,

2. -NH2-Hg-NH2-Hg- pnpwltin [HgNH2]X-nLy,

3. Hgs(NH2) 2tpintp HgaNHBr2-nLy,

4. Grwswih hhabwydwfuplbtp [HgaN]X-nLa:
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12-pn fudph wtwnpptph stgnp YndwGpuwihb dhwgnipintbbtphg htunwpnppntentG
G0 OGpYwywglnud B-GpyyEunnGwunbtpp, ophtwy wgtwnhjwgbunnbwwnbtpp ([3(AcAc)2)):
h wnwpptpnipintt fubiwwnwht Ywenigwdép nibbgnn ghGyh L Ywndhnudh Gpyytunn-
Gwuwnbtph™ ubnhyl wrewowglnd t Hg — O hwiwnpdtpwihb Yww wwpnibwynn pwg Yw-
rnigwdépny Yndw bGpulbp.

CH,
I
CH,—C—CH=C—0—Hg—0—C=CH—C—CHj:
|l | |l
o) CH; 0

Cuwn Gplnyphl, pwg Ywrenigwépny ubnhyp (1) B-Gpyytuwnbwwnnud Hg — O hw-
dwnpdtpwihl Ywwh wrwowgdwl toEpghwl qquihnptt wytGih 066 £, pwl wyb tOGp-
ghwl, npb wbowwnynid t Jeguwlnwd onwyltph wrwowgiwld dwiwlwy fubjwunwih
Gplnypeh htwnlwbpny.

3.14. 8hLUh Ueh SUMNGENh YGLUURLULUYUL NEN0

8hayp, Ywndipnudp L ulnhyp ywwnywlnd G dhypnunwpptph pYhl, pn npnig,
ghGyp pGnipwlb oG9 wybh wwn b nwpwéywd, pwb Yuwndpnidb nu ubnhyp, L Ywbph
hwiwp wOhpwdtn vnwpn t, wb nGwpnud, Gpp Yundhnudb ne ubnhyp, dunwwtu
agunOytiny dwpnne L Ynwbhbtph opqwlhqubtpnid, ywunywbnid G0 fuwrbnipnuwihG
dhynnuwpptph pYhb: 70 Yg qubgywény dwpnnt opgwbhgintd wywpnibwyynid £ dnun
3 g ghly: UtlnwUhbbph opgqwbhguinid Ywndhnudh wywpnibwynegntp dnun 1 10* % t,
huy utnhyhtp® 108-107 %:

UJuwdé hpb dwiwbwybtphg™ ghtyh dhwgnipnibbEnt ogunwgnpéynid GO pdolyw-
Ywl wypwyuinhlywynud: Wuwbu, ntrbu 5 hwgqwp tnwph wewe GghwwwghOtpp ghGywihb
puntplbnb oquwgnpénid thb JGppbpl wpwg pnidtine hwdwn: 8hGyh wbhpwdtuinnt-
pINLGO Nt whhnfuwphbGihnipnitop dwpnne L pneuwywOnigywl hwdwn hwunwwnybp £
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100 wwph wrewe: 8ShGyh wwywu unynpwpwn Yw wpbpnuytpngny, hnnwpenppend,
rLOwwnhgdiny, ywnpnh gtengnd, wiwhnhgdny, upwnwihb nu nienigpwiht hhywbnnt-
pintb0GpnY wnwrwwnnOtph opqwbhginid: Mwpqybp t, np wewyt], wnh L wrewyb)
pwngn ubOnh, hwywptnibwynphs hwptph L Ynpuinhgnbh wwuwnpwuwnniybtph ogunw-
gnnpoliwl htnbwbpny opgqwbhguinid werwowbnid £ ghGyh ywywu:

8haylh wuhpwdtiwn | hwunywwtu dwpnnt opqwbhqih qupgwgiwb Jwn 2powbnid
nuypwjhb ayubbtph dbwynpdwl hwiwnp: GpGjuwbtph Jwwn wiunpdwyp, wih nwbnw-
nntap, nuynpbtph swynunytlnipjwb dEdwgniip, dEnwnwywl wewnpywlbp nunbne nu
Yntp tnwignt gwaynigyntbp L dwgbph ywun w&p yuwywé 60 ghGyh wwywuh htwn: Ghpw-
npynud t, np ghGyh wwywup Ywpnn t twhtwupwih werwowgiwl wywwndwr nwrbw):
Yhuinwdah( A-O wprynibwdtwn £ dhwyb ghGyh welw)nipjwdp:

GlUpwnpyned £, np npnwyh Yuw w dwpnne $hghywywa, dunnwynp ntbwynipynil-
GGph L opqubhquinid ghGyh wwpnibwynipjwb dhol: Wuwbu, pwpdp wrwownhdintpintl
ntbtgnn nuwlOnnOGph dwgbpnud wybh 2w ghty § hwyunbwpeGnytb, pwb niudwb oG9
htun dbwgnnbtnph:

Cuyswfunh dE9 hwynbywéd dwpnywbg opqubhquintd ghyh wwpnibwynipynibp 3-
5 wigwd Gnpdwihg wwywu t: Ypwlnd 60 hwdwiu pwgwunpnid Ojwpnwihb fuwbgw-
pnLabtp nlbtgnnbtph unwidnpuwnhpwiht tpwywnned fungbiph werwowgnLip:

Opgwbhguntd ghtyh wewybiwagnyb ywpnibwyneginitd gpwbgyned £ ubrwywb hw-
untOwgiwb 2powlniy, wjlnthGunb wyt Gwgnid £ L dGpnipjwb hwuwyned hwubnud 0yw-
quwantjth:

8hGuyh wybigniyp ubbnnid Gnybwtu Junwbgwynp t. wyb &6znd £ Gpywe ywpnt-
Gwynn fudnppsbtph wywnhynipgyncbp:

8huybt opqwlbhgintd Yninwyyned £ hpdbwywbnid dywbbbpnid, gwpnnid L Gopw-
unwinpuwhb gbnédnid: Ypw nbpp opgwbhgqih YGhuwgnpénibbnipjwb hwdwp wwjdw-
Gwynpywé £ Gpwbnyg, np wylb duinbnud £ wbwunhnbtph, uwhwunwynigbtinh, pwpn Gebpot-
nh hhnpnihgp L winbhpnbtph wrwewgniip Ywuwnwihgnn 400-hg wytih dGunwnwfudn-
nhsGbph pwnwnpnipjwl Gke: hudnphsGbph pwnuwnpnupub dke dinGnn Zn®* hnGGkph
wantgnipjwip wnbnh t nlGGOnud oph dnGyni ph L opquibwywb Ojnebph pLbrwgnLy’
hw(gbgltiny npwbg wwwwpnunnbwgdwn.

Zn** + H,O 5 ZnOH" + H*:
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8h0Yy wwpnibwynn judnphsbtphg wewytb| hGunnwgnunywé t dnun 260 wahbwppnt-
OGGph AOwgnpnbtphg Ywqijwdé Ywppnwbhhnpuqw (uwhwnwynig): Uin fudnphsnid
ghGyp hjntujwépbbpnid wrwowgwé CO2-p thnfuwpynid £ hhnpnyuwppnbwwn hnGh L wé-
fuwpprYyh, nnt wpnttny wnbnwithnfuynid £ pnptpp, npuinbnhg wéluwppnt qugh wnkupny
nntpu £ quihu opqubhquhg: Wn nwndbih rGwyghwb wanned £ 20swenipjub gnpépbpw-
gh wpwgnipjwb L opqwlhgind ququihnfuwbwynipjwb Yypw: ludnphsh pwgwyuwyne-
pJwl ntwpnid CO;z + HoO S HCO™ + HY ntwyghw, Gpp wpjwb pH = 7,3-7,4, pGpwlnud k
owjpwhbn gwép wpwanigjwdp: YwnppnwOhpnpwqwih dnEynyntd ghGyh wwnndp Yuww-
Jwé b hhunnhnhl wihbwppyh dbwgnpn tGptp hdhnwgniwht fudpbph hGunn L hGunnt-
pjuwip wwwwpnuinGwbnid £ thnfuwpyyting ynnpnhbwgywd hhnpopuhnh:

USluwppnt qugh dntyni Gph wéfuwébh wuwnndbtpp, npnGp Ypnud G0 dwulbwyh
npwywb hgp, hnfuwgnbgnipjwb dGo GO duinbnd hhnpopuhy fudph prywdéth hbwn: Uu-
whuny, Yynnpnhbwgywé CO2-h dnitynip thnfuwpyyned £ hhnpnywppnbwun hnGh, npp,
nbnwywiytind opp anGyniGtpny, htrwbnid £ fudnphsh wywnhy YGhunpnbhg (GYy. 3.22):
tudnphsp rGwYghwih wpwagnipNLbp dGGwglnd £ 10 dhhnb wbqw:

His-96

%ﬁ-{z& His-119

= ~ /=N

N Q N
N/ =7

O @z

LY. 3.22. YwppnwOhhnpwquw. w) fudnphsh wywnhy YyeGunpnah Yuenigdwdpen,
P) CO2-h nwndtih hhnpwunwghw( wywnhy Yehinpnbh Ypw

8huYy wwpnibwynn hGuntthG hnpdnbp Ywpgwynpned £ wéfuwenwihb thnfuwGwynt-
pINLhp, wagnntd £t wpwb oG9 wpwph ywpnibwynipjwb ypw L oguinwgnpéynid £ npwytiu

2wpwpwfuinh ywuwunpwuwnniy: 8hay wwpnibwynn poholttph ypw nibbOnid £t hwywyh-
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pniuwihb L hwywpenibwynphs wqntgnipinia: C yhunwdhGh htwn ghtyb oguinwagnpéynid k
Unynpnh hhqwlnnigntbbtph pniddwl hwdwnp: 8hGyh wwuwnpwuwnnytph dhongny
JGpwywbqbynid £ wunpdwyp:

Opgwbhgunid ghGyh wwywup Ywpnn b wewowgllb] JwhwlOwdl gtndh gnpdw-
rnyph juwbgqwpnuiltp, pwpnh hhywOnniniGObp, ubbGnnud uwyhunwynigh wybigney,
pnnGfuhwn L wy) pnppnpwhl gnpépbpwgltn:

8hayp pnibwynp sk L hntujwéplbpnud sh Ynenwyynid: Wo opqubhgqihb wbhpw-
dtywn t, uwyw)b wytbih jwy £ npw ywywup (pwglt] ubGnwiptneny L ns G nGnwadp-
ongltpny:

8huyny wybh hwpniuwnn GO dhup, Ywpep L éntb: 1 Yg-nid dnun 25 dg ghly GO ww-
pnitbwyned fubdnpp, Gwphbep, Yphwpnbp, pniphbop L pwbowptnth npn wnbuwybbn,
huy watlhg 2wuwn (130-200 dq)’ gnptlh phithp:

Opqwahqdntd ghGyh L wnbadh, hbswbu Gwb ghGyh L Bpwpeh dhel Yw dpgwygnt-
pINLh, win wwuwndweny ghtyny hwpniun ubbnh hbwn wbwp § ogunnwgnnot| Gwl Gpyw-
rnY L wnbdny hwpniuwn ubniln:

Ywnuihnidp Ynenwyynid £ hhdbwywbnud Gppywdbbpnd (lmwphph hGuin nphw wyw-
pnLawynipyntbp dGéwbnud k), hoswtu Owbl ywpnnid L npn swhny wpjwb dGe: Gphywd-
OGpnud wyb Yniinwyyned | uyphunwynigbbiph htuin fudnpdwb gnpépbpwghb dwubwygnn
YndwGpubtiph wmbupny: Bwihwbgtiny opqwlhqd™ wndhndp fupwlnid t fudnpphsGtph
waqnbgnipyntbp, hGsp hwbgbglnid £ dGwnwpnihgih L npny gnpéplbpwgltnh nwnwnh:

Uwnuhndp L npw dhwgnigintbbtpp fjuhuwin pncbwynp GG: Opgwbhqind npw 50-60
0g-hg wybh swihwpwlwyl wrwowglnid t dwh: Ywndpnudh L Ywighnudh hnbwyhb w-
rwyhnbtph dnuinhynipjwl ywundwreny hGwpwynp £ Ywighniih L undihnidh thnfuwwnt-
nntd: Pwgh npwOhg” Yunuhnudh hnGbGpp Ywpnn G0 ghnfuwgnt npn wihbwppnibtnh,
fudnppsOGGph L uwhwnwynigbtiph unydnhhnphiwihb fudptph hbwn: Wn nbwpniy, npwtu
ywbnb, wewowlnid GG wOniébh dhwgnipnibbbp, hOsp hwOgbglnud t fudnphsbtph
wywnhywgiwl L uyhwunwynigbtph dwywpniwb £020wb: Ywndhnwdh hnbO0Gpp dhwdw-
dwbwy 2powthwynid G0 Gpyne SH fjudptin: Wn rGwyghwlbpnud §6dph wunndbbpp Yw-
tnwpnid GO EGYunpnGGEpH nnbGnph, huy Yundhnidh wwnndbbpp wygGwunnph nbp: Udtih
pnLwynp G0 Ywnahnidh (nuébh dhwgnepntbbtpp, npnbp, (nuéybiny (hwhnbbpniy, ht)-
wnnipjwip wagbnid GO poouwhb pwnwbplEnNY:

Uwnuhniiny pnibwynpnid unynpwpwp wewowlnid k, Gpp npwtu ubniln oqunw-
gnpéynud 6O Gwypwytpwiwyiwb L dGunwnwiwyiwl dGrGwpynipynttbtpha dendw-
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Yw hnnGpnud watgwéd hwgwhwwhyb ne dpgtpp: Ywndhnudny pnibwynpiwl wiuwnw-
Ohp06p GO dywbbGph wOwnwlGh gwydp, nuynpbtph Ynuinpybp, Ydwpuph dLwhnfunt-
pinLhp, pnpbph, Gphywiltph L wy opnqubltph gnpénLbbnLpwl fuwbgwnnidp:

Otuwfununh 6fuh Ghynwnhbh pniGwynp hwwnynipintbbbpp, npwtu Ywlnb, wwjdw-
Gwynpywé G0 npwbnud Ywndhnidh wwpniwynigjwadp:

LUwnuihntilb opqubhquihg nnipu b quihu wpunwenpwbph L dkgh dhongny: Ypw hw-
Ywpenyl t ubbOp, pwyg ubtOny hwpniuwn ubbnh oquwagnpéniip hwbgbgnid £ §6dph
wuwnniowynipjwb Gjwaqiwa, hGsh hGunbwbpny Ywnihnidp Gnphg nwirGnid t pnibwynp:

Uwnuhnwaph® opqwbhqiht wOhpwdtn swhwpwOyh gbpwquwbOgnidp Ywpnn L
wrwowglb] wnuwyhb thhnfuwlbwydwb fjuwbgwnnid: Ywndhndh L Gpwph dhol gnjniintl
ntuh wawnwagnbhqud, nph hGunbwbpny, ophbwy, dwbgnunywsé opwwnwp funnnwybtpnid
Gpywph thnfuwptt weyw t Ywndhned, nnb opgubhquh hwdwp Junwbgwynnp pbwadp :

UGnhyp nwuynid t niinpuwidhypnuinwpptph fudpht, npnbg YnbgtGhwnpwghwl Yeo-
nwbh opqubhqintd Ywqgunid £ 0,001 %: Ypw s0sh0 pwlwynipntbb wlhpwdtuin t op-
qwlOhquh Ythuwgnponibbnipjwb hwiwp. wyb dwubwygnad b pnibwqbpddwbbt wrbsynn
$hahninghwywlb gnpépbpwgltphb: Swinwhtn thnpp swihwpwbwyny (0,1 dyg) Ywin-
uGp L unibdwb d66swglnud GO0 quddw ginpnih0h pwlOwyp wpywb 2h&nynid, fJupwlnid
OjncpwthnfuwOwynenbp:

Uhypngpwiwht pwlwynigywip wnwpptph ywpniwynigywb d6éwgdwlb dwiw-
Gwy ubnhyh dhwgnipntbbtpp fupunn pnibwynp wanbgnipintbbt opqwbhqih ypw Yuww-
Jwé b uwhwnwynigbbph pbwthnudwb L wnwpptp $EpdGaunwnhy gnpéplpwglbph
tnwnpebp 2npwltph 2powthwydwb hwunynipintbbtph hbwn:

Utunwnwywb ubnhya hapbhb pnibwynp sk, hGsh dwuhl Jywynud £ wogjwintd npw
ogunnwgnpénil wnhpObph fugwldwl dwiwbwy: Uwywyb ubnhyp gninphbtph GGp-
20snap nLpe yunwbg £ OGpYwywgbned. wyb ninGygyned £ pGpwbnid dGunnwnwywb hwdh
wrwowgiwdp, pnhwlnip pninipjwdp, Jwqupwihnipjwdip nt funuph fuwbqwpiwdp, L
npw nbwywb wqnbgnipintbp Ywpnn £ hwbgbglt| dwhyw:

Ubnhyh dhwgntpntbbtph Ywd gninphbtph wrwoht hwywpenyp dyh uwyhunwynigl
L thufunid wrwowglnn wwuwnpwuwnniybtnp:
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QLNku 4
MuUMrPGNUYUL UUuUvUNah 3-Na unkupe

4.1. uyuuhnrU 64 <Uu24ua3nts <N1U3huL surNcN:
uysShuhNiy 64 uyshunhaucP

Uywlnhnudp, huaphnudp, (wOpwOh L wywnhGhnudh hGuin 3-pn fudph dbe duinOnud | f
tnwnpbph Gpyne pGunwbhp: POswGu hwynbh , npwlg wwnndbGpnd inbnh £ nlbGanud f
Gopwiwywpnwyh (pwgnid: Wuwbtu, (wapwlht hwonpnnn 14 wnwpptpnud (Ce — Lu)
(pwgynud £ 4f Gopwdiwywpnwyp: Wn vwppbpbd wojwoyned 60 4f vrnwpptp wd (wo-
pwlnhnbtp (Ln) (pwrwgh Gowlwynid | «qwbpwah Gdwb»): Lnyb duny 5f tnwpptpp (Th
— Lr) wojwbyned 60 wyuinhbnhnltp (Ac):

3-pn fudph d nwpptpp, (hotng ns?(n - 1)d’ EBGnpnGwihG nipdwaény, (phy Gdw-
OGwybtn, noG0 dh pwpp pnhwbnip phahwywb hwwnynegyntbbtn: 20wjwéd dLuwywbnptl
wyn wnwpptpp nwuyntd 60 woagnudwghG dGunwnO6ph pyhlb, phihwywb dhwgnipinib-
OGpnud nubGb +3 opuhnwgiwl wunhdwb, d EGYLnPNGOEPD pwgwywynud GO L gnpébw-
YwOnud npwbg phopwih ypw 360 wagnnud: <wnyuwbtu npwOny 3-pn fudph wnwnppbph
dhwgnipntGbtpbt hptbg hwwnynigntbbtpny tnwppbpdnid G0 wognudwghh dGunwnbtph
dhwgnipyntbbtphg:

LlwbOpwlOp gtOGwnpynptl Ywwywd t (wlpwlnhnbtp wOadwOynn 4f wnwppbphl:
LwOpwOnhnbtphl £ dgunnid Gwl hunphnudp, hOsp pwgwunpynid £ Gpwbny, np npw hn-
OwjhG wrwyhnp 2wwn dnun  4f tnwpptph 2wpph Gpypnpn Yeuh (wbpwUnhnbGph hnbw-
Jnhb 2wrwyhnbtphG: Wuwhund, hunuphnudp, (wlpwOp L 14 jwlpwOnhnbtnbt hptbg hwuwn-
ynigyntbbtpny Gdwl GG L pOGnigywb dG9 hwlnhwnid G0 dpLOnyb hwbpwbynietnnid: Un
pninn 16 twpptnb pnniodwé £ wajwib] hwgywagniin hnnwiht wrwwppbp (wjuncthbu®
L£8):
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«{wqyuwgniin hnnwyht wnwpptp»  wOojwOndp wywhwbonud | pwgwunpnepniG:
UhOsL dGnnwnwiywb yhdwyny ££S-G6ph unnwgniip opnid wbjnuétih L ndjwpwhwy thn-
2600wl dhwgnipjntbO6ph innbupn wrwbdbwgytb] tht npwbg opuhnbbpp: UhGsl 18-19-
nn nwnbpp winwhuh Gnuebpt waqwaoynid thb «<hnn» (AlOs™ Ywywhnn, MgO' nwrp wn):
Lwlh np ££S-06ph opuhnltpp hwqywnbw tht hwlnhwnid, wn wwwdweny Ynsyned
thG «hwgyuwagyniun hnntp»: <Guinbwpwp hwgyuwagjniuin hnntpp npwbg opuhnbbnl GG L ng
REG tnwnptpp Ywd wwng Gnuebpp dGunwnbtpp: UWn ywwmdweny dGunwnwywb hwwnynt-
pINLG0GN npulinpnn wwng Ujneetpp wbwp t wajwib] hwgywagniun hnnwhb dGunwnbGp,
wy| ng PG hwqgywagniun hnntp Ywd hwguagniin hnnuyht wnwppbp: BGL «hwqywgnin
hnnwjhG wrnwpp» wOojwOntdt wpnbt hGwgtb) £, wjniwdtbw)ohd, wyt 2wpnibwyyned £
Uhpwryb:

3-pn [udph wewohl wnwppp 3d dGwnwn uywbnhndp, thnpp wnndwihb 2wrwynh
20nphhy tnwipptpynid £ hwgyuwagjniun hnnwjht tnwpptphg:

UywnhOhnuip L wywnhOnhnbtpp dwrwquwjpwwywnpy G0, huy dwuwdp |pwgwé 5f
onphwnwyibtpp, npnbp dwubwygnud 6O Ywwtph wrwowgdwlp, wjn tnwnptGph phdhw
nwpptnpnld G0 fudph wybih pbpl wwpptph phuhwjhg:

{<£S-06pp nwuwywnpgbihu wwpaqut] £, np pbpl (wbpwlnhnbtnb hptbg hwunynt-
pintGbtpny dgunnud GO nbwh (wOpwGp, huy SwOptpp nGwh huiphnwip: Yw Yypw
hpdbdwé wyb, np gpnwywbnipjwb dt9 jwlpwlp L wewohl ybg (wlpwlnphnbtpp (Ce —
Eu) hwiwfu nwuyntd GG gphnudwhla GUpwiudphl, huy hunphnudp b «dwbp» (wbpw-
Gnhnbtpp (Cd — Lu) hunphnidwyhb GOpwfudphl:

Uywbnhnidp, huuphnudp b jwbpwbp d tnwpptp G0. npwOg wunndGtpnid uyuynid k
d Gupwdiwywpnwyh |pwgndp: Uwwyb jwbpwbhg gephnidhb wbgbtihu tiGYunpnGGGnp
gpwnbtglnud 60O 4f dwywpnwyp, nnpb taEpguwtu wybh Yuynitb £ (wynuuwy 4.1): Uju-
wbu, sgpngrjwd gbpphnidh wunndnud wywhwwOyned £ a6y d g GYunpna, huy uuwéd wypn-
gtinnhniihg 5d Ghpwiwlwpnwyp d0nud £ pwihnip, f fiGYunpNGGGEPH phyp gGphnudwihG
GOpwiudpntd wanwd £ d6Yhg (Ce) hwubbiny jnph (Eu): Uhuny swih [pwgywé Ghpwdw-
Ywpnwyh Ywnibnipjnitbp hwbgbgbnud £ Gpwb, np GypnwhnudhG hwonpnnn qunnih-
Ghnuonwd wwhwwOynid £ £ nipdughdp, huy Gnp ElEYwnpnap, hoswbu gbphndh nbwpentd
Ep, wOglnud t 5d GOpwiwywpnwy: Uyuwd wnbpphnidhg 5d Ghpwiwywpnwyp Gnphg
pwihnip £ a0nud, huy f fiGYUPNGOGEPD BhYp wAnld | 7-hg hwultiny 14-h (Yb): dbGpohl
(wopwlnhnh wwndnwd (Lu) EiGYunpnObp Gnphg wGgbnud £ 5d GOopwiwywnpnwy: Qu-
nnthGhnudp L gniintghnudp gpgrdwéd yhdwynid f tnwpnpbn s6a:
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Wuwhuny, (wlpwlnhnltph pbunnwbhph Gpypnpn YGup (Tb — Lu) f Ghpwiwywpnw-
yp* tlGEYLPNLOEPH |pwgniny Ywpétiu pb ypyanid £ wrwehlhb (Ce — Cd):
Gprt 3-pn fudpnud wuinndwihb L hnOwihb 2wrewyhnlbpp Jdtplhg O6ppl hwenp-
nwpwn dGéwOnud GG, hosp GYwunynid £ Gwb ng wbagnidwghG tnwippbph fudpbpned,

Unyniuwy 4.1.
Uywanhnidh L hwgywgyniin hnnwihG trnwpptph hwunynieynuOepp
<wwnynipinilp Se Y La Ce Pr Nd Pm Sm
Ef#&;’ﬂﬂ‘ﬁ AEE;{EQhén 4s?3d' | 5s%4d" | 6s%5d" | 6s%5d'4f' | 6% | 65%f | 654 | 6s%4f°
hnOwgiwl EaEpghw, Y2/dn;
I 631 616 538 527 523 530 536 543
I 1235 | 1181 1067 1047 1018 1035 | 1052 | 1068
I3 2389 | 1980 | 1850 1949 2086 | 2130 | 2150 | 2260
Ubunwnwywb wrwyhnp, 04 0,164 | 0,181 | 0,187 0,183 0,182 | 0,182 | 0,181 | 0,181
PnOwjhb wrwyhnp**, 04
M* - - - 0,094 | 0,085 - - -
M 0,0885 | 0,104 | 0,1185 0,155 0,1137 | 0,1123 | 0,111 | 0,1098
Mm% - - - - 0,129 - 0,122
Opuhnwgiwl wunhdwlp (2),3 3 3, (4) 3 3 2,3 | (2,3
Lwiwb 9tndwuwinh&wlp, °’c 1539 1522 920 795 934 1021 1170 1074
Griwl otpdwuwnhiwp, °c 2831 3260 3420 3430 3520 3070 3000 1794
Uunwbnwpu ki GYwnpnnwihG
wnwnbkGghwyp, E® (M**/M°), 4 2,03 | -2,37 | 2,37 2,34 2,35 | -2,32 | -2,29 | -2,30
ElGYunpwpwgwuwywbnipnibp 1,20 1,11 1,08 1,08 1,07 1,07 1,07 1,07
Uryniuwy 4.1-h wpnibwynepynilp
Lwuwnynipyniap Eu Gd Tb Dy Ho Er Tm Yb Lu
f{:ﬁﬁ;ununﬁ&ﬁgézﬁaﬁqh - 6s%f | 6s°5d'af | 6s%4f | 6s%4f° | 6s°af? | 6s°4f? | 6s°4f° | 6’4 |6s%4f'5d"
PnOwgiwl LoGpghw, Y2/dn;
l4 547 593 565 572 581 589 589 603 523
I, 1085 1167 1112 | 1126 1139 | 1151 | 1163 | 1176 | 1340
I3 2404 1990 2114 | 2200 2204 | 2194 | 2305 | 2415 | 2022
Ubtunwnwywb pwrwyhnp, 04 | 0,202 0,179 |0,177 | 0,177 | 0,176 | 0,175 | 0,174 | 0,193 | 0,174
hnGwjhb wrwyhnp, G4
M -~ - 0,090 | - - -~ - - -
M 0,1087| 0,1078 |0,1063| 0,1052 | 0,1041 |0,1030(0,1020|0,1008| 0,1001
M 0,1310 - - 0,1210 - - 0,1170(0,1160 -
Opuhnwgiwl wunh&wln (2), 3 3 3, (4) 3 3 3 3 (2,3 | (2),3
<wdwb otpdwuinh&wn, °c 822 1313 1356 | 1412 1474 | 1529 | 1545 | 824 1663
Griwh obnpiwuwnh&wap, °C 1597 3270 3230 | 2567 | 2700 | 2868 | 1950 | 1196 | 3400
Uunwbnwpun b EYunpnnwhl
wnwnbOghwyp, ES(M*/M®, 4 | 1,99 | -2,28 | -231| -219 | 2,33 | -2,32 | 2,32 | -2,22 | -2,30
ElGYnpwpwgwuwywlnigntbp 1,01 1,11 1,10 1,10 1,10 1,11 1,11 1,06 1,14

219




alnHu 4. MUNRGNULUUL <UUUMUNAh 3-N1 uNFUR

www 4f nwpptph 2wppntd npwbp shwiwn Gqwqgned &G (0Y. 4.1): Wn Gpbnypbt waywa-
gnud t jwlpwbnhnwihl ubnind: Yw pwgwwnpynud | npwywb dhontyh ynnihg La-hg Lu
5 L 6 gljuwynp pqwluwnwihb pyny wpunwpht iGYunpNGwiht pwnwbpltph dgnnnipjw
wany:

R, um
0,120

0,115
0,110

0,105

0,100

57 58 59 60 61 62 63 64 65 66 67 68 6‘9 710 7’1
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Qupquiphijp

LY. 4.1. 4f tnwppbph 2wnppentd Ln® hnGGph 2wrwyhnObph (R) thnthnfunigynilp

LwOpwOnhnwjhG utnuinudp hwubnud £ 0,0184 GA-h L hwGgbgnid £ GpwG, np (wG-
pwlnhnbtphl hwonpnnn wagndwihb 5d wtnwppbph snppnpn (hwdOhnud) L hhGgepnpn
(nwbwnwy) udptph wwnndlbph 2wewyhnGGpp  gnpéGwywbnd hwjwuwnynid GG
hnGgtpnpn wwnppGpnupywb hpbbg Gdwbwyltph gtphnidh LW Ghnphnudh wunndlGbBpp 2w-
rwyhnbtpht, huy 6wOn 4d L 5d dGuwnlOGph phdhwlbnG nOBG OGS Gdwbnipnib: f
utnuddwl gniu hGinbwbOplb £ hunphnudh L dwbp f tnwppGph hnGuwyhb wrewyhnO6ph dnun
LhOG(G E:

LwOpwlnphnbtph wwnabtph  EiGYUPNGwhG pwnwlplUEPh  «utninidp»  hGpGhG
woywbnb Gplnyp st: LNYO ophbwswihnipNLGbGEpny wyb npubnpdnid £ Gwb thnpp ywp-
pGpnLpynLG0Gph twppGph wunndwihb pwewdhnbtph nhunnwpyiwb dwiwbwy: OphGwy
2-nn wwpptpnenibnid, sowwé ppwdébh tiGYUPNGGEPH phUb wybih 066 E, pwb hpth
Gwhunpnnn wgnuhOp, prywdth wwnndh wrewdhnb witbwinpnl k: Mwwndwep glfuw-
Jnp pqwlwnwiht pyny wpunwpht dwywnpnwyh tGyunpnbatph ypw wwpptpnigynibnid
wann nphwywb hgph wantgnigintbl £ (wwppGpniginined fiGYnpnGwihb Juwbnnnipjwb
wih ywwndwreny duinnph L GGn0h wwnndlbph swthubpp dGéwOnwd 66): Wuwhuny, (wa-
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pwlOnhnwiht utnddwl jJnipuwhwunynegintp dhwyd wyb £, np OGwjunpn wWwpptpnienLb-
OGpnud (wlpwOnhnwihb fudpwynpnuilbbpp pwgwywynid GG:

Sc — Y — La pwppnid wrweohl Gptp hnGwgiwl tuGpghwObph wpdtpltpp hwonp-
nwpwnp O0Jwanud GO, hOsp pwgwuwnpynd [ wuwnndlbph wrewdhnlbph dGdwgdwlp
gnigplpwg dhontyhg kGYunpnGLGEph hGrwgnudny: Uinwhuh dhwiwp uiuwdénignilbp
npuunpynid £ ng wagnidwht vnwpptph fjudpbpnud: 4f lnwppbph wppnid GYwwnynid L
wjl ophGwswihnigntl: ElGYywnpnbwiht pwnwGh Ywnibnipgynitbp pwpdpwlOnud | npw
Jpw qubynn tiGYunpnbbtph pdh wahbt gniqwhte: Ypw hGn  uwywsé 4f trnwppbph
wrwohl hnbwgiwb toEpghwih dGéwgiwl hwyndp: Uwlw)l, hOswbu Gpbnid £ wn-
jnuuwy 2.1-hg, wynwhuh thnthnfunipyniop dhwiwp sk Urwybiwgnylbp hwdwwwunwu-
fuwGntd £ pwthnip (), yhund swih [pugdws F) L wwpundws (%) 4f Gopwdwywn-
nwyotphb: LAwb Yspwny thnfuygnid 6O Gpypnpn L Gppnpn hnGwgdwb EoGpghwbGnp:
OphOwyny Ywnbh £t wwpgnpny gnyg wnwy tiGyunpnbwiha ££S-06ph nipdwadtph L
Yuwynib opupnwgiwl wuwnmhdwbh dhol Yuwwp: ££S-0G6ph hwdwp wdtih Yuynib £ +3 op-
upnwgiwl wuwnhdwip: LlwbapwOnhnbbph nGwpnid wjt hpwywlwgynid k d Ghpwdiw-
Ywpnwyh Ypw f kEYwnpnah wognwing L 6s?5d” Gpbip EiGYwnpnaatph hsinwagw Ynpuinny:
Ujnwu f ElGYuinnpnGGGEPD qunnbynid 60 wpunwphO L EGYunpnGOGEph GwjuwdtGpohb 26punh
nwy L, wwypdwlbwynpbiny wyn wnwpptph Gdwbnignibp, phs G0 wagnnud phapwywb
hwwnynigyntbbtph Yypwi:

Npny (wbOpwlnhnbtn npubnpnud GG +3-hg vwpptp opuhnwgiwl wunhiwb: +4
opuhnwgiwl wunhdwbp pnpny £ wyb nwppBphl, npnbp snppnnn. EiGYULPNGH Ynpuunhb
qnigwhtr atrp 60 pepnud Yuynia (©, 7 L %) ywd £ npw dnun ElEYunpnGwihb nupgw-
ahs: Wn nwppbpa 60 gkphnuip (Ce™, ), wbpphnudp (Tb™, ), hwaywnbw wpwqbn-
nhntdp (Pr*, ), nhuwpnghniop (Dy**, ) L hnpdhnuip (Ho™, £°): CanhwGpwwbu gbphnidh
hwdiwp +4 opuhnwgiwl wunhdwOs witlwluwntal t: +2 opuhnwgdwl wunhiwlp
wybh Yunta £ Upnwhnish (Eu*?, ), uwdwnphnish (Sm*2, #) L wbpphnush (Tb*?, 4
hwdwn, sGwjwé hwyuinbh &0 wyn opuhnwgiwl wunhdwOny wy| (wopwOnhnltp Lu, oph-
Guy Tm*2, 3

4f opphunwGGpp gpbpt 360 dwulwygnid phihwywl Ywwh wrwowgiwbp (06p-
nnnidp thnpp £ 10 %-hg), pwGh np GGpphG GO:

{Gnbwpwp (wOpwlOnhnbbnlt wrwowglnid GG hnOwiht uwh gbpwyzenipjwdp
dhwgnipnt0bbp (hGswbu hnnwiywhwywb dGuinwnbtnp):
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Uhwgnipjntbbtpnid ££S-06ph wwnndbbpp pUnipwagnpynid G0 066 (7-12) Yynnpnh-
Owgiwl pybpnd: MYwlg hwiwwwwnwuuwbOnd G0 pwpn Ynnpnhbwgiwb pwqiwbhu-
inGp” nupwlhunn (Y. p. = 7), Gpygwaqwp Grwlyntd hwunywéwynnl, wpphitrywl
wlOwnhhwwnywéwynnyd, funpwbwpn tnwubtpyniwbhunn (Y. p. = 8), Grwgqwaqupe Grwbynllh
hwwndwoéwynnd (Y. p. = 9) L puwlbwbhuwn (Y. p. = 12) (0. 4.2):

LY. 4.2. UnnpnhlOwgiwl pwqiwbhuntpp jwapwGnhnbtph shwgnipntGOtpned.
w) funpwlwnn (La2Zn,0y7), p) trwqwquwpe Grwilyntd hwwnywéwynnd [Nb(H.0)e]**, q) ntnnwaynta
wlunhhwwnywdwynni (K4Nd(NCS);(H20)4]), n) puwlwbhuwn (Lax(SO,); * 9H.0)

LwOpwbOnphnbtph pwpdp dwunwd Yeown EGYWnpnGLGRH wrYwinigintbp hbunwglned

t f—f wlOgnuip L wwydwlOwynpnid npwbg dhwgnipntbbtph gnibwynpnudp: Uywbnhnt-
ah, puiphnudh L jwbpwGh (npnGp snlOGG 4f £ GYUPNGGOGDN), hOswbu Gwl w)b wnwpptph,
npnbp NGO Yhuny swih Ywd (phy [pwgqwé 4f Gopwiwywnpnwy (Cd L Lu), dshwgnipjntb-
06p0 wbgnyb 6G: Uinwu hwqwagniin hnnuyhb wvwwpptph Gewpdtp dhwgnienibOtpp,
ophtwy M* « aq wyywhnGbpp, Gppbdl nLbba Jwe gnibwynpntd.

Ce — wlgnyb Tb — Jwpnwagnyl

Pr — Yulws Dy — YwGws
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Nd — JupipwdwbOniwywagnylt  Ho — nbnh

Pm — Juwpnwagnul Er — Jwr Jwupnwgnyl
Sm — nbnhG Tm — Ywluwig
Em — nbnOwydwpnwantG Yb — wbgntjl
Cd — wlgny Lu — wlgnyh

2qnygwé tEYnpNGOEPD wwpdwlbwynpnid G0 ££S-06ph ng 0hwyb wpdtpwywbnt-
pINLtbp L gnybp, wyil Swqbhuwwb hwwinynipyntbbbpp: ££S-06ph 466 dwup npubinpnid §
wwpwiwqbhuwywbneegynia, huy Gpptdl pErndwglhuwywlnignila: Uhw)t Se-p, Y-p,
La-p L Lu-0 GO nhwiwqltbunhy. npwagnd wd sywl 4f LGYnpnGOGp, Ywd ) 4f
pwnwlpep |phy |pnwgywo t, wjuhbpl npwbp snibbl sgnygqyws 4f EiGYnpnGOGN:

Gppbul <£S-06ph hwwnynipyntbbbpp pubwnytihu fununwd GO «winbuinpwnOGphy» Yuwa
«nnipl-yt Gplnyph» dwuhb® GYwuwnh nlbGbwiny snpu fudptph wrwbOdbwgnidp (La — Nd,
Pm - Cd, Cd — Ho L Er — Lu), nnnGgntd wnbnh £ ntbG0ntd wuinndwhb wrwdhnO6ph dhw-
(wn ubdwgnid Ywd thnppwgnid: bnbwihb wrewdnh thnhnfunegintbp gpwdphynptl Yw-
nGLh b wwwnytpt W (nntpp-yt) nweh wntupny: <£S-0G6nh dh wpp hwpwswihtph (wpw-
atuiptph) Gdwl hnhnfuneeintip wWwypdwbwynpywé  f Gohpwiwywpnwynid tiGYunpna-
GGph pUYny: Wuwbu, dhwiwp thnppwbned 6o <£S-06nph wjb wwnndlbph swthubpp, npnbp
wwuwnwufuwbwwnt GO f Ghpwdwywnpnwyh wewohb nu Gppnpn pwenpnh (pwgliwb hw-
dwp, L dhwdwidwbwy dESwbnd GO hwqywagniin hnnwyht wtwppGph Gpypnpn nu snp-
pnpn «inGunpwnbGph» nwppbph wuinndbGph swdutpp: Uuwntbn gnigwhbeynid G0 Gpyne
onhbwswihnipyntGbtn, npnbp pbbwpyyt] GG JGpp (wipwlnhnwiht utnddwb Gplnyph
wrOsNLpWApP:

4.2. SUNPUS4uont@3Ntul ALNH33UUL UBA:
h2NSNMuU3hL AUNUYNHB3NFLLEMD

{£S-06ph nwpwédwénipintip wybpwb £y thnpp sk, hOswbu Ywnpbh £ GOpwnntg
«hwagywagyniin hnnwyht tnwnpp» wbjwOnwdhg (wryniuwy 4.2): Lnibhuy witlbwphs nw-

pwéywd gnuntighnidh, GYypnwhnidp, ininghnidh b hngdhnudh iwpyp Gnyb Ywpgh t, has
Jjnnh0p, utnhyhbp L whwnphdnbGhbp, npnbp «<hwqywagyniin» sGa:
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haswbu bpbntd £ wnyniuwl 4.2-hg, <£S-0bph 066 dwuhG pGnpny £ 10*-10° %
Ywnpyp (Lwpwéjwénipjwip qpwnbglnd GG 40-60-pn wbntpp): Ypwlg pyhl GO
wwuwnywontd wybwhuh hwyunbh tnwpptp, hGswhuphp 60 U-p, Sn-p, He-p, I-p, W-p, Cs-p,
Cd-p, Hf-p L Ge-p: Uhwjb Swlp (whpwanhnbtpp (Tm, Yb L Lu) ntitG 10° %-h Jupagh
Ywny (mwpwédjwdnipjwip qpwntgtnid GG 70-80-nn wnknkpp):

Unyntuwy 4.2-h nuunudwuppnipyniop gnyg £ wnwihu, np phipl jwbpwbGnhnbGnG
wybih hwiwiu 60 hwlnhwny, pwb dwOptpp: Yw hwiwwwwnwuuwbOnud | el tnwp-
nGph nwpwéywonipjwlb Yybpwptpw) UGGnGGLh YwlOnGhG: MGuwnp § Gp6] Gwl, np
{£S-06ph nGwpnitd gnponud t Qupyhbuph Gpypwphdhwh Ywanbp: b wnwpptGpnientG
wuwppGpwywb hwdwywnpgh ynwu fjudptiph, npnGgnud pngpywé 606 Ywd qnyg, Yuwd
ythun vwpptpp, hwqywagniyun hnnwyht tnwppbph fudpnd GGpwedwé GO Y™ Se, Y L
La vnwwppbpp (3-pn fudph hhdpp), hoswtu Gwb (wOpwlnhnbUtpp, npnGg wwnndwihb hw-
dwnbGpp hwonpnwpwn thnfuynid G0 58-pg dhbsl 71, hOshl hwiwwwwnwujuwb htppw-
thnfugnid 60 npwbg gnuygnipintbp L yghuinnegynibp: bpnp, yGbun Pr-p, Pm-p, Eu-p, Tb-p,
Ho-p L Tm-p niOGGO dh pwOh wGgwd thnpp Ywpy, pwb jwlpwlnhnbtGph 2wppntd npwig
gnyg hwplwbO6pp™ Ce-p, Nd-p, Sm-p, Gd-p, Dy-p L Er-p: Uhw)b (wOpwOnhnbOGph wnpph
Jtponid wyn ophGwswhniginibp fuwfuingnd : Wuwbu, gnig hinbpphnudb nibh wytih
thnpp nwpwéywdénipntla, pwb Ytoun pgninbghnidp: Uwywyb sh pwgwrednid, np wyn
woywOnOnipynibp Gpypwytnlnid Yb-h L Lu-p ppwywl wywpniGwynipgjwb ufuw) qbw-
hwundwb hGuinlwbp E:

Unyniuwly 4.2
££S-0tph nwpwéywonipyntap, hgnunnuwwht pwnwnpnipniip b wplnp pwywb dhwgnipynuaGbpp
M Mwpntbwynipyntlp Luwyntlb hgn- Qi fuwynn Lwplnp plwywb
Gpypwytnunid, % wnnwbtph ghyp hgnunwp, % Ghwgntpynttltpp
Sc [6,0-10" 1 *Sc (100) S¢,Si,07 (tnnpunytjuinhun)**
Y [28+10° 1 Y (100) YNbO, ($tpgniunthun),
YPO, (pukGnunhu)
La [1,8+10° 2* La (99,91) (Ce, La...)FCO; (pwuwnbbghn)**
Ce | 45107 4 "Ce (88,48) (Ce, La...)PO, (dnGwghtn)**
Pr | 7,0+10™ 1 "“Pr (100) (Na, Ca, Ce), (Ti, Nb, Ta),0g
Nd | 3,7-10° } Nd (27,1) (Na, Ca, Ce), (Ti, Nb, Ta),0s
(Lnwwnhun)**
Pm | ™ Pm-h htiwnptp dhuwyl Swewaquwy- | ™Pm (Tq, = 18 nn.) | Ce,S,0. (gbphun)**
pwanLylhnbtn
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Sm|7,0-10" . ?Sm (26.7) Cas(PO4); (F, OH) ($nnp,
hhnpopunwwwuwhwn)**

Eu [ 1,2+10™ 2 ™Eu (52.2) ST

Gd [ 8,0-10" 7 8Cd (24.8) YPO, (puklnunhi)***

Tb | 4,3-10" 1 " Tb (100) Y,Fe[Be,Si,010] (qunnihlhun)

Dy | 4,510 7 ®Dy (100) NTETETEE

Ho | 1,7+10™ 1 "®Ho (100) Y(Fe, U) (Nb, Ta),0s
(uwdwpuyhwn)***

Er |3,3-10™ 6 ®°Er (33.6) YNbTiOg (EYYyutlhun)***

Tm [ 2,7+10° 1 " Tm (100) Y,Ca(CO3)F, (htnpnwywnhghun)***

Yb |3,3+10° 7 Db (31.8) Na(Y, Ca, Na),Fs (ququnhGhun)***

Lu |[8,0-10° 2* Ly (97,41) L1111 -

*BLa (T1p =2+ 10" wwph), ™'Sm (Ty = 1,3 « 10" twph) b "°Lu( Tie = 2,4 + 10" wnwph)
Awrwawjpwtntyhnbbpp wwydwbwywanptb Ywyntt G4 hwdwndnid:

** Lwlpwuinbuwybbph pwnwnpnipwb dke gbpwyzend £ gephnidwihb Gopwfunidpp:

*** Lubpwuinbuwybbph pwnwnpnipjwb uke gbpwyzrenid £ hunphnidwihb Gopwfuniipp:

UwinndwihG hwdwph (wwnndh dhoniyntd ypnunnbbbph phyp) gnuygnipinitbp Ywd
yehunipinitbp 066 wgntgnipintt nibh j)nupwpwbsnip ££S-h pbwywb hgnunnwOEph pw-
nwnpnipjwb Yypw: hOswbu Gpunud b wgnuwy 2.2-hg, pninp Yebun <£S-06pp pOnipjwl
069 hwlntu 6O qwihu dhwyb 0GY, hwaqywnbw™ Bpynt hgnuinnwGtBpnd, huy gnbpb pninn
gnyg hwqywagniuin hnnwyht wnwpptpb nlbtb 6-7 hgnuininw: LYwwnGLh E, np qnyg YNy
wpnunnGGtpnd wuinndObph dpheniybbn0 wyth Yuynit &G, pwl yGohun pyny wpnunnl-
OGGpnd wwnnabbph dheontybtpp: Uhwyb jwbpwlh, uwdwpphnidh L hunphnudh pOwywG
hanunnwO6ph fudpnid weyw GO dwrwagw)pwwyuinhy hgnuinnwbbp, uwyw)b npwbg wyw-
pnLbwynipynibp 066 sk, huy Yphuwunpnhdwb wwppbpnigntbbtpp 2wwn 06§ GG: Mpndk-
prhntilb pGnhwOpwwbu Ywynit hgnunnw snilh:

Lwjinlbh 60 ££S-06p wwpnibwynn 2w hwbpwwnbuwyotn (wnniuwy 4.2): Npwtu
YwOnG, pnphndh hwbpwwnbuwybtpnud (dnGwghwn, pwuwnbtghwi, (hwywphun L wy0)
gbpwyzrnid G0 gephnudwih, huy nupwb wwpnibwynn hwbpwwunbuwyobpned (kY pukbhun,
putlnunhun L wy0) hunphnudwyhb fudph nwpptpp:
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4.3. UUUMNNS MUSUU4UL Uuyuuny

<wqaqywagjniin hnnwiht wrwppbpp hwynbwpebpdt 66 18-pn nwipnud: 1794 pw-
Ywbht $p0jwbnwgh phihynu u. QunnihGp (Gpw wanctny £ Ynsynid qunnihGhnud tnwip-
np) hwgywagyniun hinbpphun (hGunwgwnud yGpwodjwbyt) t qgunnihGhun) hwbpwjniphg
wlowuwntg uhbs wyn wOhwjun Gnp «hnn» L w0 wojwObg «hinphnuwghlG»: 1803 pyw-
ywbho 2dtn ghnbwywb Rtpgbihniup pwuwntbghwn («Pwuwntlubbhg 6wOp pwp») hwb-
pwljnienid hwjinbwptbptg «gGphnudwghb hnn»: WO Ywginn tnwppb wojwbytg gbphnud
(1801 p. hwyunbwptpwdé thnpp dninpwy 86pGph wbniony), huy hwbpwOnipp, nphg
unwgyty tp Gnp «hnnp», geppnudwhb: Mwhwboybg th pwlh wnwubwdjwy, npwbtugh
wwwgnigyh gtphnudwihb L hunphnudwihb «hnntph» wOdhwwwppnie)niOp: 1839 pyw-
YwbhG 2dEn Y. Unuwlnbpp «gGphnidwihb hnnhg» woowwnbg Gpynt Gnp «hnn» ' jwlpwlh
(hntbwptlb «pwplywd [h0Gp») dhwgnipntt L nhnhnwh opuhn (hniGwptlt «Gpyynp-
jwy»): Uhwyb 1885 pywywbhb wuinphwgh Y. Unibp $nlb dbupwiuh Ynnihg wwwgnig-
Jtg, np nhnhnuip Gpynt dGunwnhg GGnnhnwdhg (hntbwpbO® «O0np nhnhnudy) L wpw-
gtinnhnuihg («ywbwys nhnhniihg») uqdwé fuwrtnipn £, npp wwpnibwynid £ Guwbe wy)
hwaywajniin hnnwihlG wnwpptnp: 1879 pwywOhb LGynYy nt Pwnipwnpwb nhnhnidhg
wlowuwnbg uwdwnphnud (wnwtu t ynsyb h wwuwhy |Grbwht hodtobp U. Uwdwpuynt,
ny hwjinbwptbpt] tp uwdwpuyhuin hwbpwOjnipp): 1843 pywywOht Unuwlntpp «hun-
nhnudwihb hnnhg» dthwbOqwdihg wbowuwntg hinphnud, Epphnud L wnpphnud: «kpphned» L
«inbpphnd» pwetpp fjunphpnwbnd G0 hnbpphin hwOpwOniph wodwOnudp «hwny,
«Gpp» L «winbipp»: 1879 p. 2dGjgwpwgh ghinbwywb d. Uwphbwyp, hGunwgnutiny Ep-
phnidh opuhnp, npwOhg wa9wuwntg hinbpphnidh (huintpphun hwbpwbnueh wOnibhg) wa-
gnib wn: 1986 pqwywiht Gw uwdwphnidh dhwgnipinttphg unwgwy qunnihbhnid
(wnwtu £t wodwodtb, h wwuwnhy 3. Qunnihbh): Stpphnudh L Epphnudp dhole inBnwipwi-
Jwéd swihwiwuhg (uw uwnwgb] tp UwphOuwyp) 2dGgwpwgh ghnGwywl L. Unpka
uytyunpwnhndwb Gnwlwynd uwbyunpnud O4wwnbg «pwdwlnud»: Unpth Ynndhg
hwjinObwpbpdwé wlhwyn tnnwppp hGunwguwynd YiGYGLt wojwitg hndpnid ((uunhbw-
Ywl Uunnnyhnd wojwb wéwbgjwiy):

Snihnd nwppl wewohl wOqwd hwynbwptnpt) £ Y EJG0: Wn vnwpph wboqwOnd
wrwowgb| t Uywanhbwdhwih hht wlniOhg «wnnib»: 1886 pywywOhb LYny nE Pwnt-
pwnpwl uwytyunpwnhndwb Bnwlwyny hnpdpnidnd hwynbwpbptg Lu d6Y wnwpp
nhuwpnghntd (hntbwpba™ «nddwp hwuwOBh»): 1901 pywlywbhb GnGdwpup uwdwnphnt-
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0hg wlowwntg Gypnwhnid, huy plnipjwb d69 hwlnhwnn' huntpphnudh dhwgnepntbbt-
pnud wwpniowyynn yepoht (wlpwlOnhnp gniinbghnudp (Qwphgh (wwnhbwywb hpb
wojwbnudp (ntinwghw), 1907 pywywbht dhwdwdwbwy hwynbwpbpt G0 Nupptlp L
U. $n0 Ybupwiup:

Lwjinbwpbpdwé nwpptph hwdwn uygpbwywb 2powbnid stht Ywpnnwbnid inbn
g0t wwpptpwywb hwiwywpgnid: Uhwyt wyb pwbhg htuinn, Gpp Q. UngihG GEpdnt-
obg htppwywl hwiwph hwuywgnnnipyntbp, wwpq nwpdwy, nn pwphnudh b tnwbwnwih
dpol wtwnp t (h06LG Lu 16 wnwpptn: Wo dwdwlwy hwynbh tht dhwyb 14-p: Mwnpgytg,
np wnwlwnwihg wewe qunbynn™ 1923 pqwywlht hwjnbwpbpdwsé hwdbhnuip ghpyn-
Ghnuap (phy GowlOwyb £ Mwywunn yepoht wtnwppp ypnibphnidp (wOjwlnidp uinwgt
tE b wwuwnhy NpndGeluh, npp, pun hniwywb nhgwpwbnipjwl, dwpnywbg hwdwnp
2Luhg gnnwgwy Ynwyp), nph gnjnipintlp Ywbuwgniawydbl £p Ungihh oplphg hGun,
hwjunbwptnyt| t 1947 pwywlnl:

AtrLu 1870 pwywOhb UGLnGGLp Ywljuwgnipwyb) Ep «tywpnp» wbOniony uywt-
nhnwih gninipynibp: “pwbhg jnp lwph wbg hwaywagniin qunnihGhun hwbpwbniened
2utin ghinbwywa L. Uhpunbp hwjinbwpbptg uyubnhnud (wnwtu £t wojwOyb, h wwwnhy
UywbnhGwdhwyjh, npuintn hwyunbwptbpdtb) tp wyn hwGpwOjniep):

4.4. "UN2 L3NHAGNHh USUSNEUL GY UhPUNNHE3NHLE

8tphnidwihG fudph wrwpptph unwgdwb hhdbwywb hndpp dnGwghwib k, huy
hunphnudwihb fudph tnwippGphOp™ npwb pwnwnpnipjwdp dnunn Yuthnunhd hwbpwOjnipp
hunphnudh L wy ££S-06ph $nudwnlbbpp:

Unw0a0wgyntd GG dnGwghwnh Gwyiwl ppywihG L hhdGuwyhlb tnwbwybsp: O6ipw-
Ywb ppyny dnbwghunh tawydwb pbpwgpep GEpYuwywgynid | htnlyw| gdwwwuwnytpned:
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UnGwghun (Ln, Y, La, Th)Po,

1) H,S0,,,, 200 °C

u[,ll_nl.éb[h [JULnLI_UJéED 2) uwrp anq ljquL|nLl§|’_1

wwpniowynd | *Ra

A

Y

Lniényp
(Ln,Y, La),S0O,,+ Th(SO,),

Uwulwyp stgnpwgnti

TH(OH)SO,
NH, - H,0

A

Y

Lnténype (Ln, Y, La),(SO,),

8tphnudwhl Ghpwfudph Guntbgnid
(Ln, La),,(SO,),* Na,SO, - XH,O

Na,SO,

A

Y

Lniénye (Ln, Y, La),(SO,),
hunphnidwhb Ghpwfiuntdp

LY. 4.3. UnGwghunh dawyniip é6upwlwb ppyny

Lwjuwwbu nwunwpy wwywpotphg wquunywsé L hwpunwgywd dnbwghunp Grwg-
Ond G0 fuhun §60pwywl prYNLY, wjlnithbunl juwrtnipnp uwrtglnid GO L J2wynLd uwep
opny: Nwnhntdh fuwrbnipn (npbt dshwgnipjwlb wnbupny) wwpnibwynn spntédwéd dlw-
gnpnp pwdwbnid GG, huy (nuénypp” stgnpwgltnid winGhwyh fupun |NLénypny dhbsl pn-
nphnuih hhnpopununt $wnph Gunnwéph wrwewgnidip: Lniénypnid d0nd 60 £<£S-h unt|-
dwuwnlbpp: Ywlg |phy pwdwlnudp Yuwuwnwnynid | thnytpnd™ ogunwgnpéting tnwpptip
GnwlOwyltbnp:

UrwohU thnintd ££S-n1td wrwbdbwglnid G0 hunphnudwyhb L gGphnudwihb Glpw-
fudptipp, h0s4 hpwywOwglnid GG hhdbybiny npwag Ynybwyh uni dwinbtph tnwpptn
(nLsGhnugywl ypw: Wuwbu, Lu* hnGObp wwpniGwynn Guwnphnidh untdwnh hwgbgws
(nényp wybiwglbihu OGuwnnud GO pbpl <£S-O6ph (gGphnudwihb GOhpwfiunip) gwdp
(NG hnipjwdp unydwwnbbipp, huy huphnudh L dwlp hwgywagniywun hnnwihG wrwppbph
(hunphnudwyhb Gopwfunidp) uni dwunlbbpp dGnid GO |NLéNLRNLY:

{Gnwqw pwdwbOnuip O06pwenid £ wnwnpptp gnpénnnigntbbtph hwdwihp: hGpOnt-
nnyla yhdwynid unnwgywsé hwgywagyniuin hnnwyhb tnwppbph yndwGpulbpp dowynud Go
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wanbhnidh opuwjwuwnh nuonypny wbiniétih opuwjwwnlbp unwbwint hwdwp, wybne-

hGunl wrwowgwd opuwwwnp pwjpwjncd Ga.

an(SO4)3 + 3Na,C,04 = 3Na,SO4 + Ln2(0204)3,
Ln2(0204)3 = Ln,O3 + 3CO + 3CO.:

Mwnq Unetph upbpbgp hwiwfu Ywwnwpynid b dGunwnwetndwihb Gnwbwyny:
Unlwghwinh yGpwywbgbiwl dwiwlwy npwbu wpgqwuhp unwgynid b gphnudwih
GOpwiudph twnptph fuwrOnipn (hodGuwn):

<wdwlu ytpwywbaqbnud G0 ng pG opuhnp, wy (wapwOnhnbtph $unphnp:

Opuhnbtpp Gwwuwnwlwinywé thnfuwnynid 5G4 duininphnltph, (s hpwywbwgynid
t wyn opuhnGbph L $iinpwopwsth (600-700°C-nL) Ywd winGhnidh hhnpndwnnph (200-
300°C-nLd) thnfuwgnbgntpjwdp.

Ln,O3 + 6HF = 2LnF3 + 3H,0,
Ln,O3 + 6NH4HF = 2LnF3 + 6NH4F + 3H,0:

Npwbtu Yyepwywbgbhs hwiwfu ogunwagnponid G0 Yuwighnid wd jwlpw, hwqyw-
nbw gbphnid Ywd ghpynbhnid.

2LnF3 + 3Ca = 2Ln + 3CaF,:
20wjwé rbwyghwl pOpwantd £ wpnkt 800°C-nid, uwlw)t npwbtugh hwaywgntun hn-
nwjhb wrnwppbpp hGunnigwdp wlowwnybl fuwpwihg, gnpépbpwgl hpwywlwgynid §
wyblh pwndén oGpdwunhdwbnid dwlywéiwb Jwrwpwbniy:

LUbpywjwgwdé Bnwbwyp glntih Gpydunnphnlbph  wrwowgiwl  wwundwreny
Gypnwhnidh, uwdwphnwih L hGpphnudh $uininphnbbph yepwywbgbiwh hwdwp Yhpw-
rGLh sk Wn dGunwnOGpp unwgyned G0 opuhnbtiph yGpwywbqbniiny:

8tnhniiwhlb Gopwfudph dbwnwnlbpp Ywnpbih b unwbw) Gwl pinphnbtph ytnw-
Ywbgbniind (6wap hwgywagjniuin hnnwiht wvnwpptph pinphnbGpt wyth guntih 6a).

2MCl; + 3Ca —®%_, oM + 3CaCly:

{£S-06ph unnwgiwl gnu Gnwbwyp hhatgwé b gpwdphint wlbnnh L Gpwpt Yw-

innnh Yhpwrdwdp npwlg wntph hwinyeh ElGYnpnthgh Ypw: Untiph opwihl [nioniph
tiGYwnpnihgny <£S-GEp hGwpwdnp st unwbwy], pwOh np npwbp pnirG thnfuwgnnud GO
onh htun (hwunuwwtu' twpwgltihu) wrwowgltiny hhnpopuhn.

2Ln + 6H,0 = 2L.n(OH)3 + 3Ha:
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Mpndbphnip unwgyntd t Gennhnwih (*¥Nd) wwndp a dwubhytbpny  rdpw-
ynétny.

“Nd +a— Pm + |P:

<wqyuwgjniin hnnwihG wnwppGpp (wyo Yyppwenegintd nibG0 inGuGhyuwyh unnwpptp
pOwgwyuwrbtpnid: Uhgabunwnp Yyhpwreynid b dGunwnuwadwydwb abe™ npwtu prywdbw-
gtipénn L npwbu pnolt Nt wynnwuwuwp [hgGpwglnn hwyGiwonie: Lwdh np ynnwwuwb
hpwhwOny futhtihu w)o wpdwyned £ Yuwyétip, wyn ywwndweny ogunwgnpdynid £ npwtu
JwrhsOGph Ywjépwn:

{£S-0U6ph opuhnbtnb oguwagnnpéynid GO OGwyph &bnpwpnpiwl (Yntyhbg) dw-
dwbwy npwtu Yuwunwihqwunp: Lennhnidh L uwdwphnidh dhodGunwnwadhwgnipntGlt-
nhg (SmCos, Nd2Fe4B) wwuinpwuwnnid G0 wdtlhwhgnp Yuwynid dwqlbhulbbpp: LwOpwOh
ppnihnhg (LaCrOs3) wwuwunpwuwnywé fubgbntult odingwé £ pwndp oGpdwywnibnipjwdp
L yhpwrdnid § Juwewpwbbbph nwpwglnn wnwpptph wpunwnpnigjwb d69: Pwphnudh
gGpwwnp wpnunnnObwiht hwnnpnwywonigjwap Gnip £: Cwuwn hgnp otpdwhwnnpnhsbtp
wwnniowynd GG hinppnid L wyp ££S-06p, ophlwy RBaxCuszO7s (R = Y, La Jwd Ln):
Uwwyhb gnibwydnpbint hwdwnp pnwiuwrtnipnht wytiwglnid 60 £<£S-G6ph opuhnlbtp
(b6nnhnudh opupnb wwwynth wrwihu £ dwanwywagnyb Gpwbg, Gpphnudhbp Jwpnw-
gntjb, wpwagtnnhnidhbp Ywowsy, géphnidhlp (1IV) nbnha):

Gypnwhnuiny |Gghpwgywé ££S-06ph unidhnbtiph L opununi $hnlbph (ophlwy
Y20,S) dhwgnipjnittObpp, hOswtu Owl LaOBr-p gnibwynp hGeniunnwunbunipjwl 669
ogwnwgnpéynid G0 npwtu (ntuwyphpbtn (ynidhbwdnp): Lwbpwbnhnbtph jnnhnbtph hh-
dwl Jypw ywuinpwunywé (ntuwyhnbbpb oguinwgnpéynid G0 hwingtbwhb jwdwtpniy:

Npwtu Yhuwpwiywpdtp pwptp Yppwreynid GO0 wphGunwywb GrGwpwpbpp,
npnOp unwgynid G0 hunphnidh L GpYwph opuhnbtpp dhwuhlb hwGiny (YsFesOq2 — Unig
wpdhp):  QunnihGhnudh, uywlnhnwdh L qwihnudh  opuhnlUtph  hwdwhwinypp
(Cd3Sc2G3012) nibh qupnifunt Ywlwys gnibwynpnid, huy huinphnidp L wynidhbh opuhn-
OGph hwdwhwinypp (Y3Al2042) thnfuwphOnid £ wOgnyb wnwdawbnhG:

{<£S-06ph yppwenipjwl Ywplnp pbwgwdwe  d nnwpptph hGun npwbg wewowg-
pwé dhodtunwnwaihwgnipntbbtph (ophGwy LnNis) hhdwl ypw opwédltwihb Yniunwyhs-
GGph wpunwnpnipntbp: Unwhuph hwiwhwiwéph hpwpwih hwwnynipntd £ Gnpdwy
wuwydwbbbpnid opwédbh hbwn thnfuwgntgnipinibp, wjbnithbunl thnpp-hbs tnwpwglbhu
npw woowuwnnidp: Ywbp Ywpnn GO Ywokp 1,5-2 wogqwd wybih opwohl, pwl wyb yw-
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pniOwynn wyinwhuh swywiny henniy Ywd wyhan opwéhbp: <wdwhwinyplbph’ 066 pw-
Gwynipgjwip opwdéht  Ywobint hwunynipnitbp wwypdwlwdnpwé L Gpwlny, np
££S-06ph wwnnd06n0 wbagnuiwyhb dGunwnh Yuwenigwépp nwpdbnid 60 Gjwq Yuwynib:

Mnndtiphnd-147 hgnunnwp (YhuwuwnpnhdwO wwppGpnigyniip™ 2,6 wwph) wnpnh-
JGihu whowuwnnid t B dwubhybtbp L sh wpdwyntd yunwbgwynp y dwrwaqw)pbbn, hGsny
El wwjdwbwynpdwé t inbubhyuynid npw (wjb YppwenipyniOp: Lniuwyhpbtph pwnwn-
pnipjwl UG9 wpnibphniih wybjwgniip hwbgkglnud £ npwig (ntuwpdwyiwb nudbnwg-
dwlp: Mpndtphnid-147-h hhdwl Ypw uwinbnéyb) GO0 dwrwagwjpwhgnunnwwihbt hnbw-
pwnpOtbp, npnOp wwwhnyntd G0 pnph L pblGph Gwyiwl dwiwlwy wrwowgwd
ElGYunpwunwwnhy |hgptiph hGrwgnidp:

4.5. {£S-LGMNh AUdULUUL U42PNFLLLEND

{£S-06ph phihwywb hwwnynignttbtph dnunhynigjwb wwwndweny npwlg pwdw-
Onudp pwpn b w2fuwwnwpun t: Lphy pwdwOnidp hGwpwynp b ohwyt $hghywphdihwywb
GnwOwylbph hwdwygiwdp™ GGpwetind dh pwlh wbgwd Yuwuwnwnpynn yGpwpnint-
nwguiwl, |ntéwhwbdwb L wy gnpéplbpwgltn: Lywéd Gnwlwybbph hhdpnid pbywé G
phohwywl thnfuwpyniilbtpp, Ywwnidp, wewohl htpphl™ opuhnwglwl wunhdwbh thn-
thnfunipyntbp (Yhpwryned £ géphnudh L BYpnwhnidh pwdwbdwl hwdwn), www ££S-06-
nh thnfuwpyniip pwpn ShwgnipintGbbph, npnbg hwuwnynipyntbbtpp ((nL6Ghnenibp, (ni-
owhwOdwb hwuwnwwunnebp, Ywynibnigywb hwuwnwwnnebp, ganGihneginibp b wy ) vnwp-
pGpynud G0 wybih a6é swhny, pwl unynpwywl wnbph wd Gpyunwpp dhwgnipndb-
GGph (opuhnbGnh L $innphnltph) Gnyb hwuinynipyntbbtpp:

8tphnudh (1) pwdwOnuip opuhnwgniiny: LwOpwOnhnlGGph hnGOGN wwpnibGwynn
hndbwyhG (nuénypny pprywdht wigywgltihu weweowbnid GG gtphnidh (1IV) hhnpopuhn L
gnwu (wopwOnhnltph Grwpdtp hhnpopuhnlbp: Ywlp pwdwlnd GO° oguybiny
OGuintbgiwlb pH-h wtnwppGpnientohg (Ln(OH)s-h Guunntgdwb pH-p dnun 6,5 £, huy CeOy
xH2O-hGp 1): lvwreOnipnp Gnup wgnunwywb ppyny dowytihu Gunwdépnid dbnid L
dhwjl gphnidh hhnpopuhn.

Ln®* + OH + O, — Ln(OH); + CeO, * xH,0,
Ln(OH)3 + CeO3 * xH20 + 3HNO3; = CeO; * xH20 + Ln(NO3); + 3H20 (wrw(g Ce-h):
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Gypnwhnuih  pwdwlnuip YGpwywaqbnudiny: SYypnwhnush () wnbpp  9onpuwyhb
(nLényplEpnLY hGyunnugjwdp yGpwywbgaynid 60° thnfuwnpyytbind Gpyupdtp GYpnwhnt-
ap: 6ypnwhnidb wbowuwnbint hwiwnp (Gh0slk pH = 2) §60pwywl ppyny prYEgPWE lUNW-
Oinep dawynud 60 ghOyh thnpnd L wewowgwéd GYpnwhnudh () unydwnh Gundwdépp
pwdwlnid: GYypnwhnioh yGpwywbqbnudp Ywpnn £ ppwywlwgdt] wb wnwppywih
(nLényphg: Gypnwhniih™ +2 opuhnwgiwl wuwinhdwlny hnbGtpp Ln** fuwrGnipnhg wo-
owwnbnt hwdwnp |nonypht wybwgbnud GO0 wdbigniyny ybpgywd winbhwy dhosl
Ln(OH)s-h Guuntgniip. Eu(OH)-p d0nud £ nuonypnid: <hnpopupnbtph Gunywdépp hb-
rwgltnig htuinn wgnunwywb pryny hpwywlawgynid £ Gypnwhnidh (1) opuhnwgnidp.

Eu(OH), + 4H" + NO; = Eu® + NO, + 3H,0:

UdnOhwy wytiwglbihu Gunnid £ Eu(OH)3:

Upyowyh wntph dh pwOh woqwd Yuwnwpynn Yninnpwywiht yEpwpyniptinwignid L
Ynuinnpwyuyhb Guunkgnid: Unuinnpwywihb yGpwpiniptnwugniip hhaGywé £ 4f tnwpptiph
2wppnid ££S-06ph pwqiwphy wntph |neGihnipjwt wunhsdwlowywh (gnpdbwywbnuy’
dhwiwn) thnthnfunipjwl ypw:

Unynpwpwp Yhpwrdnid 60 dhgjuwbghg pwwywlohb tnwnpptn (nuétihnigjwdp (wo-
pwlnhnbtnph Ypybwyh wnbpp: Ophlwy |wlpwlhg pnintghnid wbglbihu Ynybwyh
Ghunpwwnbbph, npnbp unnwgynid GO0 unnple ppwéd  rGwyghwiny, [nuébihnipinilp
wand k.

Ln(NOs)s + 2NH4NO3 + 4H,0 = (NH4)2[En(NOs)s(H20)2] * 2H,0:

JYbpwpiniptngiwl hGuinlwbpnyd Giuhb (nuenypp hwpuwnwOnid £ hhaGwywbnid
(nLéGLh wnbpnd, huy Gunndwdépnid funnwbnud GO phs |n6Gh wntipp: <wonpnwpwn
wuwpynn dh pwbh yGpwpniptnugnuibbpny hwonnynid | wlowwnt) (wbpwbnhnltph
hupbnipntyb dhwgnipyntbbbp: £<£S-0G6ph L wanbGhnidh GhunpwwnlBph fjuwrGnipnhg wew-
ohU hGpphl pinupGnwbnud GO gwép |nwdtihnipjwdp (wlpwlh L pRL (wlpwlnhnlGEph
Unybwyh Ghunpwwinltpp (wrwohl pinuptnwgnid): Un dwdwbwy (neénypp hwpunwbnid
E dwln <<£S-06pny: Unwgwdé Guinydwépp (nuénd G0 opnud L Gnphg pinupbnwigbnid:
Gpypnpn  pnipGnugdwidp hwonnynud £ unnwbw] wdbih 066 pwlwynipjwip pbpl
{£S-06pny hwpunwgywdé pyniptinbtn: YGpwpnipnugiwb G0 Ghpwpynid Gwl gnpnp-
2hwgiwdp wrwohl pjniptnwgniihg hGunn wrwowgwd Gunywdépp (wjuwbu Ynswéd G-
nnpn pnipGnwgned): UWoowwndwéd whin $wqp dhwgbnid 60 Gpypnpn pynuptinwgniihg
unwgywé nuényphb L Gnphg wyb Gapwnynid pjnipbnwigiwb: Wu Gnwbwyny <££S-06ph
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dwpntp wnGph unwgnip 066 wluwwnwbp t wwhwbontd (wjuwhuh gnpépbpwgp G6p-
Ywjwgdwdo £ Oywp 2.4-nd): Wuwbiu, wninihnidh dwpnip wntp unwbwint hwdwnp hwp-
ywdnp £ yGpwpjniptnugnid juwuwnwptbp 15 hwgqwp waquy:

Lhs (nLénn Ynyowyh wnbph wewowglwl dwiwlwy ogunnynid GO Ynunnnpwywyhb
Gunbgiwl nwlGwyhg, npb pannibih £, ophbwy, pun htunlyw| rGwyghwih wewowgnn
Unyawyh unpwuinbbph hwdwn.

Lny(SO4)s + K2SO4 + 2H,0 = 2K[LN(SO4)2(H-0)]:

LwOpwOnphnbtph ypybwyh uni dwinlbbph nuétihnigyntbp dESwONLY £ Ywpqwpyh
w&hb gniqwhtr, 2wnpph uygph wwpptiph (La—=Sm) wntpp Jwuwn GO |ntéynid opnid, dhe-
Gwdwuh vnwpptph (Eu=Dy) wnbnla nOBG dhohb nuéGhnigincl, huy whw Jtnpohl wnwp-
nGph (Y + He — Lu) ynybwyh uni winlbbpp opned jwy |nuotih Ga:

| Ln(NO3); + NH,4NO; + H,0 |

Prt+ Nd>*

LY. 4.4. Unuinnpwywihl pyncpbinuigiwb géwwwnytipp (L — nuénye, S — pjnepkin)

Lni6whwOnud: Yu Gnwbwyp hhdGgwé £ opnud L opquibwywb dwagnid jwbpwlnhn-
GGph wnwpptp dhwgnipntbbGph pw2udwb gnpdwyhglbph tnwppbpnugjwa Yypw: Lwl-
pwOnhnbGph hwwnynipntbbGph Gdwlnipntp ywypdwbwynpnid £ Gwl pwpfudwl gnp-
owyhgbtph wpdtpltph dnunpynigyntbp, hGwnbwpwn npwg |phy pwdwbnidp hGwpw-
dnp t pwqiwphy L wunhdwbtwywb |niéwhwbndbbpny: 2pwihb (nuényplbphg 2wwn
tnwpwoywsé b Gepniphidnudwnnnyg (pwpn Gpbpnud oppndnudbnpuiyut L H-pniphy
uyhpw, wjpunthbunl’ 6GRD) |néwhwbdwb wwppbpwyp: WInGnpwiht  hwwnynipjwdp
odinywd ppywdlth wwndh 2Gnphhy GRD-h dnityni 0Gpp YynnpnhOwgbnud GO (wbpw-
OGnphnbGph dnGynyGEpp, huy wewowgwd™ onwatpd pniphiwihb fundp wwpnibwynn
YndwGpubtnb nbwy 6O woagbbint ng pubrwihb (n6hs: Undnpwpwn (ntéwhwbdwb hw-
dwp oguwgnpéynid t YGpnuhlnud GRD-h |nuénypp: Nppwl Junihd £ wrwowgwd
YndwGpup, wbpwl G666 t npw YnbgEhuinpwghwl opqulbwlywb pwagnid: Lwbpwlnhn-
OGph Ywpgwpeyh wahb qnigpbwg’ Ln** hnGGGnh swthubpp thnppwlnid GG, huy 5RD-h
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YndwGpup Ywynibnipniop aGéwbnid: Uwyuwyb Gnylb 2wppnid dGéwOnud | wywyniw-
(Gpubbph YuyntbnipyniOp, hOsp hwOgbglnud £ wrwbdhlt wywnh hwdwp thnpp wunhdw-
Ond pwdwOiwl:

LntswhwOiwh hwywuwnpwy2enipintbp Ywpbih £ 06pYuywglt) hbunlyw) hwywuw-
pnuany.

[Ln(H20).J** + 3N 0, + 3(6RY) S Ln(NO3)3 * 3(GRD) + nH,O:

Pwdwbiwb gnpdwyhgp pwpn duny Ywujwé bt wgnunwlywb ppyh funnipjnibhg:
Anpépbpwglt hpwywbwgynid £ wgnunnwywb ppyh pwywywdhb fuhwun nuényplbbpniy:
Uwyw)t wgnunwywb pryh wybigniyp funsplnnunnid £ ntéwhwbnudp, pwbh np nuéw-
hwnn (nuénypp Yywwydwds t HNO3 » GRYD YyniwGpuh inbupny:

PnGwihnfuwbwywihG ppndwwnngpnegynid: Lpywéd Gnwlwyp Onybwbu hhdjwdé L
(wOpwOnhnbtph YyndwGpuwagnwgiwb nibwynipjwb wnwpptpnipntbbbph Jypw: Eynikb-
tnwihb ppndwwnngpnipjwl witlwwwnpg wnwpptpwyny ppndwuinwgnnipjwl wunwnwy

(gywé uwunhnGhunh (Ywbhs) ypwyng wogyuwgynid £ ££S-06ph hnbGOGph fjuwrbGnipn yw-
nnLawynn (nényp: Ln®* hnGotpp Yubyned G0,

3RH + Ln® = RsLn + 3H":
WanithGunb wnwpwyp (ywonwd G0 dhosk sEqnp rEwyghw: Npwbu <£S-06ph pwdwbnt-
dp wwwhnynn 2wndnib henniy tyniGbun (ppndwnngpnipjulb wunwpwyhg wpunwhn-
unn htnnty), oqunwgnpéyntd £ (NH4)sHedta (winGhniih hhnpnkphGpyuwdhbwpwrwwgt-
tnww) wnp: RsLn wwnpnibwynn YuwuinhnGhuinnyg EyniGbunb wagywgbbihu wrwehl htnphl
(nLényp G0 wognid wyth Yuynta yndw bpu wrwowglnn (wbpwanhnbtpp.
RsLn + (NH4)sHedta + 3H,0 = 3RNH,4 + RH + NH4[Ln(edta)(H20)3]:

8tiphnidhg pyninbghnidht wbglbihu Hsedta-h hGuin wrwowgpwéd Yndwtpulbph
Ywynibnigynibp deowlnud |7 IgK = 15,13-hg ([La(edta)]’-h hwdwp) hwubbin 19.10-h
([Lu(edta)]-h hwidwp): <GnLwpwn wrwohlp [wgwhwOyntd GG wyGih dwon (jwbpw-
GnphnGtpp (GY. 4.5), npnh hGnlwbpny fubdp hwpunwbnid £ pERl, huy (NLénypp dwln
(wOpwlnhnbGpny:
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LL. 4.5. ££S-ltph pwdwOnuip ppndwwnngpwbhwyny (kynithpwgdwb Ynptpp)

Upryntbwybun pwdwbdwl hwubnud G0 (nudnyph L whon $wgh (YwwhnOhw) dhol
pwqantd woquwadtp Yywuwnwnynn thnfuwbwynwdbtpny: Lwjwantyt wywjpdwbbtph (Ywunhn-
Gpuinh inbuwy, ppndwwnngpnigwlb wwmwpwyh Gpyupnigintt L pH) pbnpnigjwl nbw-
pntd hGwpwynp t hwulbp ££S-06ph |phy pwdwbiwi:

dtpohlt wnwnphOGphb dowyyt) £ €£S-G6ph pwdwOiwb Gnwbwy, npp hpdGwé L
npwbg gunbh YndwGpuwiht dshwgnipintGbtph Juwyninudwyhb gnbgiwb ypw: Pwdwo-
qwl (wywagntt wpnynibp gpwbgyned | B-GpyyGunnGuwinbtph (ophbwy wgbunhjwgtunnh)
L Ywppopuhjwwnlbph (wgbunwunbbn L whywiwunObp) (hgulnbtp wwpnibwynn Yndw-
|tpubtph Yhpwrdwl nbwpentd: 102 u. u. 4. L 150-200°C wwydwGOkpnLd hpwywbwgynn
glnbgnidp hGwpwynpnipynib t vrwihu pwdwbGne GnyOhuy hwplwb tnwpptpp:

4.6. 3-N"1 vULh d SUNNGNL

3-pn judph d wnwpptpt G0 uwlOnhndp, hunpphndp L (wopwOp (wyunhGhnidp
YpLGGwpyyh wyinhGnhnlbtpph pwdbnid):

Uywbnhniip inhwhy gndwé vnwpp £: Wo fjuwrtnipnh wbupny hwlnhwnid £ hpd-
Owywinud weguwwnhuinbbpnid, nwbunwiwbnphwwnbbpnd b uhthywwnbbpned: RUnupywl
at9 2wwn hwgywntw Ywpnn 60 hwinhwt] uyuwbnhnidh hwbpwuntuwybtpp® tninpunyb-
inhup (SceSiz07) L Yniptyhunp (ScPO4 » 2H,0): Uywlnhnidb wbhowwnnid GO inhunwh,
ghpynbhnidh, nipwbh, yndpwih b wlwgh wpunwnpwywb pwihnbbtphg: Ophbwy
660pwppywywd tnwlwyny TiO2-h wpunwnpnipjwld dwiwlwy uywbnhnidp futnwlned
(nénypnid: Pwlh np OnyGhuy uywbnhnidny hwpniuwin hnudpp wwpniowynid £ jwyw-
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gnub nGwpnid Bhwjt twubEpnpnuywb ninynuny tnwpp, ntunh inGubninghwywb Yw-
punp fuGnhpp hwpuwnwgnudb t: UywOnhnudh hhdbwywb wnpnip b inhunwbwihb fuw-
pwabtph pinpwgniihg unwgywdé hwip: UywOnhnid unnwbwine hwdwp hwip (peenid GO
wnuwpprYyntd, www Gpywehg L wy wagnitdwihb tnnwpptphg wjb pwdwbnid GO0 Gepniph|-
dnudwinny nudwhwbbiny: UjbnihGunb yndwGpup pwjpwinid G0 ppyny L uywbnhnidp
OGuwnbglnid opuwijwinh (Sca(C204)2) intupny, npp tnwpwglbiny thnfuwnpynid GG opuhnh,
uwyuwybt unwgwé wpquwuhpnid uywanhnidh hGun wwnpnibwyyned 60 pwywywbwswh
ghpynbtpnid L pnphnud: Ypwbp pwdwlnd G0 opuhnbtnl wnwppywiht |nLényph thn-
fuwnytiny L Gepniphidnudpwinny dh pwih waqud hwonpnwpwp (NLéwhwbny:

Upryntbwptpwywb Gnwbwyny uywbnhnudh opuphn unwbnud G0 Owl wninpunyb-
inhwinh dwyninyd: b wnwpptpnigintt ££S-0GGph g)ntu uhthywwnbtph™ wtinpunybjuinhunp
Yuwyntb £ undnpwywl pwjpwynn wgnwnipbph (upun hwbpwhb peniGGph (nLényplEp L
Na;COs-h Jwd NazB4O7-h hwinypltn) hwinbw, wn wwwdweny wjb pwndp 9bpdwu-
inhdwbnid dowynid GO woéfuny:

Uwlpwgwd innnpuinybjinhunp L wistuh fuwrbnipnp gpwdhwnt hwpwbnenid 30-45
nnwt 1800°C-nid 2hlwiglbihu wewewbnld t ££S-Gkph, ghpynthnush, Gpywpeh L thnpp
pwlwynipjwdp uhthghnidh Ywpphnbtn wywpnibwynn uywbnhnidh Ywpphn.

28¢2Si207 + 6C = ScyC3 + 4Si02 + 3CO2:

Unup (1:1) wnwppYyh (nténypny unwgywsé Ywpphnlbpp (pwgwenipjwdp upihghnt-
dh wpphnh) infuwpyned G0 |n6tith pinphnatiph.

Sc4C3 + 12HCI = 4ScCl3 + 3C + 6Ha:

Linphnbtph fuwrGnipnh |nwényplh wytigniyny ytingyws opuwjwppdny dawybihu
Guuinnud GG uywbnhnudh b ££S-06ph opuwwiwnbtp.

ScCl3z + 3H,C,0,4 = SC2(CzO4)3 + 6HCI:

Opuwjwwnbbph 2hywgntihg (400°C) unwgywé opuhntbph fuwrelnipnh pwdwnt-
0p GEpYuwywgyb £ ybplncd.

SCz(C204)3 = Sc,03 + 3CO + 3CO0Oq:

Ubunwnwywb uywOnhnid ywpbih £ unwlw] opuhnbtphg unwgywdé hwingtlbhn-
O06ph dGunwnwebniwihbt yGpwywbgbniiny.
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0

t
2ScF3; + 3Ca = 2Sc + 3CaF,,

Ywd Nas[ScFg] Yniwbpuh L ScF3-h fuwrGnipnh hwinyeh tiGYwnpnhgny:

Uywbnhniilb ogunwgnpéynid £ dwagbtghnidwihb L wynidhGuihb hwdwhwinypbbph
(Gghpwgdwb hwdwnp: Uy opuhnbtph hGwn uywbnhnidh opuhnh fuwrGnipnp (GrGwpwp)
Uhpwrynid t jwgbpwihb inGuGhyuyntd” npwtu owyuinhywywb pqwbwnwihb gEhEpwwnnp
(Lnyyup nudnwignid hwpywnpuwywb 2wrwaqw)piwb dhongny):

Uwpntp yh&wyntd uywbnhnidp 2,99 q/ud® inbuwluwpwp Yeny pbpl, thwihnty b
htonn dwyynn wpdwpwanylb (Gpptdld™ pOnipwgpwywb ntnhbt GpwbOgny) dGwnwn t:
tvwrOnipnbGph wwpnibwynipjwb nbwpntd wjt nweGtnd £ upép L thfupnilb: UGOjw-
Yuiyhl gbpdwunhAwntd nibh yegwGyntt pnipnwguig (a — Sc), huy 1336°C-nud ébinp
E pGpnud a = Fe-h wenigwépp (unpwlwpnuwihb dwywjwytbwnpnbwgywé B — Sc):
Jwyntniintd hwidwb obpdwunhgwahb (1539°C) dnwn 9bpdwunhAwbntd gnnud t, hish
ogunwgnpéynid £ dGuinwnp dwpptint hwdwn:

Uywanhnuip phdhwwbu wyuinhy £ (Se/Sc® hwiwlwngh Gnpdw) wnunbGghwip
-2,03 4 L. wnynwuwy 4.1): <G opuhnwgnn dtGuwnwn t, GnyOhuy onnud funiGwbnid £
wwwnybiny opuhnh pwnwipny: Swpwgliwl wwjdwbbtpnd pwypwnid k onipp” wbow-
wnGiny opwoéhb: Undnpwywb 9bpdwunhgdwbnid thnjuwgnnid § Gnup ppniGtph hBwn®
woOowuwntiny opwaeho.

2Sc + 6H20 = 2Sc(OH); + 3H,,
2Sc + 6HCI = 2ScCl3 +3H;,
2Sc + 3H2S04 = Scy(SO4)3 + 3H2:
Awlnwn thnfuwgnnud £ hhdptph fupuin |nLonyRLENPH htwn™ wrweowglbiny hhnpop-
unuywlnwuwnGbp.

2Sc + 6NaOH + 6H,0 = 2Nas[Sc(OH)e] + 3H:

Swpwgiwl wuwjiwbabtpnd dEnwnwywla uywbnhndp thnjuwgnnid § ppywdéth
hwingtlUbtph, 66dph L wgnuh htn' hwiwwwwnwuuwlwpwp wewowglbiny Sc0s,
ScXs, ScS3 L ScN: N wybpwb wywnhy ny dGunwnO6ph htuin uywbnhnidt wewowglniy
dhoutuinwnwaihwgnipnt006pht 60wl ndqwpwhw| dhwgnipntbbtp, ophbwy ScB,, ScC
L wy G:
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4.7. UyuUuibnNtUh oLUhNL, <hNNOLUNNL GY
[6lB4UDLU3NL BRBNFLENN UNGMD

Ulywanhnidh opuhnp (Sc203) unnwgynid £ dGwnwnp ppywdéth hnupnitd tnwpwglt-
(nY, hGswtu Gwl hhnpopuhnp, Ghunpwuwp, YuwppnOwwnp Ywd opuwjwwnl onnid 2hljwg-
aGny.
2Sc(OH)s —22°C 5 Sc,05 + 3H,0,
4Sc(NOs)s * 4H,0 —22°C 5 28¢,05 + 12NO, + 30, + 8H,0,
Scx(C204) » 5H20 —4%° 5 Sc,05 + 3CO; + 3CO + 5H,0:

Uywbnhniih opuhnp bhiupnib uwyhwnwy thnzh £ uwad 3,86 q/u153 inGuwywpwp Y2rny
funpwOwpnwihb pyncptnwyhb Ginee: Gnpétwywbnid 9opned sh (nLéynid, uwywyb thnfuwg-

nnid t ppnilGph fupuin (nuenyplEph L hhdptph hwinyph hGw, wuhbGplt™ nlGh Gpynhdh
hwwnynigyntbbtn.
Sc,03 + 3H.S0,4 = 302(304)3 + 3H,0,
Sc,03 + 2NaOH = 2NaScO; + H,0:

<wny t G26[, np ppnllBph thnjuwgntgnipjwb wpqwuhpUtpp pyniptnwbnud G0 hhn-
pwuwnbtph inbupny:
Qnwdéhh wtnpopuhnh weywinipjwdp ujwlnhnidh wntph L hhdptph thnfuwgntgnt-
pjwl dwiwlwy wrwowlnd § uywlnhnudh wtpopuhnwiht dhwgnipnt.
ScCl; + 3NaOH + H20, = Sc(OOH)(OH); * H>O + 3NaCl:

@rniltph wanbgnipgjwdp wjb pwypwiynid | wlowwnbiny Hz202:

Uywanhnidh hhnpopuhn (Sc(OH)3) Ywnbih £ unwbw] uywbnhnidh wnbpp (nuényp-
OGGpp hpdptpnd (Ywd wanGhwyny) dwybinyg (Gpp pH = 4,9-5,45) Jwd 9pwuwnwppw-
(NLéOwb bnwlwyny uywlbnhniih wnbphg Gwwnphnudh phnunt $wuwnny Guntgltiny.

Sc(NOs)s + 3NaOH = Sc(OH); + 3NaNOs,
2ScCls + 3NazS;03 + 3H,0 = 2Sc(OH); + 6NaCl + 3SO; + 3S:

dtpohl rGwyghwih ypw £ hhdbdwé uywlnhnudh pwlwywywb npnndp Y2rwhl
Gnwlwyny:

Uywalnhnidh  hpnpopupnt  wbGowwnynd £t nnOnnnwbdwl, wdinpd  uwhuwy
Guuinjwéph inbupny: Grwgltihu wybt pynupbnwlndd £ funpwbwpnwihb pjnipnwguwbgny:
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Uywbnhniah hhnpopuhnlb niGh Gpynhdh hwuinynegntGbtp, uwyw)b npw hhdaGuwhG
hwwnynigyntbb wybih pnyl b wpunwhwynywds, pwb Al(OH)s-hOp.

Sc(OH)3 + 3HCI = ScCl3 + 3H,0,
Sc(OH)3 + 3NaOH = Na[Sc(OH)]:

Swpuwglbihu (250-255°C-nLi) ulwnhnwih hhnpopupnp thnfuwpyynid £ opun-
hhnpopuhnh (ScO(OH)), npb wyntdhth hwiwwwuwnwufuwb shwgnipywb 0dwh nlbph Gp-
Ynt dLlwihnfuniintb (a L B), huy wytih pwpdp 9Gpdwunhiwbnid opuhnh.

Sc(OH)s = SCO(OH) + H,0,
2SC(OH) = Sc,03 + H,0:

Sc* hnGObnG wynLihh, quihnih, hswbu Gwl 3d wpph wigntiwihb dkunwn(t-
nh hnGOGph Gowb opuwyhl (NuényplUEpNLY hwlnbu GO qwihu [Sc(H20)6]3+ htpuwyywhn-
Gbnh wnbupny: Sc hnGltpp thnpp swthtph L hnGh §66 fuinnigjwl wwwndwreny hhnpn-
thqynid 60 wdbih 066 wuunhfwOnd, pwb ££S-G6ph hnbGGpp: <wwnywwtu npwiny
wwjiwowynpywé wyb thwuwnp, np nonypltphg hwadwm pinipbnwind G0 hhdGwjhG
wntipp, ophbwy [Sc(OH)(H20)s]Cl2 * H20-p L [Sc(OH)(CIO4).] * H20-p:

Uywanhnidh Ghunpwuwnh pinipGnwhpnpwunp (Sc(NOs); * 4H20) wlowwnynid k' wgn-
tnwywl ppyntd [néywé Sc;0s-h Ywd Sc(OH)s-h (nuénypp gninp2hwgltihu.

Sc03 + 6HNO3 + H20 = 2Sc(NO3)3 « 4H0,
Sc(OH)s + 3HNO3; + H20 = Sc(NO3)s » 4H0:

Onnud thn2hwgnn uyhwnwy Sc(NO3); * 4H,0-h hwwndwdwynnd piniptinbGpp opnid
(nLétLh 60: Swpwglbihu pjniptnwhhnpwwnp thnfuwpyynid £ hhdbwht GhunpwwnGbph,
huy ytiponid™ opuhnh.

Juynend

4Sc(NOs)s * 4H20 fuhtn H,SO,-h Upw

4Sc(OH)(NO3); * 3H,0 + 4NO;, + O, + 2H,0,
4SC(NO3)3 * 4H,0 % 4SC20(NO3)4 * 0,5H,0 + 4NO, + O, + 15H,0,

4SC20(NO3)4 * 0.5H,0 LOC) 23C405(NO3)2 + 12NO, + 30, + 2H,0,

200 °C

23C405(N03)2 ————> 4Sc403 + 4NO; + O2:

Sc,0(NO3)4 « 0,5H20 thwgnipynilp wntih £ unwbw) Gwb uwbnhnidh Ghunpwunh
(nténypp hwadwnlwiht pwlwynigwip yepgywé Sc,0s-h htiin 90°C-nud tnwipwiglbiny:
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U ywihwywb dGunwnbbph L uwbnhnidh GhunpwwnbGph ghinfuwgntgnipjwb dwiw-
Owy wrwowlnd 6O Yyndw Epuwihbt Ghunpwwnlbp, ophbwy.
Sc(NO)3 + KNO3 = K[Sc(NOs)4):
Ulywanhnidh uniwnh hhnpwwnp (Scz(S0O4)s © 6H20) wlowwnynid b uywlnhnidh
opuhnh, hhnpopuhnh, Ghuinpwwnh wd uppnGwnh b fuhin 660pwlywl ppyh thnuwgnb-
gnipyntbhg unwgywé nuényplEph gninp2hwgdwl dwdwbwy.

Sb,03 + 3H,SO,4 + 3H,0 = sz(SO4)3 * 6H-0,
ZSC(OH)3 + 3H,S0O,4 = SCz(SO4)3 * 6H-0,
SCz(CO3)3 + 3H,SO4 + 3H,0 = 802(804)3 * 6H,0 + 3CO.:

Onnud wwhbhu hGpuwhhnpwunh wagnyb pjniptnbGtGpp thnfuwpydnid 60 htgwhpn-
nuwinh (Scz(SO04)s * 5H20), huly 250°C tnwpwglbiihu” waontp Sca(SO4)s-h:

Uywnhnush wbgnip uniydwnp 2,605 q/ud® funnipjwdp funGwywénid thnph
O6upwlwl ppyh 40 %-wlng (niénypeny dowyt hu thnfuwpyyned £ yndwy Gpuwhb pryh.

Sc2(SO04)3 + H2SO4 = 2H[Sc(SO4)2]:

Uywbnhnidh uni dwuwnp (niénypl wiwihwywb dGunwnltpp L pwihnidh uni dwun-
GGph™ wybgniyny ybpgdwdéd |nonyplbpny dwytihu unnwgynid G0 H3[Sc(SO4)s] prUN
wéwbgwbtpp, opnhGwy.

Sc2(S04)3 + 3NaxSO4 = 2Na3[Sc(SO4)3):

Swdén ondwunhidwanid uywbnhndh ungdwnp b wwihwywb dGuinwnbtph wad
wdanOhnuih unydwuinlbbpp fuwebbihu uptih b unwlw)] nddwpwinyd woonip 2hptp
(M[Sc(SO4)2] plnhwlnip pwlwdlny).

Sc2(S04)3 + KaSO4 = 2K[Sc(SO4)2:

Uywbnhnidh wbenip unipdwunp Ywpdhp 2hyugdwb oGpdwunhdwbnid thnfuwiny-

Jnud t opununt wnh.
2Sc;(S04)3 = 2Sc,0(S04), + 2S0; + O,
huy uwyhuinwy 2hjwgdwb oEpdwunhdwbnid” dwpnip opuhnh.
Sc2(S04)2 = Sc03 + 2S0; + O2:
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Uywanhnidh uppnOwwnh hhnpwuwp (Scz(CO3)s * 12H20) unnwgynid | uwep wwy-
qwboGpnud uywOnhndh wntph W Gwwnphnudh Yuwppnbwwh Ywd hhnpnwppnbwunh ni-
onyplENh thnfuwgnbgnipjwaip.

23C(NO3)3 + 3Na,CO3 + 12H.0 = SCz(CO3)3 * 12H,0 + 3NaNOs:

Swp |nioniplUtnhg Guntgiwl dwiwlwy wewowbnid £ hpdbwihb Ywppnbwun.

2Sc(NO3)3 + 3NaxCO3 + H20 = 2S¢c(OH)CO;3 + 6NaNO; + CO.:

Uywbnhnidh YwppnGwunp opnid Jwun (neéynn uwhwunwy whin Gnup £ Lwy |nuo-
Jnud bt hwbGpwiht ppnibtpnud: Swpwglbihu wunhdwlwpwnp pwjpwynid L dapbOsl
Sc203-h wrwowgnLip.

Scy(COs)s » 12H,0 —2232°_; 56,0(CO3); + CO + 12H,0,

800-900°

SC20(CO3)2 ——— > Sc0,C0O3 + CO,,

S,0,C05 —1%° 5 §¢,04 + COy:

ClunhwOnip wrdwdp uywanhnudh () phdhwb hhpbgbnid | wynidhOh phdphwG: Qw
npublnpyncd £ wntGph (nuéGhnipjwdpe, hhnpnihgybint hwynednyg L wy 0: Uwywyb, h wnwp-
pGpnipyntt wyniahbh, uywbnhnudt wewewglnid  wydbih Yuyntd YndwGpubtbp, hwwn-
Ywwbtu ppywdébwiht |hqulnbtph hbwn: Wuwbu, uulnhniih uppnbwuwnp L hhdbwhb
YwppnOwuwp (unnwgnudp OGpywjwgyt) £ yepbned) (niéyned G0 wiwihwywb dGuinwn (-
nh YwppnOwunGbph® wybigniynd ybpgqws [nidnyplbpnid” wewowgbbiny [Sc(COs)4]™
YndwGpuwhla hnGoGP.

Sc2(CO3)3 + NaxCO3 + 2H20 = 2Nas[Sc(CO3)4] * 2H20:

Undw Gpuwjht hnOnud YEaunpnOwywh dGunwnh hnGp 2powwwinywdéd £ snpu Gpy-
NnGOnwbunwiht YuppnOwwnwhb fjudptpny (GY. 4.6):
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LL. 4.6. UGhnGh Ywrenigwépp pjncptinwhG Nas[Sc(COs)4] © 2H,0-nii

Ujuwhuny, ujwlanhnidb wyn Yndwbpunid nibh 8 ynnpnhbwgdwb phy, hGsp opwhb
(nLényplENNLY wyntihOh hwdwn wOhGwphO k:

Uywbnhniah® Ywppnbwuwnwihbt Yndwtpubtn wewowglbint nilGwynipynttb ogunw-
gnpoynid £t pnphnidh, Gpyweh, Ywighniih, dwbqubh L ££S-06ph dhwgnipintGbtphg wjl
dwpntnt hwdwn:

Uywlnhnidp wntiph sbgnp wd pnyp prywhlb (nuenypltnh ypw prloyuwppyny wa-
nGhu wrwowbnid £ ScaCo04 * 5H20 pjniptnwhhnpwuwnp Gunywép.

2Sc(NO3)3 + 3H2C204 + 5H0 = Scy(C204)3  5H20 + HNO3:

Ulywanhnidh opuwjwwnp (wy (niéynid £ nidbn peniltph L wiwihwywb dGunwnbt-
nh opuwjwuwnbGph [NLénypLEpNLY.

SCz(CzO4)3 + 3H,SO, = 302(304)3 + 3C0O, + 3CO + 3H20,
302(0204)3 + 3N82C204 ° 5H20 = 2Na3[SC(CQO4)3] i 5H201

dbpoht thnfuwqgnbgnipjwlb wwwniwrep GEpYwyjwgyt £ yeplnid:
Swpwglthu uywbnhnidh opuwjwwnb wunhdwbwpwn pwjpwyyned k.

Scz(C204)s * SH0 L°°>ScZ(Czo4)3 « H,O + 4H,0,
Scz(C204)3 « H.0 L00)802(0204)3 + 4H,0,

ScoC204)s —22° 5 Sc,05 + 3CO, + 3CO:
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4.8. Uyuuhntuh <dUuLhaguhaueMro

Uywbnhnidp pninp hwingtGbtph htun wewewglnid £ Grhwingbbhnbbn:

Uywanhnidh $unnphnp (ScFs  0,5H20) unnwgynid £ uywbnhnudh wntph |puénypLG-
np dunnpugnwistwywh pryny Yuwd Yuihnidh nnphnny dawytiny.

2Sc(NOs); + 6HF + H,O = 2ScF3 « 0,5H,0 + 6HNO;,
2Sc(NOs), + 6KF + H,0 = 2ScF; « 0,5H,0 + 6KNOs:

Wa opnid nddwpwinyé Jagwbyntbwyhb pniptnuihb anee £ (the= 1227°C, tg, =
1527°C): Uywlnhntih $unnphnl wiywihwywt denwnbbph Yuwd wdnGhnidh $unphnny
Sowlbihu uinwgynud GG M'[ScFy], MY [ScFs] LMS [ScFg] pwnwnpnipyntbbtpny (nuétih
wnbn (Punnpuywbnwunlbn):

dunnpuywlbnwunbbph (nuonypLEN0 wiYwihwlywb dEwnwnbEph hhnpopuhnbbph htwn
Grwglthu wrweowlnd £ Sc(OH)s-h Gunnwdp, ophlwy.

(NH.)3[ScFe] + 3NaOH = Sc(OH)z + 3NaF + 3NH4F:

ubonip uinnphnp unnwgynid bt tnwpptph nuinnwyh upbptqny.

2Sc + 3F, = 2ScFs:

Uywanhnish $wnnphnh L opupnh fuwrGnipnp 1000°C-nud tnwpwiglbihu wrwow-
Gnud £ opundunnphn.

ScF3 + Sc,03 = 3ScOF:

Ulywanhndh wbonip pinphnp unnwgyned b vrnwpwgdwl ywydwbbatpnid dEunwinw-
Yl uywbnhnidh, unidhnh, Ywpphnh Yud Scz0s-h L woluh fuwrlnipnh Ypw snp qui-
qujhb pinpny wanbihu:

2Sc + 3Cl, = 2ScCl3,
Sc,S3 + 3Cl, = 2ScCls + 3S,
Sc,03 + 3C + 3Cl, = 2ScCl; + 3CO:

UG Ywntlh £ unwlw) wl uywlnhnudh unibhnp Ywd Ywpphnp ququihb pinpw-
opwdélny drwytiny, hbswbu Gwblk uywlnhnidh opuhnlt wdnGhnidh pinphnh hGwn Lw-
pwglbny.

Sc,S3 + 6HCI = 2ScCls + 3H,S,
Sc203 + 6NH4CI = 2ScCl3 + 6NH3 + 3H20:
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UlywGnhntsh pinphnp 2,3 g/ud® inbuwuwipwin Yzeny 26nwGyntGwahunwihG pnipb-
nwhhb Gnip £ Lwy (néynid b uwyhpund, opnud wytih htun £ hhnpnihgyned, pwi
{£S-lph pinphnbtnp.

ScCl; + H,O & Sc(OH)3 + 3HCI:

Onnud uwbnid £ unGuynipyntb L thnphwOned: 2puyhb (nuoniyphg pinipbnwibned £ 6
anityniy opny (ScCls » 6H20): Swpwglbihu pjniptnwhhnpwunp uygpened Ynpglned £ 3 dn-
tgyntp onin, wybnithGunl thnfuwnyyned £ hpdbwhlG pinphnh, huy ytponid opunpinphnh.

ScCls * 6H,0 —2° 5 ScCls « 3H,0 + 3H,0,
ScClg * 3H,0 —%° > S¢(OH),Cl + 2HCI + H0,

Sc(OH),Cl —22 5 ScOCI + H,0:

UYwlnhnidh pnipsnwhhnpwunp gnp ququiht HCI-h dhowdwypnid |phy - opw-
anyyntd £ thnfuwpyytiny wbenip pinphnh:

Ququyhb HCI-nd hwagbigwé onnid jwy (nuétihnipjwb 20nphhy uywbnhndh pinphnp
htGyunnigjwdp Ywpbh b pwdwltb wynidhbth, hiphnudh L jwbpwbh pinphnbtGphg: Ui
npny dGwnwnOGph pinphnbGph hGn wewowglnud £ ypybwyh wnbp, ophbwy ntnha
3ScCl3 « 2AuCl3 « 21H,0:

ScClz = Sc hwiwywpgnid hwuwinwunyby £ ule ScCla-h gnynipynibp (thy = 806°C):

Uwighniind uywlnhnidh Grepinppnh yGpwywbgbiwlb dwiwlwy unwgynid GO
prywaolny hboun opuhnwgnn L opny htwn pwjpwjynn uywbnhnidh® dnig gnibh gwé-
pwpdtp pinphnbtn (Sc/Cly2, ScsCls, Sc;Clio L ScCl), ophlwy.

ScCl; + Ca = ScCl + CaCla:

Uywanhnwh ppndhnp 3,91 g/ud® tnbuwuwpwn Yorny, wagnyl pniptnGbph nbu-
pny unwgyned t Gnyyb Gnwbwyotpnd, hbas pinphnp, hoswtu Gub uwbnhnidh pinphnp
ppniwopwéth hnupnid tnwpwglbiny.

ScClz + 3HBr — ScBrz + 3HCI:

Uywlnhnidh opuhnp ppndwopwélwlywb ppyntd [nuétihu unnwgynid t ScBrs-h

opwjhb |nuényyp, nphg pyntpbnwibnid £ ScBrs « 6H20 pjnuptnwhhnpwuwp:

Uywanhnidph jnnhnp (Scls) unwgyned | Giuht pwnwnphsbtpp Ywd ScO3-p wdn-
Ghntih jnnhnh htun 350°C-nLd tnwpwglbihu.
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Sco03 + 6NH4l = 2Scl; + 6NH3 + 3H20:

Wo Ywpbh t unwlw] 0wl opbsl hwpowb 9Gpdwunhiwlp rwpwgywé uywlnhnidh
pinphnh Ypw ququihl jnnwgnwébwywib peuny wantiny L Scls « 6H20 pjniptinwhhnnw-
unp NHsl-h weywynipjwdp 650°C-ntd tnwpwglbiny.

ScCl; + 3Hl — Scls + 3HCI,

Sclz » 6H,0 — 5 Scl; + 6H,0:

Uywbnhnidh jnnhnp unwgynid £ wbgniylb pjniptinGtph inbupny (thw, = 945°C):

4.9. Uyuuhntuh U3l nusur, unusnt@3ntuueNe

Uywanhnwdh Ghunpphnp (ScN) uwnwgynid b Gjuwhl pwnwnphsGGpp tnwipwgObihu
Y 800-900°C-ntd uwianhnidh hhnphnh, 1200°C-nt ScsCa-h L Ywunwihquitnnph (F203
Ywd NaxCOz) wrywnipjwip uwlnhnidh opuhnh nu wofuh fjuwrGnipnh ypw wqnuny
waqnbihu.
2Sc + N, = 2ScN,
2ScH; + N2 = ScN + 3H,
Sc4Cs + 2Nz = 4ScN + 3C,
Scy,03 + 3C + N2 = 2ScN + 3CO:

Ulwanhnidh Ghuiphnp Yugnil, ndqunpuwhwy (th, = 2600°C), funpwlwpnwiht Yw-

rnigwédpny Ywwnyw pincptnwihb Onie £ Uhuwhwnnpnhs £: 2ph wqnbgnipjwip pwj-
pwiynid £ wrwowgltiny Sc(OH)3 L wdnthwy.

ScN + 3H,0 = Sc(OH); + NHs;

{wjinbh £ Gwl NaCl-h yurnigwépht Gowl yuwrenigwépny pjniptnuihb ScP-G:

Uywbnhnidb wrwowglnid £ Gpynt wpphn ulke pjniptnuihb ScC L dnig dnfupw-
gntjb ScsCs, npnlp unnwgyned 60 hwqwpyuiht pwlwynigjwdp yepgywé dtuinwnwyw
ujwlnphnuih L wéfuwébh thnfuwgnbgnipjwdp (2000°C-n1d, skqnp dhowdwjnntd) Ywd
pwpdn oGpdwunhswbnid Sc,03-p wsuny yEpwwbgbtiny.

Sc + C = ScC,
4Sc + 3C = Sc4Cs,
Scy,03 + 5C =2ScC + 3CO,
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2Sc203 + 9C = Scy4C3 + 6CO:

Gpynt Ywpphnl k| ndJwpwhwy pinipnuhb et 60: ScC-0 nddwnpwhw) dGwnw-
nwubgwiht hwiwhwwépbtph hwiwp htrwawpuwihb pwnwnphs t:

Ulywanhndh uhthghnbGph (ScSi L ScsSis) unwgiwl hGwnn Gnwbwy t pwpdp
oGpdwuwnhdwlnd tnwpptph ninnwyh uhbptqp.

3Sc + 5Si = Sc3Sis:

Uywbnhniah uhihghnbbpp ndJwpwhwy Gynutin Go:

UhodtGunwihwgnipintGbtp hwdwpynn ujwbnhnidh ndqwpwhw; pnpphnGtpp (ScBz L
ScB12) unwgynid GO pwpép otpdwunhfwlnid wnwppbph wodhowywb thnfuwgnb-
gnLpjwlp.

Sc + 12B = ScB2:

Uywanhnidph uniydhnp (SczS3) ntnht whan Giniph inGupny unwgyned £ dGunwinw-
Ywb uywlnhndh ypw §6dph gninphbbpny wigntihu, uywanhnidh opuhnp 660pwéfuwG-
O0nd dwybihu, nwpwgiwl wywjdwaatpnd uywbnhnwdh woonip undwunnp wéfuny Yyb-
pwywbgbtihu, hOswbu Owl uywlnhnidh wOonp unidwnp §60pwopwdth dhowywy-
pnLd tnwpwglthu.

tO
2Sc + 3S = Sc3S;,

tO
2Scy03 + 3CS, = 2Sc,S3 + 3C0O,,

302(304)3 + 12C = Sc,S3 + 12CO0O,
SCz(SO4)3 + 3H,S = S,S;3 + 3H2SO4:

Uywbnhnidh uny hnb onnid uynib £, Grdawb 9opnid hhnpnihgyntd k.
Sc,S; +3H.0 S ZSC(OH)3 + 3H,S:
UhOptgyb| 60 Gwb dwbniwlwantyt ScSes-p L ul ScyTes-n:

4.10. hSPhNtUNh EhUNUL

ROnLpywb 869 huinphnidp thnpp pwlwynipjwip wywpnibwyynid | (wlpwlnhnltp,
Ywighntd, ujwlnhnid, nnhunwb L wyp tnwpptph dhwgnipyntbbtn wwpnibwynn pwqiw-
dGunwnwywb hwipwwnbuwyltpnd  (Yuwpbnp hwOpwunbuwybtpp GGpYwjwgywéd 6o
wryntuwy 4.2-n.d):
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huphnidh unnwgdwl wnpnip 60 putOnunhdp, uwdwnpuyhwp, wnnpunytjunhup,
dtpgneunbhunp b wy hwbpwunbuwybtn: buinphnudp dhwgnipntbbtp wwpnibwynn hwa-
pp hwpuunwgOnid G0 L huuphnudp opuhn wd hwingtOhn unnwbGwint hwdwp dwynid
unwpptp phihwywb Gnwbwyotpny (nt'u 4,4-n1d L 4,5-n10):

UGunwnwotpdwiht Gnwbwynd hwnphnudh opupnh wd dwgbtghnidng wbgnin
pinphnh yGpwywaqbdwb dwiwbwy, nnb hpwywbwgynid £ fiGHunpwywl Jurewpwbnud®
gnwdhunt hwpwlbnpnily, unwgynid t 4-6 % hunphnud wwnpnibwynn dwqlbbghnid-hun-
nhniwhG  hwiwhwiwsp, nphg dwgbbghnidp hbrwgynid ' 1300-1350°C-nud Jw-
Yninidnud pnptiny:

huphnidh $unnphnh y6pwywbgbnidp dGinwnwywb Yuwighniing hpwywbwgyned
wngnth dhowdwjpntd 1550°C-ntd tnwGunwib hwipwnentd: Unnwgyntd 66 0,1 % Yuwi-
ghnud L 0,1 % wnwbunw] wwpnibwynn dGnnwnwywb hunphned:

buphnwih pinphnh (Ywd YCls — NaCl fuwrGnipnh) fiGYunpwwnwppwiniédwl dw-
dwlwy unnwgynid £ 24 % huinphnuihg, 56 % dwaqlbghniihg L 20 % Ywndophniihg punyw-
gwé hwiwhwwdp: EGYunmpwwnwppwiniénit hpwlwawgyntd £ 700-800°C-nid gpws-
dhunt hwipwlnpnid (wann): Npwtu wwnn Yphpweynid £ 25-30 % Jwnihnid wwpnt-
Owynn dwgqgbbghnidh hGnniy hwdwhwinypp: Uwqgbtghnidp L Ywndihndp htrwgbbint
hwdwn hwiwhwinypp nwpwglntd 56 Jwyniniintd 900-1200°C-nLu:

huphndh Shghywywb L phihwywb hwwnynigyntbbbpp Gawb G0 uywbnhnudh, (wo-
pwlh L wyb 6wOp hwgywagniin hnnwiht wnwpptph hwwnynipintb6phb, npnbg nunby-
gnid b hwhpwwnbuwybbpnea:

huphniip 4,48 q/u® tnbuwwpwn Yzeny, YegwblyntGwihG fuhin nwuwynpnLpjwap
pERL, nddwpwhw| (thy = 1510°C), sglnnn (tsr = 2930°C) L jwy Yrbih uwhunwlw-tntu-
pwagnylt dGwnwn £ UGnwnwywb hunphndp Yugnda £ osnp onnid, huy funGwy onnid
wwuwnyntd £ Y203-h ywd Y(OH)s-h pwnwOpny: bunphniib opuhnwOndd  wybih nwbnuwn,
pwl gphnudwihb fudph (wbpwbnhnbtnp:

Pwih np Y/Y** hwiwyuwpgh wnubOghwip 25°C-nwd 2,37 4 t (wywinhy dbwwn t),
ntuinh tnwpwgldwl wywjdwabtpnd pwypwynid £ oncpp.

2Y + 6H,0 Z 2Y(OH); + 3Ha:
Undnpwwl wywyjdwbbtpnid thnfuwgnnid £ $unnph L pinph htun.

2Y + 3F; = 2YFs3,
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huy wnwpwglbihu opwdélh, pprywdlth, ppnah, jnnh L §6dph” hwiwwwwnwuuwbwpwn
wrwowgltiny YHs, Y203, YBr3, YJs L Y2S3: Ns opuhnhs prniObph htun (H2SO4 ([), H3PO4,
HCI) thnjuwgnnid £ woowwnbind opwéhl b weweowglbiny hwiwwwwnwuuwb ppryh
wnp.
2Y + 6HCI = 2YCl3 + 3H,:
JYbpwywbglnid £ Gnup wgnunwwb penil’ thnfuwnytiny NHsNOs-h.
8Y + 30HNO; = 8Y(NO3)3 + 3NH4NO3 + 9H,0:

Ny wOpwl wyinhy ns dGnwnbtph hGuin wewowglnid £ dhodbuinwnwdhwgnipintl-
GGph 00wl ndwpwhw| Shwgnipjnttbbn YBz, YCz, YSiz L wy G:

4.11. hSPhNHUNh ORUNKND, <hNNOLUNNL BY [B34UDLUSh UL
eeNFuGNh UNGNre

hupnudh opupnp (Y203) unnwgynid £ irnwpwgiwl wwyjdwbbtpnid wywng wtnwnntph
thnfuwgntignigwdp, onntd hunphniah hhnpopuhnh, Ghuinpwwnh, Yuppnbwwnh wd opuw-
(wuwh 2hywgniiny.

t0
4Y + 30, = 2Y,0;,

0

2Y(OH)s

Y2035 + 3H20,

Yz(CO3)3 * 3H,0O = Y,0;5 + 3CO, + 3H-0,

tO
Y2(CzO4)3 * 9H,0 = Y,03 + 3CO, + 3CO + 9H,0:

Wa funpwlwpnwihb pniptnugwbgny, nddwpwhwy (the = 2417°C), pwpén Lrdwd
obndwuinhswiny (te, = 4297°C), opntd L hhdpbpnid Jwun (nedynn, uwluwyl hwdwww-
nwufuwl wnbph wewowgnting penttbpnd (wy [ntéynn, 5,046 q/ud® nbuwlwpwn
U2rny uwhwnwy thnzh £ Unuin 2000°C-nid opwidGny yepwiywGgbyntd k.

Y2035 + 3H; = 2Y + 3H,0:

huphnuoh wtnopuhnwiht dhwgnipyntp (Y(OOH)(OH), * 2H,0) unnwgyned £ Gniyl

GnwlOwyny, hbs uywbnhnidh hwiwwwwnwufuwb shwgnieniap:
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huphnidh hhnpopuhnp (Y(OH)3) nnGnnnwbdwb uwyhunwlwnbnbwynit Gundwdéph
inGupny wbowwnynid t huphnudh wntph L hhdph hnfuwgnbgnipjwb (pH = 6,83) dw-
dwlwy.
Y(NO); + 3NaOH = Y(OH)3 + 3NaNOs:

Wa nibh wybh ndtn wpunwhwynywdé hhdbwht hwwnynipnil, pwb Al(OH)s-p:
Onhg hGunnipjwdp Ywbnud £ wéfjuwppnt guq.
Y(OH)3 + 3CO;2 = Y2(CO3)3 + 3H20:
Onfuwqgnntd t peniibph hbn® wewowgbiny Y**-h hwiwwwwnwufuwl wéwbgjw)-
GGp, ophbwy.
Y(OH)3 + 3HCI = YCl3 + 3H20:
Swpwglbhu pwjpwynid £ thnfuwpydtind Gwfu dGuinwhhnpopuhnh, wjinithGunl

opuhnh.

260° 380°
2Y(OH); — 2YOOH — Y,0s:
-2H,0 -H,0

huphnudh prywdlwhl prniltph wntphg Ghunpwwp (Y(NO3)s « 6H20) ubhjwyuwyhb
oGpdwunhdwlntd whowuwnyned £ wgnunwywb ppyntd |ntéywd huinphnidh opuhnh Ywd
hhnnopuhnh fuhun |nLényRUENHG.

Y(OH)3 + 3HNO3 + 3H20 = Y(NO3)3 * 6H0:

Y(NO3)s * 6H20 wnp pjnipGnwbnid £ wbgnylt hwuingwdéwynnd (wyphgdiw) pynipbinw-
gwalgny: Lnudynid £ opnid, uwhpuinnid b wgnunwywb ppynid: Swpwglbihu opwgnpyyned
" thnfuwpyytiny Grhhnpwwnh, 150-300°C-ntd thnfuwnyyntd £ hhiGwiht Ghunpwunh, huy
590°C-ni pwjpwyyntd k.

t0
Y(NO3)3 * 6H,0 = Y(NO3)3 * 3H,0 + 3H.0,

tO
Y(NOs)s * 3H,0 = Y(OH)(NOs); + 2H,0 + HNOs,

0

t
Y(OH)(NO3)2 = YO(NO)s + HNO3,

4YO(NO)3 = 2Y503 + 4NO, + Oo:

Pwgh G2qwdé hpdbwihG Ghunpwuwnhg hwyunOh G0 Gwb w) pwnwnpnigntbbtpny
hndbwjhG GhunpwunObn:
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buphnudh Ghunpwunh opwhG (neenyep Grwgltihu Guunnid £ YsO14(NOs)s ¢ 17H20
pwnwnpnijwidp hhdabwiht Ghunpwuwp, huy wgnunwywb ppyntd |ntéywéd Y203-h |nLoniy-
pn 25°C-nid futnwglbihu® YsOs(NOs)s * 2H,O hhilwjhl Ghuinpwwnp® uwhuwwly pnipbn-
O06ph innGupny:
buphniih wbonip Ghunpwup Yuwnbih £ unwlw) dhwjt wbonip dhowdwypnid,
onhGwy hhnpndnipwbnid huiphnudh ypw N2O4-ny wgnbiny.
Y + 3N204 = Y(NO3)3 + 3NO:

Unup 660pwywl ppyntd (niéwéd huinphnudh hhnpopuhnh Ywd opuhnh fuhun nt-
onyplEphg dnGnyhGwhbt pinuptnbGph wnbupny wbowwnynid £ huphnudh ungdwunp’
2,558 q/ud® inbuwlwpwn Yzeny Y2(SO04)3 * 8H20 pjniptinwhhnpwuwnp: Wo hGwnnigjwdp
onwapyyned £ thnfuwnyytbiny wnwpwgltihu pwjpwjynn huinphnidh wbenip unt bwnh.

0

2Y5(SO4)s = 2Y503 + 6SO; + 30:

huphnidh unydwnt wiwihwywb dGunwnbtph unydwwnlbbph hGn wrwewglniy
E Ms[Y(SOs)s], Ma[Y2(SOs)s], Mg[Y2(SOs)71 L Me[Ya(SOs)o] pwnwnpnipnibbtipny
YndwGpuwhla uny wuinlbn:

O6dpwlwl ppyntd |nt6ywéd hnphnudh untdwnh (nényph funnwgiwl dwiwlbwy
pintpGnwbnid £ Ha[Y(SO4)s] Yndw tpuwhl penil:

<wjinbh £ Gwbl hunppnidh hhaOwihG ungdwnp (2Y203 « SO3 « 10H20), npb wrw-
owlntd £ hunphnudh ung pwnb winbhwyh Gnup (nuénypny dowybhu.

2Y2(SO4)3 + 8NH;3* H,O + 16H,0 = 2Y5,05 * SO3 « 10H,0 + 4(NH4)2SO4Z

huphnidh skgnpe YwppnOwunp unwgynid b uwep ywydwOOtpnid hunphnudh wintph
(nLényplEph Ypw wiwihwywb dGunwnbtph hhnpnywppnbwwnh® CO2-ny hwgbgwé |ni-
onypny wanblhu wd huphndh hhnpopuhnh onwihl Yufunyeny ququiht CO2 wg-
Yuwglbhu.
2Y(NOs3)3 + 6NaHCO3 = Y2(COs)3 + 6NaNO3 + 3CO; + 3H20,
2Y(OH)3 + 3CO2 = Y2(CO3)3 + 3H,0:

Gpt Guuinbgnuip uwuwnwnpynud | vnwpwgiwl wywjdwboGpnd, www unwgynd L
thnihnfuwywb pwnwnpnipjwip (Y(OH)CO3 » xH20) hhilwyhG YuwppnGuwuwn:

Puphnudh uppnGwuwnp pjnpGnwbnid £ opinepnuonnyd  (Y2(CO3z)2 « 3H20): Ujl
opnty, uwhpunnid L Gpbpnud g ntéynn uwhwnwy thnh t: Uywihwywb dGunwnbbph b pw-
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thnudp Ywppnbwuwnh htuin wewowglnid £ M[Y(CO3)2] * 2H20 pwnwnpnigjwdp Ypybwyh
wn, ophbwy.
Na,COs + Y2(CO3)3 +4H,0 = 2Na[Y(CO3)2] * 2H,0:

huphndh woaonip Yuwppnbwunp tnwpwglbihu pwypwdnid £ wlowwntiny CO..

0

t
Y2(CO3)3 = Y,03 + 3COo:

huphnuih wgbunwuwnp (Y(CH3COO); * 4H0) Guunnud | pwgwfuwppynid (nuéywod
hunphnuih opuhnh Ywd Yuppnbwwunh (neénypp funwgltihu.
Y203 + 6CH3COOH + Hy0 = 2Y(CH3COO)3 * 4H,0:

WG opnid htaun |niéynn, huy uwyhpunud L Getipnid sintéynn wbgnylb pynipbnuhb
Oinee E:

<wjinbh £ OGwl phuphnush hpdObwihb wgbunwuwnp (Y(OH)(CH3COO),), npp nnlnnnh
inGupny wrwowbnid t hunphnudh wgtunwuwnh L wdhnGwyh opwihb (nuényph thnfuwqgnb-
gnipjwl dwiwbwy.

Y(CH3COO)3 + NH3 * H,O = Y(OH)(CH3COO)2 + NH4CH3COO:

buphnidh wnbph sGqnp Ywd pnyp prywihb nuényplbnh Yypnw opuwiwpepyny wa-
nGihu Gwpu Gunnud b nrwGdwb hpdbwihG opuwjwuwp, NnbO wunhdwlwpwn pinipbnw-
Ond £ (Y2(C204)3 » 9H20): Uil opnid 2w Jwuwn | nuéyned (100 g HO-nud™ 0,1 g): bun-
nhnudh opuwijwwp qqwihnptb |neeynd | wiwihwywb dGunwnbtph L wdnOhnudh
opuwjwwnbbtph wwp |nénypltpnid, npnlg  uwrerbtgiwl  dwiwOwy Guunnud GO
M3[Y(C204)3] * XH20 pwnuwnpnipjwip yndwtpuwhb dshwgnipnibbtn:

Pwgh Opqwd ppywdlwihb ppnibtph wntphg” hwynOh GO0 OGwl hunphnudh wy
prywoltwihb prnilbGph wntp Pnudwin (YPO,4, plnipgjwl b hwlnhwnid £ «pulbnunh»
hwOpwwnbuwyh ntupny), pinphn (Y(CIO2)s), ppndwwn (Y(BrOs) « 9H,0), jnnwiwn (Y(10); *
3 H20), upihywuwnbbp, ppndhn (YCrO3) L wy  G:

4.12. hSPhNHUh dULNQGLhNLGEND

bwphnuih hwingtOhnOtphg $winphnp opnid wOpnsth E, gnwubbpp opnud L
uwhpunid jwy [neéynid GO:
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huphnidh $uinnphnh pinuptinwhhnpwunp (YF3 ¢ 0,5H20) unnwgynid £ hunphnudh wnb-
np wiywopwywb dGunwnOBph $unnphnbtnh (nuénypny dowytiny.

2Y(NO3)s + 6KF + H,0 = 2YF3 * 0,5H,0 + 6KNOg:
Wo Ywpblh b wOowwb] Ywd nnOnnqwbiwl Gundwéph, Ywd 4,01 g/ud®
nGuwywpwp Yzrnd, unpwbwpnuwiht ywenigywdépny wbgnyla pyniptnbtph innbupny:
ubonip duinnphnp unnwgyned £ dGnnwnwywb hinphnudp $innpwgnudny.
2Y + 3F, = 2YF3:

huphnudh iinphnl wiywihwywb dsGnwnbtph $uninphnbtph hGnn werwowglnid L
M[YF4] L M3[YFe] pwnwnpnipntbbtpny Yndwtpuwhb $uinnphntn:

LGwnwpnpphn t, np, sGwywd tnwpptp pwnwnpnegntbbGphl L Ywenigywdphl, YFs-n
CaF2-h htuin wrwowglnid £ whin |nuonypltn: LAWGO nGwptpnid funuynid £ «wbndwy
whbn (nuényplEpp» dwuhb: Wn whin neénypltnb nlGt0 whO6h Yuenigwép, npnid
wybigny F hnGGGpp woyuwbnb nnbnwpw?udwé 60 hwbgnygbtpnid:

Ubontp $wnphnp funGwy onntd tnwpwgbbihu (500°C-ntd) thnfuwpyyntd £ opun-
dunnphnh (YOF): Unyl dhwgnipintbl £ wrwowbnid 900°C-nLd wyntniintd hunphnish
opuhnh L $unnphnh pjntpbnwhhnpwwnp hnfuwgntgnipjwb dwdwbwy.

2Y,03 + 2YF3 » 0,5H,0 = 6YOF + 0,5H,0:

nwyhb (nuényplbpntd hunphnudh wntph L wiwihwywb dGwnwnbGph pinphnbtph
thnfuwqnbignipintbhg wrwowgwé (nuénypltph funwgdwb dwdiwbwy Gunnid £ huphnt-
oh pinphnh pntpGnwhhnpwwnp (YCls « 6H20):

Snwjhb pwnbthph ypw nwpwglbihu pinipnwhhnpwunp Ynpgbnud £ hpbg dnEyn
onin, huy ququwiht HCI-h wrywnipjwip 180°C-nid tnwpwglbihu thnfuwpyynid b wo-

onLn pinphnh.
YCl; « 6H,0 —"% 5 YClI; + 6H,0:

Pwgh Gpdwé Gnwlwyhg' hinphnudh woonip pinphn Ywnth b unwbw) Gwb dGunw-

nwywh hinphnudh Ywd huiphnudh Gupehnh ypw pinpny wanbind, Y20s-p NH4Cl-h htn
tnwpwglbiny, hOswtu Owl wéuh weyuwinipjwip wpwgliwl wwjdwbabspntd hunphnt-

dh opuhnh ypw pinpny wagnbiny.
2Y + 3Cl, = 2YCls,
2YC, + 3Cl; = 2YCls + 4C,
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Y203 + 6NH4Cl = 2YCI3 + 6NH3 + 3H20,
Y203 + 3C + 3Cl, = 2YCI;3 + 3CO:

huphnish pinphnp 2,67 g/ud® inbuwlwpwp Ypeny, 2tnwalyniGwbhunwihl Yw-
rnigwédpnd, opnid L uwyhpuned (nedynn pyneptnughb Gynee £: Woa npnp d6unnwin06ph pin-
nhnbGph hGwn wewowglnud £ ynyobwyh wnbp, oppbwy 2YCls « 3PtCly « 4H,0, YCl;
2AuCl; » 16H20, YCI3 « 3HgCI; » 9H,0 L wiy G:
huphnudh opunpinphnp (YOCI) uwnwgynid £ wbonip pinphnp ppywdéth hnupnid
unwpwglbhu.
2YCl3 + O, = 2YOCI + 2Cl3:

WG opnid Jwuwn £ nueyned, uwuyb (wy (neéyned £ penibbpned.
2YOCI + 3H2S04 = Y2(SO4)3 + 2HCI + 2H,0:
buphnidh gwépwpdtp pinphnbtpp unwgyned GG YClz-p dGuinwnwywb hunphniiny
JGpwywbqlbtiny.
2YCl; +Y = 3YCly:

huphnuoh Gpwnpdtip pinphnp wwpniGwynid £ nupwbhuwnwhb Yiwuwnbpbtn, nnnGp
2npwntd dhwgwé 60 pnhwbnip Ynntpny (GY. 4.7):

Py oOa

LY. 4.7. bunphnidh (1) pinphnh Yuernigdwépn
(ptnph wwnndOtpp gnigunpyuwé G0 dhuyl GYwph we dwunty)

buwphnidh ppndhnp (YBrs) uinwgynid t huphnidh pinphnh wa undhnh’ HBr-h
hnupntd Ywd hwphnuwh ppndhnh hhnpwnh’ Juynenedned NHgBr-h hbiun: 500°C-nii

tnwpwgniiny.
YCl3 + 3HBr = YBr; + 3HCI,
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Y2S;3 + 6HBr = 2YBr; + 3H,S,
YB3« 9H;0 — 5 YB, + 9H,0:
huphnidh ppndhnb onnud thnphwgnn, opnid L uwhpuined (wy (nLéynn pjncpbnwhb
e E:
huphnuah jnnhnp (Yls) unwgynid b rnnwpwgdwl wuwydwbatpnid stgnp dhowywiy-
nnud wwng Oinipbph thnfuwgnbgnipjwip, Y203-p winGhnidh Ywd wynidhOh jnnhnh htun
tnwpwglbiny.
2Y + 3l = 2Yls3,
Y203 + 6NH4l = 2Y13 + 6NH3 + 3H,0,
Y203 + 2Al3 = 2YI3 + Al;O3:
hupnidh jnnhnb onnud thnphwgnn, opnid L uwhpunintd (wy (ntéynn pjncptnwhb
Oinep &:

4.13. hSNPhNHUPh U3L GRUSUMM Uh8usnk@3nkuutNp

Puphndb wewowglnud | Gpynt tnwppbp pwnwnpnegniGbtpnyg (YH2 L YH3) hhn-
nhnbtn, npnGp unwgynid 6O hwiywd hinphnudh opuwébwynpnudny:

YHs-p yhpweynid b dhontyuihl rGwyunnpbbpnud npwtu GejunpnGGEph wOnpw-
nwndhs L nwanwntgnighs, hoswtu Gwb thnh huinphndh unwgdwla hwdwp:

buwphnish unybhnp (Y2Ss) 3,87 qui® inbuwlwpwn Ypeny gnpawnwnsbwagnt)G
wubnbwdl pjnuptnbtph wnbupny unnwgynid £ Giuht pwnwnphsOtpp, hoswtu Gwb hun-
nhnidh opuhnp §6Gpwéuwsth gninp2hbBpNLd Ywd §§dpwonpwdth showdwnnid pwndn
obpdwuwinhdwbnd tnwpwglbihu, hunphnidh unywnnb wétuny Yypwywbqgbbihu.

0

t
2Y + 3S = Y,S;,
tO
2Y-,03 + 3CS, = 2Y,S3 + 3CO,,
tO
Y203 + 3HoS = Y2S3 + 3H,0,

{0
Yz(SO4)3 +12C = Y,S3 + 12CO:

buphnidh unibhnp onh wgnbgnigwip pwjpwyntd £, huy wiywhwywb dtwnwn-
GEph unphnbtpp htuin wrwowglned  Ypyowyh unydhndtp.
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Y2S3 + 6H,0 = 2Y(OH)s + 3H,S,
Y2S3 + NasS = Y2S3 » NaoS:

huphndh opuhnh L unydhnh fuwrbnipnp twpwglbihu unwgynid £ gnpawuwh-
tnwywagntt opununidhn.
Y2S3 + 2Y,03 = 3Y20,S:
huphnudp 660ph hGuin wrweowglnud £ Owl wy dhwgnipntGbGp” Ywndhp dhwunt|-
dpn (YS), dwlniywywnwnsbwagnyb Gpyunidpn (YS2) L YsSy pwnwnpnigjwip pwqiw-
unt bhn:
Puphnudh wpphnp (YC2) unnwgynid £ hunphnidh opuhnh™ wdbigniyny yepgywéd
wdéfuh htun 2hlywgniiny.
Y203 + 7C = 2YC, + 3CO:

WG nbh CaCz-h Ywrenigwéphl Gdwl pjnipnuihb Ywenigwép, wjuhGpl
Yuqidws £ Y** L €2 hnGlkphg:

Uhlptgyb| 60 OGwl YC L Y2Cs Ywpphnbtpp, npnbp 9onph wagnbgnipjwdp hGunnt-
pwip pwjpwynid GO wrwowglbin wéuwopwéhtlEph™ wnwppbp pwnwnpnipnLi-
G6pnyd pwpn fjuwrGnipnlbn:

Uwiujwé Giuwht pwnwnphsGGph tnwppwswhwywb pwnwnpnipntb6phg” nw-
pwgiwl wwydwbbGpnid hinphnudp uhthghnudh hGnn wewowglnd b wtnwppbp pwnw-
npnipinLbbtpny uhthghnbbp™ YSi, YSi; L Y2Sis, npnGp ndwpwhw| whin Onipbp Go:
OphGwy' YSiz uhihghnp hwyntd £ 152°C-nua:

YN pwnwnpnigwdp Ohwphnp, npbG nlbh YGpwypp wnh Ywenigywéph 0dwl
pintpGnwiht Ywenigwép, unwgynid § urnwpwgiwl ywydwbbtpnid wywpgq wwppbph
thnfuwgnbgnipjwdp: Uo otpdnigjwlb hwinbw 2wwn Yuynia t: Ywynit £ ng dhwyb onh
(GnryGhuy Brwgnn), wy; Gwbl §60pwywb pprYh L hhdptph hwinbw:

hwuphnidh pnphnp (YBs) uinwgynid t Y203 « 2B203-h L MgO + MgF2(1:15) fjuwrOnip-
nh Ele4upnihgny: Uyt 3,72 g/ud® tnbuwlwpwn Y2rny dnig Yuwngun Gnee b <winypntd
(nLéynid b hhdptpnid, lnwpwgdwb wywjdwbabbpnd™ fjupuin 660pwywb pryntd, huy ukbjw-
Ywihb 9Gpdwunhgwbnid” fuhun wgnunwywb ppynty:
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4.14. lLULBUULNh 2hUhUU

LwOpwOp pUnipjwb 069 hwanhwnid £ dhwyb shwgnipntbGtph inbupny ($nudwn,
dunnpyuwppnbwuwn, uphywuwn b wyb) L npny pwgiwdbunwnwywb hwbtpwwnbuwybtpney,
npnbp, pwgh ££S-06phg, wwnnibwynud G0 Gwl Ywighned, hunphned, uywOnhned, ghpyn-
Ghnd, hwdbhned L wyp tnwipptn:

LwOpwOh wwpniGwyntpntlp Bpypwytnlintd Yugoned £ 6,5 « 10 %: Ul uwnwg-
Jnud L jwlpwOh opuhnh Ywd hwingtbpnbtph™ dGnwnwotpdwihl GnwGwyny Ybpw-
Ywabqbnuand, (wOpwGh jnnhnh otpdwihG nhungniiny Ywd hwingtOhnOGph tGYupn-
thany: UGunwnweobtpdwjhb tnwbwyny uhbptigh dwiwlwy npwtu yspwywbgbhs oguw-
gnpéynid t dwaqbtghnid, pln npnud, opuhnh Ywd pinphnh yGpwywbgbiwb dwiwbwy,
npwbugh winbnh nbGOw |phy yGpwywbqlned, yepwywbqbhsp ybpgyned | wybigniyny:
Ybpwywbgbnidb ppwywbwgyned £ fiGYunpwywlb Jwerwpwbnd' dnthpntOny OGpwwun-
Jwo gpwdphwnt hwpwlbnpniy.

LazO3 + 3Mg = 2La + 3MgO,
2LaCl; + 3Mg = 2La + 3MgCl.:

Uunwgynid b (wlpwb-dwqgbtghnidwhl hwdwhwiywép, nphg dwqltghniip he-
rwgyntd £ 1300-1350°C-ntd funp quyntnidnid gninpzhwgniiny:

Gprbt dGnwnwotpdw)hl Gnwowyny (wOpwlh pinphnh yGpwywbgbiwb dwiwbwy
npwbu ytpwywbqgbhs oguinwagnpéynid  wiwihwywb dGnwn, www ytpuwyuwaqbnidl
hpwywlwgynud £t Jwyninidnud (Ywd wpgnOh dhowywypnid)’ hwunniy wwywyt uwppw-
Jnpniiinid, 250-350°C-ni.

LaCl; + 3M = La + 3MCI (M = Na, Ka, Rb L. Cs):

Uwpnip dGunwnwywb jwopwb unwgyntd t Pntph L Swuunh Gnwlwyny jwbpwdh

Jnnhnh 9Gpdwhb nhungniiny.
2Lal; = 2La + 3l3:

26niwyht nhungnilt hpwywbwgynd £ Juyninidwgwd wwwyt wbnepnid dhisl
1300°C 2hlwgywé Ynidpwish jwnh L Lals-h gninpzhGtiph 2thdwb shengny:

lwOpwOh hwingtbhnbtph (LaCl; Ywd LaFs3) EiGyunpnihglt ppwywbwgynid §
900°C-ntd: Npwbtu wann ogunwgnpsyntd £ gpuphwnt hwipwlne, huy npwbu Ywwnnn
duntnphiind wwndwé (pinphg Ywd $uninphg wwznwwbtine hwawn) dnihpnblh ua
dnidpwap ann: Ywunnnh ypw wbowunynid t 99,6-99,8% dwppnipjwip (wlpw:
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4.15. dh2hyuyuu 64 ehuhuyuu <Uusunkae3nkuueMre

LwOpwOp yagwbhunwyhb fuhun nwuwynpnipjwdp (a-La duwhnfunipynil, Yuwyntl
195-152°C-ntti) Ywd Ghutnwytbunpnbwgywé (B-La dlwhnfuntpintl, Yuynil £ 350°C-hg
pwpdp otndwunhiwlnid) hwyntl, uyhnwywwpdwpwanylb dbunwn §: 150-350°C-nLu
Gpynt dLlwhnfunigyntbbtnb £ Yuwpnn GG shwdwdwawy gnncpynta ntbGOw:

LwOpwOp dwlp, wwn Yebih, dwpenip yhdwynid dgbiih, wowaghg thnpp-hbs wpén,
920°C-ntd hwiynn (tsx = 3469°C), thnpp-hls wwnwiwagbhuwywh swn (fuinnieynilp’
6,18 g/ud®), wywinhy (La/La®" = 2,52 J) dbwnwn t: LwGh np snp onntd fuwdpntd £ wwin-
JGiny Laz03-h Gnipp 26pwinny, huy funbwy onnid”™ thnjuwpyyned La(OH)s-h, ntunh wyb
wwhnud 6O pELGgNnNLY:

UGOwywjhb 9Gndwunhdwlnid (lmwpwglbihu wpwq) pwypwnid £ oncpp.

2La + 6H,0 = 2La(OH)3 + 3H,:

Lnuéynid £ ng opuhnhs penilGpnid werwowglbin hwiwwwuwnwufuwb pryh wnp,
onhbwy.
2La + 6HCI = 2LaCl; + 3Ha:
UtOjwywihb oEpdwunphswbnid thnfuwgnnid £ ppywdéth LW hwingtbbtph hbwn.

4lLa + 30, = 2L8203,
2La + 3X; = 2LaXs,

huy wnwpwgiwl wwjiwabtpnd™ opwdébh, wagnup, $nudpnph, wputlh L wbwnhdnbh
htuin™ hwiwwwunwufuwlwpwnp wrwowglbiny LaHs, LaN, LaP, LaAs L LaSb:

<hdptiph hiwn sh hnfuwgnniu:

LwOpwlp npn dGwnwnGtph (Ag, Cu, Ca, Mg, Zn, Al, Pt L w) 0) hGun tnwpwglbihu
wrwowglnd £t hwiwhwwépltn L dhodtunwnwdhwgnipntGbtp: OphGwy hwijwé wi-
jnuihlp pnieb thnfuwgnnid | jwbpwbh hGwn®™ wrwowglbiny onnud Yuynih LaAls dhw-
gnipyntlp:

Ubunwnwywl jwipw(bt ogunwgnpéynid | uwdwphnudh, Gypnwhnudh L huinbpphnt-
ah, hOswbu Gwb hpwyhp (whpndnn) hwdwhwwépltnh unwgdwl hwdwp:
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4.16. LULIBUUN OLUNNL, <hNOLUNLAL BY
[6lB4UDLU3NL BRBNFLENN UNGMD

LwGpwGh opuhnp (Laz03) unnwgynid b Giuwyhb pwnwnphsbGph twpwgniiny, onntd
(wOpwOh hhnpopuhnh, Ghunpwwunh, uwppnbwwnh L opuwjwwnh 2hlugniiny.
4La + 30, = 2La,03,
2La(OH); —2% 5 La,05 + 3H,0,
4La(NOs)s * 6H20 SN 2Lay03 + 12NO; + 30, + 24H,0,
Las(CO3)s * 8H,0 — 5 | 8,04 + 3CO, + 8H,0,

Lay(C204)s * 10H0 —8% 5 | 2,05 + 3CO, + 3CO + 10H,0:
LwOpwOh opuhn Ywnptih  unwlOw) Gwb sGunwnwywb jwbpwbp pnpwpuh htun hw-
[Giny.
2La + Nay,B40O7 = La,0O3 + 2NaBO, + 2B:

U0 wpnn t wlowuinybl winpd thnane Ywd wbgnyb pyniptinbtph inbupny (funpw-
GwpnwihG dLwhnfunigntap uynith £ dpOsl 400°C, huy ybgwllyniGwihGp® dhosk
2317°C):

LlwapwGh opuhnp  (flunnipniip”  6,57q/ut®)  hwidntd & 2317°C-nud,  biend
4197°C-n1t: NLGh hhdGwihG hwwnynieintabbn (hhobgbnud ' CaO-hG): pnid sh nudyni,
uwyuwjb pnirl thnfjuwgnntd £ npw hbwn: Wa CaO-h Gdwb Yuwpbih £ «<hwOggOb» opny.

LaxO3 + 3H20 = 2La(OH)s:

NLOGGwny hpdbwyht hwwnynigintt™ LaxOs-p onhg Yywond £t CO2™ thnjuwpyytiny
YwppnOwuwnh, wdnGhnidh wntphg nnipu b dnnud wdnbhwy, h nwpptpnepinit ££S-06ph
opuhnObph™ hGunnipjwdp (nLéYnid | penibtpnid.

La,O5; + 3CO, = La2(003)3,
La,O3 + 6NH4CI = 2LaCl3 + 6NH3 + 3H,0,
La,O3; + 6HCI + 2LaCls + 3H,0:

LwOpwUh opuphnp wwhnud GO0 wybwhuph wywjdwbbGpned, npuntn pwgweyned | wo-

fuwppnt qugh L fjunbGwyntpjwb dniwinpn:
Oguwagnpéynud £ pEYowl 066 waynitt nlbtgnn owunhywywb wwwyhutph wp-
tnwnpnLpjwb uG9:
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Lwhpwbh hhnpopuhnp (La(OH)z) [npdwbdwl Gunywéph inbupny Ywpbih £ unw-
OGw| nwppbp GnwOwybtpny.

La(NOs)s + 3NaOH = La(OH)s + 3NaNQOs,
LaH;3 + 3H,0 = La(OH)3 + 3H,
4LaC; + 12H,0 =4La(OH); + 3C,H2 + CaHeg,
LaP + 3H20 = La(OH); + PHj3:

Wb ££S-06ph 2wupph hhnpopuhnbtiphg wikbwnidtinb t: Lniéynid £ hwbpwihb pent-
GGph Gnup | NLénypOGNNLY, hGwnnipjwdp onhg Ywanid £ CO2, huy winbhnidh wnbkphg
nnipu | annud wanGhwy.

La(OH)s + 3HCI = LaCls + 3H20,
2La(OH)z + 3CO, = Lax(COs3); + 3H20,
La(OH)s + 3NH4CI = LaCls + 3NH3 + 3H.0:

Oujwjh 0dwb jnnny dowytihu tnwihu £ Yuwwnywu gnibwynpned:
Swpwglbhu Gwu thnjuwpyynd £ dGuwhhnpopupnh (MOOH), wjlUnithGuinl' op-
uhnh.

2La(OH); —222° 5 ol 200H —1%° 5 | 2,0
2H,0 -H,0

Gpb (nLénypnid (wlpwlh wntph ypw wytiwgynid 60 KOH L H20,, wwyw wrwow-

Onud | (wlpwOh wtpopuhnwhl Shwgnipntl.
LaClz + 3KOH + H,0, = La(OH)z * H,O, « H,O + 3KCI:

LwOpwOh wwn wnbp pjnipGnwned 60 OGS pyny onph dnGyny GGpny:

LwbpwOh wOonip Ghunpwwnp unnwgynid bt jwlpwbGh opupnlt wdinOhntdh Ghuinpwuwnp
hGuwu hwthu.

La,O3; + 6NH4NO; = 2La(NO3)3 + 6NH; + 3H,0:

LwOpwOh Ghunpwwnb whowuwnygned £ opnud, uwyhpuind L wyp (nedhgbGpnud (nuéynn

uwhuwnwy thnant tnbupny: Swpwglbihu pwjpuwyyned k.

t
2La(NOs); = 2LaONO3 + 4NO; + Oo,

{0
4LaONO3 = 2La,03 + 4NO, + O,:
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Ugnunwywb ppyntd (wlpwlh opuhnh Ywd hhnpopuphnh (nuényph funnwgiwl dw-
dwbwy Guunnud £ onnud Swwwnynn wbgnylb pjniptnbbph innbupny pynupGnwhhnpwwnp’
La(NO3); » 6H20: Uj0 tnwpwglbihu pwjpwiynid £: OOdpwlwl ppyh ypw funbwywaqgbp-
6hsnid wwhGhu thnfuwnpyyned £ dnGnhhnpwwnh (La(NOs)s * H20):

Uh 2wpp dGunwnO6ph wdnOhnudh GhunpwunOGph hGwn (wbpwbh Ghunpwunh pintpw-
nwhhnpwunl wrewowglnid £ jwy pjniptnugnn YndwGpuwht Ghunpwwnltp, ophbwy
M;[La(NOs)s] * nH,O (M = NH; , Rb*, TI* L wy|0):

LwOpwOh OGhunnpwwnh pnipGnwhpnpwwnh opwgnpynidny wbonip Ghuinpwwn hbwpw-
Jnp st uinwbwy, pwOh np unwgynid G0 hhdGwyhb wnbp:

<wjinbh G0 Owbl (wOpwOh opunUGhuinpwwnltpnp LaONOs, LayOs(NOs)s, LaOs
LaONO3 L wy G:

LwOpwlp $nudnpwywb peniltpp hbun wewewglbnud | vwpptp pwnwnpnipyntl-
O6pny pwqiwphy nudpwuwnlbp:

LwOpwOh oppndnudpwuwnp unnwgynid k jwbpwdh opuhnp NH4NaHPO4-h htwn hwb-
(hu Y jwbpwbh unt$wuwnh L Gwuwnphnidh $nudwunh (nuénypLEND fuwrbEhu.

La,0® + 3NHsNaHPO, Z 2LaPO4 + NagPO4 + 3NH;3 + 3H,0,
Lax(SO4); + 2NazPO4 = LaPO4 + 3NaySOy4:

LwapwGh $nudwinp 4,28 g/ud® inbuwlwpwp Yreny, opnid sintéynn, ygwbhuunw-
Jh0 Ywrenigwépny uwyhuinwy pynptnughb Oynip £ <uynbh | Gwb jwbpwbh pRenL oppn-
dnudwunp, npp unwigynid £ (wbpwbh untdwuwnh L Gwwnphnidh pent Pnudwnh NLéniyp-
GGpp fuwrbGhu.

Lax(SO4); + 3Na;HPO,4 = Laz(HPO4)s + 3NazSOq4:

LwOpwOh Epydnudwinbbpp (Lay(P207)s « 8H0, LaHP20O7 « 3H2O L Lax(H2P207)3)
Ywptlh b unwlOw] (wOpwbh unidwuwnh (ndnyph L wnwpptp pwbwynipintbbtpny
Jtpgywé Gwuwnphniih Gpydnudwnh (nuéniyph thnfuwgntgnipjwdp.

2La(S04)3 + 3NasP207 + 8H20 = Lay(P207)s * 8H20 + 6NaxSOq,
Lax(SO4)s3 + 2NasP207 + 5H20 = LaHP207 « 3H20 + 2NapSO,4 + 2NaOH,
Lay(SO4)s + 3NayP207 + 6H20 = Lag(HoP207); + 3NaxSO4 + 6NaOH:

LwOpwOh GriGunwdpnudwinp (LaP30g) unwgynid £ jwlpwbh uni dwuwnp Gwwnphne-
ap GriGnwdnudwnny drwytiny.
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Laz(SO4)3 + 2NasP3;09 = LaP30g + 3Na,SOy4:

LwbpwOh wOonip untpwinp (Laz(SO4)3) unwigynid t jwbpwbh opuhnp, hhnpopuhp-
np, YwppnOwuwp Ywd Ghunpwunp fupn §6dpwywl ppyntd tnwpwglbihu, hOswbu Gwl
lwlpwOh untdwnh pjnipnwhhnpwwnbbnp enwgnytihu.

LasO3 + 3H.SO,4 = Laz(SO4)3 + 3H,0,
La(OH)z + 3H2SO4 = Lay(S0O4)3 + 3H20,
Lay(CO3)3 + 3H2SO4 = Lay(SO4)3 + 3H20 + 3CO,,

0

t
L82(304)3 * 9H20 = Laz(SO4)3 + 9H201

LwOpwGh unt dwunp 3,60 q/ud3 inGuwywpwp Yzeny unbwywdéncd thnph t: Onnud
puwjpwyyntd £ 1150°C-nid: Gpb wyl tnwpwgyntd b prywdsth hnupntd, www puwypwyntd
E 750°C-nLi” thnfuwpyybiny Laz0s ¢ SOs-h, nnp opwstny Yepwwbqlbiny™ unwbnid GO
(whpwOh opununt bhn.

0

t
Laz(SO4)3 = Las03 * SO3 + 2S0, + Oy,

LayO3 » SO3 + 4H, 2 Lay03S « 4H,0:

lwOpwlh unidwuwp wun dGunwnlOGph  unydwnbbph hGn wewowglnid |
yndwbpuwiht unt pwinbbp, ophtwy M'[La(SOs)], M[Las(SO4)s] (M = K*, Na*, Te* L
wy b): Uinwgyt) £ Gwl ybpoht wnbpht hwiwwwuwnwufuwbnn pentl’ Ha[Las(SO4)s):

{wjinbh G0 Lax(SO4)z * nHO (n 2 6, 8, 9 L 16) pwnwnpnigjwdp pjnpbnwhhnpuwn-
GGpp:

LwapwGh® 2,86 q/ui® nbuwlwnpwp Yoeny, ukGuywht otpdwunhswantd Yuynt,
wbgnyl Laz(SO04)s * 9H20 pynipbnwhpnpwunp ysguwbhunwihb pjniptnbtph inbupny wib-
owwnyntd £ 30-40°C-nLi Lax(SO4)-h hwgbigwé |niéniyph gninp2hwgniiny:

LwOpwOh Ghnpwunh stgnp (nonyph L hwdwpywiht pwlwyny 660pwywb ppyh
fuwrOntpnht pwgwndwy uwyhpun wytiwglbihu Gunnud £ anGnyhGwihb Ywenigwépny,
uGOjwywht opdwunhgfwlnd Yuwynil, wOgnyb pjniptnuihb Lax(SO4)s « 8H2O pinupk-
nwhhnpwwnp:

Lay(SO4)3 * 6H20 L Lay(SOa)3 « 16H20 pjniptinwhhnpwuwnbtpp ubbywywhba obpdwu-
nhdwbnd woyuyntb GG:

LwOpwOh YwppnGwwnp (Laz(COs); ¢ 8H20) plnipjwb dG9 hwlnhwnid b jwlpwbhwun
hwOpwuwnbuwyh nbupny: UphGunwywb tnwGwyny wyb Ywnbih £ unwlw uwep wwy-
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dwbbBpnud jwbpwbh wntph ypw CO2-ny hwagbgwd wiywihwywb dGunwnbbph Ywppn-
Gwwltph |nénypny wgnbind Ywd (wlpwlh hhnpopuhnh opwiht Ywjunypny CO2
wbOgywglbny.
2La(NOs3); + 3NaCO;3 + 8H,0 = Lay(COs3); « 8H2,0 + 6NaNOs3,
2La(OH); + 3CO; + 5H0 = Lay(COs3)s * 8H20:

LwOpwOh YwppnOwuwp Guunnnid | 2Gnwbynibwdl wbgnyb pyniptinbGph inbupny:

LwOpwOh wnbpt wywhwywb dGunwnbtph |nenyplUtnph hbwn Grwglbihu Guunnud
G0 (wOpwOh” thnthnfuwwb pwnwnpnipjwdp hhdbwiht YwppnOGwunObp (LagCO3(OH)
nH20), huy wiywihwywb dGunwnbtph Yuppnbwwnbbph wybgniyph nbwpnid wrwow-
Ond 60 Yyndw GpuwihG YwppnObwuwnbtn Na[La(COs)2 * 6H20, K[La(COs3), *« 12H,0]:

LwOpwOh YwppnOwuwp (neéyned £ Gnup penibbpnid’ wrwewglbbiny hwiwwwuinwu-

fuwb prYh wnp, huy tnwpwgltihu pwjpwynid £ Gwfu thnfuwpyytinyg hhaGuyhlt Ywppn-
Gwwnbbph, wjinthbnl® opunywnpnbwwnGbph, www' opuhnh.

Lay(COs)s * 8H0 — 2% La(OH)CO; — 5 La,0(CO5) — 5 La,0,C0; —2
La,O3 + COy:

LwOpwOh opuhnh L SiO2-h Grwyw(bwl dwiwlwy unwgynid GG dnGnuhhlwuwn
(LazSiOs) L Gpyuphywunn (LagSiz07): 2pwihb (nuényplEpnud thnfuwbwyiwb rEwyghwny
Yuntih £ unwbwg YnyGwyh hhnpnwnbn, ophGwy.

Li(OH)s + NazSiO3 = NazLa(SiO4)OH + H20:

LwOpwOh opuwjwuwnp (Laz(C204)3 « 10H20) unwgyned | (wlpwlh (nuéth wntph sG-
anp Jwa pny| ppYwiht (nenyplEnh Ynw wdbigniyny ytipgywéd opuwjwppyny want-
(ny.

2La(NO3)3 + 3H,C,0,4 = Laz(Czo4)3 + 6HNOs:

WG opnid Jwuwn (neéynn uwyhuinwy e £: Swpwglbihu pwjpuwyyned k.

Las(C204)3 * 10H20 —22 5 Lay(C204)s « TH20 —22 5 Lay(C204)s —*2% 5 12,0(CO3),
8, | 8,05 + 2COy:

80-320°C-nLl |wlpwWGh opuwjwwnh onwanyiwdp Yuwptih b unwbw] tepniptnws-
hhnpwuwn (Laz(C204)3 ¢ 2H20) L dnGnpjniptinwhhnpuwun (Laz(C204)3 * H20):

LwlpwlOh opuwjwuwnlb wy opuwjwuwnbtph (NuényplEpnLd gptipb sh |NLoYnid: Udn-
OGpnudh opuwjwnh wnwp [NLénypnd uwbnhnidh, hunphnudh, (wWopwOh L w) (WOpw-
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OGnphnbGph wnwpptp |peGhnipywb Ypw £ hhabjwdé wyn tnwpptph pwdwOdwb Gnwlbwy-

Gbphg dtGyp:
Qnnud (wy (niéynn (wlpwlh wgtunwuwp (La(CH3COO)s) unnwgynid t jwbpwbh

hhnpopuhnh Ywd YuppnGwwnh b pwgwiuwppyh thnfuwgntigntpjwip.
La(OH)z + 3CH3COOH = La(CH3COO)3 + 3H.0:
LwOpwOh hhdOwihG wgtwnwup unwgynid £ rnwpwgdwl wywydwbabbpnud (wbpwbh
wgtnwuwp thnpp pwlwynigjwdp winbhwyny dwythu.
La(CH3COO)s + NH3 + H20 = La(CH3COOQO),0H + CH3COONHL,:

LwOpwlh wgbunnwwnlb ouwih Gdwb jnnh hGn wnwihu b Ywwnyun gnilbwynpned
(pwgwuwnpnipintlp wnt'u h. 1-h 8.16-n10):

4.17. LlULRUULN LULNQGULhALGE D

Addwpwinyd (wlpwlh waonip $unnphnp (LaFz) unwgynid § dGnwnwywb (wo-
pwOh Yywd Ywpphnh ypw rnwpwgiwlb wywjdwbbtpnid uninpny wignbiny, hoswtu Gubl
LaFs « 0,5H,0 pjniptnwhhnpwunp NHsF-h wrywjnigjwdp 9pwgnybiny.

2La + 3F; = 2LaF;,
La,Cs + 9F, = 2LaF3 + 3CF,,
2LaF; + 0,5H,0 + 2NH,F = 2LaFs + 2HF + 2NH; + Ho0:

LwOpwOh $unnphnh pjnipbnbbph yegwbhunwihl 26puinwydnp Ywenigwépnid (Gy.
4.8) jnLpwipwynip La** hnb ppowwwinnywé £ Erwbynib bpypnipg wewwglnn” huwd w-
uwp hGrwynpnipjwip (0,0236 04) hhGg L Grwlyntt hwunywédwynnd wrwowglnn’ hw-
Jwuwn htrwynpnipjwdp (0,270 G0) y&g F hnGOGpny:
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LY. 4.8. LaFz-h Yurnigwdpp

LwOpwbOh $uinnphnh pinuptinwhhnpwunp (LaFs ¢ 0,5H20) unwgynid t (wOpwGh pin-
nhnh fuhwn (NLényRLEPD uinpugnwdtwywb ppyny V2wytiny L jwhpwlOh opuwiwuwnh ni
wiywhwywl dnwnbGtph $uininphnbtph neénypUtph fjuwrtnipnp Grwgltiny.

2LaCl3 +6HF + H,O = 2LaF; « 0.5H,0 + 6HCI,
L82(0204)3 + 6NaF + H,O = 2LaF; ¢ 0.5H,0 + 3Na,C204:

Wo whowuwnygned £ wd uyhunwy nnbnnnwbdwb Gundwéph, Ywa 0,93 q/uﬁ3 k-
uwQwnwn Yenyd wagnyt YbgwlhunwihG pnipbnlbph (tw, = 1427°C, ty, = 2337°C)
inbupny: Lwlpwbh $unnphnh pjnipnwhhnpwunp penibBph Gnup |nLénypOGRNLY nddwp
(nedyniy, (wy (neoynid £ wiwihwywb dGuinwnbtph $innphnbbph fupuin (nuonypLERNLY
wrwowglbiny htpuwdpuinnphnbtn (M} LaFe):

{wyinbh 6O pwgiwphy $uinnpyndwGpulbin’ Na[LaF,4], K[LaF4], Rb[LaFs], Nas[AlFg],
Ks[LaFe] L wy G:

LwOpwOh opunduinnphnp (LaOF) wOgnyl funpwlGwnpnuwihb pjnipbnbGph wnbupny
unwgyntd £ funbwy onntd 800°C-ntd jwlpwlh waontp dinnphnh hhnpnihgny, (wpwah
pintpsnwhhnpwuinh obpdwiht pwjpwyniinyg Yud Juyninidnid 900°C-nid (wpwGh opuh-
nh L whgontp uinphnh thnfuwqgnbgnipjwip.

LaF; + HOH = LaOF + 2HF,
2LaF; « 0,5H,0 = LaOF + LaF; + 2HF,
LaF;+ La,O3 = 3LaOF:

LwOpwOh wOonip pinphnp (LaCls) unwgynid | dGunwnwywb (wopwbh, uni dpnh
Yud Ywpphnh Yypw ququihb pinpny, (wOpwGh untdhnh wd Yunpphnh ypw snp pinpuw-
opweélny, (wbpwlh opuhnh Yypw &8dph dnGnpinphnh gninpzhbtpnd Ywd wdnbhnudp
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pinphnny wanbiny, hGswtu Gub snp ququihl HCI-h dhowywjpnid (wbpwbh pinphnh
hhnpwwnh gpwagnyneiny.

2La + 3Cl, = 2LaCls,
La,S3 + 3Cl, = 2LaCls + 3S,
2LaC; + 3Cl; = 2LaCl3 + 4C,
2LaC, + 6HCI = 2LaCl3 + 2CoH; + Ha,
LayS; + 6HCI = 2LaCl; + 3H.S,
2Lay03 + 6S,Cl2 = 4LaCl3z + 3SO; + 9S,
La,O3 + 6NH4CI = 2LaCl3z + 6NH3 + 3H-0,

LaxCl3z * 7H20 = LaCls + 7H.0:

Wo woowwnyntd t 3,84 g/ut® tnbuwywpwn Yornd wognyl yegwayntGuwihl pynt-
nEnUGNh (thy, = 852°C, tw, = 1747°C) nnbupny: Cwun funbwywénis t, (nusynid £ opnid L
uwyhpunt:

LwOpwah pinphnp (hGswtu OGwl uqwinhnidh b huiphnudh pinphnbtipp) epnid hhn-
nnthqyned £, uwyuwyb wytih phg, pwb wynidhGh pinphnp: “w Ypw hhdpny wagnbihu
wjb thnfuwpyynid £t hhnpopunwnh.

LaCls + NaOH = La(OH),CI + 2NaCl:

Unwpepyh L jwbpwlh opuhnh™ dpqwhjnip hhptglnn |nuénypp uwrtglbihu unwg-
gnid t uyhpuninud |neéynn wubinbwdl (wlpwOh pinphnh pjnipnwhpnpwun (LaiCls
7H0):

LwlOpwUh pinphnp Uh wpp dGunwnO6ph pinphnbtnph hGun wewewglnid £ Ypyawyh
wntp, ophbwy LaCl; « PtCls « 13H20, LaCls * 4HgCl; »« 12H,0, LaCls  2BiCls « 8H20, L
Undw Gpuwyhb pinphnbtp, ophlwy™ Cs[LaCle] « H20:

LwlOpwUh pinphnh pintpGnwihhnpwuinb onnud pwjpw)tihu utnwgynid GO pwrwayynt-
Guyhl wenigdwépny opunpinphnh Ywpdhp pyniptnbtn.

LaCl3z » 7H,0 = LaOClI + 2HCI + 6H,0:

<wjinbh 60 0wl (wbpwOh gwépwndtp pinphnbtn (LaxCls L LaCl):
lwOpwGh Gpypinphnp utnwigynid £ Gewndtp pinphnh’ (wlpwlny Jud ghlyny
swihwynp ypwywbgbnidny.
2LaCl; + La = 3LaCly,
2LaCl; + Zn = 2LaCl, + ZnCl.:

265



alnHu 4. MUNRGNULUUL <UUUMUNAh 3-N1 uNFUR

Wa nbh hnObwihb ppniptingwlg, npp wwpnibwynd £ LaxClyz nipwlhuunwyhl
Yiwuwnbpbtp: Nudbn yepwywbqbhs t:

UnGnpinphnntd LazClyz nipwbhunbnlb wrwowglnid GG pGpuinkn:

LwOpwGh ppndhnp Yuntih b unwlw) jwbpwbh pinphnp Ywd unibhnp ququihl
HBr-n hnupnty, |wbpwOh opuhnp S2Cl2-h L HBr-h gninphbtph juwrGnipnnud, hGoswtu
Owl LaBr; « 7H20 hhnpwup Jwyninidnid NH4Br-h htun tnwpwgltiny.

LaCls + 3HBr = LaBr3 + 3HCI,
La,S3 + 6HBr = 2LaBr; + 3H.S,
2La03 + 6S,Cl; + 12HBr = 4LaBr3 + 3SO; + 9S + 12HCI:

Uy 5,06 g/ut® inbuwuwipwn Yornd, yegwGynibwiht Yuenigdwépny, opnid niébih
wbgnyb pnuptnuhb QN £ty = 783°C, t., = 1577°C):

LwOpwth ppndhnb wiywihwywb dGunwnOBph ppndpnbGph hGn wewowglnid |
Yndw Gpuwhb ppndhnbtp, opnhGwy Nas[LaBrs] ¢« nH,O:

Uwrp wywjdwbbbpnud LazOs-h L HBr-h |nuényph funnwgdwl dwiwlwy unwgynid
G0 LaBrs « 7H,O-h wlgnyb pynupbnbtp:

LwapwGh opuhnp ppnih gninpzhGbpnid 500-600°C tnwpwglbihu utnwgyntd GG
Jegwayntbwiht Ywenigwépny (wlpwbh opunppnnidhnh (LaOBr) pjniptbnbtn:

LwOpwlOh gwépwnpdtp ppndpnbtnb nlbG0 Gnylb Ywenigwdpp, hbs guopwndtip
pinphnbtpp, L unnwgyned GG Gnyb Gnwlwybbpny, has npwbp:

LwOpwOh jnnhnp (Lals) unwgynid £ hGGpwn dhowdwypnid tnwpwgiwb wuwyiwbos-
nnud Glughl pwnwnphsGbph thnfuwgnbgnipjwdp, (wipwlh opuhnp 350°C-nud NH4l-h,
450°C-n1d Alls-h htwn Ywd yqwpgt funnnjwynid wpnushGh L jnnh htn tnwpwgbbiny,
hGswtu Gwl hwwé (whpwbh pinphnh Ypw jnnwenwslwywb ppyny wantiny.

2La + 3l; = 2L als,

LaxO3 + 6NHy4l = 2Lals + 6NH; + 3H0,
LaxO3 + 2All3 = 2Lal; + Al0,
LayO3 + 2Al + 3lp = 2Lal; + Al;O3,
LaCls + 3HI = Lals + 3HCI:

WG 5,26 g/ud® inbuwywnpwp Yrny, 26nwayntbwiht Ywenigwspnd, opntd, uwhn-
wnntd, wgbinnbnud (wy (nesynn pnipnuwihl Gt b (thy, = 761°C, te, = 1402°C):

U ywihwywb dGuinwnlOtpp jnnhnbtph hGn weweowglnid | yndwGpuwihb jnnhnbbn
(M'[LaJ4] L Ms[LaFg]):

LwOpwUh opuhnh hGwn Jwyninidnid hwitihu thnfuwpyynid t opuninnhnh.
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La,O; + Lal; = 3LaOl:

LwOpwOh Gpywpdtp Jnnhnp unwgynid £ pinphnh L ppndpnh Gawb, uwyw)t npwa-
ghg wnwpptpynud £ Gpwlny, np pOnipwgndnid £ dGunwnwywb dhwyind L odinwé f
dGurnwnwywl hwnnpnwywOnipjwadp, hGshg Gapwnpynud £, np npwbnid wwnpnibwyyned
G0 +3 opuhnwgdwb wunhdwlny (wlpwb L wqwuw EGYHUPNG La3+(l)2e:

UhOptgybl t Gwbl GhyGh wputthnh Ywenigwdéphb Gowb Ywenigwdépny Lal:

4.18. LULUULNP UBL GNYSUN" UhusntasntruuNe

LwOpwlp opwébh hbun wrwowglnid t Gpyne hhnphn (LaHz L LaH3), npnGp niGGGO
OGpnpdwb ShwgnipintbbGph panyp: LwlpwOh L 9pwdélh thnfuwgntgnipinttb pbpwanLy £
obpantpywb wOowuwnnidny, uwywyb thnfuwgnbgnigjwlb hwiwn wywhwboynid L dhGsl
400°C 9bnpdwuwnh&wa, pan npntd, wewwlned £ LaHe-h L LaHa-h gnpp gnyGh fuwrGnipn:

hOswbu Gpunud £ GY. 4.9-hg, (wlpwlh™ opwolny hwagbtgdwlp gnigplpwg, hhnphnh
funnipnitbp dh0sl LaHz; wunpfwlwpwn GJwanud t, huy LaHs-hG wGglGihu Gnphg
thnpp-h0s wancd £ (GY. 4.9):

N
)
1

a 7 Z J
hwpwptpnipinttp H: La

LY. 4.9. uuinnipynilp (q/ud®) La — H hwdwlwpgntd

A00wl wap wwyjiwbwynpywé t LaHz-h pyniptnh wquwn hwuindwébtpnid opwébh
wuwnndlbph (pwgiwadp: Ywb gnigwhtr™ Gpyne hhnppnbtpnid £ jwOpwbp Grwpdtp t,
wjuhbpl’ LaH2-hg LaH3-hG whgltihu wnGnh £ nlGGOnud La — La uwwh thnfuwpynid La—H
Yuiwh:
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Swpwgltihu Gpynt hhnphnbbnb £ pwjpwynid GO pwnwnphs dwubiph: 2ph wanb-
gnipjwip (Ywd funGwy onntd) thnfuwpyynid GG La(OH)3-h.

2LaH; + 6H,0 = 2La(OH)3 + 5H;,
LaH3 + 3H.O = La(OH)3 + 3H;,

huy onnid nwpwgltihu’ LazOs3-h L LaN-h.

2LaH, + 50, = 2L.a;,03 + 4H,0,
2LaH, + No = 2LaN + 2H.:

LwOpwOO wrwowglnid £ Gpynt Ywpphn LaC, L LayCs, npnGp utnwgynid 6O (wo-
pwlh opupnh L wéuwéth fuwrGnipnh 2hjwgniiny.
La;0s + 7CO —%° 5 21 aC, + 3CO,
Lay0s + 6C —2 5 a,C; + 3CO:
Gpynt wpppnbtpb £ ndquwpwhw; 60 L wwpniGwynod GG Ci‘wgummum hnGGGn
(ay. 4.10):

Q La . O_O
Oc D
C 9 @ 8

ol 552 &
‘g p ol

[oo
o !

LY. 4.10. LwGpwGh YwnphnGbpp. w) LaC,, p) La.Cs

P

LwGpwOh YwnphnGtinp, hoswtu Ywighnush Ywnphnp, wwpnibwynud 66 G hno-
OGp, uwyw)a, h wnwppGpnieNtd npw, odunywéd GO dGrwnwywb hwuinynipntbbtpny:
LaCz-p (wy ki GYunpwhwnnpnhs £ (gpbpt dGunwnwywb jwapwlht hwiwndtp), wuhUpl®

nnw Yurenigwdépl hpwlwinid wjuwhuht £ La® + C§* +e: LaxCs-p tiGYunpwhwnnpnw-
Ywlnipjwip Unybwyh pny| £ LaCz-hg:
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Anph waqnbgnigwip (wOpwlh Ywpphnbtpp pwjpwyynid G0 L, h wnwpptpnipnil
Ywighntdh Ywpphnh, wewewglnid GO wgbwnhiGOh, fphitbh, wiwihttph L onwslh qu-
quwjhb fuwrbGnipn.

4LaC, + 12H,0 = 4La(OH)3 + 3CoH, + CoH4 + Ho,
2L8203 + 12H,0 = 4La(OH)3 + 2C5H, + CzHe + Ho:

Ubunwnwywb [(wOpwlOp upihghnidh hGwn hwibihu unwgynid GO0 LaSi L LaSip
uhthghnbbpp:

Pnph htun (wlpwOl0 wrwowglnd t wwpptpn pwnwnpnipntGbtpny pnphnlbp
(LaBs, LaB4, LaBg L LaB+2): MwjdwGwynpywé LEYunpnGoEph Giph hwdbdwuwnwpwp
thnpp wfuwwnwbpny (2,66 tY) LaBs-p oguwgnpdynid b npwbu hgnp tiGYunpnbwihG
rUnwlnpOGNh Ywuwnn:

LwOpwGh Ghunphnp (LaN), npp GGpnpdwb dhwgnipnib £, ng pnipbnuwihb uwyhwnwy
thnynt inGupny unnwgynud £ dGunnwnuywl jwopwll wgnunph Ywd snp wdinbhwyh hnu-
pnty, |wbpwlh opuhnb wgnunh dhowywipnid wétuh htun tnwpwglbihu, hbswtu Gl
lwlpwbh Ywpphnbbph Ywd hhnphnltph ypw wgnuny wanbihu.

0

t
2La + N2 = 2LaN,
tO
La,O3+ 3C + N, = LaN + 3CO,
tO
2LaC, + N, = 2LaN +4C,

tO
2LaH; + N2 = 2LaN + 2Hy:

Wo odndwsé t dGinwnwywb hwnnpnwywlnigjwdp, oph wgnbgnipjwdp hGwnt-
pjwdp pwjpwjyntd k.

LaN + 3H,0 = La(OH)3 + NHa:

LwOpwOlb wgnuph hGuin wrwowglnid b Gwl dhodGunwnwlwb LaNs dhwgnipyntbnp:
LaNs-p niGwy £ ywobine pwdwywbwswh opwéhh, hGsh 20nphhy Yhpwreynid £ Ghyti-
dGunwnwhhnphnwihb Yniinnwyhsbepnud: 2pwédhb Ywbshu, npnh wwnndlbpp qpwnbglnud
G0 ohgubunwnwihwgnipjwl ygwbhunwihb 26pntph nwwnwpy hwuinywébtipp, LaNs-h
Swywip uGéwand k25 %-ny (Oy. 4.11):
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Q. Oni on

LY. 4.11. w) LaNs Ghgdtuinwnwihwgnigwl Ywrnigwépn, p) npw opwshwynniwl
wnquwuhph Juenigdwdépp

Ubunwnwywb jwopwbp Jwyninwdnd wybigniyny 4yepgwéd pnudpnph htunn nnw-
pwglbihu (400-500°C) uwnwgyntd t fuhuin waywyntl, funpwGwpnwiht Yuwenigdwdépny
(NaCl-h ywrnigwép) (wlhpwlh $nudhn (ul).

La+ P =LaP:
LwOpwbOh $nudhnp onh wagnbgnipjwip htunnipjwip pwjpwyynid k.
LaP + 3H,0 = La(OH)3 + PHs:

Unyl Gnwbwyny unnwgynid 60 Gwb junpuwbwpnuwiht Ywenigwépny LaAs, LaSb L
LaBi ohwgntpyntbObnpp:

LwlOpwbp §60ph hbwn nwpwglbihu, Ywudwé Giuwht pwnwnphsbtnph pwlOwyuwywb
hwpwptpnipntbhg, Ywpnn G0 weweowlwy LaS, LaS; L LasSs:

LazSs-p unnwgynid £ Gwb jwbpwGh untpdwunnp nwpwgdwl wywjdwbaobpned wéfuny

UGpwywbqgltihu, (wipwlh opuhnp Ywd pinphnp 66dpwonwéth hnupnid 2hywgltihu,
hOswtu Gwl tnwpwgdwl wwpdwbbtpnd (wbpwbh opuhnh L §d0pwétuwdth thnfuwqgnb-
gnipjwl dwiwbwy.

t0
Lax(S04)3 + 12C = LaySs + 12CO,

tO
2LaCls + 3H.S = La,S; + 6HCI,

La,O3; + 3CS, = La,S3 + 3CO + 3S:
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LazS3-p 5,01 q/ud® inbuwlwpwp Yzrny, funpwlwpnuwiht Yuwenigwépny nwnslw-

ganub pinupnuihl (thy = 2150°C) Ojnee £: LaS-p nlbh nuybgnyl, huy LaSz-p nwpsGuagnyyl
funpwlOwpnuwjhb pintpbnbGph wnkup:
Uhlptgyb| 60 Gwl Ywnpihp LazSesp L (wlpwlh” wnwpptp pwnwnpnigintbbtnny

winbGintphnbtn, npnbp n tnGuwyh Yhuwhwnnpnhsbtp Ga:

4.19. ££S-LGMNh dhahyuyuu <usunt@3nkuueMe

<wqaqywagjniin hnnwyht dGunwnbtpp uyhnwwwnpéwpwanyt (pwgwenipintd GO

nwnsGwagnylb Gpwbg nibbgnn wpwabnnhnudp L Gennhnidp) ndywpwhwy Gnpbp GG: Pn-

(nn ££S-06ph0 pOnipwgpwywb b pwgdwdlnepnibp, uwyw)b ubtywywihbt 9Epdwunhsw-

OGnud dh 2wpp (wopwOnhnbGph hwdwp Yuynia £ wyb dwagp, npnd wnndbbplb werwowg-

Onud GO JegwayniGuyhl fupunn nwuwynpnegnel (wnyniuwy 4.3):

£<£S-0knh npn2 $hghywywb hwinynipynLblbp

Unyntuwy 4.3.

44S | thup 'C | tan 'C | hunnipynilip, AnLpnuyhG Yurenigwdépn Eo (9%, 3%, U
q/ug®
Ce 804 3470 6,77 dhGsk 100°C dtun*, lubu** Ghasl 796°C -2,48
Pr 935 | 3017 6,77 dhask 796°C dtun, pwipén ulun -2,47
Nd | 1024 | 3210 7,01 dh0sk 885°C Utun, pwnpan OUlu*** -2,44
Pm | 1080 Jiun -2,42
Sm | 1072 | 1670 7,54 dh0sk 917°C 2GnwlyniGwbhuwn, pwpén DUy -2,41
Eu 826 1430 5,24 Outu -2,41
Gd | 1312 | 2840 7,89 dhask 1260°C Jtul, pwnap DUty -2,40
Tb 1368 | 2480 8,25 dhask 1287°C Jhul, punap DUty -2,39
Dy 1380 | 2330 8,56 dhask 1384°C Jhul, punap DUty -2,35
Ho | 1500 | 2380 8,78 dhask 1428°C Jhul, punpap DUty -2,32
Er 1525 | 2390 9,06 dhask 1367°C Jhul, pupap DUty -2,30
Tm | 1600 | 1720 9,32 Jdiun 2,28
Yb 8.24 | 1320 6,95 dhask 796°C tul, pwpan DUty -2,37
Lu 1675 | 2680 9,85 Jiun 2,25

* JagwOyntbwyhb fupuin nwuwynpnipncb:

** tunpwbwpnwihb fuhun nwuwydnnpnie)nil:

*** Dwywiwytaunpniwgywé funpwlwnnuihb fupn nwuwynpnipynt:
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alnHu 4. MUNRGNULUUL <UUUMUNAh 3-N1 uNFUR

{£S-06ph 2wppnid Gywwnygnid G0 hwpdwb L Growb oEpdwunpdwbOEph fuhuuin tw-
nwbnuibtbn, npnbp hwdwfu  thnfuwnwpdwpwp hwpwpGpwygynd 606 dGwnwnOtbph
funnnipjwl wnpdbplbph htwn: Ophlwy witbwgwon hwdwb 9Gpdwunhgfwabt nbBh oG-
tnnwnwywb Ce-p, Eu-p L Yb-p: Eu-h L Yb-h fuwnnipinibp <4<£S-06ph 2wpph hpblg hw-
nlwGObph hwikiwwnipjwdp npnawlhnpta thnpp £ <Gwnwppphp &, np htGg Eu-h (4
nipdwghd) L Yb-h (4f* nipquighd) wunndbbpnid wjwpunyned t 4F Ghpwiwywnpnwyh |pw-
gnuip (hwiwwwuwunwuuwbwpwn Yhuny swih b phy) (wryniuwy 4.3): Q2w wlninwyhn-
nGha gnyg t wvwihu 4f fGYULpNGOGPH nGpp hwgqwagniin hnnwhb dGunwnOGph Ywenig-
Jwéph duwygnpiwl db9. |pwgwéd dwywpnwyh welwjnipnip ndwpwglniud  4f
tlGyunpnGOGph dwubwygnipynibp dGwnwn-dGunwn Ywwh wewewgdwlp, huy Ywrenig-
Jwépp nwrbnud £t wybih khupnil, mwpwgltihu htwn pwbnynn:

LOGGwNYLGp, pE pOswbu t thnfuynid ££S-06ph 2wppnid thnptgpdwb, wyuhbpl
Mw) — Mg anpéplpwgh tOopwiwhwb: unwgwsd (Ynbnblhuwgdwéd) wanid (wlbpw-
GnhnGbph 066 dwul nLGh 6s%4f"5d" ElGUUPNGWIhG nupYwaghd: QuquihG $wght wagnLdG
ninGygynid t EGYnpnOwht yhdwyh thnthnfunipjwidp. quqwbiwl wwnndlbpb nibo
6s%4f™" nipqughd: <Gunbwpwn ququiht $wg wGglbihu 4f dwywpnwyp qpwnbglnn
tiGYwnpnGGGph phYyb wybwbnud £ dGynyY, hGsp hwiwwwuwnwufuwbnid £ wunndnid Gp-
nnpn tiGYunpnGh Yynpuinhl L npngnid £ Is EGGpghwny: <60g npwlny G0 pwgwuinnyndd I3
taGpghwyh uhdpwwnuwyhb thnthnfunieintbp L thn2gnpdwb Eopwiwhwa (0Y. 4.12, w L p):
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LY. 4.12. w) hnGwgdwb Gppnpn Laepghwh thnthnfunegyncp,
P) thnztgndwl LOpwiwhwih thnihnfunipinibp

Ldwb duny thnfuynid 60 Gub npn2 wwpq dhwgnegntbbtph ($unnphnbtiph L op-
uhnObph) hwunynipyntGbtpp: Oppbwy (whpwOnhnbtGph werwowgliwb Qhppuh LUGpghwih
Ywiudwonipynilp 9bpdwunhgwlhg wwwnytnpnn gnwdhyh ypw GYypnwhnidh b hunbp-
phntdh hwdwp Ywb Gpyne Yunpney dwpuhdnwdbtin:

Pwgwrhy GO 4f mwpptph dwagbhuwhb hwuinynegintGbtpp. npwbg W66 dwup (pw-
gwenigjwdp [puwgwo f Ghpwdwywpnwy niGtgnn hinbpphnudh L gniinbghnudh) ubbjw-
YwihG otpdwunhdwlnid odinywé | wwpwiw