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AmMmuauHble CO€IVHEHHS MEIH, UHHKA, KaAMHS U APYrUX IBETHHIX
MeTaJI0B B HacTosllee BPeMs HAXOAAT IHIMPOKOE NPHMEHEHHe B pas-
JUYHBIX OTPAC/sAX XHMHUCCKOH M METaJlJIyPrHUeCcKOl IPOMbILIIEHHOCTH.
PaspaboTka HOBBEIX CHNOCOG0B PA3ECNEHHUS IBETHLIX MeTalnos, obora-
ralleHye WX PYJ H PAJ BONPOCOB XMMHYECKOTQ IIPOU3BOJCTBA TECHO
CBsI3aHbI CO BCECTOPOHHHM H3ydeHHEM (PU3HKO-XMMHUECKUX NPOIECCOB,
OPOUCXOASALIUX MEXAY CONAMH 3THX METa/WIOB ¥ aMMHUAKOM B BOJHOR
cpene.

PesynbraTthl noapoGHOre Mccael0BaHHA TOBEJEHHS <COJIeH IBeT-
HBIX MEeTasJIOB B BOJHBIX PacTBOPAax aMMHMaKa MOTYT OblTb [1OJIOKEHH
B OCHOBY OObSICHeHHs PsLd TEOPETHYECKHX M MPAKTHUECKHX BOIPOCOD
KOMIIIEKCOOOPa30BaHMUS, KOPPO3UH, THAPOAU3A, aLCOpOIUM ¥ ). §B-
JICHHH. :

B GoJsibIIMHCTBE C/yYaeB aMMHAYHble COeIHHEHHS LBETHBbIX MeTal-
JIOB 10BOVIBHO JIETKO 0l0pa3yloTcst pH KOHTAKTE COOTBETCTBYIOUIHX CO-
Jiell ¢ aMMHaKoM — ra3oo0pasHbIM, XUJAKHM U ero pacrBopamu. [lo-
9TOMY B IEePHOJ 'Pa3BUTHSA IpenapaTHBHON XMUMHMH, a B AajbHelileM XHu-
MHUH KOODJHHALMOHHLIX COeIMHEHHH, CHHTE3HDPOBAJHUCh ¥ HCCAeLoBa-
JIUCb PasjiMuHble CBOMCTBA 60/bUIOTO KOMHYECTBA aMMHAYHBIX COEIH-
HEHHUH, B TOM YHCJIe H aMMHAaKaTOB MeIM, LIHHKA U KaIMHS.

B 3TuX HMCCI€10BaHHSIX B OCHOBHOM NPUMEHSICA ra3000pasHbLi,

a MO3MHee KUIKUA aMMUAK. BMeCTe ¢ TeM B JUTepaType OTCYTCTBYIOT

CBENEHHS 00 MCCAETOBAHUAX PEaKUUH B3aHMONEHCTBHS COJIEH MenH,

IMHKa, KaAMiA U JPYrHX METAJJIOB ¢ aMMHAKOM B LIMPOKOM UHTEPBA-

Jie ero KOHUEHTPaLUy¥ B BOJHLIX PacTBOPax NPH pPasTHUHBIX TeMIepa-
Typax.

Bonunble pacTBOpbl aMMHAKa, KAK U3BECTHO, UMEIOT LIEJOUHYIO pe-
aKI¥IO ¥ B ONpPEeJeJIeHHBIX YCIOBUAX NPOAYKTaMH UX B3aUMOLEHCTBUSA ¢
COMAMY YKa3aHHBIX BBILIE METAJJIOR ABASAIOTCA THIPOKCUCOIH, THIPO-
OKHCH M BeleCTBa, Cofepikalue okcu rpynnel. OQHOBpEeMEHHO ¢ 3THM
AMMHUAK B BOIHBIX PacTBOPax fABJAAETCS OJHHM H3 JErKo KOOpIHHHpYe-
MbIX BellecTB. ITpoAyXTE B3aMMONEHCTBHSI aMMHAKa KaK OCHOBAHUA H
KaK KOMIIEKCOOOPAa3yIOIIero areHTa pesxo pPasjuualoTcs IO CBOUM
CBONICTBAM M XMMHUECKON NPUPOJIE.

YcaoBus 06pa3soBaHUsl W CBOHCTBA T'MIPOKCHCOJIEH I THAPOOKHCEH
ABYXBAJEHTHBIX MeTaJJOB, B TOM YHC/JIE MeAH, UHHKA U KaJMHS, H3Y-
yeHbl JA0BOJbHO NogpodHo. OnHako, mpouecchl OCaXKJIEHHS ITUX Be-
IeCTB U3 BOJHLIX PACTBOPOB COOTBETCTBYIOIIMX COJIEH aMMHUaKOM H

BAUSIHUE H30bITKA MOCAETHEro Ha M3MEHEeHMe HX COCTaBa H CBOKCTB
IOYTH HE HU3YUYCHDBI.



HenmocTaTkom HMERIIUXCA OTIEABHEIX paboT Mo 0CaKICHUI0 aMMua-
KOM U IPOKCH COSTUHEOHUH HHTEePECYIOUIUX Hac METalJIOB — MEeIH, IHHKa
1 KALMUS ABASETCH TO, YTO B HUX HE ONPeIe/eHbl KOHLeHTPalHH U Co-
OTHOLIEGHUS] DearupyloluX BeLecTB, NPH KOTOPHIX BEAEHAIOTCA Te UIU
apyrue conu. IlosToMy B AuTEpaType IPAKTHYECKH OTCYTCTBYIOT CBeJe-
HES O CYLIECTBOBAHUU aMMHAKCOLEPKAIlUX THAPOKCUCOJEH MEIH, LHH-
Ka ¥ KaaMus. dta coeruHenus cocraBa MXqy-nM (OH)o-sNHs-xH,O un-
TEPECHBbl TeM, UTO OHH 'SBJAIOTCA NPOMEKYTOYHBIM 3BEHOM MEXKLY T'H-
POKCHCOJNIIMU ¥ KOMILIEKCHBIME amMuaxkatamu. CyllecTBOBaAHUE TaKHX
COGIUHEHHH sABAeTCH YOOIUTEJbHBIM [0KA3aTeJbCTBOM KOOpIUHALLU-
OHHOTO XapakKTepa CBA3M ‘B THAPOKCHCOIAX MU HCCIELOBAHHE 3aKOHO-
MepHOCTEH MX 00pasdoBaHusA UMeeT OOJbIIOE 3HaYeHHe /s YCTaHOBJIE-
HUS CBA3H MEXKIAY THIAPOKCH- ¥ KOMIIEKCHBIMM COELMHEHHUSIMH.

KomopanoseiMm u JoconoMm TomozxeHo Hayajgo paboram Mo obHA-
PYKEHHIO U ONpefeJeHHIO0 COCTaBa aMMHAYHbIX COeIHHEHHH MEeIH, 1HUH-
Ka, KaAMHUS H IPYTHX MeTa/IoB B BOJHBIX pacTtsopax. B paborax aTux
ABTOPOB, a TaKXe NOCJAEIVIOLUX HcciaefoBaTeNel, NPUMEHAINCh pas-
GaBJeHHbIE BOIHbIE PACTBOPHI CoJiel, comeprkaliie GOJbLION H3GBITOK
aMMnaka u «HHJedepeHTHbIX» BellecTB, flOCAeJHMe BBOAMJIUCH [JIf
70/ IePKaHNAs TTOCTOSHCTBA HOHHOHN CHJIbl pacTBOpA.

Tagkum 06pas3on, UMEIOLHECs B JUTEpAType HCCACJOBAHHR He Ja-
10T NPEACTaBJIEHUS O HAlpaBJCHUU peakiHi, NPOTEKAIOUHX NPU B3a-
UMOMEHCTBAN aMMHaKa C COJIAMH MM, IIMHKA, KaJMHS W APYIHX Me-
TaJIJIOB B BOAHOMN CpElEe B 3aBHCUMOCTH OT KOHUEHTPAaUHMH M COOTHOLIE-
HHH pearupyrolluX KOMIOHEHTOB B HCXOAHOU cMmecH. OTCyTCTBYIOT B
3THX padorax TaKiKe CBEIEHUS O SaKOHOMEPHOCTSX IpaclpeIe]eHus
aMMuaka MexIy pasamu CHCTEMbl B 3aBUCHMOCTH OT TEX Ke IapaMer-
poB. He ompenenensl pacrsopsioillee W BblcaqHBaIOLIee CIOCOOHOCTH
BOJHO-aMMHAYHBIX cMeceli B OTHOLUGHUM aMMHMAKaTOB U APYTUX aMMHU-
AYHBIX COJMHEHHH.

BrisicheH#e 3THX BOMPOCOB SBJASIETCH MPEAMETOM NAaHHOH paboThL.
PaccmoTpenne BO3MOXKHOCTH ONpeLesieHdsi XapakTepa H cocTaBa coe-
[UHEeHUH, 06pasylouxcss B aMMHAUHBIX PACTBOpAx, HaxoAaUIuxcs B
pPaBHOBECHUHN C TBEPAbIMU (DaszaMHu, TaKuKe BXQIMWIO B 3a7a4y STOTO HC-
ced0BaHU.

B 370l paGoTe Mbl OrpaHHYMBANNCh UCCAETOBAHUEM PEaKIUU B3a-
UMOJEHCTBASA aMMHaKa TOJIbKC € COJAAME MHHEPaJbHBIX KHCJIOT MEIH,
[WHKA ¥ KaJMHsl, TaK KaK 3TH 9JeMeHTh 06/iafaroT MOYTH OJHHAKOBOH
CK/IOHHOCTBIO K KOMIIEKCOOOpa3QBaHHUIO ¢ aMMHAKOM U B IPHPOIE
JacTo BCTPedaloTcs BMecre. B IPOM3BOACTBE 3THX METa//ICB aMMHAK
HAXOAUT UIHPOKOE NPHUMEHEHHUE.

Vayuaemble cHCTeMbl XapaKTepH3YIOTC MHOTOOOpAsueM XUMHYe-
CKOTO 'B3aMMOAEHCTBUA MEAy KOMIOOHEHTaMHM (KoMILIeKcoobpasoBa-
HHUe, BbIIAECJCHHE Pas/HUHbIX THIPOKCHCOSNIHHEHHH, KpHCTAAIN3auus U
BbicajMBaHWe aMMHAKATOB W Apyrue sBaeHus). [as omnpeleneHus
IPUPOIBl YKa3aHHBIX MPOLECCOB B YETBEPHBIX B3aUMHBIX CHCTEMax TH-
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ma M, NH, || OH, X—H,0 (M=Cu?*, Zn?* u Cd?*) Gosee mnomxons-
ILHMH 0Ka3a/JHuCh METOIBI, CBS3aHHbIE C HCC/IeLOBAHHEM TeTepOreHHOro
paBHOBECHS (M30TepMHUUecKas PacTBOPUMOCTh, OCAXKAEHHe KATHOHA H2
pPacTBOpOB COJIell NPH Pa3/IMYHBIX COOTHOILEHHSAX U KOHLEHTPAUHUsiX pea-
MMPYIOWIUX BEeLeCTB U Ap.). DTH MeTO[bl AT HAHGO/blIee KOJHUECTBO
CBEJEHHH O CBOMCTBAX BOAHOCOMEBHIX CUCTEM C Yy4ACTHEM aMMHAKA.
Jaa usydenus cBoHcTB (a3 B HCCIefyeMbIX CHCTEMax IpHBJiEKa-
JAHCb METOJB! XMMHUYECKOro, PeHTreHo(a3oBoro, KpPUCTA/IOOTTHYECKO-
ro, TepMuueckoro aHanusos, pH-merpus u UK-cnexrpockonus.
Hdas ynro6GerBa H3MOXEHHS ¥ COKpallleHHsi TeKcTa pedepata npu-
HATH caeayouiye 0603HaueHU:
M — garTuoH;
X — auuoH;
N — monekynsiproe orHouienrie NH; : MX, B ucxonno cmecu;
n — moJgekysaspHoe orHomenne M(OH),: MX, B ocajxax ruzapo-
KOHCOJIeH;
s — MoJgeryJsiproe orgomwende NHs : MX; B ocankax rumpoxcuco-
Jew;
m — MoJeKky/asapHoe orHoleHne NHs: MX, B ammuakarax;
X — MoJsiekyasapHoe oTHomenne HyO : MX,; B ocagkax (ruppoxcuco-
Jeli ¥ aMMuaKaros).

Oowasn XAPAKTEPHUCTHKA PEAKIMH B3aMMOJEHCTBHSI aMMHAKA C COJISAMH
MelH, WHHKA H KAAMUS B BOAHOW cpene

Hsyuaemble cucTeMbl ABJAIOTCS YETBEDHBIMH B3aWMHBIMH, B HHX
npoTeKaeT peakius oOMeHa 10 ypaBHEHHIO:

MX,+2NH,OH 7=M(OH),4-2NHX (1)
O6wuit Buf quarpammbl pacteopumoctu ciucrem M, NH, || X, OH—H,0,
raetM=Cu2"; Zn?*; Cd?*, aX=Cl~; Br~; J— NKOE;—%O—‘%—

npencTasiel Ha puc. .

Kak BuiHO MarpaMma 3THX CHCTEM COCTOUT M3 MOJel KpHCTaiu-
34l UCXOJHBIX COJIeH, MPOAYKTOB B3aUMOAEHCTBHS (THADOKCHCOENH-
HeHHH, aMMHaKaToOB H Lp.) U MOJs HACHIEHHS aMMHaKa.

B nepeunc/eHHBIX CHCTeMaxX M3-3a MEJKOJAUCCIEPCHOCTH, MOMY-
KOJIJIOMIHOTO XapakTepa, a TaK:Ke IepeMeHHOro coCTaBa OCafKoB M-
POKCHCOEMHEeHUH, HEeBO3MOXKHO HAHTH TPAHULB NOJEH KPHUCTaJsJIU3a-
uu¥ OTAeNbHBIX conel. TTosTtomy Ha Amarpamme puc. 1 npeicrab/ieHo
noJie KpPHCTaMJH3alUUK BCeX COeIMHEeHMH, comepxamux OH- -CPYHIEL
Uucno u pasMepsl noJieft KPUCTANMH3AUNHE IPOAYKTOB B3aUMOEHCTBU A
HaxoAATCS B 3aBHCHMOCTH OT IPUPOJBLI PearupylOUlX KOMIOHEHTOB X
Temneparypbl. Bo3amMoXxHO, 4TO B HEKOTOPBIX CHCTEMAaX NPH ONpeae/eH-
HBIX YC/IOBHAX MOXKET OTCYTCTBOBATh TO HJH APyroe mnoJje KpHCTa/IH-
3auuy, HalpuMep noje KpHCTaJIJIH3aHHH aMMHAKaTOB,



Cornacto ypasuenuio (1) B pesdy/ibrate 0OMEHHO! pedKUHH B CH-
creMax o6pas3yloTcss aMMOHUHHBIE COJIM, KOTODble MOTYT B3auMoOneH-
ctBoBath ¢ MX, m amMMuakoMm, o6pasysi aMMHAaKaTbhi ABOHHBIX coJefi.
Hawmu 6bi0 Hafzeno, yro toabko 8 cucreme 'Cd, NH,|| SO,, OH—H,O
NPOUCXOJUT KPHCTANIU3ALHSA aMMIAKaTOB LBOHHOM COJIH.

ENHy X

N
M/Or’vjn Xs-m
PO X5
vép N

Puc, 1. [lnarpavva pacTBOpHMOCTH Y€TBEPHON B3ANM-
Hod@u cucremsr M, NH,: || X, OH—H,0 (M=Cu2t,

G
Zn2+, Cde+: X=Cl-, Br-, J-, NO;-, 50

U3z puc. 1 Buano, uro nuaronanpHoe ceuerue MX,—NH4OH nepe-
CeKaer Ha auarpamme o6J1acTh BbLAENEHHS T'MIPOKCHCOEAUHEHUN U aM-
muakaToB. [Tosromy emy oTBeuaer aABe o6sacTH — 06MaCTh BbIACICHHS
FHAPOKCHCOSIUHEHNN U 06aCTh KPHCTANNH3ALUNH aMMHaKaToB.

B xaxmgo#i w3 3TuX oOJacTell peakuys B3aUMOLEHCTBUSA aMMHAKA
C H3yYyaeMbIMH COJSMH IIPOXOAUT Uepe3 psl NPOMEXKYTOUHBIX CTaldHH.
Jlo KakuX-TO U3BECTHBIX 3HAYEHMH KOHUSHTPALMU aMMHaKa U COMU U
X COOTHOILIEHHI B HCXOILHOH CMEecH peakiMs B3auMOJEIHCTBHs IpoTe-
kaet mo ypaHenuo: MX,+nNH,OH ZM (OH) nXe-n+nNH.X  (2)

ITo MPOUCXONUT TOJBKO B pa3baBieHHBIX pacTBopax (mpH cojep-
xkauun MX, B pacrope 0,1 kMoap/mM® U MeHbIIE).

IToce moCTHKeHWS ONPENENEeHHBIX COOTHOUIEHHH ¥ KOHIEHTpalui
peardpyioulux BeIeCTB B CMECH, ' OCaXK/JIEHHE THAPOKCHCOGIHHEHHH H

KOMIIJIEKCOO6pa30BaHlie B CHCTeMe MPOUCXOAHUT OJHOBPEMEHHO W NPO-
JNYKThl TaKOH peakluy conep:kar, Hapsaay ¢ OH-rpymmamin, u amMmuax.
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Tlo ZocTHKEHNHH SKBUBAJIECHTHOM TOUKH, JajHHefIIee JoOaBaeHAe aMMH-
aKa BHI3BIBAET PACTBOPEHHE paHee BBIIABLIEro 0CajKa M0 PeaKIHH:
M (OH)aX2-n +n1NHX4-xNH4OH = MX,mNH;s+- (n-+x)-H.O0  (3)
ITocse momHOro pacTBOPEHUsi OCaLKOB THAPOKCHCOETWHEHUI B H3-
ObITKE aMMHakKa IIPH YCJHOBMH, 4TO >KUJAKas (asa HacblllleHa HOBBIM
KOMILJIEKCHBIM COEIHHEHHeM, dajibHelilee no0aBieHHe aMMHaKa cpasy
IIPUBOMUT K BbICAJHBAHHIO aMMHakaToB, Ha 3ToM yuacTKe muarpammbi
CHCTEMY MOKHO pacCMaTpUBaTh KaK TPOHHYIO TUIIA

MX2°1’1’1NH3~—‘NH3—~H20.
Takum 06paszoM CyMMapHBIH DpoLlecc B3aUMOACHCTBUA aMMHUaKa ¢

COJIIMH MeId, IMHKa U KaAMHUa B BOLHOH cpefe o ixuaroHaJdbHOMY Ce-
UEHUIO MOXKHO IPEACTAaBHTD c,neayiomef/’i cXemoi

g o s brghxe o DO o i ol
ocaxKaeHue pacrBopeHue

NH,OH NH,OH NH,OH

t°>0°C TR Kpucrannusannﬁ*MX2'mNH3 BBICA/IUBaHHeE

MXo-m;NH3 (m;>m)

Kak yxkasoiBa/joch BBIIIE, B HMCCAELYEMBIX CHCT€MAax. 3aTPyIHEHO
OlIpe/eeHHe TPAHKIBl BbIACACHUS OTAEJNbHBIX ruaApoKcucoaed. Onpene-
JIeHHE TOJIbKO I'PAHMLbl PaclpocTpaHeHus oOJacTd BbiIeNeHHs BCeX
THIPOKCUCOeIVHEHU! He [aeT BO3MOJKHOCTH YCTAHOBUTb 3aBHCHMOCTH
COCTaBa OCAJKOB M HX COCTOSTHHE OT MCXOJIHBIX KOHUEHTPAUHWi pearu-
PYIOILUX BeILeCTs ¥ JPYyrux napamerpos. [TosTomMy Mbl HAWIH Lieaeco-
obpasubiM orpanuyuTh uccienosanue cucrem M, NH. || X, OH—H,0O
W3y4UeHHEM TOJIbKO 00JacTedl BbIIETeHHs THAPOKCHCOSIHHEHUN M KpH-
CTaJIN3AUHA AMMHAKATOB.

O6Gaacre BHIiENEHHS THAPOKCHCOENNHEHMI

OTa obmacth W3ydyasnach HaMH KaK METOJAOM OCAXKIEHUS KaTHOHA
TpU Pa3aUYHbIX KOHHEHTPAUUAX U COOTHOLIEHHSX pearupynlux Be-
1IeCTB B UCXOLHON CMecCH, Tak M METOJOM H30TEepPMHUECKOH pacTBOPH-
MOCTH.

CyTe meToa ocaxk[eHusa KaTHOHA 3aKJKYaeTcs B TOM, 4YTO K MO-
CTOSIHHOMY COIEPIKAHUIO B3ATOH COJIM B MCXOMHOH CMECH X00aBJsTeTcs
ocanuTenb (aMMHUAK) B 'BO3PACTAIOIIEM OT OIBITA K ONbITY KOJIHYECTBE.
O6uiuii o6bem cMecu I KaxKAOH CEPUM OMBITOB OCTABAJCH ITOCTOSH-
HbiM. Bpanuce pacropel coseit ot 2 po 0,025 kmonb/M3, a snauenne N
pappupoBanocsk ot 0,1 mo 12. Has rpaduueckoro NmpeacTaBJIeHus 3KC-
MEPUMEHTANBHBIX AaHHBIX IPUHATH JHATPAMMBI B IPSIMOYTrOJbHBIX KO-
opauHaTax. Ha ocu opauHar 3TUX AuarpaMm OTJIOKEeHBl KOHIEHTDALUK
nomos M2+t NH,*, X~ B kr-uou/m® u NH; B kxM0oab/M® B paBHOBECHOH
JKUAKOM Dase, a Ha ocu abcuuce 3Havenus N. OO6LIHA BHA TaKHX Ana-
rpaMum MpenCcTaBJdeH Ha puc. 2.

U3 atux pmarpamm ciaenyer, uTo peaxuus B3aUMOIEHCTBUS aMMHU-
aKa ¢ COJIIMH Me[H, UMHKA W KaAMHUs B BOLHOH cpele B 0O/IacTH BBIIE-
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JIEHHST THAPOKCHUCOEAWHEHHH He3aBHCHMO OT MCXOMHBIX KOHIEHTpaUui
MX, IpOUCXONHUT B BE CTAJUHU: OcaXK/JeHHe KATHOHA B BULE Pa3JTHUYHbBIX
THAPOKCUCOETHHEOHNN TI0 ypaBHEHHI0 (2) (1eeass yactb pUCYHKA) H
pacTBOPEHHST 0CALKOB B U3OBITKE OCALUTENs MO ypaBHeHHIO (3) (mpa-
Bas 4acTbh PUCYHKA).

" P L ’
- : 2 | +
3 0 X ® - VH,
3 : 3 °0- X
N A, 'ﬁzx: N %* NH3 %t
i ]
% e >
> g k¥ N
o o o
X B ¥
i a R x
: SR X
& 2 v o]
> A Tl¢ A NT
Mon. amnweii:s NHy - MX; Mon. ommowenve NH,.MX,
£ ucxo8Wol emecu § vexodwod cmecu

Puc. 2.. Baanmoneiicteus B cucreMax MXy—NH;—H0 mpu 259C B o61acTd BeIZeN€HUS

07
raapokcucoenuennii (M==Cu2+, Zn2+, ,Cd2+¢ X=Cl-, Br-, J-, NO;s~, 24 )

ITo xapakTepy B3auMMONEHCTBUA H3yUaeMble CHCTEMbl HEATCS Ha
JBe TPYINb: cHcTeMbl ¢ 3kBUBaneHTHOH ToukoH (Cu(Zn)X,—NHz—
HyO) m cucrembl, y KOTOPBEIX OTCYTCTBYIOT YeTKO BBIPA’KEHHBIE TOYKH
skpuBasenTHocTd (CdXo—NHs;—H0). B tabn. | npusenenst 1anHbBE
0 3aBUCHMOCTH 3HaueHHss N B TOUKE C MHHHMAJbHBIM COJEpPKAHHEM
M?* g kunkoil ¢ase (TouKa 3KBUBAJIEHTHOCTH) OT HUCXOAHBIX KOHLEHT-
panuit MX,; B cmecu. Tam ke nomelneHbl 3HayeHUss N, IIpH KOTOPBIX
3aBepllaeTcs PacTBOPEHHe OCaJKOB B M30bITKe aMMHAKa, a TaKxKe Cpo-
KM YCTAHOBJEHHS DaBHOBECHS MEXKAY JKHMIKOH U TBepao# asamu.

B cucremax, He HUMEIONINX IKBUBANECHTHOH TOMKH, 0CAJKH [HADO-
KCHCOSTHHEHHH, [HEe PacTBOPsCh B M3GBITKE aMMHUaKa, IPeBpalianTes B
aMMHAaKaT (MajxopacTBOPUMBIE JHaMMUHOTNAJOUIbI KaAMus). D10 sB/Ie-
HUE 00DACHIETCA TEM, UTO CPOACTBO KaAMHUSA K aMMHUAKYy B KOHIIEHTPH-
POBAHHBIX PaACTBOPAX MpeBanupyer HATL cpoacrsom kK OH-rpymnme.

B cayuae pasbaBieHHBIX PaCTBOPOB, T1& MPOIeCe THIPOJIH3A MIpe-
BaVIUPYeT Ha/ TLPOUECCOM KOMIIEKCO00 pa30BaHH s, aMMHUaK B3aldMOIEH-
CTByeT Kak ocHopaHue. B omux cayuasx B cucremax CdCls (Brg,
J2) —NH3;—H3O mosBasitoticss TOYKH 3KBHBAJEHTHOCTH. B cueremax ¢
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Ta6auma I.

3aBucUMOCTb 3HaYeHHs: N B 9KBHBAJCHTHOM TOYKE H NMPU 3aBEPIIECHHH PACTBOPECHUS
THAPOKCHCOEIMHEHHI OT KOHLeHTpauuu MX; B MCXOJAHOH cMecH

OHIL@HTP - Bpens
oy, | B G X, S S
n/no. il Lonia PacTBOPEHNS |MEyKIy DKHAKOH
K‘MOJIb/I:/I3 0CafKoB i "rgf;i}?’ﬁogﬂga-
1L | CuSO: 1,05—0,05 1,50 4,0 15—20
2 Cu(NOs)2 | 2,0—0,025 1,75 10>N> 4 15—45
3 | CuClp 1,5—0,025 1,50 6>N>4 5—15
4 CuBrg 1,5—1,0 1,75 5>N>4 5—30
CuBr, 0,5—0,025 1,50 N>6 15—45
5 | ZnSO. 1,5—0,75 1,75 4,0 20—25
ZnSO. 0,5—0,05 2,00 N>4 TO XK€
6 Zn(NO3) s 2,0—0,10 2,00 N>4 5—7
Zn(NOs3) 0,025 N>2 N>10 10—25
7 | zncl, | 125—0410 1,75 6> N>4 525
8 ZnBrs i1,5—0,026 2,00 N>4 TO K€
9 CdSO; 2,0—0,02 0,75—2,0 4—10 2—15
10 Cd(NOs)2 2,0—0,025 2—3,5 N>4 2—15
i1l CdCly 1,5—0,10 — — 2
CdCls 0,025 1,5 N>10 10—15
12 | CdBr 1,5—0,10 - BEN 95
CdBrs 0,025 1,5 N>10 10—15
13 | CdJe 1,5—0,1 — — 2—10
CdlJ, 0,025 1,5 N>10 10—15

OTCYTICTBHEM BKBUBAJNIEHTHON TOUKH 3aBEpLIEHHE PEAKIHH OCaXKIECHHS
TUIPOKCHCOJIEH onpeaensercs MakcuMaabHbiM ‘cotepikanueM NHy-nona
B XKHIKOU hade (cM. puc. 20).

Ha mpadukax puc. 2 mpeacraBieHbl TaHHbIE MO COXEPKAHHIO B

paBHOBecHOH nxuaKo# «pase monoB NH*y, X~ u NHs. or snauenus N.

Kax Bugmo, comepxanne NHyi-Homa B cucremMax ypequduBaercs

CHHXPOHHO ¢ OCaXAeHuEM KaTUOHA U YMEHLIIAENCa B TAKOH XKe Mepe
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opu MEpexoqe OCalkoB B PACTBOP (oM, ypaBHeHue 3) WM NpH Tpe-
BDALIGHUN €r0 B aMMUaKarT, . i it

Hsmenenue iconepikanus aHvoHa B JKHIKOH (hase CBS3AHO TOABKO
C €r0 OCaXkK 1€HHEM B COCTABE THADPOKCHCOUIEH.

Ouenb cnoxHO OOCTOMT J@IO C YYaCTHEM aMMHaKa B DPeaKilii
B3aUMOAEHCTBAA. AMMHAK, B OTJIUUNE OT GIKUX LIENOUEH, HE TIOVIHO-
CTbI0 NPHHMMACT yyacTHe B peakiuuud oOMeHa Ho ypaBHenuio (1) uam
(2). Hanpumep, or 3 10 5 Mac.% aMMuaka B TOUKE SKBHBAVIEHTHOCTH
HaXONHTCA B .CBOOOIHOM COCTOSHMH (THTpyeTcs kwucaoramu). [lo
5TOW MPHYHHE COCTAB OCANKOB B TOYKE KBUBAJEHTHOCTH HE COOTBET-
CTBYET McxomHoMY cTHowenuo NHs : MXo.

B obnalcTi BLAETEHHS THUIPOKCHCOGNMHEHM OCAKIAITCH 1Ba
THNA  cosedl  mepemenHoro  cocraBa: ‘MX,-nM(OH),.-xH,O wm
MX;+-nM(OH), - sNH;3 - xH,O. Conn mepsoro tuma loca)kiiaoTcs a3
KOHIEHTPHPOBAHHDbIX pacTBopos MX, mpu muskux aHauenusx N(N<])
u 13 pagbasaenubx pacrsopos (0,1 KMOJb/M3 ¥ 'MeHbIIE) He BaBHCHMO
ot Besimunubl N. ICoumM BTOPOro THMA OCAIKAAIOTCH U3 KOHLEHTPHPOBAH-
Hbix pacreopoB MX, (0,1 kmoub/m® u Gouibiie) Tpu sHaweEuH N>>.
lunpooxucu, oKHCH ¥ CMEIIAHHBIE OKCO-PHIPOKCUCOMY H3YHAEMBIX Me-
TaJJOB BBLIENAOTCA TOJBKO M3 ‘pa3daBJeHHBbIX pacTBopoB MX,
(0,1 xmonb/M® n Menrile). DTH COeIMHEHUsS O6Pa3yIOTCs TIPH OOJBIIOM
#30bITKE aMMHAKa B XOJ€ TIPEeBPaleHHs BbICOKOOCHOBHBIX M IPOKCHICO-
JIell TIOX, MATOYHBIMH PacTBOPAMH.

CocraBbl THIPOKCHCOEIMHEHUE MU3MEHSIOTCS KaK OT 3HayeHus N,
TaK ¥ 0T KonuerTpauun MX, B HCXOTHOH ICMECH.

Ha aguarpammax, puc. 3, mpeicrasieHbl 3aBHCHMOCTH O'rHOLIEHHE
OH~ : M?* 4y NH;: M?* 8 ocankax oT Besunyyabl N.

Kak BUIHO H3 TMX JIMarpaMM, B OJHHUX CIy4asax (CHCTEMBI
Cu(Cd) Xo—NH3—H,0, puc. 3a) ysennuenue coxepxatus OH-rpymn
B COCTaBE I0CAAKOB IMIDOKCUCOENUHEHHHA BUIEUET 3a COG0I0 B TAKOH e
Mepe CHUPKEHHE B HHX KOJHYecTBa aMMMaKka (B3aMMOCBS3aHHAsT peak-
uua). B mapyrom cryuae (cucremb ZnXe—NH3;—Hy0) msmenenue co-
IEeprKaHusl aMMHaKka B 0C3aJKax He BAUSET HA BEIHUHHY OTHOUIEHUS
OH~ : M2* (puc. 36). '

C yBenuuenneM KoHuentTpauyuu MX, B HCXOAHON 'CMECH BBLIEJSIOT-
¢l amMMHaKcoAepiKallfe HH3KOOCHOBHBIE THIDOKCHCOESTHHEHHS, a U3
pa3baBJ@HHBIX PACTBOPOB OCAXKJalOTCsl Oe3aMMUaUHble BHICOKOOCHOB-
HBIE ICOTH.

KoaniectBo aMvMuaka B CocTaBe NHIPOKCHCOSIUHEHUA OOHIMHO HE
Gosbllle, UeM B CaMOM HH3UIEM aMMUAKaTe, KOTOPBI MOXKET KPUCTAJ-
JIM30BATHCS M3 BOLHON CPEIBL.

[Mpucoernnenne amMuaka K THIPOKCHCONAM MEIH M KaAMUsSl B Ma-
TOYHBIX PaACTBOPAX 3ABEPIIAETCH MpH 3HAUSHHY N<{3, a K COJIAM LHHKA
IpY 3HAYEHHH 14 (TpH BLIPAKEHHH OCTABA THAPOKCHCONEN B BHILE
dopmyn MX, - nM(OH);-xH»0), 1. e. BbICOKOOCHOBHbIE THIPOKCHCOH
HE CHOCOIGHDI B 'BOLHON Cpele NPUCOSTHHATh aMMHaK.

Bce rumpoxcucomn coxepxar Boay. KonuuwecTso Bombl B cocTaBe
TUX BEIlECTB B PALY TaVIOTEHUI0B YBEIMIUBAETCH C BO3PaCTaAHUEM
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paguyca aHHOHA, 2 Y KHCIOPOMCOAPKAIUX aHHOHOB C YMeHBIIEHHEeM
pajauyca HOHOB.

Avmuakcomepxaliue THAPOKCHCOIH, KaK [IPaBuIo, (ColepaKar
MeHbllle BOIbI, deM Oe3ammuayHble, MMeoTcs HOK/JAOUEHHA H3 3TOro
npasu/ia, HANPHMEp, THAPOKCHAMMHUHOOPOMHAbI LITHKA CO1eDKaT G0Jb-

_ 1€ BOJbI, YeM MK AP OKCHOPOMUIHL.

OH": M2* & WHy:ME* € pcodxe

OH ™M™ u WHy :MZ" 8 ocadre

G g
Mon ammowenue NHy:MX;

M, MK :
Mon. ommowerve VH; MA, £ vexodray emecu:

£ vcxoSHou cmecy

Puc. 3. 3aBucnmocts comepxkanus OH- u NH;
B ocankax ot oruomenuss NH; : MX, B nexop-
nol omecu B cucremax MXo—NH3;—H,O
(M=(Cu2+t, Zn2+, Cd2t).

B #3yuaeMblXx OHCTEMaX B HEKOTODPHIX CAYUASAX MPH O eneTeHHbIX
goHUEHTpauusax MX, B HexoaHo# cMmecw u 3HaueHud N BBHIEAAIOTCS
I'UIPOKCHCOCTHHeHHS TIOCTOSHHOrO coCTaBa. B nuccepTailin IpUBENeH
mepeyedb 25 ruapokcHaMMuHOB, Takux kKak ZnCly - 4Zn(OH), - 2NH;-
2H;0; ZnBry-4Zn(0OH)s - 2NH;3 - 4H40;  CuBry- 2Cu(OH)q- 2NH; -
5H,0 : CdBr, - Cd(OH) 2+ NH; -2,5H;0 u ap. # 30 Ge3aMMUaqHbIX THI-
DOKCHCOJIEH ¢ YKa3aHHeM YCJIOBHS dX BbIIEVICHUS.

Tepmuyeckasg yCTOHYHBOCTD THAPOKCHCOENUHEHHH MEIM, UMHKA
H KagMus

TH I pOKCHCOTH MeTH, IHHKA U 'KaMUsl WBBECTHB OYEHb TaBHO U UX
CBOMCTBA ABJANUCH OOBEKTAMU MHOMOUHVIEHHBIX #ccaeToBanni. Oqma-
KO, HECMOTPS Ha PachpoOCTPaHEHHOCTh THIPOKCHCOAEH, TOBETEHUE ITHX
BEIIECTH NPH HATPEBAHUHT HE U3yTAT0Ch.

Temneparypa, IpH KOTOPOH 3aBepiliaeTcs LeruIpaTallds THIPOOKH-
ceit mpu peariuu M (OH),=MO--H,O, mpunumaerca 3a KpuUTepus
repmudeckoii yerofyusoctd OH-rpynn ¢ tamaelM KatuoroM. OH-rpyi-
na B COCTaBe THIPOOKHCEH MemH, LMHKA ¥ KaJIMHUS JerufipaTupyercs
npu 220; 182 u 212°C coOTBeTCTBEHHO, & B 'COCTABE THIAPOKCHCY.Ib(a-
TOB 3TOT TIpoliecc 3aBepmaerca mpu 370—400°C. Takum o6pasom, mpu-
CYTCTBHE aHMOHA B COCTaBe THIApoKcHcogael crabumusupyer OH-rpyn-
THI,
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B mabn. 2 npuBeneHb SHAYEHUS TEMIEPATYp NeruapaTaliu Ges-
aMMHAYHBIX THIPOKCHCOIEH.

Kak BuIHO M3 TpexcTaBIeHHON Mmalbimibl, cTabuIn3HpyoLIee Jei-
crBUe anuoHoB Ha OH-rpymnel (npu n<4) yMmesbluaercs 1O PA1y Ta-
JIOTEHH]IOB C YBEJIHYEHHEM pajuyca aHHOHA, a B PALY KHCIOPOLCOAED-
XKAIMX aHHOHOB C ViBeJHUeHHeM UX pajguyca. Yicrofuusocrs OH-rpynn
Boapacraer 8 paxy Cu<Zn<Cd.

Tabmuua 2
BausiHue aHUOHOB Ha TeMneparypy neruaparauuu rHIlpOKCHCOJleﬁ

Temneparypa meruaparanuu, C
Me+
Cl= Br— J= SO;~ NO3
Cu 250 215 — 350 250
Zn 270 250 200 375 230
Cd 380 370 300 400 325

Ynanenne veTyyux KOMIIOHEHTOB MB COCTaBa THAPOKCH- M THAPO-
KCHAaMMHHOCO/ICH COBEpIlaeTCs 'CTYHMEHYaTo. B OcHOBHOM yaajeHne
aMMHaka (a TakXke BOJBl) HOAuMHsETcS TpaBuay Buisrua-I'pumma.
ITpucyrcrBie aMMHaKa B COCTaBe THAPOKCHCOIEH CHHXKAET TeMIep.aTy-
py TIOIHOH Herwaparauuy coefuHenwus, uHornga ma 1009C u Goabiie
{cm. Ta6s1. 3). B GoMbIIMHCTBE CIyuaes Mpu BHaueHHn n<3 meruapara-
UHMA U ylaJeHue aMMUaka TPOUCXO/UT OIHOBPEMEHHO.

Ta6auma 3
Biausune aMMuaka Ha Temneparypy HAerduapaTalM¥ THAPOKCHAMMHHOCOJEH

Tewmmepatypa nerunpataunu, °C
Ma+
Cl- Br— & S0~ NO3
Cu 200 160 . 225 180
Zn 175 250 200 240 210
¢ 220-—340 250 230 375 265

- Hamyu moxasano, MTO MPUCYTCTBHE BOJALI B COCTABE I'HAPOKCHCO-
eaHeHHH He BuMser Ha ycrofuwBoctb OH-rpynm, Ho cHUKAeT Temille-
patypy yxojga amMMHaKa ‘Tpu SHaueHun s>1. OcHoBHas Macca BOJBI
ylajsercd TpH HarpeBaHHM ruapokcuconei go 100°C, a B HEKOTOPBIX
cayYasx, HATPUMED, U3 CHAPOKCHCYNB(PATOR YacTh BOAE YXOIMT MPH
Goutee BeicokuX Temneparypax (1560—=250°C).

B mpouecce TepMUMECKOr0 Pa3/IcKEHUs THAPOKCH- U THAPOKCHAM-
MUHOCOJIEN B MPOMENKYTOUHBIX CTAIUAX OOPa3yTCs OKCOIHIPOKCHCO-
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JIH, COOTBETCTBYIOIINE OKHCH H aMMuaKcoIepoKallpe oKcocoau. B muc-
cepraliy IPUBELSHB! OfLIMe CXEMbl TEDMUYECKOTO PA3JIOKEHHST CBBIIIE
100 BeecTs.

CTpoeHHe THAPOKCH- H I‘HllpOKCl’laMMPlHOCOJleﬁ MelH, IHHKa U KaJMHus

FuapokeH- U THAPOKCHAMMHHOCOMN MEIH, IWHKA H KagMHS SB-
JAIOTCS KPACTAIIHIECKM MU BEILECTBAMH 1 CYLUIECTBYIOT TONBKO B TBEP-
JoM cocTogHud. OHU BBHIAGIAIOTCS U3 CHCTEM B METKOKDPUCTAJJIUYECKOM
COCTOSTHUM, O3TOMY UX KPHCTAVIOXHMHYECKHE HCCJIeL0BAHUS IPOBOLH-
JIECB HaMJ METO10M MOPOLIKOBO#! { 8HTI e HOCKOTLHH.

B ooHoOBe CTPYKTYp THIPOKCHCOIEH MEIH H KaAMHSA JeXKaT peer-
KH uX rmipokuced, rje OH-rpynmsl CTaTHCTHUECKY 3aMELIEHb aHHOHA-
mu. [lpucoenrnHenne aMmuaka K STHM COJISIM B PAacTBOPax (TONOXHUMHU-
yecKas PeaKiMs) TPOUCXOIMT uepe3 BeiTecHeHue wactd ‘OH-rpynm mo
peaKLyHu:

MX;- nM(OH),-+mNHX+xNH.OH=MX; - (n— % )M (OH), X

><sNH3+(gl +x)H0...... (5).

CrpyKrypa rUAPOKCHCOJIEH IMEIH M KaAMHsI He H3MEHSIercs IpHu
BBEJIEHHHA B UX COCTAB aMMHUaKa 10 OTpefeJeHHone Koanuecrsa. Hamnpu-
mep, IMPUCYTCTBHE B COCTABE THAPOKCHIaJOreHHIOB KaAMUsI d MEIH 10
OIHOY MOJEKYVIBI aMMHaKa He {IPUBOJUT K 3aMETHOMY H3MOHEHHIO MX
CTPYKTYPBL

Tunpokcy- ¥ THIPOKCHAMMHHOCOMM LHUHKA KPUCTANIU3YIOTCS B
IBYXCJIOHHBIX CTPYKTYypax. OCHOBHOM 'CJIOH B 5THX COEJHMHEHUSX COCTO-
HT M3 PEUIETKH THAPOOKHMCH UMHKA, 4 NPOMEKYTOUHEIA — U3 pElIeTOK
ZnX, - xHyO, nuskoocHOBHBIX ruapoxcucomeir (n<il) u aMMHaKxaToB
IMUHKA.

ITpucoennnenne aMMuaKa K THAPOKCHCONAM UHHKA TIPOUCXOIHT B
IPOMEXKYTOUHOM  Cjoe 16€3  HapyIUeHHs BeIHYHMHL! OTHOWIEHHS
OH™ : Zn?* B ucxonHoi comu (cM. puc. 36). [lapamerpsl pemerox Hc-
XOJHBIX TP OKCHCOJEH UMHKA He H3MeHSIOTCS IPH MPUCOSIUHEHNM 3Ha-
YUTEJIbHBIX KONUMECTB aMMuaka (MHOTZa 10 JIBYX Mmojexy.a). OmHako
eMKOCTb IMPOMENKYTOUHOTO ‘61051 B OTHOLIEHUM aMMHAKA B 3THX (COIAX
pasHas.

Kaxk u3BecTHO, MOJeKy/Ibl aMMHAKa M BOJbI, BXOAAIINE B COCTAB
THIPOKCHCOGINHEHHH, 10 CBOUM PasmMepaM OJH3KH MEX Iy Co60I0, KPo-
M€ TOro, OHH MMEIOT OJIMHAKOBble XMMHYECKHE CBOHCTBAa B pEaKIUIX
npucoeauHerus. TIo9ToMy 3T JUraHIbl B cOCTABE THIPOKCH COETHHEHH
MOT'YT H3OMOP(HHO 3aMeliaTh APVr Apyra.

Brillle yKasbiBanoch, YTO HIMEHEHHE COCTaBa THIPOKCH- W THIPO-
KCHAMMAHOCOJIEH B INMPOKHMX TPEJenax He [MPHBOIAT K HapyIIEHHIO
uX CTPYKTyphl. [uis o6bscHeHHs 3TOro (hakta Mbl IPEANONOraeM, 4To
OH-, NHs n HyU siBnAroTcst paBHOLEHHBIMU JIMTAHJAMH W UX CyMMa
B YKa3aHHbIX COJISAX, KMEIOIUX aHANOMIIHYIO CTPYKTYPY, A0IKHA GHITh
IOCTOSIHHOA. DT® 03HAYaeT, YTO B OCHOBE JAHHOW TPYMIL BELECTB C
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aHAJOTUYHON (CTPYKTYPOH, BEPOSATHO, UI€KaT COEIHHEHHs TOCTOSHHOrO
cocraBa ¢ ONpPeNeNEHHbIMH [I@apaMeTpaMy pelIeTKd, HalpHMep
MX, - nM(OH), - xH;0, rae n—1525 50 -

MoskHO TPENNOIOKHUTb, UYTO ©CJAH CyMMa -MOJEKYJI aMMuaka H
OH-rpynn B aMMHaKCOAEP?KALUMX THAPOKCHCONAX MEHbIle KOJIHYecTBa
OH-rpynm B OCHOBHOM COEIMHEHHH, TO B OTUX CJyHasX HeLOCTAIoLLee
KOJIMUECTBO JIeraHa0B JAOMUONHACTCS BOJOH M HOCAENHAS YYacTBYET B
dhopMHEpOBATIEA KPiACTANJINICCKON [PELIeTKH.

V3 paccMoTpeHHsi SKCIEPHMEHTAIBHBIX JaHHBIX [0 H3yYEHHIO YiC-
JIOBUII 00Pa30BaH#s, Pa3I0oKeH s, NPeBPALIeHNs, COTaPEHUs, CTIPYKTYPb
W IPYTHUX CBOHCTB DHIAPOKCH- U THLPOKCHAMMUHOCONEH CUIeAyeT, YTO 3TH
COeIHHEHHs] SBASIOTCSH, BEPOATHO, TIOIHAAEPHBIMH KOMIJIEKCHBLMH CO-
eIUHEHAAME. DTH ICOSAMHEHK S B PABHON CTENEHH MOTYT OBITh MOCTPOEH-
HBIMH 'Ka¥ [BOHHEBIE COJIH, KAK OJI0BBIE KOMIVIEKCHblE COeIUHEHUS H, Ha-
KOHell, KakK XBOHHBIE THIPOKCUCONH. BepodTHo, CTPOEHHE THIPOKCHAM-
MUHOCOJIEH MOYKHO MPEICTABUTL B BUJE (CJEAYIOUINX (POpMYJI:

1. p[M (OH) 2Xs-a]q[M (NH3) nX5] - xH,0,

e O NH3) m]X,-xH
2. [M k\ Ol /)nM( 5) m]Xp-xH,0

Wcxona ws psiia CBOMCTB (BBILIEIAYABAHME aAMMUAYHOH YacTH
KOMIUIEKCA, TEPMUYECKOE DPas3iokKeHHe M JAp.), MOKHO TIPEIOoVIORKHTh,
4TO THAPOKCHAMMHHOCOMN MOIH H KaJAMHUS NOCTPOEHH KakK JBOWHBIE CO-
4, 2 CONMM LMHKAa — KaK ABYSAJSpHLIE 0J10Bble KOMIVIEKCHBIE COEIHHE-
HYS.

Ilo naunbpmv PefiTKHEXTa THIPOKCHCOMH KOOalbTa, KaK M IHHKA
KPUCTANIMBYIOTCS B ABYXCIOHHBIX cTpyKTypax. Ilas wobanbra U3BECT-
HBl MHOTOUMC/AEHHbIE KOMIIJIEKCHBIE THIPOKCONH, HMEIUIME ICTPOeHUE
oa0oBbix coemumenuii. [lo anamorns ¢ TUmpoOKCHAMMUHAMHE Kobaibra
MBI MOYKEM MoJlaraTh, YTO COJIM WHHKA, AMEIOWHUE ABYXCIOHHbIE CTPYK-
TYpPbl, TAKKE TOCTPOEHH! KK ABYSAEPHbIE 0JIOBBIE KOMIJIEKCHBIE 'COeU-
HEHUS.

Brillle oTMeYaroch, YTO HaJUUNE aHHOHA B COCTABE THIPOKCUCO-
Jge (1o 'ONpeNeseHHOTO HX (CONCPIKAHUA) YBEJMUHBAET TEPMUYECKYIO
yerofunBoets OH-rpymn. Hanporus, BHeIpeHHe aMMmuaka B. COCTaB
3THX COJIEH CHAMKAET TepMuyeckylo ycerofmusocrs OH-rpymm (cwm.
taoi. 3). TomoGusle JeldcTBUS aMMHaKa MOMXKHO OODBACHUTH C TOYKH
3peHus Teopuu Tpanc-pausHUS, OnHAKO HE BCEnLa MPUCYTCTBUE aHUOHA.
B THIPOKCHCOISX yBeawuuBaer ycroitymBocts OH-rpymn wuau cmoco6-
CTBYET NEepeBoy THUX TPYIMI B cocTaB KOOpIHHanoHHOH cheprl. Cpoli-
CTBAMU KOOPIMHALMOHHBIX COeTHHEHHHA 06aaNaloT MHIPOKCH- U THAPO-
KCHaMMUHOCOIH MEIH ¥ KaIMus NP1 3HAYeHHH 1 < 3, a COMH LHMHKa —
mpu BesuumHe 1< 6. Crenyer OTMETHTDb, YTO NPHCOSIUHEHHE aMMHUaKa
K THIPOKCHCOJAM IIPOMCXOIHUT B TOM C/aydae, KOINLAd COMEPIKaHie
OH-rpynn B HEX He MPeBbLIAET YKa3aHHbIX npenesos. CBoHCTBa BbICO-
KOOCHOBHBIX MAZPOKCHCOJIEN MeIy U KaMUsl IPU SHAYEHUH N>3, U UUH-
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Ka IpH BeJHuyMHe n>6, coBMazaloT cO CBOMCTBaMH COOTBETCTBYIOLIHX
DHIDOOKHCEH.

O6aacts KpHUcTANIM3aAUUM AMMHAKATOB

Ob6aacTh KpUCTANIN3AUHE aMMHAKaTOB HETBEPHbIX B3aHMHBIX CH-
crem M, NH, || X, OH—H,0 nsyyanace kak TpOHHBbIE CHCTEMBI THIA
MX, - mNH3—NH3—H,0 (M=Cu?*, Zn?* u Cd?*) wmemozom usorep-
muyeckon pacrsopumoctd mpu 0.u 25°C. Ilnist yTOuHeHUSsT BAMAHHS TeM-
nepaTypel Ha COCTAB W 'BEJHYHHY PACTBOPUMOCTH KPHCTAJIUBYIOLIHNXCS
TeepAbiX ¢as cucrembl CdBry (Js) - mNH;—NH3;—H,0 wusyuanuce npu
Temneparypax Huke 0°C u Boie 25°C.

JloGasrenne aMMHaKa K HACBHIL@HHBIM BOXHBIM PacTBOpPaM
MX, - mNHs npu temneparype t°>110°C He cpasy NpHBOIHT K BhICAJMH-
BaHMI0 aMMHaKaTos (m>>4); CyWecTBYeT HEKOTOPbIA HHTEPBaJ KOH-
LeHTpaluy aMMHaKa B DacTBOPe, KOIia 'CHCTeMa COCTOHUT TOJbKO H3
NONMOTeHHOH 2KMAKOH (Qasbl. [1py CHAXKEHUH TeMIepaTypbl CHCTEMbI Tpa-
HHLAa pacTpocTpaHeHus 9T0oH obuacTy CUALHO ICOKPAILaeTCs ¥ YIKe mpu
0°C oHa NPaKTHMECKUM OTCYTCTBYET. v ‘

B wmayane soicanuBanus MXs - mNH; (m>4) u3 yKasaHubX cHc-
TEM IPH OTHOCHTEeNbHO BBLICOKHX Temmeparypax (t°>10°C) B (GoabilmH-
CTBE caydaeB COOMI0LAIOTCS COOTHOMIEH S

NH;s > NH; (5).
MX, ) xuaxoir ¢asbl \MX, / tsepmoit daswr
Oxnako0 B HEKOTOPBHIX (CHCTEMAaxX, OCOOGHHO INpPH TeMmIepartypax
1°<10°C BO3MOIKHO BbIIe/eHe aMMUAKATOBR, T1e BHATEHNUS OTHOLIEHHS
NH; : MX, B TBepao# ase Gonbille, MeM B PKWIKON (hase B Hadale Bbi-
cajquBanus, Hampumep B cucremax CuCly(Brg) - mNH;—NH;—IH.0;
Zn(Cd)SO4 - mNH;—NH3;—H,0 s np.

JTo sABAeHUHe 00DBICHAGTCS TEM, UTO B BOJHO-aMMH&UHBIX PACTBO-
pax xatuonsl Cu?*, Zn?* u Cd?* npu Husknx temmnepatypax (t°<10°C)
CIIOCOOHBL ‘00pPa30BbIBATh YCTOMYUBLIE aKBOAMMUHOKOMILIEKCH], T€
4acThb KOOPAUHAMOHHBIX MECT 3aHsITa BOLOM.

OO6wuii BY1 KPDUBBIX H30TEPM PACTBOPHUMOCTH TPOHHBIX CHCTEM
MXy - mNH3—NH;—H50 mpencrasnen wa puc. 4. CocTaBhl KpUCTalII-
3YIOIUXCA TBEPAbIX (a3 oNpeiesqenbl TpadUuecks o METOAY OCTATKOB.

M3 mpeycrapneHHOro pHCcyHKa BHTHO, UTO KPHUBLIE H30TEDM pacT-
sBopumocT cucreM MX, - mNH;—NH3;—H.O nmo sremnemy suay ne-
JATCA Ha Ase rpynmnel, Ilepsas rpymnma KpPUBBIX U30TEPM PaCTBOPHUMO-
CTH (COCTOUT M3 [BYX BETBEH, OTBEUAIOIHX KDHUCTAMIH3AUMM HHBIIHX
aMMuakaToB (m >-2) ¥ BBICAAUBAHHS BBICIIHX aMMHakaToB (m>>4).
Bropas rpynna COCTOUT M3 OJHOU BETBH, OTBEYAIOLIEH BbICATHBAHNIO
aMMHaKaros, rie m >4. K nmepBoil rpynmne npuHaIJekaT KpHBbIE H30-
repM pacTropuMoctd cucreMm CdX, - mNH;—NH3;—H0 (X=CI-, Br~,
J7) u ZnCly(J) - mNH;—NH3;—H,0, a ko BTOpoii — KpHBbIE H30TEPM

15



PaCTBOPUMOCTH MX, « mNH;—NH;—H,0 X= @S_%_“m, NO~s)
CuCly(Brs) - mNHs—NH3—H,0 u ZnBr; - mNH;—NH;—H,0.

OTninyuTebHOR MePTOH NEPBON TPYMIbI CHCTEM HABJSETCH TO, UTO
IpH HUSKUX COIEPIKAaHUAX aMMHAKa B XKUAKOH (hase KpUCTALIH3YIOTCS
HU3MIHE aMMHaKaTbl (OMaMMHHBL ¥ Jp.). DTH 'COCTUHEHUS SBASIOTCS
HEHACHIIONHEIMH B OTHOLIEHWH aMMHaKa, TOSTOMY XODOLIO pPacTBO-
PSIIOTCS ‘B BOJHO-aMMHAYHBIX PACTBOPAX [0 HACHILIEHUS XKHIKOH (hasbl
HOBBIM BBICIINM KOMIVIEKCHBIM 4 MMHAKATOM.

¥ LN N
§ g § 5
g N
3 g
£ N
MKy, rec % MRy, moe %

Puc. 4. Tunsl muarpaMM pacTBOPHMOCTH TPOHHBEIX cucTem MXj- mNH;—
NHz—H0 npu toC (t° > 0°C), rne M=Cu2+; Zn2+; Cd2+, X=Cl-,
2

Pacreopenne HU3MMX aMMWAKaTOB B BOXHO-aMMHAMHBIX PACTBOPAX
IPOUCXONUT MPAMO TIPOTIOPUHMOHANBHO KOHIEHTPANUH aMMHaKa B
KUAKOH (pase. Bo BTOpOH TpyIne cHCTEM N0OaBISHHE aMMHaKa NPUBO-
JUT TOJIBKC K BbICAVIMBAHMIO KOMIJIEKCHBIX ‘aMMuakaTos (m>4).

Bo Bcex usydeHHBIX HaMy CHCTeMAax BOJU3Y HACHILIEHHS KUIKOH
thaspt aMMUaKOM ero BelcajuBalollee aefictBue ocnabugercs. Mckio-
yenne cocrasaser icucrema Cu(NOj)q - mNH;—NH;—H,0, rne no me-
De YBEJUWYEHUS KOHIGHTPAUUH aMMHUaka B KULKOH (ha3e MOBHILIAETCSH
pacTBOPUMOCTb aMMHuaKaTa azoTHorucaon menu 'Cu(NOs), - 4NH;, Be-
poATHO M3-3a obpasopanus Gosnee pacrsopumoro (Cu(NO;).-6NHs,.

CHukenue TeMIepaTypsl Cioco6CTBYeT YMEHBIIEHUIO PACTBOPHMO-
CTH aMMMAKaTOB B BOe ¥ B BOIHO-aMMHAYHLIX pactBopax. [To mepe
CHHUKEHHS TeMIePATYPBl, KaK IIPABUIO, KPHCTAMIUZYIOTCS aMMHAKATHE
¢ GONBIINM CONEPKaHHEM aMMMaKa X BOIE (32 HCKITIOUEHHEM CHCTEMBI
ZnBrs - mNH3;—NH3—H,0, rae mpu 09C KpHCTAMIHIYIOTCA COSTHHE-
HUS MeHee Goratble aMmMuakoM, yem mpu 25°C).

Kaxk usBectHo, mpu /meficTBUE ONHOMMEHHOrO HOHA |(MPH OTCYTCT-
BUU KOMIIeKcooOpa30BaHud) MPOUCXOIUT BbICAJUBAHUE CONEH U3 HX
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pactBopos. [To-BHIMMOMY, BBHICAJHBAHHE aMMUAKATOB TAKXKe [POHCXO-
JMT B pe3yabrate JeHCcTBUA ogHouMeHnHoro nona NHT4 BosMoxno 510
CBA3AHO C TEM, YTO B PACTBOpE IeHTPaNbHbl HOH KOMIIJIEKCHOTO aMM¥u-
akata OKpY:KeH MOJeKyJdaMH THIPATHPOBAHHOTO aMMHaKa, T. e.
NH,OH, a B MoMeHT BBLILeJeHHS KPHCTANIOB aMMHaKara I'POHCXOIHT
nernaparauus NHOH.

CuuxkeHye BblCaJUBAIOLIEro JeHcTBAS aMMuaka BOVIM3H HacbiLle-
HUSI UM KUAKOH (Dasbl OOBSICHSETCS TeM, UTO B KOHUEHTPUPOBAHHbBIX
pacTBopax JUCCOLHMALUsS THAPOOKUCH aMMOHHSA [0 CXeME

NH,OHZ*NH*, +OH~ HesnauuTenbHa.

B awccepranuu TPUBEAEHB! JaHHBIE TIO PacTBOPHMOCTH aMMHAaKa-
TOB H3YUEeHHBIX METQVIJIOB B BOJe U B BOJHO-AMMHAUHBIX PacTBOpax.
o aTuM JaHHBIM PacCTBOPHMOCTb AMMHHOCYJIb(ATOB H HUTPATOB B
OIUHAKOBBIX yCJ0BUSX BodpactTaer B psary Cu<Cd<Zn, a aMMuHOTa-
JOreHu10B (pu m>4) cHuxKaercd mo pany Zn>Cu >Cd.

PacTBopuMoOCTb KOMIIEKCHBIX COEIMHEHMH 3aBUCHT OT BEJIUYHH
painycoB aHWOHA ¥ KAaTHOHA JAaHHO¥ COJMM ¥ OTHOIIEHMS Pajuyca Ka-
THOHAa K pajuycy amumona. V3BecTHO, MTO HauboJee TPYIHOPACTBOPH-
MBIMH KOMIUIEKCHBIMU COEJHHEHUSIMH SBJSIOTCH TaKHue, B KOTOPBIX
KDYIHBIA KOMILIEKCHBII HOH COYETAeTCs ¢ KPYTHBIM HOHOM [IPOTHBOIO-
JOKeHHOro sapsiga. CrupapeWInBOCTb 3TOTO MOTOKEHUsS ONPaBIbIBAET-
csl B cJaydae aMMHHOTAJOreHWI0B. BennunHa pacTBOPHEMOCTH aMMUHO-
co/iell JAHHOTO KaTHOHA ¢ PA3HBIMM aHUOHAMU (mpu m>4) pacnogaa-

rarotes B paa 4s unaka NOz~>IClm> S04 >Br~>J-, mia xagmus
NO3>S05 >CI->Br—>J-, mas memu Cl=>Br3 >S05 >NO 3

B pany asnmonoB, K@K BHIHO, CTPOTOrO MOIYMHEHHUS NMPABHUAAM HOHHbBIX
panuyCoOB HE CYLLECTBYET.

s moaTBepKIeHHS COCTaRa aMMHAKaTOB, HallieHHBIX rpaduue-
CKH METOJ0M '0CTATKOB, @ TaK:Ke I/ YCTaHOBJIEHUS Tpeieaa TpHcoeIu-
HEHHUs] aMMHaKa K COJISM MEeIH, MWHKA U KaIMHUS B BOIHOH cpene Gbi
CHHTe3MpOoBaH psAj coenuHeHuil. Ilpomecc TepMHUECKOTO Pas3iIOKEHHUS
OOJIDLIMHCTBA AMMHAKaTOB M aKBOAMMUHOB MEAH, LIUHKA U KaIMHUS Me-
TOJOM TepMOTPADHUU U H30TEPMHUUYECKOrO PaA3vIOKEHHS IIPU HOPMaJb-
HOH TeMIlepaType JO CHX TOp He uacaenoBascsa. [1osTomy mpeacTaBis-
JIO BOJIBIIOH WHTEpeC YICTAHOBUTh 3aKOHOME@DHOCTH PasJiOzKeHUs aKBO-
aMMHHOB TIDH HANPEBAHUH H B H30TEPMHUYECKUX YICTOBHSIX.

B nuccepranuy mpuBeLeHbl JaHHbIE IO TEPMHUECKOMY (PaB/I0KEHHIO
fosiee 35 aMMHAKaTOB MEIH, LUHKA U KaIMUS C IIPUMEHEHHEM MeToJa
TepMorpaduu, a TakKe U30TepMUIecKoro pasioKenus npu 20—22°C aa
BO3ayxe ¥ Hax 969 cepHOH KMCa0TOH.

OnuuM 13 OOWMX CBOHCTB aMMHAKaTOB SIB/IAETCS UX CTyNEHUATOE
pasnoxenue. Bo Bpems ynavienus seryunx komnoHeHtos (NHs u HyO)
M3 COCTaBa aMHAKATOB HE IPOHCXOMUT JHUCIPCNOPUHOHUPOBAHMS, T. €.
otHowenne M2t : X~ He uamensgercs. TobKO OPH DaAVIOKEHHK MOHO-
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aMMHUHOB TaJIOTEHHIOB MeIH yAasNeHHe aMMmHaKa COMPOBOKIACTCH

AHCTpONOpUHOHIpOoBaHueM (aMMHak ynansercs B Bune NH CIl(Br).
Pasnoxenue aMMuaxaToB MelH, UHHKA U KaJMUsi He IPOMCXOIHUT 10
aMUJHOM CXEMe, YeM ¥ OHM OTJIHYANTCA OT aMMHAKATOB MHOTOBAJIEHT-
HBIX TSKEJBIX 3J1€MEHTOB.

Ynanenne BoIBI' M3 cocTaBa aKBOAMMHHOB (mae m > 4) B GoJb-
IIMHCTBE Cc/lydaes NpPOMCXOAUT OJHOBDEMEHHO IC YIajdeHHueM aMMHaKa
BIJIOTB 10 00pasoBanus JuaMMuHoB mpu 100—120°C.

Vs akBommaMMHHODAIOT@HH 0B KaIMUS U IMHKA BOJAA YIAJIAeTCs
nosHOCThIO mpu Temneparype muzke 100°9C. Ma ammunocynshara mus-
Ka cocrasa ZnSOq - 4NHj - 2H,0 ymanenne ogHol MOJIEKYJIb BOAB HPO-
MCXOTUT HpH TeMnepatype 200—250°C.

Pasnoxenne amvunoxmopuia ¥ GpoMHAa TMUHKA ¢ DEKCHPOBAHM-
eM TepMHYECKUX 3((DEKTMOB IpH HATPEBAHWU MPOUCXOMHT NO THAMMHU-
Ha, a aMMUHOHOAKIa OUHKA JO TpuamMmuHa. Pasjokenue HUSUIUX aM-

' MUHOTAJIOTEHHJ0B LMHKa (3 > m >2) He COMPOBONKIAETCA TepMuUye-
ckumu sdipexramu. M3 mocaeIHux coeluHEHHA NPH HarpeBaHHU BO3-
TOHAIOTCH MOHOAMMHUHBL. :

Tepmuueckoe pasnokenue aKBOAMMHHOB TIPOUCXOIMT MO PazHEIM
CXeMaM, [0ITOMY HEBOSMOKHO CPABHHBATbL MEXIY COGOI0 HX YCTONYH-
BocTb. OHaKO, €C/IH CYIUTh O TEPMHUECKOH YCTOHUMBOCTH BEILECTBA B
nesoM (a He o OTAENTbHBIM CTaIHAM €r0 PasjiOXKeHHs), TO IO yCTOH-
YUBOCTH BOIBI aKBOAMMUHOCY/IB(MATH ‘pacnonaraiotes B pag Zn >Cu>
Cd. Ycroiyupocts aMMuHOCYAbYATOB (Ipr M=4) CHHXKaeTcs B PAdy
Zn>Cu>Cd, la ycToiuuBOCTh AHAMMUHOCYIbGATOB BO3PACTAET B PALY
Zn<iCu<Cd.

PasioxKenne HUTPATOB MeIM, UMHKA U ‘KAIMHA [0 DEAKIHH
M(NO3)s5=MO--NyO5 (TouHee, cMecH OKHCJIOB a30Ta) HE COTMPOBOK-
Jaerca 9K3oTepMuueckuM addexToM. Pasiolkenne aMMHHOHUTPATOB
M3-32 OKUCJEHUS aMMHaKa CONPOBOXKIAETCS CHJABHBIM OK30TEpMUMe-
CKUM 3(PperTOM (B3PEIBOM), TIPHUEM TEMIEpATypa Hayana pasioKeHns
HUTPAT-HOHA OCTACTCS HEU3IMSHHOM,

BesBoanble TeTpaMMHHOHUTPATH MENH, IIMHKA ¥ KAAMHA TJAaBSTCS
Ges passorkenus. JlBe MOJEKY/Nbl aMMHIaKa M3 HAX yAAAAOTCA 40 Ha-
yaJsia PasioKEeHMs HUTPAT-HOHA,

B nuccepraluy MPHUBETEHBl CXEMbl Pa3JIOXKEHHU 'a MMUHOT AJIOT eHH-
JOB MeJH, UMHKA U KaaMus. [lo 3TUM JaHHBIM STH BeulecTBa TpH Ha-
TPeBaHUU pasiiaramTcs Mo pasHbIM cxeMaM. Huske aas npumepa npu-
BOJSTCS CXEMBl PA3IOKEHAS aMMHUHOXIODUIOB

00° 1143

Gl BN Bl a0 - =Cii@] s PN Hy

=5 CU‘CIg s 2N’H3

BT et 250

— pasjoxenue ¢ Buizeniennem NHyCl.

ALY T Sl | OB e
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ZnCl, - 5,76NH; - H,O
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350°

-» CdCI;NH3

— gagana yactnuyHo# sosrouku CdCly « NHa.

PasmoxeHie aKBOAMMHHOOPOMHIOB H HOJHIOB TAKWKe IPOUCKO-
IUT 10 pasHblM cxemam, [loaTomy JgaTh OPAMYIO OLEHKY YCTOMUHBOCTY
AMMHHOTAJOC@HU IO Ha PAa3VIMYHBIX CTATHAX HUX PA3IOKEHUT HEBO3-
moxkHO. OJMHAKO, ec/lu MCXOAUTh U3 3HAYEHHH TeMmepaTyp pas/iozKe-
HAs OAUSKHX TIO COCTABY AaMMHAKATOB, TIO MOXKHO 'YCTaHOBHTb, UYTO
YCTOHYHBOCTb —aMMHHOMAJONEHHTI0B (rae m>>4) BospacTaer B pALY
Cd<Zn<Cu, a amaMMMUHO- ¥ MOHOAMMUHOTAJOTOHMI0B CHIXKAETCH B
pary Cd>Zn>Cu.

Ha ycroitanBocTb aMMUHOTaJOreHWIOB GOMBILOE BAXAHHME OKAa3bl-
BaeT MpHUpOJa AHWOHA. YCTOMYMBOCTD BBHICUIMX aAMMHaKaros (m >4)
VBEIMIUBACTCA ¢ BO3pacTaHUHeM panuyca amuoHa, T. e. Cl-<<Br=<J~,
a HUSIIMX aMMMHOB (3 > m > 2) — ¢ yMeHbLIEHHeM pajuyca aHHOHa
Gl B >J-. '

YeTolunBOCTD BOIB B COCTABE aKBOAMMMUHOTAJOTEHUIOB YMEHb-
waercq B pagy J->Br=>Cl~. Dror pax He IPOTHBOPEUHT TOMY, HTO €
yBeaUUYeAHeM pajJdyca aHUOHA BO3PACTAET €ro (CIOCOGHOCTD KOO IUHI-
poBaTh BOKPYr cebst BoLy, 00pasys BTOPYIO KOODPIHHALHOHHYIO Chepy.

HMsvenenwe CcBOHCTB aKBOaMMHUHOCOJEl MPH MX HarpeBaHuu He
BCETJa JaeT CBeNLeHUS O I0BEICHHH STUX BELIeCTB NPH KOMHATHON TeM-
neparype. ;

JJis XapaKTepuCTHKA YCTOHYMBOCTH aKBOAMMHHOCOJIEH HPU KOM-
HaTHOH TemIepaType Ompeleasuiach MOTepPs MacChl TPH UX BbLIEPKH-
BaHHUK Ha BO3AYXe M HAM ICEPHOH KHCIOTOH.

Bce ammuakatsl (nie m_>2) Ha BO3AyXe U HaX CEPHOH KHCIOTOH
mpu 18—209C passararoncs crymenwaro. Ha Bo3myxe, a Tak:Ke ¥ Hag
CepHON KHCAOTOH, BEICIIME aMMHakatel (m>4) U aKBOAMMMHHBI 5B-
JSIOTCS KpaiHe HeyCTONUHBBIMY coegumenusmu. M3 mumx ma Bosayxe
Ipd KOMHATHOH TEMIepaType 3a KODOTKOe BpeMs (MHODAA B TEUEHHE
20—30 muHyT) Yyaagaserca 15—25 mac.% JeTyuynx KOMIIOHEHTOB. Bric-
e akKBoaMMHHBL (6 > m > 4) He UMeloT (DHKCHPOBAHHOIO MMCIA JIU-
TaH/0B BHE TOH CPeibl, U3 KOTOPOH OHU BhIISAEHB. YUHC/I0 JUraHI0B B
ITHX COENUHEHHAX U3MEHSIETCA KaK OT TeMIepaTyphl, TAK OT BPEMEHH
1 UX BBIIEPIKKH.

OneiThl MOKA3aJH, YTO B PSJE CAYYAEB PA3/IOKEHUE aKBOAMMHHOB
Ha BO3JIYXeE [IPOTEKAeT cpaBHUTEIbHO ObICTPee U TVIYDIKe, uem Hal cep-
HOH Kucjaorol, Hanpumep: coenuaenuss CuCls - 5SNH;z-H,O; CuSO, -
4NHs; - HyO; CdSO4 - 4NH;3 - 2H;0; Cd (NO;)2- 6NH3 - HyO u ap. na Bos-
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Ayxe pasnararomcs GbicTpee, Yem HaA cepHoi Kuciorod. U3 psaga am-
muakaros, Hampumep: CuBry-5NHs-HqO; Cu(NO3),-4NH;z-HyO;
Zn(NOgs)s - 4NH; - 0,5HyO n mp. man cepHOil KHCAOTOH aMMHUaK 4 'BOJAA
yianaaiorcs GecTpee, YeM Ha BO3/IyXe.

TMocnenosaTensHOCTh  yAadeHHsT BOJAbI M aMMHUaka Ha BO3AYXE H
HaJ CEepPHOA KHCJOTOH pasHad. Ecau Ha BO3Ayxe aMMuak yiassiercs
MEePBBIM, TO 'HaJ (CEPHOH KUCIOTON U3 ITOTO BKe BEIECTBa cHayava yaa-
Jasgerca Boga. PasnuuHoe ITOBeIEHHE aMMUAKATOB Ha BOSAYXe M HaX
CepHOM KHCVIOTOH 3aBHCHUT OT BEJHIHMHBl SHEPrUH O6pPa3soBaHus THAPA-
TOB ¥ aMMHHOB C JAHHOH (COJbI0. BhigcHUIOCH, MTO KOrjAa OMHOLIEHNE

3HEPruu 00pa3oBaHus aMMUHOB ¥ THAPATOB QL0 =1,2, T0 am-

MHaK 4 BO/Ja U3 aKBOAMMHHOB Ha BO3ZLYyXe M 'HaJ CEDHOH KUCJIOTOU y.aa-
JASIOTCH OJQHOBDEMEHHO C OZHMHAKOBON CKODPOCTHIO.

Ecan ykasantoe otHolenne Gosbile 1,2, To TOria BOAA W3 COCTA-
Ba aKBOAMMHUHOB HAaJ CEPHOM KHUCAOTOH yIanagercs TepBoi M ObicTpee,
4eM BTO HMEET MECTO Ha BO3/yXe.

CorsiacHO TEPMOXHMHYECKUM JIAHHBIM, [IOC/AEIOBATEIBHOE MPHCO-
eMHEeHNe MOJIEKYJ aMMuaKa, a TaKKe U BOfbl, K HeHTPAJbHOMY HOHY
COTPOBOKaeTCa HEONHHAKOBHIM BHepretHyeckuM adidexrom. Kaxmas
nocaenyollas MOJIEKyla aMMHaKa MIPUCOSIMHACTCH C YMEHBIIAIOUILM-
Cs BBIIEJIEHHEM TEMIA. DTUM MOKHO OO bICHUTD CTYTEHYATOE {PasJiomKe-
HHE aKBOAMMUHOB ¥ 0€3BONHBIX aMMHaKkatoB. OLHaKo, IPsSMOi 3aBUCH-
MOCTH MEPKIY SHEPTHEH PMCOEIUHEHUS aMMHUaKa K COJISM M TepMude-
CKOHl YCTOHUMBOCTHIO aMMHUAKATOB HE CYLIECTBYET.

B xogme ucomenoBaHus PACTBOPUMOCTH B TPOHHBIX CHCTEMAXx
MX; - mNH3—NH3;—H,0 (M=Cu?*, Zn?* u Cd?*), a Takxe 1pu usy-
YeHHH CBOHCTB TBEPALIX (pa3 Obl BEIACASH U OOHADYXKEH DI aMMHaKa-
TOB. B muccepranuy npuBeneHa CBOIHAS TabJIMLa, TVIe TOMEIEHb Bbl-
JAe/eHHble HaMU COCIUHEHUS C YKa3aHWeM YCJHOBHN UX 00pasopaHus H
TEMIEPATYPLL, IIPH KOTOPOH OHM UMEIOT JaHHBIN cocTas. B yKazaHnmoi
Taldune mpusefeHsl 94 coenuHenus, us Hux Gosnee 50 B surTeparype He
ONHCAHbI.

B amccepTanyy PacCMOTPEHBI 'BO3MOMKHOCTH HMCTOJB30BAHUST Te0-
METPHUECKUX O00pa30oB AHArpaMM PAaCTBOPUMOCTH JJsi ONpEIeseHIT
COCTaBa COeIMHEHHs B PACTBOPAX, HAXOAALLUXCS B iPaBHOBECHH € TBEP-
Iou azoh.

Ecau B nByx(asHO# IBOHHON CHCTeME HEPACTBOPUMBIA KOMIOHEHT
pPacTBOPSETCH TOockHe T00aBNeHUS KOMIJIEKCOOOpasyIomero KoMIoHeH-
Ta ¢ oO0pasoBaHUEM OJHOTO COSAMHEHWd, TO VIBOHHAA CHCTEMA CTAHO-
BUTCA TPOHHOH, COOTBETCTBEHHO TPOHHAS — YETBEPHOH ¥ T. A. W TPH
U300paKeHHd TPOHHBIX CHCTEM OOLIYHBIMU CIOCOGAMH MOMKHO TOJY-
YHTb BETBb DACTBOPUMOCTH MalVlOPACTBOPUMOrO COSIHHEHUSA B BHIAE
npAMoi uHud. Eciu Npu MpooJIZKeHUH 3TOH MpsAMOM OHa mepeceder
KOODAHHATH! KPHCTAIHN3YIOLIEr0OCH 'HOBOTO COSTHHEHHSI, TO AT 03HAaYa-
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€T, UTO B XKUIKOH (hase B 0012CTH PACTBOPEHUS MaAJOPACTBOPUMON Pa-
36l COCTaB JIOMUHUPYIOIIEro COEIHHEHHS COBIAJaeT C KpPHCTAIA3YIO-
I MH.

[onp3ysick MU TpueMamu, HaMH HaWIEeHO, UTO B CHCTEMaxX
CdCly mNH3;—NH3;—H0 u ZnCl, - mNH;—NH3;—H,0 B skuakoi a-
3e B 00/MACTH KPUCTANIN3ALNN THAMMUHA 1OMUHUPYIOUIEM COSIUHEHH-
eM SIBJSIeTCH FeKCaMMHUH.

B cucremax CdBrg(Js) - mNH;—NH3;—HzO (B o6macti Xpucrai-
JH3AMAN IUAMMUHOB) B 32BHCHMOCTH OT TeMIEpATyphl B XKHUIKOH (ase
06pa3yIoTCcsl COSIMHEHHUS, COMepKallie PABNUYHOe UHCA0 MOIEKYJI aM-
muaka — ot 10 mosexyn npu 0°C zo 4 monexya npu 100°C.

B cucremax M (OH)aXy-n—NH3;—NHX—H,O maiigeno, 410
CyJb(raTel M HATPATBHl MEIH, IMHKA U Ka1MUsi B XKHAKOH (pase B obaa-
CTH (PaCTBOPEHHS THAPOKCHCYAbDATOB 0OPA3YIOT TETPAMMHHLL, a raJjo-
PEHH 1Bl MEAH — HNEHTaMMHUHBL,

BbIBOIbI

1. M3ywens meToJaMH H30TEPMHUECKOH pacTBOPUMOCTH 06IACTH
Kpucraaausanun ammuaxatos npu 0° u 259C u MeTOmoM OCaMKIEHUS
o6sacTh BhIIAMEHNS THAPOKcHcoerwHennil npu 25°C YeTBepHBIX B3aUM-
ubix cucrem M, NH, || X, OH—H.0, rie M=Cu?*, Zn2* u Cd?*;
X=CI~, Br, J- NO3 1 0

Teepapie (a3l 3TUX CHCTEM HU3YMANHACh METOLAMH TepMorpadun,
TEpMOTrPABAMETPHH, H30TEPMUNECKOTO DaA3J0KEHH, PEHTreH0da30BOr0
aHaausa 1 MK-dnexTpockonuu.

2. B omactu Bbiaenenus THApokcucoeannennii cucrem M, NH, || X,
OH—Hy0 peaxiins B3auMOIEHCTBUS aMMHAKA C COISIMH MEIH, HHKA
U Kaamus npu 26°C mPOUCXOTUT B IBE CTANMK: OCAXKIAEHUE KaTHOHA B
BUIE THIPOKCHCOCTHHEHHH, a 3aTeM DACTBOPEHHE ocajKa B W30bITKe
ocaaurens. Beqnunaa N B TOUKe 9KBHBAJEHTHOCTH 3aBUCHT OT MPHWPO-
abl MX,, TeMmeparypbl ¥ KOHIEGHTPALHE PEaTUpPYIOUINX BEUIECTB B HC-
XO/IHOH CMEeCH.

B srofi dfsacTy ocaskAaloTcs viBa THIA [HIPOKCHCOJENH [MEPEMEH-
Horo cocraBa: MX, -nM{OH),«xHyO n MX, nM(OH) s sNH; - xH:0.
F'mapokcHaMMHUHOCONMM MEIH, IMHKA ¥ KaJMUs B JHTEpaType He olmca-
HBL.

3. B cucremax Cu(Zn)X;—NH;—H.0 npu nanHoi remmeparype u
konuentpanun Cu(Zn)X, B McXOomHOH cMecH BejanuuHa N B TOUKEe 3K-
BUBAJIEHTHOCTH MMeeT mocTossHHoe 3nayenye. B cucremax ICdXo—NH;—
HyO (X=Cl-, Br~ u J7) orcyTcTBYIOT TOYKH OKBUBaseHTHOCTH. Ocak-
JeHHe KaJAMHUs U3 PacTBOPOB rajoreHu 108 (KoHuentpamwgs 0,1 kMomb/m®
¥ 'GoJbIIe) MPOTOJKACTCS JIO IIOMHONO MEPEX01a THAPOKCHCOSIHH CHIH
B aMMuaKar, rae m=2.
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4. VI3-3a HEMOMHOTO YyacTUd amMMHaka B peakuuu oOMeHa To
ypaBuenrio MXo,-+-nNH,OH X M(OH)nXo-n+nNH.X, a Takxe
u3-3a MPOLECCOB, NPOUCXOIAILNX BO BPEMS CTAPEHUs 00a/1KOB, COCTaBbl
PUIPOKCHCONEl He ICOOTBETCTBYIOT '3Hauenuo oTHowendsa NHs : MX, B
TOUKE SKBHBaJI@HTHOCTH,

5. YcraHOBAEHO, MTO KPHUBBIE H30TEPM DACTBOPUMOCTH (CHCTEM
MX, - mNH3;—NH;3;—H,0 menstcs Ha aBe rpymisL.

IlepBag rpymna KpUBBIX M30TEPM DACTBOPHMOCTH COCTOMUT U3 ABYX
BeTBEH, OTBEUAIOIIAX KPUCTAIIU3AIKH HISIHX aMMuaKaTos (3 >m=> 2)
¥ BBICAJIMBAHHS BHICIIHX aMmuakaTos (m >4) (cucrembl CdXs - mNHz—
NH;—H,0, nre X=C1-,Br~, m J=; ZnClg(Js) - mNH;—NH;—H,0).
Bropasa mpymnma -COCTOMT 43 (0JHOH BETBY, OTBEYAIOLIEH BhHICAINBAHUIO
ammHakartos, rae m > 4 (cucreMbl MSO4(NOs) o - mNH;—NH;—H,0
CuCly (Bry) - mNH3—NH3;—H,0 u ZnBr,- mNH;—NH3;—H;0).

6. PacrBopenne HU3MINX aMMHAKATOB [AJOTeHH/I0B KAAMUSA U XJI0-
DHCTOrO (KMHKA B BOJAHO-aMMHUAUHBIX PACTBOPAX B 00ACTH UX KPUCTall-
JU3aIAH TPOUCXOIAT IPSAMOIPONOPUHOHATLHO KOHLEHTDAUNY aMMHiaka
B XmiKoi (hase. Boicanmupanue BBICIIMX aMMHAKATOB YCHIMBAETCS CO
CHIPKOHUEM TeMIIepaTypbl M YBeJMUeHHEM KOHUEHTpAUUH aMMuaKa.

BrlcanuBaroliiee aefctBue aMmuaxka BOJAM3H HACBILULEHUS 2KHIKOH
drasbl amMurakoM ocsalbepaeT. BolicanyBaHue aMMHAKaTOB MPOUCXOIUT
0 MEXaHU3MY AeHCTBHS OJHOMMEHHOIO HOHA.

7. AMMuakaTh coJieidl MeTH, IHHKA U KaJMUs, KPHCTaLJU3YIOle-
csi M3 BO,IHO-aMMMAUHBLIX PacTBOPOB, comeprkat Body. Comeprkanue
BOJbl U IPOYHOCTH €€ CBSI3U B aMMHaKaTax Jis NaHHOTO LEHTPaJbHO-
ro @ToMa YBeJIMUHBAeTcH [OPAMONDPOMNOPIMOHANBHO painyCcy aHuoHa
(Cl-<Br-<J-wm NO 3<SO34 ).

8. 'mapoxcy- # C1IPOKCUAMMUHOCOAN SBASIOTCA OLIOH U3 Pa3HO-
BHIHOCTEH KOOPIWHATMOHHBIX coenunenuil. Boaa, ammuak 1 HO-rpyn-
bl B COCTABE 3THX KOMIUIEKCHBIX COSIUHEHWH SBJASIOTCH DaBHOLEHHDI-
MY JTETaHTaAMU ¥, B 32BUCUMOCTH OT CTPYKTYPBI, MOTYT B KaKHX-TO Mpe-
Jenax 'saMeniaTh Apyr Japyra 0e3 HapylIeHUs TapaMeTpoB DPeIIeTKH.

FmiporcuaMMUHOCONH KPUCTAIIA3YIOTCA B TEX IKE CTPYKTypax, B
KAKHX KPUCTANIUIYIOTCS COQTBETCTBYIOWME THIDOKCHCOH.

9. YcraHoB/ISHO, UTO NPUCOENMHEHHE aMMHUaKa X DHAPOKCHCOJAM
B 3ABUCUMOCTH OT MX CTPYKTYPBl IPOUCXOIUT ABYMS HmyTsaMu. K cousa,
MMEILINM TPOCTOS CIOHCTOE CTPOSHUE TIPH 3HAUeHHW N < 3, aMMuar
apucoeanHserca 3a cder BuTecHeHus OH-mpymn (conu menum o Kai-
Musi), a K COJIM C ABYXCJOUHOH CTPYKTYPOU TPy 3HAGEHHA N < 6 mpu-
coeluHeHne amMuaka kK M2 npoucxoauT B IPOMEIKYTOYHOM cJoe 06€3
wapyurenys orHomerus OH™ : M?* (conu uuHxa).

10. BoigBneno BAUSHUE aHWOHOB M KATHOHOB HA YICTOHYMBOCTD JiH:
TaH10B B THAPOKCcHUCOIAX, AHnoHb! cTadunnsnpyor OH-rpymny. Cradu-
auzupyrowes geficrepe aHpodoB Ha OH-rpynny B KomIiekce YMeHb-
" maercst B psuy SOF > NO3 >CI->Br=—>>I-, a ycrofiunBoctb BOIB —
SO4~ >NO 3 >J">Br—>Cl-.
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Yeroitunsocts OH-rpynn u Boabl B MHMAPOKCHCOMAX CHHIKACTCH B
pany Cd?*>Zn?">Cu?*. [IpucyTCTBHE aMMHaKa B COCTABE [AIDOKCHCO-
JIeH (cHUXkKaer ycroiiuuBocTs OH-rpymn, Ho He OKAa3biBAGT BAMSHHUS HA
YCTOHYHBOCTh BOAb. Boxa B cBOI ouepenb He oKkasbiBaeT BAHAHHS HA
yeroiyuBoeTh OH-rpymn. Mexanusm BJIHSHHS KOO DI HH PIOBAHHBIX
TPYII JIpYr Ha APYra IMOXKHO PacCMaTPHBATL C TOUKH 3PEHHS TPaHC-
BJIMSTHU,

11. TTokasamo, 4T0 reomenpuueckne 06passl HUarpaMmm pacrTBOpu-
MOICTH MO?KHO HCIOJIb30BATh JJIf OMPELEJISHHS COCTABAd aMMHAUHDIX
COEAMHEHUH B HACHIIIEHHBIX PACTBOPAX, HCXOMS U3 CBOHCTB MA/J0PACT-
BOPHMDIX DHIDOKCHCONICH M JAHAMMHHOB DaCTBOPSITHCA B NPHUCYTCTBHH
aMMHAaKa.

12. CunresupoBanbl, 0GHAPYKEHDI TPH HOCHEOBAHAY (PaCTBOPUMO-
cri B cucreMax MX, - mNH3—NH;—H;0 u mpu repmuueckom pasJo-
KEHUM aMMuakaTos 94 coexunenus, u3 Hux 50 B viuTepaType He 100H-
CaHBI,

B obnacru BbiIeSeHNsS THIPOKCHCOCIMHELHN CHCTEM MX,—NH;—
HyO Bbineseno 25 HOBBIX MUAPOKCHAMMPHOB TOCTORHHOTO COCTARA I
Gosee 30 GesaMMUaUHBIX TRUPOKCHCOAEH. YacTh U3 [IOCTE JHUX COeNH-
HEHHH BBIIEIEHBl @MMHAKOM BIEPBLIE.
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