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3)
BBEJAEHHUE

AKTYaJILbHOCTEH PA0OOTHI:

OnHUM U3 IIUPOKO PACIPOCTPAHEHHBIX METOJIOB aHATUTUYECKOW XUMUU SIBIIACT-
Csl JKUJKOCTHAsl AKCTPAKLMs, OCHOBaHHAas HA PACHPEIEICHUM LIEJIEBOIO0 KOMIIOHEHTa
MEXKy JBYMSI HECMEIIMBAIOIIUMUCS KUJIKOCTIMU. JJaHHBIA METOJ HCIOJb3yeTCs s
KOHILICHTPUPOBAHUS MUKPOIIPUMECEN M pa3feNeHUST MHOTOKOMIIOHEHTHBIX CMECEH.
JKunkocTHast SKCTpakimsl SBISIETCS YHUBEPCATBHBIM M AKCIPECCHBIM METOJ0M, 00ec-
MEYMBAET BBICOKYIO 3(PPEKTUBHOCTh KOHIICHTPUPOBAHUS, OTIMYAETCS MPOCTOTOM HC-
MOJIHEHUSI W JIETKOCTBIO aBTOMaTh3auuu. HawmOoubliiee pacnpocTpaHEHHE MOTYYUIIU
AKCTPAKIIMOHHBIE CUCTEMBI, B KOTOPBIX IKCTPAr€HTOM CIIY>KUT OpPTraHUYECKUN pacTBO-
putenb. PacciianBaHre B yKa3aHHBIX CHUCTEMAaX MPOUCXOIUT 3a CUET OrPAaHHUYECHHOU
B3aMMHON PacTBOPUMOCTH BOJBI M OpPraHWYecKoro pactBopureis [1]. OmHako 3TUM
CUCTEMaM Hapsily C JOCTOMHCTBAMM MPHUCYIIH HEAOCTAaTKH, TAKME KaK MOKapoomac-
HOCTh U TOKCUYHOCTH HCHOJIb3YEMBIX pacTBopuUTencil. CHUKEHUE JIETY4ECTH, TOKCHY-
HOCTH W TMOBBIIIEHUE 0E€30MaCHOCTH 3KCTPAKIMOHHBIX MPOLECCOB BO3MOYKHO 3a CYET
WCIIOJIb30BaHUsl HETPAAUIIMOHHBIX SKCTPAKIUOHHBIX CUCTEM, HANPUMEDP AKCTPAKIUS B
CUCTEMax C XUMUYECCKHM B3auMOJIeHCTBUEM [2, 3] I MOHHBIMH KUAKOCTIMH [4].

[IpobGnema sKCTpakiu TUAPOGUIBHBIX U AUCCOLUUPYIONINX COCIWHEHUM, Ha-
npumep 6roMoseKys (0eIKOB, HYKJIIEMHOBBIX KUCIIOT), MPUBENIa K HEOOXOIUMOCTH pa3-
pabOTKH SKCTPAKIIMOHHBIX CHUCTEM HOBOIO THIIA, TJIABHBIM TPEOOBAHHEM K KOTOPHIM
ABJISIETCSA BBICOKASI MOJISIPHOCTD SKCTPAKTA M 3HAYUTEIbHASI KOHIICHTPAIUsl BOAbI B HEM.
B 1955 1. P.-A. Albertsson BriepBbie ncronb3oBai cuctreMbl KsPO, — I1910 — Boma u
[I9I" — mexcTpaH — Boda JJisl pa3feieHus U KOHLEHTpUpoBaHus Ouomosiekyn [5]. B
1983 r. KOJEKTHB uccienoBarenel mnoj pykoBoacTBoM akanemuka FO.A. 3onoroBa
MPEIOKUIT UCTIOJIb30BaTh CUCTEMbI Heopranuueckas coib — [191 — Boja AJig KOHLIEH-
TPUPOBAHUSI MOHOB METAJUIOB B BHJE AIlMAOKOMIIJIEKCOB M KOMILIEKCOB C OpraHuye-
CKUMH peareHtamu [6]. J[pyroi BaxxHO#H Bexoi B pa3pabOTKe HETPAJUIIMOHHBIX CIOCO-
00B sKcTpakiuu ctana pabora H. Watanabe u H. Tanaka (1978) ¢ onucanuem mpume-
HEHHUSI SABJICHUSI TOUKU MOMYTHEHUS B pacTBOopax HEMOHHBIX [TAB 15 sxcTpakiimoHHO-

(doTomMeTpruecKoro onpeaeieHus kodanbsTa [7]. Jta paboTta cTaga OCHOBO# JIJIsl HOBOTO
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METOJIa — SKCTPaKIMK B Touke momyTHeHHs (cloud point extraction, munermispaast sKc-
Tpakuus). [lo3nHee ¢ LEnpl0 CHMXKEHHSI TEMIEPATYPbl OCYIIECTBIECHUS SKCTPAKIUU
MPEI0KEHO UCTIOIb30BaTh HEOPTAaHMYECKUE COJIM, 00J1a/1al0IINe BhICAIUBAIOLIUM JICH-
CTBHEM. B psae cilyyaeB HCIOJb30BAaHUE BBICAIMBATENIECH MO3BOJSAET MPOBOIAUTH DKC-
TpaKkUUIO TIPU TeMIlepaTypax ONM3KUX K KOMHAaTHOM naxe ¢ IIAB, BoJHbIE pacTBOpBI
KOTOPBIX UMEIOT BBICOKYIO TEMIIEpaTypy MOMYTHEHUSI WU HE UMEIOT €€ BooOIie (Ha-
puMep, aHKOHHBIX WK KaTHOHHBIX [TAB).

Haubounee cioxHol 3aaueit mpu pazpaboTKe IKCTPAKIIMOHHBIX CUCTEM Ha OCHO-
Be [IAB saBnsercs moaOOp BhICAIMBATENST M ONTUMM3ALMS  TEeMIEpaTypHO-
KOHIICHTPAILIMOHHBIX NTapaMeTPOB dKCTpakiuu. K HacTosmeMy BpeEMEHH HAaKOIUIEH 3Ha-
YUTEIbHBIN YKCIIEPUMEHTAIBHBINA MaTepual, MOCBAIICHHBIM BO3MOXHOCTH KOHIICHTPU-
pOBaHUS, pa3ACICHHs U ONPEEICHHS OOJBIIMHCTBA HOHOB METANIOB, HEOPraHUYECKHUX
AHMOHOB M PAa3JIMYHBIX M0 MPUPOJC OpraHuveckux BemiecTB [8—11] meromom mwuien-
JSApHOM 3KCTpakuuu. OAHAKO MPAKTUYECKH OTCYTCTBYIOT CUCTEMHBIE MOAXOABI K pas-
pabOTKe AKCTPAKLIMOHHBIX CHCTEM M TEOPETHYECKHE 3aKOHOMEPHOCTH BIUSHUS COJIEH
Ha BbicanuBanue [TAB u BogopacTBopuMbIX nonmumepoB. [locTpoenue noiaHo GazoBoit
JAarpaMMbl CUCTEMbI Heopranudeckas coyib — [IAB — Boma mo3BonsieT onpenenuThb
TEMIIepaTypy CYIIECTBOBaHUS OOJACTH pacciiauBaHUs, OIEHUTh MU3MEHEHUE BbICAIIH-
BAaIOIIEH CIIOCOOHOCTH COJIU C TEMIIEpaTypol U moao0paTh ONTUMAJbHBIE MapaMeETPhl
DKCTPAKLMH IIyTEM aHAIN3a M30TEPMHYECKOTO pa3pe3a CUCTEMBbI IPU ONTUMAJIBbHOU

TeMIeparType.

CrernieHb Pa3pad0OTAHHOCTHU TEMBI

B pabotax A.E. JlecnoBa, O.C. KynpsioBoil 1 COaBTOPOB BIEPBbIE MPEIIOKEHO
UCIOJIb30BaTh TexHuueckue [TAB 111 KOHLEHTpUPOBaHUS MOHOB METAJUIOB, ONUCAH
croco0 BbIOOpa BBICATIMBATEN M ONTHUMHU3ALMKM MAapaMEeTPOB SKCTPAKIMKW HAa OCHOBE
(U3UKO-XMMHUYECKOTO aHajn3a SKCTPAaKUMOHHBIX cucTeM. lMccienoBaHa pacTBOpH-
MOCTb U SKCTPaKIMOHHAsA CIIOCOOHOCTh Oojiee 30 cucTeM HEOpraHMYECKHl BhICATHBa-
tenb — [IAB — Boga npu 25°C [12-14]. JIOCTOMHCTBOM IPOBOJAUMBIX HCCJICTIOBAHUM SB-
JSETCS IHUPOKOE HCIIOIB30BAHUE TOMOJOTMYECKOI0 MOAX0/1a K U3YYEHHUIO T'€TepOreH-

HbIX paBHOBecull pazpadoranHoro H.C. KypHakoBbIM, H30TEPMUUECKOTO METOJIA Ceue-
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Huii P.B. Mepiymmaa 1 MeTona TOmoIorudeckoit Tpancopmanuu (Gpa3oBbIX AUATPaMM
npemoxxeHHoro B.M. Basiiiko u pazsutoro B padorax CapaToBCKOM MIKOJIBI (PU3UKO-
XUMHYECKOT0 aHaJIn3a.

Hacrosmast paboTta mocBsiiieHa MOMCKY CHUCTEMHOTO IMOAXO0Ja K ONTUMHU3AIHNU
MapaMeTPOB SKCTPAKIIMM HA OCHOBE U3YYEHHSI PACTBOPUMOCTU B CHCTEMAX HEOPTaHU-
YyecKasi CoJib — OKCHATUIMPOBaHHbIl [IAB — Boja B IMpOKOM MHTEpBAJIE TEMIIEpPATyp U
YCTAaHOBJICHUIO TEOPETUYECKUX 3aKOHOMEPHOCTEHW BBICAIMBAHMSI OKCHUATHIIMPOBAHHBIX
ITAB HEOpraHUYEeCKUMHU COJISIMH.

[IpeacraBnennas pabota sBIsETCA OOOOILIEHUWEM pE3YyIbTATOB HCCIEIOBAHUM
BBINIOJIHEHHBIX aBTOPOM B JJAOOPAaTOPUM OPraHUYECKHX KOMIUIEKCOOOpPA3yIoMMX pea-
reHToB MHctuTyTa Texunueckol xumun YpO PAH no teme «/ccnenoBanue paBHOBe-
CUl B Mpoleccax KOHIIEHTPUPOBAHUS W Pa3[eieHUs] MOHOB M MUHEPAIOB OpraHuye-
ckumu Jurangaamm» Ne rocygapctBeHHoi peructpanuu 01201351975, Paborta yactuy-

HO ¢uHaHcupoBasiacb PODOU: rpant Ne 14-03-96006-p Vpan a.

Ileap pabOTHL:

YcTaHOBJICHUE BIMSHUS IPUPOABI HEOPTaHUYECKOM COJIM Ha TEMIIEPATypPHO-
KOHIICHTPAIIMOHHBIE TPAHUILIBI CYIIECTBOBAHMS O0JACTU KUJIKOTO JIBYX(a3HOTO paBHO-

BECHS B CUCTEMaxX HEOpraHW4yecKasi Cojb — OKCuaTUIMpoBanHbiii [IAB — Boza.

3a1ayn UCCIIEIOBAHUS:

1. OnpenenuTh BBHICATMBAIOILYIO CIIOCOOHOCTh HEOPTaHUYECKUX COJIEH MO OTHO-
LIEHUIO K OKCHATUIMPOBAHHBIM [IAB B 3aBUCHMOCTH OT TeMIlepaTyphl, IPUPOJIBI HO-
HOB U ctpoenus [TIAB.

2. YCTaHOBHUTH 3aKOHOMEPHOCTH TOIOJOTHYECKON TpaHchopMaluu (Ppa30BbIX
JMarpaMM CHUCTEM HEOpraHuuyeckas cojib — OKcudTUinupoBaHHbiii [TAB — Boja ¢ u3zme-
HEHHEM TEMITEPATYPhI B 3aBUCUMOCTHU OT IPUPOJBI COJIM U ncnoab3yemoro [TAB.

3. AnpobupoBaTh NMpeasioKEHHbIE 3aKOHOMEPHOCTH MPH pa3paboTKe SKCTPAKIIH-
OHHBIX CHCTEM ISl KOHLIEHTPUPOBAHUSI HEOPTAaHMUYECKUX BELIECTB B CUCTEMAaX HEOpra-

HHUYECKAs COJIb — OKCUATUIMpPOBaHHbIN [IAB — Bona.
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4. IToxa3aTbh BO3MOXHOCTh MCIIOJIb30BaHUsI cucTeM Ha ocHOBe [TAB g KoHIEH-

TPUPOBAHUS HEOPTAaHUYECKUX BEHIECTB (OOPHOM KHCIOTH 1 HOHOB METAJIOB).

Hay4yHas HOBU3HA:

1. YcraHoBIIeHBI 3aKOHOMEPHOCTH U3MEHEHUS BBICATHBAIOIIEH CIOCOOHOCTH He-
OpPraHUYECKUX COJIEH MO OTHOIIECHUIO K OKCUATUIMpoBaHHBIM [IAB — okcudocy b u
cunTanosy /IC-10 B 3aBHCHMOCTH OT IIPUPOABI COJIA, TEMIIEPATYPBl U CTPOEHUS BHICA-
nuBaemoro [TAB.

2. Pa3zpaboTaH MoaXoJ K OLEHKE BbICAJIMBAIOLIEH CIIOCOOHOCTH HEOPraHUYECKUX
COJIEH MO OTHOIICHHIO K OKCHATWIMPOBaHHBIM [TAB, crioco® BeIOOpa BbICAIMBaTENS U
ONTUMM3ALUUN TEMIIEPATYPHO-KOHIEHTPALMOHHBIX MAPAMETPOB 3KCTPAKIMU HA OCHOBE
($U3UKO-XMMHUYECKOTO aHaJlu3a CUCTEM HeopraHuueckas coib — [IAB — Boga.

3. IlpennoxkeHa cxema TOIMOJOTUYECKON TpaHCchopMmaru (a3oBBIX AUATPaMM
CUCTEM HEOPraHWYecKasl COJIb — OKCHATUIMpoBaHHbIA [IAB — Bojma mpu m3mMeHEeHUU
TEMIIEpaTypbl, IMEIOIIUX HIKHIOK KPUTHUYECKYIO TEMIIEPATYPy PaCCIOCHHUS.

4. Iloka3zaHa BO3MOXHOCTb HCIIOJIb30BAHMS CUCTEM HEOpraHndeckas coib — [IAB

— BOJIa JJIs1 MULICJUISIPHOM SKCTPAKIIMU HEOPTaHMYECKUX BEIIIECTB MPHU TeMrepaType 25—

75 °C.

TeopeTnyeckas U NpakTUYSCKas 3HAUYMMOCTb:

1. M3ydyeHa BO3MOXKHOCTb HCIIOJb30BaHUS TeXHHUEeCKUX ITAB mist skcTpakiuu
OOpHOI KUCIIOTHI U3 PACTBOPOB, COJIEPIKAILUX COJIM MarHUsl.

2. YcTaHOBIIEHA BO3MOYKHOCTD MCIOIb30BaHUSI aHHOHHOTO OKCUATHIIMPOBAHHOTO
[TAB — okcudoca b 1151 KOHLIEHTPpUPOBaHUSI KATUOHOB METAIJIOB B MPHUCYTCTBUM J10-
MOJIHUTENbHBIX KOMIUIEKcOOOpa3zoBareneil (XJIopui-, UOAUA-, TUOLMAHAT-UOHOB) MpHU
TEMIIepaTypax BbIIIE KOMHATHOM.

3. Pe3ynbrarhl M3ydyeHHs] pacTBOPUMOCTH B cucTeMax B 21 MceBAOTpPeXKOMIO-
HEHTHOM CHCTeMe Heopranudeckas cojib — okcudoc b (cunranon J1C-10) — Boaa, comb
marausi — katamu Ab (oxcudoc b, cuntamun-5, cuatanon JIC-10, cuntanon AJIM-

10) — Bona, OopHas kuciiora — karamuH Ab (okcudoc b, cuaramun-5, cuaranon J1C-10,
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cuataHon AJIM-10) — BeicamuBaTeNlb MOTYT HCIIOJIB30BAThCSI B KAYECTBE CIIPABOYHBIX

JTAHHBIX.

MeTo0JIOTHSI U METOJIbI JUCCEPTALMOHHOTO MCCIICAOBAHUS:

PaGoTta BEIMOMHEHA C WCMONIB30BAHUEM TPATUITMOHHBIX METOMOB (HU3HKO-
XUMHUYECKOTO aHaju3a Mpu U3ydeHuH (a30BbIX PABHOBECUN M aHATUTHUYECKUX HCCIIE-

I[OBaHI/Iﬁ pacnpcaciacHus BCUICCTB IIPHU OCYIICCTBICHHUH SKCTPAKIINH.

CreneHb JOCTOBCPHOCTH PE3YJIbBTATOB

JIOCTOBEPHOCTh TMOJYYEHHBIX pe3yJbTaTOB OOECIEUYMBANIACh HCIIOJIb30BAHUEM
COBPEMCHHBIX aTTECTOBAHHBIX MPUOOPOB H CTAaHAAPTHBIX METOJOB (DHU3UKO-
XUMUYECKOTO aHaim3a. [lomydeHHBIC pe3ynbTaThl HE MPOTUBOPEYAT COBPEMEHHBIM
KOHIIETIIUAM (PU3NYECKON XUMHUH, B TOM YHUCJIE MOJATBEPKICHA PACTBOPUMOCTD B PsiJIe
CUCTEM, N3YUEHHBIX paHee B M30TCPMUUYECKHUX YCIOBHUSIX MOJIUTCPMUUECKIUMH UCCIIEI0-
BaHUSIMU, TIPEJIOKEHHAS] CXeMa TOTIOJIOTUYeCKOr TpaHchopmaiuu Gpa3oBbIX AUarpamMm
CUCTEM HEOparHuyeckasi cojib — OKCHATWIMpoBaHHbIM [IAB — Boga He mpoTuBOpedUT
00001IeHHON cxeMe TpaHchopmanu (a3oBBIX JUarpaMM CHUCTEM COJb — OMHApPHBINA

pPacTBOPUTETD | ].

AnpooOars paboThl

Marepuansl nuccepranuu Obutn mipeactabiienbl Ha XIV u XVII pernonanbHoM
HAyYHO-TIPAKTUYECKON KOH(PEPEHIIMH CTYIEHTOB U MOJOJBIX YUEHBIX «XUMHS. DKOJIO-
rusi. buorexunonorus» (Ilepmb, 2012, 2015); 1 cryneHueckoil MIKOJIbI-KOH(MEPEHIIUN
«CoBpemennsbie acniekTbl xuMun» (I[lepmb, 2012); MeXITyHAPOTHOM MOJOJEHKHOM Ha-
yuHoM ¢opyme «JlomonocoB 2013» (Mocksa, 2013); V peruoHaibHON MOJIOIEKHOM
HIKOJBI-KOH(EepeHIINN «XUMUYECKUN aHanu3 U okpyxaromas cpena» (Ilepms, 2013);
IV u V Mexnynapoauoit kondepenimu « Texaudeckas xumus. OT TEOPUU K MPAKTUKE
(ITepmpb, 2014, 2016); XX International Conference on Chemical Thermodynamics in
Russia (Huwxuuit Hosropoa, 2015); Xl Beepoccuiickoi KOHMEPEHIIUH ¢ MEKIYHAPOI-
HbIM yuactueM «IIpoOnembl conmpBaTau u KOMIUIEKCOOOpa3oBaHus B pacTBopax. Ot
s dexToB B pacTBOpax K HOBbIM Marepuanam» (MBanoBo, 2015); X Bcepoccuiickas

IHKOJ'Ia-KOH(I)epeHHI/I}I MOJIOABIX YHYCHBIX «TCOpeTI/ILIGCKaH H SKCIICPUMCHTAJIbHAA XUMHUA
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xuakodazaeix cucrem» (MBanoso, 2015); VII Beepoccuiickoit kondepeninu «Dusu-
KO-XMMHUYECKHE TPOIECChl B KOHICHCHUPOBAHHBIX Cpelax M Ha MEK(a3HbIX TPAHUIIAX)
(Boponex, 2015); I Bcepoccuiickoil MONOIEKHON IIKOJIBI-KOHGEPEHIIMN «Y ClieXu
CUHTE3a U KoMmIUIekcooOpa3zoBanus» (Mocksa, 2016); XI Mexnynaponnom KypHakos-
CKOM COBEIIIAaHUH 0 PU3NKO-XuMHUUYeckoMy aHanuzy (Boponex, 2016); XX Menaene-
€BCKOM Che3fie 1o obmieit u npukiaanod xumuu (ExarepunOypr, 2016); Beepoccuii-
CKOH 100MJIeiHONM KOH(EepeHIIH ¢ MEXIyHApOAHBIM ydacTueM «COBpEMEHHBIE TOCTHU-

*KeHust xumudeckux Hayk» (Ilepms, 2016).

[IyOnnkarmu

OCHOBHOE CcOJIepKaHUE AUCCEPTAIUU OTpakeHo B 27 padoTtax. Cnucok myonnka-
nuit Bkiodaet 10 crareit, u3 Hux 6 B pexomengoBaHHbix BAK u3ganusix u tezucor 17

JIOKJIAJIOB.

JINYHBIN BKJIA COUCKATENS

ABTOp y4acTBOBaJ B IIOCTAHOBKE 3aJa4 MCCJIEAOBAHMS, IJIAHUPOBAHUM, IOJATO-
TOBKE U MPOBEJACHUH IKCIIEPUMEHTAIBHON pabOThl, 00CYKIEHUH, aHAJIU3€ U UHTEPIIpE-
TalMU TOJIyYEHHBIX Pe3yibTaToOB, (POPMYIUPOBKE OCHOBHBIX BBIBOJOB, MOJITOTOBKE U

odopMIIeHUH TTyOJIUKAIUH.

CtpykTypa padOThI

JluccepTanysi COCTOUT U3 BBENEHHUs, 0030pa JUTEpaTyphl, IKCIIEPUMEHTAIbHOMI
YacTH, BKJIFOYAIOIIEH YeThIpE TJIaBbl, BBIBOJOB, ClMCKa JuTeparypsl (164 maumeHoBa-
HUA) U TpwioxkeHus. Pabora uznoxkena Ha 167 cTpaHuiiax MamMHOMUCHOTO TEKCTa,
conepkut 80 pucynkos, 10 tabnui u 24 TabauIbl MPUITOKEHUH.

B nepBoii rnase (0030p aHMTEpaTypbl) paCCMOTPEHBI OCHOBHBIE TEOPUU OObBsIC-
Hsto1me 3(pPEeKT TOUKM MOMYTHEHHS B BOJHBIX PacTBOpPax HEHMOHHBIX OKCHATHUIIMPO-
BaHHBIX [IAB u BOJOpacTBOPUMBIX MOJMMEpax Ha MpPUMEpE MOJUITUIICHTIUKOIA, a
TaK>Ke CBSA3b TEMIIEpaTypbl TOUKH MOMYTHEHUS U cTpoeHus [IAB, 06001ieHs! pe3ynbra-
Thl MCCIICIOBAHUN MOCBSIICHHBIX BIIMSHUIO HEOPraHUYECKUX COJIEH Ha TeMIeparypy

MTOMYTHEHHUS OKCUATUIMPOBaHHbIX [TAB.
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Bo BTOpOI#i riaBe aHbl CBEICHUS O PEaKTUBAX U METOJaX MCCIEA0BaHUS UCTOJIb-
30BaHHBIX B paboTe. OCHOBHBIC UCCIEIOBAHUS BBITIOJHEHBI ¢ TEXHUYECKUMU OKCUAITH-
mupoBaHHbIMU [IAB — okcudocom b, cunranonam J1C-10 u cuntanonom AJIM-10. Bee
OCTaJIbHBIC PEaKTUBBI UMENI KBanuukamuo 'x.4." u "a.1.a".

B TpeTheli rnaBe onrcaHbl pe3yibTaThl UCCIEAOBAHUS PACTBOPUMOCTH B MOJIEIIb-
Heix cuctemax KBr — okcudoc b (cunranon JIC-10) — Boga u MgCl, — okcudoc b
(cunatanon JIC-10) — Boma, KOTOpBIE MO3BOJIMIIN JI0KA3aTh YETHIPE CXEMBI TOIOJOTHYC-
ckoi TpaHchopmaru (Ha30BbIX JUArPAMM CUCTEM HEOPTaHWYECKasi COJIb — OKCUATHIIN-
poBanHbIl [IAB — Boza ¢ u3amMeHeHneM TeMIieparypsl B 3aBUCUMOCTH OT BBICATIMBAIO-
el (BcaJiuBaroiei) criocOOHOCTH COJIM U MPUPOABI JIBOMHOM cucTeMbl Boja — [TAB:
HaJIMYu€ HUKHEW KPUTHUYECKOM TOYKHU PACCIAUBAHHS WIM FOMOT€HHOE COCTOSIHHE BO
BCEM MHTEPBAJIC TEMIIEPATYP CYILIECTBOBAHUS XKUAKOM (ha3bl.

B ueTrBepToli T71aBe MPUBEAEHBI PE3YIbTATHl UCCIEA0BAaHUS BBICAJTUBAOUIEH CIIO-
COOHOCTH HEOPraHMYECKUX COJIEH HEMEpEeXOJHBIX METAIOB U aMMOHHS MO OTHOIIIE-
Huto K okcudocy b u cunranomny /IC-10. [IpuBenena mHTepnperanus NOJTYYEHHBIX
JIAHHBIX C TOUYKHU 3PECHHS PA3IUYHBIX B3aUMOJICHCTBUN B TPOMHBIX CMECSX, COAEPKAIINX
BbICAIMBaATENb, [IAB 1 BOAy, a TakKe ONMMCAaH MOAXO K OLEHKE BBICAIMBAIONIEH CIIO-
COOHOCTH coJiei U BRIOOPY BhICATMBAHUS ISl pa3paO0TKH AKCTPAKIIMOHHBIX CUCTEM.

B nsTol raBe onmMcaHO NMPUMEHEHWE YKA3aHHOTO MOAXOAa ISl ONTUMHU3AlUU
MapaMeTpoOB IKCTPAKIMKU OOPHOM KHUCJIOTHI B cUcTeMax coyib marHusi — [IAB — Bona u
HKCTPAKIIMK KaTHOHOB METAJNIOB B CHUCTEMax BbIcaiiuBatesib — okcudoc b — Boma mpu

TEMIIEPATYpPax BbIIIE KOMHATHOM.

Ha 3amuTty BeIHOCATCS

1. Cxembl TOIOJIOTUYECKON TpaHchopmaliu (a30BbIX AUarpaMMm CHUCTEM He-
OpraHhvecKas Cojb — OKCMATUIMpOoBaHHbIN [TAB — BoJa ¢ M3MEHEHHEM TEMIIEpATypPhbl
JUTsl ciy4aeB, korja OuHapHas cuctema [TAB — Bonma xapakrepusyercs HKTP unu He
pacciiauBaeTcsi BO BCEM TEMIIEPATypHOM HMHTEpBAJIe KUJKOTO COCTOSIHHUSA, a COJIb 00a-

Ja€T BbICAJITMBAIOIIIMM HJIN BCAJIMBAIOIIMM-BBICAJIMBAIOIIINM ﬂCﬁCTBH@M.



12

2. Pe3ynbTaThl OIIEHKH BBICATMBAIOIIEH CTIOCOOHOCTH HEOPTAaHUUYECKHUX COJICH
HEIEePEXOHBIX METALIOB TI0 OTHOIIEHUIO K OKcHATUIupoBaHHbIM [TIAB — okcudocy b
u cuntanoiy JIC-10.

3. 3aKOHOMEPHOCTH W3MEHEHUS BBICATMBAIONICH CIIOCOOHOCTH HEOPTaHHUYe-
CKHX COJIEH B 3aBUCUMOCTH OT IIPUPOBI COCTABISAIONINX €€ MOHOB U cTpoeHus [1AB.

4, N3orepMuyeckre U MOJUTEPMUUECKUE AHUArpaMMbl pACTBOPUMOCTU B CHUC-
TeMax Heopranuveckas coib — okcudoc b (cuaranon JIC-10) — Bona, coinb MarHus —
karamuH Ab (oxcudoc b, cunramuza-5, cuaranon JIC-10, cuntanon AJIM-10) — Bona,
O0opHast kuciora — karamuH Ab (okcudoc b, cuntamun-5, cuntanon J1C-10, cuaTanon
AJIM-10) — BbIcaTMBaTEIIb.

5. 3aKOHOMEPHOCTH pacIpeaeiacHuss OopHoi Kuciaotel B cucrtemax MQCI,
(MgSO,) — ITAB ( xaramun Ab, okcudoc b, cuatamun-5, cuatanon JIC-10) — Boza.

6. 3aKOHOMEPHOCTH pacmpeziesicHuss KaTHoHOoB MeTa/utoB B cucteme NH,Cl —
okcudoc b — Boma mpu 75°C B mpUCYTCTBUHM aHHOHOB-KOMILIIEKCOOOpa3zoBarteneit (Xjo-

pU-, HOJIU/T-, THOI[MAHAT-HOHOB) U aMMHAaKa.
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I''TABA 1. 3AKOHOMEPHOCTH BbICAJIMBAHUSA BOAOPACTBOPUMBIX

MNOJUMEPOB U OKCUIOTUIINPOBAHHBIX ITAB HEOPTAHUYECKUMHA
COJISAIMM (OB30OP JIMTEPATYPDI)

[ToBEpXHOCTHO-aKTUBHBIE BEIIECTBA HAXOIAT IIMPOKOE NMPUMEHEHUE B pa3iny-
HBIX XMMHMYECKHUX MPOIECCax, OJIHAKO Hanbojee aKTMBHO Pa3BUBAIONIMMCSI HAIpaBlie-
HUEM MOXHO cuuTaTh ucnonb3zoBanue [TAB B ananuze [15]. OHU MOTYT IpPUMEHSITHCS C
LEJbIO TOBBIIMICHUS YYBCTBHUTEIBHOCTH PEAKIUN KOMILIEKCOOOpa3oBaHMUs OpraHuye-
CKHX pEarcHTOB ¢ MeTajlaMd B (DOTOMETPHUUECKOM aHaimu3e U TuTpumeTpuu [16, 17],
KaK KOMIIOHEHTbl MEMOPAaH MOHOCEIEKTUBHBIX AEKTPOJOB MIPU MOTEHIIMOMETPUUECKUX
u3MepeHusx [18] u xak cpeapl Ui pa3ieneHus Pa3InyHbIX BEIIECTB B XpoMaTorpaduu
[19, 20]. lIupokoe pacmpocTpaHEHHE MOJIYYHUIH METOMABI SKCTPAKIIMOHHOTO KOHIICH-
TPUPOBAHHUS M PA3ACIICHUS PA3IMYHBIX 10 MPUPOAE BEUIECTB ¢ nmpuMeHeHueM [IAB B
KaudecTBe KcTpareHToB. C KoHna 1970-x TogoB pa3BUTHE MOIYYUI METOJ SKCTPAKIIUU
B TOYKE MOMYTHEHUs (MUICIUIIpHAs SKcTpakmus, cloud point extraction), ocHoOBaHHBI#
Ha CIOCOOHOCTH BOJHBIX PACTBOPOB OKCHMATMIMpPOBaHHBIX [IAB k oOpatumomy pac-
CJIaMBAHUIO MPU HAIPEBAHUU BBILIE ONPEACIEHHOW TEMIIEPATYPHI HA3BIBAEMON TOUYKOMN
nomyTtHeHus [7, 10-11]. B cepeaune 1980-x rog0oB MOsSBWINCH pabOTHI TOCBSIICHHBIC
HKCTPAKIIMM HOHOB METAJJIOB B CHCTEMAaX HAa OCHOBE MOJIMATHIICHIVIMKOJIA U IPYTUX BO-
JIOPaCTBOPUMBIX TMOJMMEPOB MPU KOMHATHOM TeMIiepaTrype, mpu 3TOM oOpa3oBaHHE
BTOPO# XKUAKOW (has3bl SBIAETCSA CIECICTBHEM BBeACHHS BbicanmuBarens [21-23], dro
MOKET OBITh MHTEPIPETUPOBAHO KaK CHUKEHUE TEMIIepaTypbl TOYKH OMYyTHEHuUs. W3-
BECTHO NPHUMEHEHHE psAJa MOHHBIX HHAMBUAYyalnbHbIX [IAB, B wacTHOCTM noaenuii-
cyibdata [24-28], uernnnupuaunamii xaopuaa [29-31] uau cmecu goaermicyibdara ¢
HETHATPUMETHIAMMOHUE OpomMuoM [32] 11t n3BIeUYeHUST HOHOB METAJIJIOB B CHCTEMaX
BeicasinBarenb — [IAB — Bojga. B mociennee necstuiieTe B Ka4eCTBE HKCTPAreHTOB
IPENIOKEHO HUCIOIb30BaTh TEXHUYECKHE MOBEPXHOCTHO-AKTUBHBIE BEILECTBA PA3JIHY-
HBIX KJIACCOB, IIPU 3TOM Pa3BUTUE MOJYYUIN METOJIbI SKCTPAKIIMH, KaK MPU KOMHATHOU
[33-35], Tak u npu Gosiee BrICOKOH Temmieparype [36, 37].

K xmaccy okcudtmmmpoBanubix [IAB (OD-ITAB) otHocsiTcs BemecTBa AuUITh-

HOTO CTPOEHHUSI, TO €CTh cojepKauue rupodoOHyI0 YacTh (AJKWIbHBIN WU apUIIbHBIN
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3aMECTUTEINb) U THAPOPUIBHYIO TPYIITY, NPEACTABICHHYIO TOJIUMEPHBIM OKCUAOM 3TH-
JIEHA ¥ HEKOTOPBIMU APYTUMH rpynnamu. biauskum o ctpoenuto k O3-11AB saBnsttoTces
HEKOTOPBIE BOJAOPACTOPUMBIE TTOJIMMEPHI, HaIIpuMep NnoudTHiIeHruKoIb (I1317), 610k-
COITOJIMMEPBI  dTWIICHOKcHAa ¢ mnponmieHokeuaom (E.PnE,) m oOparHbie O070K-
CONOJIMMEPHI NPOMMICHOKCH A ¢ ATHIeHOKCHIOM (PnEPr) u np. OcHOBHBIE Kiacchl
O3-1TAB u Bo10pacTBOPUMBIX ITOJMMEPOB IIpecTaBiIeHbl B Ta0d. 1.1.

Tabnuya 1.1.

OcnosHule knaccol okcusmunuposanuvix 11AB [38, 39]

XUMHUUYECKOE HA3BAHUE ‘ dopmyna

1. Henounnrie ITAB

OKCI/II)TI/IJII/IPOBEIHHBIG

anmudarnueckue cuupthl (C,Er) CnH21+10(C2H40)H

OKCI/IBTI/IJII/IpOBaHHBIG OKTI/IJ'I(l)eHOJ'IBI

C8H16(C6H4)O(C2H4O)mH

(CgPhEy,)
OKCHUATHIMPOBAHHBIE HOHUI(EHOIIBI CoH18(CeHa)O(C2H40)H
(CoPhEy,)
OKCHATHIIUPOBAHHBIC aMU/TBI CnH2n+1C(O)NH(C,H,0)\H
JKHUPHBIX KACJIOT CaH2n1C(O)N[(C2H40)mH],

Cnoxxnble 3UpBI
MOJIUA TUIICHTJIUKOJIS

Cn H2n+1C(O)O(C2 H4O)mH

@]
o  (OCHCH,)0<

OKCHATHIIMPOBAHHBIE CJIOKHBIC Hoig

a¢upsl copbutana (Tween) (CH,CH,0),0H
HO(CHCH,0f,  (OCH,CH,),0H

2. Aauonurie [IAB

AJNKUIITOKCUCYTB(DATHI CyH2,+10(C,H40),,SOsM
AJIKHIITOKCUKAPOOKCHIIATHI C,H2,+10(C,H,0),,CH,COOM
Anxuidrokcudochars CoH2n+10(C2H,0)nP(0) (OH)OM

[Cn H2n+1O(C2H4O)m]2P(O)OM

3. Katuonnrie [TAB

OKCHATUIIMPOBAHHBIC TICPBUYHEIC
posa b e HEP CoHanssNH(C2H40)nH
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1.1. ®eHoOMeH TOYKH NIOMYTHEHHS B PACTBOPAaX OKCHITHIMPOBaHHbIX ITAB

U BOA0OPACTBOPUMBLIX IMOJIMMEPax

Kaxk nmpasuiio, O3-ITAB xopomio pactBopumsl B Bojae. IIpensioxeno tpu Mmoaenu
OOBSCHSIIONINE PACTBOPUMOCTH MOAOOHBIX COEAUHEHUHN B BOJAE, KOTOPBIE pACCMOTPEHBI
Ha IpUMeEPE MOJMITUIICHTIIUKOJIEH.

Kondopmanmonnas Teopus cBsizbiBaet pactBopumocts [131° ¢ kondopmanueit C-
C u C-O csseil. [lokazano, 4To Tom-KOH()OPMAILIUY, YCTOMYUBBIE MTPH HU3KUX TEMIIE-
paTypax, COOTBETCTBYIOT Xopoiiei pactBopumoctu [I3I" B Bojie, B TO BpeMsi Kak BBICO-
KOTeMIepaTypHble TpaHC-KOH(POPMAIMU COOTBETCTBYIOT HU3KOM pacTBopumocTH 191
[40].

Bropast Teopust cBsizpiBaeT pactBopuMocTh I3 ¢ oOpazoBaHueM BOAOPOJIHBIX
CBSA3€H MEXIy MOJIEKYJaMHU BOJIbl U aTOMaMH KHUCIOpPOAA OKCHUATUIIEHOBBIX (PparMeH-
ToB [41].

Tpetbst TeOpusi — CTPYKTypHas, OOBSICHIET PACTBOPUMOCTh OJIM30CTHIO CTPYKTY-
pel IIOI" k cTpykType BoJbl. B 4acTHOCTH, 3TO CBUIIETEIBCTBYET U3 OJM30CTH PACCTOS-
aus O...0 B rexcaroHanbHOU cTpykType Jbaa (0,274 um) u I19I" (0,276 um). [Ipu stom
00pa30BaHUE CTPYKTYPbl MOKET MPOUCXOIUThH IMyTEM 3aMEIICHHS] MOJIEKYJ BOJbI aTO-
Mamu kuciopoaa mosiekyi [1217 [42].

Paccmotpum dazoByro amarpammy nBoiiHo# cuctembl OD-IIAB — Boma (puc.
1.1a). Beiie onpenenennoit konnentpanuu O3-ITAB B pacTBope CyliecTByeT MHUIIEI-
jsipHast u3otponHas ¢asa (1), yeenuuenue konueHtpaiyu [TAB npuBoauT K ycioxHe-
HUIO MUIEIUT U 00pa30BaHUIO aHU3OTPOIHBIX CTPYKTYp — rekcaroHanbHoil (H) u na-
meisiproit (L) da3er. HarpeBanue u3orponHsix pactBopoB [TAB BeIe onpeneneHHoM
TeMIepaTypbl MPUBOAMT K pacciauBanuio (I1), mpu aTom o0pasyrorcs aBe xuakue (ha-
3bl, OJIHAa M3 KOTOphiXx oOoramena OD-IIAB, a npyras npexacraBisier co0oil pacTBOp
OD-ITAB ¢ koHneHTparuei 0JIM3K0N K KPUTHUYSCKOM KOHIICHTPAIMK MUIIEIIII000pa3o-
BaHus. Takum oOpaszom, cuctembl OD-ITAB — Bojga MOKHO paccMaTpUBaTh Kak CHCTE-
MbI, UIMEIOIINE HIXKHIOI0 KpUTHUYECKYI0 Temreparypy pactBopenus (HKTP).

B psane uccnenoBanuii nokazano, uro 191" u E PnE, Takke nmeror Touky mo-

MyTHEeHHs. MeTooM TepMoonTrueckoro aHanusa [43, 44] moka3aHo, 4TO CHUCTEMBI
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[191" — BoJ1a MMEIOT 3aMKHYTY10 00J1aCTh pacciiauBaHus U Xapakrepusyrorcs kak HKTP,

tak 1 BKTP (BepxHeit kpuTudeckoit remnepatypoit pactBoperus) (puc. 1.10).

T,OC T, OC
100
250
80
60
200 (1)

40

20

150
M =8420
I

100 1 1 1 1 1
0.0 01 0.2 0.3 04 0.5

0
Woeg, Mac.%

0
C,,Eq mac.%

a

Puc. 1.1. @azosas ouacpamma cucmemvt C1oEs — H,0 [49] (a)
u gppaemenm ouacpammul [12I' — H,O [44] (6)

Takum 00pa3oM, (PEHOMEH TOUKM MOMYTHEHHUSI MOXXET OBITh PACCMOTPEH Kak
cHmkeHne pactsopumoctu OI-1TAB unu nonumepa ¢ poctoM Temieparypsl. Ha cero-
JHSAIIHUN JIEHb HE CYIIECTBYET €IMHOU TEOPHUH, KOTOpas OObSICHSAET MPUYUHBI BOZHUK-
HOBEHMS TOYKH IOMYTHEHHUS B BOAHBIX pactBopax OO-1TAB. Ilpennoxens! paznuyHbie
TEOPUHU, OCHOBAHHBIE HA 3KCIIEPUMEHTAIBHBIX JIAHHBIX U MATEMAaTUYECKOM MOJEIIHPO-
BaHUU NOBeAeHMS MOJieKyJ U mutieiut O3-1TAB npu paznnuHbiX Temieparypax.

B pamkax kxoHGOpMalMOHHON TEOPUM TOYKA MOMYTHEHUS HHTEPIPETUPYETCS
CMEHOM KOH(OpMAIuu OKCHAITHICHOBBIX (PPArMEHTOB C POCTOM TEMIIEPATypPhl U CHU-
»keannem pactBopumoctu OD-ITAB B Bone [40, 45]. [IpennoxxeHa KoHIENIIUs, 00bsIC-
HSIOIIAsl HAaJW4He TOYKU TOMYTHEHHUs y Onok-comonumepoB (E PyEn). Ipu Hu3kmx
TeMIlepaTypax npeoodsaiaer TpaHc-rom-Tpanc-koHdopmanus OI-pparMeHToB, IprUueM
onud OD-dparMeHT KOOPJIAMHUPOBAH BOJAOPOAHBIMH CBS3SIMU C ABYMS MOJIEKYJIaMHU BO-
nel. [Ipu Temnepatype OHM3KON K TOUYKE MOMYTHEHUSI HAOIOJAeTCsl pa3pyIIeHHE BOIO-

POJHBIX CBSI3€W U CHM)KEHHME CTAaOMJIBHOCTU TPAaHC-TOII-TpaHC-KOH(GOpMAIIMH, YTO CIO-
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CcOOCTBYeT 00pa30BaHUIO WHBIX, Oojiee TUAPOPOOHBIX U IHEPreTUYECKU BBITOJHBIX,
KoH(popMaluii. TO MPUBOAMUT K OCIAOJICHUIO YKPAHUPOBAHUS U CTAaOMIM3aIUuH OJ0Ka,
00pa30BaHHOTO MOJIUIPOTMIICHIJIMKOJIEM, C JaJIbHEHIel arperaiuei 1 o0pa3oBaHueM
coocTBeHHOM (ha3wl [46].

CtpykTypHast Teopusi 0OBACHSET Xopolryio pactBopuMocts OD-IIAB B Boze
BCJICJICTBUE CHIPKEHUS DHTAJIBIIMKM U SHTPOIUU CUCTEMBI 32 CUET OJM3KOU CTPYKTYPhI
KOMITOHEHTOB. POCT TeMmepaTypbl MPUBOAUT K YBEIMYCHUIO SHTPOIMUMHOTO (BaKTopa,
YTO YMEHBIIAET CTPYKTYPUPOBAHHOCTH U YBEIMYMBAET POJIb TUAPO(OOHBIX B3aUMO-
nevctBuid. JlaHHbli npouecc nposieisiercsa (a3oBbIM pazgenenueM. [Ipu nanpHelmem
YBEIMYEHUHN TEeMIIEpaTypbl MPOUCXOJUT IMOJHOE pa3pylIeHUuE CTPYKTYpbl pacTBopa U
TOMOTE€HH3AlUsSI CMECH, BCIIEJCTBHE YBEJIMYEHUS PACTBOPUMOCTH, TO €CTh MOSIBJICHUE
BKTP [47].

B psne Teopuii npupoia TOYKU MOMYTHEHHUS OOBSCHACTCS HATMUUEM Pa3TMUHbIX
tunoB B3auMozencteusi OI-I11AB — Bosa win nonumep — Boga. Todka MOMyTHEHHS OT-
BEYAET PABHOBECHIO JIBYX PAa3HOHAIPABJIEHHBIX MPOLIECCOB — FMAPATALUNA OKCUITHIIC-
HOBBIX (parmeHToB Mosiekysibl O3-IIAB u Ban-nep-BaanscoBckum B3aumMoeicTBueM
ruapooOHBIX (PparMEeHTOB MOJIEKYN. ¥YBEJIWYEHUE JJIMHBI AIKWIBHOTO pajuKaja Mpu-
BOJUT K POCTY CHJIbI MIPUTSKEHUS MEXKIY MULEUIAMU U CHUKEHHIO TEMIIEPATYpPhI MO-
myTHeHUs. Y OO-ITAB ¢ 60b110i# CTETIEHbI0 OKCUATHIIMPOBAHUS BBICOKA THUIpaTAIIUs
u TpedyeTcst OoJiee BbICOKAs TeMreparypa sl JOCTHKEHUSI paBEHCTBA JABYX MPOIECCOB
[48]. TIpu BbICOKMX KOHIIEHTpAIMsIX U TEMIIepaTypax, KOrja He MOTYT CYIIeCTBOBATh
aHMU3O0TPOIHBIE (a3bl, BAXKHYIO POJIb UTPACT B3aUMOJICUCTBHUE OKCHUATUIICHOBBIX (par-
MeHTOB Mexay munemiamu (O3/03-B3auMojielicTBUE). YBEIMYCHUE CTEIEHU OKCH-
ATUJIMPOBAHUSA MNPUBOJUT K YMEHBIICHHUIO CPEIHET0 pa3Mepa MUILIEIUI, YBEIUYEHUIO
crenienn OD/0D-B3aumoaecTBus [45] 1 npexkpanieHuo pocTa MUIEIT BIUIOTh /10 TEM-
nepatypsl nmomytHenus [49]. [Ipu Beicokux Temmeparypax O3/03-B3auMoaeHCTBHS
HAYMHAIOT JOMHHHUPOBATH HAJ B3auMOAeHCTBUAMEU THAPO(HOOHBIX pparmentos [50].

Hanusie cBetopaccesnus, SIMP-crieKTpoB, BUCKO3UMETPUU U TYpOUIUMETPUU
BOAHBIX pacTBOpoB OD-IIAB mo3BoIMIM YCTaHOBUTH, UTO TIPU MPHUOIUKEHUU TEMIIE-

paTypsl K TeMIiepaType NOMYTHEHHs HaOI04aeTCsl yBEIMUYEHNE CPEHETO pa3Mepa Jac-
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tur [50, 51]. Poct MoxeT ObITh OOYCIIOBICH YKPYITHEHHEM MHIICIUI ¢ 00pa3oBaHUEM
WIMHIPUYECKUX U TUCKOOOPA3HBIX MUIIEIT B3aMeH C(epruecKux BOIM3U TEMIepaTy-
psl momytHeHust [51]. P. Lang ¢ coaBTOpaMu MoKas3ai, 4YTO POCT MHUIEIII MOXKET MPO-
UCXOJUTh TOJBKO MPH YBEIUYEHHH CTPYKTYPUPOBAHHOCTH pPacTBOpa W IMEpexoja OT
U30TPOIHBIX K aHU30TPOMHBIM CTPYKTYypam, JU0O0 MpU U3MEHEHHH TeMIIepaTyphbl WU
cocraBa pacTBopa [52]. B pabdore [53] mokazano, yTo pocT TemrmepaTypbl YMEHbBIIAET
CTEINEHb CTPYKTYPUPOBAHHOCTU BOAbI BOMM3U munien O3-1TAB, 4To npuBoauT K yBe-
mudeHuto cuil Ban-nep-Baansca mexay munemnamu. Takum o6pazom, 3hdexT Touku
MMOMYTHEHUSI MOXKET OBITh CBSI3aH C KJIacTepuzanueit chepudeckux muue [54] myrem
UX CTOJIKHOBEHHS U YaCTHUYHOTO CIUSHUA [D5], TO €CTh YBEIUUEHUS CTEIEHU (PIYKTya-
MK 32 CYST MEKMHUIICIUIIPHOTO B3auMo ieicTBHs [56].

Pa3BuTtne meTona TpaHCMHCCUOHHOM 3JIEKTPOHHOW MHUKPOCKONIMHU IIPUBEIIO K Ie-
PECMOTPY TEOPHil, OOBACHIIOUINX MOSABIEHUE TOUYKH MOMYTHEHUS. Y CTAaHOBIIEHO, YTO
opu TeMmieparypax ONM3KHUX K TeMIlepaType NOMYTHEHHs Halnronaercs oOpa3oBaHME
Pa3BETBJICHHOW CETH MHULEII 33 CHUET THAPOPOOHBIX B3aMMOJEHUCTBUI U BOJIOPOIHBIX
cBsi3eit [54]. DHepreTuueckue cBOMCTBA KOHIIEBBIX YUACTKOB MOJICKYJI M MECT COUJICHE-
HUN MOTYT OBITh PACCMOTPEHBI B TeopuH u3ruoda [57]. [Ipu HU3KUX TeMIiepaTypax Kpu-
BH3HA MMOBEPXHOCTU BEJIMKA, TIOATOMY 00pa3ylOTCsl MPEUMYILECTBEHHO cpepuueckue u
HUIMHAPUYECKHE MULEIUIBI, POCT TEMIEPATYPHI MPUBOJUT K YMEHBIICHUIO KPUBU3HBI
MIOBEPXHOCTH W YBEIUYCHHUIO CKIOHHOCTH K pasBerBicHuto [58]. Ilpu atom addext
TOYKHU ITOMYTHEHUS SBIISIETCS PE3YJIBTATOM SHTPONMINHOIO Pa3eeHUs] CUIIbHOPA3BETB-
JICHHBIX U C1a00pa3BeTBIICHHBIX Iieneit [59].

Takum oOpazoM, nosisiieHue 3p¢PeKTa TOUKH MOMYTHEHUSI MOXKET ObITh 00OBACHE-
HO ¢ ueThIpex mo3uiuit [60]:

1. KondopManroHHbIE U CTPYKTYPHbIE UBMEHEHHUSI B OKCUATUIIEHOBOM (pparmeHTe
ITAB, npuBosIKe K U3BMEHEHHUIO €T0 PACTBOPUMOCTHU B BOJIE.

2. JlermapaTanusi MULEIUT C TOCIEAYIOIUM UX YKPYITHEHUEM M 00pa3oBaHUEM 00-
Jiee CTPYKTYPUPOBAHHBIX TUIIOB MULIEIUT (LIUITUHAPUYECKHUX, JUCKOOOPA3HBIX );

3. VYBenuyeHHWE CTEMEHH MEXKMHUIICIIIIPHOTO TUAPO(GOOHOTO B3aUMOJEHCTBUSA,

BCJIEJICTBUE YCUJICHHUS CTENIEHU (DITyKTyalni;
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4. OOpazoBaHue pa3BETBICHHOW MHIEJUIAPHOM CETH M CETH BOJOPOAHBIX CBSI3eH

pu TeMrneparypax OJU3KHX K TOUYKE MOMYTHEHUSI.
1.2. CBsa3b crpoennsi IIAB 1 TeMnepaTypbl TOUKH IIOMYTHEHHS

Bonpiioe Koau4ecTBO MCCIeOBAaHUM MOCBSIIEHO CBSI3U TEMIIEPATYPhl MOMYTHE-
Hus co ctpoenneM OD-ITAB. Hanpuwmep, kak cienyet u3 puc. 1.10 yBenuueHue moiie-
KYJSIPHOM MAaccChl MOJMMEpPa NpUBOAUT K cHMkeHUIO BennunHbl HKTP u nmoBeimenuto
BenuunHel BKTP. Beenenne B monekymy [191 runpodoOHBIX TpyIIT MPOMMICHOKCH A
MIPUBOJUT K CHUKEHUIO TEMIIEPATYpbl IOMYTHEHHS PACTBOPOB COMOJMMEPOB IO CpaB-
Henwuto ¢ [19I° (Taba. 1.2) [61].

Tabnuya 1.2.
Temnepamypa mouxku nomymHeHusi HeKOmopwvlx oxcudsmuauposanuvix I11AB

U 8000PACMBOPUMBIX NOJIUMEPO8

HKTP BKTP
HAB w, mac.% T, °C w, mac.% T, °C Cepuka
CsPhEg 1,0 28,0 - -
CsPhEgs 3,0 64,5 - - [68]
CgsPhEss 1,0 116,0 - - [69]
CgPhElo - 61,0 - -
CoPhE;5 - 101,1 - - [70]
CoPhE, - 115,0 - -
CioEa4 0,05 22,0 - -
CioEs 0,05 445 - -
CioEs 0,05 62,0 - - [67]
C1-Es 0,05 53,0 - -
C14Es 0,05 43,5 - -
PEG (M = 3350) 0,15 155,5 0,15 246,4
PEG (M = 8000) 0,10 124,6 0,10 282,5 [43]
PEG (M = 15000) 0,10 101,5 0,10 296,1
Ei3P30E13 1,0 57,3 - - [71]
E5P30E s 1,0 80,0 - - [61]
EsPaoEos 1,0 85,0 - -

JInst TMHEWHBIX aTKWIATOKCUIIATOB MOJYYEHO SMIIMPUUECKOE COOTHOIIIEHUE, CBSI-
3BIBAIOLIEE TEMIIEPATYPy MOMYTHEHUSI PACTBOPOB, KOJIUYECTBO aTOMOB yrjepojaa B pa-

JMKaJIe ¥ 9uciio parMeHTOB OKCcHa 3ThieHa [62]:

Tn = (87,1 £ 3,3)Ig(NEO) — (5,78 + 0,38)nC — (40,7 £ 5,2) (R* = 0,943),



20

rae NEO — konmnyecTBO pparMeHTOB OKCHA dTHIICHA B MojieKyie [TAB,
NC — KOTUYECTB aTOMOB YTJIEPO/ia B AIKWJILHOM PaJIUKaJIe.

[IpuBeneHHas 3aKOHOMEPHOCTh OKazayiach MaodddexktuBHor miusa [T1AB c npy-
rUMU TUAPO(GOOHBIME TpymnTiaMu (Pa3BETBICHHBIX AIKHUIITOKCHIATOB, OKCHATHUIUPO-
BaHHBIX alKWI(GeHonoB u 1ukioankados). P.D.T. Huibers ¢ coaBropamu npemmoxuiu
TpeX(PaKTOPHYIO MOJENb, OMUCHIBAIOIIYIO POJIb MPUPOABI THIAPOPOOHON TPyHIbl Ha
TeMrepaTypy nmomytHeHus [63]:

Th=(-264+17)+ (86,1 = 3,0)log nEO + (8,02 £ 0,78)k —
— (1284 + 86)ABIC — (14,26 + 0,73)SIC (R? = 0,937)

rae K — maneke Kupa, yBenmmauBaeTcsi ¢ poCTOM YHCIIa aToMa YIiiepoJia U YMEHbBIIACTCsI
IIPU MIEPEX0Jie OT JIMHEUHBIX K Pa3BETBICHHBIM U IIUKINYECKUM CTPYKTYpam;

SIC — wmHIEKC KOTOPBIM 3aBUCHUT OT KOJWYECTBA PA3BETBICHUNA W IUKIMYECKHUX
CTPYKTYD;

ABIC — unzekc, 3aBUCAIIMNA OT YKCIa TUIIOB aTOMOB B THAPO(POOHON YacTh MoJie-
KYJTBL.

H. Schott mpemmokun onmuceiBaTh 3aBUCUMOCTh TEMIIEPATypbl TOMYTHEHHUS OT
CTEIICHU OKCUATHIIMPOBaHus (P) ypaBHeHHEM [64]:

p-p”

CP

=a+b(p-p°)

rae p0 — gucio ¢parMeHToB okcuaa tuieHa mojiekyne O3-ITAB, umeromem Tcp=0.
[TosryueHHbIE 3aBUCUMOCTH ISl OKCUATUJIMPOBAHHBIX HOHWI(EHOIOB U J10/1€KaHOJIOB
IIpEACTaBIICHBI Ha puc. 1.2a.

Kak crenyer u3 nmpeacTaBlieHHbIX PUCYHKOB 3aBUCUMOCThH TEMIIEPATyphl IOMYT-
HEHUS OT KOJIMYECTBA aTOMOB yriiepoja ruapopoOHoit yactu (N) WK OT CTEIICHU OKCH-
srunupoBanus (P) siBisercs HenuHeHo#. Tak mst [TAB ¢ p > 30 Habmonaetcs 3amen-

JICHUC pOCTAa TCMIICPATYPbI TOUKU ITIOMYTHCHUA.
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Puc. 1.2 3asucumocmo memnepamypovl NOMYMHEHUA OM CMENEHU OKCUIMUIUPOBAHUA

[66](a) u konuuecmea amomos yenepooa 6 ankunvrom paouxkane[67] (6)

B pabote [65] ¢ momonisio QSPR-aHamn3a ycTaHOBJICHA CBSA3b MEXIY TEMIIepa-
TYpOW MOMYTHEHHUS U PSIOM XapaKTepUCTHK Mojiekyid [TAB — sHeprueli oOpa3oBaHus
(AHy), nunosmbHEIM MOMEHTOM (Diorar, Dy, Dy, D;) , oHeprueit Beicmieli 3aHaTOi opOHTa-
11 (Exomo), mostHO# sHeprueit Moiekyibl (Eiy) ¥ MosekyasipHO# tuioTHOCThIO (d) Ha
npUMepe JMHEHHBIX aJKWIITOKCHIATOB M OKCHATHIMPOBAHHBIX HOHMJI(pEeHOIO0B. Ha-

IMpHUMCEP, 0Ta 3aBUCUMOCTb MOKCT OBITH BbIpa’KCHA YPABHCHUCM:

T =588,847d — 0,009E s — 13,992K,, + 3,464D, + 2,15913D, - 99,74E om0 — 1563,07

1.3. Iloaxoabl K CpaBHEHHMIO BbICAJIUBAIOIIEH CIIOCOOHOCTH coJie

110 OTHOLIEHHMIO K OKCHITWINpPOoBaHHBIM [TAB

[TepBbie KOTMYECTBEHHBIE IKCIIEPUMEHTAIBHBIE JAHHBIE 110 BHICAIIMBAHUIO Fa30B-
HEDJIEKTPOJIUTOB U3 BOJIHBIX PACTBOPOB JJIEKTPOIUTOB ObLIN MonyueHbsl .M. Ceueno-
BbIM B 1875 1 [/2], a cucTeMaTudecKue MCCIECIOBaHUSI BIMSHUS COJIEH Ha JIBOMHBIC
KUIKOCTHBIE crcTeMbl mosoxkeHbl M. A. Kabnaykossim [ 73] u JI.I1. KonoBasioBeim [74] B
Hayajge XX Beka. OcHoBormosararouieii paboToil M0 BBICAIUBAHUIO OHOJOTHYECKHUX

MaKpOMOJICKYJI clieayeT cuntath padotel ®. 'odmeiictepa [75].
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TepMUH «BbICATTUBAHUEY» UMEET HECKOJIBKO B3aUMOCBSI3aHHBIX ONIPEICIICHUI:

1) BelneneHue BemiecTBa M3 pacTBOpa IyTeM BBEICHHUS B PAacTBOP APYroro, Kak
IPaBUJI0, XOPOIIIO PACTBOPUMOTO B JJAHHOM PacTBOpHUTEIIE BeriecTsa [76].

2) CeaumMeHTanus THAPOMUIBHBIX KOJUIOWIOB TPHU CO3JaHWW B PacTBOpPE 3HAYH-
TEJIbHBIX KOHLUEHTPALUI 3JIEKTPOJIUTA.

3) VYBenuueHHE SKCTPArMPyeMOCTH PACIPEICISIOIIUXCS BEUICCTB B JBYX(a3HBIX
OKCTPAKIIMOHHBIX CHCTeMaX J>KHUIKOCTh — JKHIKOCTh NMPU BBEACHUM B OAHY H3 (a3
OOJBIINX KOJUYECTB HEAKCTPATUPYIOIIETOCS AIEKTPOIIUTA.

4) VYMecHbIIIEHHE PACTBOPHUMOCTH B BOJIC Ta30B, JKUJIKUX WIIA TBEPABIX HEIJICKTPOITH-
TOB IO ICHCTBUEM PAaCTBOPCHHBIX B HEH 3JICKTPOIUTOB [77].

[lox «BcanmBaHHWEM» MOHUMAIOT OOpPATHBIN MPOIECC, TO €CTh YBEIMYECHHE pac-
TBOPUMOCTH HEIJICKTPOJIMTA T10]T ICHCTBHEM BBEJICHHOTO B PaCTBOP 3JIEKTpoJuTa [ 76].
[IpuMeHUTENBHO K cUCTEMaM BbicanuBareib — [IAB — Boga moa TepMuHOM «BbICaIMBa-
HUE» MOHUMAIOT CHUKEHHUE TeMIEpaTypbl MOMyTHEHUs pacTBopoB ITAB npu neiictBun
COJIM B TIOJIMTEPMHUYECKUX YCIOBHUAX HUCCIICIOBAHUS WM YMEHBIICHUS PACTBOPUMOCTHU
[TAB B pacTBOp€ 3JEKTpOIUTA B U30TEPMUUYECKUX YCIOBUAX. TE€pMUH «BCaIMBaHHE)» B
MOJIUTEPMUYECKUX YCIIOBUSIX MOXET ObITh MHTEPIPETUPOBAH KaK yBEIUYEHUE TEMIIe-
paTypsl nomyTHeHUs pactBopa [IAB nop neiictBuem comiu, a B UB0OTEPMHUUECKUX YCIIO-
BUSIX, B CBSI3U C HEOTPAHWYEHHOU pacTBOpUMOCThiO OombimmHCcTBA OD-IIAB B BOZE,
JTAHHBI TEPMUH HE IPUMEHUM.

N3MeHeHune TemiepaTypbl TOMYyTHEHUS BOJHBIX pacTBopoB OI-ITAB u nommme-
POB MOJ JEWCTBUEM HEOPTraHWYECKUX COJIEM M3y4darloch MHOTMMH aBTopamu. [Ipenso-
YKEHO HECKOJIbKO MOAXOJI0B JUIsl OIICHKHU BhICAJTMBAIOIIEH CIIOCOOHOCTH COJIEH WJIM MH-
JUBUTyJIbHBIX MOHOB, KOTOPHIE MOKHO Pa3/eiUTh Ha JBE OOJIBIINE TPYIIIBI — MOJIH-
TEPMUUYECKUE U U30TEPMHUUECKHUE.

B nepBoM nipuOamKeHNN BBHICATMBAIOIILYIO CIIOCOOHOCTH B TIOJIUTEPMUYECKUX YC-
JIOBUSX MOHO OILICHUTh MO 3aBUCUMOCTU TeMIleparypbl momyTHeHus (1) pacTBopa
[TAB ¢ ¢ukcupoBaHHOM KOHILEHTpalMed OT KOHIEHTPALMH 3JEKTPOJIUTA (MOJSIPHON
win MosibHOM) [78]. Kak mpaBuio, konunentpanuio [TAB mns uccrnenoBanusi BbIOU-

paroT SMIMUPUYECKH UCCIeAys NIBOMHYI0 cuctemy IIAB — Boga u omnpenenss KOHILEH-
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TpaIMIo COOTBETCTBYIOIIYI0O MUHUMAJILHON Temmeparype momyTtHenwus. [Ipu 3Tom xa-
PaKTEPUCTUKON BBHICATMBAIONICH CIIOCOOHOCTH MOXKET SBISATHCA KaK BEIMYMHA CHIDKE-
HUs TeMmriepaTypbl nomyTHeHUs (AT) npu GuKCHpOBaHHONM KOHIIEHTPALIMU AIEKTPOIIU-
Ta:
AT =T,-T%
rie T°, — Temmeparypa momyTHeHus pactopa [TAB Ge3 BbicanuBarels,
T, — TeMriepaTypa momyTHeHHs pactBopa [IAB B mpucyTcTBHY BBICATMBATES,

TaK ¥ MHUHUMAaJIbHAs KOHIICHTpAIIMs 3JICKTPOJMTa Bbi3biBatomas paccianBaHue (Cpmin)
npu puxcupoBaHHor Temneparype. [Ipu s3tom 3nak BennuuHbl AT onpezaensier BaseT-
cs1 anekTposuT BeicauBaTesieM (AT < 0) wim BcamuBateneM (AT > 0), a Cpin MOXeT Xa-
paKkTepu30BaTh TOJIHKO BEJIMYMHY BCAJIUBAIOIIETO WJIM BhicaiuBaroiiero sddekra. Yem
OoxbiIe adbcomoTHOE 3HaueHne BeanuuHbl AT mim Menbie Cp, TEM CHJIbHEE BBICAJIH-
BAaIOIasi WM BCAJMBAIOINIAsl CIIOCOOHOCTH AjekTpoiuTa. [Ipu 3ToM XapakTepu3oBaTh
BBICATMBAIOIIYIO CITOCOOHOCTh MOKHO M BeJIMUMHOM T, yeM oHa MeHbIle TIPU (PUKCH-
POBAaHHOM KOHIICHTPAIIUU AJICKTPOJINTA, TEM BBIIIE BHICATHBAIONIAS CITOCOOHOCTD.

BTtopoii nmoaxoa ocHOBaH Ha MPEIOIOKEHUN JIMHEWHON 3aBUCUMOCTU TEMIIepa-
Typbl TIOMYTHECHHSI WJIM BEJIMYUHBI CHUKEHUS TEMIIEpaTypbl TOMYTHECHHS JICHUCTBHEM
BeicaiBatesst (AT) or MossipHO# KoHIeHTpanuu BeicanuBatens (C) [79]:

T,=T° +bC
AT=bCuAT=T,-T°,

[Tpu 5TOM BBICAIMBAIOIIYIO CIIOCOOHOCTH OIICHUBAIOT IO BEJMYMHE Koddduirenrta b,

HaﬁﬂﬁHHOFO MCTOJOM HAMMCHBIIINX KBaJPAaTOB!:

ITpu b < 0 comp 061amaeT BRICATUBAIOLINM aeiicTBHEM, Tpu b > 0 — BcaauBarommm

[IpennoxxeH moaxoa CpaBHEHUS BBICAIMBAIONICH CIIOCOOHOCTH MCXOJS U3 MOIH-

¢urmposannoro ypasuenusi Ceuenona [80]:

IgT—’g:—kC
TH

rac C- MOJIsIpHAas KOHOCHTPpAIUs 3JICKTPOJINTA,
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K — k03 unmeHT, ABISIOMUNCST XapaKTEPUCTUKOMN BRICATMBAIOICH CIIOCOOHOCTH.
OueBuaHO, YeM OoJblle BeaudYrMHA K TeM CHIIbHEE BBICAIIMBAIOIIEE JCHCTBHE COJIU.
JlaHHBIN MeTOa sABIIAETCS Oojiee OOIMM CIydyaeM BTOPOTO MOJX0/1a, TaK Kak Mperosia-
raeT 4To MoJUTepMa mocTpoeHHas B koopauHarax T = f(C) sBisercs sKkCIIOHSHIHAIb-
HOW, a HE JINHEWHOM KaK BO BTOPOM MOAXOJIE.

H. Scott u coaBTops! [81] NpenyioXuIM OLIEHUBATh BHICATMBAIOIIYIO CTIOCOOHOCTH
HMOHOB pacyYeTHBIM CrocoOoM. KoHIEHTpaluio BhICATMBATENS BHIPAKAIOT B BEIMYUHE
MossipHOM cuitbl W (C — MonsipHast KOHIIGHTpAITUsl HOHA BhICAJIMBATEINS, Z — €T0 3aps):

W=> Cz

I[JI?I pacducTa BCIMIYNHBI CHHUKCHUA TCMIICPATYpPhl IIOMYTHCHHUA HHAWBUAYAaJIbHBIM

noHOM (AT,o,;) TPUHUMAIOT, YTO ATNog— = 0, a 00111as1 BEJIMUMHA CHUYKECHUS TEMIIEPATY-

pbI IOMYTHEHUS BHICAJIUBATEJIEM €CTh BEJIMUMHA aJITUTUBHAS:
AT(Kat,Any,) = NAT ke + MAT

YKkazaHHBII MOJIX0]T TO3BOJISIET ONPEAEIUTh BEIMUYUHY BhICATUBAIOIIEro 3gdexra
WHJMBUAYAJIbHOTO MOHA, OJJHAKO yKa3aHHas BEJIMYMHA OMNPEAEISIeTCS HE TOJIbKO MpU-
OO MOHA, HO U €r0 KOHLEHTpauueil u ctpoenreM [TAB, 4To HECKOJBKO OrpaHuYMBa-
€T UCI0JIb30BaHUE JAaHHOTO METO/IA.

Crioco60B TO3BOJISIONINX CPABHUBATH BHICAIUBAIOIIYIO CIIOCOOHOCTH B M30TEP-
MHUYECKUX YCIIOBHSX CYLIECTBEHHO MEHbIIIE, TAaK KaK €AMHCTBEHHBIM M3MEHSEMbIM I1a-
pPaMeTpPOM SIBJISIETCSI KOHIICHTPAITHSI.

Hanbomnee mpocThiM criocoOOM SIBISICTCS aHAIN3 OMHOJAIBHBIX KPHBBIX IMOCTPO-
eHHBIX B KoopauHaTaX ®Onag = f(Cuicar) TPH 3TOM HCHONB3YIOT MOJISIIBHYIO WJIH MO-
JSPHYIO KOHIeHTpaluio BeicaimBarens [82]. [Tpu pukcupoBannom coxepxkannu [TAB
BBICATMBAIOIIASI CTIOCOOHOCTh COJIM XapaKTEePU3YETCs KOHIIGHTpaIlMed BhICATMBATEINS,
HeoOXoauMon s oOpa3oBaHus pacciauBaHus. OUYeBUIHO, YEM OHA MEHBIIE, TEM
CHJIbHEE BBICAJIMBAOIIAS CIOCOOHOCTb.

Btopsim criocobom siBiisieTcst Mcofib30BaHue ypaBHeHUs CedeHoBa B Kilaccuye-

ckom Buje [83, 84]:
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rae C — MoJsipHas KOHIEHTpAIUs JIEKTPOJIUTA;
K — ko3 urmenT, ABISMIOMMNCS XapaKTePUCTUKOMN BRICATMBAIOIICH CIIOCOOHOCTH;
Sx — pactBopumoctb [IAB B BoJe B IpUCYTCTBUU BbICATIHBATEIS;
S,? — pactBopmMocTs ITAB B Bozte.
Opnnako ypaBHeHHne CeueHOBa BBINOJHAETCS JIMLIb B Y3KOM KOHLIEHTPALIMOHHOM
UHTEpBaJe, a TOJIYYCHHOE 3HaYeHHEe KOA((UIMEHTa BBICAINBAHUS HEJb3S HCIOIB30-

BaThb AJI XapaKTCPUCTUKHU BbICAJIMBAIOIICTO HCﬁCTBHH HOHOB COJIH.

1.4. Biusinue HeOpraHM4ecKuXx coJieil Ha TeMIepaTypy NOMYTHeHHUS

OKCHITH/IMPOBAHHBIX ITAB u BOJOPACTBOPHUMBLIX ITIOJIMUMEPOB

CucreMaTuuecKkoe U3y4eHUE BIUSHUS COJIEH Ha paCTBOPUMOCTh HEIJIEKTPOIUTOB
MO3BOJIWIO CHOPMYIUPOBATH Psii 3aKOHOMEPHOCTEH, HA OCHOBE KOTOPBIX CTPOSTCS
pa3jInuHbIC TEOPUH BhIcamuBaHus [85]:

1. B OGONBIIMHCTBE CIIy4aeB AJIEKTPOJIUTHI MOHUKAIOT PACTBOPUMOCTH HEAIJIEKTPO-
JIUTOB B BOJIE.

2. Yem MeHbIIIE pauyCc MOHA TIPH JAHHOM 3apsjie, TeEM OOJBITUM BBICATHBAIONIAM
JeHCTBUEM OH O0JiajiaeT. YBEIMYCHUE pajJiyca MOHA MPUBOJAUT K YMEHBIIICHHUIO BhICA-
JIMBAaHUS U TIEPEX0]1y BO BCAJIUBAHUE.

3. Tlopsmok BbICATUBAOIIETO ACHCTBHS COJICH COXpaHSAETCs ISl MHOTHX, HO HE IS
BCEX HEBJIEKTPOJIUTOB.

4. HabGmrogaeTcs MponopiruoOHATBLHOCTE MEXKIY M3MeHeHueM Jyorapupma xkodddu-
[MEHTA aKTUBHOCTH HEXJIEKTPOJUTA U KOHLUEHTPALMEN COJIM, BEIPAXKEHHON B MOJISIX HA
JIUTP.

JIsl OLIEHKM BBICAJMBAIOIIEH CIMOCOOHOCTH HEOPTaHMYECKUX HOHOB YaCTO HC-
MOJIB3YIOT JIMOTPOMHBIEC psabl (psaasl ['odmerictepa), BrepBbie moiaydeHHble @. ['od-
MEUCTEpOM Ha OCHOBAHUU JEHCTBUS AJIEKTPOJMTOB Ha BhICAJTMBAHUE OCIKOB U3 BOIHBIX
pacTtBOpoB [75]. JIMOTpomHbIE PsAALI HANLIM MPUMECHEHHE NP OOBICHCHUU BBICAJIMBA-
HUS TOJMMEPOB, MOBEPXHOCTHO-AKTHUBHBIX BEIIECTB, KOATYJIUPYIOIIETO AEHCTBUS UO-
HOB UM WX BJIUSIHUS Ha HaOyXxaHUe MOJUMepoB. MIOHBI B IMOTPOMHBIX psjiaxX pacroioxKe-
HBI 10 YMEHBIIICHHUIO UX SHEPTUU TUapaTalid U COOTBETCTBEHHO IO YMEHBIIICHUIO OKa-

3bIBAEMOTI'0 JICUCTBUA:
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uist aamonos: F ~ S0, > ClI” >NO; >Br >I >ClO, >SCN ;
JUTST KATHOHOB! Mgz+ >Ca**>Ba**>Li">Na" > NH," > K" > Cs".
[Tpu 3TOM nosio’keHne noHa B psagax ['odmeiicrepa MoKeT BapbUPOBATHCS B 3aBUCUMO-
CTH OT TEMIEPATYpPhl, TPUPOABLI PACTBOPUTENS U BHICAIIMBAEMOr0 KOMIOHEHTA. [103T0-
My [P CPaBHEHHUH BBICAJIUBAIOLIECH criocoOHOCTH conel 1o oTtHomeHuto Kk OD-ITAB u
[1OI" HeoOXxoAMMO paccMaTpUBaTh CBS3b BBICAJIMBAIOLIETO JEUCTBUS MOHA, €TO JIEHCT-
BUS HA CTPYKTYPY BOJIbI, @ TaK € CTPYKTYPHUPOBAHUE BOJIbI BOKPYT OKCHATUIMEHOBBIX
dbparmenton [TAB [86].
[Ipupona B3ammoneuncteus [IAB — Boga ommcaHa paHee, CIIEQyeT JIMIIb OTME-
THTh, 4TO B BOJHOM pactBope 1IAB monsepraerca ruaparanuu, 4To CONPOBOXKIAECTCS
YCUJIGHUEM CTPYKTYPHUPOBAHHOCTH BOJIbI BOJIM3M Mulieiutbl [TIAB [67].
[Iprpona B3aMMOIENCTBUSA MOHBI BeIcanmBaTens — Boga omnpexaenena O.4. Ca-
MoisioBeIM [87]. CIOCOOHOCTh MOHA K TUApPATALMN XapaKTEPU3yeTCs MOBEPXHOCTHOU
IUIOTHOCTBIO PACIOJIO’KEHUSI HOHOB BOJIbI B IEPBOM KOOPAWHALMOHHOM cJI0€ HoHa (p”).

Ecnu p” 1U1st HOHA MEHBIIE, YeM JUI YUCTON BOIBI (P H,0), TO HOH YCHUIHMBAET TPAHCIIS-

IIMOHHOE JBIDKEHHE (YaCTOTy aKTMBMPOBAHHBIX CKAYKOB) MOJEKYJ BOJBI M YACTUYHO
paspymaet ctpyktypy pactsopa (I-, CIO, , SCN™, NH,", K*, Cs"). ITono6Hble HOHBI
Ha3BaHbI HOHAMU C OTPHUILATEILHOMN THApATAIUE WM IECTPYKTYPHPYIOIIMMU HOHAMH.
COOTBETCTBEHHO, HOHBI C MOJIOKHUTEILHON THAPATALUEH WM CTPYKTYPUPYIOIIUE HOHBI

JUIS KOTOPBIX p* > p'h,0 3aTPYAHSAIOT OOMEH OJIMDKAUIIMX K MOHY MOJIEKYJI BOJIbI M yCH-

JUBAIOT CTPYKTYPY pactBopa. OTMETHM, YTO Y€M MEHBIIE PaJNyC U OOJIBIIE 3apsl HO-
Ha, TeM OH 0o0Jiee TUIPaTUPOBAH.
T.U. HudanteeBoii ¢ coaBTopamu [86] moka3aHo, 4TO B MPUCYTCTBHH aHUOHOB,

crpykrypupyiommx oy (HPO,”, SO4%, COs”), BHIFOIHEIM C TOUKH 3PECHHS H3MEHE-

HUS SHTPOIUU CUCTEMBI OKA3bIBAETCS yCHIICHHUE THAPOGOOHBIX B3aUMOJECHCTBUN MEK-
Ny HETMOJSPHBIMU 3BEeHBbsIMU MosieKyn [IDI°, mpu KOTOpBIX BBICBOOOKIACTCS YaCTh
CTPYKTYpUPOBAHHOM BOKPYT HUX BOJIbl. B MPUCYTCTBUU NECTPYKTYPUPYIOIINX aHUOHOB
(I, SCN ) Bo3MoskHO pa3BopaumBanue menu [191, conmpoBoKIaroIIeecs: CTPYKTYPHPO-
BaHUEM BOKPYT HEe BObI, KOMIICHCUPYIOIIUM JICHCTBUE aHUOHOB, T.€. BCAJIUBAHUE T1O-

auMepa. OHaKO MPU BBICOKUX KOHIIEHTPAIUAX COJIEM 3THX aHMOHOB, KOTJa pa3pyliia-
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eTCsl He TOJBKO PEeIIeTKa BOJbI B 00BEME PACTBOPUTES], HO 3aTPYAHEHHBIM OKa3bIBaeT-
Csl CTPYKTYpUPOBaHHUE BOABI BOKPYT OKCUATHIICHOBBIX Tpynn 1131, paBHOBecue cMena-
€TCsl B CTOPOHY BbICAJIMBaHUs nosimMepa. [lpu 3Tom conu, B cOCTaB KOTOPBIX BXOJST
AHUOHBI CYLIECTBEHHO HE BIMAIOLIME HA CTPYKTYPY BOJBI (le, Br, NOgi), HE BBICAJIU-
BaroT [IOI" HU npy KakuX KOHLEHTpauusx. IIpu 3TOM KaTHOH OKa3bIBaeT CYLIECTBEHHO
MEHBIIIEE BIUSHUE HA BHICAIMBAIOILYIO CHOCOOHOCTh COJIH.

Bonpnioe KoaM4ecTBO UCCIEI0BaHUN TOCBSIIEHO U3YUEHHUIO BIUSHUS HEOPraHU-
YEeCKUX COJIEW Ha TemIiepaTypy NOMYTHEHHUs OKcuaTHinpoBaHHbIX ITAB u BomopacTBo-
PUMBIX MOJUMEPOB (MOJUITUICHIIIUKOJIECH, TPUOIOKCOMOIMMEPOB U Ip.). Pe3ynbrarhl

HEKOTOPBIX U3 HUX 000011IeHbI B Ta0d. 1.3.

Tabnuya 1.3.
Brusinue coneii na memnepamypy nomymuenusi Heuonnwix I1AB
U 800OPACMBOPUMbBIX NOJIUMEPOB

CHAB1 TH; )
ITAB MaC.% oC Psp1 BeIcAIMBAFOIEN CIIOCOOHOCTH Cchpuika
LiCl < KCI < NaCl
3,0 64,5 Nal < NaBr < NaCl 99
CrCl; < MnCl, < NaCl
Nal* < NaBr** < NaCl < NaF
10 | 660 AICI, < MgCl, < NaCl 100
HCI* < Pb(NOs),* < H,SO,* < Mg(NOs),*
. 2,0 65,0 < AI(NO3)s* < Ni(NO3),* < LINO3s* < 78
Triton X100 ) ) Ca(NO),* )
SCN *< | * <_[Fe(CN)5NO]2‘* <ClOo, *
1,0 65,0 <BF, * < SO,> < $,02 94
Ag™* < Mn®™* < Cd*™* < Zn*™* = Fe*™* <
210 6510 Cr3+* < C02+* < Ni2+* < FeZ+* 101
NO; ** < Cl <S0,*
250 6555 Pb2+* < Mgz+* < Na+ 79
LiCl < KCI < NaCl
Triton X114 3 28,0 Nal < NaBr < NaCl 99
CrCl; < MnCl, < NaCl
Triton NO; ** < Cl <SO,”
WR-1339 20 | 938 Pb?** < Mg** < Na" &
OPEO-30 KBr < NaCl < NaF
(Cgph E35) 0.9 1135 KNO3; = KBr < (NH4)ZSO4< K»,S0,<Na,SO, 102
HCI* < H,SO,* < CaCl, <NaCl < NaOH <
CoPhEg ; 3,0 61,0 N2,S0, = Na,SO; 103




28

CHA31 TH: o
ITAB vac.% oC Psiap1 BBICAIMBAIOIIENA CITOCOOHOCTH Ccbuika
. NaBr < NaCl < NaF
T(r(':toghé“g‘r’ 10 | 116,0 KBr ~ KNOj; < K,S0, < KsPO, 69
gm0 CuSO, ~ MnSO, < ZnSO, < CoSO,
NaBr < NaCl < NaF
Brlj-35 KN03 < K2C03 < K3PO4
(CpEy) | 1O | =100 CuSO, < ZnSO; = CoSO; 104
Li2804 < (N H4)2804 < KzSO4 ~ N32504
Li* <K' < Na’
Ciby7 25 | 634 SCN *<NO; <Br <Cl <S0,* %8
CioEs 3,0 75,0 Csl* < CsCl < (CH5)4NCI 105
C1,Es 1,0 46,5 Nal* < NaBr < NaCl < NaF
CioEq 1,0 85,0 KSCN* < KI* < KBr < KCI 106
CioEqo 1,0 88,0 KAnN < NaAn
Nal* < NaBr < LiCl < NaCl = KCI =
CgEs 2.0 60,2 CsCl < NaE 107
Nal* < NaNO; < NaBr < NaCl < NaOH <
C1oEsP, 1,0 30,0 Na,SO,~ Na,CO3; < Naz;PO, 108
KSCN* < KCIO, < KCI
EioP1sE10 1,0 71,5 MgC|2 < CaC|2 < NaCl 109
E,P./E; 1,0 38,0 NaCl < Na,SO, < Na;PO,
E25PaoE2s 1,0 86,0 % *
10 62.0 KSCN* < KI* < KBr < KCI < KF 110
* *
E1PuEis 20 60.0 NaSCN* < Nal* < NaBr < NaCl < NaF < 111
Na,SO,
1,0 57,3 HCI* < HCOOH* < CH;COOH* 112
E,sP31Es 5 1,0 27,2 MgC|2 < C&CIZ < NaCl < Na,SO, < Na;PO,
E103P39E103 2,5 > 100 NaBr < NaCl < NaF < Na,SO, < NazPO, 113
Li* < NH," < Ca** ~Ba** < Sr** < Cs* = Na*
~Rb"=K"
o Egoroom 10 | 96,0 | <Br <NOs <Cl™ < CH,COO < ﬂg
HCOO <F <H,PO, <S,05> <HPO,” <
PO,

* conb (MOH) 00J1a1aeT BCATMBAIOIIUM JIEHCTBUEM
** conb (MOH) HE OKa3bIBAET BIMSHUS HA TEMIIEPATYPY IIOMYTHEHHUS

HecMoTps Ha oOunue paboT B JaHHOM 00JacTH, HE CYUIECTBYET €UHON TEOpUH,
OOBSCHSIONIECH eHCTBUE HEOPTaHUUYECKUX COJIEH Ha TeMIlepaTypy NOMYTHEHHS BOJIHBIX
pacTtBopoB okcuATUIMpOoBaHHBIX [TAB. OqHako 00JbIION MacCUB AKCIIEPUMEHTATBHBIX
JaHHBIX TO3BOJISET CHOPMYIUPOBATH psiA OOUIMX 3aKoHOMepHOcTeil. Ilpu 3ToM, Kak

NPaBUJIO, BIMSHUE COJICH pa3enstor Ha 3¢ ekt KaThHoHa 1 aHHoHa [81].
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Cpenu KaTHMOHOB BBICAIMBAIONIUM JIEHCTBHEM OOJAJal0T TOJHKO KaTHOHBI Ha-
TpUsl, KaJlus, pyouaus, 1e3us, aMMOHHS U TETPaMETUIAMMOHWS, OCTAJIbHBIE KaTHOHBI
(;utud, cepebpa, BOAOPOJIA, IBYX- M TpeX3apsiiHbIe KaTHOHbI) OKa3bIBAIOT BCAIUBAIO-
1Iee IeHCTBUE BCIEACTBUE BO3MOXKHOCTH KOMIUIEKCOOOPA30BaHUs C OKCUATHIICHOBBIMU
rpynmnamu [TAB, KoTopble paccMaTpHBAIOTCS Kak MOJMACHTATHBIN urang [42, 88, 89].
B paborax [90, 91] ormeuaercs, YTO K KOMILIEKCOOOPAa30BaHHMIO 3a CYET MOH-
JTUTIOJIBHOTO B3aMMOJICHCTBHSI CITOCOOHBI TOJIBKO T€ KATHOHBI, PAINyC KOTOPHIX OJIM30K
K paJinyCy BUTKa CIpaau okcudTHieHoBou 1enu (0,133 HM), 9TO AemaeT HEBO3MOX-
HBIM yYacTHE B KOMILJIEKCOOOpa30BaHWHM KATHOHOB JIUTHS, MarHus W BOJAOPOJA. YKa-
3aHHOE B3aUMOJICUCTBUE MPUAACT OKCUATHICHOBBIM (pparmeHTaM I[TAB crnabokatnon-
HBIM XapakTep, B pe3yJbTaTe Yero HaOJIIOJACTCs MOBBIIMICHHE TeMIIEPaTyphbl MOMYTHE-
Hus [92].

AHUOHBI, YCWIMBAIOUIUE CTPYKTYPY BOJbl U KOHKYPUPYIOIIHE C MOJIEKYyJaMu
[TAB 3a monekysbl BOJBI ISl CO3JAaHUS THAPATHON 000JIOYKH, OKa3bIBAIOT BBHICAJIU-
Baroliee aercteue. 1o oprodocdar-, cyiabdar-, Topu-, XJI0pUI- U TUIPOKCU-UOHBI
[93, 94]. Jlerkomonsipusyemble HOHBI OOJBIIOTO paanyca (MOAMI-, THOIMAHAT-, Tep-
XJIOpaT-HOHBI) BBI3BIBAIOT YBEIIMUCHUE KOJMYECTBA HECBS3aHHOW BOMBI, UYTO YBEIHYH-
BaeT TUJIpaTaliio OKCUATHIICHOBLIX (parMeHToB [IAB, mosToMy naHHBIE HOHBI OKa3bI-
BalOT BcanuBaroiee nevicreue [88, 89, 95]. Ilpu 3TOM, aHMOHBI PaCMOJIOKECHHBIC B
cpenHeit yactu psana [odmeiicrepa (OpoMHI- B HUTPAT-UOHBI) MPAKTHYECKHA HE OKa3bl-
BAIOT BIUSHHE Ha Temreparypy noMmyTtHeHus pactBopoB [TAB [96]. Kondopmarmon-
HbIC M3MEHEHUS B TIOJMOKCHUATHUIICHOBBIX IIEISIX MPOTEKAIONIUE MPU HArPEBaHHWH pac-
TBOpOoB [IAB mpuBOIAT K TOMY, 4TO JWIOJBbHBII MOMEHT LIETIM MOXET HU3MEHATHCS B
3aBUCUMOCTH OT MOJSIPU3YEeMOCTH aHMOHA TaK, YTO CUJIBHO TOJIAPU3YIOIINECS HOHBI
MOTYT aKTHBHO aJcOpOMPOBATHCS B TMOJIHMOKCHITHICHOBOM CJIO€, COOOIas CBOWCTBA
noyimdJekTponuTta. Kak cienacTBue, yCTOMYMBOCTh CUCTEMBI K (Da30BOMY pa3elICHUIO
MOBBINIACTCS M YBEJIIMUMBACTCS TEMIIEpATypa TOUYKM MOMYTHEHHUs. Tak criibHAs ajcopo-
Ysl MOAWA-WOHA MPHUBOJIUT K BcanuBaromeMy 3¢G(deKTy, B TO BpeMs Kak OpoMHI- U

XJIOPUI-UOHBI aJIcOpOUpyIOTCs cilabee W 00JamaroT BhicanuBaronmM 3ddextom [91,

97].
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PaznuyHbie TUIBI B3aMMOJICHCTBUSI MEXAY MOHAMM BBICATIUBATENS U OKCUATHUIIC-
HOBBIMH (parmeHTamu [IAB nipuBomaT K n3MeHEHUIO CTPYKTyphl Mutieut. Comm, 00ia-
JAIOIIME BHICAIMBAIOIIUM JCHCTBUEM, MPUBOJAT K CHKATHUIO MUIEIUL, B TO BpeMs Kak
BCAJIMBATEII PA3PBIXJIIOT CTPYKTYypy MuIe/nisl [98]. BaxkHO oTMETHTH, 9TO JICHCTBHUEC
coJiell He sIBsieTCs a0COIOTHRIM, YacTO BCAJIUBAIONIEE JEHCTBHUE C POCTOM KOHIIEHTpa-
UK CMEHsIeTCs BhicauBatonuMm [78, 94]. Onucanubiii 3G(eKT BEpoATHO 0OBICHACTCS
CTPYKTYpHBIMH TiepecTpoiikamu B muriesuiax [TAB ¢ u3aMeHeHrneM KOHIIEHTpAIlMK BhICa-

JINBATCIIA.

Takum 00pazoM, CyIIECTBYIOLIME MOAXOJbl K CPABHEHUIO BBICATMBAIOIIEH CIIO-
COOHOCTH M TOJYYEHHbIE HAa OCHOBE MX 3aKOHOMEPHOCTH HE MOTYT OOBSICHUTH BECH
MMEIOIIMICA MACCUB DKCIIEPUMEHTAIBHBIX JAHHBIX U HE HOCAT MPEICKA3aTENbHOIO Xa-
pakrepa. [Ipeacrasnser uHTepec pa3zpadoTka MOAXOAa K OLICHKE BBICAJIMBAIOLICH CIO-
COOHOCTU HEOPTaHWYECKUX COJIEH B 3aBUCUMOCTHU OT MPUPOJbI 00pa3yromux e€ HOHOB
u crpoenus [IAB. Pa3pabaTeiBaeMblil OAX0A B MEPCHEKTUBE MOXKET HCIOJb30BaThCS
JUIsl LIEJICHAIIPABJIICHHOTO IIOMCKAa BBICAIMBATENSI U MUHUMU3ALUU JKCIEPUMEHTA IIPU

pa3pabOTKe SKCTPAKIIMOHHBIX cUCTeM Ha ocHoBe [TAB.
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I'/IABA 2. OBBEKTbBI U METOAbI UCCJIEJOBAHUSA

2.1. XapaKTepI/lCTI/IKa HUCIIOJb3YEMBIX BEIIECTB 1 PpaCcTBOPOB

B pabote ncmonp30BaHbl IPOMBIIIUICHHO BBIITyCKaeMble TexHudeckrue [IAB — ok-
cudoc b, cuntanon JIC-10 u cuaranon AJIM-10, katamua Ab, cuaTamMua-5 U cuHTa-
mua-5k [116].

Oxkcudoc b ([C,H20+10(C,H40),],.POOK, n=8-10, xanuii OGuC(aIKUIIOIHOKCH-
sTriieHdocdaT) — aHnOHHOE OKcHdITUIMpoBanHOe [TAB

Cocmas. ocHoBHoe BemiectBo — 98,0 % (xammit 3,0-5,5 %; dochop 2,0-3,5 %),
,keneso — 0,05 %, soma — 1,0 %.

Ceoticmea: Bsi3Kas HEMPO3padHas CBETIIO-KOPHYHEBAS JKHIKOCTh, XOPOIIO pac-
TBOpPHMaA B BOJIC, PACCIIAMBACTCS TP CTOSHUMU.

Obnacmob npumenenus: 100aBKa B TEXHUYECKHUE MOIOIIUE CPEIICTBA; IEIMYJIbra-
TOp B HEe(PTeAOOBIBAIONICH MPOMBIIUICHHOCTH; WHTHOMTOP KOPPO3HMH, aHTHCTATHK B
IIPOMU3BOJICTBE XUMHUYCCKHUX BOJIOKOH .

Toxcuunocmyu: ManotokcuueH (1V kimacc onmacHOCTH).

Cunranon JIC-10 u AJIM-10 (C H2n+:O(CH,CH,0)19H, Nn=10-18 nnst cunTanoaa

JC-10, n = 10-13 gnsa cuaranona AJIM-10, MOHOATKHIIITOMMATUICHTINKOJIN) — HEHOH-
HbIE OKCUATWINpOBaHHbIe [IAB.

Cocmas: ocHoBHOe BenecTBo — 99,0 %, Boawr — 0,5 %, 30apH0CTE — 0,2 %, Xene-
30 — 0,005 %.

Ceoticmea: 6enast UM JKEJITOBaTas acTa, XOpOoIlo pacTBOPHMMA B BOJIC

Obnracmv npumeHenusi: aKTUBHAs OCHOBAa MOIOIIMX CPEJCTB, CMaduBaTellb,
AIMYJIBraTop, 00e3>KHUPUBATEIb CHIPOH IIEPCTH U METAIUTMYECKUX TTOBEPXHOCTEH.

Toxcuunocmo: manorokcudeH (1V kmacc omacaoctn), JIgo = 3,9+0,6 r/kr (Oenbie
KpBICHI, BHyTprkenyn04Ho), [TJIK = 20 mr/m.

Karamua AB ([CoH2n:1N*(CH3),CH,C¢Hs]Cl, n= 10-18, ankunbeH3unauMeTH-

JAMMOHHU XJI0pya) — KaTHOHHBIN [TAB.
Cocmas: ocnoBHoe BemiecTBO — 49,0-51,0 %; tperuunsie amunbl — 0,5 %; conu
TpeTUYHBIX aMuHOB — 1,7 %.

Ceoticmea. ipo3payvHast > KUJAKOCTb OT OECIIBETHOM JI0 JKEJITOM.
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Obnacmob npumerenus: Ne3NHOUIUPYIONIEE CPEACTBO B MOMEIIEHUSAX, MOCYIbI,
MPEAMETOB yXoJ/la 3a OOJBHBIMH, CAaHHUTAPHO-TEXHHUYECKOTO OOOpYIOBaHUS, IE3070-
paHt, rusipodoOu3aTop, aHTUCTATHK, JTUCIIEPraTop, IMYJIbIaTop, A€IMYJIbraTop B DKC-
TPaKIMOHHBIX CHCTEMaX MPHU TMOJYyYEHUW >KUBHIBI W3 KaHUbomm;, TUapodoOm3aIms
TVIMHUCTBIX MaTEPUAJIOB U YIIYUIIEHUE CTPYKTYPHO-MEXaHUYECKUX CBOMCTB pacTBOPOB;
MSATYUTEIb B TEKCTUIILHON MTPOMBIIIICHHOCTH.

Toxcuunocmyb: HETOPHOYUUN MTPOAYKT, OTHOCHUTCS K 3-My KJIACCy ONACHOCTH yMe-
peHHo onacHbIX BemiecTs. [lopor pazapaxkatomiero neiictsus 0,5 %, [TJIK=0,1 MF/,Z[M3 .

Cunramua-5 u cuntamug-Sk (Cn,H,iCONH(C,H;,0)\H, rne m=5-6, n=10-16

JUTSI CHHTaM#1a-5 1 N=7-17 s cuHTaMuAa-5K, MOJUATHIICHTIINKOJIEBEIE A(DUPBI MOHO-
3TAHOJIAMHUJIOB CHHTETHYCCKUX JKUPHBIX KUCIOT, N-MOHO-(2-TIOJM3THIICHTTHKOJIBITIL )
amug CXKK).

Cocmas: ocaoBHoe BenectBo — 90,0 %, Boxa — 7,0 %, 3onmsHOCTE — 0,7 %.

Cesoticmea. *enTasi macTooOpasHas Macca, XOpoIlIo pacTBOPUMa B MSTKOU U Ke-
CTKOW BOJIe, 3TaHoJie, OeH3oie, ymepeHHo pactBopuMa B CCl,, mpakTudecku He pac-
TBOpUMA B JUAITHIIOBOM d(upe, yalT-CnupuTe; HE BbINAIaeT U3 pa30aBICHHBIX PACTBO-
POB MUHEPAJLHBIX KHCIIOT, XJIOpUIa HATPHUS, COJICH Oapusi U aTlOMUHHMSI, B pa30aBIlICH-
HBIX pacTBOpax COJIH MEIU BBINAIaeT ocagok, B npucyrctBuu NaOH BoaHbIe pacTBO-
pPBI MyTHEIOT.

Obnacmov npumenerus: CMaduBaTelb, YMYJIbraTOp, KOMIIOHEHT MOIOITUX W OYH-
HIAONTUX KOMIIO3UITNH, CTA0MIN3aTOp MEHbI B )KUIKUX MOIOIIUX CPEJICTBAX U IIAMITY-
HSIX, OMYJIBraTOp MUHEPAIBHBIX Macell, mapaduHa, JUCTIEPTraTop B BOJAHBIX U HEBOIHBIX
cucremax, 00e3KupuBaTeb.

Toxcuunocmy: TIOPOT pa3ApaXkaromiero nercTBus Ha kKoxy 10 %, ceHcnObummsu-
pyIOIIUM JIecTBUEeM He oOanaeT. buopasnaraemocts 65—70 %.

B kauecTBe BhIcanuMBaTeNe MPUMEHSUIM HEOPTAHMUYECKHE COJU KBATH(UKAINH
y.1.a. 1 x.4. (Tabn. 2.1). KoHTpoJib 4MCTOTHI OCYIIECTBIISIICS 110 PACTBOPUMOCTHU COJIH B
Bojie npu 25°C, KOHTPOJIb COAECPNKAHUS KPUCTAIM3ALUOHHON BOJBI OCYIIECTBIISIIN
TEPMOTPABUMETPUUIECKU U TIO pACTBOPUMOCTH. B citydae HeoOX0IMMOCTH OCYIIECTBIISI-

JIA OUYUCTKY COJIEU MEPEKPUCTATUTU3ALUEN.
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Tabnuya 2.1.
Heopeanuueckue conu ucnonv3osannvle 8 Kawecmee sbicaiusamenetl
Conu autus LiCl
Conu HaTpus NaCl
Comm xamus KCI, KBr, KI, KNO;, K»,SO,, K,P,0,
Conu aMMOHUSA (NH4),S0O,4, NH,CI, NH;NO;
Cout Maraus MgCl,-6H,0, MgSQO, 7H,0, Mg(NOs),-6H,0
Conu Gapust BaCl,-2H,0O
Conu aaTroMHUHAS AICl;-6H,0

B pabote Takxe UCIONb30BAIUCH CIEAYIONINE PEAKTUBBI:

KontnentpupoBanusie xsiopoBoaopoanas (p=1,178 r/min), cepnas (p=1,.84 r/mn),
"y.1.a." PacTBOpBI ¢ MEHbIIIEH KOHIIEHTpAIlMEd TOTOBWIN pa30aBIeHUEM KOHIIEHTPUPO-
BaHHOW KHUCIIOTHI.

I'mapokcun Hatpusd, "d.g.a.". PacTBOpBI ¢ pa3IMYHON KOHUEHTPALMEN TOTOBUIN
pacTBOpPEHHEM HaBECKH B BOJIE.

AMMUaK KOHIIEHTPUPOBAHHBIN, "4.1.a.".

PactBop D/ITA, 0,025 monw/n roroBuiu u3 ¢ukcanana, 0,01 Moib/1 TOTOBMIH
pasbasnenuem pactBopa 0,025 monb/n

Hutpar Bucmyra Bi(NOs3); 0,02 monw/nm pactBop. HaBecky Maccoit 9,7 T
Bi(NOg3)3-5H,0 (x.4.) pacTtBopsi B 15 MJI KOHIIEHTPUPOBAHHOM a30THOM KHCJIOTE, J0-
0asistn 4,0 r NH;NO3. Jooaumum 10 1 1 1 Moib/11 pacTBOPOM a30THOM KUCIIOTHL.

Cynbdar muaka ZnSOy, 0,025 mons/a u 0,1 MoaB/1 pacTBOPHI TOTOBUIIA PACTBO-
PEHHEM TOYHOW HABECKHU B BOJIE.

Anerar nanrana La(CH3COO);, 0,1 momnb/m pacTBOp TOTOBHJIM PACTBOPCHHUEM
TOYHOW HAaBECKHU B BOJIE.

Cynwdat xenesa (1) Fey(SOy)s, 0,1 Mosb/11 pacTBOp rOTOBHIN Ha 1 MOJB/JI cep-
HOU KHUCJIOTE.

Cynsdat kobansta Co0SOy, 0,1 MoOaB/T pacTBOp, TOTOBHIIA PACTBOPEHUEM TOUHOM
HaBECKHU B BO/JIC.

Cynbdar kagmus CdSO,4, 0,1 Mosb/11 pacTBOp, TOTOBHIIN PACTBOPEHUEM TOYHOM

HaBCCKH B BOAC.
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Cynbsdat mupronust Zr(SOy),, 0,1 Moab/11 pacTBOp TOTOBHIIU Ha 2 MOJIB/J CEPHOI
KHCTIOTE.

Cynbdar ckaugus SCy(SO,)s, 0,1 Monb/1 pacTBOp, FTOTOBUIIM PACTBOPEHHUEM TOY-
HOW HAaBECKHU B BOJIE.

Cynbdar meau (1) CuSOy, 0,1 Mob/1 pacTBOp, FOTOBUIN PACTBOPEHUEM TOYHOM
HaBECKHU B BOJIC.

Cynbdar tamummst T1,(SOy)3, 0,1 Moms/n pacTBop ToTOBHIN Ha 1 MOJB/1T CepHOM
KHCJIOTe U3 HaBecku okcuaa Tamwmms 11,03 HaBecky mpenBapUTEIbHO BBITAPUBAIN C
KOHIICHTPUPOBAHHOM CEPHOM KHUCIOTOM 0 OEIBIX MapOB.

Aueratnsiit 0ydepnsiii pactBop pH 4,58 (735 mu 0,2 mons/n CH3;COOH, 265 mn
0,2 momis/m CH;COONa).

Amneratubrit 0ydepnsrit pactBop pPH 5,02 (159 M 1 mons/n CH;COOH, 100 mi 1
moiw/1 NaOH nHa 1 11 pacTBOpa).

Aueratnsbiit 6ydepnsiit pactBop pH 5,57 (210 ma 0,2 mons/n CH3COOH, 790 mn
0,2 mons/1 CH;COONa).

Ammuaunsiii 0ydepnsiii pactBop pH 9-10 (80 r NH,4CI, 100 mu BogHoro NHj
(xon11.) Ha 1 ;1 pacTBOpA).

Nunukatopsl Uisi KOMIUIEKCOHOMETPHUYECKOTO THUTPOBAHHUSA: KCHJICHOJIOBBIN
opamkeBbiid (0,1% BomHBIH pacTBOp), sproxpom uepubiii T (cmech ¢ NaCl 1:100),

cyiabdocamuiuioBas kuciora (10% Bomubiid pactBOp), mypekcua (cmech ¢ NaCl
1:100).

2.2. MeToanb! u3yuyeHus (pa3oBbIX PABHOBECHH U ONpeAe/IeHUsA

COCTABOB PABHOBECHBIX (a3

Bce uccinenoBanHbie cuCTeMbl HeopraHnudeckas coib — [IAB — Boga siBisitoTCS
MCEBAOTPEXKOMIIOHEHTHBIMHU, TAaK KakK HCHOJIb3yeMble TexHuueckue I[TAB sBistorcs
CMEChIO TOMOJIOTOB M COJIEpXKaT TEXHOJOrHu4eckue mpumecu. Ilpu rpadudeckom m3o-
OpaxeHUU auarpaMM pacTBOPUMOCTH W MIPOBEICHUM PACUYETOB 3a BEPIIMHY, OTBEYAIO-
myro [TAB npuHsST TeXHUYECKUM MPOAYKT, O€3 mepecuera Ha YUCTOE BellecTBO. Bee
JIAarpaMMbl paCTBOPUMOCTH IOCTPOECHBI B MACCOBBIX MPOLIEHTaxX, TEMIIEPATYpa BbIpa-

»keHa B rpaaycax Llenscus (°C).
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IIpy n3ydyeHun pacTBOPUMOCTH B TPOMHBIX CHCTEMAX BbICAIUBATENb — OKCUITH-
aupoBanHbld [IAB — Boja Obla MCHONB30BaHa METOAOJOTHS MOJUTPEMUUYECKOTO HC-
cieoBaHMsl (a30BbIX JUarpaMM TPOWHBIX CHCTEM COJIb — BOJa — OpPraHMYECKUl pac-

TBOpUTENb, pa3paboTaHHas CapaTOBCKOM HIKOJOW (PU3MKO-XMMHUYECKOTO aHajIu3a

[117].
2.2.1. Bu3yaJibHO-IOJIMTEPMHUYECKUIT METO/

JI71s1 MOMUTEPMUYECKOTO U3YYEHUSI PACTBOPUMOCTH B TICEBAOTPEXKOMIIOHEHTHBIX
CUCTEMAaX HCMOJb30BaIN BHU3yaIbHO-MOJUTEPMHUUECKUN METOJI, OCHOBBI KOTOPOro 3a-
noxenbl B.®. AnekceeBsiM [118]. CyTh MeTO/Ia COCTOUT B ONPEICICHUN TEMIIEPATyPhI
nepexojia U3 OJHOTO (pa30BOr0 COCTOSHUS B JPYroe NP HArPEBAHUM WM OXJIAXKICHUU
cMecell 3aaHHOTO cocTaBa. K mpeuMyIiecTBaM JaHHOTO METOJa OTHOCHUTCSI BBICOKAas
TOYHOCTb OIpPEAENICHUs TEMIEPATYPHI (PA30BOT0 MEPEX0/1a, BO3MOKHOCTh PaOOTHI C He-
OOJBIIMMHU KOJIMYECTBAMH BEIIECTB, BO3MOXKHOCTh OINPEICICHUS] PACTBOPUMOCTU IS
CUCTEM, KOTOpPBIE HEBO3MOXHO HMCCIEAOBaTh aHAIMTHYECKUMH Merogamu. Hemocrat-
KaMH METOJa SIBJISETCS HEBO3MOXHOCTh ONPENENIEHUsI COCTaBa pPaBHOBECHBIX (a3 u
BO3MOYKHOCTh CYOBEKTHUBHBIX OIIMOOK, BHOCUMBIX JKCIIEPUMEHTATOPOM TPH BU3Yallb-
HOM HaOmtoJeHuu. [{pyrum HeT0CTaTKOM SBIISIETCS] HEIPUTOJHOCTh METOAA JUIsl UCCIIe-
JIOBAHUSI HEMPO3PAYHBIX M CHIIbHOOKPAIIEHHBIX JKUJIKOCTEH, OJTHAKO MPOCTOTA METOIA
KOMIICHCUPYET yKa3aHHbIe HegocTaTku [117].

DKCHEpUMEHT OCYIIECTBIISUIN CIEAYIOIUM 00pa3oM. CMecH Tpex KOMIIOHEHTOB,
COCTaB KOTOPBIX M3MEHSJICA IO OMPEACIICHHBIM CEUEHUSIM KOHIIEHTPAIMOHHOTO Tpe-
YTOJIbHUKA, TOTOBWJIM B3BEIIMBAHUEM B CTEKJISTHHBIX aMITyJlaX Ha aHAIMTUYECKUX Becax
¢ norpemHocThio £0,0002 r. [loce 3ananBaHust aMITyJibl TOMEIIAIN B TEPMOCTATUPYE-
MBII CTaKaH M HarpeBajid co CKOpocThio 1°C/5 MHUH. IEPUOIMYECKH BCTPSXUBASI COACP-
xuMmoe amityii. Bonusu temnepatypsl (pa30BOro nepexojia CKopocTb HarpeBa yMeHbllIa-
nu. B KauecTBe TEMIOHOCUTENS UCTIOIB30BaIM TJIULIEPUH.

Temnepatypy oOpa3oBaHusi BTOpOH KUAKOW (Pa3bl GUKCHPOBAIH MO MOSBICHUIO
YCTOMYMBOM OMNaJeCIEHIINM, He Mcue3aloed Npu NHTEHCUBHOM BCTPSXUBAHUU aMITy-
nel. Kaxkoe 3HaueHHe TEeMIIepaTyphl SBISUIOCH PE3yJlbTaTOM 2-3 MOBTOPHBIX HU3MEpe-

HUW U XapaKTepHU30BaJIOCh norpemHocToio +1°C.
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[To pe3ynpTatam HCCIEAOBAHUN KaKIOTO CEUYEHHUS CTPOUIHU I'paduuecKkue 3aBu-
CUMOCTH TemrepaTyp (a30BbIX MEPEXOI0B OT COAEP)KAHUSA OJHOTO U3 KOMIIOHEHTOB
cMecH (MM CMECH JIBYX KOMITIOHEHTOB C MOCTOSIHHBIM COOTHOIIeHHEeM). Hcronb3ys mo-
Jy4YeHHBIE MOJIUTEPMBI, METOAOM TpadUUeCcKOi MHTEPIOALIUN CTPOUIN U30TEPMHYE-
ckue ¢azoBbie quarpaMmbl. OTHOCUTEIbHAS MOTPEUTHOCTh OMPEEICHUS] PACTBOPUMO-

cTu He npeBbimaia +0,5%.
2.2.2. M3o0TepMUYECKMH METO/I CeUYCHU

Jlyist onpenienieHusl paBHOBECUI C ydacTheM TBepAbIX (a3, a Takxke MOCTPOEHUs
U30TEPMUYECKUX JUarpaMM pPacTBOPUMOCTH O€3 HCIMONb30BaHUSA MOJIUTEPMUUYECKUX
MCCJIEIOBAHUM HMCIOJIB30BAIM M30TEPMUYECKHI METOJl ceueHus: pazpaboranublii P.B.
Mepiymasiv 1 H.W. Hukyparmnaoit [119-122]. CymHocTs METO/Ia COCTOUT B OTpeEie-
JICHUU TpH 33JaHHOW TEMIIepaType KaKoro-aIub0 TOYHOIO U JETKO U3MEPUMOro (pu3u-
YEeCKOT0 CBOMCTBA JKUIKOH (ha3bl cMecei-HaBECOK, PaCIOIOKEHHBIX 110 ONPEIEIEHHBIM
CEUEHUsIM TpEeyroyibHUKa cocTaBa. CeueHusi NpoOBOAATCA TaKUM oOpa3oM, YTOOBl OHM
MIPOXOJUIIN Yepe3 JiBe uiu Oosiee (a3oBbix odnacteid. [lo qaHHbIM 0 BenuuuHe Guznde-
CKOTO CBOMCTBA U COCTaBE CMECEU-HABECOK CTPOUTCS rpaduK, CBA3BIBAIOIIMN ITH JIBE
BenuuuHbL. ['paduk npeacraBisieT coO0M CUCTEMY B3aUMHO MEPECEKAONTUXCS JIMHUM,
YHCIIO KOTOPBIX PaBHO YHUCIy o0nacTel, paccekaeMblX M30paHHBIM ceueHueM. Kaxmo-
My BUJY paBHOBECUS Ha rpauke COOTBETCTBYET OIpejesieHHas (PYHKIIMOHAIIbHAS JIH-
HUS, @ TOUYKHU [EPECEUCHMS] JIMHUI YKa3bIBAIOT HA COCTAaB CMECEH, HaXOASIIUXCS B JJaH-
HOM CEUEHUH U JIeKalIUX Ha rpaHuie obsactedt (a3oBbIX cocTOssHUNA. Onpenenus Mo
rpaduky coctaB, H300pa)kaeMblil KaKJ0M U3 TaKMX TOYEK, UX NEPEHOCAT Ha COOTBETCT-
BYIOIIIEE CEYEHUE AHarpaMMbl CUCTEMBI, U, UCIIOJIb3Ys CEPUIO UCCIIEIOBAHHBIX CEUCHUI,
CTPOSIT U30TEPMUUECKYIO AUATPAMMY COCTOSIHUN CHCTEMBI B LIEJIOM.

CMecH-HaBeCKd TOTOBWJIM MOMEIIEHUEM B CyXue€ NMPOOUPKH B3BEUIEHHBIX C TO-
rpemHOCThIO0 +£0,0002 T KOMIOHEHTOB cMecu. B kauecTBe (u3nueckoro CBOMCTBA MC-
MOJIB30BAJIM TIOKA3aTelNb MPEIOMIICHHsI, KOTOPbIN n3Mmepsu Ha pedpakromerpe NPD-
454b2M c norpemnocthio +0,0005. OTcuer 3HaUeHUN MTOKa3aTelNs NPEIOMIICHUS MPO-

W3BOJIUIIN JUUIA JIBYX MpoO ogHOTO pactBopa. [IpuHsATOE 3HAUeHHE OBUIO CPEIHHM W3
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MPUBEJACHHOTO KOJIMYECTBA U3MEPCHUN. Y CTAHOBJICHHE PaBHOBECHUs] (DMKCHPOBAIH TI0

MOCTOSIHCTBY TOKA3aTelIsl MPEIOMIIEHUS KUIAKOH (ha3bl CO BpEMEHEM.

2.3. MeTo/blI onipe/ieIeHUsI COCTABOB cMeceil, 0TBeYAIOIINX KPUTHYECKUM

TOYKaM pacTBOPUMOCTH

[Ipu W30TEpPMUYECKOM HCCIEAOBAHUM PACTBOPUMOCTH B TPEXKOMIIOHEHTHBIX
CUCTEMaX COCTaB KPUTHUYECKOW TOUKU OMPENEIISIIN, UCTIONb3Ys MPABUIIO MPSIMOJIUHEH-
HOTO TuameTpa AJiekceeBa U METOI OTHOIICHHUSI 0O0bEMOB.

Cornacho npaBwiy AnekceeBa [118] muHust, mpoBeeHHAS Yepe3 CePEeIUHBI HOJ
obsactu BYX(a3HOTO KUJKOTO paBHOBECHUsI, OJIM3KA K MPSAMON U TIPHU SKCTPAIOISAIUU
nepecekaeT OMHOAAIBHYIO KPUBYIO B KPUTHUYECKON TOUYKE.

Meton otHoreHuss 00beMOB [117] MIMPOKO HCHONIB3yeTCs MPH HMCCICIOBAHUU
JIBYXKOMITOHEHTHBIX M TPEXKOMIIOHEHTHBbIX cucteM. [lo manHOomMy meToay moadopom
HaXOJWIA TaKyl0 CMECh JIByX KOMIIOHEHTOB, IIPU TUTPOBAHUM KOTOPOU TPETHUM KOM-
MOHEHTOM HAOJI0/Ia]I PaBEHCTBO O0BEMOB KHUAKUX (a3 B KPUTUUECKOM COCTOSIHUU B
MOMEHT (pa30BOT0O NEPEX0aa. DKCIEPUMEHT OCYIIECTBIUINA CIEAYIOIUM 00pa3oM. Psi
cMecel JIByX KOMIIOHEHTOB, OOBIYHO BbICAIMBATENsI U BOAbI, TUTpoBaiu [IAB B rpa-
JYUPOBAHHBIX MPOOUPKaX JO COCTOSIHUSI paBeHCTBA ABYX Xuakux (a3. Ilocie nobas-
neHus kaxaoil nopuun [IAB, noaydyeHHyI0 cMeCh BBIIEPKUBAIM B TEPMOCTATE /10 yC-
TAHOBJICHUSI paBHOBeCHsI W 3amepsuii oO0beMbl (pa3. Jlunus, nmpoxopsiias depes3 Moiy-
YEHHBIC TOYKU, MPU IKCTPATOISAIUU MepeceKaeT OMHONATIbHYIO KPUBYIO B KPUTUUYECKOM
TOYKE.

[TonoxxeHne KPUTHUYECKOM HOABI MOHOTEKTHYECKOTO PABHOBECHS ONPEIEIsIv
MyTEM MOCTPOCHUS MOJUTEPMBI CEUCHHS, XapaKTEPU3YIOMICHCS MTOCTOSTHHBIM COOTHO-
IIICHUEM BBICAIIMBATEND : BOJA, P 3TOM COOTHOIICHHUE MOIUPAIA TAKUM, YTOOBI CMECh
yKa3aHHBIX KOMIIOHEHTOB OcTaBajiach reteporennoi ao temmeparyp 80-100 °C. Coort-
HOIIEHUE KOMIIOHEHTOB M TEMIIEPATYPY KPUTUUECKON HOAbI MOHOTEKTUYECKOTO PABHO-
BECHSI OTIPEICIISIIN 110 PABEHCTBY 00bEMOB KUIKKUX (Pa3 Mpu MUHUMAIILHON TEMIIEpaTy-
pe dazoBoro nepexona L+S < L;+L,+S.

Kputnueckyio TOYKy, OTBEUAIOIIYI0 TEeMIIepaType 0oOpa3oBaHUs 00JIacTHU pac-

CJIauBaHM:, OIMPCACIIIN IO MEPECCUCHUTO KpPITH‘IGCKOﬁ HOAbI MOHOTCKTHUYCCKOI'O paB-
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HOBECHUS W JIMHUM PAaCTBOPUMOCTH COJM NPU TEMIIEpaType BO3HUKHOBEHUS KpUTHYE-
CKOHM HOJIbl MOHOTEKTHYECKOTO PABHOBECHSI.

Kputnueckyro Touky, OTBEYAIOUIYI0 Hayaly OOpa3oBaHUsl paccilavBaHUs, JiexkKa-
IIyl0 B TOMOT€HHON OOJaCTH AMAarpaMMbl OMpPEEIsUIA MyTeM Moa0opa CMEcH IBYX
KOMITIOHEHTOB M (DPUKCHUpPOBaHUSI PAaBEHCTBA oObeMa KUAKUX (a3 Npu TUTPOBAHUU

TPCTBUM KOMIIOHCHTOM IIpU TCMIICPATYPC 06pa3013aHH51 paccCiiauBaHus B CUCTCMC.

2.4. UcciienoBanue BIUAHUS KUCJIOT M OCHOBAHMI Ha (pa3oBoe

COCTOSAHHEC CUCTEMBI

BiusHre KHCIOTHOCTH Cpelibl HAa (Pa30BOE COCTOSIHHME CHUCTEMbI M3y4alld B rpa-
JTYMPOBAaHHBIX MPOOMPKAX C MPUTEPTHIMU IpoOKamu. B mpoOupku nmomemanid pacueT-
Hoe kosinuecTBO ITAB u BbIcanuBaress, WK COOTBETCTBYIOIIUE KOJIMYECTBA UX BOJAHBIX
pacTBOPOB, N00ABIIIIM HEOOXOAMMOE KOJMYECTBO PACTBOPA KHUCIOT WJIM OCHOBAaHUN U
JIOBOJIMJIM TUCTUJIIMPOBAHHOM BOJIOM 710 15 mul.

Ecnu cucrema usyyanach npu KOMHaTHOM TemrepaType, TO IPOOUPKY BCTPSIXHU-
BaJii B TEYEHHE | MUH. U OCTABIIUIN A0 YCTAHOBJICHHSI PABHOBECHSI.

Ecnu cucrema msydanace nmpu Oosiee BHICOKOW TeMIlepaType, TO MPpOOHPKH Tep-
MOCTaTHPOBAJIIM IIPU 33IaHHOW TemnepaTrype B TedeHue 15-30 muH., mocie Jero oxnia-
KIAJIA 10 KOMHATHOW TEMIIEpaTyphl.

[Tocne ycTtaHOBIIEHUSsI paBHOBECUS! (PUKCUPOBAIHN (PA30BOE COCTOSIHUE CUCTEMBI U

OTHOCUTENbHBIN 00beM (a3bl [TAB 115t paBHOBECHS KUIKOCTb-KUIKOCTb.
2.5. OcymecTBiIeHHE IKCTPAKIIUMA

OKCTPaKIMIO OCYIIECTBISUIM B T'PaJyUpPOBAHHBIX MNPOOUPKAX C MPUTEPTHIMU
npobkamu. B mpoOupku nomMemanu pacueTHbie koqnuectBa [TAB u BeicaiMBaTesst Win
COOTBETCTBYIOIIINE KOJUYECTBA UX BOJAHBIX PACTBOPOB, OMPEIACICHHOE KOJTUYECTBO pac-
TBOpa pacHpeesIIeMOro BEIIECTBA, PACTBOP KOMILIEKCOOOpa3oBatess (eciu TpedyeT-
Cs1) ¥ IOBOJAWJIN JUCTHILTUPOBAHHOM BOJIOM 110 oOBbema 15 mi.

[Tpu ocylecTBICHUU 3KCTPAKIIMU PU KOMHATHOM TeMIepaType CMeCh BCTPSIXU-

BaJIM B TCUCHHUE | MUH. U OCTABJISLIU A0 pasjaesieHus as.
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[Ipu ocyiIeCTBIEHNN 3KCTPAKIIUY IIPU TEMIIEPATYPE BBIIIE KOMHATHON CMECH I€-
pEMeEIIBaIH, BBIJECPKUBAIIM B TepMOcTare B TeueHue 15-30 MuH., mocie 4ero npooup-
KM OXJIQXJaJIH 10 KOMHAaTHOW TEMIIEpaTypBbl.

[Tocne ycranoBneHus paBHOBecHs (a3bl pa3/eisuld U ONPEAETISUIA COAepKaHUE pac-
MPEAEISAEMOro 3JIEMEHTA!
® KAaTHOHOB METAJUIOB B JKCTPAKT€ KOMIUIEKCOHOMETPUYECKUM TUTPOBAHUEM

[123];

e (OOpHOI KHCIOTHI B padMHATE ATKATUMETPUICCKUM TUTPOBAHUEM B TIPUCYTCTBHUU

MaHHUTA C BU3YAJIbHOW U MOTEHIMOMETPUUYECKON MHAUKAIMEW KOHEYHON TOUYKU

TATpOBaHus [124].
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I'JIABA 3. 3AKOHOMEPHOCTH TOIOJIOTHYECKOM

TPAHC®OPMAIIUU ®A3OBbIX IMATPAMM CUCTEM
HEOPTAHUYECKAS COJIb - OKCUITUJIMPOBAHHBIN MAB — BOJIA
C UBMEHEHMEM TEMIIEPATYPBI

3.1. Tomosrorn4yeckuii MOAX01 K U3y4YeHHIO U ONMUCAHNIO (a30BbIX AUATPAMM

da3zoBas quarpamma UrpaceT BaXHYIO poJjib IpU pa3padOTKe U ONTUMU3ALMU pa3-
JUYHBIX TEXHOJIOTMYECKUX MpoueccoB. [Ipu 3ToM HEOOXOAUMO MOHUMAHHE U30TEPMHU-
YeCKOW JuarpamMmbl COCTOSIHUS, a B psijie cilydaeB U TpaHchopmauuu (a3oBbIx obdjac-
TE€ll ¢ U3MEHEHUEM MapaMeTPOB COCTOSHMS CUCTEMBI (JaBJIEHUS, TEMIEPATYpPbl, KOH-
LEHTpaIM KOMIIOHEHTOB). Y CTAHOBJIEHUE YKa3aHHbBIX 3aKOHOMEPHOCTEN MPEACTABIISIET
CJIO’KHYIO 3aJ1ady, pEelIeHUEe KOTOPOH MO3BOJIAET IPOrHO3UPOBATh U OOBSICHITH (Pa30BOE
MOBEJECHUE CIOKHBIX CMECEH, a TAK)KE BECTH 1IEJICHANPABIICHHBIN MOMCK HOBBIX CUCTEM
Y YCIIOBUI OCYILECTBIEHUS TEXHOJOTUYECKHUX IIPOLIECCOB.

BbiBo1 HOBBIX TUIIOB (pa30BBIX JAMArpaMM MOKET OCYIIECTBISATHCS IMyTEM pelie-
HUS Pa3JIMYHbIX YPAaBHEHUH COCTOSIHUS M SKCIIEPUMEHTAIILHOTO MCCIIEIOBAHMS CUCTEM,
IPU 3TOM TEOPETHUUECKHUM MOAXO0J HE MOXET ObITh MCIOJIb30BAaH Jake JJi KaueCTBEH-
HOTO onucaHus (ha30BbIX UArPAMM CJIOKHBIX MHOTOKOMIIOHEHTHBIX cucteM. Hanbo-
jee MpUEMIIEMbIM CHOCOOOM /Jisi OMMCAHUSA U BbIBOJA (Da30BBIX JUArpaMMm SIBISICTCS
METOJl TOTOJOTHYEeCKON TpaHchopManuu (a30BbIX AMArpaMM, Ha MPOTSDKEHUHU psiaa
JeT pa3padateiBaeMblii CapaTOBCKOI HAyYHOU IIKOJOW (PM3HKO-XMMHUYECKOIO aHajau3a
[117, 125-128].

Tepmun Tononorus ¢azosoit nuarpammsl BBeAeH H.C. KypHakoBbiM n 0003Haua-
eT HauOoJiee o01IMe YepThl CTpOeHUs (Pa30BOIl quarpaMmbl, HAPUMEP YUCIIO U B3aUM-
HOE PACIOJIOKCHHE TEOMETPHUCCKUX DJIEMEHTOB (ha3oBoii nuarpammbl [129]. TTousTue
TonoJiorust 6azupyerca Ha npasuiie ga3z ['mbo6ca, npaBunax CxpeilHemakepca U MPUH-
nune HenpepsiBHOCTH [117]. Tloa Tomosmorudeckoit TpaHcdopmarieil ¢Ga3oBbIX aua-
rpaMM IMOHUMAETCS U3MEHEHHE YMCIIA U B3aUMOPACHOJIOKEHHUSI T€OMETPUUYECKUX BJIe-
MEHTOB AuarpaMMbl. OCHOBHOE MOJIOKEHUE METOJIa 3aKJIHOYaeTcss B TOM, YTO TpaHC-
dopMarusi 3€MEHTOB JAMarpaMMbl OCYLIECTBIIAECTCA Yepe3 TpaHUuYHbIE BapHAHTHI, OT-

BEYAOIIUE COMPUKOCHOBEHHIO TpaHchopmupyembix anemenTos [130].
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Peanuzamus mertona Tomonoruueckoi TpaHcopmauuu s BeiBoga P-T-X-
JarpaMM TPOMHBIX cucteM paspaborana B.M. Bamamko Ha tpeyronbHuke coctaBa
TpoitHoi cuctembl ABC 13 ofHOM BepiinHbl (HampuMmep, A) CTpOST psll CEUCHUH Ha
npotuBoiexaiiyo cropony BC (puc. 3.1a), koTopbele paccMaTpUBaIOTCSl Kak ICEBIO-
OunHapHble cucteMbl. [Ipy 3TOM KpallHUMU 4JeHaMHU YKa3aHHOTO psJa CEUYCHUU SIBIISI-
1oTcst OuHapubie cucteMbl AB u BC. VMcnionb3ys U3BECTHYIO CUCTEMATUKY TUIIOB (pa3o-
BBIX JMarpaMM OMHApHBIX CHUCTEM, OMPEACNAIOT CTpoeHHE (Ha30BBIX AMATPAMM IOJY-
YEHHBIX TMCEBJOOMHAPHBIX CHUCTEM M MOJy4YaloT Ha0Op (Pa3oBBIX AUArpaMm, BKIIOYAs

TpaHUYHBIC BAPUAHTHI, OMUCHIBAIOIINX 3aKOHOMEPHOCTH UX TpaHcopmanuu [130].
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Puc. 3.1. Ilpumenenue memooa mononocuueckoi mparc@opmayuu 01s 6bl800a
ouazpamm mpouHvlx cucmem
Meroa Tomosorudeckoi TpaHchopmanuu UCIONb3yeTcsl MpH BBIBOJE (Pa3oBBIX
JIarpaMM TPOWHBIX U YETBEPHBIX KOHJICHCUPOBAHHBIX CHUCTEM IPU MOCTOSHHOM JaB-
neHuu. PaccMoTpuM mpuMEHEHHE YKa3aHHOTO METO/a K BBIBOAY (Da30BBIX JAHArpamMm
TPOMHBIX CUCTEM, SIBIISIOIIMXCS pa3pe3aMu TETpadipa COCTaBa YETBEPHBIX CHUCTEM WJIU
«METOJIa TICEBJOOMHAPHBIX CEYCHHUH MCEBAOTPOUHBIX crucTem» [117], KOTOphIi B maiib-
HelmeM OyJeT HMCHOJIb30BaH MJisi BBIBOAA CXEM TOMNOJIOTMYECKOW TpaHchopManuu
MICEBAOTPOMHBIX CUCTEM HEOPTraHWYECKas COJib — OKCUATWINpoBaHHbINM [IAB — Boga ¢

HN3MCHCHUCM TCMIICPATYPHI.
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Ha KOHIIEHTpalMOHHOM TpPEYrOJbHHUKE MPOBOJSAT CEYEHHUs, KOTOPBIE SIBISIOTCA
NCEBAOOMHAPHBIMU CHCTEMaMHU. 3aT€M BBIBOJAAT WM M3y4YalOT SKCIIEPUMEHTAIBHO T10-
JUTEpMUYECKUE (a30Bble JUArpaMMbl MTOJIYYEHHBIX [ICEBJOOMHAPHBIX CUCTEM, SIBIISIO-
HIMXCS pa3pe3aMu TeMIIepaTypHO-KOHUEHTPALMOHHON Mpu3Mbl cocTtaBa (puc. 3.10).
COBOKYITHOCTh IOJIyYE€HHBIX (a30BBIX JUarpamMm ICEBIOOMHAPHBIX CUCTEM 00pa3yroT
00BbEMHYIO (Da30BYIO JUarpamMmy MCEBIOTPEXKOMIIOHEHTHON CUCTEMBI.

3areM, HA OCHOBaHWHU IMOJYYEHHBIX JAHHBIX, CTPOAT U30TEPMUYECKHE pa3pe3bl
TEMIIEPATYPHO-KOHLIEHTPALIMOHHONW TPU3Mbl IPU BBIOPAHHBIX TEMIEPATypax, B TOM
YHUCJIe OTBEYAIOUIUX IPAHUYHBIM COCTOSIHUAM. [IpakTruecku sl 3TUX NOCTPOCHHM HC-
MOJIB3YIOT MOJMUTEPMUUYECKHE TUArpaMMbl MCEBAOOMHAPHBIX CEUYECHUU TPOMHOM cucCTe-
Mbl. [loydeHHas nmocineqoBaTeaIbHOCTh H30TEPMUUYECKUX pa3pe30B OYJET NPEACTaBIATh
CXEMY TOMOJIOTHUYECKOW TpaHchopManuu (pazoBON AHArpaMMbl ICEBAOTPOMHON CUCTE-

MBI C ©3MEHEHHEM Temmepatypbl [117].
3.2. PactBopumocts B cucteMax KBr — okcustuiiupoBannblii [IAB — Boga
3.2.1. XapakTepucTHKAa OMHAPHBIX CUCTEM

dazoBas quarpamma cuctembl KBr — Boga noctpoena mo ganusim [131, 132] xo-
pOIIIO CoTIacyrOIIMMC Mexy cobor (puc. 3.2). OBrektnka: muayc 12,5 °C (31,2 %
KBr). bpomua kanus Xopoio pacTBOpsieTCsl B BOJIE, B CUCTEME He HalrogaeTcst oopa-
30BaHMS KPUCTAJUIOTHAPATOB, COJIb UMEET TMOJIOKUTEIbHBIA TeMIepaTypHbId K03 PG u-
IIUEHT PacTBOPUMOCTH. BBIOOp B KauecTBe BhIcaNMBaTelNsi OpoMuaa Kaius 00yCIOBICH
€ro CpeJHel BBICATUBAIOIICH CIIOCOOHOCTHIO U MUHUMAJLHBIM B3aUMOJCHCTBUEM HO-
HOB COJIM C MOJIEKyJIamu uccuenyemoix [IAB.

PactBopumMocTs B cuctemax okcudoc b — Boga u cuaranon JIC-10 — Boga uzyue-
Ha BriepBbie (puc. 3.3). Cuctema okcudoc b — Boga xapaxrepusyercss HKTP: 79 °C (3,0
Mac. % okcudoca b). Obnacte pacciavBaHusl CYIIECTBYET B y3KOM TEMIIEpATypHOM
(79-100 °C) u xounenrparmontom (0,1-13,0 %) unatepBane. Cucrema curranon JJC-10

— BOJa ABJISACTCA TOMOI'€HHOM BO BCEM HHTCPBAJIC JKUAKOTI'O COCTOSHHA.
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OKCNEPUMEHTAIBPHO YCTAHOBJICHO, YTO OPOMH]I Kajusl MPAKTHYECKH HE PaCTBO-
psiercst B uccnenyemoix [1AB. OueBuIHO, pACTBOPUMOCTD C POCTOM TeMIEepaTyphl yBe-
JINYUBACTCS HE3HAUUTEIBHO.
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Puc. 3.2. Jluaepamma cocmosanus cucmemst KBr — 6o0a
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u cunmanon /[C-10 — 6ooa (6)
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3.2.2. PactBopumoctsh B cucreme KBr — cunranos /IC-10 — Boga

PactBopumocTts B cucreme KBr — cunatnon JIC-10 — Boga u3ydeHa mojauTepMu-
YEeCKH 10 mecTH ceueHusM (3-5, 6-8) u m30TepMUUECKHM METOAOM CEYCHHH IMpH 25,
35, 43, 60, 70 u 75°C no ceuenusm 1—4. Ceuenust 14 xapakTepu30BaIUCh MEPEMEH-
HBIM COJIepKaHHeM OpoMuJIa KaJIusl U MOCTOSHHBIM cooTHomeHueM cuntanos J1C-10 :
Boja: 5,0:95,0; 10,0:90,0; 20,0:80,0; 40,0:60,0. Ceuenue 5 xapakTepH30BaJIOCh TEepe-
MEHHBIM cozepxkanueM cuatanona J{C-10 u noctosaasiM cooTHomeHueM KBr : Boga =
50,0:50,0. Cmecu KOMITOHEHTOB ceueHUil 6—8 UMen MOCTOAHHOE cooTHoeHne KBr :
cuatanon J[C-10: 50,0:50,0; 75,0:25,0; 93,5:6,25 u mepemeHHOE COAEp)KaHHWE BOJBI.
[TomoxeHue BceX CEUCHWH Ha KOHIICGHTPAIMOHHOM TPEYTOJIbHWKE MPEICTABIICHO Ha

puc. 3.4.

H,O

100
0 20 40 60 80 100

CunTtanon JIC-10 KBr

Puc. 3.4. Pacnonooicenue ceueHuti Ha mpeyeoibHuKe coCmasa cucmemvl
KBr — cunmanon /[C-10 — 6ooa
[Tonmutepmsl ceuenwii 3, 4, 6—8 aHaTOTHYHBI U MIPEICTABICHBI HAa TIPUMEpPE TOJH-
TepMbl cedeHus 3 (puc. 3.5a) cocrosiiel U3 YeThipex BETBEH, pa3AeliaonuX 00iacTu
HEHACBHIIEHHBIX pacTBOpoB (L), paccnamBanus (L;+L,), MOHOTEKTUYECKOTO paBHOBE-

cust (Li+L,+S) n kpucrammmsanuu Opomuaa kamus (L+S). ITomoxxeHue BeTBei OTBe-
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yaronux (pa3zoBsiM nepexogam L;+L,+S <« Lj+L, u L <> L+S ycraHoBUTH HE yaanoch
B CBSI3H C BBICOKOU BS3KOCTBIO CMECEH U MEIJICHHBIM YCTaHOBJICHUEM PABHOBECHS.

[Tonutrepma cedenust 5 (puc. 3.56) COCTOUT U3 TpEX BETBEH, pa3rpaHUUMBAIOIINX
obnmactTu kpuctaums3anuu Opomuaa kamus (L+S), MOHOTEKTHYECKOTO PaBHOBECHS
(L;+L,+S), paccnamBanus (L;+L,) u HeHachlmeHHbIX pacTBOpoB (L). ITomokenue BeT-
Bel oTBeuvaronux ¢azoBeIM nepexogam L «<» L+S u L;+L,+S <> L;+L, He ycraHoBIE-
HO, TaK Kak OHHM JiexaT npu Temieparypax Boime 80 °C. BeTBp moimrepMel, OTBEYAIO-
mas ¢azoBomy nepexony Li+L,+S «» L+S xapakrepusyercs kputuueckoi Toukon KS
(43 °C, 2,5 mac.% cunranona JIC-10) u onpenenser TeMIeparypy Hadaja paccianBa-
HUS B CHCTEME.

OKCHepUMEHTAIbHBIC JTAHHBIE 0 HU3YYEHUIO PACTBOPUMOCTU MPEACTABICHBI B

puiIoKeHuu A. 1.
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Puc. 3.5. Ilonrumepma ceuwenuii 3 (a) u 5 (6) ouazpammol pacmeopumocmu
cucmemol KBr — cunmanon J{C-10 — 6ooa
Ha ocHOBaHWY MOTy4YEHHBIX TaHHBIX OB TOCTPOCH P M30TEPMHUCCKUX pa3pe-
30B TeMIepaTypHoil mpu3Mbl coctaBa cucteMbl KBr — cuntanon JIC-10 — Boga mipu 25,
43, 60 u 80 °C c uenbio BBISBIEHUSI CXEMbI TONOJOTHYECKON TpaHchopmanuu GpazoBoi

JarpaMMBbl CUCTEMbI C U3MEHEHHEM TeMIiepatypsl (puc. 3.6).
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Puc. 3.6. Jluaecpamma pacmeopumocmu cucmemwt KBr — cunmanon /{C-10 — H,O npu

25°C(a), 43°C(6), 60°C(8), 80°C(2)

B untepBane temneparyp 25-43°C B cucreme KBr — cunrtanon JIC-10 — Boga
(puc. 3.6a) cymiecTBYIOT JiIB€ 00JaCTH: HEHACHIIIEHHBIX pacTBOpoB (L) u kpucramimsa-
uu Opommuna kanusi (L+S). C poctoM Temmnepatypbl paCTBOPUMOCTh COJIM B PACTBOPAx
cuntanona JIC-10 yBenmuuBaercs, mpu 3toM [IAB oxa3biBaeT HE3HAYUTEIBHOE BbICA-
JUBaroliee JeHCTBUE Ha OpOMU Kalusl.

[Tpu Ttemmnepatype 43 °C na nunuu pactBopumoctu KBr naGmrogaeTcs mosiBie-
HUE KpUTUYECKOM TOUKU KS 1 KpUTHYECKOM HOJbI MOHOTEKTUYECKOTO paBHOBecHs KS-
KBr (puc. 3.66). CoctaB kputnueckoi Touku: 42,25 % KBr, 2,50 % cuntanona JIC-10,

55,25 % Boabl. PocT TemmnepaTypbl NPpUBOAUT K MOSBICHUIO 00JIaCTEN paccliauBaHus U
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MOHOTEKTHUYECKOIo paBHOBecHs. [[uarpamma pactBopuMoctu (puc. 3.6B) xapakTepusy-
€TCS TATHIO 00JIACTSAMHE: HEHACHIIECHHBIX pacTBOpoB (L), pacciamBanus (L;+L;), MoHO-
TeKkTUaeckoro pasHoBecus (L;+L,+S), kpuctammsanun opomuia kamus (Li+S u L,+S).

JlanpHEiIIee yBeIMYCHHE TeMITIEpaTyphl HE MPUBOIUT K Ka4eCTBECHHBIM U3MCHE-
HUSIM IUarpamMMbl paCTBOPUMOCTH, HaOJt0/1aeTCs JIMIIb PAaCIIMpPEHUEe 00JIaCTH paccian-

BaHMS U YMEHBIIICHHE 00JIaCTH HEHACHIIICHHBIX PACTBOPOB (puc. 3.6r1).
3.2.2. PactBopumocTthb B cucteme KBr — okcugoc b — Boxa

PactBopumocTs B cuctemMe KBr — okcudoc b — Bona nzyuena nonurepMuyecku
0 TeCTH ceueHUsIM (3—5, 6-8) 1 M30TepMHUIECCKIM METOIOM ceueHuid pu 25, 33, 60 u
70 °C no ceuenusim 1-4. Ceuenns 1-4 xapakTepu30BaINCh MEPEMEHHBIM COIEP)KAHUEM
OpoMHIa Kajaus M TOCTOSIHHBIM cooTHomeHueM okcudoc b : Boma: 4,5:95,5; 8,8:91,2;
19,0:81,0; 39,8:60,2. Ceuenue 5 xapaKkTepH30BaIOCh MMEPEMEHHBIM COACPXKAHUEM OK-
cudoca b 1 mocrossuapiM cootHomenueMm KBr : Boga = 50,0:50,0. Cmecu KOMIIOHEHTOB
ceyeHuit 6—8 uMenu nmocrossHHOe cootHorenue KBr : okcudoc b: 50,0:50,0; 75,0:25,0;
93,5:6,25 u mepeMeHHoe coaepxkanue BoAbl (puc. 3.7). s yTO4HEHHUS TPaHUIIBI BTO-
poif 061acTH paccaauBaHus JIOMOJHUTEIHLHO TOJUTEPMUUECKH U3yUeHa PACTBOPUMOCTh
B IATH U30THApPUYECKUX ceueHUsX (9—13) xapakTepusyronuxcsi IepeEMEHHBIM COJEP-
)kaHueMm okcudoca b m Opomuma Kams U MOCTOSIHHBIM cojiepkaHueM BoJbl (Mac.%):
98.,0; 97,0; 96,0; 95,0 1 92,0 (1a puc. 3.7 He 0003HAYCHBI).

[TonuTepmsbl ceueHuit 3, 4, 6—8 aHAIOrMYHBI PACCMOTPEHHBIM paHee (puc. 3.2.4a).
[TonuTepma cedyeHust S mpeAcTaBiieHa Ha puc. 3.8a U XapaKTEpPHU3yEeTCsl TPEMsI BETBSIMU,
pa3rpaHUYMBAIONIMMH 00JIaCTU KpHUcTau3anmu opomuna kamus (L+S), MoHOTeKTHYE-
ckoro paBHoBecus (L;+L,+S), paccnauBanus (L;+L,) u HeHachIeHHBIX pacTBOpoB (L).
[TonoxxeHue BeTBel, oTBeUaronux ¢Ga3oBbiM mepexonam L « L+S u Li+L,+S « L+l
HE YCTaHOBJICHO, TaK KaK OHH JIexKaT npu temmneparype Boiuie 80 °C. BeTBb moauTepmsl,
otBeyaronias ¢pazoBomy nepexony L;+L,+S < L+S xapakrepusyercst Toukoi neperuda
U KpUTHYECKOW Toukoi KS oTBeuaromieli MUHUMAIBbHON TeMreparype 0Opa3oBaHUS

paccinauBanus B uccieayemoit cucteme (33 °C).
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Puc. 3.7. Pacnonoocenue ceuenuti Ha mpeyeoibHuKe cOCmasa cucmembl
KBr — oxcughoc b — 600a

[TonutepMbl U3OTUIPUUECKUX CEYCHUI aHAIOTUYHBI U TPE/ICTABIIEHBI HA TpUMe-
pe ceuenust 95,0 % Bonwl (puc. 3.80). [lonurepma xapaktepusyercs ABYMsI BETBSMH.
[lepBoii, HaunHaro1Ieicss B OuHapHOU cucteme okcudoc b — Boga u paszrpaHudnBaro-
1iel 00J1acTH HEeHACKIIEHHBIX pacTBOpoB (L) u obiacts paccinauBanus |1 (Ly+L, (1)) u
BTOPO#, pazrpaHuyuBaroIieil 00JacTH HEHACHIIEHHBIX pacTBOpoB (L) u obmacts pac-
cmaumBanus | (L;+L, (1)). [Tonoxenune BeTBH oTBeuaroiel paBHoBecuto L < Li+L; (1)
HE ONPEIENSIIOCh.

OKCIEepUMEHTAIbHBIC JTAHHBIC MO W3YYEHUIO PACTBOPUMOCTH TMPEACTABJICHBI B
NPUIOKEHUHN A.2.

Ha ocHOBaHMUM JaHHBIX PACTBOPUMOCTHU C LIENbIO BBISBICHUS OCOOEHHOCTEH TO-
noJsioruueckoi Tpanchopmanuu pazonoit auarpammel cucteMbl KBr — okcudoc b — Bo-
Jla ¢ U3MEHEHUEM TEeMITepaTyPhl TOCTPOEH PsiJl N30TEPMUIECKUX Pa3pe30B TeMIIepaTyp-
HOU Tpu3MbI cuctemsl npu 25, 33, 60, 79 u 90 °C (puc. 3.9).

[Tpu Temmeparypax 25-33 °C B cucteme HaOIIOAACTCS TIPOCTask PpAaCTBOPUMOCTD
Opomuza kanusi B pacTBopax okcudoca b (puc. 3.9a). JIuHusg HACKHIIIIEHHBIX PACTBOPOB

JCIUT KOHHGHTpaI_[I/IOHHBII\/'I TPCYIOJIbHUK Ha ABC q)aBOBBIC obiacTh — HECHACBIINICHHBIX
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pactBopoB (L) u kpucramnuzanuu 6pomuaa kamus (L+S). C poctom TemmnepaTypsl pac-
TBOPUMOCTH OpOMUa Kallisl YBETUYHBAETCS, IPU 3TOM OKcudoc b oka3piBaeT cialbrif
BbICANIMBaIOIUN d(PeKT.
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Puc. 3.8. llonumepma ceuenus 5(a) u 11(6) ouacpammsl pacmeopumocmu

cucmemwvt KBr — oxcughoc b - 600a

[Tpu 33°C Ha AMHUM PaCTBOPUMOCTH COJIM BO3HHUKAET KpuTHUeckas Touka KS u
npenenbHas HojJa MOHOTeKThdeckoro paBHoBecus KS-KBr (puc. 3.96). Kputuueckoii
Touke oTBeuaeT ciemyrommii coctan: 41,50 % KBr, 0,50 % oxcudoca b, 58,0 % BosbI.
Poct temmneparypbsl NpUBOAUT K PA3BUTHUIO KPUTHYECKOM TOYKU U NPEAECIBHOW HOJBI
MOHOTEKTHYECKOTO PaBHOBECHs B O0OJACTh paccilauBaHUs ¢ MPUMBIKAIONIEH K HEeil 00-
JIACThI0O MOHOTEKTHYECKOTO paBHOBecHs. PazoBasi quarpaMma XapakTepU3yeTCsl MAThIO
00JIacTsIMU: HEHaChIIeHHbIX pacTBopoB (L), paccnanBanus (Li+L,), MOHOTEKTHYECKO-
ro paBHoBecus (L1+L,+S), kpuctanmnuzauun 6pomuaa kamus (L+S). Poct temneparypbl

MPUBOJNUT K PACHIUPEHHUIO TPAHUIIBI O00JACTH pacClauBaHUsI M COKPAIIEHUIO 00JIacTh

HEHACBHIIIEHHBIX PacTBOPOB (puc. 3.9 B).
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Puc. 3.9. Jluacpamma pacmeopumocmu
cucmemwvi KBr — oxcugpoc b — H,0
npu 25°C(a), 33°C(6), 60°C(s),
79°C(2), 90°C(0)
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Temnepatypa 79 °C orBewaer HKTP 6unapnoii cuctemsl okcudoc b — Boga (puc.
3.91r), BBIIlIE KOTOPOW B TPOMHON CHUCTEME CYIIECTBYET BTOpas 00JacTh pacciauBaHUS
(Li+Lo(I1)), mpumbikaromias k OunHapHoU cucteme okcudoc b — Boga (puc. 3.9x1). [danb-
HEHIIUNA POCT TEMIEpaTypbl MPUBOAUT K PACHIMPEHUIO TpaHHIl 00enux obiacTeil pac-
cllauBaHuA U uX commxenuto. OOpa3zoBaHUe BTOPOM 00JACTH paccilauBaHUs CBSI3aHO C

MPOSIBJICHHEM BCAIIMBAIOLIETO JACHCTBUSA OpOMHU/Ia Kausl.
3.3. PactBopumocts B cuctemax MgCl, — okematnimpoBannblii [IAB — Boaa
3.3.1. XapakTepucTHKa OMHAPHBIX CHCTEM

Juarpamma pactBopumoctu cuctembl MJCl, — Boga nmpencrasnena Ha puc. 3.10
[131, 132]. Cucrema xapakTepu3yeTcs IByMs IBTEKTHYSCKUMH PAaBHOBECHSIMU TIPU MU-
nyc 33,6 °C (20,6 mac.% MgCl,), munyc 19,4 °C (33,3 mac.% MgCl,) u tpems nepu-
TEKTUYCCKUMHU paBHOBecusiMu nipu munyc 3,4 °C (34,5 mac.% MQCl,), 116,7 °C (46,2
mac.% MgCl,) u 181,5 °C (55,8 mac.% MgCl,). B cucreme cymiecTByeT 5 KpucTamio-

ruaparTtosB. B HCCICAYCMOM HHTCPBAJIC TCMIICPATYP CTaOMIBLHBIM SBJISECTCS KpuCTallo-

ruapat MgCl,-6H,0.
200
MgCl, 2H,0
t,°C
150
100
MgCl, 6H,
50 +
MgCl, 8H,0
0d__ MgCl,12H,0
_50 1 1 1 1

0 10 20 30 40 50 60
MgCl,, mac.%

Puc. 3.10. Juacpamma cocmosnusi cucmemvr MQCl, — 600a
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bunapnsie cucremsr okcudoc b — Boga u cuntanon JIC-10 Boga paccMOTpeHbI
panee B pazzaeine 3.2.1.

DOKCHEepUMEHTANTBHO yCTaHOBIEHO, 4To Oe3Bomublii MQCIl, u kpucramtoruapar
MgCl,:6H,0 B nccnenyembix [1AB npaktudecku He pactBopsitorcs. C pocToM Temrie-

paTypsl pacTBOPUMOCTH cojieil B [ITAB npakTuyecku He MEHSETCH.
3.3.2. PactBopumocthb B cucreme MgCl, — cunaranoa J1C-10 — Boaa

PactBopumocTs B cucteme MQCl, — cuatanon JIC-10 — Bojia u3ydeHa moJuTep-
MUYeckd 1o 1ectu ceueHusMm (1-6) [37]. Ceuenus 1, 2 xapakTepHU30BaIUCh MTEPEMEH-
HBIM COJICpKaHHEM BOJBI U MOCTOSHHBIM cooTHoleHneM MQCI, : cunranon JIC-10 =
50,0:50,0; 75,0:25,0. Ceuenus 3—5 ABISIUCH U3OTHAPUICCKUMH C COJCPKAHUEM BOJIBI
80,0; 72,5; 65,0 mac.%. Ceuenue 6 xapaKTepHU30BaJIOCh MOCTOSHHBIM COOTHOIIIEHHUEM
curtanon J1C-10 : Boga = 8,0:92,0 u nepemennbim coaepxanuem MgCl,.

N3otepmuyecknum MeTogom cedeHuit rpu 75 °C pacTBOPUMOCTb U3yd€Ha IO IIec-
1 ceueHusam (6-11) [133]. Ceuenus 6—10 xapakTepu30BaIMCh MOCTOSIHHBIM COOTHO-
menreM cuatanoi JIC-10 : Boga = 8,0:92,0; 5,0:95,0; 20,0:80,0; 30,5:69,5; 38,0:62,0 u
nepeMmenHbiM comaepskanreM MQCl,. Cmecu oTBeuaromue ceueHno 11 uMenu mocTosH-
Hoe cootHomenue MQCI, : Boga = 15,0:85,0 u mepeMeHHOE cojepKaHHE CHHTAHOJA
JC-10.

PacnonoxkeHre cedyeHHuil Ha KOHIIEHTPALMOHHOM TPEYTOJbHUKE CUCTEMBI Ipe-
cTaByieHbl Ha puc. 3.11. DxcnepuMeHTanbHbIE JaHHBIE MO U3YYECHHUIO PACTBOPUMOCTH
MPEACTABIICHBI B IPUJIOKEHUHU A.3.

[TonuTepmebl ceuennii 1, 2, 6 aHATOTWYHBI U MIPEACTABIICHBI HA IPUMEPE CEYEHUS
1 (puc. 3.12a). IlonmuTepma COCTOUT U3 YETHIPEX BETBEH pa3AeAiomMX 00JacTH HEHa-
ChIllIeHHBIX pacTBOpoB (L), paccnamBanusi (L;+L;), MOHOTEKTHYECKOTO PAaBHOBECHS
(L;+L,+S) u xpucramumsanuu rekcaruapara xiopuiaa maraus (L+S). ITomoxxeHnue BeT-
Beii, OTBeUaromux (pazoBeIM MepexogaM ¢ y4acTHeM TBEPbIX (a3, yCTAHOBUTH HE y/a-
JIOCh B CBSI3U C BBICOKOM BSI3KOCTBIO CMECE W MEIJICHHBIM YCTAHOBJICHHEM PaBHOBE-
cus. OOpaiaet Ha ceOs BHUMaHUE BETBb MOJUTEPMBI, OTBEUaroIIas Ga30BOMy Mepexo-
ny L < L;+L,, xapakrepusyroniasics MUHUMyMOM. Eciii B pacCCMOTPEHHBIX paHee B

pa3n. 3.2 mojauTepMax aHAJIOTMYHBIX CEYEHUH HaOJI0IaeTCsd CHUKEHUE TeMIEepaTyphl
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dazoBoro nepexona L «» L;+L, ¢ pocTOM KOHIIEHTpAIIMU BOJIBI B CMECSX, TO B ClIydae
XJIOpU/Ia Mar"usi, IpyU BICOKOW KOHIIEHTPALUX BOJIbI TEMIIEpATypa CHUKAETCS, a 3aTEM
YBEIMYHUBAETCS, YTO CBUIECTENIBCTBYET O BCAIMBAIOIIEM JICHCTBUM BBOAMMOM coud. [1o-
JUTEPMBI CEYCHHM 3—5 COCTOST U3 OAHON BETBU OTBeUarouiei gazoBoMy nepexoay L <

L,+L, u mpeacTaBieHbl Ha IpUMeEpe MOJTUTEPMBI ceueHus 3 Ha puc. 3.120.

H,0
0,100
.
11
20
4 A8
DL AN
60 40
80 20
100 1 2 0
0 20 40 60 80 100
Cunranon J1IC-10 MgCl,

Puc. 3.11. Pacnonooicenue ceuenuul Ha mpey2oabHuKe cocmasa CUcCmembl
MgCl, — cunmanon /IC-10 — 600a
Jlist onpenienieHnss MUHMMaJIbHOM TeMrepaTypbl IpH KOTOpOW HabJtoaercs pac-
CJIaMBaHUE B YKA3aHHOW CHUCTEME JIOMOJHUTEIBLHO UCCIEA0BAHO C€YeHHE 12 ¢ moCTOsIH-
HbIM cojaepxanreM cuHtaHosa JIC-10 paBHbiM 7,0%. ITonuTepMa yka3aHHOTO CEUCHUS
npejcTtapiieHa Ha puc. 3.12B. Touka K; orBewaeT MmunumansHol Temnepatype (61,5 °C)
npy KOTOPOW B JAHHOM CHCTEME CYIIECTBYeT o0nacth pacciaanBanus B cucteme MgCl,

— cuaTanoa J1C-10 — Bona.
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Puc. 3.12. [lonumepma ceuenus 1 (a),
3(6) u 12 (8) cucmemoi
MgCl, — cunmanon JIC-10 — so0a

HOJ’Iy‘-IeHHI)Ie OKCIICPUMCHTAJIbHBIC OAHHBIC ITIO3BOJMJIN OIIPCACIINTD 0COOEHHO-

CTH TOIOJIOTUYECKO# TpanchopMmarmu (azoBoit quarpammer cuctrembl MgCl, — cunTa-

Hout J1C-10 — Boma ¢ usmeHnenuem temmeparypsi (puc. 3.13).
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Puc. 3.13.
Huazpamma pacmeopumocmu cucmembl
MgCl, — cunmanon /]C-10 — 600a
nPU PA3IUYHBIX MEeMRePaAmypax

(onucarue 6 mexcme)
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IIpu temneparype Huxke 61,5 °C aumarpaMma pacTBOPUMOCTH CHCTEMBI HUMEET
npoctoit BuA (puc. 3.13a). JIuHus KpucTtajuM3aiuu rekcaruapara XJjaopujaa Maraus je-
JIMT XHUIKO(Da3HYIO YacTh JMarpaMMBbI Ha JIBe 00J1aCTH — HEHACKIIIEHHBIX pacTBOpoB (L)
u kpuctaumsanuu MgCl,-6H,0 (L+S). ITpu Temnepatype 61,5 °C B ob61acTu HEHACHI-
IIICHHBIX PAacTBOpax HaOIOJaeTcs BO3HHUKHOBEHHE oOjactu pacciamBanus (Li+L,) |
KOTOpasi paclIMpsieTcsi ¢ JalbHEUIIUM yBeIU4YeHHeM Temrieparypsl (puc. 3.136). Ha
puc. 3.13B npencrasneHa uzorepma cucremsl pu 65°C. IlonoxxeHue JIMHUNA OTBEYAIO-
nieit ¢pazoBoMy nepexony L < L+S He yTOUHSIIOCH, B CBSI3M C Y€M Ha PUCYHKAaX OHa
0003HaYeHa MyHKTUPHOU JIMHUEH.

[Ipn HEKOTOpPOU TEMIIEpATypE, 3HAUCHHE KOTOPOU YCTAHOBUTH HE yAAJIOCH B CBSI-
31 C TPYAHOCTBIO (PUKCHPOBaHUS (Ha30BbIX MEPEXOOB C yUACTHEM KPUCTAJUIOIHIPATOB
XJIOpUJAa Marfusi, MPOUCXOAUT COMPHUKOCHOBEHUE KPUTHUYECKOW TOYKH OMHOJATBHOMN
kpuBoii (K;) v TMHUKM PacTBOPHUMOCTH TEKCaruapara XJopuaa Marausi, BCICACTBUE YETO
BO3HUMKAET KpUTHYECKass HoAa O00JIACTU MOHOTEKTHYECKOro paBHOBecus Kj—
MgCl,:6H,0 (puc. 3.13B), koTOpas Ipu MOBBIIICHUN TEMIIEPATypbl 00pa3yeT 00JacTh
MOHOTEKTHYeCcKoro paBHOBecus (Li+L,+S). JlanpHelmmii pocT TemmepaTypbl COIPO-
BOXKJIAETCSl YBEIMUEHHUEM O0JIACTH PACCIIauBaHUS M MOHOTEKTHMUYECKOTO PaBHOBECHS.
KauecTBeHHOr0o M3MeHeHUs: (pa3oBOro COCTOSIHMS cUCTeMbl He HabOmomaercs. Ha puc.

3.13r npencrasieHa AuarpaMma pacTBOPUMOCTH cuctemsl ripu 75°C.
3.3.3. PactrBopumocthb B cuctreMe MQCl, — okcudoc b — Boaa

PactBopumocTts B cucteme MQCl, — okcudoc b — Bojia u3ydeHa moJuTepMUUCCKU
no cemu cedueHusiM (1-7). Ceuenne 1 XapakTepu30BaIMCh MEPEMEHHBIM COJIEP)KAaHUEM
okcudoca b u nmocrosuusiM cootHorennem MQCl, : Boga = 16,0:84,0. Ceuenus 2, 3
XapaKTepHU30BaJIUCh IIEPEMEHHBIM COACPKAHUEM BOJIBI M ITOCTOSIHHBIM COOTHOIIICHUEM
MgClI; : okcudoc b = 50,0:50,0 u 75,0:25,0. CMecr KOMIIOHEHTOB CCUYCHUN 4—6 MMEn
nocrossHHOE cojaepxkanue Bojabl: 90,0; 80,0; 70,0. IlomoxxeHne Bcex ceuyeHUM Ha KOH-
[IEHTPAIIMOHHOM TPEYTOJIbHUKE TPENCTaBlIeHO Ha puc. 3.14. JIyis yTOUHEHHs TPaHUIIBI
BTOPOH 00JaCTH pacciianBaHUs JTOTOJHUTEIHHO MOJUTEPMUUYCCKA M3YyUYCHA PACTBOPH-

MOCTh B CEUEHUHU 7 XapaKTEepU3YIOIIUMCS MEPEMEHHBIM cojiepkanneM okcudoca b u
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XJIOpUJAa MarHusi C MOCTOSIHHBIM cojepkanueM Boabl 95,0 mac.% (Ha puc. 3.14 He mno-

Ka3aHo).
H,0
0\100
7}
20 80
6
1
60 40
80 20
100 2 3 0
0 20 40 60 80 100
Okcudoc b MgCl,

Puc. 3.14. Pacnonooicenue ceuenuii Ha mpey2oabHUKe coCmasa CUcmembl
MgCl, — oxcugpoc b — 600a

[TonuTepmbl ceyeHnid 1—-6 aHAOTMYHBI PACCMOTPEHHBIM PAHEE ISl CHUCTEMBI
MgCIl, — cunranon JIC-10 — Bona (puc. 3.15). [Toaurepma ceucHus 7 mpeacTaBiieHa Ha
puc. 3.15 u xapaktepu3yeTcs IBYMsl BETBSIMH, MEPBOM, HAUMHAIOIICHCS B OMHApHOU
cucreme okcudoc b — Bosa u pasrpannduBaromieil 001acTi HEHACBIIIIEHHBIX PACTBOPOB
(L) u obnmactp pacciamBanus Il (Ly+L, (1)) u BrOpoOi#i, pasrpannumBaromieii 001acTn
HEHACBIIICHHBIX pacTBOpoB (L) m obnacte paccmamBanus | (Li+L, (1)). ITomoxxenue
BETBHU OTBeuaromieii paBuoBecuio L < Li+L, (I) He onpenensiocs.

DKCIepUMEHTAIbHBIC JTAHHBIC 110 HM3YyYEHHIO PACTBOPHMOCTH TPEICTABIICHBI B

pUI0KEeHUHN A.4.
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Puc. 3.15. Ilonumepma ceuenus 7 ouazcpammsi pacmeopumocmu

cucmemwvt MQCl, — oxcughoc b — sooa
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Puc. 3.16. I panuyer obaacmu paccrausanus 6 cucmeme MgCl, — okcughoc b — 600a

npu paznuunsix memnepamypax, °C: 1 — 60, 2 — 55,3 -50,4 - 45,5 -43
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[TommyueHHble 3KCHEPUMEHTANIbHBIE JAHHBIE MO3BOJIMIN ONPEAECTUTH OCOOCHHO-
CTH TOMNOJOTrH4YecKoi Tpanchopmaruu ¢pazoBor muarpammsl cucrembl MgCl, — okcu-
¢oc b — Boxa c u3MeHeHHEM TeMIlepaTypsl. B 1ienom, oHa uaeHTHYHa CXeMe PaccMOT-
pernoii s cucteMbl MgCl, — cuatanon JIC-10 — Boma B mpeapaymieM Ioapasele,
OJTHAKO, BCJIEICTBUE TOTO YTO 00JACTh paccilauBaHHs CMEIIEHAa K OMHApHOW cUCTeMe
MgCl, — Boma, Temmeparypy Hadana paccliauBaHHs YCTAaHOBHTH HE YAAIOCh, HO XOJI
MOJIUTEPM CBUJIETEIILCTBYET, YTO OHA NeXUT B nHTepBasie 30—40 °C (puc. 3.16). Hpyroii
0COOEHHOCTBIO JAHHOM CHCTEMBI SIBIISIETCS CYILIECTBOBAHHE BTOPOW 00JacTu pacciau-
BaHUs npu Temiepatype Bbie 79 °C anamornuno cucteme KBr — okcudoc b — Boaa,
YTO CBHJETEIBCTBYET O TOM, YTO XJOPHJ MarHus MPOSBISIET HE TOJBKO BBICAJIMBAIO-

iee, HO ¥ BcajJuBalollee JeHCTBUE MO OTHOIICHUIO K okcudocy b.

3.4. O000mIeHHAs cXeMa TOMOJIOrHYecKoi TpancopMauuu ¢a3oBbIX JAUATPAMM
CHCTEM HEOPraHU4YecKasi coJib — OKCHITIWINpPoBaHHbIi ITAB — Boxa

¢ U3MEHEHHEM TeMIIepaTyphbl

AHanu3 quarpaMM pacTBOPUMOCTH TICEBIOTPEXKOMIIOHEHTHBIX CHUCTEM HeOopra-
HUYECKasl COJIb — OKCUATIIINPOBaHHbBIN [TAB — Bojia npu pa3nuyuHbIX TEMIIEpaTypax mo-
3BOJIMJI MOJIYYUTh OOOOLIEHHYIO CXEMY MX TONOJIOTMYECKOW TpaHcpOopMaluu C U3Me-
HeHHeM Temmepatypsl. [lonyuenHnas cxema coaepkut 10 THIOB U30TEPMUYECKUX JIHA-
rpaMM PacTBOPUMOCTH, KOTOPBIE XapaKTEPU3YIOT BCE BO3ZMOKHBIE (Pa30BbIE COCTOSIHUS
uccnenyemoix cuctem (puc. 3.17). Ctpenku Ha cxeme 0003HAYalOT BO3MOXHBIE Ha-
MpaBJICHUS] IEPEX0/1A TPU UBMEHEHUH TEMIIEPATYpPHI.

B 3aBucMMOCTH OT MPUPOJIBI COJIU (BBICATMBAIOILEE, CIIa00€ BhICAIMBAIOLIEE, BbI-
CaJIMBAIOIEe — BCAJIMBAIOUIEE M CJ1a00€ BHICAJIMBAIOIIEE — BCAJIMBAIOIIEE) U CBOMCTB
niceBnoonHapHoit cucremsl [IAB — Bona (xapakrepusyercs HKTP unm sBnsiercst romo-
T€HHOW BO BCEM TEMIIEPATYpPHOM HHTEpPBAJIC >KUJIKOTO COCTOSHUS) BO3MOXXKHBI BOCEMb
BapUAHTOB CXEM TOMOJIOTHYECKOU TpaHchopmariuu (Tad. 3.1).

Cxewmsl 1 u 2 oTBeUaroT ciydaro, korjna ounapHas cucrema [TAB — Boja xapakre-
pusyercsa HKTP, a conp o0namaet Toyibko BbicanuBaromuM (cxema 1) u cinabbiM BbIca-
JUBAKOMUM (cXxema 2) NeUCTBHEM M OMHUCHIBAIOTCS CIEAYIONICH MOCIEeI0BATEILHOCTHIO

U30TEPM:
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cxemMa 1l: (1) & (2) < (3) « (9) « (10);

cxema 2: (1) « (6) < (7) < (8) <> (3) < (9) « (10).

CxeMa 1 cOOTBETCTBYET CXeMe TOMOJOTUYECKON TpaHcopMmanuu (Ha30BbIX aAHa-
TpaMM CHUCTEM COJIb — OMHApHBIN pacTBOpUTENb, ycTanoBaeHHON K. K. Mnbunbim [125].

CxeMma 3 oTBeuaeT ciyyaro, korjna ounapHas cucrema [IAB — Boga xapakrepusy-
ercst HKTP, a conp 00nagaeT BbICATMBAIOIIMM — BBICAJIMBAIOIINM JEHCTBUEM M OTIHCHI-
BaETCs CIENYIONIEH MocaeaoBaTeNbHOCThIO 30TepM: (1) «» (2) « (3) « (4) <« (5).
Omna sBisgercst (parMeHTOM CXEMbl TOMOJOTUYECKOW TpaHchopmaiu (a30BBIX Tua-
rpaMM CoJib — OMHApHBINA pacTBOpUTENb, ycTaHoBIeHHON K.K. Unbunbsim u JI.I". Yepka-
coBbIM [126], as ciydasi, Korja cojib 00J1a/1aeT BCATMBAIOIIMM — BHICAIIMBAIOIINM JICH-
CTBUEM, a OMHapHas kuakocTHas cucrema numeetr HKTP.

Cxema 4 xapakTepuzyeT ciaydail c1a0oro BBICAIMBAIOIIETO — BCAJIMBAIOIIETO
nercTBUs cou U Hannuus B OuHapHoi cucrteme [TIAB — Boga HKTP. Cxema otBeuaer
cienyromei nocienoBaTebHOCTU N30TepM: (1) > (6) > (7) <> (8) « (3) « (4) « (5).

Cxema 5 omnmchIBaeT ciiydail TOMOT€HHOM BO BCEM TEMIEPATypPHOM HHTEPBAJIC
KUIKOTO cocTosiHus nojcuctemMsl [TAB — Bosa u conu, o0iagaromnieil ToJIbKO BhICAIH-
BarouM JieiictBueM. CxeMa oTBedaeT nocienoBaTebHOCTH (1) <> (2) <> (3) u saBisieT-
csi (hparMEeHTOM CXEMBbI TOTIOJIOTUYECKON TpaHchopmaiiu (Ga3oBOr JuarpaMMbl CUCTEM
COJIb — OMHAPHBIN PACTBOPUTEINb JJIA CiIy4asi, KOrJa JBOWHAs KHIKOCTHAS MOJACHCTEMA
SIBJIICTCSI TOMOTEHHOM, a COJIb OKa3bIBaCT TOJBKO BhICATUBAaloIIee aericTere [125].

CxeMa 6 oTBeHaeT Ciiy4aro cjIaboro BBICAIMBAIOIIETO JEHCTBUS COJU, TOMOTCH-
HOU BO BCEM TeMIIEpaTypHOM HMHTEPBaJIE KUIKOTO COCTOSIHUS OnHapHOU cucteMbl [TIAB
— BOJIa U OMTUCBIBAETCSI MIOCJIEIOBATENBHOCTHIO U30TEPM (1) = (6) <> (7) <> (8) <> (3).

Peanuzanus cxeM 7 1 8 HE BO3MOXHA, TaK KaK COJIb HE MOXKET MPOSIBIATH BCAIH-
BaroIee JeicTBre, eciau aBoiiHas cuctema ITAB — Boja sSBsIeTCS TOMOTSHHOM.

B nacrosmeli paboTe SKCIIEpUMEHTAIBHO IMOATBEPKASHBI CXeMbI 1 1 5 1 yacThy-
HO TMOJTBEPKIAEHBI cXeMbl 2 U 6. COOTBETCTBHE UCCIEIOBAHHBIX CHUCTEM MPEJI0KEH-

HBIM CXE€MaM IpeACcTaBieHo B Tad. 3.1.
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Puc. 3.17. Obobwennas cxema mononocuseckoil mpauncgopmayuu pazosvix ouazpamm
CUCTNEM HeOP2AHUYECKAsl COlb — OKcudmunuposannwiil IIAB — 600a

C UBMEHEHUEM memnepamypsl



Tabnuya 3.1.

Coomeemcmasue U3VYHUEHHbIX CUCmem CxXxemam MONo02U4ecKoll mpchqbopMaL;uu

G azoswix ouazpamm cucmem Heop2aHu4ecKas coilb — OKcusmunupogautuili IIAB — 6ooa

CaoiicTBa OMHApHOI

No . [TocnemoBaTeIbHOCTH H30TEPM
COMLI CHUCTEMBI JlenicTBrEe con N3yuyeHHbIE CUCTEMBI ua pic. 3.17
¢ IIAB - Boja pue. =

1 BricanuBaroiee - (1) 2)=3) (9 < (10)

5 Cnaboe ] 1N 6) (@) -3«
BBICAJIMBAIOIIIEE — (9) < (10).

Xapakrepuzyercs 5

3 HKTP CATHBAIONIEE — KBr - B e @) oB) o @) o’

BBICATHBAIONICE oxcudoc b —Boza 1Ne@)eB)e@)«06)
ca0e (1) = (6) > (1) = (8) > (3)
<> <> <> <> <>
4 BBICAJIMBAIOIIIEE — MgCI, — okcudoc b — Bona
() < (5).

BCAJIMBAIOIIICE

5 BricanuBaroiiee KBr — cunaranon JIC-10 — Boga (1) 2)<-3)

6 Criaboe MgCl, — cunranon JIC-10 — Boma (1) < (6) <> (7) <> (8) <> (3)

['omoreHnHa Bo BceM BBICAJIMBAIOIICE g-b A
7 HHTCPBAJIC X XUJIKOTO BcaHHBa}Omee —
COCTOAHUA BBICAJIMBAIOIICE )
Cnaboe HE peaIN3yIOTCS
8 BBICAJTMBAIOIIEE — -

BCaJIMBArOIEC
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Omnucannbie cxembl 1, 3, 5 ABISIOTCS YaCTHBIMH CITydassMU OOOOIIIEHHON CXEMBbI
TOTIOJIOTHYECKON TpaHchopmaruu (Pa30BbIX AMarpaMM TPOWHBIX PACCIAMBAIOIIUXCS
CHCTEM COJIb — OMHApHBIN pacTBopuTenb [117, 125, 134, 135], uro mo3BoJIseT rOBOPHUTH
O BO3MOKHOCTH PaCCMOTPEHUS TICEBIOTPOUHBIX CUCTEM Ha OCHOBE TEXHUYECKUX OKCH-
>TUIMpoBaHHbIX [TAB Kak TpOWHBIX CUCTEM C YACTBIMA KOMIIOHEHTaMU. JKCIIEPUMEH-
TaJIbHO J10Ka3aTh MTOJTHOE COOTBETCTBUE CXEMBI HE MPEICTABIISIETCS BO3MOKHBIM BCIIET-
CTBHE BBICOKOI TEMIIEpaTypPhl ILUIABJICHUS UCIIOIb3YEMbIX BbICATTUBATEIICH.

Cxemsbl 2, 4, 6 nid cuCTeM C BbICAJIMBaHUEM YyCTaHOBJICHBI Brepsbie. [Io P.B.
MepiinHy BOBHUKHOBEHHE 3aMKHYTOM 00JacTH pacciiauBaHus 00YCJIOBIEHO XMMHYE-
CKHM B3aUMOJECHCTBHEM MEXIYy KOMIIOHEHTAMHU OJHOU U3 JABOMHBIX CUCTEM, OJHAKO B
MCCIIEIOBAHHBIX CUCTEMAaX OCHOBHBIM MPOLECCOM BBI3bIBAIOIINX PACCIAUBAHUE SIBIIACT-
csi BeicaniuBanue. B guccepranuu J[.I'. YepkacoBa [117] 06001ieHbl Hccie0BaHHbBIC
paHee CHCTeMbl C 3aMKHYTOW OOJACThIO pacCllauBaHMsl, CPEIU KOTOPHIX OTCYTCTBYIOT
CHUCTEMBI C HEOpPraHWYeCKUM BbicanuBatesieM. B auccepranuu M.I1. CmotpoBa [127]
MPUBEJICHA CXeMa TOMOJIOTHYECKON TpaHcpopmaluu (pa3oBbIX AUATPAMM TPOUHBIX CHC-
TEM COJIb — OWHAPHBIN PACTBOPUTEINb C BCAJIMBAHWEM-BBICAJIMBAHUEM W KOHTPYIHTHO
MJIABSIIIETOCS KPUCTAUIOCOIbBaTa ISl ciydas, KOrja JABOWHAas >KUAKOCTHAs CHUCTEMa
xapaktepusyercsi BKTP. Cxema Tonosoruuecko Tpanchopmaiuu st ciaydasi Cojieit ¢
CJ1a0bIM BBICAJIMBAIOIINM JIEUCTBUEM U JABOWHOW KUJAKOCTHOW CHUCTEMON TOMOTEHHOM
BO BCEM HWHTEPBAJIC JKUJIKOTO COCTOSIHUSI M JUIsl cojiel, oOyamaronux cialdbiM Bcal-
BHUAIOIMM-BBICAJIMBAIOIIMM JICMCTBHUEM, U JBOMHOMN kuakocTHoW cuctemoir ¢ HKTP

YCTaHBOJICHBI BIICPBLIC.
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I'/TABA 4. BIUAHUE ITPUPO/IbI COJIM U CTPOEHMUS I1AB

HA ITPOLECC BBICAJINBAHUA

4.1. lIpumenenue Teopuu O.5. CamoiliioBa K BbICAJINBAHUIO

OKCHITH/IMPOBAHHBIX ITAB HEOPTraHNICCKNMMU COJIAMM.

PactBopumMocTh okcudTHIMpoBaHHBIX [IAB B BOJe, Kak yka3pIBasloCh B IJiaBe |,
CBSI3BIBAIOT C 00pa30BaHUEM BOJOPOJHBIX CBsI3EH MEXKIY MOJEKYJIaMU BOJBI U aTOMOM
KHCIIOpoaa pparMeHTOB OKcuaa dTuieHa. [Ipu 3ToM B mepBOM MPUOIMIKEHUN HATMINE
TOYKH TIOMYTHEHHSI Y OKCHATHIUPOBAaHHBIX [IAB MOXHO OOBSICHUTH KOH(OPMAIOH-
HBIMHU TIEPECTPONKAMH OKCHATUIICHOBBIX PparmentoB (-CH,CH,0-) ¢ poctom Temnepa-
TYpHI, B pe3yIbTaTe YET0 YMEHBIIAETCS KOJIMYECTBO BOAOPOIHBIX CBSA3CH ¢ OIMKaIIm-
MU MOJIEKYJIaMU BOJIbI, TO €CTh YBeIu4duBaeTcs ruapodooHocts Mosekyn [TIAB u Bo3-
pacTaer uxX CKIIOHHOCTh K aCCOILIMAIIUU.

JleiicTBrE BBICATMBATENS JOHKHO OBITh SKBUBAJICHTHO JCUCTBUIO TEMIIEPATYpHI,
TO €CTh YMEHbIIIATh THAPATALMI0 OKCUITHIIEHOBBIX (pparmenToB moiiekyn [IAB. B pa-
oortax Jlonra m Mak-/lepura [136], O.5. Camotinosa [137], E.E. Bunorpamosa [138]
MOKAa3aHO, YTO HEAJIEKTPOJIUTHI OCHOBHOTO XapaKTepa BHICATMBAIOTCS aHMOHAMH U BCa-
JUBAIOTCS KaTHMOHaMU. JlaHHas 3aBUCMMOCTH CBSI3aHAa C OpPUEHTAIMEW TEpPBOTO CIOA
THIPATHON 000JIOYKY BBICATUBAEMOM YaCTHIIhI (OPHEHTAIMEH OMUKANIIIETo CI0s MOJie-
KyJ BOJbI). MOJIEKYJIBI BOJIBI, KOTOPBIE CIEAYET pacCMaTpUBaTh KaK JIUTIOJH, OPUEHTHU-
pPOBaHBI OTPHUIATEIBHBIM TIOJIOCOM K BBICATUBAEMOMY KAaTHOHY (HEIJIEKTPOJUTY KH-
CJIOTHOTO THUTIA) M TOJIOKUTEILHBIM TOJIFOCOM K BBICATMBAEMOMY aHHOHY (HEDJIEKTPO-
JMTY OCHOBHOTO THMa) [137].

Ha puc. 4.1 npeacrasiena oOias cxema, WILTIOCTPUPYIOIAsl AEHCTBUE UOHA BbI-
caquBaTelNls Ha TMIPAaTUPOBAaHHYIO BbicamuBaemyto yactuiy [137, 139, 140], rne M —
BbICasiiBaeMas yactuiia, \WW — MoJieKyia BOJIbl, pacroio’KeHHasl B OJMKaiIleM OKpyxe-
HUM BBICAJTMBAEMOW YaCTHIIBI HA paccTosiHUM S, B — MOH BhIcamBaTesIsl, pactoioKeH-
HBI Ha PACCTOSIHUU S OT BHICAIMBAEMON YaCTUIIBI MM HA PACCTOSIHUH S| = S — S OT MO-
nekysl Bojibl. B padotax O.4. CamoiinoBa noapoOHO OMUCAHO JICUCTBUE BhICAaIUBaTE-

neﬁ, ecnu M sBIIsieTCS KAaTUOHOM HJIM QJICKTPOJIUTOM KHCIIOTHOI'O THII4, B TO BpEM: KaK
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okcudTUIMpoBanHble [IAB crnenyer paccMarpuBaTh Kak HERJIEKTPOJUTHl OCHOBHOIO
THMA, TO €CTh UMEIOIIME YaCTUYHBIN OTPULATEIIBHBIN 3apsii.

[IpumeM, uto M sIBAsIETCS aHUOHOM WMJIM HEAJIEKTPOJIUTOM OCHOBHOTO THMA (OK-
CUATHJICHOBEIM (hparmMeHTOM MoJjekynbl [IAB), Ecnu B sBriseTcss aHHOHOM, TO MEXIY
W u B neicTBYIOT CUJIBI OTTAJIKMBAHMS. YBEIMUYEHUE PACCTOSIHUS S MPUBOAUT K Pa3o-
PUEHTUPOBAHUIO MOJOKEHUST MOJieKysibl W, B pe3ynbTaTe 4ero J0JKHA YMEHbIIATHCA
cTeneHb ruaparanuu yactuiibl M. Ecnu B siBnisiercst kaTHOHOM, TO 3JIEKTPOCTATUYECKOE
B3aumozeiicteue W u B mpuBOAUT K YBEJIMUECHUIO CTENICHU OPUEHTUPOBAHUS MOJICKYJIbI

W u ycunenuto runparanuu M.

SII

S

Puc. 4.1. Cxema pacnonoosicenus 8vlcanueaemou 4acmuybsl, Oauxcatuell K Heu
MOJIeKYIbl 800bL U UOHA ebicanusames (onucanue 6 mekcme)
YkazaHHbIC MPOIECCHl MOYKHO ONMKUCATh ¢ TTOMOIIBIO0 (hOPMYJIBI, MMOJYICHHON aHAJIOTHY-
HO paboTe [137]:
AE, =K&, —AS,,

6blC
rae AEg,. — Beln4rHa paBHas YMEHBIIICHUIO YHEPTUH BBIX0/1a MOJICKYJIbI BOABI U3 OJIH-
YKaMIIEro OKPYKEHUs BbICATMBAEMOM YaCTHUIIBI TIO]] ICHCTBHEM BhIcaauBaress [2, 5];
Ok U 05 — 0000IIIEHHAs XapaKTEPUCTUKA CTENIEHU TUIpaTallii BhICAIMBAEMOM Yac-
THIIBI TIOJ ICMCTBHEM KaTHMOHA M aHMOHA BHICAIMBAHMS COOTBETCTBEHHO. DTH BEIIUYH-
HbI paBHBIE J0JI€ PA3yMOPSIOUCHHOTO COCTOSIHUS MOJIEKYJ BOJbI HA PACCTOSIHUU S CO-
OTBETCTBYIOIIEM BEPIIMHE MOTEHIIMAIBLHOIO 0aphepa BhIXOJa MOJICKYJIbl BOJBI U3 OJU-

JKaMIIero OKPy»KeHUs BbIcaaruBaeMoit yactuiisl [137];
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K 1 A — BeTMUMHBI, XapaKTEPUIYIOIINE CTETICHh B3aUMOJICUCTBHUS MOJIEKYJIBI BO-
JIbI C KATHOHOM M @aHMOHOM BBICAJIMBATEIIs COOTBETCTBEHHO [137].
[Ipu sTOM BBICATUBaHMIO COOTBETCTBYET BenmunHa AE,, . < 0, a BcanuBanmio AE,,. > 0.

COOTBETCTBEHHO, €CIM AHWOH BBICAIMBATENSI BBI3BIBACT Pa3yIOPSI0YNBAHUC
OpUEHTAIMU OJIMKAUIIINX K BBHICAJTUBACMOM YaCTUIIE MOJIEKYJ BOJABI, TO O, > Ok U Ad, >
Koy, nomyckas uto 4 u K BHOCAT MEHBIITUN BKJIaa, yeM Ok U 0,. OTCro/1a cleayeT, 4To
BBICATMBAHUE TIPEBATMPYET HAJT BCATMBAHUEM.

Benuunnbel K u A onpenensercs 3apsioM HOoHA BeicamuBatens (Zy u Z,), Beaudu-

HOM JUIOJIBHOTO MOMEHTA BOJbI (1) U paccrosiHueM mexay M u W, cootsercTBytolie-

My OnmkaiiimemMy okpykeHHIo acTHIbl A (Sk M Sa 114 KaTHOHA U aHUOHA BBICATUBA-

TCIIA COOTBGTCTBGHHO) .

K~ 10 A~ HEL
Sk Sa

Tak kak PaCCTOAHUC MCKAY YaCTHIAMHU B paCTBOPC OIIPCACIIACTCA MX KOHICH-

[137].

Tpanuel, To Ha BenuuuHy K 1 A okasbiBaeT BIUSHUE KOHIIEHTpAIlUs BhIcaiuBaress. B
00JacTH HHM3KUX KOHIICHTparuu paccrosHue S (puc. 4.1) mid KaTHOHOB W aHWOHOB

6J'II/I3KO, OJHAKO BCJICACTBHC PA30PHUCHTHUPYIOLICTO I[GﬁCTBHSI AHHUOHOB BbICAJIMBATCIIA

Ha MOJIEKYJIbI BOJIBI OJIDKAMIIEro OKpY)KEHHs BBICATMBAEMOI YacTHIEl Ok < Sa, To-
raa K > A u npu Masoi BelMuuHe napameTpa 6, MOXKET MPEeBATMPOBATH BCAIUBAHKE, TO
ecTh Ad, < Koy.

C pocTom KOHIIEHTpaIMK HaOII0JaeTCsl YMEHBIIICHHE PACCTOSHUS S U COOTBETCT-

BEHHO COIIVDKCHHE BETHUNH Sk U Sa, B pesynbrare yero K u A ctaHoBsTcst OJM3KUM, a
BbICAJIMBaHNE HAUWHAET MPEBATUPOBATH HA/l BCAJTMBAHUEM.

O4eBHUIHO, YTO MPH MOCTOSIHHON KOHIIEHTPAIH BbICATUBATENS BEJTMUUHBI O U O
CBSI3aHBI CO CTEMNEHBIO TUapaTallii HOHA BbicanuBaTess. YeM Oosblie 3apsij KaTHOHA U
MEHBIIIE €ro paJuyc, TO €CTh OOJblIe a0COIOTHAS BEJIWYMHA HHEPrUH THApaTaluu
annoHa |AGpyg|, TeM Gombmie BenuunHa O, [137] u menbme 3Hauenue AE,,, To ecTb
BBIIII€ BHICAJIMBAIOIIAsl CIIOCOOHOCTh aHMOHA. AHAJIOTMYHO MOXXHO NOKa3aTh, YTO POCT
|AGhyd| KaTHOHA NIPUBOANT K yBeIW4eHHIO 3HaueHUs AE,,., TO ecTh BO3pacTaHUIO BCa-

JIMBAIOIIEro ACHCTBUSA KaTHOHA.



67

4.2. O60cHOBaHME NMOAX0/1a K CPABHEHHMIO BHICAJIUBAIONIEH CIIOCOOHOCTH

HEOPraHN4Y€CKUX coJiei

JI71s1 OLIEHKHM BBICAJIMBAIOIIEH CIIOCOOHOCTU COJIEM B MOJUTEPMUUYECKUX YCIOBUSIX
10 OTHONICHUIO K OKCHMATWIMPOBaHHBIM [TAB mpemyioxken cnemyromuii moaxon, 6a3u-
PYIOIIMIICS HAa cXeMax TOMOJOTUYECKON TpaHCHOpMAIIMKU CUCTEM HEOpraHWYecKas COJb
— okcudTUupoBanHbii [TAB — Boja. MccnenoBanack 3aBUCHUMOCTh TeMIiepaTyphl da-
30BBIX MepexoaoB L « Li+L,, L+S < L; + L, m L+S < L;+L,+S (manee remreparypa
MOMYTHEHHMSI) OT KOHIEHTpAIlMN BbIcayiuBaTelisa 1o u3okoHuenrpare [IAB B Tpeyromb-
HUKE COCTaBa COOTBETCTBYIOUIEH MCEBIOTPEXKOMIIOHEHTHOM CUCTEMBI. [ M3y4yeHus
ObLTa BEIOpaHa M30KOHIIEHTpaTa coepikarias 5 mac.% [TAB [141].

[Ipu 3TOM mosMTEpMa, TOCTPOCHHAs B KOOPAMHATaX TEMIEpATypa MOMYTHEHUS
(Tr) xak QyHKIUS MOJISLIBHON KOHICHTpanuu HOHOB coyi (Cion), TIO3BOJISET OMpee-
JIUTH BBICAJIMBAIONIYIO CITIOCOOHOCTh MHAMBUAYAIbHBIX MOHOB. B 3aBHCMMOCTH OT THUIIA
CXEMBbI TOIOJIOTHYECKO TpaHchopmalu (Pa3oBbIX AUArpaMM CHCTEM HEOpraHW4YecKas
coJib — OKcUATHIIMpOoBaHHbIN [TAB — Bona miig obnactu paccinanBanus | BO3MOXKHBI ABa
BU/JIa TIOJIUTEPM, KOTOPBIE U300pakeHbl Ha puC. 4.2.

Cucremam, oTBevaromumM cxemam 1, 3 U 5, COOTBETCTBYeT MOJIUTEpMa H300pa-
JKeHHas Ha puc. 4.2a. OHa comepKUT ABa yyacTtka: AB — yyacTok BbIcaluBaHuUs U y4a-
ctok BC, oTBeuaromuii Temneparype o0OpazoBaHusi 00JaCTH MOHOTEKTHYECKOTO PABHO-
BecHsl. XapaKTEePUCTUKON BbICATMBAIOIIEH CIOCOOHOCTH Ha ydacTke AB city’)XUT KOH-
IEHTpAaIMsl HOHOB COJIU, JOCTAaTOYHAs JJii 00pa3oBaHusi 0byacTu paccinanBanus. Oue-
BHUJIHO, YEM MEHBIIIE 3Ta BEJIMYMHA TIPU BHIOPAHHOW TemIiepaType, TEM BBIIIE BhICAIH-
BaIOIasi CIOCOOHOCTh paccMaTpMBAaeMOTO MOHA. YuacTok momutepmbl BC, xapakTepu-
3yeT MUHUMAaJIbHYIO TEMIIEPATYPY, IPU KOTOPOU COJIb BIUSIET Ha pacTBopuMocTh [TAB
B JJAHHOM CEUCHHH JHarpaMMbl paCTBOPUMOCTH.

Cucremam, oTBevaromuM cxemam 2, 4 U 6, COOTBETCTBYET MOJIUTEpMa H300pa-
KeHHas Ha puc. 4.20 u cocrosiias u3 Tpex BeTBeil. Ha BeTBU AB moauTepMbl JOMUHH-
pyeT BhIcaliiBaHHe, 00YCIOBICHHOE JIeCTBMEM aHMOHOB, a Ha BeTBU BC, Bciencreue
CYILIECTBEHHOI'0 YBEIMYEHUS KOHILIEHTPAllMM KATHOHOB B PACTBOPE, NOMHHUPYIOIIUM

CTAaHOBHTCA BCAJIMBAHHEC, KOTOPOC COXPAHACTCA BINJIOTH 10 HACBIIICHUS U O6p2[30BaHI/I$I
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o0nacTu MOHOTEKTHYecKoro paBHoBecus (ydactok CD). Ilpu sTom BhIcammBarorias
CIOCOOHOCTH XapaKTEePHU3yeTCs aHAJIOTUYHO IO y4yacTKy AB u MuHuManbHO#l Temnepa-

Type, OTBEYaroIei 00pa3oBaHuIo 001acTH paccianBanus (Touka B).

(o]
T, C y |
80 t [
l
70 |
l
60
50
40
30 35 L L [ L L
0 2 4 6 8 0.0 0.5 1.0 15 2.0 2.5
Cg» MOJIB/KT Cpg,2+» MOIIB/KT
a o
o
T, C
92 +
90
Puc. 4.2. Obwuii 6uo nonumepm,
88
UCNOIb308AHHBIX 0I5l OYEHKU
86 gvlcanusarouell CnocooOHocmu
" Ha npumepe cucmem
KBr — oxcughoc b — 600a (a, 6) u
82¢ BaCl, — oxcughoc B — 600a (6)
80 1 1 1 )

0 1 2 3 4

Cg,» 10 Momb/kr
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BcanuBaroniyro crnocodHocTh cosieit B oonactu |l ans cucreMm, oTBevaronmx cxe-
MaM 4 1 6, CpaBHUBAJIIN 10 U3O0TUIPUIECCKUM CEUCHUSIM, coaepxkammmM 95% BojsI (puc.
4.2B). [Ipu aTOM Mepoil BcaldMBaHUs CIY>KUT TeMIlepaTypa oOpa3oBaHusi 00JacTH pac-
CJIaMBaHUS TIPU PUKCUPOBAHHON KOHIICHTPAIIMA HOHOB BHICAIMBATENSI — YEM OHA BBIIIIE,

TCM BbIIIC BCAJIMBAIOIIas1 CITOCOOHOCTH HCCIICAYCMOI'O HOHA.

4.3. Bansinue npupoabl aHHOHA HEOPTAHMYECKOI COJIM HA ee BbICAJTHBAIOIIYI0

CIIOCOOHOCTH IO OTHOLIEHUI0 K OKCHMITUIMPOoBaHHbIM ITAB

Ha puc. 4.3a npencraBiieHbl MOJUTEPMbI WILTIOCTPUPYIONINE BHICAIMBAIONIIYIO CIIO-
COOHOCTh QaHHMOHOB Ha TMpUMeEpe COoJIei Kanus 1o oTHomeHuto Kk okcudocy b [141]. Co-
JIM KaJiisl BBIOpAHbI C IEJIbI0 MUHUMU3AIUKA BO3MOKHOTO B3auMOAEUCTBUA (ocaTHOM
rpynmnsl okcugoca b ¢ kaTHOHOM BbIcasiuBaTesl, HOCKOJIbKY 3TOT MOH BXOJUT B COCTaB
ITAB. Ha puc. 4.30 noka3zaHo BIMSHUE aHUOHOB Ha MPUMEPE COJICH HATPHUsS HA TEMIIe-
paTtypy nomyTtHeHus 5% pactBopa cunranosa J[C-10.

B nenom BeicanuBaronias CocCOOHOCTh YMEHBILIAETCS B PAAY:

P,0;* >S5S0, >CI” > (Br >NO; )> | (wms comeit kamus),
PO,* >S0, >CI” > (Br >NO; ) (mms coneii Hatpus),

YTO XOPOIIO KOPPENUPYET ¢ aOCOMIOTHON BETMYMHON SHEPTUH THIpATallii pacCMaTpHu-
BaeMbIX aHUOHOB (Tabi. 4.1). Ilpu 3TOM poCT TemrepaTypbl IPUBOJUT K COJMKCHHUIO
HOJIUTEPM, TO €CTh HUBEJIUPOBAHUIO BIMSHUS MPUPOJBI COJIM Ha TEMIEpPaTypy MOMYT-
HeHus. B obmactu Ttemneparyp OJM3KHX K Temmeparype moMyTHeHHs pacTBopa [TAB
0e3 BbICAJIMBATENS OMPEICIIAIONIYI0 POJIb B MPOLECCE BHICAIMBAHUSA HAUMHAET UIPATh
TeMmneparypHas aeruaparanns muue [IAB, a He nelicTBHe aHMOHA BBICATIMBATEIIS.

Oco0o0 creayer OTMETHTh OPOMHUI- U HUTPAT-UOHBI, TIOJIOKEHUE KOTOPBIX B PSIY
3aBHCHUT OT TeMmmeparypsbl. [Ipu TemnepaTypax OJUM3KMX K KOMHAaTHOW HUTPAThI SIBIIS-
I0TCs1 00Jiee CHITBHBIMH BBICAJTUBATEISIMH, B TO BpeMsI Kak OpPOMH/IbI BBICATTUBAIOT OKCH-
srwnnpoBanHbie [TIAB s dextruBHee mpu 6osiee BEICOKUX Temneparypax. Habmromaemas
3aBHCHMOCTh CBfI3aHa C BO3MOKHOCTBIO aJcOpOLMU OpOMHUA-MOHOB Ha MOBEPXHOCTH
OKCHATUJICHOBBIX (hparmMeHToB Mosiekyn [TAB. Crnenyer Takxke ydecTb, 4TO aacopOmms
JIETKOIOJIAPU3YEMBIX HOHOB, UMEIOUINX OOJBIION pagnyc W MaJbli 3apsij, NPUBOJIUT K

MOABJICHUIO OTPULATCIIBHOI'O0 IMOBCPXHOCTHOI'O 3apsaaa MHLCIIT U POCTY TCMIICPATYPLI



70

nomytHeHus [91]. MakcumanbHbIi 3G GEKT HAOMOaeTCS 1Sl HOUI-UOHOB, B PE3YJIIb-
TaTe Yero OHU 00JaJar0T CIAa0bIM BCAJMBAIOIIMM JEHCTBHEM IO OTHOLIEHUIO K OKCHU-

docy b npu kKoHLIEHTpauu MeHee 3 MOJIb/KT.

T, C Tn'C
80 80
70 70
60 60
50 50
40 40
30 30
20 20
C,» MOJIB/KT C » MOJIB/KT
a o

Puc. 4.3. Biuanue npupooul anuoHa evicanugameins Ha €20 8blCanu8arouiyio
CnOCoOOHOCMb HA NpUMepe Colell Kaaus no omHoueHuro K okcugocy b (a)

u cozeti Hampus no omuouweruro k cunmarony J[C-10 (6)

Psin aHMOHOB, PacIONOKEHHBIX IO YBEIIMUCHHIO TEMIIEpaTyphl 00pa3oBaHHsS 00-
JACTH MOHOTEKTHYECKOTO PAaBHOBECHS, OTIMYACTCS OT aHAJIOTHYHOTO psjia NI BhICA-
JINBAIOIIEH CIIOCOOHOCTH:.

P,0,", SO,%, I <ClI"<NOs; <Br (myst comeit kamus),
PO,*, SO4*, NOy < Br < CI (wst coseit HaTps).

TouHble 3HauYEHUs TeMIepaTypbl 00pa30BaHMsSI MOHOTEKTHMUYECKOW 00JacTh st
nupodocdara, cynbdara, noguaa kamus, oprodocdara, cynbdpara U HAUTpaTa HATPUS
ONPEAECITUTh HE YIAIOCh, TAK KaK OHU JIe’KaT 3HaunTenbHO Hike 20 °C.

VYcraHoBIeHHAs! 3aBUCUMOCTh CBSI3aHA C OCOOCHHOCTHIO CIIA00THAPATUPYIOIUXCS

AHUOHOB, TAKHX KaK HUTpPAT-, 6pOMI/I,Z[- n Hoaua-uOH, CBSI3aHHOU PE3KHUM YBCIIMYCHUCM
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BBICAJIMBAIOIIEH CIIOCOOHOCTU C POCTOM KOHIeHTpauuu. OOHapy>KEeHHOE SBJIEHUE OIU-
CaHo IS coJieil, 00JaAaroIMX BCATUBAIOIIUM JIEHCTBHEM IO OTHOUIEHUIO K HEMOHHBIM

okcuaTHIMpoBanHbIM ITAB B padotax H. Schotta [94, 96].

Tabnuya 4.1.
Paouyc (Tion), wupuna euopamnoii ob6onouxu (Ar)
u snepeusi cuopamayuu (AGpyg) uonos [142]

Hon Fion, HM Ar, HM AGypyg, K/K/MOIB
PO,> 0,238 0,054 -2765
SO~ 0,230 0,043 -1080
NO3 0,179 0,044 -300
CI 0,181 0,043 -340
Br 0,196 0,035 -315
I 0,220 0,026 -275

Takum 00pa3om, JIyYIIIMMU BBICAJIUBATEISIMU MPU TeMIepaTypax OJIM3KOU K KOM-
HATHOM SBJISIFOTCS COJTM MHOTOOCHOBHBIX KHCIIOPOJICOAEPKAIIUX KUCIOT, 00JIaIar0Ie
CTPYKTYPHUPYIOIIUM JEUCTBUEM Ha BOJHBIC pacTBOPHL. [lpu Gojee BHICOKUX Temriepa-
Typax ONTUMaJIbHBIMU BBICAIMBATEISIMU SIBISIOTCA XJIOPUJBI, XapaKTePU3YIOIIUECs
MHUHUMAaJIBHBIM B3auMOJIecTBHEM ¢ MoJiekysiamu [TAB u umeroniee cpeaHio BblcaIn-
BAIOIIYI0 CIIOCOOHOCTh. B psifly rajJloreHuI0B yBEIMYEHUE paiuyca MOHA MPUBOJIUT K
CHIYKEHUIO BBICATMBAIONIEH CIIOCOOHOCTH.

BnusHue annoHa BhICamMBaTeNsl IO OTHOIIEHUIO K okcudocy b mis obmactu pac-
cimauBanus |l npencraBnena Ha puc. 4.4 [141]. VcraHOBJICHO, YTO NPHPOJA aHUOHA
MPAKTUYECKA HE OKA3bIBAET BIMAHUS HA TEMIIEPATYPHO-KOHILIEHTPALIMOHHBIE TPAHUIIBI
cymecTBoBanus obnactu paccinauBanus . Jlomunupyronmm sddexrom, o0ycnaBiu-
BalOIIMM 00Opa3oBaHME YKa3aHHOW 00JacTH paccllauBaHUs, SIBIISIETCA TeMIepaTypHas
neruaparanus muueiu [TAB, B To BpeMs Kak IeCTBUE HEOPTaHUYECKON COJIU CBOJMT-
Csl K JIONIOJHUTEIbHON TuAparanuu muneia [TAB u romorenuszanuu cucteMbl. OCHOB-
HOE BCAJIMBAIOIIEE JICUCTBUE OKA3bIBAET KATUOH BhICAIIMBATEINSA, KaK OyJET MOKa3aHO B

CIICAYHOIICM pas3Jiciic.
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T,°C
92

90

88 Puc. 4.4. Bcanusarowas cnocobrnocms conelti

86 Kanus (a) no omuoutenuro k okcughocy b

o151 ooacmu paccaausarus 11
84

82¢

80 1 1 1 1
0 1 2 3 4

2
C+, 10° Mob/KT
4.4. BiusiHue NpUPOIbI KATHOHA HEOPraHMYECKOM COJIM HA ee BhICAJTUBAIOLIY IO

CIOCOOHOCTH MO0 OTHOILIEHUIO K OKCHAITHIMPOBaHHbIM ITAB

BrnusiHue npupojipl KaTHOHA HEOPTaHUYECKON COJIM HA €€ BBICAIMBAIONUIYIO CITO-
COOHOCTh M3Yy4YeHO Ha mnpumepe xyopuaoB metaioB |A — IIA-rpynnsl 1 ammoHUs
(puc. 4.5). Beibop xyopua-uoHa o0yCIOBJICH, C OJJHONH CTOPOHBI €ro CpeaHel BBICAIIH-
BaroIIei CIOCOOHOCTBIO, a C APYrOol CTOPOHBI MUHUMAIBHBIM B3aUMOJICHCTBUEM C MU-
nemnamu [TAB.

B cootBerctBum ¢ teopueit O.5. CamoiiioBa KaTHOHBI 00J1aJIal0T BCAJIUBAIOIIUM
JICUCTBUEM MO OTHOIICHUIO K OKCHATHWIMPOBaHHBIM [IAB. Bennunna storo nencteust
BO MHOTOM OMpeJessieTcss KOHIEeHTpaleil. B 001acTi HU3KMX KOHIIEHTpaIui, Kak
npaBwio 10 1-3 MOJB/Kr, KATHOHBI HE 00JIaal0T BBIPAXKEHHBIM BCAJIUBAIOIIUM JICUCT-
BHEM, HAOJI0/IaeMO€ CHUKEHHE TeMIlepaTypbl MOMYTHEHHS OOYCIIOBIEHO JeHCTBUEM
aHWOHA BbICajMBaTeNs. Pa3nuuus B MOBEJACHHWU KAaTHOHOB 3aBUCAT OT BO3MO>KHOCTH
HMOH-JUIOJILHOTO B3aUMOJICUCTBUS C OKCHUATUIICHOBBIMU (hparmeHTamu MoJjekyn [TIAB
[91]. KpuTeprem BO3MOKHOCTH JAHHOTO B3aUMOJICHCTBHS SBJIIETCS OJIM30CTh pajuyca
KaTHOHA W BUTKA CIIUPAJIA OKCUATHIIEHOBOTO (pparmenta mojekyn [TAB pasuoro 0,133
HM. OTME4YeHHOE B3aUMOJCHCTBHE MPUBOAUT K TOSBJICHUIO TMOJOXKUTEIBHOTO 3apsjia

muniest [TAB u pocty TemnepaTtypbl moMmyTHeHHs. [10 3Toil mpu4yMHE BbICATIUBAIOIIAS
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CITOCOOHOCTh XJIOPHUAOB JIMTUS U MAarHUA B 00/1aCTH HU3KHUX KOHI_[CHTpaI_[I/Iﬁ BBIIIIC, YEM

JUTSL XJIOpUIOB Oapusi, HATpHs U KaJHsl.

0,
T.°C T.°C
80 [ 60 [
70
55
60
BaCl,
40 a5 |
30
40 |
20
10 35 1 1 1 1
0 1 2 3 4

C, > MOJIB/KT

20 1 1 1 1 1 1 50 L L L L L
0 2 4 6 8 10 12 0 1 2 3 4 5

C, > MOJIB/KT C

Kat» MOJIB/KT

8 2
Puc. 4.5. Bausnue npupo0svl KamuoHa 8blcaiusameris Ha €20 8blCATUBAIOULYIO

CNOCOOHOCMb HA NpUMepe Xa10pudos no omHoweHuo K oxcugocy b (a, 6)

u cunmanony JJC-10 (8, 2)
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PocT KOHIIEHTpauuy BbICAIMBATEINS JUIsl KATHOHOB MMEIOIIMX HU3KYIO 3HEPTHUIO
ruapatanuu (Na*, K*, NH,") npuBoaur K yBelM4eHHIO CTENEHHM HOH-IUIONLHOIO
B3aMMOJEHCTBHSI C OKCUATHICHOBBIMU ()parMEHTaMH, B pe3yJbTaTe YEro pa3iIinyue Me-
XKy KaTUOHAMM YBEJIIMYMBAETCS Y Ka3aHHOE B3aMMOJEIHCTBUE BIUSAET HA TEMIIEPATYPY
oOpa3oBaHMsI 00JIACTH MOHOTEKTHYECKOTO PaBHOBECHS, OHA YBEJIMUUBACTCS B PALY:

Na" < K" < NH,",
YTO XOPOIIO KOPPETUPYET C paILyCOM KaTUOHA.

JUis ocTaibHBIX KATUOHOB POCT KOHLEHTPALMU MPUBOAUT K POCTY TEMIIEPATYypPhl
NIOMYTHEHHSI, B PE3YJIbTATE YEro Ha MojuTepMax HaOmogaercss MUHUMYM. KoHleHTpa-
1M KaTUOHA, OTBEYAroN[asi MUHUMAJIbHON TeMIlepaType NOMYTHEHHS], 3aBUCUT OT SHEP-
MM TUJPATallMy U BCAJIMBAIOIIEH CIIOCOOHOCTU cond. Uem Bblllle BCaJMBAOIAsl CIIO-
COOHOCTh U, COOTBETCTBEHHO, PHEPrUs TWApaTalii KaTHOHA, TEM MpPU MEHbIIEH KOH-
LEHTpaluu HaOJI01aeTCsl Nepexo]l K BcaluBaHUi0. KoHIEHTpalus coiii, OTBevarouas
MUHHAMYMY TEMIIEPATYPbI IOMYTHEHMS, PacTET B PAAY:

AP < Mg** < Ba™ < Li".

Ba)XxHO OTMETUTH, YTO BO3MOYKHOCTb HMOH-JMIIOJIBHOIO B3aUMOJEHUCTBHUS HMOHOB
Oapus ¢ OKCUATHICEHOBBIMU (parmeHTamu Mosekyn [TAB npuBonut k 6ojiee BBICOKMM
3HAYEHUSAM TEMIEPATYpbl ITOMYTHEHHUS, YEM Y MAarHus M aJIIOMUHUSA, HECMOTpPS Ha
MEHbIIIEE 3HAUEHUE SHEPTUN TUIpaTallMU U, CJIIE0BATEIbHO, MEHBIIEH BbICATUBAOLIEH

criocoOHocTH (TadI. 4.2).

Tabnuya 4.2.
Paouyc (Tion), wupuna cuopammnoit o6onouxu (Ar)
u snepeusi cuopamayuu (AGpyy) uonos [142]
Hon Fion, Ar, AGhydi
HM HM k/JI>x/MOJTB

Li* 0,069 0,172 -475
Na® 0,102 0,116 -365

K* 0,138 0,074 -295
NH," 0,148 0,065 -285
Mg** 0,072 0,227 -1830
Ba®* 0,136 0,118 -1250
Al 0,053 0,324 -4525
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[TommyueHnHble AaHHBIE MOATBEPXKIAIOT M3BECTHOE MPABUIIO, YTO MEPEXOA OT O
HOTO BBICAIMBAIOIIETO HOHA K IPYTOMY BBI3BIBACT OOJIBIINE U3MEHEHUS B BHICAIMBAHUU
HEBJICKTPOJIMTOB, YEM OT OJIHOTO BCayMBarolero nona k apyromy [138]. Hecmotps Ha
OOJBIIYIO pa3HUILy dHEprui ruapatauuu katuoHoB |IA- u [1IA-rpynmnel ux BcanuBaro-
1asi CHoCOOHOCTh MEHSIETCSl HE3HAYUTENBHO.

OcoOblif MHTEpEC MPEACTABISIIOT COJIM ATIOMUHUS, BCIEICTBUE €lIe OOJIbIIEro
BCAJIMBAIONIECTO JCHCTBHS MOHA ATIOMHUHHUS MO CPABHEHMIO C JIBYX3apsiIHBIMH KaTHOHA-
Mu. M3ydeHHbIC paHee CUCTEMBI COJb almoMuHus — okcudoc b — Bona mpu 25 °C [143]
XapaKTepU3yIOTCs HaJU4heM O0JacTel paccianBaHMs, 3aHUMAIONINX OOJBIIYIO YacTh

JMarpaMMbl pacCTBOPUMOCTH (puc. 4.6).

H,O

100
Okcudoc b AlCl,

Puc. 4.6. Jluacpamma pacmeopumocmu cucmemwl
AICl; — okcugoc b — 600a npu 25°C [11]
Peskoe yBennueHre BhICATMBAIOIICH CITOCOOHOCTH B 3TOM CIIy4ae MOXKHO CBSI3aTh
C BO3MOKHOCTBIO B3aUMOJICUCTBUS KaTHOHA amtoMunusi ¢ ¢ocdaTtHoit rpymnmoit [TAB u
o0pazoBaHHEM BOJOPACTBOPUMBIX, HO Oosiee THAPOPOOHBIX COSAUHEHUM, YeM OKCHU(OC
b. B pa6ote [13] meTtogom MK-CcrieKTpOCKONMHUU HM3y4e€HO MajOopacTBOPUMOE COCIUHE-

Hue okcudoca b u nupkonus (1V) BrickazaHo mpearnoaokeHue, 4To MOJICKYJIbl OKCH-
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doca b 3a cuer ochaTHOMN TPyIIIEl KOOPAUHUPYIOT OAUH HOH Zr' mocpeacTBoM oOpa-
30BaHMSI KOBAJIEHTHOM CBsI3U Zr-O U KOOpAMHALMOHHOM cBsA3U P=0...Zr.

C uenblo J10Ka3aTenbCcTBa O0Opa30BaHUs MOJOOHBIX COEIMHEHUN ObUIO M3Yy4YEHO
Mex(azHoe pacnpe/ieieHne KaTHOHA ATIOMUHUSI B YEThIPEX TeTEPOreHHBIX CMECIX CHUC-
tembl AlCl; — okcudoc b — Boma nipu 25°C, o603HaueHHBIX Ha puc. 4.6 xak 1, 2, 3, 4.
VYcranosneHo, uro ¢aza [IAB comepXur 3HAUMTENBHYIO KOHLEHTPALUIO ATIOMHHMS
(tabm. 4.3), uto mpoTuBOpeunT (azoBoit nuarpamme (puc. 4.6). OOHapyKeHHBIH (pakT
CBUJETEIBCTBYET O TOM, YTO AIIOMUHHMI CIIOCOOEH K B3aUMOJEUCTBHUIO C (pochaTHBIMU
rpynmnamu okcudoca b. IIpu 3Tom no otHowmeHuto k cuaTanoiy JC-10, He cnocoOHOMY
K TI0JJ00HOMY B3aMMOJCWCTBUIO, KATUOH ATIOMHUHUS TPOSIBISAECT BCAIMBAIOIIEE ICUCT-

Bue (puc. 4.5).

Tabnuya 4.3.
Medwcpasnoe pacnpedenenue AI** ¢ cucmeme AICl; — oxcugpoc B — 60da npu 25°C
Ne AICl;, mac.%
TOYKHU Bonnas ¢aza @aza [IAB
1 10,59 5,15
2 12,29 6,52
3 22,15 8,57
4 25,97 9,65
Brusaue IPUPOJIBI KaTHMOHA  BBICAIUBATENsI  HA  TEMIepaTypHO-

KOHLIEHTpalMOHHbIE TPaHULIbl 00JacTH paccinauBanus |l mokaszano Ha puc. 4.8. B nenom
BCAJIMBAIOIIAS] CHOCOOHOCTh KATHOHOB YBEJIMUMUBAETCS B PALY

K" <Na"<NH," < Li* <Ba* < Mg*,
YTO XOPOIIO KOPPEIUPYET C IHEPruel ruapaTaluun KaTHOHOB (Tabd1. 4.2).

Tak kak oOpazoBanue obnactu paccianBanus |l cBs3aHO ¢ TemmepaTypHOU je-
ruaparaiuu munein [IAB u ¢ ux nmocnegyromei arperanueii, To I€MCTBUE KaTHOHA,
CO3/IAI0IIETO B PacTBOPE COOCTBEHHYIO THJIPATHYIO 000JIOUYKY, MPUBOAUT K YCUIICHUIO
TUIpaTallii OKCUATUIICHOBBIX (parmMeHToB MosieKyn [IAB u, cooTBeTCTBEHHO, TOMOTe-
HU3AIMHA CUCTEMBI. UeM BBIIIE dHEPTHs THApATAIIMU KaTHOHA, TEM CHJIbHEE OBOIHSIO-

miee aericTeue katuona Ha muueiuisl [TAB.
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T,°C
92
90
8 Puc. 4.8. Bcanusarowas cnocobrnocmo
86 XJ10pUO08 Memaios(a) no OMHOUEHUIO
K okcugocy b ons obnacmu
84 paccrausanus I1.
82¢
80 1 1 1 1
0 1 2 3 4

10% MomB/KT

C

kat?

4.5. Biussane crpoenusi [IAB Ha cioCOOHOCTH K BbICAJTMBAHUIO

NPH 1efiCTBUM HEOPTAaHMYECKHUX COoJIei

[IpeacraBisuio uHTEpEC U3yunTh BiausiHue crpoeHus: IIAB Ha ero cmocoOHOCTH K
BBICAUIMBAHUIO JIEMICTBUEM HEOPraHUYECKUX coJier. Kak yka3bIBajgoCh BbILIE, OINpeJe-
JSOIIYIO pOJib B MPOLECCE BbICAIMBaHUA urpaeT rugpartauus [IAB, koropas B CBOIO
ouepe/ib 3aBUCUT OT CTPOCHHs ero TuiapodmibHONW udactu. ['uapodoOHbIil hparmeHT
[TAB BnusieT Ha BBICAIMBAIOILYIO CIIOCOOHOCTh B MEHbIIEH cTeneHu. KOCBEHHO OIIEHKY
CIIOCOOHOCTH K BBICAJIMBAHUIO MOXKHO TIPOBECTH Ha OCHOBAHUM TUIAPO(PHUIBHO-
munopuinbHoro 6amanca (I'JIB), xotopsiii ana uccnenyembix [TAB Obu1 BeIuMCIEH 1O
npaBwiaM npemiokeHHsiM JleBucom [144]. Oanako umcio I'JIB MoxkeT xapakTepu3o-
BaTh JIMIIb CTeneHb ruaparanuu [IAB, HO He y4uThIBaeT B3aUMOACHCTBUS, 00YCIOB-
JIEHHBIE PUPO0H TUAPOPOOHOTO U TUAPOPHIBHOTO (PparMeHTa.

Ha puc. 4.9 npencrapneHsl pe3yabTaThl CPABHEHUS BbICAIMBAIOLIEH CIOCOOHOCTH
xjopusoB 1o oTHomieHuto K cuHTaHonam JIC-10 u AJIM-10. Otnuuue yka3aHHBIX
[TAB 3akirouaercs B TOMOJIOTHYECKOM COCTaBE MX AIKUJIBHBIX PAJMKAJIOB: JJI CUHTA-
nHosa JIC-10 (cpennee I'JIb = 4,95) ruapodobHbIN (hparMeHT MpeACTaBICH AIKWIHHBI-

MU (pparMeHTaMu CIIHPTOB HOPMAIHHOTO CTPOEHHUS OT JIEKaHOJIA 0 OKTaJeKaHoIa, s
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cuatanona AJIM-10 (cpemuee I'JIb = 6,14) — ot aekaHona 10 TpuaeKkaHona. [ crib-
Heix BeicanuBaTeneit (NaCl, NH,Cl) pa3nuuus B cmiocOOHOCTH K BBICATUBAHUIO y CHH-
TAHOJIOB HaOJIOJAIOTCS TOJBKO B TeMIEpaType 0Opa3oBaHUs 00JaCTM MOHOTEKTHYE-
CKOTO paBHOBecus, sl Oonee runpodumbHoro cuHTtanona AJIM-10 oHa HECKOIBKO

BBIIIE, yeM 11t cuatanona JIC-10.

T, °C T °C
80 "+
70
70
60
50 65 |
40 5 6
60
30
20 1 1 1 1 1 1 1 55 1 1 1 1 1
0 2 4 6 8 10 12 14 0 1 2 3 4 5
C, > MOJIB/KT MgCl,, mons/kr

Puc. 4.9. Buicanusarowas cnocobHocms Xa0puoos Memainios no OmMHOUWEHUIO
k cunmanony JC-10 (1,3,5) u cunmanony AJIM-10 (2,4,6):
1,2 —NaCl, 3,4 - KClI, 5,6 — MgCl,.

Jnst cnaObix BbicanuBartened (Ha npumepe MgCl,) pasnuuus Takxke HecylecT-
BEHHBI, OJTHAKO MUHUMYM TEMIIEpaTypbl TOMYTHEHUS JIJIs1 O0siee TUApOOUILHOTO CHH-
tanosa AJIM-10 cMelieH B CTOPOHY OOJIBIINX KOHIICHTPALMI BhICATMBATENSA, YEM JIJIS
cuntanona JIC-10. HaGmrogaembie ekl TOATBEPKIAIOT BBIBOJ O TOM, YTO C POC-
toMm TuapodmibHocTH [TAB ymeHsbIaeTcst ero crmocoOHOCTh K BBICATMBAHUIO, TIPU TOM
cTpoeHue ruapodoOHOro pparMeHTa HEe OKa3bIBACT CYIIECTBEHHOTO BJIMSHUS Ha CIIO-
COOHOCTH K BbIcanuBanuio [1AB.

Ha puc. 4.10a npeacraBiieHO CpaBHEHHUE CIIOCOOHOCTH K BBICAJTMBAHUIO CUHTAHO-
na JIC-10 u okcudoca b netictBuem 6pomuaa kanus. B mienom okcudoc b BeicanuBaeT-

cs erye yem cuaTaHo JIC-10, 9TO MOXKET CBHUIETEIILCTBOBATH O €0 OOJBIICH THIPO-
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dobroctu. Pacuer I'JIb okcudoca b mo JleBucy oxasasiics HEBO3MOKHBIM BCJIEICTBHE
OTCYTCTBHUSI B JINTEPATypEe aHHBIX O BKIaae Gocdarnoii rpymnmsl B Bennuuny [JIb. O6-
pamiaer Ha ce0s BHUMaHHE (aKT CHUYKEHUS CIIOCOOHOCTHU K BBICAJIMBAHUIO OKcU(oca b
npu Temneparype onuskoi k Temnepatype HKTP nBoitHoli cuctemsr okcudoc b — Bo-
na. Ilpu yka3zaHHBIX TemrnepaTypax HaOJr0JaeTcsi MaKCUMaJIbHOE BCaJIMBAIOLIEe ACHCT-
BUE OpoMHIa KaJusl.
T,°C

90

80
70

60

Oxcudoc b
50

. . . . 30 ' ' '
0 10 20 30 40 0 1 2 3
KBr, mac.% ITIAB : H,0
a o
Puc. 4.10. Brusinue bpomuoa kanus Ha memnepamypy nOMymHeHUs cmecell,

codeporcawux 5,5-10° monw ITAB (a) u cmeceti ¢ ROCMOSHHbIM COOMHOWEHUEM
KBr : H,O = 50:50 (6)

Ha BricanmuBanme okcudoca b 3HaunTEIRHOE BIMSHUE OKa3bIBACT TAK)KE KOHIICH-
TpaIusi KATHOHOB BhICANHMBATENs B pacTBope. [Ipu 00ibIIoM ux U30BITKE HAOIIOACTCS
CKJIOHHOCTh MoJyiekyl [IAB k acconuanuu, B pe3ynbTaTre 4ero yBEJIUYMBAETCS THAPO-
dbobrOocTh Munienn [TIAB. Ilo aTo¥i mpuunHe 001acTh pacciauBaHUs B CHCTEMaX BbICA-
nuBarenb — okcudoc b — Boga cmemena k 6unapuoit cucteme KBr — Bona, a 3aBucu-
MOCTh Tr = frias/m,0) XapakTepusyeTcs nepernOOM NpU HU3KUX KOHLEHTPALHUAX OKCH-
¢doca b (puc. 4.100). CkIoHHOCTb K MOHMU3AIUU OKcudoca b mpu yBenrueHnn KOHIEH-

tparuu [1AB win yMeHbIICHHH KOHIIEHTPAIMK OpoMUIa Kalus MPUBOAUT K TOMOTEHH-

3aIlUU CUCTEMBI, YTO TOATBEPKAaeTCs (popMoit OMHOAAIbHOM KpuBo (puc. 3.9). Jlumib
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npu temmnepatypax 6nuskux kK HKTP nBoiinoit cuctems! okcudoc b — Bona, korna mpo-
IIECC acCOIMAIlMM MHUIIEIUT HAaYMHAET MPEeBAJMPOBATh HAJ MOHU3alueHd, ¢popma OUHO-
JIAJIbHOW KPUBOM CTAHOBUTCS BBIITYKJIOM.

B3anMopeiicTBue MHOTO3apsSAHBIX KATHOHOB ¢ (ocdaTHOM Tpynmoit okcudoca b
TaK)Ke BJIMSIET HAa BBICAJIMBAIONIYIO clocOOHOCTh. OOpa3zoBanue Oosiee ruApodOOHBIX
COEJIMHEHUN MPUBOAUT K TOMY, 4yTOo okcudoc b consimu mMaraust u ajqtOMUHUS BbICAJIU-
BaeTcs jerde, yeM cuaradoi J[C-10.

Takum oOpa3om, HanuuKe B MoJiekyse okcudoca b aHMOHHOM TPyNIbI TPUBOAUT
K pAy OTJIMYHAN OT HEMOHHBIX OKCHATUIMPOBaHHbIX [IAB, Taknx Kak:

1. Borunyras ¢popma OMHOAATIBHON KPUBOW;

2. Pe3kuii pocT CHOCOOHOCTH K BBICAJIMBAHUIO MPU JOCTATOUHO BBHICOKOM M30bIT-
K€ BBICAJIMBATEIIS,

3. Hanuuue BTOpO# 00JIacTH pacciaviBaHUs MPU TEMIIEpaTypax BBIIIE YEM TEM-
nepatypa HKTP nBoitHoit cuctemsl okcudoc b — Boxa;

HaGnrogaemplie OTauumsi MOTYT OBITh CBS3aHBI C Pa3JIMUMAMHU B CTPOECHUU JBOM-
HOro 3ekTpuueckoro ciost muuemt [TAB okcudoca b u cunranona JIC-10, koTopsie B

HACTOsAIIEH paboTe HE U3YUECHBI.

4.6. 3aKOHOMEPHOCTH BbICAJIUBAHUA OKCHITHJINPOBaHHBIX [TAB
HEOPraHN4YeCKUMH CoJIsIMH. OnTUMHM3ALKS M0100pa BbICAJIUBATES

npu pa3padoTkKe IKCTPAKUMOHHBIX CHCTEM

[ToyyeHHBIC 3aKOHOMEPHOCTH M3MEHEHHUS BBICAIMBAIOIICH CIIOCOOHOCTH HEopra-
HUYECKHUX COJIEM MO OTHOIIEHUIO K OKCHATUIMPOBAaHHBIM ITAB B coueTtanum co cxema-
MU TOMOJIOTHYECKOU TpaHcopMaru ¢(a3oBBIX JuarpaMM HEOpraHuvecKas COJb — OK-
cusTunupoBaHHbiil [IAB — Boa ¢ u3aMeHeHHEM TeMIlepaTyphl MO3BOJISIIOT 1I€JIeHANpaB-
JICHHO BBIOWpATh BBICAJIMBATEIN u ONTUMHU3UPOBATH TeMIIepaTypHO-
KOHUEHTPALMOHHBIE MMAPAMETPBI OCYIIECTBICHUSA 3KCTPAKIMOHHBIX MPOLIECCOB B CHUC-
TeMax Ha ocHOBe ITAB.

OO6pazoBaHue 00J1aCTH paccllauBaHUs B CUCTEMax HEOpraHW4yecKas COJIb — OKCH-

sTipoBaHHbIil [IAB — Boa onpenensroTcs psioM crenuduueckux B3auMoIeHCTBHI:
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e yacTuuHOW aeruapartanued muuemn [TAB ¢ pocroM TemmepaTypsl 3a CHUET KOH-
(bOpMaIMOHHBIX MMEPECTPOCK OKCUATHIICHOBBIX ()parMeHTOB MoJiekys [1AB,;
® THApaTalyeil HOHOB COJIM, CONpPSHKEHHOU ¢ aeruapartanueit munemn [TAB unm ux
rujipaTanuei, B 3aBUCUMOCTH OT IPUPObl KATHOHA U aHUOHA,
® BO3MOXHOCTBIO aJCOpOLMH CIA0OTUIPATUPYIOLIUXCS JIETKOMOJIAPU3YEMbIX aHUO-
HOB Ha noBepxHocTu mutiesu [TAB;
® BO3MOXKHOCTBIO B3aUMOJICHCTBUSI MOHOB BbICATUBATENSl C (PYHKIHMOHAIBHBIMU
rpynmnamu [TAB ¢ o6pa3oBanuem 6osee ruapooOHBIX COCTUHEHU;
® BO3MOXHOCTHIO MOH-JIMIOJILHOTO B3aMMOJICMCTBUSI KaTMOHA BBICAIMBATENS C aTO-
MaMHU KHCJIOPOJIa OKCUATHIICHOBBIX ()parMeHTOB Mosieky [TAB.
[Ipu »oroM BKIAJ Kaxkaoro u3 (akToOpoB B HAOIIOJAaEeMble TEMIIEpATypHO-
KOHIICHTPAI[MOHHBIE TPAHUIIbI CYIIIECTBOBAHUS 00JIaCTH pacciauBaHUs U 3aKOHOMEPHO-
cTu TpaHchopmaru (Ha3zoBeIX 00JacTel ompenensercs TeMIepaTypou, MpUPOAOH U
KOHIICHTPAIUEN COJIM B CMECSIX.

OCHOBHOW BKJIaJ] B BhICAJIMBaHUE OKCHATWIMPOBaHHBIX [IAB BHOCHMT aHMOH He-
OpPraHUYECKON COJIM, MPUYEM BEIMYMHA BBICATMBAIONIECH CIIOCOOHOCTU MPSIMOIIPOTIOP-
[[MOHAJIbHA €T0 SHEPTUU TUpaTalii. Y CTAaHOBJIEHO, YTO COJIM MHOTOOCHOBHBIX KUCJIOT
(cynbdartsl, hocdater) ABIAIOTCS YOPEKTUBHBIMU BhICAIMBATEISIMH TIPH TEMIIEpaTypax
OJIM3KUX K KOMHATHOM.

AHMOHBI 00J1aJIal0IIMEe HU3KOW SHEpruel ThuapaTaiy IposiBIsIOT clalblil BhICa-
muBaomuii 3GQexT, mpuueM BO3MOKHOCTh aJcOpOIHKu OpoMHI- U B OCOOCHHOCTH HO-
JIWJI-MOHOB Ha MOBEPXHOCTU OKCHUATUIIEHOBBIX (pparmeHTOB Mojiekys [IAB npuBonur k
JOTIOJITHUTEIIPHOMY CHHIKEHHUIO BCAJIMBAOIICH CIocoOHOCTH. Jpyroit 0coOEHHOCTHIO
CIa0OTHIPATUPYIOMIUXCSI AHUOHOB SIBIISIETCS PE3KOE BO3PACTAHHME BHICAIMBAIONIEH CITO-
COOHOCTH C POCTOM KOHIIEHTpaluu, HabmonaeMblid 3QQGeKT onpenensieTcssi He TOJIbKO
PUPOION aHWOHA, HO W KatroHa. Hanpumep, mis Opomua Kanus JaHHbIN dPQexT He
XapaKTEepPeH, B TO BpeMsl KaK BhICAIIMBAIOIIAS CIIOCOOHOCTh OpOMUIa HaTPHUsI PE3KO YBe-
JUYUBACTCS NIPU KOHIIEHTpaluu 0ojiee 7—8 MOJIB/KT.

AHHOHBI, UMEIOIUE CPEAHUE 3HAUCHUS] SHEPTUM TUJIpATALlUH, HAIIPUMED XJIOPH/I-

HOHBI, IPAKTUYCCKHU HC YUACTBYIOT B CHGL[I/I(i)I/I‘ICCKI/IX BSaHMO)IefICTBHSIX C MOJICKYJIaMHU
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[TAB u ABJISIOTCS ONTUMAJIbHBIMU BBICATUBATEISIMU [IPU TEMIIEPATypax BbIIIE KOMHAT-
HOM.

KaTnoHs! MposBISAIOT BCATUBAIOIIEE IEUCTBUE, KOTOPOE MPSIMO MPONOPLIMOHAIb-
HO 3aBHCHUT OT BEJIMYMHBI UX SHEPIruM rujpartauuu. OqHo3apsaHble KaTUOHBI HETepe-
XOJIHBIX METAJJIOB U aMMOHMS 32 UCKIIOYEHUEM JIUTHUSI NMPAKTUYECKM HE OKa3bIBAOT
BJIMSIHME Ha BBICAJIMBAIOIIYIO CIIOCOOHOCTh HEOPTraHWYECKUX colied. Paznuuus Habro-
JAIOTCS JIUIIb TIPU TemrepaTypax ONM3KUX K KOMHATHOM, KOTJa OMpenessionmmM (-
(GeKTOM B pa3uyMK MX BbICATUBAIONIEH CIIOCOOHOCTH SIBJISIETCS MOH-IAMIOIBLHOE B3aU-
MOJICMICTBUE C aTOMAaMH KUCJIOPOJ1a OKCUATUIIEHOBBIX (hparmeHToB [TAB.

MHoro3aps/1Hble KaTUOHBI U KaTUOH JINTUA 00JIa/Ial0T BBIPAKEHHBIM BCaJIUBalO-
MM 3¢ (EKTOM, YTO NPUBOIAUT K MOSIBICHUIO 3aMKHYTBHIX OOJacTel pacciavBaHUs B
CHUCTEMAaX HEOPraHW4ecKas coyb — OKCHATUIMpoBaHHbId [IAB — Boma. IIpu aTom nepe-
X0l OT OJTHOT'O MHOTO03apsiAHOTO MOHA K JIPYTOMY HE BBI3BIBAET CYIIECTBEHHOI'O MU3Me-
HEHUS BCAJIMBAIOIIEN CIOCOOHOCTH.

TemnepaTypHO-KOHIIEHTPALMOHHBIE TPAHUILIBI CYIIECTBOBAHUS 00JIacCTH pacciau-
BaHUSA BO MHOI'OM ONPEACIIAIOTCS COYETaHWEM KaTHMOHA W aHMOHa conu. Hampuwmep,
CyJb(aThl MHOT03apsAIHBIX KaTHOHOB, HAPUMEDP CYyJb(aT MarHusg U alrOMUHUSA, SBIIS-
10TCSL 3(PPEKTUBHBIMHU BbICAJIMBATEISIMU YK€ MPU KOMHATHOW TemmepaType, 4To IMO/I-
TBEP>KJIa€T BHIBOJ 00 OMPEEIAIOIIEM BIUSHUU aHUOHA HA BBICAJIMBAHUE OKCUATUIIUPO-
BaHHbIX [TAB.

[Ipupona ITAB Taxke oka3piBaeT BIMSHUE Ha YCJIOBHS 00pa3oBaHHsI 00JIaCTH
paccianBaHUs B CUCTEMAaX HEOPTaHUYECKAs COJb — OKCUATUIMPOBaHHbIN [IAB — Bona.
B nepBom npuOIMXeHUH STO BIUSHHUE MOXKHO OlleHUTH BenuuuHou ['JIb, yem Bbiiie
ero 3HaueHue [IAB, Tem Bl ero rUAPOPUIBHOCTh U HUKE CIIOCOOHOCTH K BBICAIH-
BaHuto. [Ipu 3ToM BaxHO ydecTh HaMuue (QYHKIMOHATIBHBIX TPYII CIIOCOOHBIX K XH-
MHUYECKOMY B3aMMOJICHCTBUIO C HOHAMH BbICAJIUBATEIISA, YTO MOXKET MPUBOAUTH K 00pa-
30BaHMIO TPOAYKTOB C OOJbIIEH WJIM MEHbIIEH THAPOPUIHHOCTHIO, YeM HCXOIHBIN
[TAB, a taxxe BIMsHUE NPUPOJbI (PYHKIIMOHAIBHBIX TPYMNI HAa CTPOECHUE MULEIUIBI

[TAB B BOIHOM pacTBOpE, YTO TAKXKE BIMSAET HA €r0 CIIOCOOHOCTH K BHICATTMBAHUIO.
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ITonydeHHBIE 3aKOHOMEPHOCTH HOCSIT KAYECTBEHHBIM XapaKTep, KOJIMYECTBEHHOE
UX ONHMCAHUE BO3MOXHO IOCJE PACHIMpPEHHs NepeduHs HcciieqoBaHHbIX [IAB, 4ToObI
OoJee J1eTaabHO OLEHUTH BiusiHuEe cTpoeHus [IAB Ha BbicamuBarollyto criocoOHOCTh
HEOpraHu4eckux coijied. OqHaKo, HECMOTPS HAa OTCYTCTBHE KOJIMYECTBEHHOW XapakTe-
PUCTUKH MX MOHO MCIOJB30BATh JIJISl IEJCHANPABICHHOIO MOA00pa BhICAIIMBATES,
ucxoas u3 ctpoeHus u cBoctB ITAB (Benmunna HKTP aBoitnoit cuctemsr I[IAB — Bo-
na, senuunna ['JIb, mpupona GpyHKIIMOHATBHBIX TPYIII).

Hcxons u3 BIIECKA3aHHOTO, MPEIJIOKEH aIrOPUTM ONTUMHU3ALMHN TEMIIEpaTyp-
HO-KOHLICHTPALIMOHHBIX [TAPAMETPOB MPOLIECCOB MULIEIUIIPHON SKCTPAKIIUU B CUCTEMAX
HEOPTaHU4YECKasi COJIb — OKcHATHIMpoBaHHbIM [IAB — Boma 3akmrovaromuiics B cie-
IYIOLIEM:

1. TeopeTrnueckuit ananus crpoenus 1IAB u sxcniepuMeHTanbHOE ONPEEIEHUE €T0
cBoiicTB (Temneparypsl HKTP u Beruucnenue ['JIB);

2. 000CHOBaHHBIM MOAOOP COJIEH U SKCIEPUMEHTaNIbHAs OLIEHKA UX BBICAJIUBAIO-
e CITOCOOHOCTH;

3. BbIOOp ONTHMAJILHOTO BBICAIMBATENSI HA OCHOBaHUM TPEOOBaHUM, MpEAbsBIIsC-
MBIX K OKCTPAKIIHOHHON CHCTEME;

4. uccnenoBaHre pacTBOPUMOCTH BU3YaIbHO-NIOJUTEPMUYECKUM METOAOM CHUCTE-
MbI HEOpPraHUYECKasi COJIb — OKCHATUIMpoBaHHbI [IAB — Bosa 1 BeIOOp onTUMabHOMN
TEMIIEPATYPbI OCYLIECTBICHUS DKCTPAKLINH;

5. MOCTpoeHHe U30TEPMbI PACTBOPUMOCTH CUCTEMBI IIPU BHIOPAHHOW TemIepaType

M OIITUMHU3AlUA KOHICHTPAIHMOHHBIX ITapaMETPOB SKCTPAKIUN B CUCTCMC.
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I'JTABA 5. UCTIOJIB30BAHUE CUCTEM HEOPI'AHUYECKAS
COJIb - ITAB - BOJA B MULIEJLUIIPHOHR DKCTPAKIIUUU

5.1. Pacnipenesienne 00PHOH KHCJIOTHI B PACCIANBAIONIUXCSH CHCTEMAX

BoicajuBareinb — [IAB — Boaa

bop u ero coenvHeHHs HAXOIAT HIMPOKOE MPUMEHEHHE B IMPOMBIIUICHHOCTU
[145]. DnemeHTapHBIi OOp HUCHONB3YETCS B KAdeCTBE JICTHPYIOLIETO 3JCMEHTa JUIs
NPUJIAaHUS CIUIaBaM BBICOKMX MEXAaHUYECKHX U aHTUKOPPO3HOHHBIX CBOMCTB. buHapHbie
COEJIMHEeHUs Oopa C yriepoaoM, a30TOM U PSAJIOM TYTOIUIABKUX METAJUIOB (TUTaH, LUP-
KOHUM, MOJIMO/EH, BONIb(ppaM) XapaKTEPU3yIOTCS BBICOKUMHU TeMIEpaTypamu ILIaBJie-
HUSI, TBEPJOCTHIO U IPUMEHSIOTCS B KAUeCTBE a0pa3HBHBIX MAaTEPUAIOB U KOMIIOHEHTOB
KAPOCTOMKUX KOHCTPYKUUH. bopHas KucCIOTa MPUMEHSETCA B CTEKOJIbHOW IPOMBIIII-
JIEHHOCTH [IJIsl TIPOM3BOJICTBA ONTUYECKOTO U XMMHUYECKOTO CTEKJa, B KaU€CTBE MOIJIO-
TUTEJIS HEUTPOHOB B SAEPHBIX peakTopax. Kpome Toro, propua 6opa sBIsSETCS LIECHHBIM
KaTaJu3aTOpOM B OPraHUYECKOM CUHTE3€, psill OOpOBOJOPOAOB SIBISIIOTCS KOMIIOHEH-
TaMU PakeTHOro Toruisa. [loMUMO 3TOro, coequHeHus: Oopa SBISIOTCS BaXXHBIM MHK-
POYI00pEHHUEM.

OCHOBHBIM METOJOM MOJy4eHUs OOPHOU KHUCIOTHI SIBISIETCA KHUCIOTHOE pasiio-
YKEHUE MUHEPAJIOB (amapuT, THAPOOOPAIIUT), OTTOHKA OOPHOM KUCIOTHI C BOJISIHBIM ITa-
pOM U ee JaibHeHIIas Kpucramiuiauusa. B pesynbrate gaHHOro mpoiecca 4actb 6opa
(0,5-1,1 %) ocTaeTcs B MaTOYHOM pPACTBOPE, COACPIKAIIEM OOBIYHO OOJIBIIOES KOJUYEC-
CTBO XJIOpHJIa WM CyJb(aTa MarHusi 1 HEKOTOPOE KOJMYECTBO CEPHOM MIIM XJIOPOBO-
JIOPOJHON KHUCJIOTHl. MAaTOUHBIM pPACTBOP BO3BPALAIOT HA CTAAMIO0 PA3JIOKEHUS IS
pa3z0aBlieHUsT KUCIOTHI WJM TepepadaThiBalOT B OOpMarHueBble TBEPJIbIE yIOOpEHHUS.
JpyruM NOTeHIIMAILHBIM UCTOYHUKOM O0pa SIBISIFOTCS MIPUPOHBIE PACcCOIbl OumoduTta
— rekcarujipara xjopujaa Maraus (coaepxanue 6opa a0 0,08 %), a Takke Mopckasi Boja
(comeprxanue Gopa 10 4,5 r/m°) [145]. YuursiBasi BEICOKYIO HOTPEOHOCTH Gopa B MPO-
MBIIJIEHHOCTH TPEJCTABISIET UHTEPEC U3YUEHUE BO3MOYKHOCTH MOJYYEHHSI COEIUHE-

HUM O0pa U3 pa3aIuYHbIX MPUPOIHBIX U TEXHOTEHHBIX UCTOYHHUKOB.
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HaunGounbiiee pacrpocTpaHeHre B HAyYHBIX HCCIICIOBAHMSIX MOTy4YniIa dKCTPAK-
IS COCTUHEHUN 0Opa pa3IMYHBIMU OPTaHUYECKUMH PACTBOPUTEISIMHU, HECMEIINBAIO-
HIMMUCS C BOAOW, B TOM YHUCJE OJHOATOMHBIMHM CHUpTamMu. 3HaueHHs KoddduimeHTa
pacnpeneneHuss OOpHON KUCIOTHI 1T OOJBIIMHCTBA OPTAHUYECKUX PACTBOPUTENICH HE
npeBbimaT 0,5. YTiieBoJopoasl U UX XJIOPIPOU3BOAHBIE HE IKCTPArUpyrOT OOPHYIO
KHUCIIOTY, HE3HAUUTEIBHO JKCTPArupylOT MPOCThbIe U CiOXKHBIE 3(dupbl. bonee BbIro-
HBIMH DKCTPAreHTaMH SIBJISIOTCS CIIAPTHI. D(HPEKTUBHOCTD SKCTPAKITUU B PSY CIIHPTOB
3aBUCHUT OT UX MOJIEKYJISIPHOM MaccChl (CIIUPTHI C MEHbIIIEH MOJICKYJIIPHON Maccou mu3-
BJICKAIOT OOPHYIO KHCJIOTY JIy4llle), a Takke OT cTpoeHus (3(pPEeKTUBHOCTH pa3BETB-
JICHHBIX CITUPTOB HECKOJIBKO HWKE). JIydImmmMm 3KCTpareHTaMu B OTCYTCTBHE BBICAJIH-
BaTensl SBISAIOTCS (ocdopcoaepKallue COCIUHEHUs, Takue Kak TpuOyTtuidocdar
(Thb®) n nuuzoamunmetrmwidochonat (JAMD), KoTopbie OCYHIECCTBISIOT KOMILIEKCO-
oOpa3oBaHHe 3a cueT Kuciopona npu arome docdopa [146, 147]. B tabn. 5.1. npuse-
JIEHBI TaHHbIE 110 YKCcTpakiuu 00pHOU KUCIOTHI (Cyg = 0,16 MOJIB/1T) pa3muYHBIMU Opra-

HUYECKUMU PACTBOPHUTEISIME B IpUCyTCTBUU BhicasmBatest — MgCl, [145].

Tabnuya 5.1.
Ixempakyusi GOPHOU KUCTOMbL OP2AHUYECKUMU PACTNEOPUMENIMU

6 npucymcmeuu eovlcaiueameii

C y C ’
DKCTpareHT MOMEEI/ZH D80, DKCTpareHT Mg"ﬁcb'/; D805

H-OyTUJIOBBI# 9,00 0,42 H-HOHHJIOBBIi 0,00 0,16

CITUPT 2,18 0,84 CIHpT 2,18 0,50

4,94 4,00 5,10 1,78

H-aMUJIOBBIN 0,00 0,30 0,00 0,28

CIHPT 2,21 0,82 TbD 2,14 0,55

5,07 4,29 4,61 0,82

. 0,00 0,28 0,00 0,52

M30-aMHJIOBBIH 217 071 AM® 3 2L
CIIHPT

4,65 5,66 4,68 0,59

Jpyrum TepCcrleKTUBHBIM HaIpaBICHUEM HW3BJICUEHUs OOpa, MO3BOJSIONIUM W3-
0eXkaTh UCIOJIH30BAHUSI OPTAaHUUYECKUX PACTBOPUTENICH, SIBJSETCS SKCTPAKIIMS B CHUCTE-
Max C BOAOpacTBOpUMBbIMH mojiumepamu. B paborax M.M. Kypcunoit u E.M. IlIBapiy

u3ydyeHa pactBopuMocTh B cuctemax [IOI" — BoicanuBarens — H,O u skctpakuust 0op-
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HOM KUCJOTHI B 3THX cuctemax. B cucreme [191-1500 — Na,CO3;— H,O GopHnas kucnora
KOHIICHTPUPYETCS MPEUMYILIECTBEHHO B BOJIHOM (a3ze, Ko3(pPUIMEHT ee pacipeneaeHus
He npesbimact enquauib [148]. B yerBepHoit cucreme [191-1000 — MgSO,4— H;BO; —
H,O Oopnas kucioTa BIUIOTh JI0 HACHIIIEHHUS pacIpenessieTcss ¢ KO3PPHUIMSHTOM
Oonpie exuHUIBI. HeOompIe KOHIIEHTpAud OOPHOW KUCIIOTHI M3BJICKAIOTCS TIOJTHO-
CThl0, yBenudeHue cojaepxkanusi [131-1000 caBuraer o0gacTh MOJHOTO WM3BJICYEHUS B
CTOPOHY OOJIBIITUX KOHIICHTpAIuii O0pHOU KUCIOTHI. [loydeHHbIC JTaHHBIC CBUIETEITh-
CTBYIOT O B3aMMOJICHCTBUN OOPHOW KHUCIOTHI ¢ KOHIICBBIMUA THIPOKCHILHBIMU TPYIIa-
mu [10T, monHOe m3BmeueHne cooTBeTcTBYEeT cooTHomeHno Hz3BO; : T121-1000 = 1:3
[149]. B cucreme I12I'-1500 — FeSO,— H,0 koaddunment pacrpenencHuss OOpHOH KH-
CJIOTHI He TpeBbImacT aByx [150].

[IpeacraBisieT MHTEpPEC YCTAaHOBUTH BO3MOKHOCTH KOHIICHTPUPOBAHUS OOpHOMU
KHCIIOTBI U3 PACTBOPOB MAarHMEBBIX COJIEH C MCITOIH30BAHUEM TEXHHMYECKHX MOBEPXHO-

CTHO-aKTUBHBIX BEIIECTB.
5.1.1. PactBopuMocTh B cucremax OopHas kucjaora — [IAB — Bona

Teopernyeckn 000CHOBATH BBIOOP IKCTPAreHTa MOYKHO ITyTEM H3y4YEHUS PACTBO-
PUMOCTH B CHCTEME O0Opa30BaHHOM BOJIOM, SKCTPAreHTOM U pacIpeaesieMbIM KOMIIO-
HeHToM. [Ipu 3ToM da3zoBas trarpamma Mo3BOJSIET YCTAHOBUTH 00pa30BaHKE B CHCTEME
XUMUYECKUX COCJIMHEHUN MEXIYy pacIpeaesiieMblM KOMIIOHEHTOM M JKCTPareHTOM,
OTIPEJICNIUTh BIMSHUE PACTIPEEIIEMOr0 KOMIIOHEHTA Ha ()a30BO€ COCTOSTHUE CHUCTEMBI
BOJIa — DKCTPAreHT M OCYIIECTBUTH PACUET MPOIEcca IKCTPAKIIUH.

JIJist ycTaHOBIIEHUS BO3MOXKHOCTH HcTonb3oBanusi [IAB B skctpakiuu 60pHOM Ku-
CJIOTHI M30TEPMUYCCKUM METOJOM CEUYCHUH H3ydeHa pPacTBOPUMOCTh B CHCTEMax
H3BO; — ITAB — Boga mipu 25 u 75 °C [151]. B kauectse [TAB ucnons30BaHbI:

e kaTtuonHbI — katamuH AB, [CyH2n1N(CH3),CH,CHs]CI™ (n = 10-18) — ankun-

OCH3MITUMETHIIAMMOHMI XJI0pH1 BoaHbIH pacTBop (TY 9392-003-48482528-99):

ocHoBHOTO BerniecTBa 48,0 %, TpeTuuHbix aMuHOB 0,6 %, coJieil TPEeTUYHBIX aMU-

HoB 1,6 %;
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e anuoHHKIN — okcudoc b, [C H2n+10(C,H40).POOK (n = 8-10, m = 6) — xamnwmii
ouc(ankmmonuokcudTriieH)hochar (TY 2484-344-05763441-2001): oCHOBHOTO
Bemectsa 98,0 %, Boasr 1,0 %;

® HCHOHHBIC — CHHTaMHI-5 U cuHTamMua-5k, C,Hyn:iCONH(C,H,0)H (n = 10-16
UL CHHTaMuAa-5, N = 7—17 nns cuatamuaa Sk, m = 5-6) — moJIMA TUICHTTHKOJIe-
BbI€ A()UPBl MOHOATAHOJIAMUJIOB CUHTETUYECKUX KUPHBIX Kuciot (TY 2483-064-
0580977-2003): ocuoBHoro BermiecTBa 90,0 %, Boasr 7,0 %;

e HenoHHble — cuaTanoibl C-10 u AJIM-10, C,H,.,0(C,H,0)H (n = 10-18 ms
cuatanona JIC-10, n = 10-12 gns cunranona AJIM-10, m = 8-10) — MmoHoOaNKH-
noBbie 3¢upsl noiaudTHIeHTIHKoIsA (TY 2483-003-71150986-2012): ocHOBHOTO
BertectBa 99,0 %, Boasl 0,5 %.

PacTBOprMOCTh OOpHOM KHCIIOTHI B3siTa U3 cripaBouyHuka [131]: mpu 25 °C — 5,5
Mmac.%, npu 75 °C — 17,4 mac.%.

Omnpenenenre pacCTBOPUMOCTH OCYIIECTBIISIN CiemyronuM obpazoM. K BogHBIM
pactBopam I1AB paznuunoit konuentpamuu (2,5; 5,0; 10,0; 12,5; 20,0; 25,0; 30,0; 40,0;
50,0; 60,0; 75,0; 80,0; 100,0 mac.% ITAB) moGaBnsim TBepaAyr0 OOPHYIO KHCIOTY OT-
JeTbHBIMH HAaBECKaMH, TIEPEMENINBAIHA, TEPMOCTATUPOBAIIA U BU3YaJIbHO (DUKCHUPOBAIU
dazoBoe cocrosiHue cucteMbl. Maccy HaBeCku OOPHOUM KUCIOTHI TO0OMpaIM TaKUM 00-
pa3oM, 4TOOBI OTPEUTHOCTh OMNpEETICHUs PAaCTBOPUMOCTH He mnpebimana 0,5 mac.%.
Ha ocHOoBaHUM ycpeHEHHBIX JAHHBIX MO HECKOJIBKUM MapajieTbHBIM OIBITAM CTPOUIIN
TUarpaMMy PacTBOPUMOCTH CUCTEMBI.

B OompmmHCTBE ciydaeB auarpaMMmbl PAacTBOPUMOCTH HMMEIOT TMPOCTON BHII.
BetBb kpucTamu3anuu GOpHOM KUCIOTHI ACIUT TPEYTOJbHUK COCTaBa Ha JiBe 00J1acTH
— Kpuctayum3anuu 0opHoi kuciotsl (L+S) u HeHackieHHBIX pacTBopoB (L). PacTBo-
pUMOCTH OOpHOM KHCJIOTHI B pacTBopax karamuHa Ab, okcudoca b u cuHTaHOI0B MTpH
25 °C He 3aBucHUT OT KoHleHTpauuu [IAB B pactBope u ero crpoenus (puc. 5.1). B
TBepaoi (ha3e MPUCYTCTBYEeT OOpHAas KHUCI0Ta, 00pa30BaHMsI HOBBIX COCAMHCHHH HE
MIPOUCXOJIUT.

[ToBbIIEHHE TeMIIEpaTypbl HECKOJIBKO HM3MEHSET XOJI KPUBOW KPHUCTAJIM3AIlUN

oopHoit kuciotel. C yBenmuenuem conepxkanus [IAB nHaGmromgaeTcsi BbICaMBAIONTUN
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spdexr [IAB B oTHOmeHun GopHoit kucnotsl (puc. 5.1). Ilpu 3TOM BbICanmuBaroliee
neiicteue cuHTanonoB AJIM-10 u JIC-10 u okcudoca b npu noBsIlIeHHON TeMIiepary-
pe BBIpAXKEHO HECKOJIBKO CHIIbHEE, UeM y KaTamMuHa Ab.

B nepBoM npubnmkeHun pacTBopeHHE OOPHOM KHCIOTHI COMPOBOXKIACTCS 00pa-
30BaHUEM BOJIOPOJIHBIX CBSI3€H C OMMKAaWIIMMM MOJIEKYJIaMM BOJbl U KakK CJIEICTBUE
CHOCOOCTBYET YBEJIMYEHHUIO OOILIEH CTPYKTypUpPOBAaHHOCTH cucTeMmbl. Eciu B ciydae
karamuHa Ab orcyTcTBHEe BblcanuBaromiero aeicteus [IAB B oTHomeHnn OOpHOM KH-
CJIOTBI MOKHO OOBSICHUTH BBICOKMM cojiep:kaHueM Bonbl B IIAB (3a Bepmuny I1AB
NPUHAT TEXHUYECKUH MPOAYKT — KataMuH Ab, conepxkammii 52 mac. % BOJibI), TO OT-
CYTCTBHE BBICAJIMBAIOLIETO ACHCTBUS OKCUAITUIMPOBaHHBIX [IAB CBsA3aHO ¢ BO3MOKHO-
CTbI0 00pa30BaHUs BOJAOPOAHBIX CBsizel Mexay OH-rpynnamu O0pHON KHCIOTHI U aTo-
mamu kucaoposa -CH,CH,O-rpynn monekyn [TAB. Ilpu aTom pocT TemmnepaTypsl npu-
BOJIUT K OCJIa0JICHHIO JAHHOTO B3aUMOJICHCTBUS BCIEACTBHE KOH(POPMAIMOHHBIX Mepe-
CTPOEK OKCUATHIIEHOBBIX ()parMeHTOB MojeKyl [TAB, yBennuenus ux rugpodooHocTH,
YCWJICHHSI TEIJIOBOTO ABMKEHUS YacTull, B pe3ysbrare yero [IAB HaunHaeT oka3bpiBaTh

BBIPpA’KCHHOC BBICAJIMBAIOIICC JICHCTBUE.

H,0

0,100

0 100
0 20 40 60 80 100 0 20 40 60 80 100
TIAB H,BO, IAB H,BO,

a o
Puc. 5.1. Pacmsopumocmso 6 cucmemax HsBOs — kamamun AB — 6o0a (a)
u H3BOs — okcugpoc b (cunmanon JIC-10 unu AJIM-10) — 600a (6)
npu 25°C (uzomepma 1) u 75°C (uzomepma 2)
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JlnarpaMMbl pacTBOPUMOCTH CHUCTEM C CHHTaMUJAaMU HMEIOT 00Jee CIOXKHYIO
tonosioruto (puc. 5.2). Hapsimy ¢ obGnacTsiMu HeHachlllleHHBIX pactBopoB (L) u kpu-
crtaum3anuu 6opHOM KucioThl (L+S) mosiBiastoTcss obnacty ABYyX(a3HOro >KHIAKOTO
(L;+L,) m moHOTEKTHUECKOTO paBHOBecui (Li+L,+S).

OO6nacth paccianBaHus pacroliokeHa BOJIM3U BEPIIMHBI BOABI U UMEET HEOOJIb-
IIyI0 TUIONIAb, YTO CBHUJIETEIBCTBYET O HE3HAYMTEIHHOM BBICAJIMBAIOIIEM JACHCTBUU
OOpHOM KUCHOTHI B OTHOILIIEHUH cUHTaMU10B. C pocTtom KoHueHTpanuu [TAB nabmona-
eTcsl Cy>)KeHHe 00JacTu pacciiauBaHus. JJig XapaKTepUCTUKH BhICAIMBAIONIEH CrIOCcO0-
HOCTH OOpHOM KUCJIOTHI BBIYUCIEHBI KOA(Q(UIIMEHTBI paclpeAesieHusl CHHTaMua B 00-
JTACTH MOHOTEKTUYECKOTr0 paBHOBECHUS. JJIsl CHCTEMBI ¢ CHHTaMHAOM-S OH paBeH 23,4, ¢
cuHTamMugoM-5k — 20,4, 94TO CBUIETENBCTBYET O TOM, YTO CHHTaMU-S BBICAIIMBACTCS
OOpHOM KUCIIOTOM jerde, yuem cuHTamMua-Sk. B ornuune ot apyrux [TAB cunTamuabi
npu conepxkaHuu 6osee 50% OKa3bIBAIOT HE3HAUUTENBHBIN BcaauBaromuii 3Qdekt Ha

OOpHYIO KHCJIOTY.

0 0
0 20 40 60 80 100 0 20 40 60 80 100
CunTtamun-5 H,BO, Cunramuna-5k H,BO,

a o
Puc. 5.2. Pacmsopumocms 6 cucmemax HsBO3 — cunmamuo-5 — 6ooa (a)
u H3BO3 — cunmamuo-5k — s6ooa (6) npu 25°C.
Kocsennsim moka3zaresnem crenenu ruapododHoctu [TAB sBnsiercs Temmneparypa
NOMYTHEHHMSI €T0 BOJHBIX pacTBOpOB. s cuHTammuaa-5k ona cocrasiset 45+2°C (s

1% p-pa), nas octanbhbix [IAB Beime 70°C, To ecTh CUHTaMUABI BHICAJTMBAIOTCS 3HA-
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YUTENBHO JIerye, 4eM Jipyrue uccienoBanHbie [IAB, 4yTo moaTBepKaaercs HaludyueM
obnacTeit paccmanBanus Ha (Pa3oBbIX quarpamMmax. [Ipw 3ToM cuHTaAMUA-SK, COAEpKa-
M TOMOJIOTH C JUIMHOM alIKUJIBHOTO paaukana MeHee 10 aToMoB yriiepojia siBISeTCs
Oonee TUAPODUILHBIM, Y€M CHHTAMUI-S, AKWIBHBIA pPaguKall TOMOJOTOB KOTOPOTO
comepkut ot 10 g0 16 aromoB yriepona. ITo Jlepucy [144] yBenuueHne aakuabHOTO
paauKajia Ha OJIHY METWIbHYIO WM METUJICHOBYIO TPYINY MPUBOAUT K YMEHBIICHUIO
yucna ['JIb na 0,475. CootBerctBeHHO, I'JIb cuHTamMuga-5k HECKOJIBKO BBIIIE, YEM Y
CHHTaMU/Ia-5, 4TO MOATBEPKIACTCSA SKCIIEPUMEHTAIBHBIMU TAHHBIMU.

Takum 00pa3oMm, OTCYTCTBHE XMMUUYECKOTO B3aUMOJIEHCTBUSI OOPHOU KUCIIOTHI C
uccnenoBanubiMu [TAB cBugerensctByetr o ToMm, yto ITAB He siBnsroTcsa cnenuduye-
CKMMH JKCTpareHTamMu Jijisi OOpHOM KHUCIOTHL. [Ipr 3TOM BO3MOKHOCTH Hecmeruduye-
CKOT0 B3aMMOJICUCTBUSI OOPHOM KHUCIOTHI U OKCHATHJICHOBBIX (DParMEHTOB MOJICKYJI
ITAB co3aaeT npeanochUIKu OCYIIECTBACHUS IKCTPAKIIUN ITyTEM IIPOCTOro (hPU3NIECKO-
r0 pacnpenacaICHus.

BricanuBatoiiee gefictBre OOpHOM KUCIOTHI MO0 OTHOLIEHUIO K CHHTaMUJIaM CBU-
JeTEeIILCTBYET 00 OTCYTCTBUHU IEPCIIEKTUB MCIIOJIH30BAHUS CHHTAMHUIOB B SKCTPAKIIUH,

TaK Kak OOpHasi KUCIIOTa OyJ1eT KOHIIEHTPUPOBATHCS MPEUMYIIIECTBEHHO B BOJIHOM (aze.
5.1.2. lloadop IKCTPAKUMOHHBIX CHCTEM

B cBs3u ¢ Tem, uTo HamboJjee yacTto OOp BCTpEHaeTCsl B MarHUKWCOCPIKAITUX
MPUPOJHBIX U TEXHOTEHHBIX PACTBOPaX, HAPUMEP MATOUYHBIX PACTBOPAX KPUCTAIIN3A-
1 6opHO# kucaoTel (21-22,5 % MgSQO,), pacconax ourmodpura (MgCly-6H,0) npen-
CTaBJISIET UHTEPEC U3YUYECHHUSI €0 KOHIIEHTPUPOBAHUS B CUCTEMAX CcoJib Maruus — [TAB —
Bojia. MccinenoBansl cynbdar, XJI0pU U HUTpAT MarHus, KaKk OJHUA U3 HauboJiee pac-
TBOPUMBIX U UMEIOIINX BAXKHOE TEXHOJOITMYECKOE 3HAYEHHUE COJIEU MarHusl.

Ha ocHoBaHuu 3aKkOHOMEpPHOCTEH YCTAHOBJICHHBIX B paszeie 4.6 MOXKHO BBIJICITUTH
TPHU TPYNIIBI CUCTEM, 10 CTENEHU UX MPUMEHUMOCTH B MULIEJUISIPHOMN IKCTPAKLIUU:

e rpynna | — cuctembl MPUTroAHBIE I SKCTPAKIIMK PU KOMHATHOM TEMIIEPATYPE;

e rpynna |l — cucrtembl TpUTOIHBIC ST SKCTPAKIIMU TPU TeMIepaTypax BbIIIE

koMHaTtHO# (25-80 °C);
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e rpymma |l — cuctemsl mpUroaHsie I SKCTPAKIMK MIPHU Temmepatypax 6omuee 80
°C.

Tak kak KaTHOH MarHus OKa3bIBA€T CUJILHOE BCAJIMBAIOIIEE JCHCTBUE MO OTHO-
HICHUIO K oKcuaTUIMpoBaHHbIM [TAB, To k rpynme | 6y1yT OTHOCUTBCS COJIM MarHusi ¢
mMHoro3apsiabivu anrnoHamu (MgSO,). Ko |l rpymnme cnemyer oTHecTH coiu MarHus ¢
OJIHO3apAIHBIMHM KaTHOHamu cpennero paguyca (MgCl,) u x Il rpymnme — HuTpaT mar-
HUSL, JIJIs1 KOTOPOTO BhICAJIMBAIOIIEe JEHCTBUE BRIPAXKEHO KpaliHe ci1ado.

[Ipu »TOM cleyeT yYuThIBaTh CIIOCOOHOCTh K BBICAJTMBAHUIO CAMOIO OKCHATH-
mupoBaHHoro [TAB. PacnionoxuM B psif uccieqoBaHHble OKCUATHIMpoBaHHbie [TAB mo
YBEIIMYCHUIO TEMIIepaTyphl MoMyTHeHUs 1% BoHOTO pacTBopa (Tadi. 5.2):

cuatamua-5 < okcudoc b < cunranon JIC-10 < cunranon AJIM-10.

[Ipu sToM npumem, yto cuntanon J{C-10 aBnsercs Oonee ruapodoOHBIM, YeM
cuntanon AJIM-10, Tak kak OH COAEP>KUT B CBOEM COCTaBE€ rOMOJIOTH ¢ OoJjiee JTMH-
HBIMH QJIKWJIBHBIMU PaIMKaTaMH.

Conocrapnenue rugpodooHocTH [TAB mokaspiBaeT, 4To COJISIMU MarHus Jerde
BCero Oy/eT BBICATMBATHCA CHHTAMU[-S, TMMOITOMY CIIEyeT YYECTh BO3MOYKHOCTb HC-
noab3oBanus cucteMbl MQCl, — cuHTamMua-5 — Boja ISl SKCTPAKIMK MTPH KOMHATHOM
TeMmrmeparype.

Uckntouenne cocraBisier kataMuH Ab. SIBIsiACh COJIBIO YETBEPTUUHOIO aMMO-
HHUEBOTO OCHOBAHUS, OH JOJDKEH BBICAIMBATHCS KAaTHOHAMHU U BCAJIMBATHCS aHUOHAMHU.
Tak KaKk KaTUOH MarHusi, SIBJISIETCS CHJIBHBIM BbICAJIMBATEJIEM [0 OTHOIIEHHUIO K KarTa-
MuHy ADB, TO cuCcTeMbl, cofiep)Kaiiue OJHO3APSAIHBIE KATHOHBI, OyIyT MPUTOHBI IS
AKCTPAKIIMU TP KOMHATHOM TeMmmepaType, B TO BpeMsl Kak CyJb(aT Maraus, coaepxa-
IUH aHWOH, 00JIaJaIoIINil CUIBHBIM BCAJIUBAIOIINM AEHCTBUEM, MOXKHO HCIIOJIb30BAaTh
TOJILKO MPHU TeMIIepaTypax Bblllle KOMHATHON. Pe3ynbTaThl MpUBEAECHHBIX PACCYKICHUM
000011eHE!I B Ta0d. 5.1.

JIist manbHEWIero u3yuyeHuss U30TePMUUECKIM METOA0M ceueHuid npu 25°C BBIOpaHbI
cucremsr [133, 153]:
e MgCl, — curtamua-5 — Boja;

e MgCl, — katamuna Ab — Boxa;
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e MgSO, — cunranon JIC-10 (cuaTanon AJIM-10) — Bona;

Tabnuya 5.2.

Xapaxmepucmuxa npumenumocmu cucmem coio macuusi — I[IAB — 6o0a
0J151 SKCMpaxKyuu (onucanue 6 mexkcme)

ITAB
BricanuBatenb Cuaranon | Cunra”on | CuHTaAMUZO Oxkcudoc Karamun
JC-10 AJIM-10 5 b Ab
MgSO, |* I* | | [151] I
MgCl, > I* I* I* I*
Mg(NOs), Hn* Hi* 1 I* | [14]
T (1% p-pa), °C - - 4542 79,0+0,5 -

* cuctemMa uzydeHa BIEPBBIC
** ccblTka Ha paboTy, I/ie YIOMUHAETCSl PACTBOPUMOCTD B JAHHOM CHCTEME

Bu3yaibHO-ITOJUTEPMUUECKAM METOIOM HUCCIIEI0BAHbI CUCTEMBI [37]:
e MgSO, — cunranon JIC-10 (cuaranon AJIM-10) — Bona;
e MgCI; — cunranon JIC-10 (cuntanon AJIM-10) — Boaa;
e Mg(NOs3),— cunranon JIC-10 (cuntanon AJIM-10) — Boxa;
e MgCl, — okcudoc b — Boja;
e Mg(NO3),— okcudoc b — Bona;

5.1.2.1. U3oTepMuyecKHe TMarpaMMbl pACTBOPUMOCTH CHCTEM

MgCl, (MgSO,) — ITAB — Boaa npu 25°C

PacTBOpUMOCTB BO BCeX cHCTEMaxX M3y4eHA M30TEPMHUUYECKUM METOJOM CEUCHHIA
npu 25°C. Jluarpamma pactBopumoctu cuctema MQCIl, — karamun Ab — Boma (pwuc.
5.3a) mocTpoeHa 1o ceMH ceueHusIM, ucxoasmum u3 Bepmmnbl MgCly-6H,0 ¢ cootHo-
mennem [1AB : H,O = 10,0:90,0; 20,0:80,0; 32,0:68,0; 54,0:46,0; 83,0:17,0; 94,0:6,0 u
cedyeHus u3 BepiuHbl kKaramuHa Ab ¢ cootHomennem MgCl, : H,O = 23,0:77,0.

PactBopumocTs B cucteme MQCl, — cuntamuna-5 — Bona (puc. 5.30) usydena 1o
cemMu cedeHusM, ucxoasammm u3 Beprasl MgCl,-6H,0 ¢ cootHomenuem [TAB : H,0 =
5,0:95,0; 10,0:90,0; 30,0:70,0; 40,0:60,0; 50,0:50,0; 60,0:40,0; 70,0:30,0; Tpem ceueHu-
M U3 BEpIIMHBI cUHTaMuI-5 ¢ cooTHomennem MgCl, : H,0O = 31,75:68,25; 23,5:76,5;
9,5:90,5 1 oTHOTO CceYeHUsT UCXOAIIETO U3 BEPIIMHBI BOABI ¢ cooTHOmeHneM MgCl, :

[TAB = 50,0:50,0.



0
0 20 L 40 60 80 100 0 20 40 60 80 100
Karamunn AB MgCl,  Cunramun 5 MgCl,

0
0 20 40 60 80 100 0 20 40 60 80 100
Cunranon JIC-10 MgSO, Cunranon AJIM-10 MgSO,

8 el
Puc. 5.3. Pacmseopumocmo ¢ cucmemax MgCl, — ITAB — 600a (a, 6)

u MgSO,4 — IIAB — 600a (8, 2) npu 25°C:

a — kamamun Ab, 6 — cunmamuo-3, 6 — cunmanon J{C-10, 2 — cunmanon AJIM-10

Cucrema MgSO, — cunranon JIC-10 — Boxa (puc. 5.3B) uzydeHa 1o 4yeTbIpeM ce-
yeHusiM ucxonasmuMm u3 BepmimHbl MQSO,7H,0 ¢ cootHomenuem IIAB : Boma =
5,0:95,0; 14,7:85,3, 25,7:74,3, 35,3:64,7, cucrema MgSO, — cunranon AJIM-10 — Bona
(puc. 5.3r) u3yyeHa Mo YeThbIpeM aHaJIOTHYHbIM CeUeHUsM C cooTHouieHueM [1AB : Bo-

ma=6,0:94,0; 16,5:13,5; 26,0:74,0; 35,8:64,2.



94

Bce n3yueHHbie cucTEMbl UMEIOT OMHAKOBYIO TOMoIOTHi0. OOHapy)keHbl obac-
TH HEHACBIIEHHBIX pacTBOpoB (L), KpucTamumsanuu rekcaryapara XJIOpUaa MarHHs
WM rentaruapara cyiabpara maraus (L+S), paccnauBanus (Li+L,), MOHOTEKTHYECKOTO
paBHoBecus (L;+L,+S). Kputnueckue Touku 00JIacTH paccianBaHUsl OTMEUYCHBI CEPhIM
nBeroM. OOnacTh paccilauBaHusi BO BCEX CHCTEMax pacloyioKeHa BOJIM3U OMHApHOU
CUCTEMBI COJIb — BOJA, 00JIACTh KPUCTAIIM3ALUU KPUCTAITIOTUAPATOB BhICAJIMBATENIEH
He3HaYUTeNbHbl. OTIENBHO CIEAYET OTMETUTh CUCTEMY C CHHTaMUOM-S5, 00JacTh pac-
CJIalBaHUs B KOTOPOH pacIoyiokKeHa MaKCUMaJIbHO OJIM3KO K BEPLIMHE BOJbI, YTO CBU-
JIETENbCTBYET O MAKCUMAIBHOMN CIIOCOOHOCTH K BBICATMBAHHIO CHHTAMUIa-D.

DKCIepuMEHTAbHBIE JaHHBIE M0 PACTBOPUMOCTH B YKa3aHHBIX CHCTEMaXx Mpe-

CTaBJICHBI B pUJIOKEHUU A.5, A.6.

5.1.2.2. lloanTepMuvecKue AMArPpaMMbl PACTBOPUMOCTH CHCTEM

MgCIZ (MgSO4) —ITIAB - Boaa

Jlns ycTaHOBJICHUS 3aKOHOMEPHOCTEH U3MEHEHHMS TPaHMI] 00JIaCTH paccianBaHUs
C POCTOM TEMIIEpaTypbl BHU3YJIBHO-TIOIUTEPMUUESCKIM METOJOM H3y4eHA PaCTBOPHU-
mocTh B cucteMax MgSO, — cunrtanon JIC-10 (cuaranon AJIM-10) — Bona.

Cucrema MgSO, — cuaranon J1C-10 — Boya u3ydeHa mo 5 ceueHusM: ceueHus |-
2 XapakTepU30BAIMCh MOCTOSIHHBIM cooTHomenneM MgSO, : cunranon JIC-10 =
50,0:50,0; 75,0:25,0 1 mepeMeHHBIM COJICP>)KAaHUEM BOJIbI; CEUCHHS 3 — 5 — MOCTOSTHHBIM
cootHomennem cuatanon JIC-10 : Boma = 5,0:95,0; 14,7:85,3; 25,7:74,3 u mepeMeH-
HbIM coaepkannem MgSO;,.

Cucrema MgSO, — cunatanon AJIM-10 — Boga n3ydeHa mo 4 CEUCHHUSIM: CEUCHUS
1-2 xapakTepu3oBaIUCh MOCTOSIHHBIM cooTHomenneM MQgSO, : cuntanon AJIM-10 =
50,0:50,0; 75,0:25,0; ceuenmns 3 — 4 uMeau MOCTOSIHHOE COOTHOIIEHUE cuHTaHoI AJIM-

10 : Boma = 6,0:94,0 u 16,5:83,5 u nepemenHoe conepxanue MgSO,.
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Cunranon AJIM-10 MgSO,  Cunranon JIC-10 MgSO,

0 20 40 0 20

a 0
Puc. 5.4. I panuyvl obracmu paccrausanus cucmem
MgCl, — cunmanon JIC-10 — sooa (a) u MgCl, — cunmanon AJIM-10 — 600a (6)
npu paznuunvix memnepamypax (°C). 1 — 25,2 — 40, 3 -55, 4 - 70.

Ha puc. 5.4 npencraBiieHa opTOroHajibHas MPOEKIIMS TPAHUIl 00JaCTH pacciau-
Bauus cucreM MgSQO, — cunrtanon JIC-10 (cuaranon AJIM-10) — Bosa ipu pa3inyHbIX
TeMreparypax Ha uzorepMmy mnpu 25°C. YCTaHOBIEHO, YTO POCT TEMIIEpATypbl NPUBO-
JUT K HE3HAYUTEIbHOMY YBEIMUYCHHUIO pazMepa 00JIaCTH pacciiauBaHUsl, TOITOMY DKC-
TPaKIMIO B IAHHBIX CUCTEMaX BBITOJHEE OCYIIECTBIATH MPU TEMIepaTrypax OJMU3KHUX K
KOMHAaTHOM.

Hccnenosanue pactBopumoctd B cuctemax MgCl, — cunanon JIC-10 — Bonma u
MgCl, — okcudoc b — Boga moapoOHo omucaHo B paszjaeie 3.3. PacTBOpUMOCTh B CHC-
teme MQCl, — cunanon AJIM-10 — Boja u3ydeHa BU3yalbHO-TIOJUTEPMHUUYCCKUM METO-
JIOM 10 nsATU ceueHusiM. Ceuenus 1,2 xapakTepu30BaIuCh NOCTOSSHHBIM COOTHOIIEHUEM
MgCI, : curranon AJIM-10 = 50,0:50,0 u 75,0:25,0 u nepeMeHHBIM COJIEpP)KaHUEM BO-
JIbI; CEUCHUS 3—5 SIBISIIUCH U30THAPUYCCKUME ¢ coaepskanueM Boasl 80,0; 70,0 u 65,0
mac.% Ha puc. 5.5 npencraBieHsl rpaHuiibl 00gacT pacciaanBanus B cucremax MgCl,
— okcurTUMpoBaHHblil [TAB — Boja npu pa3znnunbix Temneparypax. CepbIMU TOUKaMHU
0003HaYeHbl KPUTHUECKHE TOYKUA 00JIACTH pacCIanBaHUsl, CEPhIM TPEYTOJIHBHUKOM TOY-

Ka, OTBCHaromas KoopAnHaTaM HadaJja 06pa3013aH1/151 pacciianBaHusg B CUCTEMC.
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40

0 20 40 60
Cunranon JIC-10 MgCl, Curranon AJIM-10 MgCl,
9]

Puc. 5.5. I'panuywvr obracmu
PACClausanusi 8 CuCmemax
MgCl, — cunmanon /IC-10 — 600a (a),
MgCl, — cunmanon AJIM-10 — 6o0a (6)
MgCl, — okcugpoc b — 600a (8)
npu pazniuynslx memnepamypax, °C:
; 1-75,2-70,3-65,4-625,5-060,

0 20 40 60 6 — 55,7 -50,8-45,9-43.
Okcudoc b MgCl,

8
B tabn. 5.3 npencraBieHbl KOOPAUHATHI TOUYKH, OTBEUAIOIIEH Havaly oOpa3oBa-

HUs pacciaamBanus B cuctemax. s cucrembr MgCl, — okcudoc b — Boga ykazanHas
TOYKa HEe ObLTa OmpenesieHa B CBS3U CO CIOKHOCTBIO BU3YaIbHOTO (pUKCUpoOBaHus (da-
30BBIX Tepexo0B BOMM3u OuHapHoi cuctembl MJCl, — Boga. OgHako xo1 HOaMTEpM
CBUJICTEIILCTBYET, YTO OHA JexkuT B uHTepBasie 30—40 °C u cMmelieHa k OMHApHOU CHC-
teme MgCl, — Boza.

Kak BumHO U3 puc. 5.5 ¢ pocToM TemmepaTypsl 00JIaCTh paccilanBaHHs B CHUCTe-
max MgCl, — I[TAB — Boaa pacuiupsiercs, mpuueM TeMIIepaTypHbIC TPaHHUIIbI CYIIECTBO-

BaHMs 00JIACTH paccllauBaHHs B cucTeMe ¢ okcudocom b HIDKe, yeM ¢ CHHTaHOJaMHu.



97

Panee oTrmeuaniocs, uto no /leBHCy yBeIMUYEHHE AJKUIBHOTO PaJMKalla Ha OJHY Me-
TUJIBHYIO WM METUJICHOBYIO T'PYNIy NMPUBOJIUT K yMeHblueHuto yucia ['JIb na 0,475.
CootBerctBenno, ['JIb cunranona JIC-10 Heckompko HIbKe, yeM cuHTaHoma AJIM-10,
no3toMy cuHtaHon J{C-10 BeicamuBaercs Jierde, yeM cuHTaHoda AJIM-10. Pasnuune
MEXly CUHTAaHOJIAaMH OCOOEHHO 3aMETHO MpHU TeMIeparype 0ojiee BICOKOHM, YeM TEM-
nepatypa HadaJla pacClauBaHUs, YTO CBA3AHO C PA3IMYHOM CKOPOCTBIO YKPYIHEHUS
munem. Beuay Gombineit runpododbroctn Monekyn cuntaHona JC-10 mpu paBHOI
TEeMIIepaType CTENEeHb arperanuu muuesul y cuarasona J{C-10 Belmre, yeM y CUHTaHOJIa

AJIM-10, moaToMy TemMIiepatypa NOMYTHEHUS €70 PACTBOPOB HUXKE.

Tabnuya 5.3.
Koopounamsr mouxu, omeeuaroweti Ha4any pacciausaHus
6 cucmemax MQCl, — cunmanon — 6ooa
w(MgCl,), w(ITAB), w(H,0), o
[AB mac.% Mmac.% Mmac.% T°C
Cunranon [IC-10 18,0 7,0 75,0 61,5
Cunranon AJIM-10 16,0 55 78,5 61,5

JlJis manpHEHIIero OCyInecTBACHHUS MPoIeccoB dKkcTpakuuu B cuctemax MQCI, —

cuatanoa JIC-10 (cuntanon AJIM-10) — Boaa BeiOpana temmepatypa 75°C, a st cuc-

tembl MQCI, — okcudoc b — Boma — 60°C.

H,0
0,100

0 1004 0
0 20 40 60 80 100 0 20 4 60 80 100

Cunranon JIC-10 MgCl, Cunranon AJIM-10 MgCl,

a 9]
Puc. 5.6. [Juacpammor pacmeopumocmu cucmem MQCl, — cunmanon J{C-10 — 600a (a) u

MgCl, — cunmanon AJIM-10 — 6o0a (6) npu 75°C
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[Ipu yka3HbIX TemmepaTypax 00JIaCTh pacCllauBaHHUS MMEET JOCTATOYHYIO ILIO-
maab, HAOMIOIaeTCs CTAOMIBLHOCTh OOpasyromuxcst (a3 U OTHOCUTEIBHO OBICTPOE yC-
TaHOBJICHUE paBHOBecHs. Ha puc. 5.6 mpencTaBiieHbl H30TEPMbl PACTBOPUMOCTH CUCTEM
MgCl; — cuaranon JIC-10 (cuatanon AJIM-10) — Boga mpu 75°C, KOTOpPBIE HCITOJIB30-
BaHbI JIJI1 ONTUMHU3ALMH TAPAMETPOB IKCTPAKIIUU.

PactBopumocts B cucteme Mg(NO3), — cuntanon JIC-10 — Boja usyueHa Bu3y-
aNbHO-TIOJIMTEPMHUUECKUM METOJIOM 10 6 cedueHusiM. Cedyenus 1, 2 umenu nepeMeHHOe
cozepkanue BoJbl M mocTtosiHHoe cooTHomeHrne MQ(NOj3), : cuntanon JIC-10 =
50,0:50,0 u 75,0:25,0, ceuenus 3, 4 XxapaKTepHU30BATUCH MOCTOSHHBIM COOTHOIIICHHEM
cuatanon JIC-10 : Boma = 5,1:949 wu 10,1:89,9 m mepeMeHHBIM coJEepKaAaHUEM
Mg(NOs),. Cedyenus 5, 6 ABISUTUCH M30THAPUYCCKHUMH C cojaepskanueMm Bozabl 70,0 u
80,0 mac.%.

PactBopumocts B cucteme Mg(NOs), — okcudoc b — Boja u3ydueHa BU3yalbHO-
MOJINTEPMUYECKUM METOAOM 10 6 ceueHusiM. Ceuenus 1, 2 SBISIIUCH U30THIPUUCCKH-
Mu ¢ coaepxkanreM Boabl 60,0 u 80,0%. Ceuenusa 3—6 XapakTepU30BAIUCH MOCTOSH-
ueiM cooTHomeHueM MQ(NO3), : oxcudoc b = 25,0:75,0; 50,0:50,0; 75,0:25,0;
93,75:6,25 1 mepeMeHHBIM COACPKaHUEM BOJIBI.

I'panuibl obmactu paccinanBanus B cucremax Mg(NOjz), — cunranon JIC-10 (ok-
cudoc b) — Boja npu pa3nMuHbIX TEMIlepaTypax MpeAcTaBiIeHbl Ha puc. 5.7. Xapakrep
OWHOJATBHBIX KPUBBIX W (hOpMa TMOJUTEPM CBUACTEIHCTBYET, O TOM, YTO HM3YUCHHBIC
CHCTEMBbI OTBEYAlOT yeTBepTor (s okcudoca b) m mecroit (st cunranona J1C-10)
CXEME TOIOJIOTHYECKO TpaHchopmaruu (Ha3oBBIX AMArpaMM CHCTEM BBICATUBATEIh —
okcudTUIMpoBaHHbld [TAB — Bona (paznen 3.4).

Koopaunate! Touku, OTBEUAIOIeH Havary 00pa30BaHUs pacCiauBaHUs B CHCTEME
HE OMpEIENsuIi, OJIHAKO oOpalaeT Ha ce0sd BHUMaHUE (aKT pa3iaudusi TeMIepaTypbl U
KOOPJIMHAT YKA3aHHOW TOYKH, JIJIi CUCTEMBI ¢ oKcuocom b oHa JexuT npu Temrepa-
type 40-50 °C u cmemieHa k ounapuoit cucreme Mg(NOs), — Bozia, B To BpeMsi Kak ISt
cucteMsbl ¢ cuHTaHojoM J{C-10 ona cmeniena k 6unapHoii cucreme [1AB — Boja u ume-
eT Temneparypy okoio 80°C. YkazaHHOE pa3audre MOXKET OBITh CBSI3AHO C MPUPOION

JIOMUHUPYIOIIETO B3aUMOJICUCTBUS B cucTeme. JIjisi cucTeMsbl cojieprkaiiieid ciadbiid BbI-
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caJliBaTesb — HUTpAT MarHus, B ciydae HenoHHoro [IAB — cunanona JIC-10 oGpa3oBa-
HUE 00JacTH paccilanBaHUs SBISETCS PE3yJbTAaTOM, B MEPBYIO OYepenb, TeMIeparyp-
HOM neruaparanuu munem [TAB, moaToMy o6nacth paccianBaHusi cMeleHa K OuHap-
Hoil cucteme [TAB — Boga. B Toxe Bpems B BeicaiuBaHuu okcudoca b, comgepxariero
AHUOHHYIO TPYNITYy ONPEAEIISIONIYIO POJIb UTPAET KATUOH MarHus, KOTOPbIA BCJIEICTBUE
B3aMMOJICHCTBUS ¢ aHWOHHOM rpymnmoi I[TAB o6pa3yer 6onee ruapodoOHOe coenrHe-
HUe, BbIcanuBaromeecs jerde yeM okcudoc b. Ilo atoit mpuunnae 06macTh paccianBa-
HUs cMmerreHa k ourapHoi cucteme Mg(NOs), — Boa, To €CcTh B Ty YacTh JUarpaMMbl

r7ie HaOMrogaeTcsl 30BITOK BbICATMBATENS. AHAIOTMYHBIM 00pa3oM MOYKHO OOBSICHUTh

xapakTep OnmHOnaNbHBIX KpuBbIX B cucteme MgCl, — okcudoc b — Bona (puc. 5.5).

H,O

60

0 10 20 30 40
Cunranon JIC-10 Mg(NO,), Oxcudoc b Mg(NG,),

a o
Puc. 5.7. I'panuywvr obracmu paccaiausanus 8 cucmemax
Mg(NO3), — cunmanon /[C-10 — 600a (a) u Mg(NO3), — cunmarnon AJIM-10 — 6o0a (6)

npu pasiuunslx memnepamypax, °C:

1-75,2-70,3-65,4-62.5,5-70,6-65,7—-60,8—-55,9-50.

Cucrema Mg(NOs3), — cuntanon J1C-10 — Boga OyaeTr UMETh OrpaHUYCHHOE MPH-
MEHEHHE B SKCTPAKIIMU, TaK KaK BBEJCHUE COJIM HE MPUBOIMT K CYIIECTBEHHOMY ITOHH-
YKCHHIO TEMIIEpaTyphl IOMYTHEHUS, OJHAKO CHCTEMa XapaKTEPHU3YETCS OTHOCHUTEIHLHO

OBICTPBIM pazzeneHueM ¢a3 Mpy MOBBIIMICHHON TeMIrepaTrype v, KpoMe 3TOro, ¢ pOCTOM
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TEMIEPATYPbl 3HAYUTEIHHO PACIIUPSAETCS KOHIIEHTPAIIMOHHBIM UHTEPBAJ CyIIECTBOBA-
HUs 00JIaCTU paccilauBaHUsl.
DKClepUMEHTANIbHBIE JaHHBIE 0 U3YYEHHUIO PACTBOPUMOCTH B CHUCTEMAax, OIH-

CaHHBIX B JAHHOM pa3Jieie IPUBEACHBI B MPUIOKEHUAX A.6 — A.8.

5.1.3. 3aK0OHOMEPHOCTH IKCTPAKIMH OOPHOM KHUCJI0THI B CHCTEMax

COJIb MAaruusi — okcudITUJInpoBanubiid ITAB — Boxa

HccnenoBano pacripenenenue 0opHoii kuciaoTel B cucreMax MQCl, — cuatamun-5
— Boaa, MgCl, — karamuu AB — Boma, MgSO, — cunranon JIC-10 — Boma mpu 25°C;
MgCIl, — okcudoc b — Boga mpu 60°C u MgCl, — cunranon JIC-10 — Boga mpu 75°C.
BriOpaHHbIe CHUCTEMBI TMO3BOJIWIIM ONPEACIUTh BIUSHUE MPUPOIBLI BHICATUBATENS U
[TAB na pacnipezaenenre 60pHON KUCTOTBHI.

JUtst KaXIOM CUCTEMBbI M3y4Y€Hbl 3aBHCHMOCTH OTHOCHUTEIBHOTO oObeMa (ha3bl
[TAB (Vo) ¥ cTeneHu u3BiedeHus 00pHOW KUCIOTHI OT KOHIIEHTPAIMHU BbICATUBATENS
u ITAB B skcTpakiimoHHoil cucteMe. Ha puc. 5.8 npuBeneHbl yKa3aHHbIE 3aBUCUMOCTHU
s cuctembl MgSO, — cunaranon J1C-10 — Boa.

[Tokazano, uto B cucreme MgSO, — cunrtanon JIC-10 — Boga npu uxcupoBan-
HOM KoHIeHTparuu cuatanosna JIC-10 oobem ¢aswl [TIAB, a Takke cTeneHb U3BIeUEHUS
OOpHOM KUCJIOTHI MaJIO 3aBUCHUT OT KOHIIEHTpAIIMU BhIcayiuBaTelsa. B Toxe Bpems yBe-
audeHne KoHueHntpauu cunranona J1C-10, mpu puxcuposannom conepxanuu MgSO,
npUBOAUT K pocTy (a3el [IAB 1 COOTBETCTBEHHO CTENEHU M3BJICUECHUSI OOPHOM KHUCIIO-
Thl. B 11€710M yKa3aHHbIE 3aBUCUMOCTH OTHOCHTEIIBHOTO 00beMa (a3bl ITAB cooTBeTcT-
BYIOT XapaKTepy pacrojokeHus: HoJ B cucteMe (puc. 5.3B).

DKCIEepUMEHTAIbHO YCTAHOBJICHO, YTO BO BCEX CHUCTEMaX HaOJI0J1aeTcsl Koppe-
JSUS MEXKIYy OTHOCUTENbHBIM 00beMoM ¢asbl [TIAB u crenenpio usBieueHns 00pHOM
kucnotel. Ha pucynkax 5.9 u 5.10 npexncraBieHbl yKa3aHHbIE KOPPEALMOHHBIE 3aBU-
CUMOCTH, MOJYyYECHHbIC NP MPOBEACHUU SKCTPAKIUH B IIUPOKOM KOHIIEHTPAIMOHHOM
uHtepBaie. Ciaenyer oTMeTuTh, uto i cuctem MQCl, — cuntamua-5 — Boma u MgSO,
— cunradon JIC-10 — Boja He ynanoch HMCCIEN0BaTh pacnpeiesieHne OOPHON KUCIOTHI
npu BbICOKMX KoHUeHTpauusx [IAB u BeicanuBaresns BCIEACTBUE MENJIEHHOTO YCTa-

HOBJICHUS PABHOBCCHA.
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Puc. 5.8. 3asucumocmv omnocumenvrnozo oovema aswl I1AB (a) u cmenenu
useneuenuss boprou kuciomsi (6) 6 cucmeme MgSO, — cunmanon /]C-10 — sooa

om xouyenmpayuu MgSQOy4: 1 —4,7,2 — 9,3, 3 — 14,0 mac.% cunmanona J{C-10

Ha skcTpakiiyio 60pHO#M KUCIOTHI B CUCTEMax BbicanuBaTteiab — [IAB — Boga Mo-
T'YT OKa3bIBaTh BIUSHHUE TPU (PaKkTopa: B3auMoAeHcTBuUsl OopHas kuciora — [IAB, Gop-
Has KUCJIOTa — BhICAJIUBATENh, U cojiepkanue Bojbl B paze [TAB.

N3BecTHO, YTO 3KCTpaKLysg OOPHOM KUCIOTHI CIIUPTAMH CONPOBOXKIACTCS 3HAYU-
TEJILHOW COdKcTpakimen Bonbl [146]. YBenmuenue oowvema daser [TAB, mpu npounx
PaBHBIX YCJIOBHSIX, CIIOCOOCTBYET YBEJIMYEHHUIO KOJUYECTBA BOJABI B 3KCTPAKTE, YTO
MPUBOJUT K POCTY CTENEHU M3BJIeueHUs. [[aHHbIN (hakTOp CBA3aH HAMIPSIMYIO C BBICATIU-
BAIOIIEH CIOCOOHOCTBIO COJIM — YEM BBIILIE €€ BhICATMBAIOIIAS CTIOCOOHOCTh, TEM HUXKE
coJiep>KaHue BOJABI B OKCTPAKTE U MEHbIIIE CTENEeHb U3BJIeUeHUs! 00pHOM KucaoThl. [lpu
paBHOM oOBeMe (a3, cTeneHb u3BIeUeHHUss 00pHOM KuciaoThl B cucteme MgCl, — cunTa-
Hoi JIC-10 — Bona Beimie, uem B cucteme MgSO, — cunranon JIC-10 — Boja, 4To cBsi3a-

HO C pa3iu4MeM B BBICAMBAIONICH CIIOCOOHOCTH Cyibh(dara W XJopujaa Maraus (puc.

5.10).
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Puc. 5.10. 3asucumocmv cmenenu uzeneuenus OGOPHOU KUCIOMbL
om omHocumenbHo2o 0bvema gaszwl IIAB 6 cucmemax

MgCl, — cunmanon /]C-10 — 600a (a), MgSQ4 — cunmanon J{C-10 — sooa (6)

BaxHO OTMETHTB, UTO COJIM MarHusl CIOCOOHBI BhICAJINUBATh He TOJbKO ITAB, HO
1 OOpHYIO KHUCIIOTY U3 pacTBOpoB. B cooTBercTBHM ¢ Teopueit O.4. CamoiinoBa, OopHas
KHCJIOTA BBICAIMBAETCS KATUOHAMU U BCAJIMBAECTCS aHHOHAMU, ITIOATOMY CTEIIEHb U3BJIE-
yeHus ee B cucreme ¢ MgSO, nomxkHa ObITh HUXKE, TaK KaK CyJb(aT-aHUOH 00J1aaeT
OOJIBIIIMM BCAJIMBAIOIINM JCHUCTBUEM MO CPAaBHEHUIO C XJIOpUA-HOHOM. OTNUCaHHbIE 3a-
KOHOMEPHOCTH NOATBEPKAat0oTcs Kak B cucteMax ¢ [TAB (puc. 5.10) Tak u B cucremax
COJIb Maraus — cupt — Boja [154-156].

Bo3MoXxHBIE THITBI B3aUMOJEHCTBHUS OOpHOW KHCIOTHI M HcciienoBaHHBIX [IAB
ormucanbl B paznene 5.1.1. CTouT oTMETUTh, YTO BBICATUBAIOIIEE JICHUCTBUE OOPHON KHU-
CJIOTHI TI0 OTHOIICHHUIO K CUHTAMUY-5 JOJKHO MPUBOAUTH K HU3KOM CTENEHU €ro U3-
BieueHus B cucteme MQCl, — cuatamua-5 — Boja, 0IHaKO BCIIEACTBHE HU3KON KOHIICH-
Tpauuu O0OpHOM KUCIOTHI JaHHbIN d(PdekT He Habmomaetcs (puc. 5.9). U3BectHO, uTO B

paccosiax coyieil MarHusi CTeIeHb UCCOLUAIME OOPHON KUCIIOTHI yBearnuuBaeTcs [157],
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CJIEIyEeT 0’KHUJIaTh POCTAa CTENEHU €€ U3BJIEUYEHHUs B cucTeMe ¢ KaTuOHHBIM [TAB — kara-
muHOM ADB, ofHaKO, BBICOKasl HEPTUs THApaTalMu 00pa3yroIuxcs 60paT-uoHOB Mpe-
MSATCTBYET MPOTEKaHUIO OOMEHA ¢ XJIOpUA-UOHAMU KatamuHa AD.

[IpoBenenHbie nccae0BaHUS OKA3ail, YTO, HECMOTPS HA OTCYTCTBHE Criel(u-
YECKOTO B3anMOJIeCTBUSI OOpHON KHUCIOTHI ¢ uccienyeMbiMu [IAB, Bo3MokHO UX uc-
MOJIb30BAaHUE /U €€ BBbIIC/ICHUS U3 PACCOJIOB MAarHUMCOAEPkAIIMX COJICH, TIPU ITOM
JUTS TIOBBIIICHHS CTENIEHN U3BJICYEHUS CIEAYET UCIOJIb30BaTh MHOIOCTYIEHYATYIO JKC-
TPakUUIO WIM BBEJEHHWE KOMIUIEKCOOOPa3yIOIUX pEeareHTOB, CPEeAr KOTOPhIX Hau-

OOJIBIINI MHTEPEC TPEACTABIISIIOT (DEHOIBI.

5.2. UcnoJib30BaHMe CUCTEM HeOpPraHuveckasi coyib — okcudoc b — Boaa

B MULEJUISIPHOM JKCTPAKIMHA HEOPTaHUYEeCKHUX COeTUHEeHU I

Panee mcciieoBaHbl 3aKOHOMEPHOCTH BBICAJTMBAHUS M SKCTPAKIIMOHHAS CIIOCO0-
HoCcTh okcudoca b npu komHaTHO#M Temmeparype [13, 145, 154, 158-161]. IlokasaHo,
910 OKCH(pOoCc b crocobeH KOHIEHTPHUPOBATh KATHOHBI META/UIOB W3 HEUTPAIBbHBIX U
CITaGOKHCIIBIX PACTBOPOB IO KATHOHHOOMEHHOMY MexaHmsmy (Zr'Y, Sc**, Fe®), m3
CHJILHOKUCIIBIX ~ PacTBOPOB TI0O aHWOHOOOMEHHOMY B TPUCYTCTBHH aHHWOHOB-

3+ a3+
I, Fe™), a Taxyke KOMIUIEKCHI METaJNIOB C HEKOTO-

KoMIuiekcooopaszoBateneii (Cu’, T
PBIMH OPTaHUYECKUMH KOMIUIEKCOOOPa3yIONUMH peareHTaMu, HarpuMep TaJuTHsl C TTH-
POKAaTEXUHOBBIM (DHOJCTOBBIM MM KoOaybTa ¢ 1-(2-mupuaniaszo)-2-wadromom. Ipen-
CTaBJISJI0O MHTEPEC YCTAHOBUTH BIUSHHUE TEMIIEPATyphl HAa 3KCTPAKIIMOHHYIO CITOCO0-

HOCTh okcudoca b.
5.2.1. IToadop 3KCTPAKIMOHHBIX CHCTEM

B pab6orax [13, 160, 161] nokazaHo, 4TO Jy4YIIMMH BbICAIUBATEIISIMUA IO OTHO-
mieHn0 K okcudocy b mpu komHatHO#M Temmeparype sBistotcs Gropuasl (NH4F),
cyabdatel ((NH4)2SO4, Na,SOy, LizSO4, MgSO,) u conu amromunus (AlCl;, Aly(SO,)s,
Al(NOz3)s3), a taxke kuciaotsl (H,SO,4, HCI, HNO3, HCIO,), uto cooTBeTCTBYET 00BsIC-
HEHUSM TIPUBEACHHBIM B paznene 4. [Ipu 5ToM KUCIOTHI SBISIOTCS CUIIBHBIMU BBICAJIU-

BATEISIMU BCJIEACTBUE KUCIOTHO-OCHOBHOTO B3aMMOJEUCTBUSA C AHMOHHOM TI'PYNIION
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[TAB u oOpa3zoBanuem cinabol KHUCIOTHI, TUCCOIUAIUS KOTOPOH MOJABIISETCS B MPHU-
CYTCTBHH M30BITKA CHIIHBIX KUCIIOT

[CrH20+10(CH,CH,0)6],POO ™ + H' = [CH24410(CH,CH,0)6],POOH,
U CIIOCOOHOCTH K BHICAIMBAHUIO Y KOTOPOM BBIIIE, YeM Yy okcudoca b.

Jlis manpHEHIero McciaeIoBaHusl BBIOPAHBI COJMM aMMOHHMS M Kalus (XJIOpHI,
HUTpAT u cyibdar). Colu aMMOHUS aKTUBHO HCIIOJIB3YIOTCS B KQ4eCTBE BBICATMBATEIS
B OKCTPAKITMOHHBIX cucTeMax Ha ocHOBe [1D1" u paznuunsix Tunos [TAB [86, 160, 162—
164]. Conu xanusi BEIOpaHBI C IEJIbI0 MUHUMHU3AIIMN BO3MOXHOTO B3aWMOICHCTBUS Ka-
THOHA BbIcajuBarelssd U aHnoHHOU rpymnmnsl [TAB. Beibop aHMOHOB 00ycClIOBIIEH UX pas-
JUYHOU BBICAJTMBAONICH CIIOCOOHOCTHIO, UTO IMO3BOJISET MPOCICANTh BIUSHAC aHUOHA
Ha TeMIIEPAaTyPHO-KOHIIEHTPAIMOHHBIE TPAHUIIBI CYIIECTBOBAaHUS OOJACTH paccianuBa-
HUSL.

Ha puc. 5.11 npeacTaBieHsl TpaHUIlbl 00JIaCTH paccilanBaHMs B CHCTEMax BbICA-
auBaresnb — okcudoc b — Boja mpu paznuyHoil Temneparype. PactBopuMocTs B cucteMe
(NH4),SO4 — oxcudoc b — H,O usyuena panee npu 25°C [160], mosTomy ucciiejoBaHme
BEJIOCh MpH OoJiee BhicOkMx TeMmmepatypax. [t cuctembr NH4Cl — oxendoc b — H,0O
UMEIOTCS JaHHBIC TI0 TeMIlepaTypaM TOMYTHEHHUS CMecCeil BOJW3HM BEPIIMHBI BOJIBI
[165], oqHako B 11e10M pacTBOPUMOCTH B cucteMe He n3ydeHna. Cucrema NH4NO;z — ok-
cudoc b — H,O u3ydena BriepBoie.

PactBopumocTs B cucteme (NH,),SO4 — okcudoc b — H,O usyuena nonaurepmu-
YECKU MO TSTH CEUEHUsAM: ceYeHHs 1—3 XapaKTepu30BaIUCh MOCTOSHHBIM COOTHOIIIE-
HueMm (NH,),SO;, : okcudoce b = 25,0:75,0; 50,0:50,0; 75,0:25,0 1 nmepeMeHHBIM copep-
JKaHMEM BOJIbI; ceueHust 4 U 5 MMeNI MOCTOSIHHOE COOTHOoIeHue okcudoc b : Boga =
10,0:90,0; 30,0:70,0 u nepeMeHHOE KOJIMUYECTBO CyIb(aTa aMMOHHUS.

Cucrema NH4Cl — okcudoc b — H,O Obuta nzyueHa NOJIMTEPMHYECKU TIO0 CEMH
CEUCHHSM: ceueHUs 1—4 nuMenn MepeMeHHOEe COJIepKaHUE BOJIbI U TIOCTOSIHHOE COOTHO-
menne NHyCl : okcudoc b = 75,0:25,0; 87,5:12;, 93,75:6,25; 96,87:3,13; ceuenus 5—7
MMeEJIU MOCTOsSIHHOE cooTHoIeHue okcudoc b : Boga = 11,0:89,0; 25,0:75,0; 41,0:59,0 u
MEPEMEHEHHOE COJIEpP)KaHME XJIopuaa aMMOHUS. J[OTIOMHHUTENbHO TO CeYeHUsIM S5—7

CUCTEMA U3y4Y€Ha U30TEPMHUUYECKUM METOJIOM ceueHnid pu 60°C.
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Cucrema NH4NO; - oxcupoc b - H,O wccremoBana Bu3yaabHO-
MOJINTEPMUYECKAM METOIOM IO 7 CeYCHUSIM: cedeHHUs 1—4 XapaKTepru30BaIMCh MOCTO-
sHHbIM cooTHomenneM NH;NO; : okcudoc b = 50,0:50,0; 75,0:25,0; 87,5:12,5;
93,75:6,25 1 mepeMeHHBIM COACPKaHUEM BOJIbI; CEUCHUS S—7 UMENH TIOCTOSTHHOE COOT-
Homenue okcudoc b : Boga = 11,0:89,0; 21,0:79,0; 41,0:59,0 u nepemeHeHHoe cojep-
YKaHUE HUTPATa aMMOHUS.

Cucremsr coib kamus (K,SOy4, KCI, KNO3) — okcudoc b — Boga n3ydeHsI 1o -
Th ceueHusaM. Ceuenusi 1-3 ObLIM OOIIMMU J1JIs1 BCEX CUCTEM U XapaKTEPU30BAIUCH I10-
CTOSITHHBIM COOTHOITICHUEM coJib Kayms : okcudoc b = 50,0:50,0, 75,0:25,0, 93,75:6,25 u
MIEPEMEHHBIM COJICP)KaHUEM BOBI;, CEUCHUS 4, 5 UMEN MePEMEHHOE KOJIMYECTBO COJTN
KM ¥ TIOCTOsIHHOE cooTHomenue okcudoc b : Boma = 14,0:86,0 u 22,0:78,0 (s
K,SO,), 20,5:79,5 1 41,5:58,5 (ais KCI), 20,0:80,0 u 40,0:60,0 (st KNO3).

DOKCnepUMEHTAIbHBIE JJAHHBIE TI0 M3YYEHHIO PAaCTBOPUMOCTH B CHUCTEMax COJIb
aMMOHUS (comb Kanusi) — okcudoc b — Boga npencrasnensl B npuiioxkeHusx A.9 u A.10.

Oo6nacte paccnauBanus B cucteme (NHy),SO4 — okcudoc b — Boma npu 25°C 3a-
HUMaeT OOJIBIIYIO0 YacTh JUarpaMmbl pacTBOPUMOCTH. [1oBbIIIEHHE TeMIlepaTyphl MpHU-
BOJUT K HE3HAUNTEILHOMY PACIIUPEHUIO 00IACTH pacciiauBaHUs, IPU 3TOM OMHOIAJTb-
Hasl KpyBasi MpUOIMKAEeTCsl K OMHAPHON CUCTEME COJIb — BOJIA U BEPIITMHE BOJIBI.

dopMa OMHOJAIBHONW KPUBOM B CHCTEMaX C XJIOPUJIOM W HHUTPATOM aMMOHUS
UMEeT OJMHAKOBBIA BHJI, HECKOJHKO OTIIMYHBIM OT CHUCTEMBI C CylIh(aToM aMMOHHUSI.
BOnu3u BepimmHbl BOJbI OMHOJATBHAS KpUBAs IPUMBIKAET K OMHAPHOW CHCTEME COJIb —
BOJIa, YTO MPUBOIUT K €€ meperuly. YkazaHHbll 23(hPekT CBA3aH ¢ pe3KuM (aHOMAJIb-
HbIM) MTOHM)KEHUEM TeMIepaTypbl IOMYTHEHHUS BOAHBIX pacTBOpoB okcudoca b. Ycra-
HOBJICHO, YTO pa3Mep aHOMAJbHOM O0JIACTH 3aBUCUT OT AHUOHA BBICAIUBATENS M
YMEHBIIIACTCS TPH MEPEX0JIe OT HUTpATa K XJIopuay. i CUCTEMBI ¢ CylIb()aToM aMmMo-
HUS aHOMAJIbHOW 00J1acTh HE 0OHApPYKEHO, HO BEPOSITHO OHA UMEETCS PU TeMIIEpaTy-
pax Hwke 25°C u no mwiomaay 0y1eT MUHUMAITbHOM CPeId U3YYEHHBIX CUCTEM.

O6nacte paccinanBanus B cucreme K,SO4 — okcudoc b — Boga nipu 25°C 3nauum-
TEJILHO MEHBIIE, YTO CBSI3aHO C BHICOKOW BCAJIMBAIOIIEH CTIOCOOHOCTHIO KATHOHA KaJIHs

BCICACTBHUC NMOH-AHUIIOJIBHOIO B3aI/IMO)1€I>'ICTBH$I C aTOMaMM KHCJIOPOJaa OKCHUITHIICHOBBIX
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¢parmenToB I1AB, a Takke HHU3KOM pPacTBOPUMOCTHIO BhICalMBaTess. buHomambHBIE
KPUBBIE CHCTEMBI C CYITb(})ATOM KaJaus UMEIOT Meperud, XapaKTepHBIA I COJIeH aMMO-
HUS.

B 1ie1om aHanoruyHelil BUJl OMHOAAIBHBIX KPUBBIX B CUCTEMAX C COJISIMU Kalus U
aMMOHHSI CBHJIETEIILCTBYET O TOM, UYTO B3aMMOJICHCTBUE MEXAY KaTHOHOM BbICAIUBa-
TeJIss U aHUOHHOM rpynmnoi ITAB He CyIIecTBEHHO CKa3bIBAa€TCsl HAa BBICAJIMBAIOLICH
cnocobHocTH coy. Ciaeayer OTMETHTh, YTO YKa3aHHOE 3aMEUYaHUE CIPABEIJIUBO TOJb-
KO JUIsl OJTHO3APS/IHBIX KaTUOHOB, B TO BpeMs Kak KaTuoHhbl IIA u IIIA rpynm, Bcienct-
BHUE IMOJOOHOr0 B3aMMOJICHCTBUS MOTYT YBEJIMYUBATH BBHICATMBAIOIIYI0 CIIOCOOHOCTH
cosiu (pazn. 4.5).

[Ipu BBIOOpPE ONMTHUMAIBLHOTO COOTHOIIECHUS! KOMIIOHEHTOB JIJISl SKCTPAKIUU Y4U-
THIBAJIA Pl (PAKTOpPOB, B TOM YHCIE MAKCUMaJIbHYI0 KOHIICHTPAIMIO BOJABI MPU BHI-
OpaHHOM COOTHOIIEHUU COJIb : OKcu(oc b, CKOpocTh ycTaHOBIEHUSI pAaBHOBECHS, OTHO-
cutebHbIi 00beM (a3l [TAB (V. ), IETKOCTh pasaeneHus a3 mocjie OCyIeCTBICHUS
AKCTpakiuu. [IpenmyiecTBoOM CUCTEM C XJIOPUJIOM W HUTPATOM AMMOHHUS SIBIIACTCS
OueHb HHU3KOE cojnepkaHue okcudoca b B BomHON (aze, BCIEACTBHE XapaKTEPHOTO

pacCIIoJIOKCHUA HOI B o0acTn pacciianBaHus.

H,O

40
0 20 40 60 0 20 40 60

Oxkcudoc b (NH,),SO,  Oxcudoc b K,SO,




108

0 20 40 60
Okcudoc b NH,Cl  Oxcudoc b KCI

0 20 40 60
Oxcudoc b NH,NO;  Okcudoc B KNO,
6 e
Puc. 5.11. I panuywl obracmu paccrausanus ¢ cucmemax

evlcaiueamenb — OKCu(ﬁOC b — 600a npu pas3jiudHovlx memnepamypax, °C
1-25,2-30,3-35,4-40,5-50,6-60,7-65,8-70,9-80;
a —(NH4)2804, 0 — NH4C|, 6 — NH4NO3, c— KzSO4, 0— KCI, e — KN03

B cucreme (NHy),SO, — okcudoce b — H,O He yaanochk mogo0opaTh COOTHOIICHUE
KOMIIOHEHTOB, OO€CIeYrBaloOIIee MOAXOAINee 3HaueHUEe V., M YCTOHYHMBOCTH pac-

CJIaMBaHUs BO BpeMeHHU. POCT Temriieparypbsl HE NPUBOAUT K CYIIECTBEHHOMY H3MEHeE-
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HUIO Vo, TO3TOMY B JITAHHOW CHCTEME BBITOJIHEE MPOBOJUTH IKCTPAKIUIO MPU TEMIIE-
patype 25°C.

Cucrema K,SO, — okcudoc b — H,O He npencrapiser uaTepeca Jjsi UCHOJIb30-
BaHUSl B AKCTPAKIHUM BCJIECACTBHE MAJION IUJIONMIA[A OOJIACTH pacCIauBaHUs JaKe MpU
MOBBIIIEHHON TeMIIEpaType.

B cucreme NH4NO3; — oxcudoc b — H,O u KNO3 — okcudoc b — H,O mns ocy-
IICCTBJICHUS dKCTpaKmuu TpeOyeTcs: Temmeparypa He Huxe 70°C, Tak Kak mpu MEHb-
nieil remrepaType o01acTh paccianBaHUsl CMEIICHA K OMHApHON CHCTEME COJIb — BOJIA,
YTO NOTPEOYET UCIIOIB30BaHUS BHICOKOM KOHIIEHTPAIMU BhICAJIUBATEIIS.

OnTuManbHBIMU BBICATTUBATEISIMU ISl OCYIECTBICHUSI SKCTPAKIIMK MPU TEMIIe-
parype BbIIIE KOMHATHOM SIBJISIFOTCSI XJIOPUJIBI KalKs U aMMOHUSA. J{J1 TalbHENIINX UC-
cieI0BaHUM BBIOpaH XJIOpHI aMMOHUSI TIO TIpUYMHE 00Jiee BHICOKOW pacTBOPUMOCTH T10
CPAaBHEHUIO C XJIOPUJIOM KaJlusi U OTCYTCTBHUIO 00jacTH pacciauBanus mpu 25°C, 4To
MO3BOJIAET UCIOJIB30BATh JJISI SKCTPAKIUNA TOMOT€HHYIO TPOMHYIO CMECh, KOTOpas Mo-
cjie pa30aBiieHUs U HAarPEeBaHUs pacClanBaeTCsl Ha JBE KUJKUE (a3bl.

B cucreme NH4Cl — oxcudoc b — H,O mis npoBenenus skcrpakinuu npu 75°C
BbIOpaHa cMech cocTaBa, Mac.%: 5,0 NH,4Cl, 5,0 okcudoca b u 90,0 H,O. Dkerpakius B
JAHHOW CUCTEME MOXET OCYIIECTBIAThCS IMpU TemnepaType Boimie 60°C, ogHako npu
75°C paBHOBecHe ycTaHaBIMBaeTcs ObICTpee, MeHee ueM 3a 4ac. Ha puc. 5.12 npen-
craBieHa (azoBas nauarpamma cuctembl NH4Cl — oxendoc b — H,O mpu 60°C. da3a,
oboramennas [T1AB, pacnionoxena Bau3y, V., = 0,12 [36].

Brenenune neopranmuecknx kuciotr (H,SO4 m HCI) mpuBoaut k mHBepcuu ¢as
(mpu xonuentpauuu 6onee 2 monb/m HCl wnu 1 mons/n H,SO,), BeneacTBue yBennde-
HUS TUIOTHOCTH BOJHOM (ha3bl. YBeNWueHUE KUCIOTHOCTH COMPOBOXKIACTCS YMEHBIIIE-
HueMm V., 10 0,053 (mpu 4 monw/n HCI wuin H,SOy,). [lpu 5TOM BBEIeHHE KUCIOT TPH-
BOJUT K PE3KOMY CHIKEHUIO TeMIepaTypbl MOMYTHEHUS SKCTPAKIMOHHON CMECH U
YBEJIMYCHHUIO BPEMEHH YCTAHOBJICHUSI PABHOBECHSI, YTO MOXKET OBITh CBS3aHO C B3aUMO-
JercTBUEM aHUOHHOM Tpyniibl [IAB ¢ BBOAMMON KHCIIOTOM ONMHUCAHHBIM B Ha4aJle pas-
nena. BeeneHue amMmMuaka MPUBOJIUT K HE3HAYUTEIBHOMY yBelWueHHIO Vo, 10 0,16

(mpu 2 Mo/ NH3-H0).



0 20 40 60 80 100
Oxcudoc b NH,CI

Puc. 5.12. Jluacpamma pacmeopumocmu cucmemol

NH,CI — oxcughoc b — 6ooa npu 60°C

5.2.2. kcrpakuuonHas cnocooHocth cucreMbl NH,Cl — okcudoc b — Bona

N3yueno pacnpenenenue 1,0 10™ momb katroHOB Metamios B cucreme NH,Cl —
okcudoc b — Boga nmpu 75°C B mpUCYTCTBUHM aHUOHOB-KOMIUIEKCOOOpa3oBaTeeii U Ku-
ciiot (HCI, H,SO4, KI + H,SO4, KSCN + H,S0,) [36].

Ha puc. 5.13 npeacrapieHa 3aBUCUMOCTb CTEIICHU U3BJICYEHUS] KATUOHOB METAJI-
JIOB OT KOHUEHTPALUU KUCIOThI B 3KCTPAKIIMOHHOW CHCTEME. DKCTPAKIUS METAIOB B
OTCYTCTBUHU KHUCJIOTHI CONMPOBOXKIAAETCS 00pa30BaHUEM MaJOPACTBOPUMBIX COCTUHEHUIN
W3BJICKAIOIIUXCST METAIJIOB ¢ okcudocom b. Crenenp n3BiaedeHHs MOAOOHBIX COCTUHE-
HU}l ONpEeIeseTcs] NX MPOYHOCTBI0 M THAPodmIbHOCTEI0. Psiyy meramios (Fe**, La*,
Y**) 06pa3syroT HACTOIBKO IPOUYHBIC COSTUHEHHS ¢ OKCH(bOCOM B, UTO OHM MOXABISIOT
nporiecc paccnanBanmst. Coequnennst okcudoca b ¢ In®* u Cd** menee npounsie, ogHa-
ko coexuuerne Cd** AKCTPArupyeTcs Xy>Ke, 4eM COCIMHEHUE In**, urto Moxer GbITh

CBSI3aHO C WX PA3IMYHON TUAPOPIIBHOCTHIO.
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Puc. 5.13. Dxempakyus kamuornog memannios 8 cucmeme

NH,Cl — neopeanuueckas xucioma — okcugoc b — 600a npu 75°C:

a—HCI, 6 — H,SO,
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B sTOoM ciyyae skcTpakius OCyIIECTBISIETCS M0 KATAOHOOOMEHHOMY MEXaHU3MY,

KOTOPBIM MOKHO OIIMCATh CXEMOU:
LK) +M" () = LaM(g) + nK',

rae L = [CyH244+10(CH,CH,0)6],POO

BBeneHne HeopraHMueCcKUx KUCIOT MPUBOJIUT K CMEHE MEXaHU3Ma HKCTPAKIUU C
KaTHOHOOOMEHHOTO Ha aHMOHOOOMEHHBIN C y4aCTHEM MPOTOHMPOBAHHON (OPMBI OK-
cudoca B IS MeTamIoB CrOCOGHBIX H3BICKATHCA B BHIE ammmokoMmiuekcos (Cd**,
Fe*"). CooTBeTcTByIOmMEe KPHBbIE H3BICUCHHS XapaKTEPH3yIOTCS MHHEMYMOM. Il
OCTAJIbHBIX W3YYEHHBIX METAJJIOB YBEJIMYEHUE KHUCIOTHOCTU COMNPOBOXKAAECTCS HE3HA-
YUTEIbHBIM MAJCHHEM CTETICHH W3BJICUCHHS 32 CUET YBEIMUYEHUS KOHKYPEHIIUH C TPO-
TOHOM 3a peareHT. DKCTPaKLUIO [0 AaHHOHOOOMEHHOMY MEXaHU3MYy MOYKHO OIHUCATh
CJHEYIOIIEN CXEMOM:

LK + 2H+(B) = LH2+(O) + K+(B)
(M-N)LH," @) + IM™Cl] ™ () = (LH2) m-n)[MClin] o),

rae L = [CnH2n+1O(CH2CH20)6]2POO_

Oco6biit HHTEpec npeacTaBusior Zr' Y u S¢®*, BBeenne comeif KOTOPBIX MPHBOIHT
K TOSIBJICHUIO XJIONMBEBUIHOIO OCaJKa M MCUE3HOBEHHUIO PACCIavBaHUS BO BCEM H3Y-
YEeHHOM HHTEpBaJieé KUCIOTHOCTU. BO3ZMOXKHOCTD 3KCTpaKUUU 3TUX METAJUIOB 3aBUCUT
OT MOJIBHOTO COOTHOIIEeHHs okcudoc b : Meranmi, HeoOX0AUM HEKOTOPBIH HU30BITOK OK-
cudoca b, obecneunBaronuii 00pa3oBaHUe BTOPOU KUAKON (Pa3bl, KOHIIEHTPUPYIOIIEH
MaJiopacTBOpUMoOE coeiuHeHne Mmetaiuia u [TAB.

HccnenoBana BO3MOKHOCTh KOHIEHTpUpoBaHus 1,0 10 MoMb KaTHOHOB MeTal-
JIOB B BUJI€ MOJUAHBIX allMJOKOMIUIEKCOB B MPUCYTCTBUU CEPHOM KUCIOTHI. B KauecTBe
UCTOYHUKA MOJUI-MOHOB HCIOJb30BAIM HMOAMJ Kajusl, KOHIIEHTPAIMI0 KOTOPOro CO-
XpaHsuM nocTostHHOW U paBHoM 0,5 moinb/n. Ha puc. 5.14 npeacraBieHa 3aBUCUMOCTb
CTEIICHU MU3BJICYCHUS] KATHOHOB METAJJIOB B BUJIE MOJUIHBIX KOMIUIEKCOB OT KUCJIOTHO-
cTH cpeasl. YcraHoBiIeHo, uto katronst Hg™, Bi*" u Pb® Bo Bcem VU3y4YEHHOM HUHTED-
BaJie KUCJIOTHOCTH 00pa3yloT OCAaJKU BO BCEM OOBEME CHUCTEMBI, YTO B pAJE ClydyaeB
IPUBOJUT K OTCYTCTBHIO paccianBaHusl B cucteMe. J{Jisl ocTaabHBIX KATHOHOB C POCTOM

KOHIOCHTPAIUN KHCJIOThI Ha6JIIO)Ia€TC$I YBCIIMYCHUC CTCIICHU M3BJICUYCHHUSA MCTAJLIOB.
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Taymmit (111) w3BICKAETCS KOMMUYECTBEHHO Jlaxke 0€3 BBEICHUS KHCIOTHI, KaAMHUH TIpH
KOHIICHTpAIUU CEpHOM KHUCIOTHI Oosee 0,4 MOJB/1, MaKCHMaJIbHAsI CTETICHb W3BJICUC-
HUS UHAKS cocTaBisieT 90% Mpu KOHIIEHTPAIUU CepHOM KUCIOTHI 60see 1,0 Mob/.
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Puc. 5.14. Sxempaxkyus u00UOHbIX AYUOOKOMNIEKCO8 MEMANI08 8 CUCHEME

NH,Cl — oxcugpoc B — 60da npu 75°C (Cy = 6,67-10° moawv/n, Cx; = 0,5 monv/n)

W3ydeHo pacmpeneieHne THOLMAHATHBIX KOMIUIEKCOB METAUIOB B CHCTEME
NH4Cl — okcudoc b — Boga mpu 75°C B 3aBUCMMOCTH OT KOHIICHTpAIlMH JIMTaHJIOB
(KSCN) u kucnotHOCTH cpebl (puc. 5.15).

VYBenuueHne KOHIEHTPAIUY THOIIMAHAT-UOHOB B OKCTPAKIIMOHHON CHCTEME MpH-
BOJIUT K POCTY CTENIEHM M3BJICUEHHUS BCEX MCCIIEAOBAHHBIX MeTaioB. KonnuecTBeHHOE
u3pneuenue meau (1) madmromaercs yxe npu kounenrpamuu KSCN 0,1 monb/i, ko-
0anpTa — 0,3 MoJb/1. MakcuManbHas creneHb u3Bineuenus xenesa (111) 96% npu koH-
nenrpanun KSCN 6onee 0,25 monw/i1, uaka — 90% npu kornenTparuu KSCN Goee
0,3 monw/n. s nanbHeiero u3yyenus Obia BeiOpana koHueHtpanus KSCN paBHas

0,3 MOJIB/II.
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Puc. 5.13. Dxempakyua muoyuanamuvix ayuoOKOMNIEKCO8 MEMAN08 8 CUCNeMe
NH,Cl — oxcugpoc b — sooa npu 75°C 6 3asucumocmu om:

a — konyenmpayuu KSCN (Cys0, = 0,5 moaw/n);

6 — konyenmpayuu H,SO4 (Cysen = 0,3 moaw/n).
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[Tpu puxcupoBanHoii koHeHTpauu KSCN konu4ecTBEHHO M3BJIEKAIOTCA MEAb
(1) BO Bcem mccreTOBaHHOM HHTEPBAJe KUCIOTHOCTH, K00anbT (I1) mpu KOHIIEHTpaun
H,SO, 6oxee 0,15 monw/n. MakcuManbHas CTEIEHb HM3BJIEUYCHHS JKEJIE3a COCTABIISET
98% mpu KOHIIEHTpaIuu KUCIOTh Oojsee 0,4 Momnw/n, uHKa — 94% B MHTEpBaJIC KU-
cnotroctu 0,1-0,4 M H,SO,. Crenenp u3BiIeUeHUS KaaMHs BO BCEX CIIydasx HE Ipe-
BbIaet 50%.
Takum obOpaszom, cuctema NH,Cl — okcudoc b — Boga MoxeT OBITH NMPHUTOJHA IS
IPYIIIOBOIr0 KOHIICHTpUpoBaHus katnoHoB keje3a (I11), kodansra (1) u meau (1) B Bu-

Jie THOLMAHATHBIX KOMILIEKCOB B cieayromux ycnoBusx: Cysen = 0,3 M, Cy,s0, = 0,2

0,4 M.

HccnenoBaHa BO3MOXXHOCTH IKCTPAKIIMM aMMHUHOKOMITJIEKCOB HEKOTOPBIX Me-
TaJUIOB (Cu2+, C02+, Ni*, Zn2+). Panee moka3aHo, 4TO CTEIIEHbh M3BJICUCHHUS KAaTHOHOB
METaJIJIOB, 00pasyronux aMMuHokoMIniekehl B cucteme (NH4),SO4 — okcudoc b — Boga
NpY KOMHATHOW Temmepatype He npeBbiaet 16% [13]. Hamuune oTpunaTensHoro 3a-
psna B MoJiekyJie okcudoca b TeopeTnuecku enaeT BO3MOKHON IKCTPAKITUIO TIOJIOMKH-
TEJTHHO 3apsSHKEHHBIX aMMHHOKOMILUIEKCOB, OJHAKO AKCTPAKIHs YKa3aHHBIX METAJUIOB
OCYIIECTBISICTCS 110 KaTHOHHOOMEHHOMY MEXaHHM3MY C pa3pylIeHHeM aMMHHOKOM-
miekcoB (puc. 5.16). KocBeHHO 00 3TOM CBHUIETEIBCTBYET U3MEHEHHE OKPACKH JKC-
TpaKTa, CBUICTEILCTBYIONIEH 00 OTCYTCTBUM aMMHUHOKOMITJIEKCOB METAJIJIOB B DKCTPaK-
te. Takum oOpa3oM, yBeIMUYCHNE KOHIICHTPAIIMH aMMHaKa B SKCTPAKIIMOHHON CHUCTEME
MPUBOJNT K BO3HHUKHOBEHHIO KOHKYPEHIIMHA MEXTY OOpa30BaHHMEM aMMHAYHOTO KOM-
IJIeKca U KoMIniekca ¢ okcudocoM b, B pesybpTare yero Habr01aeTcs majJicHUe CTere-
HU U3BJIEYEHUA. DKCTPAKIIUIO MOKHO ONUCAThH CIEIYIOLIEH CXEMOM:

2L + [M(NH3)]** ) = LoM(o) + 4NHs,),

rac L= [CnH2n+1O(CH2CHZO)5]2POO_

HckiroueHre cocTaBisieT KOOAIbT, SKCTPAKIMSA KOTOPOTO MaJio 3aBHCHUT OT KOH-
IIEHTpaIlMM aMMHaKa B CHCTEME W HHKEJb, CTCIICHb M3BJICUCHUS KOTOPOTO0 HE3HAYH-

TCJIbHO YBCIIMIUBACTCS B IPUCYTCTBUU aMMHAKaA.
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Puc. 5.16. dxempakyus kamuonos memaniios 8 cucmeme

NH,Cl — oxcugpoc b — 600a npu 75°C 6 npucymemesuu ammuaxa

[TonydeHHbIC TaHHBIC MMO3BOJISIIOT CPABHUTH MAapaMeTPhl SKCTPAKIIMU B CHCTEMax
(NH,)2SO4 — oxcudoc b — H,0 mipu 25°C u NH4Cl — okcudoc b — H,O nipu 75°C (Tabdn.
5.4). YBenuueHue TEMIEPaTyphbl MO3BOJIHIO CYIICCTBCHHO MOBBICUTH KOHIIEHTPAIUIO
BOJIbI B OKCTPAKIIMOHHOM CHCTEME, YMEHBIIUB IIPU ITOM COOTHOIICHHE (a3, yMEHb-
IIIUTh BPEMSI YCTAHOBIICHHUSI PAaBHOBECHS B HECKOJBKO Pa3, YTO 3HAYUTEIHLHO YBEINYHU-
BaeT CKOPOCTh MPOIIECcca IKCTPAKITUH.

VY CTaHOBIIEHO, YTO WMHTEPBaJ KHCIOTHOCTH CYIIICCTBOBAHHUS PACCIAaWBAHUS IS
cuctembl ¢ NH,4Cl Heckombko mmpe, yem mist (NHy),SO,4. B To ke Bpems niepedeHb K-
TparupyeMbIX METaJUIOB B IIEJIOM MOJ00EH, YTO CBHJICTEIHLCTBYET O BO3MOKHOCTHU HC-
noJIb30BaHus okchdoca b, kak aKcTpareHTa B METOIC MUIICIUIIPHOM SKCTPAKITUH.

[Toxa3aHo, Y4TO TIPW TOBBIMICHHOW TeMIIEpaType CYIIECTBEHHO YBEIMYUBACTCS
AKCTPAKIIMOHHAS CIIOCOOHOCTh OKcHdoca b Mo oTHOIEHNI0O K aMMHUHOKOMILIEKCAM IIe-
PEXOHBIX METAIIJIOB, B TO BpEeMs KaK B KHCIIBIX CpEIaX AKCTPAKIIHs METANIOB MaJlo 3a-

BHUCHUT OT TEMIIEPATYPHI.
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Tabnuya 5.4.
Cpasnenue sKCmpakyuu 8 CUCeMax cojib AMMoHUsl — okcughoc b — 6ooa
BricaimBarens (NH,4),SO, NH,CI

Konnentparus Coip 12,5 5,0
KOMIIOHEHTOB, Oxkcudoc b 12,5 5,0
mac. % H,O 75,0 90,0
Temneparypa, °C 25 75
Vo 0,22 0,12
WuTepBa KUCIOTHOCTH HCI <4 > 6
CYIIICCTBOBAHHS H,SO, <6 > 8
paccnanBanus, M NH; >3 >3

DKcTparupyemeale HCI zZr" Fe* TI° Fe**, TI°*
metamiel (R > 70%) H,SO, sc*, zr** TI*

[lepeyeHr HeOpraHUYECKUX COJIeH, crtocoOHbIX BhicanuBaTh [IAB ¢ oOpazoBanu-
€M JIBYX KUJKUX (ha3, IPUTOJHBIX JUIS 1IeJIed IKCTPAKIUK, IPY KOMHATHON TeMIeparTy-
pe oTHocuTenbHO y30K. [ okcudoca b oH orpannuuBaercs cynbhaTaMu MEIOYHBIX
METAJIJIOB, aMMOHHUSI M MarHusi, GTopuaoM aMMOHHMs. YBeEJIUYEHUE TEeMMEpaTyphl MO-
3BOJISIET CYIIECTBEHHO PACIIMPUTH ATOT MEPEUYEHb, B MEPBYIO OUYEPENb 3a CUET XJIOPH-
JIOB ILIEJTOYHBIX METAJUIOB U aMMOHHMS. POCT TeMneparypbsl IPUBOAUT K PAIY MOJIOKH-
TeIbHBIX 3P(EKTOB: YBEIMUYECHHE BhICATUBAIOLIEH CIOCOOHOCTH MPUBOAUT K YMEHbIIIE-
HUIO0 0cTaTOYHOM KoHleHTpaiuu [TAB B BomHOM (ha3e u OTHOCUTETHLHOTO 00beMa (a3bl
ITAB, 4TO MOJIOKUTENBHO CKAXKETCS HA CTENIEHU KOHUECHTPUPOBaHUs. biiM30CTh pe3ylib-
TaTOB MHLEIUISAPHOM dKcTpakiuuu MetaiuioB B cucteme NH,Cl — okcudoc b — H,O nipu
75°C ¢ nannabiMu SKcTpakiuu B cucteMe (NHy),SO,4 — okcudoc b — H,O mpu 25°C cBu-
JIETENBCTBYIOT O BO3MOXXHOCTH MCHOJIb30BaHUs OKcH(oca b kak sKcTpareHTa rnpu Tem-
nepatype Bbie 25°C. IloBbilieHne TeMnepaTypbl MO3BOJISIET YMEHBIIUTh KOHIIEHTpa-
[MI0 DKCTpAreHTa W BBICAIMBATENS M BPEMsI YCTAHOBJICHUSI PaBHOBECHS, PACIIMPUTH
KOHIICHTPAITMOHHYIO 00JIaCTh CYIIECTBOBAHUS ABYX(a3HOTO paBHOBECHUs MpH J00aBIie-

HUU KUCJIOT UJIM OCHOBAHUM.
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BbBIBO/1bI

1. [Toka3aHO COOTBETCTBHE CXEM TOIOJIOTHYECKOW TpaHcopManuu (Ha3oBBIX TUa-
IpaMM CHCTEM HEOPraHUYECKAs COJb — OKCUATUINPOBaHHbIN [IAB — Boja ¢ n3MeHEeHU-
€M TeMIlepaTypbl OOOIICHHONW CXeMe TOMOJIOTHUECKOW TpaHchopmaruu (Ha3oBbIX qua-
rpaMM CUCTEM COJIb — OMHApHBIA pacTBOPUTENb JJIA CiiydaeB, korga cuctema [TAB —
BOJIa SIBJIIETCSI TOMOT€HHOM BO BCEM TEMIIEPATypPHOM MHTEPBAJIE CYIIECTBOBAHUS KU -
KOI'0 COCTOSIHHS, a COJIb 00J1aaeT BricanuBaromum aeicreueM (KBr — cuaranon JIC-10
— BOJIa); B ciydae, korja cucrema I1AB — Boma xapakrepusyercs HKTP, a conpb o6ia-
JacT BCAJMBAIOIIMM-BhIcayinBaromuM JeiictBueM (KBr — okcudoc b — Bona). YcraHos-
JIEHBI CXE€MbI TOMOJIOTHYECKOM TpaHchopmanuu (Ha3zoBbIX JUarpaMM CUCTEM HEOPTraHU-
YyecKasi CoJib — OKCHATHIINpOoBaHHbIN [IAB — Boa ¢ u3MeHeHueM TeMneparyphbl, KOraa
nBoiiHasa cucrtema [TIAB — Bojia ABISATCS TOMOT€HHOM BO BCEM MHTEPBAJIEC KUJIKOIO CO-
CTOSIHUSA, a coJIb 00J1amaeT ciaadbiM BeicamuBaromuM aeiicteueM (MgCl, — okcudoce b —
BOJIa); B ciIy4ae, korja jaBoiriHas cucrema [IAB — Boaa xapakrepusyercs HKTP, a comb
oOJsamaer ciiabbiM BcaMBaroIIMM-BbicanuBatony nevicteueMm (MgCl, — cunranon JIC-
10 — Boj1a).

2. [IpenoxeH Moaxol K AKCIEPUMEHTAIbHOM OIIEHKE BBICAJIMBAIOIIEH CIIOCOOHO-
CTU HEOPTraHWYECKUX COJIEH MO OTHOLICHHIO K OKCHMATUIMpoBaHHbIM [IAB myrem mo-
CTpOEHUS TOJUTEPM CEUEHUH, colepKamux (GUKCUpOBaHHYIO0 KoHIeHTpanuio [1AB, u
crioco0 MHTEPNPETAIIMU TTOJTYYEHHBIX TaHHBIX.

3. HccnenoBano BAUsSIHUE TPUPOJIbI KATUOHA U aHUOHA HEOPTaHUYECKOW COJIU Ha €€
BBICAIMBAIOIYI0 CIIOCOOHOCTh 1O OTHOUIEHUIO K OKCHUATMUIMpOoBaHHBIM [TAB. Dxkcre-
PUMEHTAJIBHO JOKA3aHO, YTO KaTHUOHBI 001aal0T BCAMBAIOLIMM JICHCTBUEM, & aHUOHBI
— BbICATUBAOUM. JIydlliuMH BhICAIMBATEISIMH SIBJISIFOTCSI COJIM KATUOHOB HENEPEXO/I-
HBIX METAJJIOB C MHOTro3apsiAHbIMM aHuoHamu ((ocdartel, cynbdaTel, KapOOHATHI) U
aHUOHAMU MUMEIOIUMH BBICOKYIO YHEPTUIO TUAPATAINH (XJIOPHUIBI, PTOPHUIBI).

4, [IpenyioxkeH Moaxon K BBIOOPY BBICATIMBATENS U ONTUMHU3AIMU TEMIIEPATypHO-
KOHIIEHTPAILIMOHHBIX MAapaMeTPOB MpOllecca AKCTPAKIMA B CUCTEMax HEOpPraHUYeCKas
COJIb — OKCUATUIIMpOBaHHbIA [IAB — Bo/1a OCHOBaHHBIM Ha TEOPETUUECKOM U IKCIEPU-

MEHTAJIbLHOM aHaJIM3€¢ BbICAJIMBAIOIICH CIIOCOOHOCTH HCOPraHU4YCCKUX CoJIeM II0 OTHO-
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meHuto K uccieayemomy [TAB u BEIOOpY mapamMeTpoB SKCTpaKIMKA Ha OCHOBE (PU3UKO-
XUMHUYECKOTO aHajIn3a AKCTPAKIUOHHBIX cucTeM. [IpemsioxkeHHbI moaxod anpooupo-
BaH /I ONTHMU3AIMHU [MAPAMETPOB IKCTPAKIMK OOPHOM KHUCIOTHI B CUCTEMAaX COJb
Maruusi — [IAB — Bojila 1 KAaTHOHOB METAJUIOB B CUCTEMAaX HEOPTraHU4YeCcKasi COJIb — OK-
cudoc b — Boja.

S. HccnegoBana pacTBOPUMOCTh B CUCTEMaXxX COJb Maruus (Cynbdar, XJIOopus, HUT-
part) — okcudoc b (cmaTamMun-5, karamua AB, cuatanon JIC-10, cuatanon AJIM-10) —
BOJIa MPU Pa3IUYHBIX TEMIEpaTypax U UCCIEAOBAHO pacipeiesieHne OOpHOIl KUCTIOTHI B
yKa3aHHbIX cucTteMax. [IokazaHna BO3MOKHOCTb HCIIOJIB30BAaHMS CUCTEM Ha OCHOBE 11AB
TSl BBIZIEJICHUS OOPHOM KUCTIOTHI U3 PACCOJIOB MarHMHCOAEpKAIIUX COJICH.

6. N3yuyena pacTBOPUMOCTh B CHUCTEMaXxX COJIb Kallisi WM aMMOHUsA (CyibdaT, XJo-
pua, HUTpaT) — okcudoc b — Boja npu pa3nuyHbIX TeMIepaTypax U ONTUMHU3UPOBAHBI
napaMeTpbl SKCTpakiuu kKaThoHOB MetauioB B cucteme NH4Cl — oxcudoc b — Bona.
VYcraHoBIEHO, YTO B MPUCYTCTBUU aHMOHOB-KOMILIEKCOOOpa3oBaTene (XJIopui-, uo-
uA-, TAOLIMAHAT-UOHOB) okcudoc b skctparupyer B pa3zy IIAB katnoHbl MeTaI0B, B
gactroctn, TI¥, Cd**, Co®, Fe**, Cu®, 00pa3yrolme COOTBETCTBYIOIINE aIlUI0KOM-

ITJICKCHI.
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NEPEYEHb COKPAIIIEHU U YCJIOBHBIX OBO3HAYEHUI

ITIAB
KITIAB
HIIAB
AIIAB
OD-IIAB
[or
HKTP
BKTP
I'JIb

D
KKM

MMOBEPXHOCTHO-aKTUBHOE BEIECTBO;

katuonHoe [IAB;

HenoHHoe [TAB;

anuonHoe [IAB ;

okcusrTUIIMpoBanHoe [TAB,;

MOJIUATUIIEHTINKOJIb;

HYDKHSISI KpUTHYECKasi TEMIIepaTypa pacTBOPEHUS;
BEPXHSSI KpUTUYECKAs TEMIIEpaTypa paCTBOPECHUS;
ruApoPUIBLHO-TUIIOPUIIBHBIN OaaHc,
KOd(pPUIIMEHT pacnpeieICHUs;

KpPUTHYECKasi KOHIIEHTpaLUsI MUIETUI000pa30BaHus;
MOKa3aTelb MPEJIOMIICHUS KUIKOHN (hasbl;

CUMBOJI JKUJIKOU (pa3sl;

CUMBOJI TBEPJIOH (a3bl;

paBHOBECHUE KUAKOM U TBEpI0H (a3, KpUCTaUIU3AIUs COJIU;
KpUTHYECKas TOUYKA;

TEeMIIEpaTypa MOMYTHEHUS

OTHOCUTEJBHBIN 00beM (azbl [TAB;

cTeneHb u3BieueHus, %.
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A.1. PactBopumocts B cucteme KBr — cunranoa JIC-10 — H,O

Tabnuya A.1.1.

HO]ZMI’I’ZQPMM'—!@CKOQ uccne0o8aHue pacmeopumocmu 6 cucmeme

KBr — cunmanon /]C-10 — H,0

H,0O, mac.% T °C H,O, mac.% T, °C
KBr : cunaranon JIC-10 = 93,75 : 6,25 KBr : cunaranon JIC-10=75: 25
2,0 85,0 2,3 83,0
4,1 80,0 4,5 80,0
8,1 77,0 9,3 76,0
16,2 70,0 18,2 71,0
24,1 66,0 27,2 67,0
32,1 59,5 36,0 61,0
40,0 52,0 45,0 53,5
KBr, mac.% T, °C KBr, mac.% T, °C
cuntanona JIC-10: H,O =40 :60 cunranon JIC-10: H,O =20:80
5,0 86,0 2,5
10,2 79,0 55 79,0
20,3 67,0 10,2 74,5
23,4 61,0 19,8 66,0
30,1 52,0 30,0 58,0
35,3 51,0

Tabnuya A.1.2.

3asucumocms noxazameis npejaomieHus om cocmaesa cmecel-HaBecox

6 cucmeme KBr — cunmanon J[C-10 — H,0O

25°C 35°C 43°C
KBI’O, 25 da3zoeoe 35 da3zoeoe 43 da3zo60e
mac.% | No™ (6..) cocmosiHue o™ (6..) COCMOsIHUE o™ (6.0.) COCMOsIHUE
cuaranon JIC-10 : H,O0 =5,0:95,0
14,9 1,357 L 1,3560 L 1,3545 L
20,2 1,3630 L 1,3630 L 1,3620 L
249 1,3705 L 1,3695 L 1,3690 L
30,3 1,3780 L 1,3785 L 1,3770 L
35,0 1,3875 L 1,3850 L 1,3840 L
39,7 1,3920 LS 1,3940 L 1,3925 L
44,8 1,3920 LS 1,3960 L+S 1,3965 L+S
49,6 1,3920 LS 1,3960 L+S 1,3965 L+S
cuaranon JIC-10 : H,O =10,0: 90,0
15,0 1,3640 L 1,3620 L 1,3610 L
19,8 1,3700 L 1,3685 L 1,3675 L
25,1 1,3780 L 1,375 L 1,3745 L
30,2 1,3845 L 1,3830 L 1,3830 L
34,8 1,3920 L 1,3885 L 1,3910 L
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25°C 35°C 43°C
KBI’O, 25 Daszosoe 35 Daszosoe 43 Daszosoe
mac.% o™ (6.0.) cocmosiHue o™ (6..) cocmostue o™ (6.00.) coCmosiHue
39,7 1,3960 LS 1,3945 L 1,3955 L
44,8 1,3960 LS 1,3980 L+S 1,3995 L+S
49,8 1,3960 LS 1,3980 L+S 1,3995 L+S
cunranon JIC-10 : H,O = 20,0 : 80,0
10,2 1,37 L 1,3680 L 1,3670 L
15,3 1,375 L 1,3750 L 1,3735 L
19,8 1,382 L 1,3810 L 1,3800 L
24,9 1,388 L 1,3875 L 1,3870 L
30,0 1,396 L 1,3945 L 1,3940 L
27,5 1,392 L 1,3915 L 1,3910 L
35,3 1,4035 LS 1,4015 L 1,4010 L
39,4 1,4035 LS 1,4035 L+S 1,4040 L+S
49,5 1,4035 LS 1,4035 L+S 1,4040 L+S
cunranon JIC-10 : H,O =40,0 : 60,0
10,2 1,3995 L 1,3985 L 1,3955 L
14,9 1,401 L 1,4015 L 1,4020 L
20,3 1,4075 L 1,4055 L 1,4065 L
23,4 1,413 L 1,4115 L 1,4105 L
30,1 1,4155 L+S 1,4170 L+S 1,4180 L+S
32,6 1,4155 L+S 1,4170 L+S 1,4180 L+S
35,1 1,4155 L+S 1,4170 L+S 1,4180 L+S
39,5 1,4155 L+S 1,4170 L+S 1,4180 L+S
49,7 1,4155 L+S 1,4170 L+S 1,4180 L+S
IIpooonxcenue mabauyvl A.1.2.
60°C 70°C 75°C
KBrO' 60 Daszosoe 70 Daszosoe 75 Daszosoe
mac.% |\ No™ (6.¢.) COCMOsIHUE o™ (6..) cocmosiHue o™ (6.00.) COCMOsIHUE
cunranon JIC-10 : H,O =5,0: 95,0
20,2 - L 1,3560 Li+L, 1,3470 L,+L,
249 - L 1,3640 L.+l 1,3550 L,+L,
30,3 1,3755 L+, 1,3720 L.+l 1,3640 L,+L,
35,0 1,3850 L+, 1,3800 L.+l 1,3720 L,+L,
39,7 1,3940 L+, 1,3900 L.+l 1,3800 L,+L,
44,8 1,3950 Li+L,+S 1,3970 L,+L,+S 1,3905 L,+L,
49,6 1,3950 Li+L,+S 1,3970 L,+L,+S 1,3970 L,+L,+S
cunranon JIC-10 : H,O =10,0: 90,0
19,8 - L - L - L
25,1 - L.+, 1,3610 L.+l 1,3530 L.+L,
30,2 1,3770 L+, 1,3690 L.+l 1,3610 L.+L,
34,8 1,3840 L+, 1,3700 L.+l 1,3680 L.+L,
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60°C 70°C 75°C
KBI’O, 60 Daszosoe 70 Daszosoe 75 Daszosoe
mac. % o™ (6..) cocmostue o™ (6.00.) cocmosiHue o™ (6.00.) cocmosiHue
39,7 1,3910 L+, 1,3870 L.+l 1,3775 L,+L,
44,8 1,3950 L,+L,+S 1,3970 | L{+L,+S 1,3865 L.+L,
49,8 1,3950 L,+L,+S 1,3970 | L{+L,+S 1,3970 L,+L,+S
cunranon JIC-10 : H,O = 20,0 : 80,0
15,3 - L - L 1,3515 L +L,
19,8 - L 1,3615 L.+l 1,3605 L,+L,
24,9 - L 1,3680 L.+l 1,3680 L,+L,
27,5 - L 1,3730 L.+l 1,3720 L,+L,
30,0 1,381 L+, 1,3760 L.+l 1,3755 L,+L,
35,3 1,3895 L.+, 1,3850 Li+L, 1,3840 L,+L,
39,4 1,395 L+L,+S 1,3970 L,+L,+S 1,3950 L,+L,
49,5 1,395 L,+L,+S 1,3970 L,+L,+S 1,3970 L,+L,+S
cunranon JIC-10 : H,O =40,0: 60,0

14,9 - L - L - L
20,3 - L 1,3750 L.+l 1,3715 L,+L,
23,4 - L 1,3800 L.+l 1,3795 L.+L,
30,1 - L 1,3915 Li+L, 1,3920 L,+L,
32,6 - L 1,3960 Li+L, 1,3970 L,+L,+S
35,1 - L 1,3970 L,+L,+S 1,3970 L,+L,+S
39,5 1,3950 L+L,+S 1,3970 L,+L,+S 1,3970 L,+L,+S
49,7 1,3950 L+L,+S 1,3970 L,+L,+S 1,3970 L,+L,+S
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A.2. PactBopumocTts B cucteme KBr — okendgoc b — H,O
Tabnuya A.2.1.
Tonumepmuueckoe ucciedoganue pacmeopumocmu 8 Cucmeme

KBr — oxcughoc b — H,0O

H,0, mac.% T, °C H,0O, mac.% Ty °C H,0O, mac.% T, °C
KBr : okcugoc b = KBr : okcugoc b = KBr : okcugoc b =
93,75:6,25 75:25 50:50
1,0 90,0 2,5 > 95,0 50 >05,0
3,0 71,0 59 78,0 9,9 87,0
4,8 65,5 10,8 68,0 20,1 72,0
10,9 57,5 19,4 62,0 29,4 66,0
19,5 53,0 29,3 57,0 38,5 61,0
29,6 50,0 39,5 50,0 49,9 57,0
39,3 43,0 45,2 45,0 54,9 56,0
46,0 37,5 50,0 41,0 65,0 53,0
KBr, mac.% Tep, °C KBr, mac.% Tep, °C
okcudoc b : H,O = okcudoc b : H,0O =
20,5:79,5 41,5:58,5

50 86,0 7,5 92,0

10,2 74,0 10,0 84,0

15,1 65,0 15,1 74,0

20,0 61,0 20,0 66,0

25,0 56,0 25,0 59,0

30,0 51,0 30,0 51,0

35,0 43,0 40,0 51,0

40,0 39,0

Tabnuya A.2.2.
3asucumocms noxazamens NpeioOMIeHUsL OM COCMABA CMeCel-HABeCOK
6 cucmeme KBr — oxcugoc b — H,0

25°C 33°C
KBrO' 25 Dazosoe 33 Dazosoe
mac.% o™ (6.0.) COCMOsIHUE o™ (6.00.) COCMOsIHUE
okcudoc b: H,0=45:955

10,3 1,3515 L 1,3505 L
20,0 1,3645 L 1,3635 L
25,0 1,3710 L 1,3700 L
30,1 1,3785 L 1,3775 L
34,9 1,3870 L 1,3855 L
40,2 1,3940 L+S 1,3945 L
44,7 1,3940 L+S 1,3945 L+S
49,7 1,3940 L+S 1,3945 L+S
54,9 1,3940 L+S 1,3945 L+S
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25°C 33°C
KBI’O, 25 Dazosoe 33 Dazosoe
mac. % o™ (6.0.) cocmostue o™ (6.00.) cocmosHue
okcudoc b: H,O0=8,8:912
9,9 1,3560 L 1,3550 L
19,9 1,3700 L 1,3680 L
249 1,3765 L 1,3750 L
29,7 1,3840 L 1,3820 L
35,0 1,3915 L 1,3905 L
39,8 1,3960 L+S 1,3975 L
44,7 1,3960 L+S 1,3985 L+S
50,6 1,3960 L+S 1,3985 L+S
55,0 1,3960 L+S 1,3985 L+S
okcudoc b : H,O0=19,0:81,0
10,2 1,3690 L 1,3675 L
20,3 1,3810 L 1,3800 L
24,7 1,3875 L 1,3860 L
30,5 1,3950 L 1,3940 L
35,3 1,4015 L+S 1,4010 L
41,7 1,4015 L+S 1,4035 L+S
449 1,4015 L+S 1,4035 L+S
50,0 1,4015 L+S 1,4035 L+S
54,7 1,4015 L+S 1,4035 L+S
okcudoc b : H,O =39,8 : 60,2
15,4 1,3990 L 1,3980 L
19,5 1,4040 L 1,4015 L
24.8 1,4100 L 1,4085 L
29,7 1,4130 L+S 1,4140 L+S
36,7 1,4130 L+S 1,4140 L+S
32,6 1,4130 L+S 1,4140 L+S
39,6 1,4130 L+S 1,4140 L+S
45,1 1,4130 L+S 1,4140 L+S
49,3 1,4130 L+S 1,4140 L+S
IIpooonocenue mabauyor A.2.2.
60°C 70°C
KBro’ 60 Dazosoe 70 Dazosoe
mac. % o™ (6.0.) cocmosiHue o™ (6.00.) cocmosiHue
okcudoc b: H,0=45:955
10,3 - L - L
20,0 1,3575 L.+L, 1,3565 L.+,
25,0 1,3640 L.+L, 1,3640 Li+L,
30,1 1,3730 L.+L, 1,3710 Li+L,
34,9 1,3825 L.+L, 1,3820 Li+L,
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60°C 70°C
KBro’ 60 Dazosoe 70 Da3zosoe
mac. % o™ (6.0.) cocmosiHue o™ (6.00.) cocmosiHue

40,2 1,3895 L.+l 1,3890 L+,
44,7 1,3970 L,+L,+S 1,3980 L,+L,+S
49,7 1,3970 L,+L,+S 1,3980 L,+L,+S
54,9 1,3970 L,+L,+S 1,3980 L,+L,+S

oxcudoc b : H,O0=8,8:91,2
9,9 - L - L
19,9 - L - L
24,9 1,3670 L.+l 1,3650 L+,
29,7 1,3760 L.+l 1,3750 L.+,
35,0 1,3860 Li+L, 1,3835 L,+L,
39,8 1,3940 L.+l 1,3940 L,+L,
44,7 1,3970 L,+L,+S 1,3980 L,+L,+S
50,6 1,3970 L,+L,+S 1,3980 L,+L,+S
55,0 1,3970 L,+L,+S 1,3980 L,+L,+S

okcudoc b: H,0=19,0:81,0
10,2 - L - L
20,3 - L 1,3680 L +L,
24,7 1,3715 Li+L, 1,3760 L,+L,
30,5 1,3805 L.+L, 1,3845 L,+L,
35,3 1,3900 Li+L, 1,3910 L,+L,
41,7 1,3970 L,+L,+S 1,3980 L,+L,+S
44,9 1,3970 L,+L,+S 1,3980 L,+L,+S
50,0 1,3970 L,+L,+S 1,3980 L,+L,+S
54,7 1,3970 L,+L,+S 1,3980 L,+L,+S

okcudoc b : H,O0 =39,8 : 60,2
19,5 - L - L
24,8 - L 1,3835 L +L,
29,7 1,3940 Li+L, 1,3925 L.+l
36,7 1,3970 L,+L,+S 1,3980 L,+L,+S
32,6 1,3970 L,+L,+S 1,3980 L,+L,+S
39,6 1,3970 L,+L,+S 1,3980 L,+L,+S
45,1 1,3970 L,+L,+S 1,3980 L,+L,+S
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A.3. PactBopumocts B cuctreme MgCl, — cuaranoa IC-10 — H,0

Tabnuya A.3.1.

HO]ZMI’I’ZQPMM'—!@CKOQ uccne0o8aHue pacmeopumocnu 6 cucneme

MgCl, — cunmanon /]C-10 — H,0O

H,0, mac.% T, °C H,0, mac.% Ty °C
MgCl, : cunranon IC-10 =50 :50 MgCl, : cunranon IC-10 =75 : 25
75,0 63,0 97,0 79,0
80,5 65,0 96,0 74,0
84,5 67,0 91,5 66,0
89,0 69,0 84,0 62,0
97,0 74,0 75,5 62,0
99,0 78,0 68,5 69,0
65,0 75,0
Cunmanon JIC-10, o Cunmanon JIC-10, o
mac.% Tn °C mac.% Tn °C
H,O = 80,0 mac,% H,O = 65,0 mac,%
0,5 72,5 4,3 82,0
2,3 64,0 7,0 68,0
4,5 62,0 14,0 65,0
7,5 63,0 21,0 66,0
12,5 67,0 28,0 71,0
15,3 72,0 31,0 74,0

Tabruya A.3.2.

3asucumocms noxazamens NPerOMICHUsL OM COCMABA CMECEU-HABECOK
6 cucmeme MQCl, — cunmanon JIC-10 — H,O npu 75°C

MgCl,, 75 dazosoe MgCl,, 75 dazoeoe
mac.% o™ (6.0.) cocmostue mac.% o™ (6.0.) cocmosiHue
ITAB : H,0=8,0:92,0 ITAB : H,O =20,0: 80,0
10,0 1,3390 L,+L, 10,0 1,3460 L,+L,
19,9 1,3520 L,+L, 20,0 1,3590 L,+L,
30,0 1,3670 L,+L, 29,9 1,3725 L,+L,
40,0 1,3800 L,+L, 40,0 1,3860 L,+L,
50,0 1,3935 L,+L, 50,1 1,3990 L,+L,
59,1 1,4050 L,+L, 60,0 1,4200 L
64,8 1,4140 L 70,2 1,4270 L
69,7 1,4230 L 74,8 1,4310 L+S
76,4 1,4290 L 80,2 1,4360 L+S
79,5 1,4310 L+S
85,0 1,4310 L+S
ITAB : H,O =30,5:69,5 ITAB : H,O =38,0:62,0
0,0 1,3470 L 0,0 1,3670 L
2,2 1,3670 L 2,1 1,3740 L
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MqgCl,, 75 dazoeoe MgCl,, 75 Dazoeoe
Mgc.% o™ (6.0.) cocmosiHue Mgc.% o™ (6.0.) cocmosiHue
55 1,3380 L.+L, 5,3 1,3440 L,+L,
6,8 1,3460 L.+L, 7,0 1,3485 L,+L,
10,2 1,3635 L,+L, 10,3 1,3530 L,+L,
20,2 1,3765 L+, 20,2 1,3700 L,+L,
29,7 1,3920 L,+L, 30,0 1,3820 L,+L,
40,7 1,4040 L,+L, 40,1 1,3955 L,+L,
50,1 1,4160 L,+L, 49,8 1,4085 L,+L,
59,8 1,4285 L+, 59,7 1,4205 L,+L,
69,6 1,4280 L,+L,+S 69,8 1,4290 L,+L,+S
74,6 1,4300 L,+L,+S 74,9 1,4300 L,+L,+S




149

A.4. PactBopumoctsb B cucteme MQCl, — okcndoc b — H,O

Tabnuya A.4.1.

HO]ZMI’I’ZQPMM'—!@CKOQ ucmedoeaﬂuepacmeopwwocmu 6 cucmeme

MgCl, — oxcugpoc b — H,0

MgCl,, o MgCl,, o MgCl,, o
Mc?c.% Tn °C Mgc.% T °C MC?C.% Tn °C
H,O =90 mac.% H,O = 80 mac.% H,O =70 mac.%

0,6 60,0 1,1 58,0 1,9 56,0
1,1 53,0 4,2 49,0 3,2 52,0
2,2 50,0 6,0 46,0 6,3 47,0
4,0 45,0 10,0 43,0 9,0 45,0
6,0 42,0 14,0 42,0 12,0 43,0
8,1 39,0 16,0 42,0 15,0 43,0
9,0 37,0 19,0 41,0 18,0 44,0
9,5 34,0 21,1 46,5
24,3 50,0

26,5 53,0

28,3 55,0

100 - H,0, o 100 - H,0, o MgCl,, o

mac.% Tn °C mac.% T °C mac.% T °C
MgCl, : okcudoc b = MgCl, : okcudoc b = Oxcudoc b : H,O =
50 :50 75:25 16,0 : 84,0
10,0 445 4,2 40,0 5,7 41,0
20,6 43,0 8,1 41,0 10,3 42,0
29,8 43,0 16,1 42,0 19,8 43,0
35,4 45,0 20,1 42,0 30,2 47,0
39,7 49,5 24,3 44,0 39,8 53,0
44,0 59,0 31,8 50,0 50,3 58,0
40,0 62,0




150

A.5. PactBopumocts B cucteme MgCl, — ITAB — H,O nmpu 25°C

Tabnuya A.5.1.

3asucumocms nokazameis npejlomilerus om cocmaea IHCUOKOU ¢a3bl

6 cucmeme MgCl, — cunmamuod-5 — H,0 npu 25°C

Ao MgCl, (/14B), Pasnosecnvie np>
) mac.% paszwvi ®@asa [IAB | Boonas asa
Cunramua-5 : H,O =5,0: 95,0
1 0,0 L 1,3420
2 0,5 L 1,4100
3 1,1 L,+L, 1,3580 1,3395
4 2,1 L,+L, 1,3590 1,3410
5 4,9 L,+L, 1,3680 1,3440
6 9,9 L,+L, 1,3700 1,3510
7 19,9 L,+L, - 1,3620
8 40,1 L,+L, - 1,3880
9 49,9 L,+L, - 1,4015
10 55,0 Li+L, 1,4400 1,4300
11 59,9 Li+L, - 1,4345
12 64,9 Li+L, 1,4470 1,4380
13 75,0 L 1,4340
80,0 L+S 1,4360
Cuaramua-5 : H,0 =10,0:90,0
1 0 L 1,3460
2 1,3 L,+L, - 1,3440
3 2,5 Li+L, 1,3650 1,3440
4 5,0 Li+L, 1,3720 1,3470
5 6,25 Li+L, - 1,3465
6 10,1 L,+L, - 1,3530
7 20,1 L,+L, - 1,3650
8 30,1 L,+L, - 1,3780
9 40,0 L,+L, - 1,3900
10 50,1 Li+L, - 1,4040
11 60,0 Li+L, - 1,4170
12 70,0 Li+L, - 1,4300
13 80,0 Li+L,+S - 1,4360
14 90,1 Li+L,+S - 1,4375
Cunaramun-5 : H,0 =30,0:70,0
1 0 L 1,3730
2 0,7 L 1,3770
3 1,3 Li+L, 1,3930 1,3615
4 2,5 Li+L, - 1,3630
5 5,0 Li+L, 1,3650 1,3470
6 10,1 Li+L, - 1,3720
7 20,0 Li+L, - 1,3835




151

25°

Ao MgCl, (7/14B), Pasnosecnvie Np
) mac.% pasvl Daza IIAB | Boouas ¢haza
8 30,1 L,+L, - 1,3950
9 40,1 L,+L, 1,4190 1,4060
10 49,9 Li+L, 1,4132 1,4150
11 55,0 L.+l - 1,4220
12 60,2 Li+L, - 1,4280
13 69,9 L,+L,+S - 1,4390
14 74,9 L,+L,+S - 1,4420
15 81,3 L,+L,+S - 1,4425
Cunaramun-5 : H,0O =40,0: 60,0
1 0 L 1,3870
2 1,0 L 1,3890
3 2,1 L 1,3920
4 5,0 L.+l 1,4150 1,3775
5 10,0 Li+L, 1,4180 1,3820
6 20,1 Li+L, 1,4270 1,3925
7 30,0 L.+l 1,4300 1,4030
8 39,9 Li+L, 1,4330 1,4125
9 49,9 Li+L, 1,4360 1,4230
10 60,0 Li+L, 1,4390 1,4335
11 69,9 L,+L,+S - 1,4410
12 80,0 L,+L,+S - 1,4445
Cunaramun-5 : H,0O =60,0 : 40,0
1 1,3 L 1,3980
2 2,6 L 1,4150
3 51 L 1,4155
4 6,0 L 1,4165
5 7,5 Li+L, 1,4120 1,3910
6 10,1 Li+L, - 1,3940
7 20,1 Li+L, - 1,4040
8 32,7 Li+L, 1,4300 1,4140
9 40,0 L,+L, - 1,4220
10 45,1 L,+L, 1,4410 1,4275
11 50,0 L.+l - 1,4330
12 60,0 L,+L,+S - 1,4400
13 65,1 L,+L,+S - 1,4440
14 69,8 L,+L,+S - 1,4450
Cunramun-5 : H,0 =70,0: 30,0
1 0 L 1,4160
2 10,0 L 1,4290
3 20,1 L 1,4350
4 25,0 L.+l 1,4420 1,4230
5 29,9 Li+L, 1,4460 1,4265
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25°

Ao MgCl, (7/14B), Pasnosecnvie Np
) mac.% pasvl Daza IIAB | Boouas ¢haza
6 35,1 L,+L, - 1,4340
7 39,9 L,+L, 1,4500 1,4360
8 50,1 Li+L, - 1,4410
9 54,8 Li+L, 1,4540 1,4440
MgCIZ :H,0=95:90,5
1 0,0 L - 1,3580
2 0,5 L,+L, - 1,3580
3 1,1 L,+L, - 1,3585
4 2,7 L,+L, - 1,3600
5 5,0 L,+L, - 1,3610
6 45,1 L,+L, 1,4300 1,4000
7 47,4 L,+L, 1,4310 1,4020
8 50,1 Li+L, 1,4320 1,4050
9 53,0 L 1,4290
MgCl, : H,0=28,0:72,0
1 0 L 1,4120
2 2,4 L 1,4140
3 5,2 L,+L, - 1,4130
4 15,0 L,+L, 1,4320 1,4180
5 25,5 L,+L, 1,4390 1,4245
6 34,4 L,+L, 1,4410 1,4300
7 40,4 L,+L, 1,4500 1,4330
8 44,3 L,+L, 1,4550 1,4360
MgCl, : H,0 = 31,75 : 68,25

1 0 L 1,4220
2 0,9 L 1,4230
3 2,0 L 1,4235
4 2,6 L,+L, - 1,4230
5 5,2 L,+L, - 1,4250
6 9,8 L,+L, - 1,4270
7 15,4 L,+L, - 1,4270
8 16,9 L,+L, - 1,4380
9 19,7 Li+L, - 1,4310
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Tabnuya A.5.2.

3asucumocms nokazameins nperoMiIeHUss Om COCMAa8a HCUOKou (asvl
6 cucmeme MgCl, — kamamun Ab — H,0

o MgCl; (T14B), Pasnosecnvie np>
B mac.% pasvl Dasza I[1AB ‘ Boownas ¢hasa
Karamun Ab : H,O =10,0:90,0
1 0,0 L 1,3420
2 1,3 L 1,3470
3 10,1 L 1,3540
4 16,2 L 1,3610
5 20,6 L 1,3660
6 24,8 L 1,3710
7 27,4 L 1,3750
8 32,3 L,+L, 1,3935 1,3740
9 34,7 L,+L, 1,3970 1,3780
10 38,8 L,+L, 1,4005 1,3820
11 449 L.+L, 1,4120 1,3915
12 50,3 L.+L, 1,4200 1,3990
13 53,4 L.+L, 1,4240 1,4035
14 60,5 L.+L, - 1,4130
15 64,0 L.+L, - 1,4180
16 70,7 L.+L, - 1,4270
17 74,4 L,+L, - 1,4320
18 79,0 Li+L,+S - 1,4330
19 89,8 Li+L,+S - 1,4330
Karamuu Ab : H,O =20,0 : 80,0

1 0,0 L 1,3520
2 9,0 L 1,3615
3 18,9 L 1,3725
4 22,4 L 1,3780
5 25,0 L.+L, 1,3870 1,3720
6 27,5 L.+L, 1,3910 1,3690
7 29,1 L.+L, 1,3980 1,3710
8 33,8 L,+L, 1,4050 1,3785
9 39,1 L.+L, 1,4120 1,3850
10 448 L.+L, 1,4185 1,3930
11 49,1 L.+L, 1,4250 1,3990
12 54,5 L.+L, 1,4305 1,4060
13 59,6 L.+L, 1,4350 1,4130
14 65,2 L.+L, 1,4420 1,4215
15 70,4 L.+L, 1,4500 1,4280
16 74,7 L,+L,+S - 1,4330
17 80,0 L;+L,+S - 1,4330
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o MgCl; (T14B), Pasnosecnvie np>>
B mac.% pasvl Daza I[1AB ‘ Boonas ¢hasza
Karamuu Ab : H,O =32,0: 68,0
1 0,0 L 1,3620
2 10,6 L 1,3720
3 15,1 L 1,3730
4 19,8 L 1,3820
5 25,3 L.+L, 1,3905 1,3720
6 27,0 L.+L, 1,3950 1,3730
7 29,6 L,+L, 1,4010 1,3750
8 35,4 L,+L, 1,4090 1,3820
9 39,4 L,+L, 1,4140 1,3870
10 45,1 L,+L, 1,4260 1,3955
11 49,9 L,+L, 1,4320 1,4020
12 55,1 L,+L, 1,4380 1,4090
13 60,7 L,+L, 1,4440 1,4170
14 64,7 L.+L, 1,4470 1,4220
15 69,9 L.+L, 1,4530 1,4300
16 79,9 L,+L,+S - 1,4330
Karamuna Ab : H,O =54,0 :46,0
1 0,0 L 1,3830
2 10,5 L 1,3920
3 20,2 L 1,4000
4 21,7 L 1,4065
5 30,2 L 1,4075
6 35,0 L 1,4140
7 36,9 L.+L, 1,4200 1,3905
8 40,3 L.+L, 1,4240 1,3950
9 50,3 L.+L, 1,4380 1,4095
10 59,9 L.+L, 1,4460 1,4210
11 69,9 L+L,+S 1,4530 1,4330
12 79,7 L+L,+S 1,4560 1,4330
Karamuu Ab : H,O=83,0:17,0
1 0,0 L 1,4100
2 10,1 L 1,4160
3 20,1 L 1,4230
4 30,0 L 1,4290
5 35,0 L 1,4315
6 37,5 L 1,4340
7 40,1 Li+L, - 1,4020
8 49,9 Li+L, - 1,4160
Katamuu Ab : H,O=94,0:6,0
1 0,0 L 1,4200
2 10,2 L 1,4250
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25°

o MgCl; (T14B), Pasnosecnvie Np
B mac.% pasvl @Daza I[IAB | Boownas gaza
3 20,1 L 1,4310
4 30,1 L 1,4365
5 35,0 L 1,4400
6 40,0 L 1,4410
7 47,5 L 1,4470
8 50,1 L.+L, 1,4500 1,4200
9 71,7 L.+L, 1,4580 1,4350
MgCl, : H,O0 =23,4:76,6

1 0,0 L 1,3980
2 0,3 L,+L, - 1,3970
3 1,1 L,+L, - 1,3970
4 2,4 L,+L, - 1,3960
5 4,8 L.+L, - 1,3950
6 10,6 L.+L, 1,4270 1,3930
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A.6. PactBopuMmocTh B cuctemax MgSO, — ITAB — H,0

Tabnuya A.6.1.

HO]ZMI’I’ZQPMM'—!@CKOQ uccne0o8aHue pacmeopumocnu 6 cucneme

MgSO, — cunmanon /[C-10 — H,0

MgSQO,, o MgSQO,, o MgSOQO,, o
M?lc.% Tn °C Mgc.% T °C M?IC.% Tn °C
ITAB : H,O=5:95 ITAB : H,O = 14,7 : 85,3 INAB : H,O0 =25,7 : 74,3
2,5 78,0 3,0 70,0 2,5 78,0
6,0 63,0 6,0 58,0 4,0 63,0
10,5 46,0 11,0 37,0 6,5 40,0
15,3 25,0 14,0 25,0 8,0 25,0
H,0, mac.% T, °C H,0O, mac.% Ty °C
MgSO, : cuaranon JIC-10 | MgSQOy, : cuaranon J1C-10
=50:50 =75:25
96,8 70,0 94,0 75,0
95,0 60,0 92,5 55,0
93,0 50,0 90,0 35,0
91,2 37,0 86,0 25,0
90,5 30,0
89,5 25,0

Tabnuya A.6.2.

3asucumocms noxazameis npejaomieHus om cocmaesa cmeceli-HaBecox

6 cucmeme MQSQO, — cunmanon J[C-10 — H,0O npu 25°C

MgSQy,, 25 Daszoesoe MQgSQy,, 25 Dazoeoe
mac.% o™ (6.0.) coCmosiHue mac.% o™ (6..) cocmosiHue
I[TAB : H,O=5:95 ITAB : H,O = 14,7 : 85,3

0,0 1,3400 L 0,0 1,3650 L
6,3 1,3470 L 6,0 1,3590 L
10,0 1,3520 L 12,0 1,3630 L
14,8 1,3540 Li+L, 15,0 1,3560 L,+L,
21,5 1,3610 Li+L, 20,0 1,3630 L,+L,
29,0 1,3720 Li+L, 28,5 1,3740 L,+L,
40,5 1,3845 L,+L, 35,0 1,3815 L,+L,
50,0 1,3960 L,+L,+S 40,0 1,3960 L,+L,+S
55,0 1,3960 L,+L,+S 50,5 1,3960 L,+L,+S
60,5 1,3960 L,+L,+S 59,5 1,3960 L,+L,+S
ITAB : H,O = 25,7 : 74,3 ITAB : H,O = 35,3 : 64,7

0,0 1,3680 L 0,0 L,
2,3 1,3690 L 6,0 1,3565 L,+L,
4,5 1,3710 L 10,5 1,3615 L,+L,
8,0 1,3800 L 20,0 1,3740 L,+L,
10,2 1,3550 L,+L, 29,5 1,3855 L,+L,
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MgSO,, 25 Dazosoe MQgSQ,, 25 dazosoe
Mmac. % o™ (6.0.) cocmosiHue mac.% o™ (6.0.) cocmosiHue
21,0 1,3795 Li+L, 40,8 1,3960 L,+L,+S
29,0 1,3805 Li+L, 50,0 1,3960 L,+L,+S
41,0 1,3940 Li+L, 58,5 1,3960 L,+L,+S
51,0 1,3960 L,+L,+S
68,0 1,3960 L,+L,+S
Tabnuya A.6.3.
Tlonumepmuueckoe ucciedosamniue pacmeopumMocmu 6 cucmeme
MgSO, — cunmanon AJIM-10 — H,0O
H,0, mac.% T, °C H,O, mac.% T, °C
MgSQ, : cuntanon AJIM-10 = 50 :50 MgSQO, : cuntanon AJIM-10 =75 : 25
93,0 63,0 96,0 63,0
90,8 52,0 94,3 56,0
89,5 32,5 92,5 42,0
88,0 32,0 90,0 32,0
86,8 25,0 88,5 25,0
MQSQy, mac.% T, °C MQSQyq, mac.% T, °C
ITAB : H,O =6,0:94,0 ITAB : H,O =16,5:83,5
5,0 68,0 50 74,0
10,5 49,0 7,5 55,0
13,0 33,0 10,0 37,0
15,5 25,0 11,5 25,0

Tabnuya A.6.4.

3asucumocms nokazamens nperoOMIeHUsL OM COCMABA CMeCell-HABECOK
6 cucmeme MQSO, — cunmanon AJIM-10 — H,0 npu 25°C

MgSQ,, 25 Dazoeoe MgSQ,, 25 Dazosoe
Mmac.% o™ (6.0.) COCmosiHue mac.% o™ (6..) COCmosiHue
ITAB : H,O=6,0:94,0 ITAB : H,O =16,5:83,5

0,0 1,3400 L 0,0 1,3540 L
5,0 1,3460 L 4,5 1,3590 L
10,5 1,3510 L 9,8 1,3645 L
13,0 1,3545 L 13,0 1,3555 L,+L,
16,0 1,3540 L,+L, 15,0 1,3575 L,+L,
20,0 1,3590 L,+L, 20,0 1,3640 L,+L,
30,0 1,3710 L,+L, 31,0 1,3775 L,+L,
39,5 1,3830 L,+L, 39,5 1,3880 L,+L,
45,0 1,3885 L,+L,+S 45,5 1,3885 L,+L,+S
55,0 1,3885 L,+L,+S 55,0 1,3885 L,+L,+S




158

MgSO,, 25 Dazosoe MQgSQ,, 25 dazosoe
Mmac. % o™ (6.0.) cocmosiHue mac.% o™ (6.0.) cocmosiHue
ITAB : H,O =26,0: 74,0 ITAB : H,O = 35,8 : 64,2

0,0 1,3665 L 0,0 1,3795 L
50 1,3715 L 50 1,3850 L
10,2 1,3560 L,+L, 7,5 1,3600 L,+L,
20,0 1,3685 Li+L, 10,5 1,3625 L,+L,
26,0 1,3760 Li+L, 20,0 1,3760 L,+L,
30,0 1,3820 L,+L, 30,0 1,3860 L,+L,
35,0 1,3885 L,+L,+S 35,0 1,3885 L,+L,+S
45,0 1,3885 L,+L,+S 46,0 1,3885 L,+L,+S
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A.7. PactBopumoctb B cucteme MgCl, — cunranon AJIM-10 — H,O

Tabnuya A.7.1.

Tonumepmuueckoe ucciedo8anue pacmeopumocmi 6 CUcmeme
MgCl, — cunmanon AJIM-10 — H,0O

TIAB, o TIAB, o TIAB, o
mac. % Tn °C mac.% T °C mac. % Tn °C
H,O = 80 mac.% H,O =70 mac.% H,O = 65 mac.%
0,5 75,0 2,5 75,0 7,0 80,0
1,0 65,0 4,0 70,0 10,0 715
2,3 62,0 50 66,0 12,7 68,0
4,8 62,0 10,0 62,0 16,5 66,5
7,5 63,0 16,5 64,0 20,5 66,0
12,2 68,0 22,0 68,0 26,7 69,0
14,3 72,0 26,3 75,0 30,5 74,0
17,5 77,0
H,0, mac.% T, °C H,0, mac.% T, °C
MgCl,:cuaranon AJIM-10 | MgCl,:cuntanon AJIM-10
=50:50 =75:25
94,0 75,0 95,0 75,0
88,5 71,0 91,5 70,0
84,0 68,0 90,5 69,0
78,5 65,0 86,0 65,0
73,5 63,0 81,5 62,5
70,0 62,5 75,7 62,5
70,0 65,0

Tabnuya A.7.2.

3asucumocms nokazameJis RPeLOMICHUS. OM COCMABA CMECell-HABECOK
¢ cucmeme MQCl, — cunmanon AJIM-10 —H,0 npu 75°C

MgCl,, 75 dazosoe MgCl,, 75 dazoeoe
mac.% o™ (6.0.) COCmosiHue mac.% o™ (6..) COCmosiHue
ITAB : H,O =4,0 96,0 ITAB : H,0=9,5:90,5

0,0 1,3315 L 0,0 1,3380 L
2,8 1,3350 L 50 1,3440 L
5,5 1,3370 L.+, 7,5 1,3375 L,+L,
7,5 1,3390 L,+L, 10,5 1,3425 L,+L,
17,5 1,3485 L,+L, 20,2 1,3555 L,+L,
30,0 1,3665 L,+L, 30,0 1,3680 L,+L,
39,3 1,3775 L,+L, 40,5 1,3800 L,+L,
53,0 1,3980 L,+L, 60,5 1,4080 L,+L,
56,0 1,4010 L 64,3 1,4160 L
62,5 1,4100 L 70,0 1,4240 L
70,0 1,4205 L 75,0 1,4290 L
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MqgCl,, 75 dazoeoe MqgCl,, 75 Dazoeoe
Mgc.% o™ (6.0.) cocmosiHue MC?C.% o™ (6.0.) cocmosiHue
80,0 1,4350 L 80,0 1,4350 L
84,0 1,4370 L+S 82,5 1,4370 L+S
89,5 1,4370 L+S 87,5 1,4370 L+S
ITAB : H,0=22,0:78,0 ITAB : H,O = 25,5: 74,5

0,0 1,3520 L 0,0 1,3570 L
55 1,3575 L 55 1,3610 L
8,5 1,3480 Li+L, 7,5 1,3630 L
11,5 1,3460 L,+L, 10,2 1,3490 L,+L,
20,0 1,3575 L,+L, 20,0 1,3610 L,+L,
30,0 1,3730 L,+L, 30,0 1,3750 L,+L,
39,0 1,3860 L,+L, 40,0 1,3895 L,+L,
51,0 1,4000 L,+L, 50,0 1,4100 L
55,0 1,4105 L 60,3 1,4190 L
60,2 1,4180 L 64,0 1,4230 L
65,5 1,4230 L 69,5 1,4290 L
69,0 1,4275 L 74,2 1,4330 L+S
73,5 1,4360 L+S 80,0 1,4330 L+S
80,0 1,4360 L+S




161

A.8. PactBopumocts B cuctemax Mg(NOs), — ITAB — H,0

Tabnuya A.8.1.

HO]ZMI’I’ZQPMM'—!@CKOQ uccne0o8aHue pacmeopumocnu 6 cucneme

Mg(NO3), — cunmanon /[C-10 — H,0O

H,0, mac.% T, °C H,0, mac.% Ty °C
Mg(NO3), : cuaranon JIC-10 =50 :50 Mg(NO3), : cuaranon JIC-10=75: 25
95,8 83,0 97,0 79,0
91,5 83,0 96,0 74,0
83,0 85,0 91,5 66,0
77,0 87,0 84,0 62,0
70,0 90,0 75,5 62,0
66,5 92,0 68,5 69,0
65,0 75,0
Cunmanon JIC-10, o Cunmanon JIC-10, o
mac.% Tn °C mac.% Tn °C
H,O = 80,0 mac,% H,O = 70,0 mac,%
3,0 88,0 3,5 94,5
10,0 85,0 6,3 92,0
14,5 85,0 12,8 90,0
17,8 86,0 19,0 90,0
25,0 91
27,8 92
Mg(NO3)2, mac.% T17, °C Mg(N03)2, mac. % Tn, °C
cuntadon : JIC-10 H,O =5,1:94,9 cunranon : JIC-10 H,0 =10,1: 89,9
2,0 81,0 3,0 84,0
2,8 81,0 6,0 84,5
55 82,5 11,8 86,0
10,3 85,0 17,5 87,5
13,0 86,0
18,0 89,0

Tabnuya A.8.2.

Tonumepmuueckoe ucciedoganue pacmeopumoCcmu 8 CUCIeme
Mg(NOs), — oxcugoc B — H,0

100 — H,0, o 100 — H,0, o
mac.% T °C mac.% T °C
Mg(NO3), : okcudoc b =93,75 : 6,25 Mg(NOs3), : okcudoc b =75,0: 25,0
4,2 34,0 2,6 41,0
7,8 37,0 4,6 43,0
11,9 40,0 9,1 48,0
15,8 43,0 13,5 50,0
23,5 45,5 18,1 53,0
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100 — H,0,

100 - H,0,

mac.% T °C mac.% T °C
31,4 48,0 27,0 54,0
39,5 57,0 35,5 56,0
45,0 64,0
Mg(NO3), : okcudoc b =50,0: 50,0 Mg(NO3), : okcudoc b=25,0:75,0
2,0 46,0 1,3 56,0
55 48,0 4.4 54,0
11,4 51,0 6,0 54,0
18,0 53,0 13,1 56,0
24,3 53,0 25,6 58,0
33,0 55,0 39,0 60,0
38,5 57,0 45,2 63,0
46,5 61,0 51,6 66,0
59,0 70,0
Mg(NOs),, mac.% Ty °C Mg(NOs3),, mac.% Ty °C
H,O = 80,0 mac, % H,O = mac, 60 %
2,0 59,0 4,4 65,0
4,0 57,0 8,1 63,5
10,0 55,0 16,0 59,0
11,9 54,0 20,1 58,0
16,1 50,0 23,9 58,0
17,9 47,0 32,2 59,0
35,6 59,5
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A.9. PacTBOpuMOCTB B cHCTEMAaX €0JIb aMMOHUs — okcugpoc b — H,0O

Tabnuya A.9.1.

HO]ZMI’I’ZQPMM'—!@CKOQ uccne0o8aHue pacmeopumocnu 6 cucneme

(NH4),SO,4 — oxcughoc 5 — H,0O

100 - H,0, o 100 - H,0, o 100 - H,0, o
mac. % Tn °C mac.% T °C mac. % Tn °C
(NH4),SOy4 : okcudoc b= | (NH4),SO,: okcudoc b= | (NH4),SO4: okcudoc b =
50:50 75:25 25:75
3,2 80,0 1,0 81,0 7,5 78,0
4,3 67,0 1,8 69,0 10,0 69,0
6,2 56,5 3,7 52,0 12,6 57,0
7,5 52,0 4,8 45,5 14,8 49,0
9,4 42,0 6,7 36,0 20,0 29,0
10,5 35,0 9,1 25,0 22,0 25,0
(NH,)2SOy, ° NH4NOs, o
mac.% Tn °C mac.% T °C
okcudoc b : H,0O = okcudoc b : H,O =
10,0:90,0 30,0:70,0
1,0 >90,0 1,0 >90,0
2,0 76,5 2,0 78,0
3,5 54,0 3,1 51,0
4,5 42,5 3,5 40,0
57 25,0 4,0 25,0

Tabauya A.9.2.

IYOJlumepmuquKoe uccnedosamue pacmeopumocmu 6 cucmeme

NH,Cl — oxcugpoc b — H,0

100 - H,0, mac.% T, °C
NH,CI : okcupoc b=32: 1
2,5 43,0
55 37,0
11,6 35,0
17,1 35,0
18,1 35,0
27,3 26,0
NH,CI : okcupoc 5=8: 1
3,1 49,5
4,8 46,0
13,1 40,0
16,9 37,0
22,3 35,0
28,9 29,0
30,0 28,0

100 - H,0, mac.% T, °C
NH,CI : oxcudoc 5=15:1
2,1 49,0
5,7 42,0
11,1 37,0
16,2 36,0
20,3 34,0
24,5 31,0
NH,CI : okcuboc b=4:1
2,0 60,0
6,9 46,0
12,0 44,0
17,1 41,0
25,1 37,0
29,1 33,0
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NH,CI, o NH,CI, o NH,CI, o
mac.% T °C mac.% T °C mac.% Tn °C
okcudoc b : H,O0 =11:89 | okcudoc b : H,O =25:75 | okcudoc b : H,O =41 :59
5,1 57,0 50 58,0 5,0 74,0
9,8 47,0 9,9 49,0 10,0 53,0
14,9 42,0 15,0 42,0 12,5 49,0
19,4 37,0 20,0 37,0 17,2 42,0
24,8 33,0 24,8 34,0 25,0 37,0

Tabnuya A.9.3.

3asucumocms nokazamensn NperoMieHUs OM COCMABa cMecell-HABeCoK
6 cucmeme NH4Cl — oxcugpoc b — H,0 npu 60°C

NH,CI, 60 dazosoe NH,CI, 60 dazoeoe
mac.% o™ (6..) CcoOCmosiHue mac.% o™ (6..) COCMOosIHUE
ITAB : H,O0=11,0: 89,0 I[TAB : H,O0 =25,0: 75,0
9,8 1,3530 L+, 9,9 1,3750 L,+L,
14,9 1,3625 Li+L, 15,0 1,3680 L,+L,
19,4 1,3725 L,+L, 20,0 1,3780 L,+L,
24,8 1,3810 L,+L, 24,8 1,3855 L,+L,
30,2 1,3890 L.+, 30,0 1,3955 L,+L,+S
40,5 1,3955 L,+L,+S 40,1 1,3955 L,+L,+S
50,1 1,3955 L,+L,+S 50,0 1,3955 L,+L,+S
ITAB : H,O =41,0:59,0
10,0 1,3670 L,+L,
12,5 1,3705 L,+L,
17,2 1,3825 L,+L,
20,5 1,3880 L,+L,
25,0 1,3955 L,+L,+S
35,0 1,3955 L,+L,+S

Tabruya A.9.4.

Tonumepmuueckoe ucciedosanue pacmeopumMocmi 8 CUcmeme
NH;NO3; — oxcughoc b — H,0

100 - H,0, mac.% T, °C 100 - H,0, mac.% T, °C
NH;NO; : okeudoc b =50 : 50 NH;NO; : okcudoc b=75: 25
6,2 76,0 2,6 73,0
9,5 72,0 6,5 64,0
15,0 68,0 9,2 62,0
20,2 67,0 15,9 61,0
31,1 63,0 20,3 58,0
40,0 57,0 29,8 52,0
50,0 47,0 40,5 39,0
59,0 25,0 45,0 25,0
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100 - H,0, mac.% Ty °C 100 - H,0, mac.% Ty °C
NH;NO; : okcudoc b=87,5:125 NH;NO; : okcudoc b =93,75: 6,25
3,7 62,0 15 61,0
7,7 57,0 45 53,0
16,0 55,0 9,2 50,0
19,5 52,5 19,7 46,5
29,2 46,0 25,1 44,0
35,0 40,0 35,7 35,5
40,0 29,0 40,0 25,0
NHsNO;, o NHsNO;, o NHsNO;, o
mac.% Tn °C mac.% T °C mac. % T °C
okcudoc b : H,O0 =11:89 | okcudoc b : H,O=21:79 | okcudoc b : H,O =41 :59
50 75,0 4,9 78,0 10,0 84,0
10,0 67,0 9,7 70,0 14,9 71,0
20,0 57,0 20,1 57,0 20,5 57,0
24,9 51,0 24.9 50,0 25,0 43,5
35,0 31,0 30,1 40,0 30,0 25,0
37,0 25,0 35,0 25,0
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A.10. PacTBOpuMOCTH B cUcTeMax coJib kajausa — okcugoc b — H,O
Tabnuya A.10.1.
Tonumepmuyeckoe ucciedoeanue pacmeopumocmu 8 cucmeme

K2SO, — oxcughoc b — H,0O

100 - H,0, o 100 - H,0, o 100 - H,0, o
mac. % Tm °C mac.% T °C mac. % Tn °C
K,SO, : okcudoc b = K;SOy,: oxcudoc b = K,SO, : okcudoc b =

93,75:6,25 75:25 50:50
1,6 87,0 2,1 >05,0 55 85,0
2,9 61,0 3,3 81,0 7,8 69,0
51 41,0 5,6 60,0 10,2 53,0
7,2 28,0 7,3 47,0 12,4 44,3
7,5 25,0 10,1 29,0 15,0 31,0
11,0 25,0 16,5 25,0
K,SOy4, mac.% Tep, °C K,SOy4, mac.% Tep, °C
okcudoc b : H,O =14,0: 86,0 okcudoc b : H,O0=220:78,0
2,6 83,0 2,5 92,0
3,8 68,0 3,8 74,0
50 49,5 51 53,0
6,4 34,0 6,7 38,5
7,0 25,0 7,5 25,0

Tabauya A.10.2.
Tonumepmuueckoe ucciedo8anue pacmeopumocmu 8 CUCmeme
KCI — oxcugpoc B — H,0

100 - H,0, o 100 - H,0, o 100 - H,0, o
mac.% Tn °C mac. % Tn °C mac.% Tn °C
KCI : okcudoc b = KCI : okcudoc b = KCI : okcudoc b =

93,75: 6,25 75:25 50: 50
1,8 70,0 2,7 81,0 2,7 >90,0
2,5 54,0 3,6 61,0 5,6 79,0
4,3 51,0 4,9 54,0 10,4 64,0
6,3 47,0 9,9 44,0 13,5 59,0
12,0 39,0 15,2 34,0 19,8 49,0
15,9 36,0 20,5 30,0 25,1 43,0
18,7 33,0 24,9 27,0 29,8 38,0
25,0 27,0 29,6 26,0 34,7 33,0
30,0 25,0 40,0 28,0
KCI, mac.% T, °C KCI, mac.% T, °C

okcudoc b : H,0=20,5:79,5 okcudoc b : H,O=41,5:58,5
2,5 80,0 2,5 87,0
50 68,0 50 75,0
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KCI, mac.% T, °C KCI, mac.% T, °C
10,0 48,0 10,0 52,0
15,1 36,0 12,4 46,0
20,0 28,0 14,9 38,0

Tabnuya A.10.3.

Tlonumepmuueckoe ucciedo8anue pacmeopumMocmi 8 Cucmeme
KNO; — oxcughoc b — H,0

100 - H,0, o 100 - H,0, o 100 - H,0, o
mac. % Tn °C mac.% Tn °C mac. % Tn °C
KNOs3 : okcudoc b = KNO3 : okcudoc b = KNOs3 : okcudoc b =

93,75:6,25 75:25 50:50
2,6 79,0 2,8 5,0 >05
59 62,0 54 81,0 10,0 88,5
9,6 58,0 10,2 72,0 20,7 75,5
14,4 55,0 16,2 66,0 29,8 67,0
29,2 37,0 20,8 63,0 39,9 54,0
24,7 57,0 45 48
29,4 52,0
KNO3, mac.% T, °C KNO;, mac.% T, °C
okcudoc b : H,0 =20,0: 80,0 okcudoc b : H,O =40,0: 60,0
10,0 87,0 4,5 90,0
15,0 70,0 8,0 80,0
19,7 51,0 10,0 77,0
25,0 38,0 12,5 70,0
29,5 38,0 20,0 56
25,5 41,0
30,0 36,0




