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Bsenenue

AKTYaJIbHOCTH PadoTbl. MHOTOKOMIIOHEHTHBIE CHCTEMBI JIEXKAT B
OCHOBE MHOTMX TMPUPOJHBIX M TEXHUYECKUX OOBEKTOB, SBJISIOIIUXCS
MPEAMETOM UCCIIEAOBAaHUSA XUMUHU, IETPOJIOTMU, MUHEPAJIOTUU, METAJUTYPIUU
U Apyrux Hayk. MI3BeCTHBIM MpUEMOM HCCIENOBAHUS MHOTOKOMITOHEHTHBIX
XUMUYECKAX CHUCTEM SBJISETCA (U3MKO-XUMHUYECCKUN aHaIW3, KOTOPBIM
MO3BOJIAET YCTAHABJIMBATh B3aUMOJECHCTBHE MEXKIY UX COCTABHBIMHU YaCTAMHU
(KOMIIOHEHTaMHM) € MOCJIETYIOUUM OCTPOEHUEM UX IUarpaMM COCTOSHUS.

N3ydeHne CIOXKHBIX BOAHO-COJIEBBIX CHCTEM SIBISICTCS OJHOW U3
aKTyaJbHBIX 3a7a4 HeopraHuueckoil xumuu. OHO HEOOXOIUMO IS
YCTAaHOBJICHHSI 3aKOHOMEPHOCTEH COCTOSIHUSL (PA30BBIX paBHOBECUW U
pacTBOPUMOCTH B HHUX, KOTOpBIE MO3BOJSIIOT OINPEAEIUTh ONTUMAJIbHBIC
yCIIOBUSI TEpEepadOTKU  MOJMMHHEPATBHOTO MPUPOJHOTO U CIOKHOTO
TEXHUYECKOTO CHIPbSI.

JlanHass jaMccepTrauMoHHass paboTa, KpPOME HAyYHO-TEOPETHYECKOTrO
3HAYEHUA TOJYUYCHHBIX PE3yJIbTaTOB, UMEET OOJIBIIOE MPUKIIATHOE 3HAUCHUE.
OHu HEOOXOOUMBI ISl pa3pabOTKU ONTHUMAJbHBIX YCIOBUU NEpepadOTKU
MPUPOTHOTO U TEXHUYECKOTO CBIPbS, COJEPKAIIETO CyiIb(haThl, KapOOHATHI,
ruApoKkapOOHaThl, PTOPUILI HATPUS U KAJBIIUSI, B TOM YHCIIE KUJIKUE OTXO/IbI
MIPOU3BO/ICTBA AITFOMUHUSL.

HuccepraniionHass paboTa  BbBINIOJIHEHA coracHo 1iany HUP
«Onpenenenne (a3oBbIX PAaBHOBECMH B MHOTOKOMIIOHEHTHOW CHUCTEME W3
cynb(daroB, kapOOHATOB, TUAPOKAPOOHATOB, (PTOPUIOB HATPUSI M KaJbIHSD)
(Ne TP 0114TJO0343).

Heabio nanHo#i padoThl SBISETCA ONMpPEIEICHNE BO3MOXKHBIX (Pa30BbIX
paBHOBecuii B mnaTuKoMIiioHeHTHoM cucteme Na,Ca//SO,CO3,HCO;3-H,0,
COCTABJISIOIIMX €€ YETHIPEXKOMIIOHEHTHBIX cucreM mpu 0 u 25 °C,
MOCTPOCHUE MX 3aMKHYTHIX (Pa30BBIX JUarpaMM METOJOM TPAHCISIUUA U
H3Yy4YEHHE PAaCTBOPUMOCTH B UX HOHBAPUAHTHBIX TOUKAX.

JInst  TOCTHXKEHUST TIOCTABICHHOW TIeNMM ObUIM PEIICHBI CIEAYOIIHe

3a0a4M;



- OIIPEJENIEHO COCTOSIHHE W3Y4EHHOCTH UcciIenyeMoi
IIATUKOMIIOHEHTHOW M COCTAaBIBIIOIIUX €€ YETBIPEX- U TPEXKOMIIOHEHTHBIX
CUCTEM;

- HAa OCHOBAaHMM JAaHHBIX O (ha30BbIX pAaBHOBECUSX B TpEX- U
YEeTBIPEXKOMIIOHEHTHBIX CUCTEMaxX € HCIIOIb30BAHWEM METOJA TPAHCISALHH,
ompeneneHbl  (a30BbIE PABHOBECHUS B COCTaBISIONIUX YETBHIPpEX - W
ISITUKOMIIOHEHTHBIX CUCTEMAax C MOCIEAYIOINM ITOCTPOCHUEM UX JHarpamm
(a30BBIX paBHOBECHUH;

- I[IOCTPOEHHBIE JHarpaMMbl (parMEHTHPOBaHbl IO  00JIACTAM
KPUCTAJUIM3aUU OTIAEIbHBIX (pa3 (11 YETBIPEXKOMIIOHEHTHBIX CHUCTEM) U
COBMECTHOM KpHCTAIIM3alMU ABYX (a3 (11 MATUKOMIIOHEHTHOM CUCTEMBI);

- IO pe3yibTaTaM HKCIIEPUMEHTAJIBbHOTO ONPEIEICHUS PAaCTBOPUMOCTH
MOCTPOEHBI JUArpaMMbl UCCIIEIOBAHHBIX YETHIPEXKOMIIOHEHTHBIX CUCTEM.

HavuHuasi HOBHU3HA:

- C HCIIOJIb30BAaHWEM METOJla TPAHCIIMU OMPEISICHBI BO3MOYKHBIC
dazoBbic paBHOBecHs B msaTukomnoHeHTHOM cucteme Na,Ca//SO4,CO3,HCO;-
H,O, cocraBnstomux e€  4eTBIPEXKOMIOHEHTHBIX cucTeMax: NaySOy-
Na,CO3-NaHCO;-H,0; CaS0,4-CaCO;-Ca(HCO3),-H,0; Na,Ca//SO,4,COs-
H,O; Na,Ca//SO4;HCO3s-H,O0 u Na,Ca//CO3HCO3-H,O npu 0 u 25 °C ¢
MTOCJICTYIOIITUM TTOCTPOCHUEM MX 3aMKHYTBIX (ha30BBIX THATrPaMM;

-TIOCTPOSHHBIC THarpaMMbl (a30BbIX paBHOBECHM (hparMEHTHPOBAHBI 11O
0o0NacTsIM  KpPUCTAUIM3ALMM  OTAEIBHBIX  paBHOBECHBIX (a3 (s
YETHIPEXKOMIIOHEHTHOTO YPOBHS) M COBMECTHOM KpHCTAJUIM3AIlU JABYX (a3
(17151 TATUKOMITOHEHTHOTO YPOBH#);

- u3yuyeHa pactBopumocth B cucteMaxNa,Ca//SO4,COs—H,0 mpu 0 u
25°C; CaS0,~CaCO;—Ca(HCO3)»>-H,0O npu 0 u 25°C; Na,S04-Na,COs-
NaHCO3-H,O mpu 25 °C, ma ocHoBanum MOJYYEHHBIX JIaHHBIX BIIEPBBIE
MOCTPOEHBI X JHArPaMMEI.

IIpakTHyeckasi 3HAYUMOCTL PA0OTHI:

- OoOHapyXeHHbIE C HCHOJb30BAHUEM METOJA TPAHCIAIUKN (Pa30BbIC
PaBHOBECHS MOTYT CIIY’HUTb CIIPABOYHBIM MATEPHUATIOM;
- YCTaHOBJICHHBIE 3aKOHOMEPHOCTU (Ha30BbIX PABHOBECHH MOTYT OBIThH

HAy4YHOM OCHOBOM mJisi pa3pabOTKU ONTUMAJbHBIX YCIOBUH TMEepepadOTKu
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MPUPOTHOTO TOTUMHUHEPATIBHOTO W TEXHUYECKHU CIIOKHOTO CHIPhSI (OTXOIIOB
MPOU3BOJICTBA), COACPKAMUX CylIb(aTel, KapOOHATBHI, THUAPOKAPOOHATHI
HATPUS U KaJbIIHsL.

BhiHOCHMBIE HA 3alIUTY OCHOBHbIE I0JI0KEHHS JINCCEPTALMOHHOM

padoThI:
- pe3yabTaThl OTIpeICIICHUS (hazoBBIX paBHOBECHUU B

gyeThIpexKoMnoHeHTHBIX cuctemMax Na,SO4-Na,CO3-NaHCO;-H,0; CaSO,-
CaCO0O;3-Ca(HCO3),-H,0; Na,Cal/SO,4,CO3-H,0; Na,Cal//SO4HCO3-H,O0
Na,Ca//CO3,HCO3-H,0O npu 0 m 25 °C MeTomoM TpaHCIALMU, a TaKKe
CTPOEHUS UX THarpaMM;

- pe3ynbTaThl ONpeaAcsieHUsT Pa30BbIX PABHOBECUN B MSITUKOMIIOHCHTHOM
cucreme Na,Ca//SO4,CO3,HCO3-H,0 mpu 0 1 25 °C MeTOAOM TpaHCIALMH, a
TaK)X€ CTPOCHUS €€ ruarpamm;

- pe3yibTaThl M3Yy4YEHHUS PACTBOPUMOCTH B YETHIPEXKOMIIOHCHTHBIX
cucremax: Na,Ca//SO,;,CO3-H,0 mpu 0 u 25°C; CaSO,~CaCO;—Ca(HCO3),—
H,O npu 0 u 250C; Na,SO4-Na,CO3;-NaHCO3-H,O npu 25 OC, a TaKxke
CTPOEHUS UX THarpaMMBlI.

Anpobdauus__padomosl. _OCHOBHOE COJICp)KaHUE JUCCEPTALIMOHHOM

paboThl  JOKJIAJBIBAJIOCH  HA:  €XKErOAHBIX  HAyYHO-TEOPETHYECKHE
KoH(pepeHnH podeccopcKo - MPenoIaBaTebCKOro coctaBa TaaKUKCKOTO
rocyapCTBEHHOT0 meaarornueckoro YHuuepcutera um. C. Aitau ([ymanote,
- 2009-2017); MexnaynapoaHoii KoH(MepeHIIMU TOCBsIIeHHOW 60 — JeTHio
Akanemun  Hayk  pecnyonmuku  Tamkukucran — (Jymanbe, 2011);
MexnayHnaponHoi  koH(pepeHIMu  «XUMHUYECKas  TePMOJMHAMHKA U
KUHETUKA. (Honenk, 2012); Pecnybnukanckom KOH(epeHuuu
«KommiekcooOpazoBanue B pacTBopax» (Hymran0e, 2012);
Pecnybnukanckol HaydHOW KOH(pepeHInu «XUMUSs, TEXHOJIOTHS U IKOJIOTHS
BOJBIY, MOCBALIEHHAS roay «COTpyIHUYECTBO MO BOAHOM mpobieme» u 55-
aetuto kadenpsl «OOmas u Heopranudeckas xumus» (Lymande, 2013); VI
MexayHnaponHoit koH@epeHuun «CoBpeMeHHble TpoOIeMbl (U3NUECKOU
XAMUN» (doHelk, 2013); MexnyHapoiHOM KoH(epeHn
«2Kos0robe3onacHble U pecypcocOeperaronme TeEXHOJIOTMH U MaTepuabh)
(Ynan — Yne, 2014); MexnaynapoaHoii koHpepeHunn «Termnodusnueckue

HCCIICAOBAHUA U UBMCPCHUS IIPHU KOHTPOJIC Ka4CCTBa BEUICCTB, MAaTCPHUAJIOB U
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w3nemusp»  (Jymanbe, 2014); Hayunoil koHdepeHIMN «AKTyallbHbIE
npobsieMbl coBpeMeHHOM Hayku» (Jlyman6e-Tam6oB, 2015); MexayHap.
Hayyno — mpaktudeckas koHpepenuus «llocsamennonn 1150 — neruto
MEPCUICKO-TAJIPKUKCKOTO YYEHHOTO-PHIIMKJIONEANCTA, Bpada, ajlXUMHUKa U
¢unocopa AOy bakpa Myxammana ubH 3akapust Pasu». -Iymanbe. 2015;
MexayHapoiHON KOoH(pepeHuuu «9K010r00€30MacHbIC u
pecypcocheperaroiye TeXHOJIOruu U Marepuans» (Yian — Yae, 2015); VI
MexayHapoiHON Hay4dHO-TIpakTHueckoi KoHpepeHuuu «CoBpeMEeHHbIE
TEeHJICHIIMU pa3BUTHsI Hayku U TexHosorum» (bearopon, 30 centsadps 2015);
MexayHapoqHOW  HaydHO-TIpakTU4Yecko  koHpepeHuuu  «HayuHble
UCCJIEIOBaHUSI W pa3paboTKu B 3moxy rinobanuzamuuy (Kupos, 2016); I
Bcepoccuiickoit MO01EKHON KOHPEPEHIIMH — IMIKOJIbl C MEXKIyHAPOIHBIM
ydactueM. «JlocTikeHus XUMHUHM B arpoIpOMBIIIIEHHOM KoMriuieke» (Y da,
2016); XI MexaynaponHoro KypHakoOBCKOM COBEIIAHWU 1O (PU3HUKO-
XUMHUUYECKOMY aHalu3y B paMkax XX MeHeneeBcKoro che3a 1no oouiei u
npuknaaHod  xumuu  (Poccusa, Boponex, 2016); MexayHapoaHoi
koH(pepenuuu «Tepmuueckuit ananu3 u kanopumerpun (RTAC) (Poccus,
Cankr-IletepOypr, 2016); III Bcepoccuiickoit Hay4dHOW KOH(DEpEeHIUU C
MexayHapoaHoM yuactueMm «lI Balikanbckuil MmaTepuanoBequeckuii hopym»,
(Vnan-Ynue, 2017).

Iyoankamuu. I[lo  Marepumanam  gucCCepTAllMOHHOW  pabOTHI

ormyOiMKoBaHo 37 paboT B T.4. 22 crared B *KypHajaxX, PEKOMEHIOBaHHBIX
BAK P® u 15 Te3ucoB n0oKIaa0B.

JIMYHBbIA BKJIAJ aBTOPA. JIMUHBIN BKJIAJ aBTOpa COCTOUT B AHAJIN3E

JUTEPATYPHBIX JTAHHBIX, IJIAHUPOBAHWM W TPOBEACHUH TEOPETHUYCCKUX U
IKCTIICPUMEHTAJIbHBIX HCCASAOBaHUM, 00paboTKe, OOOOIICHUA ¢ aHaIHM3e
MOJIYYCHHBIX PE3yJIbTAaTOB, (POPMYJIMPOBAHUU BBIBOJOB, IOATOTOBKE U
myOJUKaIMy HAYIHBIX CTaTEH.

O0béM M CTPYKTYpAa JMCCEPTALMOHHOWM _ padorbl. Jlucceprauus

npeAcTaBisieT CcoOOM PYKONHCh, H3JIOKEHHYIO Ha 141 crpanuiax
KOMITBIOTEPHOTO Ha0Opa, COCTOWT W3 BBEACHHS, 4-X TJIaB W BBIBOJIOB,
conepxut 47 pucynkoB u 40 TabnuI, CNHUCOK IUTUPYEMOW JIUTEPaATypPHhI

Brirrouaer 102 HauMeHOBaHMS.



I''TIABA |. METO/JblI HM3YYEHUSA MHOI'OKOMIIOHEHTHBIX
CUCTEM n COCTOSsIHHUE N3YYEHHOCTU
MNATUKOMIIOHEHTHOM CUCTEMBbI
Na,Ca//SO4,C03,HC03-HzO

(OB30P JIMTEPATYPHI)
1.1. Metoabl n3y4eHnsi MHOTOKOMIIOHEHTHBIX CHCTEM.
3aKOHOMEpPHOCTH (Pa30BBIX PABHOBECHW B XHUMHUYECKHX CHCTEMax

SBJISIIOTCS.  TEOPETHYECKOM OCHOBOM BCEX TEXHOJIOTHYECKHX IPOIECCOB,

CBSI3aHHBIX C IEPepabOTKOM MPUPOJIHOTO U TEXHUUECKOTO ChIpbsi. OCHOBHBIM

METOJIOM H3YYCHHS] XUMHUYECKUX CHUCTEM SIBISETCS (U3UKO-XUMUUYECKUN

aHaJau3, TIO3BOJISIONIMM  YCTAHABIMBATh B3aMMOJCHCTBUS MEXIAy HX

COCTaBHBIMU 4YacCTAMH (KOMIIOHEHTaMH) B TE€TEPOTC€HHOM M TOMOT€HHOM

COCTOSIHUM C TIOCJEAYIOIIMM TMOCTPOCHHEM COOTBETCTBYIOIIUX JAUArpaMm

COCTOSIHUSL ~ (pacTBOPUMOCTH, IIABKOCTH) WM  auarpamMM  (pa3oBBIX

paBHOBecuid ((pa3oBbIX KOMIUIEKCOB). CHCTEMBI, COAEpKalIUE OT OJAHOIO J0

YETBIPEX KOMIIOHCHTOB, M300paKAIOTCSI T'€OMETPHUYCCKHUMHU (GUTypaMHu B

MPOCTPAHCTBE TPEX UBMEPEHHU, T.€. PUTrypamMu peasibHOro mpocTpaHcTsa [1].

[Ipn yBenWueHHHM YKCIIa KOMIIOHEHTOB Oo0Jjiee YeTBIPEX IS H300pakKeHUs

CHUCTEMBI TPEXMEPHBIE TeOMETPUUCCKHE (DUTYPHI PEaIbHOTO ITPOCTPAHCTBA HE

MIPUEMJICMBI.

N3BecTHO, 4YTO C yBEIWYEHHEM 4YHCIa KOMIIOHCHTOB Oojiee TpEX
MPAaKTUYECKHU, B DKCIOHCHIIMAJIBHOM 3aBUCHUMOCTH BO3pacTaeT YHCIIO
MOACUCTEM (YaCTHBIX CHCTEM), BXOJAIIUE B cocTaB o0med cuctembl. [Ipu
ATOM, BO3PacTaeT M YHUCJIO AKCIEPHMEHTAJbHBIX TOYEK JJI HCCIICAOBAHUS
CTPOCHHUS  CHUCTEMbI  TPAIUIMOHHBIMM  MeTOoJaMu  (PacTBOPUMOCTH,
JIaBKoCcTH ). Hanmpumep, ornpeiesieHo, 4To YUCIIO0 IKCIEPUMEHTAIbHBIX TOYEK,
HEOOXOAUMBIX ISl IETAIbHOTO M3yYeHMsI CUCTEMBI U3 pacyeta 10 Todyek Ha
OJIUH JBOMHOM pa3pe3, COCTABISET: I ABYXKOMIIOHEHTHbIX cuctem — 10 ;
JUTsT TPEXKOMIIOHEHTHBIX CUCTEM — 111; [ 4eThIpeXKOMIOHEHTHBIX CHCTEM

— 1113; pgms NOATUKOMOOHEHTHBIX CHCTEM — 1,1-105 u t1.a. s
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DKCIIEPUMEHTAJIBHOIO  HCCIEJOBAaHUS  ILIECTUKOMIIOHEHTHOM  CHCTEMBI,
cocTosIel U3 56 YacTHBIX NIBYX -, TPEX-, YETBIPEX-, MSITUKOMIIOHEHTHBIX
cucrteMm, Tpedyercss u3yunth okojio 100000 cmeceit, 4TO MPaKTUYECKH
HEBO3MOYKHO.

Crnenyer OTMETUTh, YTO C YBEJIMYEHHEM YKCIIa KOMIIOHEHTOB PAacTET
TaK)K€ W UHUCIO0 TEOMETPUYECKUX O00pa3oB (HOHBAPUAHTHBIX TOYEK,
MOHOBApUAHTHBIX KPHUBBIX, JMBAPUAHTHBIX Tosned u 1p.). M3-3a oOumms
r€OMETPUYECKUX 00pa30B B XUMUYECKON CUCTEME YMEHbINAECTCA pazinyue B
COCTaBE pABHOBECHOW UM  KUAKOM  (aze, 4YTO YCIOXKHAET UX
AKCIIEPUMEHTAJILHOE OINPECIICHHE.

VYBennueHnue 4uciaa KOMIOHEHTOB B XMUMHUYECKUX CHUCTEMaX TaKkKe
YCIIOXKHSET CTPOCHHE MX JMarpaMM, CTAaHOBHUTCSI HEBO3MOXHBIM UX
n300pakeHHe B 00JIaCTH BCETO COCTaBa HAa OJIHOM YEPTEKE.

Kax mokazano B pabore [2] CylIeCTBYET psiji OCHOBHBIX HaIPaBJICHUIM
B METOJO0JIOTHH (PU3HKO-XUMHUYECKOTO aHAJIM3a MHOTOKOMITOHEHTHBIX CUCTEM
(MC). OcHOBHBIM HampaBJICHUEM B HCCICIOBAHUE XUMHYCCKHX CHCTEM
ocTa€Tcs N300paKEHUs UX C TOMOILIBIO reoMeTpudeckux ¢uryp [3]. Ognako,
3TOT METOJ HMMEET OIPAHMYEHHE B CBOEM IIPUMEHEHHH, CBS3aHHOE C
Pa3MEpPHOCTBIO TEOMETPUYECKUX (UTYpP, UYTO HE TO3BOJSET HATJSIHO
n300pakaTh COCTOSIHUE CHUCTEM C YMCJIIOM KOMIIOHEHTOB 5 1 OoJiee.

B Toxe Bpemsi, B paborax [4-12] B kauecTBE reOMETpUUYECKUX (PUTYD
MPEJIOKEHO HUCIOJIb30BaTh MHOTOYTOJIbBHUKH, YTO TO3BOJMUT MEPEUTH OT
OOpHUIIEHTPEUECKOT0 METOAa ONpeIeNICHUs MOJIOKEHUST (PUTYPAaTUBHON TOUYKHU
CUCTEMBI K MACCIEHTPUYECKOMY METOY, KOTOPBIA MO3BOJIUT H300pa)kaTh
COCTaB MHOTOKOMIIOHEHTHOW CUCTEMBI Ha TIOCKOCTH.

UccnenoBanne XUMHUYECKOM CUCTEMBl METOAOM CHUHTYJISIPHBIX 3BE3,
ocHoBomnooxkHUKOM KoToporo Obu1 H. C. KypnakoB, nomapa3zymeBaeT
paszeneHue Mpolecca MCCIeI0BaHNUs MHOTOKOMIIOHEHTHBIX CHUCTEM Ha JiBa
JTama: TEOPETUUYECKUI aHAIU3 CTPOCHUS (PUTYpBI ONMPEAEIEHHOTO COCTaBa U

9KCIICPUMCHTAJIbHOC HCCICOAOBAHUE CHCTCMEI. OI[H&KO, 9TOT MCTOA HCE
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MO3BOJISIET HETIOCPEICTBEHHO CTPOUTH quarpaMmbl (pa3oBbIX paBHOBecuil. OH
JUIIbL  YKa3blBA€T HAa TMOSIBJICHUE XUMHUYECKOTO B3aUMOJCUCTBUS U
MPOTHO3UPYET 00JIACTU KpUCTAILTU3AUU (Pa3. DTOT METO/ MPUMEHHUM TOJIBKO
K B3aMMHBIM cructeMaM. Kpome Toro, kak oTMedaercs B padote [13], moHOE
UCCJIEIOBAHUE CHCTEM C YHKCIOM KOMIIOHEHTOB 0ojiee 5 3TUM METOAO0M
ABJISIETC HE palMOHAIBHBIM. PekoMeHayeTcs HccielnoBaTh, TaKXe,
MHOTOKOMITOHEHTHBIE CHCTEMBI TI0 ()parMeHTaM.

B pabGore [14] pa3paboraHa MeETONOJOTUS DKCIEPUMEHTATHLHOTO
W3YyYEHHUS] MHOTOKOMIIOHEHTHBIX CHCTEM, OCHOBaHHas Ha MIPOBEACHUU
HKCIEPUMEHTA MO 3TamaM, 4yTO JAET BO3MOXKHOCThH MPHU PEUICHUM YAaCTHBIX
3a1a4 OTPaHUYUTCA MHUHHUMYMOM uHbopmaIu, yIPOILAET
HKCTIEPUMEHTAILHOE MCCIIEIOBAHNE CUCTEMBI B pe3yJibTaTe pa3oueHus e€ Ha
dazoBble enunuuHbie Onoku (DObB). Ilocnegnue mnpeacTaBiIsOT CcoOOM
YYaCTKU COCTaBa CUCTEMBI C OMpPEIEICHHBIM Ha0OpOM KPUCTATUIU3YIOIINXCS
bas.

JleTanu cTpOE€HHUS MHOTOMEPHBIX (GUTYp, MPU MPOEKTUPOBAHUE MX HA
TPEXMEPHOE MPOCTPAHCTBO, MPOSBISIIOTCS C PA3IMYHOW HATJISTHOCTHIO B
3aBUCUMOCTH OT HampaBlieHus Jydeil. Mcmonb3yst 3To cBOMCTBO, B paboTe
[15] pa3paboTraH METOJ ONTHMAJIBHBIX MPOCKIIMH, MO3BOJISIONINN HATJISIIHO
oToOpaxaTh OTJEIbHbIE YYaCTKM MHOTOKOMIIOHEHTHBIX CHCTEM Ha UX
MPOEKIIHSIX.

B paGore [16] pa3BuUTO  MEpPCNEKTUBHOE HampaBjieHUue (¢GUUKO-
XUMHUUYECKOTO aHajn3a MPUMEHUTEILHO K HCCIEIOBAaHUIO MaparcHes3a
MUHEPAJIOB. ABTOp MOAPA3JEIUB KOMIIOHEHTHI HAa MHEPTHBIE, NI KOTOPBIX
(hakTOpaMu COCTOSIHUS SIBJISIIOTCSI IKCTEHCUBHBIE TTapaMeTphl (MX MacChl WIH
KOHIICHTPAI[MU), U BIIOJHE IOJBH>KHBIE COCTOSIHUS, KOTOPBIE OMPEAEIISIIOT
uHTeHCHuBHBIE TlapameTpsbl (TPM), pacuupun 061acth mpuMeHeHUus (PU3UKO-
XUMHUUYECKOTO aHaji3a. JTO J1ajl0 BO3MOXXHOCTh YUMTHIBaTh BIIUSIHUE Ha

COCTOSIHHSI PABHOBECUI B MHOTO(A3HBIX CUCTEMaX U3MEHEHUs TeMIIepaTyphl,
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JABJICHUSI ¥ XMMHYECKOTO TMOTEHIIMAaja, BIOJHE TMOJBIKHBIX KOMIIOHEHTOB,
sBIstOIUXCsl (pakTOopamu paBHoBecHs [17].

ABTtopamu pabor [18, 19] nns aHanuM3a MmapareHe30B B
MHOTOKOMITOHEHTHBIX ~ BOJHO-COJIEBBIX  CHCTEMaX «MOPCKOTO»  THIIA
pa3paboTaH MeTOJ TEPMOJMHAMHYECKHX pPACu€TOB, KOTOPBHIM OCHOBaH Ha
MUHUMH3AIUU  TEPMOJUHAMHYECKOTO0 ToTeHnuana. OpHako, cleayer
OTMETHTb, YTO JOCTOBEPHOCTH MOTYUECHHBIX ITUM METOJOM JTaHHBIX 3aBUCUT
oT TOYHOCTH HCXOJHBIX TEPMOJMHAMUYECKUX BeauuuH. [losTomy,
MPUMEHSIEMOCTh METOJIa OTPAaHWYMBACTCS TIOBBIIIICHHBIM TPEOOBaHUEM K
TOYHOCTH HWCXOJHBIX JIaHHBIX, JIOCTHKCHHE KOTOPOW MPOOIEMAaTHIHO C
YBEIMYECHHEM KOMIOHEHTHOCTU UCCIEAYEMOM CUCTEMBI.

Takum 00pa3oMm, CO3JaHUE€ METOJAOJOTUH  (PUBUKO-XUMUUYECKOTO
aHanu3a, MPUTOJHOM JJIsi pPEIIEHUs BCE YCIOXKHSIOUMXCS 3adad TpeOyeT
yrayOneHus Teopun GU3NKO-XUMHUYECKOTO aHaiu3a. /[0 HelaBHOro BpeMeHU
oOmue 3aKOHOMEPHOCTH CTPOCHHS JHarpaMM COCTOSIHHSI OIHCHIBAIIACH
JBYyMSI ~ OCHOBHBIMH  MPUHIUNAMH  (U3UKO-XMMHYECKOTO  aHaln3a:
HEMPEepPhIBHOCTH M cooTBeTcTBUA [l]. Ha ocHoBe 000011eHUsT CTpOCHUS
JUarpaMM COCTOSIHUS C(POPMYJIIMPOBAH TPETUN OCHOBHOM MPUHIIUI (PUZHKO-
XUMUYECKOTO aHajiu3a — TMPUHIUI COBMECTUMOCTH KOMIIOHEHTOB B
xumudeckux cuctemax [12, 20]. CoryracHO IPUHITUITY COBMECTUMOCTH JTFO00M
HAa0Op KOMIIOHEHTOB, HE 3aBHCHUMO OT WX YHCIAa U COCTaBa COBMECTHUM B
OJTHOH (PM3HKO-XUMHUYECKOW CHCTEME, B PE3YJIBTATE YET0 DJICMEHTHI CTPOCHUS
JUarpaMM COCTOSIHHSI C YHCJIOM KOMITOHEHTOB N TPAaHCIUPYIOTCS B 00JIaCTH
COCTaBa CHCTEM C YHMCIIOM KOMIIOHEHTOB N+1, U CBOMCTBO cucTeM B 00JacTH
TOMOTCHHOCTH TIPOSIBISICTCS KaK CyMMa OT/ACIIBHBIX COCTABHBIX YaCTeH.

[IpakTuueckoe  TNPUMEHEHHWE  MPUHIUMIA  COBMECTUMOCTH  JUIS
WCCJICIOBAHNUSI MHOTOKOMITOHEHTHBIX CUCTEM ITO3BOJIMIIO pa3paboTaTh HOBBIN
METOJ TIOCTPOCHHMS auarpaMM (a30oBbIX PpaBHOBECHH — TIOCTPOCHH

CXeMaTH4eCcKux nauarpamm [21], rae MOXHO OTOOpakaTh BCE BO3MOKHBIE

11



reOMeTpPHUSCKHE 00pasbl, XapaKTEpHbIC I JaHHOW CHCTEMBI, UX B3aWMHOE
pacrojoxeHne 0e3 yBsI3KH ¢ KOOPIUHATHBIM OCTOBOM.

[TarukomnonenTHass cucrema Na,Ca//SQ4,CO3,HCO3-H,0O, kortopas
SBIIICTCS TPEAMETOM H3y4YeHUS B JaHHOW JHUCCEPTAMOHHOW pabore,
UCCJICIOBAaHA METOJOM TpPAHCIAIUA. METOJ TPaHCIAIUN BBITEKACT W3
npuHIUIa coBMectTuMocTH [12, 20] 1 mpeaycMarpuBaeT, 4To MPH MEPEX0JIe
OT N K N+1 KOMIIOHEHTHBIM CUCTEMaM, 3JICMEHTBI CTPOCHHS N KOMITOHEHTHBIX
CHUCTEM YBEIIMYMBAIOT CBOIO Pa3MEPHOCTb HA CAUHHUILYy U TPAHCIHUPYSICH B
TpaHchopMHUpoBaHHOW (GopMe Ha ypoBeHb N+1 KOMIIOHEHTHOTO COCTaBa
CUCTEMBl YYacTBYIOT B (OPMHUPOBAaHMH €& TIE€OMETPHUYECCKHX OOpa30B.
Hampumep, HOHBapHaHTHBIC TOYKH IIPEBPAINAIOTCS B MOHOBApHAHTHBIC
KpUBbIC, MOHOBAapHAaHTHBIC KpWBBIC- B JWBapHaHTHBIC TOJIA M T. I
dopMUpoOBaHHE  DJJICMCHTOB CTPOCHHMS CHUCTEMbl Ha  ypoBHe N+l
KOMIIOHEHTHOTO  COCTaBa  IIPOMCXOJUT B  COOTBETCTBHHM C  HX
TOIMOJIOTUYECKUMU CBOMCTBAMHU U npaBuiioM ¢a3 ['udoca.

[IpumeHeHrne MeToJa TPAHCIAIMM IS IPOTHO3MPOBAaHUS (ha30BBIX
paBHOBECHII B MHOTOKOMITOHCHTHBIX BOJHO-COJIEBBIX CHCTeMax OoJiee
o JpOOHO pacCMOTPEHO B paboTax [22, 23, 73].

[TpumeHeHne MeToAa TPAHCIAIHUKA ObUIO YCICIIHO apoOMpPOBAaHO IPH
ucciaenoBaHuK IecTukommnoHeHnTHo cuctemel Na,K,Mg,Ca//SO,,Cl-H,0,
cocraBistonux eé marukommnoneHTHbIX cucteM: NaCl — KCI - MgCl, - CaCl,-
H,0; Na,SO, - K,SO,4 - MgSO, - CaSO, - H,0; Na, K, Mg // SO, CI - H,0;
Na, K, Ca // SO, CI-H,0; Na, Mg, Ca // SO,4, Cl - H,0; K, Mg, Ca // SOy, Cl-
H,0 [23-26], matukomnonentusix cucrem: Na, K // SO4, COs, F-H,0 [27-
31], Na, K // CO3, HCO3, F - H,0 [32-36], Na, K // SO4, CO3, HCO3 - H,0
[37-41], Na, K // SO4, HCO;, F - H,0 [42-46], Na,SO,4 - Na,CO3 - NaHCOs-
NaF - H,O [47-48], Na, Ca // SO,, COs, F - H,O [49-53].

HccnenoBanne nsarukoMnoHeHTHoM cucteMbl Na,Ca//SO,,CO3;,HCO;-
H,O, koropas sBiseTcs TPEIMETOM  pPacCMOTPEHUS B JTaHHOH

,Z[HCCCpTaHI/IOHHOﬁ pa60Te, KpOME€ HAYYHO-TCOPCTHYCCKOTO 3HAUCHMHA
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MPEICTABIIACT TAKXKE 3HAYMTENbHBIN MpakTuyecknii maTepec. OHa BXOIWUT B
COCTaB oonee CJIOKHOM IIECTUKOMITOHEHTHOU CHUCTEMBI
Na,Ca//SO,4,CO3,HCO3,F-H,0, 3akoHoMepHOCTH (a30BBIX paBHOBECHH B
KOTOPBIX OMPEICISIIOT YCIOBHS ONTHUMAIBHONW MEepepadOTKH MPHUPOIHOTO U
TEXHUYECKOTO MHUHEPAJILHOTO CHIPhS, COAEpIKAIIEro cyibdarhl, KapOOHATHI,
ruApokapOoHaThl, GTOPHUABl HATPUS W KaJbIUS, TPUMEPOM KOTOPHIX MOTYT
CIIY)KUTh JKHJIKHUE OTXOJbl TPOMBIIIICHHOTO TPOU3BOJACTBA ATIOMHUHUS, B
4aCTHOCTH Ha TypCyH3a/1eeBCKOM alFlOMUHHEBOM 3aBojie [54].

Cnengyer OTMETHT, 4YTO MpoOjemMaM NepepadOTKH >KHJIKUX OTXOOB
MPOM3BOJCTBA ATOMUHHS Ha TypCyH3aJ€€BCKOM aJllOMUHUEBOM 3aBojie PT
MOCBSIICHBI P paboT [55-67]. BoabIIMHCTBO BBIMOJHEHHBIX MUCCICAOBAHUN
o TpoOJIeMe YTUIN3AINHA KUJIKHX OTXOJOB QJTIOMHHHUEBOTO MPOM3BOJICTBA
HOCSIT TEXHOJIOTHYECKUH XapaKTep.

Beimonmnennas Hamu  JguccepTallMOHHas paboTa HalpaBiieHa Ha
pa3pabOTKy HAay4YHBIX OCHOB PpEIICHWS JaHHOHW TPOOJEMBI  MyTeM
WCCJIEIOBAHUSI PACTBOPUMOCTH U (Da30BBIX PaBHOBECUN B COOTBETCTBYIOIIMX
XUMUYECKUX CHUCTEMaX, IOCTPOCHHUS WX JUarpaMM H TakKuM 00pazoM
YCTaHOBJICHHSI CYIIECTBYIOIIUX 3aKOHOMEPHOCTEH, KOTOPHIE OMPENESIOT
ONTUMAJIbHBIE YCJIOBUSI TIEPEPabOTKU KUIKUX OTXOJOB IPOU3BOJICTBA

AJIFOMUHUA.

1.2. CocTosiHHE N3YUYEHHOCTH MATUKOMIIOHEHTHOM CHCTEMBbI

Na,Ca//SO4,C03,HCOg—HgO

Uccnenyemass msatukomnoneHTHass cuctema Na,Ca//SO,4,CO3,HCO;-
H,O  BxirowaeTr  clEOyrOlIMe  YETHIPEXKOMIIOHCHTHBIE  CUCTEMBI:
Na,SO,—Na,CO3;—NaHCO;—H,0; CaSO,—CaCO;—Ca(HCO3),—H,0;
Na,Ca//SO,4,CO3-H,0; Na,Cal//SO4,HCO;-H,0; Na,Ca//CO3,HCO3-H,0.
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1.2.1. YeTbIpEXKOMIIOHEHTHAS CHCTEMA

Na,SO,—Na,CO;—NaHCO;—H,0O

CorylacHO  CyIIECTBYIOIIMX  JUTEPATYpPHBIX  JAHHBIX  JaHHas
N 0
4eTBIpEXKOMIIOHEHTHAasE cucteMa npu 0 “C  umcciaepoBaHa  METOIOM

pactBopuMocTH [68, 69], pe3yabTaThl KOTOPHIX MPEACTaBICHBI B TadmuIe 1.

Tabnuna 1.
PactBopuMoCTh 1 (ha30BBIEC paBHOBECHS B CHCTEME
Na,SO04—Na,CO3~NaHCO3;—H,0 mpu 0 °C
No CocraB xuakon hasbl, mac. % PaBHoBecHast TBEpaas daza
/i Na,SO, Na,CO, NaHCO4 H,O
1. 2,27 3,14 4,42 90,17 M6 + Hx
2. 2,12 5,13 4,37 88,38 M6 + Hx + C-10
3. 2,29 5,32 2,30 90,09 M6 + C-10
4. 0,49 5,46 4,33 89,72 Hx + M6

Ecmu mnpunare TBEpasie pacTtBopsl Ha ocHoBe MO m C-10 kak
WHIUBUTyaJIbHBIC PaBHOBECHBIE TBEPABIE (ha3bl, TO U3 MPUBEAEHHON TaOIUIIBI
BbITekaeT, 4to i cuctembl Na,SO,—Na,CO;—NaHCO3;—H,O mpu 0 o°C
oOHapy>keHa TOJBKO OJlHA HOHBapuaHTHas Touyka (ombiT Ne 2) c
PaBHOBECHBIMHU TBEPABIMU dazamu M6+Hx+C-10. OcranbHbIe
UCCJIeIOBAHHBIE TOYKH (OMBITHI 1-4) OTHOCATCS K MOHOBAPUAHTHBIM KPHUBBIM
cucreMbl Na,SO,—~Na,CO3—NaHCO5;—H,0. Kak moka3sIBaeT CONOCTABIIEHHUE
JAHHBIX PACTBOPHUMOCTH KOMIIOHCHTOB JJISI MOHOBApHAHTHBIX KPHBBIX M
HOHBApUAHTHOM TOYKM, HUX COJEpKAHUE B HACHIIICHHOM pacTBOpPE
OTIIMYACTCsl He3HaunTeapHO. OOpa3oBaHUE COCTMHECHMS YETBEPHOTO COCTaBa
s cucreMmbl Na,SO;—Na,CO3;—NaHCOs—H,O mpu 0 °C me 00OHapyKEHO.
Jlanapie 0 pacTBOpUMOCTH W (a30BBIX PAaBHOBECHSIX Ha YpOBHE
TPEXKOMIIOHCHTHOT'O cocTaBa YeTHIPEXKOMIIOHCHTHOM CUCTEMBI
Na,SO,—Na,CO;—NaHCO3;—H,0 mpu 0 °C, Takxe, XOPOIIIO MPE/ICTABICHBI B

nuteparype [70, 71]. DTu naHHBIE CKOMIIOHOBAHBI B TAOIHIIE 2.
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Tabmua 1.2.
PactBopuMOCTh 1 (ha30BbIE paBHOBECHS B TPEXKOMITOHEHTHBIX CHCTEMAaxX
Na,SO,—Na,CO3;—H,0, Na,SO, -NaHCO3—H,0, Na,CO3—NaHCO3;—H,0,
nipr 0 °C, COCTABISIOIINX YETHIPEXKOMIIOHEHTHYIO CHCTEMY

Na,SO,—Na,CO;—NaHCO5;—H,0

0 CocraB xuakoii passl, Macc. % PaBHOBecHas TBEp/as (asza

/i Na,SO, | Na,CO; | NaHCO;| H,O

1. 4,3 0 - 95,7 M6

2. 3,0 5,0 - 92 M6

3. 2,8 6,0 - 94,58 M6+C-10

4, 0 6,50 - 93,5 C-10

5. 4,3 - 0 95,70 M6

6. 3,57 - 1,80 94,63 M6

7. 2,78 - 4,14 93,08 M6

8. 2,57 - 5,61 91,82 MO + Hx

Q. 1,00 - 6,26 92,74 Hx

10. 0 - 6,49 93,51 Hx

11. - 0 6,50 93,5 Hx

12. - 4,00 5,10 90,9 Hx

13. - 5,60 4,60 89,8 Hx + C-10

14. - 5,90 1,40 92,7 C-10

15. - 6,40 0 C-10

Kaxk cieayer wu3 OaHHBIX Ta6HI/IHBI 2 Bce TPCXKOMIIOHCHTHBIC

CHUCTEMBI, COCTaBJIAKOIIIUEC LIeTI)IpéXKOMHOHeHTHYIO CUCTCMY

Na,SO,—Na,CO3;—NaHCO3;—H,0, uMeroT 3BTOHMYECKYIO TPHUPOAY, I HUX
HE XapaKTepHO 00pa30BaHKE COCTMHEHHM TIBOMHOTO U TPOMHOTO COCTABOB.

Ha ocHOBaHWHM SKCIIEpUMEHTAIBHBIX JAHHBIX IMOCTPOCHA IMPOCKITHS
u3zotepMbl pactBopuMocTH cucteMbl Na,SO,—Na,CO;—NaHCO3;—H,0 Ha tpu
mtockocty mpu 0 °C. 3amkHyTas (a3oBasi AuarpaMMa CHCTEMBbI, Ha KOTOPOM
OBl OBl OTpaXKeHbI BCE reoOMeTpUuyecKkre o0pasbl (TOUKH, KPUBBIE, MOJISI) U
WX B3aUMHOE PACTOJIOKEHHE, HE TTIOCTPOCHA.

JlanHbIE O PACTBOPUMOCTH U (pa30BbIX paBHOBecHsX cucteMbl Na,SO,
— Na,CO; — NaHCO3 — H,0 mpr 25 °C Ha ypoBHE 4eTBIPEXKOMIIOHEHTHOTO

COCTaBa, OTCYTCTBYIOT.
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Ha YpOBHE TPEXKOMIIOHEHTHOT'O cocTaBa cucreMa
Na,SO,—Na,CO3;—NaHCO3;—H,0 mpu 25 °C nmocrarouna XOpOIIIO H3y4YeHa
MetogoM  pactBopuMocTH [70-71]. DKcrmepuMMEHTalbHbIC JaHHBIE O
PacTBOPUMOCTH u (ha3oBBIX PaBHOBECHSX B CHUCTEME
Na,SO,—Na,CO3;—NaHCO3;—H,0 npu 25 °C ua YPOBHE TPEXKOMIIOHEHTHOTO
COCTaBa CKOMITOHOBAaHBI B Ta0juIe 3.

Tabnuma 3.
PactBOpuMOCTB M (ha30BbIC paBHOBECHS B TPEXKOMIIOHCHTHBIX CHCTEMax
Na,SO, -NaHCO3;—H,0, Na,CO3—NaHCO5;—H,0, Na,SO,—Na,CO5—H,0,
COCTABJISIFOIITUX YETBIPEXKOMIIOHCHTHYIO CHCTEMY

Na,SO,—Na,CO3—NaHCO3—H,0, mpu 25 °C

0 CocraB xuakon hasel, mac. % PaBHoBecHas TBEpaas (paza
/i Na,SO, | Na,CO; | NaHCO; H,O
1. 21,90 - 0 78,10 M6
2. 20,80 - 3,77 75,43 M6
3. 20,68 - 4,16 24,16 M6 + Hx
4, 20,59 - 4,15 75,26 M6 + Hx
5. 11,14 - 6,03 82,83 Hx
6. 9,87 - 5,75 84,38 Hx
7. 0 - 9,39 90,61 Hx
8. - 0 9,6 90,4 Hx
Q. - 7,29 5,91 86,8 Hx
10. - 13,70 4,20 82,1 Hx
11, - 14,95 4,00 81,05 Hx
12, - 17,48 3,95 78,57 Hx + Tp
13. - 19,48 2,88 76,57 Tp
14, - 21,30 2,18 76,52 Tp
15. - 22,69 1,52 75,79 Tp+C-10
16. - 22,90 0 77,10 C-10
17.| 218 0 - 78,20 M6
18. | 19,6 5,00 - 75,40 M6
19. | 17,8 10,0 - 72,20 M6
20. | 16,7 15,0 - 63,80 M6
21. | 164 18,3 - 65,30 M6 + C-10
22. 8,9 20,0 - 71,10 C-10
23. 0 22,9 - 77,10 C-10
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CormnocTaBieHre JaHHBIX O PACTBOPUMOCTH 1 (ha30BBIX PABHOBECHSIX B
cucteme Na,SO,—Na,CO;—NaHCO3;—H,0O Ha ypoBHE TpPEeXKOMIOHEHTHOTO
cocrasa mpu 0 (tabur. 2) u 25 °C (Tabi1. 3) MOKa3bIBACT, YTO C YBEIHICHHEM
TeMIiepaTypbl pacTér pactBopumocth Mupadbmmmta (Na,SO4 10H,0) ¢ 4-5 no
21-22 %, nekarugpata kapoonara Hatpusi (C-10) ¢ 6-7 mo 22-23 %, a
NaHCO; - pacTéT He3HAYUTENBHO.

CocrtaB  TBEépApIXx da3 B TPEXKOMIIOHEHTHBIX  CHCTEMax
Na,SO,—Na,CO3;—H,0 u Na,SO,—NaHCO;—H,0 He meHsercs u mnpupojaa
3TUX cucteMm, kKak u 1npu 0 0C, SIBIISICTCA ABTOHHUYECKOM. B cucrteme
Na,CO3;—NaHCO3—H,0 c noBsimenneM teMiiepaTypsl 10 25 °C nossnsercs
HoBas (aza Tpona (NaHCO;-Na,CO3-2H,0), uTo NPUBOIUT K YCIOKHEHHUIO
CTpOEHHUsI €€ AuarpaMMbl IO CPABHEHUU C HU30TEPMOM IPHU 0°C. Ecin s
cucremsl Na,CO;—NaHCO;—H,0 mpu 0°C Gblmi XapakTepHsI [BE KPHBBIC
kpucraumzanuu (Hx u C-10) u ogHa TOYkKa COBMECTHOM KpUCTAJUIM3AIlUU
(Hx + C-10), To mpu 25 OC 151 9TO# cHCTEMBI CBOHCTBEHHA YK€ TPU KPUBBIE
kpucraumzanuu (Hx, C-10 u Tp) u 1Be TOUKM COBMECTHOM KpUCTAJUIU3AIIUN
nByx (a3 (Hx + Tp u C-10 + Tp).

Jlnst msotepmsr 25 °C, take xak u mist uzotepmbl 0 °C, 3aMKHyTas

dazoBas aarpaMmma YETBIPEXKOMIIOHEHTHOMN CHUCTEMBI

Na,SO,—Na,CO3;—NaHCO3;—H,0 ne noctpoeHa.

1.2.2. YerbipexkomnonenTHas cucrema CaSO,—CaCO;—Ca(HCO3),—H,0

B nuTeparype OTCYTCTBYIOT JaHHBIC O PACTBOPUMOCTH M COCTOSIHHH
¢bhazoBbIX paBHOBECUH B YETBIPEXKOMIIOHEHTHOM CUCTEME
CaS0O,—CaCO3—Ca(HCO3),—H,0 kak mpu 0, tak u 25 oC. Kpaiine mana u
uHPOpMAIUSA O COCTOSHHM HW3YYCHHOCTH TPEXKOMIIOHEHTHBIX CHCTEM:
CaSQ4-CaCO3—H,0, CaS0O4-Ca(HCO3),-H,O0 u CaCOz-Ca(HCO3),-H,0.
JlaHHbIE O PAcCTBOPUMOCTH B TpexkommoHeHTHou cucteme CaS0O,-CaCOs;-

H,0 B3stbI u3 padot [70-71] u ckomnoHoBaHbI B TabuIe 4.
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Tabnuma 4.
PacTBOpUMOCTH (pa30BBIX paBHOBECUH B TPEXKOMIIOHEHTHOU CUCTEME

CaS0,4-CaCO3z—H,0, cocraBnsroIas 4eTHIPEXKOMIOHEHTHYIO CUCTEMY

CaSO,~CaCO3—Ca(HCO3),—H.0, mpu 0 u 25 °C

Ne | CocraB xunkoit has3el, Mmacc. % PaBHOBecHas TBEpmas daza
n/m| CaSO, | CaCO; | H,0
Ipu 0 °C
1. 0 0,0031 99,995 Cg
2. 0,150 0,0015 99,782 I'm+ Cn
3. 0,176 0 99,781 I'n
Ipu 25 °C
4, 0 0,0048 99,995 Cuy
5. 0,175 0,0038 99,782 I'm+ Cn
6. 0,213 0 99,781 I'm

Kak cnenyer u3 stoit Tabnuibl 4. BCE TPEXKOMIIOHEHTHBIE CUCTEMBI,
COCTaBJISIOIINE YETHIPEXKOMIIOHEHTHYO CUCTEMY
CaS0O,—CaCO;3;—Ca(HCO3),—H,0, Ha ypoBHE TPEXKOMIIOHEHTHOI'O COCTaBa
pu 0 m 25 °C umeror OBTOHUYECKYIO NIPUPOIY, C YBEIMYECHUEM TEMIIEPATYPBI
pactet pactBopumocts rurca (CaSO4-2H,0), a kapoonata kaibius (CaCOs)
u Ca(HCOg), - pacTeT He3HAYUTEIILHO.

3amkHyTas (a3oBasi AUarpaMMa 4eThIPEXKOMIIOHEHTHOW CHCTEMBbI HE
noctpoeHa. JlaHHbie O pacTBOPUMOCTH M (Ha30BBIX PABHOBECUM CUCTEMBI
CaSO,~CaCO;—Ca(HCO3),-H,0 mpu 0 wu 25°C ma  ypoBme

YETHIPEXKOMIIOHEHTHOTO COCTaBa OTCYTCTBYIOT.

1.2.3. YerbipexkomnonenTHas cucrema Na,Ca//SO4,CO3z-H,0

CornachHo CYILLIECTBYIOIINX JUTEPATYPHBIX JTAHHBIX aTa
YETBIPEXKOMIIOHEHTHAsI CUCTEMA HE UCCIIEI0OBAHA.
JlanHble O pacTBOPUMOCTH W (pa30BBIX PABHOBECHUSX HA YPOBHE

TPEXKOMIIOHCHTHOI'O CoCTaBa IICTI)IpéXKOMl’IOHeHTHOI‘/’I CHUCTCMBI
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Na,Ca//SO,4,CO3-H,0 npu 0°C B3sttl 13 [70-71] ¥ CKOMIIOHOBAHBI B TaGIIHIIE
5.
Taomumna 5.
PactBOopuMOCTh 1 (ha30BbIE pAaBHOBECHSI B TPEXKOMITOHEHTHBIX CHCTEMAaX
Na,SO,4-CaS0,4-H,0, CaCO3-Na,CO3-H,0 mpu 0 OC, COCTAaBJISIOIINE

yeTbipexkomnoneHTHYI0 cucteMy Na,Ca//SO,,CO3-H,0

Ne CocraB xuakoit gassl, macc. % PaBHOBecHast TBEpaas
n/m | Na,SO, | CaSO, | Na,CO5; | CaCO; | H,O daza

1. 4,5 0 - - 95,50 M6

2. 4,34 | 0,196 - - 95,46 M6 + I'n

3. 0 0,201 - - 99,79 I'm

4. - - 6,57 0 93,43 C-10

5. - - 12,20 | 2,648 | 85,15 I'n+C-10

6. - - 12,00 |0,00480 | 87,99 ['n

7. - - 4,30 | 0,0048 | 95,69 I'nm+Cu

8. - - 0 0,0048 | 99,99 Cu

Kak cnenyer u3 npuBeIeHHOW TabIWIle TPEXKOMIIOHCHTHAs CHCTEMa
Na,SO4-CaS0O4-H,O oTHOCHTCS K IBTOHHYECKOM, a B TPEXKOMIIOHCHTHOM
cucteme (CaCO3-Na,CO3-H,O o0pa3yercst nBOWHAsT COdb - TEUITIOCCHT
(Na,C0O3-CaCO;3'5H,0). JlanHble 0 paCTBOPUMOCTH M (Hha30BBIX PABHOBECHSIX
cucrems! Na,Ca//SO,,CO3-H,0 mpr 0 °C Ha ypoBHE 4eThIPEXKOMIOHEHTHOTO
cCocTaBa OTCYTCTBYIOT. 3aMKHyTas (ha3oBasi [auarpamMma CHCTEMBI HeE
ITOCTPOCHA.

OKCIepUMEHTAIbHBIC JIaHHBIE O PacTBOPUMOCTH M (Da30BBIX
paBuoBecusx B cucteme Na,Ca//SO4CO3-H,O mpu 25 °C ma YpOBHE
TPEXKOMIIOHEHTHOTO cOCTaBa B3sIThI U3 [70-71] u cCKOMIIOHOBaHbBI B Ta0JIUIIE

6.
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Taobmumna 6.

PaCTBOpI/IMOCTb " (l)aSOBBIe PaBHOBCCHA B TPCXKOMIIOHCHTHBIX CUCTEMAaX

Na,SO,-CaS0O,-H,0, CaCO3-Na,CO5-H,0, cocraBasroniue

geThIpexkoMIoHeHTHYI0 cucremy Na,Ca//SO,,CO5-H,0, mpu 25 °C

No CocraB xuakoit ¢assl, mac. % PaBHOBecHas TBEpaas
/i | Na,SO, | CaSO, | Na,CO3 | CaCO; | H,0O daza

1. 21,80 0 - - 78,2 M6

2. 21,75 | 0,197 - - 78,05 M6 +16
3. 32,72 | 0,070 - - 67,21 I'c

4. 25,87 | 0,188 - - 73,94 I'6+Tn
5. 0 0,219 - - 99,78 ['m

6. 22,95 0 77,05 C-10

7. 22,64 | 0.132 | 77,22 C-10+TIn
8. - 0,132 | 99,64 I'm+ Cry
Q. - 0,104 | 99,89 Cuy

ConocTaBiieHHe JaHHBIX O PACTBOPUMOCTH U (pa30BbIX PABHOBECHUSX B
cucteme CaCO3-Na,CO3-H,0O nmokassiBaet, 4To ¢ MOBBIIICHUEM TEMIIEPATypPhl
ot 0 (tadn. 5) go 25 °C (tabn. 6) pacTBOPEMOCTH MUPAGHIHTA PACTET ¢ 6-7
no 22-23 %, a pacTBOPUMOCTb THIICA PACTET HE3HAUMUTENBHO. B cucreme
Na,SO4-CaS04-H,O ¢ moBelmieHHEM TeMIIepaTypsl a0 25 °C nosmusercs
HoBass (haza rmayoeput (Na,SO, CaSO,), 4yTO HPUBOAUT K YCIONKHCHHUIO
CTPOCHHS 68 IHarpaMMbl [0 cpaBHEHHH ¢ n30TepMoii 0 °C.

Jlnst m3orepmsr 25 °C, Tamke kak u mwist 0 °C, 3aMKHyTas (pazoBas
nuarpamMma  detbipexkoMrnoHeHTHoW cuctembl Na,Ca//SO,4,CO3-H,0O, Ha

KOTOpPO# OBLITM OBl OTPaXKEHBI BCE TE€OMETPUUECKUE 00pa3bl (TOYKU, KPUBBIE,

MOJIs1) U MX B3aWMHBIE PACIION0KEHUE, HE TOCTPOCHA.
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1.2.4. YerpipexkommnonenTHasa cucrema Na,Ca//SO,,HCO5-H,0

B nuTeparype OTCYTCTBYIOT JaHHBIE O PACTBOPUMOCTU M COCTOSIHHH
¢da3oBbIX paBHOBecHid B ueThipéxkommoHeHTHoU cucteMe Na,Ca//SO4,HCO;-
H,O kax mpu 0, Tak u 25 °C.

CymecTByromme  JUTEpaTypHble  JaHHBIE  IMOKa3bIBAIOT,  YTO
TpexkommnoHeHTHbIe cucTeMbl: Na,SO4-CaSO4-H,0; Na,SO,-NaHCO3-H,0;
CaS04-Ca(HCO3),-H,O  u NaHCOs3-Ca(HCO3),-H,0O,  cocramsioriue
qeTHIpeXKOMITOHeHTHYI0 cructemy Na,Ca//SO4,HCO;-H,0O, mpu 0 u 25 °C
W3YYCHBI YACTUIHO.

Jluteparypusie  ganubie  [/0-71]  moka3plBalOT, UYTO  TpH
TpexkoMmoHeHTHbIe cucTteMbl Na,SO,-NaHCO3-H,0O; CaSO4-Ca(HCO3),-
H,O u NaHCO;-Ca(HCO3),-H,0, cocrapnsmomme 4eThIPEXKOMIIOHEHTHYIO
cructemy, mpu 0 °C OTHOCATCSL K 9BTOHMYECKOH M ISl HHX XapaKTEPHBI I10
OJTHOM HOHBApPUAHTHOM TOYKE.

Cornacuo [70-71], B cucreme Na,SO4-CaSO4-H,O ¢ moBeiieHneM
Temmeparypst 10 25 °C oGpasyercst HoBasi (asa JBOHHAS CONb - IIAyOSpHT
(Na,SO,4-CaS0y), uTo yCIOKHACT CTPOCHUE €€ TUarpaMMsbl, 0 CPAaBHEHHIO C
msorepmoii 0 °C. 3amxHyTas (asoBas guarpamMMa YeTHIPEXKOMIOHEHTHOM

cucrems! Na,Ca//SO4,HCOs-H,0 mwist m3otepmst 0 u 25 °C He moctpoeHa.

1.2.5. YerbipexkomnonenTHas cucrema Na,Ca//CO3 HCO5-H,0

B nurepatype OTCYTCTBYIOT JaHHBIE O PACTBOPUMOCTH M COCTOSIHUU
(da3oBbIX paBHOBecHH B ueThipéxkoMoHeHTHOU cucteme Na,Ca//CO3,HCO;-
H,O kak npu 0°C, Tax u mpu 25 °C.

CymectByromme  ganueie  [/0-71] o  pactBopumMocTH B
TpexkoMnmoHeHTHBIX cucTeMax: Na,CO3;-CaCO3-H,0; Na,CO3;—NaHCOs-
H,0; CaCO;-Ca(HCO3),-H,0 u NaHCO;-Ca(HCO3),-H,0, noka3piBaroT, 4to
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BCE TPEXKOMIIOHEHTHBIE CHUCTEMbI, KpPOME TIEpBOM, OTHOCATCA K
ABTOHHYECKOMY THIy nipu 0 u 25 °C.

C mossimerneM Temmeparypst 10 25°C B cucreme Na,CO3-CaCOs-
H,O mosisercs HoBas ¢asa reimoccut (Na,COz-CaCO;3-5H,0), uto
MPUBOJUT K YCIOXKHEHUIO CTPOCHUS €€ [auarpaMmbl IO CpPAaBHEHHH C
HU30TEPMOU 0°C. JI1s yKa3aHHOW YETHIPEXKOMIIOHEHTHON CUCTEMBI 3aMKHYTas

0
dazoBas nuarpamma, kak s 0, Tak u 25 “C He MOCTpOeHa.

3akJ/Il0ueHue 1Mo JUTEPaTypHOMY 0030py
JlaHHBIE O COCTOSSHMM WM3yYCHHOCTH NSATHKOMIIOHEHTHOW CHCTEMBI
Na,Ca//SO,4,CO3,HCO3-H,O u  cocraBmsrommx €€  YeThIpéx- U
TPEXKOMIIOHEHTHBIX cucteM npu 0 u 25 °C cxommomHoBaHE! B TabuIe 7.
Tabmuma 7.
CocTrosiHEe N3YYEHHOCTH MATHKOMIIOHEHTHOU CUCTEMBI
Na,Ca//SO4,CO3,HCO3—H,0 u cocrapistonux e€ 4eThIpéXx- U

TPCXKOMIIOHCHTHBIX CUCTEM

©

0 Cucremsl KommnonentHocts | M3otepma, °C

/1 0 25

Na,Ca//SO4,C03,HC03-HZO

Na,SO,—~Na,CO;—NaHCO;—H,0

CaSO4—CaC03—Ca(HCOg)2—H20

Na,Ca//SO4,C03-H20

Na,Ca//SO4,HC03-HZO

Na,Ca//CO3;,HCO3-H,0

Na,SO,-CaS0O,-H,0O

Na,CO3-CaCO3-H,0

©Io NGO R W

Na,SO,-Na,CO;-H,O

[EEY
o

CaSO4-CaC03-HgO

[HEN
=

Na,SO,-NaHCO3-H,0

[HEN
N

Na,CO3-NaHCO;-H,0

[EEY
w

CaSO4 —C&(HCOg)z'Hzo

[EE
=

C&CO;;-CEI(HCOg)g-HgO

W WWWwwww w b bbb bdo

[EEN
o1

N&HCO3'C3(HCO3)2- H,O
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Kak BWIHO ©3 TPEACTABJICHHOW TaOJMIBI ISTHKOMIIOHCHTHAS
cucrema Na,Ca//SO,,CO3,HCO3-H,O ©He wncciemosana BooOme. U3
YCTBIPEXKOMIIOHCHTHBIX CUCTEM HCCIIeI0OBaHA TOJIBKO OJIHa
Na,SO,—Na,CO;—NaHCO3;—H,O0 mnpu 0 °C, ommako, eé auarpaMma
pacTBOPMMOCTH WM  (DAa30BBIX PABHOBECHH, TakkKe, HE IIOCTPOCHA.
OcTanbpHbIC Y€THIPEXKOMIIOHCHTHBIC CHCTEMBI HE MCCIICIOBAHbI BOOOIIE M UX
JUarpaMMbl PAaCTBOPHMOCTH HITH ()a30BBIX PABHOBECHI HE MOCTPOCHBI.

W3 TpeXKOMIOHEHTHBIX CHCTEM JOCTAaTOYHO XOPOIIO HCCICAOBAHBI
mpu 0 u 25 o cnemytormue cucteMbl. Na,SO4-CaSO,4-H,0, Na,CO3-CaCOs-
H,O, Na,SO, -Na,C03-H,0, CaS0O4-CaCOs-H,0, Na,SO4-NaHCO3-H,0 u
Na,CO3-NaHCO3-H,0. Tpexxommonentsie cuctembl: CaSO,—~Ca(HCOs3),-
H,O, CaCO3-Ca(HCOs),-H,O u NaHCO;-Ca(HCO3),-H,O BooOme ne
UCCIICIOBAHEI, ITO3TOMY pu IIPOTHO3UPOBAHUH CTpOCHHUE
YCTBIPEXKOMIIOHCHTHBIX CHUCTEM, BKIIFOYAIOIIMX O3TH TPOWHBIC CHCTEMBI

IPUHUMAKOTCA KaK IIPOCTBIC 9BTOHUYCCKHUC.
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I'JIABA |l. IPOTHO3UPOBAHUE ®A30BBIX PABHOBECHUI HA
FEOMETPUYECKHUX  OBPA3AX, ITOCTPOEHHUE
JAUATPAMMBI IIATUKOMIIOHEHTHOU CHUCTEMBbI
Na,Ca//SO,4,CO3,HCO3-H,O0 U COCTABJIIIOIIUX EE
YETBIPEXKOMIIOHEHTHBIX CUCTEM METOJA0OM
TPAHCJISILIUM ITPH 0 °C

ITstukommonentHas cucteMa Na,Ca//SO,,CO3,HCO3-H,O BkiIrouaer
cieayromme ceMb cocTtaBHbIX 4dacted : NaSO,; Na,COsz; CaSQ4 CaCoOs,
NaHCOs, Ca(HCO3); u H,0O. OnHako, coriacHO OOMIECIPHHSTHIM ITPaBHIIaM
[1], oHa COCTOUT M3 MATH KOMIIOHEHTOB. YHCIIO KOMIIOHEHTOB B MOJO00HBIX
B3aMMHBIX CUCTEMAaX OMPENEISETCs CIACAYIOMUM 00pa3oM: MO YHUCIy MOHOB,
MOTyIIre 00pa3oBaThCs MPHU AUCCOIHALINN COJICH.

B BOJHBIX PACTBOPAX MCCIELYEMON CHCTEMBI MMEIOTCS KaTHoHBI Na®,
Ca®" u aHWOHBI SO42', COSZ', HCO;, T.e. 5 HOHOB, clIeAOBAaTEILHO OHAa
SIBIISIETCS TIITUKOMIIOHEHTHOM.

Uccnenyemas MSATUKOMITOHEHTHAs cUCTeMa BKITFOUYACT 5
YETBIPEXKOMIIOHCHTHBIX ~ TTOJICHCTEM: Na,SO,—Na,CO;—NaHCO5;—H,0;
CaSO,—CaCO;—Ca(HCO3),—H,0; Na,Cal//SO4,C0O3-H,0; Na,Ca//SO4,HCO;-
H,0; Na,Ca//CO3HCO5-H,0. TlepBbic aBE CHCTEMBI BKIIIOYAIOT COJM C
o01IUM MOHOM. MexX 1y HUMU HET peakiuy B3auMHOro oomeHa. [lostomy ais
HUX YHCIIO COCTaBHBIX yacTel (3 coiu v BoJa) MOTYT ObITh KOMIIOHEHTaMHu. B
TPEX OCTaJIbHBIX CHCTEMax HWMEET MECTO pPEaKIMd B3aWMHOTO OOMEHa,
TI03TOMY OHHM SIBJISIOTCS B3auMHBIMU. Hampumep:

- g cucremsl Na,Ca//SO,,C0O5-H,0:

Na,SO, + CaCO; &T——— Na,CO3z+ CaSOy;
- g cucremsl Na,Ca//SO,,HCO5-H,0:
Na,SO, + Ca(HCO3), +——— 2NaHCO; + CaSOy;
- g cucremsl Na,Ca//CO4;,HCO3-H,0:
Na,CO3 + Ca(HCO3); +——=2NaHCO; + CaCOs.
Takum 00pazoM, XOTs 3TU CHCTEMbI UMEIOT 10 5 COCTaBHBIX yacTei (4

COJIM ¥ BOJIa), YMCJIO KOMIIOHEHTOB B KaXKJIOW M3 HUX PaBHO 4, T. K: YUCIO
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COCTaBHBIX YacTel (5) MUHYC YHCIIO peakiuii B3auMHOro oomeHa (1), paBHO
4. ITo yncily HOHOB OHU TaKXKe SIBJISIOTCS Y€THIPEXKOMITOHCHTHBIMHU.

Jist  mporHo3upoBaHus  (a30BBIX PaBHOBECHH B  HCCIEIyeMOM
MSATAKOMITOHEHTHON CHCTEME METOJIOM TPAHCISIIHUK HEO0OXOIUMO 3HAHUE
($a30BbIX paBHOBECHMH B COCTABISIONIUX €€ YETBIPEXKOMIIOHEHTHBIX
noacucremax. Jlnsg  3TOW 1enM HaMH  MCIOJIb30BaHbl  MMEIOIIUECS
JUTEpATypHBIC MaHHBIE O ()a30BBIX PABHOBECHSAX B COCTABJISIOIIMX YaCTHBIX
YeTHIPEXKOMIIOHEHTHBIX [68, 69] n TpexxommoneHTHbIX [70, 71] cucrtemax,
MOJIYYCHHBIX ~ METOJOM  PacTBOPHMOCTH,  TEPMOJAWHAMHYCCKUMH U
rpaoaHATUTHICCKUMHA pacdeTaMH WM JIOOBIMH ApyruMu Metofamu. Ilpm
OTCYTCTBUU TaKOBBIX, dazoBbie paBHOBeCHUS Ha ypOBHE
YETBIPEXKOMIIOHCHTHOTO COCTaBa, MPOTHO3UPOBAHBI METOJOM TPAHCIISAIIAN
[22-24], wucxoms w3  (Pa3oBBIX  paBHOBECHI B COCTaBJISIIOLINX
YETHIPEXKOMIIOHEHTHYIO CUCTEMY TPEXKOMITOHEHTHBIX CHUCTEMaX.

AHanu3 JUTEpPaTYypPHBIX JaHHBIX IO HCCICAYeMBIM CHCTEMam
MOKa3bIBA€T, YTO OHM M3YYEHBI TPH pPa3HBIX Temreparypax. da3oBbie
paBHOBECHS METOJOM TPAHCISAINU HWCCIEAOBaHBl HAMH TpH Temreparypax 0
u 25 °C. BbIOOp JTHX TeMmepaTyp CBS3aH C YCIOBHSMH MPHPOIHOTO
(3BUMHETO U JIETHET0) MUCIapeHus OacceilHa KUJKUX OTXOJ0B aJIOMUHHEBOTO

IMpOU3BOACTBA.

2.1. YernipéxxkommnonentHasi cucrema Na,SO,—Na,CO;—NaHCO;—H,0

JlaHHasi YEeTBIPEXKOMIIOHEHTHAs CHUCTEMa BKIIIOYAET CJIEAYIOIIUE
TPEXKOMITOHCHTHBIE CUCTEMBIL: Na,SO,—Na,CO;—H,0;
Na,SO,~NaHCO3;—H,0 u Na,CO;—NaHCO;—H,0. Cornacuo pa60T [70, 71]
TU TPEXKOMIIOHEHTHBIE CHUCTEMBI XOpOIIO H3y4eHbl U mnpu 0 °C. Oum
XapaKTepU3yrTCs CIACAYIONIMMUA PaBHOBECHBIMU TBEPABIMU (a3zamMu B
HOHBAapPUAHTHBIX TOYKAX, KOTOphIE 37IeCh U aanee o0o3HaueHbl OykBoil E ¢

BCPXHUM HMHACKCOM, YKA3bIBAIOIIMM Ha KPAaTHOCTH TOYKHU (KOMHOHGHTHOCTB
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CHUCTEMbl) W HW)XKHHM HWHJCKCOM, YKAa3bIBAIONIUM Ha IOPSJIKOBBI HOMED
ToukH (Tad. 8).

TaoOmuma 8.
Honapuantasie Touku cucteMbl Na,SO,—Na,CO;—NaHCO3-H,0 mpu 0 °)C B

obiacTu TPCXKOMIIOHCHTHOT'O COCTaBaA.

Cucrema HOHBapI/IaHTHaﬂ PaBHOBecHBIC
TOYKa TBEpIBIE (DashI
Na,SO,—NaHCO5;—H,0O Ef M6+Hx
Na,CO;—NaHCO5;—H,0 Eg C-10+Hx
Na,SO,—Na,CO5;—H,0 Eg Mo6+C-10

CorynacHo »TUM JaHHBIM Ha pPHUCYHKE 1. mpuBeJeHA JauarpaMmma
(bazoBbIX paBHOBECUU YETBIPEXKOMIIOHEHTHOM CHUCTEMBI
Na,SO,—Na,CO;—NaHCO3-H,0 mpu 0 °C na YPOBHE TPEXKOMITOHEHTHOTO
COCTaBa B BHUJIC Pa3BEPHYTON TpexrpaHHON mpu3Mbl. Ha Heil oTpakeHbl Bce
BO3MOXKHBIC JTMBAPWAHTHBIC TOJS OJHOHACBHIINICHUS W MOHOBApHUAHTHBIC
KpUBBIC JIBYHACBIIICHUS, XapaKTepHbIE COOTBETCTBYIOILIUM
TPEXKOMIIOHEHTHBIM CHCTEMaM.

[Ipn TpaHCHsIIMM HAa YPOBHE YETHIPEXKOMIIOHEHTHOTO COCTaBa
HOHBapHaHTHbIE  TOYKKM  TpaHChOpMHpYyIOTCa  (MpeBpamiaroTcsi) B
MOHOBAapHAHTHBIE KPUBBIE M B3aUMHO TepECceKasch (C COOII0CHIEM MpaBuia
dba3 ['u60ca) oOpa3zytot HOHBapHaHTHbBIC TOYKHU yYpOBHS
YEeTHIPEXKOMIIOHEHTHOT'O COCTaBa. MaTeMaTH4eCKu 3TO MOKHO BBIPA3UTh Kak
COUYETAaHHE COOTBETCTBYIOIIMX HOHBAapPHAHTHBIX TOYeK. AHanmu3 (a3zoBoro
COCTaBa MPUBEJICHHBIX BBINIE TPOWHBIX HOHBAPHUAHTHBIX TOYEK MOKA3bIBaCT,
YTO BO3MOKHO CIIEAYIOIIEE UX COUETaHHE:

E}+ES+E} ------- » E/ =Mo6+C-10 + Hx.

CormacHo  pabor [68, 69] o5ra  HOHBapHMaHTHAas  TOYKa

AKCIIEPUMEHTAJIbHO  OOHapyeHa  METOJOM  pacTBOPUMOCTH,  UTO

MNOATBCPKAACT AAHHBIC, ITOJTYUYCHHBIX HAMHU MCTOAO0OM TPaHCIIAIHNH.
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CxemaTHuecKkas 3aMKHYyTasl JuarpaMMa (a3oBbIX PAaBHOBECHUH CHCTEMBI
Na,SO,—Na,CO3;—NaHCO3-H,0 na ypoBHE 4eTBIPEXKOMIIOHEHTHOTO COCTaBa
0
npu 0°C, moctpoeHast METOIOM TpaHcisauuu [21], mpuBeacHa Ha PUCYHKE 2. U

TaK)Ke paccMOTpeHa B padore [72].

H,0 NaHCO; H,0

Pucynox 1. «Pa3BépTka» nuarpammsl (pa3oBbIX paBHOBECHUN CHCTEMBI
Na,SO,—Na,CO;—NaHCO3-H,0 na ypoBHE TpeXKOMIOHEHTHOTO

cocCTaBa
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NaHCO;

_\IEL_?SO_; 3 Nﬂgf@;

Pucynok 2. Cxemaruueckasi auarpamma (ha3oBbIX PaBHOBECHI
cuctembl Na,SO4,—Na,CO3;—NaHCO3-H,0 mpu 0 oc

Ha YPOBHE YETBIPEXKOMIIOHEHTHOT'O COCTaBa

Kak BuiHO U3 pHCyHKa, B KaUeCTBE Fr€OMETPUUECKON (PUTYPBI ITPU 3TOM
MCIIOJIb30BaH PaBHOCTOPOHHUM TPEYTOJIBHUK, CTOPOHBI KOTOPOTO SBISIOTCS
KOOPAMHATHBIMU OCTOBaMH COJIEBOM 4acTH COCTaBJIISIOLIUX
TPEXKOMIIOHEHTHBIX cHCTeM. [lodTOMy, Ha CTOPOHBI TpEYroOJIbHUKA
CXEMAaTUYHO  MPOCUHMPOBAHBI  IIOJOKEHUS  HOHBAPUAHTHBIX  TOYEK
COOTBETCTBYIOIIMX TPEXKOMIIOHEHTHBIX CUCTEM. TpaHCIALNS UX HA YPOBEHD
YETBIPEXKOMIIOHEHTHOTO COCTaBa, B BHJAE MOHOBAapPUAHTHBIX KPUBBIX,
NOKa3aHa MyHKTUPHBIMU JIUHUSAMHU. DTH MOHOBapHAHTHBIE KPUBBIE, COTIACHO
METOJly TPAHCIJIALMU U C COOMIOZCHUEM MpaBuiio (a3, B3aUMHO MEPECeKasiCh
00pa3yl0T HOHBAPUAHTHBIE TOUM YPOBHS YETBIPEXKOMIIOHEHTHOI'O COCTaBa.
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OOnHapyXeHHasT METOJOM TpPAHCIALMM HOHBApUAHTHAs TOYKA YPOBHS

Y4eThIpeXKOMIIOHEHTHOrO0  coctaBa  (E;), oOpasoBaHa  «CKBO3HOI»

(TpexcropoHHel) TpaHcisuen [22, 24]. Kpome naHHOW HOHBapHaHTHOM
TOYKHU UCCIIETYEMOI CUCTEME, TaKKe, XapaKTEPHbI TPU IMOJISI KPUCTAILTU3 AU
UHANBUAYAIbHBIX TBEPABIX a3z (MO, C-10, Hx). Cucrema xapakrepusyercs
TaKKe€ TpeMsi MOHOBAapPUAHTHBIMU KPHUBBIMU JBYHACHIIIEHUS, KOTOPHIC
oOpa3oBaHbl B pe3yJbTaTe€ TPAHCISIIMM HOHBAPUAHTHBIX TOYEK YPOBHS
TPEXKOMIIOHEHTHOTO COCTaBa Ha YPOBEHb UETHIPEXKOMIIOHEHTHOTO COCTaBa.
®a30BbIi  COCTAaB OCAaJKOB B HHUX UACHTUYEH (Ha30BOMY COCTaBy
COOTBETCTBYIOIIMX HOHBAPUAHTHBIX TOYEK YPOBHS TPEXKOMIIOHEHTHOTO
COCTaBa.

MeTtoa TpaHCHSAIMHU TO3BOJSET HAM (PparMEHTHPOBATh MOCTPOSHHYIO
JUarpaMMy MO TMOJISIM KPUCTALUIM3ALMKM OTAENbHbIX (a3. B Tabmuue 9
IPEJCTaBICHbl IE€PEYeHb U KOHTYpPHl JIMBAPUAHTHBIX IOJIEH CHCTEMBI
Na,SO,—Na,CO;—NaHCO;3-H,0 npu 0 OC.

Tabmauma 9
PaBHOBecHbIE TBEpABIE (Pa3bl U KOHTYPHI JUBAPUAHTHBIX MOJIEH CUCTEMBI

Na,SO,—Na,CO3;—NaHCO;3-H,0O npu 0 OC

Ne | PaBHoBecHbIe TBEpAbIC | KOHTYpHI mosieit Ha auarpamme (puc.2.)
n/m ¢a3bl mosei
1. Na,SO; —— Elf
M6 !
. v
Ej--------- +E!
2. Ej Na,COs3
C-10 !
v
femmmooee- E:
3 Ed--------- +>E/
Hx f
NaHCO; E?
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2.2. YerpipexxkommnoHenTHas cucrema CaSO,-CaCO3;—Ca(HCO3),-H,0

JlaHHasT YETBIPEXKOMITIOHCHTHAsE CHCTEMa BKIIOYACT CIEAYIONINE
TpexkommoneHTHble cuctembl: CaS0O,—CaCO3;—H,0; CaSO,~Ca(HCO3),—
H,O; u CaCO3;-Ca(HCO3),—H,0. da3oBbie paBHOBECHS B 3TOH CHCTEME
METOJIOM PAaCTBOPUMOCTH He wu3ydeHbl [68-69] u g1 HHMX BO3MOXKHBI
ClICIyIoIe HOHBAapHaHTHBIE TOYKH (Ta6in.10.), kak IS CUCTEM IMPOCTOTO
HBTOHUYECKOTO THIIA.

Tabmuma 10.
HonBapuanTtabie Toukn cucteMbl CaSO4-CaCO3;—Ca(HCO3),-H,0 mpu 0 oC

Ha YPOBHC TPCXKOMIIOHCHTHOI'O COCTaBa.

Cucrema HonBapuanthast | PaBHOBecHbIC

TOYKa TBEpPIbIC (ha3bl
CaSO,—Ca(HCO3),—H,0 E? I'm + Cal
CaCO;—Ca(HCO3),—H,0 E3 Ci + Cal’
CaSO,—CaCOz-H,0 E} I'm + Crx

[To >TUM naHHBIM IOCTPOEHA CXEMaTH4YecKas auarpamma (a3zoBBIX
paBHoBecuii cucreMsr CaS0,-CaCOs—Ca(HCOs),-H,0 mpu 0°C ma ypose

TPEXKOMIIOHEHTHOIO COCTaBa B BHUJE PA3BEPHYTOW TPEXTPAHHOW IPU3MBI

(puc. 3.).
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CaS0,

H-0 Cﬂ(HCO;)] H,0

Pucynok 3. «Pa3BépTkanauarpammsel GpazoBbIX paBHOBECUI

cucremsr CaSO,-CaCO3—Ca(HCO;),-H,0 mpu 0 °C
Ha YPOBEHb TPEXKOMIIOHEHTHOT'O COCTaBa

Jlist mocTpoenust auarpaMmbl (pa3oBeix paBHoBecuil cuctembl CaSO,-
CaCO3—Ca(HCOs),-H,0 mpu 0 °C wmeromom TpaHCHsmu Ha YpOBHE
YETBIPEXKOMIIOHEHTHOTO  COCTaBa HWCIOJb30BAIM  JIaHHBIE O (Pa30BbIX

PaBHOBECHAX YPOBHS TPEXKOMIIOHEHTHOI'O COCTaBa.
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MoHOBapHaHTHbIE  KpUBbIE, OOpa30BaHHbIE MpPU  TPAHCISILIUU
HOHBapUaHTHBIX TOYEK YPOBHSA TPEXKOMIOHEHTHOIO COCTaBa, B3aMMHO
nepeceKasch, o0pa3yioT HOHBapUaHTHbBIC TOYKHU YpOBHS
YETBIPEXKOMIIOHEHTHOIO ~ cocTaBa.  Peanmszanmuss  3TOro  mporuecca
CXeMaTH4eCKH MOKa3aHa Ha PUCYHKE 4.

TpaHcnauuss HOHBAPUAHTHBIX TOYEK YPOBHS TPEXKOMIIOHEHTHOIO
COCTaBa HA YPOBEHb YETHIPEXKOMIIOHEHTHOTO COCTaBa 3[1€Ch TOXKE OTPa)KeHa
B BHUJE MYHKTUPHOM JIMHUM BO BHYTPh TpeyrojbHuka. Ha ypoBeHb
YETBIPEXKOMIIOHEHTHOTO COCTaBa MOHOBApUAHTHBIE KPUBBIE, 0Opa30BaHHbIE
B pe3ynbTaTe TPaHCIISILIUU HOHBapUaHTHBIX TOYEK YPOBHSI
TPEXKOMIIOHEHTHOTO COCTaBa, B3aMMHO II€PECEKasich (COTJIaCHO 3aKOHaM
TOMOJIOTUM M coOJoeHrueM mnpaBmwia (a3) o0pa3yroT COOTBETCTBYIOILIWE
HOHBAapUaHTHBIE  TOYKM  YPOBHS  YETBIPEXKOMIIOHEHTHOIO  COCTaBa.
MaTteMaTu4ecKy 3TO MOXKHO BBIPA3HUTh TaK:

E! +E3+E2 ------- > E3 =T+ Cu+ Carl.

OO6HapyxeHHas HOHBapHaHTHas TOYKa YpOBHS
YEeTHIPEXKOMIIOHEHTHOTO ~ cocTaBa  oOpa3yercs  MyTeM  «CKBO3HOW»
TPaHCIISIIUH.

VYKazaHHOM  CHUCTEME  TaKXe  XapakTepHO  HaJIM4Me  Tpex
MOHOBApPUAHTHBIX KPUBBIX JIByHACHIIICHUs. Pa30BbIi COCTaB OCAKOB B HUX
UJEHTHYEH (Ha30BOMY COCTABY COOTBETCTBYIOIIMX HOHBAapPHAHTHBIX TOYEK
YPOBHSI TPEXKOMIIOHEHTHOT'O COCTaBa.

Ha pmmarpamme OTpakeHbl KOHTYpbl TIOJIEHM  KpPUCTaJUIM3alUU

OTIENbHBIX (ha3 (IUBApUAHTHBIE MOJISI), KOTOPHIE MMEIOT CIEAYIOLUN BUT

(tabm.11.)
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Ca(HCO3);

|
|
|
CaSO, C3 CaCO:

Pucynok 4. Cxemaruueckas nruarpamma (pa3oBbIX paBHOBECHI

crctemsr CaS0,;-CaCO3—Ca(HCO3),-H,0 mpu 0 °C
Ha YPOBHE YETHIPEXKOMIIOHEHTHOTO COCTaBa

Tabmanma 11.
PaBHOBecHbIe TBEPIbIE (Da3bl M KOHTYPHI JUBAPUAHTHBIX MOJICH CHCTEMBI

CaS0,-CaCO3—Ca(HCO3),-H,0 mpu 0 °C

Ne | PaBHoBecHbIe TBEpbIe | KOHTYpHBI mosiel Ha nuarpamme (puc.4.)
n/n da3bl moei
1. CaSOy Elf
I'm :
) v
Ej--------- +E;
2. Ej C&CO;J,
Cn ! ‘
* 4 3
E,€--------- E;
3 Ed--------- +>E;
Cal’ T
Ca(HCOs), — EX
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Crtpoenue nuarpammsl ¢azoBbix paBHOBecHil cuctembl CaSO4-CaCOs—

Ca(HCO3),-H,0 mpu 0 °C mamu paccmotpero Takske B padore [73].
2.3. YernipexxkommnonenTHas cucrema Na,Ca//SO,HCO;-H,0

JlaHHasT ~YETBIPEXKOMITOHCHTHAs, B3aWMHas CHCTEMa BKIIOYACT
cienytonue TpexkommoHeHTHbIe cucTteMbl: Na,SO,—CaSO,~H,0; NaHCOs;-
Ca(HCO3),—H,0; Na,SO,-NaHCO3;-H,0; CaS0,4-Ca(HCO3),—H,0.
XapakTepHble IS HUX HOHBapHWAHTHBIE TOYKH C COOTBETCTBYIOITUMU
pPaBHOBECHBIMHU TBEPABIMU (pazamu B3sATHI M3 padot [68, 69] u mpencraBiIcHBI
B Tabnuie 12.

Tabmuma 12.
HounpapuanTtasie Touku cuctemsl Na,Ca//SO4,HCO3—H,0 npu 0 OC na

YPOBHC TPCXKOMIIOHCHTHOI'O COCTaBa

Cucrema HonBapuanTHas PaBHOBeCHBIE
TOYKa TBEpBIE (Pa3bl
Na,SO,-NaHCO3;-H,0O E? M6 + Hx
NaHCO;-Ca(HCO3),—H,0 E; Hx + Cal'
CaS0,~Ca(HCO3),—H,0 E3 I'm+ Cal’
Na,SO,—CaSO,—H,0 E; M6+ I'n

[Io 3TUM JaHHBIM TOCTPOEHA CXeMaTHuecKas auarpamma (ha3oBbIX
pasHoBecnii cuctembr Na,Ca//SO,HCO;~H,0 mpu 0 °C mis yposs

TPEXKOMIIOHEHTHOTO COCTaBa B BUJIE Pa3BEPHYTOM MPU3MBI (pHC.5.).
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H,0

L3
Hx Mo
NaHCO; Na:S0;
Hx
H,0 é H,0
Cal
Ca(HCO3), CaSO,
Cal | Tm
L3
H,0

Pucynok 5. «Pa3BépTka» nuarpammsel (pa3oBbIX paBHOBECUN CHCTEMBbI
Na,Ca//SO4,HCO3—H,0 mpu 0 °C Ha YPOBHE TPEXKOMIIOHEHTHOI'O
cocTaBa

Jlist mporHo3upoBanusi (a30BBIX PAaBHOBECUN B JaHHOW CHUCTEME Ha
YPOBHE YETHIPEXKOMIIOHEHTHOIO COCTaBa OBLIM MCIOJIb30BaHbI JaHHbIC [70-
71]. Ona Takxe paccMOTpeHa B pabortax [74-75].

Ha pucynke 6. mpuBejeHa cxeMaTH4ecKas 3aMKHyTas auarpamma
¢dazoBeIX paBHOBecui udeTbipexkommoHeHTHOU cuctembl Na,Ca//SO4,HCO3—
H,O mpu 0 °C Ha ypoBHE 4YeTHIPEXKOMIOHEHTHOTO cocraBa [21],
MOCTPOEHHAsT Ha OCHOBE JIUTEPATYPHBIX TAaHHBIX C MPHUMEHEHHEM METOjIa
tpancisiui. OHa mMpoerupoBaHa Ha OCHOBE YETBIPEXTPAHHOW TMPU3MBI,
KOTOpasi ObLTa UCTIONBh30BaHA ISl M300PAKEHUST CXEeMAaTHIECKON TarpaMMbl
(bazoBbIx paBHOBECUH HCCIIEAYyEMOU CHUCTEMBI Ha YpPOBHE
TPEXKOMIIOHEHTHOrO cocTaBa (puc. 5). Ha Heil oTpakeHbl BCE BO3MOKHbIC
reoMeTpudecKrue o0pa3bl: 2 HOHBAPUAHTHBIC TOUKH, 4 TUBAPUAHTHBIX MO U
5 MOHOBapHAHTHBIX KPHUBBIX, KOTOPHIC HMECIOT pa3IMYHYI TMPUPOIY
oOpazoBanus [22-24]. HoHBapuaHTHBIE TOYKH JAHHOW CHUCTEMBI Ha YPOBHE
YETHIPEXKOMIIOHEHTHOT'O COCTaBa MMEIOT CIEAYIOIIUIA COCTaB PaBHOBECHBIX

TBEPBIX (a3:
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NaHCO; L3 Na,SO.

A
AN
N,
Hx EH"&
S
e
| s
~ I3
L34
-
E“H
e 1
Ey I
N
cal
\
Ca(HCO:), [ CasO,

Pucynok 6. Cxemaruueckasi auarpamma (a3oBbIX PaBHOBECHI

cucrems! Na,Ca//SO4,HCO5—H,0 mpu 0 °C na yposHe

YETBIPEXKOMIIOHEHTHOTO COCTaBa

®da30BbI COCTAaB 0CAJIKOB MOHOBAPUAHTHBIX KPUBBIX, 00pa30BaHHBIX B

pe3yNbTaTe TPAHCIAINA HOHBAPHAHTHBIX TOUYEK YPOBHS TPEXKOMITOHEHTHOTO
COoCTaBa, WJEHTHYECH (Pa30BOMYy COCTaBYy OCAJKOB COOTBETCTBYIOIIHUX
HOHBapUAHTHBIM TOYKaM, U3 KOTOPBIX OHHM TPAaHCIUPOBaHbI. Da30BbIN COCTaB
PaBHOBECHBIX TBEPIBIX (a3 MOHOBAPHAHTHBIX KPUBBIX, MPOXOISIINX MEXKIY
YETBEPHBIMH HOHBAPUAHTHBIMHU TOYKAMH, TAKOB:

E: E:=Hx+1Im.

Kontypsi JIABAapUAHTHBIX oJIen KPHUCTAJUTU3YOLIUXCS

WHIMBUAYAJBHBIX TBEPABIX (pa3 nmpuBeaeHbI B TabnuIe 13.
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Taomuma 13.

PaBHOBecHBIC TBEpBIC (Pa3bl M KOHTYPHI JUBAPHAHTHBIX TTOJICH
cucrembl Na,Ca//SO4,HCO3—H,0 npu 0 °C

Ne | PaBHOBecHbIe TBEpabIC | KOHTYpEHI MoJielt Ha quarpamme (puc.6.)
n/u (asbl mosei
NaHCO; —E2
1. Hx E
| v
3o - ] mm—E
E3---------- > E:
2. Cal’ ‘ T
Ca(HCO,), E3
E? Na,SO,4
M6 |
3. v
Ei€--------m- E3
E; mmmm E:4----E3
' 4 l
4. I
E3 CaSO,

2.4. YerbipexxomnonenTHasi cucrema Na,Ca//SO,;,COs—H,0

I[aHHaSI YCTBIPCXKOMIIOHCHTHAd CHCTEMA BKIOYACT CJICAYIOIIHC

TpexkommnoHeHTHbIe cuctembl: Na,SO,—Na,CO3;—H,0; Na,S0,~CaSO,—H,0;
Na,CO3;-CaCO3-H,0 u Ca(HCO;),-CaSO,—H,0. Cormacuo pador [70, 71]

INEPBBIC TpU CHCTEM XOPOIIO M3YYCHBI OKCICPUMCHTAJIIBHO W OJI HHUX

OoOHapy>KeHbI CIeAylolre HOHBapuaHTHbie Touku (Tab6m.14.). Ctpoenue

cucrembl CaSO4—Ca(HCO3),-H,O mpunsITO Kak MpOCTOe 3BTOHHYECKOE C

OJHOM HOHBAPUAHTHOW TOYKOM.

Tab6maua 14.

HonpapuanTtabie Touku cuctemsbl Na,Ca//SO4,COs;—H,0 mpu 0 C na YPOBHE
TPEXKOMIIOHECHTHOT'O COCTaBa.

Cucrema HonBapuanTHas PaBHOBecHbIE
TOYKA TBEpBIEC (Pa3bl
Na2804—Na2C03—H20 Ef Mo+ C-10
Na,SO,—CaSO,-H,0 E2 MO + T
Na,CO;—CaCOs;—H,0 g C-10+TIn
E} Cu+In
CaS0,—~CaCO3s-H,0 E: I'm+ Cn
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Ha pucynke 7 mnpuBeneHa auarpamMma (a3oBbIX PaBHOBECHIA
UCCIIEyEMOM YETBIPEXKOMIIOHEHTHON CHUCTEMBI Ha YpPOBHE
TPEXKOMITOHEHTHOTo cocTaBa mpu 0 °C B BHJIE YETHIPEXIPAHHOI Pa3BEPHYTOM
npu3mel. Kak BUIHO, HA 3TOM YPOBHE KOMIIOHEHTHOCTH OHA XapaKTEpU3yeTCs

IIATBXO HOHBAPUAHTHBIMHA TOYKAMMU.

H-0
B
Mo | C-10
Na_«.S 04
H_?O HZO
CaS0,
T Cn
E3
H,O0

Pucynox 7. «Pa3BépTka» nuarpammsbl (pa3oBbIX paBHOBECUN CUCTEMBbI
Na,Ca//SO4,CO3-H,0 npu 0 °C Ha ypoBHE TPEXKOMIIOHEHTHOTO
cocTaBa

[Ipyu TpaHCHASIUMU ATUX TOYEK HA YPOBEHb YETHIPEXKOMIIOHEHTHOTO

COCTaBa B BHUJE MOHOBApPUAHTHBIX KPUBBIX M B3aUMHOM I[E€PECECYECHUU

MOCJIETHUX ~ 00pa3yrloTcsi  CIACAYIONMEe HOHBApPUAHTHBIE TOYKHA YPOBHS

I—IGTI:IpéXKOMHOHeHTHOFO COoCTaBa C pPaBHOBCCHBIMHU TBCPAbIMHU (I)a3aMI/IZ

E]+E ~"°777° > E2=MO6 +In+ C-10;
E3+E: ------- » Ei=Tnm+ Cu+Imn;
EX+Im ------- PE:=M6 + I'm+ I'nL.

’

Takum oOpazamM, METOJOM TPAHCISAIMKA OOHAPYKHBAIOTCS TPHU
HOHBapUaHTHBIC TOYKH, JBE M3 KOTOPHIX (E:, E) 00pa30BaHbI «CKBO3HOW» M

onHa (E3) «OJJHOCTOPOHHEN» TpaHcusuueii [22-24].
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HOCTpOCHHaH MCTOJOM  TpPAHCIHIIHWH CXCMATUYCCKAA JUarpaMMma

dazoBbix paBHOoBecuu cucteMbl Na,Ca//SO,4,CO3;—H,0 npu 0°C MpUBECHA Ha

pucyHke 8.
Na,SO; Ey Na,COs
T
I
|
| C-10
= Y
MO B . g2
/ I'n
B3t —-—- > B
Eife — ———--——- E3
IR
|
I'm | C
|
I
]
CaSOy E3 CaCOs

Pucynok 8. Cxemaruueckas auarpamma (ha3oBbIX paBHOBECHI CHCTEMBI
Na,Ca//SO4,CO3—H,0 mpr 0 °C Ha ypoBHE 4eTHIPEXKOMIIOHEHTHOTO
cocTaBa

JunarpamMMa mpoernupoBaHa Ha OCHOBAHMM TPHU3MBI, KOTOpas Oblia

UCIIOJIb30BaHa JUIsl M300pa)KEHUU JuarpaMMbl JAHHON CUCTEMBbI Ha YPOBHE

TPEXKOMIIOHEHTHOTO cocTaBa (puc. 7). Ha Hell kpome BBIIEH3I0KEHHBIX

HOHBAapUAHTHBIX TOYEK TPUHACBHIMICHUS, TAKXE OTOOPAKEHO HaIuuue 5

JTMBAapUAHTHBIX TIOJI€H OJHOHACHIIICHUS WHIAWBUIYAIbHBIMUA TBEPbIMHU

dazamu (MO, I'm, I'm, C-10, Cal’) m 7 MOHOBApUAHTHBIX KPHUBBIX

JIBYHACBIILICHHUS. MoHoBapHuaHTHbIE KpHUBbIE UMEIOT JBOSIKOE

npoucxoxnaenue. Ilarepo u3 Hux oOpa3oBaHbl B pPe3yJbTaTe TPAHCISALUU

HOHBApUAHTHBIX TOYEK YPOBHS TPEXKOMIIOHEHTHOTO COCTaBa B 00JIacTh

YETHIPEXKOMIIOHEHTHOT'O COCTaBa M OTMEYEHbl IMYHKTHUPHBIMHU JIMHSIMHU.

@a30BbIii COCTaB OCAJAKOB ATUX MOHOBAPUAHTHBIX KPHUBBIX HJICHTHYEH

¢a3zoBOMy  CcOCTaBy  OCaJKOB  HOHBAapMAHTHBIX  TOYEK  00JacTH

TPEXKOMIIOHCHTHOI'O COCTaBa, M3 KOTOPBIX OHH TpPaHCINPOBAHBI. I[BC
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MOHOBAapHAHTHBIC KPHBBIC MPOXOIAT MEKIYy HOHBApPHAHTHBIMH TOYKAMH
00J1aCTH YEeTBIPEXKOMITOHCHTHOTO COCTaBa, KOTOpPHIE OTOOpPaKCHBI B BUJIC
YKUPHBIX CIUTOIIHBIX JTUHUN U UMEIOT CIECTYIOIMNN (ha30BbIi COCTaB OCAIKOB:
EZ mmm———E: = MG + '
E; =—E:= [m+1m.

Crpoenne cucrembr Na,Ca//SO,,COs~H,0 mpu 0 °C paccmotpero,
Takxke, B padore [76, 95].

KoHTyphl AWBapHaHTHBIX IOJICH KPUCTAJUTH3AIMKM WHIWMBUIYATBHBIX
tBepapix a3z cuctembr Na,Ca//SO4,CO3—H,O mpu 0 °C nHa TuarpaMme
(puc.8.) npezacraBieHbl B TabuUIE 15.

Ta6numa 15.
PaBHOBecHBIC TBEPABIE a3kl U KOHTYPHI JUBAPUAHTHBIX TIOJICH

cuctembl Na,Ca//SO4,CO3—H,0 npu 0 oc

Ne | PaBHOBecHbIe TBEpABIC | KOoHTYpHI moseii Ha quarpamme (puc.8.)
n/n ¢azbl moseit
Na,SO,— EE' - EE.'
1. M6
Er--------- > EZ
E2 - - > E s E
2 I'm 4
:n
CaS0O, E:
Eﬁ Na,CO;
C-10 | ‘
3. v )
Ef €--------- E:
B4 =
I'n
4
E;’—E;{———— EE
5. Eg D E?
Cu :
EZ CaCO3
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Kak mnoka3piBaer CcTpykTypa auarpammsl  (puc. 8), moje
Kpuctaummsauuu reimoccuta (['J1) rpaHUYUT € NOJMAMH KPHCTAJIU3ALMH
BCEX OCTAJIbHBIX WHIUBUAYAIbHBIX PABHOBECHBIX TBEP/BIX (a3 CUCTEMBI. ITO
IIOKA3bIBAET, YTO JAHHOE I10JIE 3aHUMAET 3HAYUTENBHYIO YacTh HCCIEAYEMO

0
cuctemsl ipu 0 "C.

2.5. YerbipexxkommnonentHasi cucrema Na,Ca//CO3,HCO3z-H,0

JlanHasT YETBIPEXKOMIIOHCHTHAS CHCTEMa BKJIIOYACT CIEIYIONTUE
tpexkomrnoneHTHble cucTteMbl: Na,CO;—-NaHCO3;—H,0; Na,CO;—-CaCOz—
H,O; NaHCO;-Ca(HCO3)-H,O0 u CaCOz;-Ca(HCO3),—H,O. Cornacuo
pador [70, 71] <xopomio W3yYeHBI OAKCIEPUMEHTAIBHO  METOJOM
pacTBOPUMOCTH TIEpBass M BTOpas CHCTEMBI, JUII HHUX OOHApPYKCHBI
CIICAYIOIME HOHBApUAHTHBIE TOYKHM C  XapakTEpHBIMH JUIS  HUX
paBHOBECHBIMU TBepabIMH (azamu (Tadu. 16). CTpoeHHE NBYX IOCICIHHX
CUCTEM IPUHSTHI KaK TPOCTOE IBTOHUUECKOE C OJTHOM HOHBAPHUAHTHOU TOYKH.

Tabmuma 16
HounpapuanTtabie Touku cuctembl Na,Ca//CO3,HCO3z—H,0 mpu 0 °C Ha

YPOBHE TPEXKOMIIOHEHTHOT'O COCTaBa

Cucrema HonBapuanTHas PaBHOBeCHBIE
TOYKa TBEPBIC (Pa3bl
Na,CO3;—-NaHCO3;—H,0 ES C-10 + Hx
Na,CO3;-CaCO3;—H,0 E3 C-10+TIn
E: I'n+ Cu
NaHCO;-Ca(HCO3),—H,0 E3 Hx + Cal'
CaCO5;—Ca(HCO3),—H,0 EZ Cal' + Cn

Ha pucynke 9 npuBenena aumarpamma ¢a3oBBIX PAaBHOBECUN CHCTEMBI
Na,Ca//CO3,HCO3-H,0 Ha ypoBHe TpexkoMIoHeHTHOro coctasa mpu 0 °C, B
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BUJIE YETBIPEXI'PAHHOM  pa3BepHyTOM Impu3mbel. Ha 3TOomM  ypoBHE

KOMITIOHCHTHOCTH OHa XapaKTCPU3yCTCs 5 HOHBApUAHTHBIMU TOYKaAMMH.

H,0
£}
c-10 | Hx
Na,CO; NaHCO;
C-10 Hx
H;0 In | H;0
CaCO; Ca(HCO3),
Cu Cal
E:
H,0

Pucynok 9. «Pa3BépTkay nuarpaMmbl (Da30BbIX PABHOBECHI CUCTEMBI
Na,Ca//CO3,HCO3z—H,0 mipu 0 °C na YPOBHE TPEXKOMITOHEHTHOTO
COCTaBa
[Ipu TpaHCHsUKM TPOWHBIX HOHBAPUAHTHHIX TOYEK HA YPOBEHb
YETBEPHOI'O0 COCTaBa, OOPa3yIOTCS CIEIYIONIME YETBEPHbIE HOHBAPUAHTHHIC

TOYKH C paBHOBCCHBIMHU TBCPALIMU q)aBaMI/IZ

E2+E ------- » E;=C10+Hx+TIm;
E3+E ------- » E;=Cu+In+Cal,
E+Im  ------- » Ej, =Hx+Cal +TIm.

Kak BumHo, w3 OOHapy>KEHHBIX METOJIOM  TpaHCHSIIUH 3
HOHBapHaHTHBIX TOYEK, 2 00pa3oBaHBl «CKBO3HOW» (Ez, E;) TpaHCISIUCH U

OJTHa «OJHOCTOPOHHEH» (Ej,) TpaHcisuuei [22, 23].

42



Na>CO; E? NaHCO;

1
|
C-10 I
Hx
|y
E3g———— _:"’E;‘\
g3
Tn E'Tn{‘_ Ej
Ei'—————%ﬁg/
d Cal
Co :
J
CaCO; E§ Ca(HCO3)-

Pucynok 10. Cxemarnueckas quarpamma (pa3oBbIX pABHOBECHUN CHCTEMBI
Na,Ca//CO3,HCO3-H,0 mpu 0 °C Ha yposre
YETBIPEXKOMIIOHEHTHOI'O COCTaBa

Ha yka3aHHOM pHUCYHKE @pUBEIECHAa CXEMaTHYeCKas 3aMKHyTas

nuarpamMma ¢aszoBbeix paBHoBecHit cucteMbl Na,Ca//CO3,HCO3z—H,0 mpu 0 oC
Ha YPOBHE YETHIPEXKOMIIOHEHTHOIO COCTaBa, KOTOpas NPOCLUpOBaHA Ha
OCHOBAaHWU TMPHU3MBI, HCIOJb30BAHHON ISl HM300pKEHUS JAUArpPaMMbI
CUCTEMBbI Ha YPOBHE TPEXKOMIOHEHTHOro coctaBa (puc. 9). Ha Heli kpome 3
HOHBAapPUAHTHBIX TOYEK, TaKXKe OTPaXEHbl 5 JAUBAPUAHTHBIX TOJEH
OJIHOHACHIILIEHUSI, 7  MOHOBAPUAHTHBIX  KPUBBIX  JIBYHACHIIICHHUS.
MoHOBapraHTHbIE KPUBBIE MUMEIOT ABOSIKOE MpoucxoxkacHue. I1aTe u3 Hux
oOpa3oBaHbl B pE3yJbTaT€ TPAHCIAIMA HOHBAPUAHTHBIX TOYEK YPOBHS
TPEXKOMIIOHEHTHOT'O COCTaBa Ha YPOBEHb YETHIPEXKOMIOHEHTHOI'O COCTaBa U
Ha auarpamme (puc. 10) oTMmedeHbl NYHKTUPHBIMH JUHUSIMU. Da3zoBbli
COCTaB OCQJKOB JTHUX MOHOBAapUAHTHBIX KPHUBBIX HIEHTUYEH (Ha30BOMY
COCTaBy OCAJKOB HOHBAapPUAHTHBIX TOUYEK YPOBHS TPEXKOMIIOHEHTHOTO
COCTaBa, W3 KOTOPOrO OHU TPAHCIUMPOBAHBI. J/[BE€ MOHOBapUAHTHBIC KPUBBIC
MPOXOIAT MEXTY HOHBApUAHTHBIMHU TOYKaMHU YPOBHSI
YETBIPEXKOMIIOHEHTHOTO COCTaBa U Ha auarpamme (puc.10) oToOpakeHbl B
BUJIC€ KUPHBIX CIUIONIHBIX JIUHUM. DTH MOHOBAPUAHTHBIC KPUBBIE HMEIOT

cneayromui (a3oBbIii COCTaB 0CAIKOB:
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E; = Ej, =I'n+Hx;
E; = E, =In+Cal.

KoHTypb1 JTUBAapUAHTHBIX TIOJICH KPHUCTAJUIA3YFOIIHX CS
WHIUBUIyaTbHBIX — TBepAblx (a3  cucrembr  Na,Ca//CO3,HCO3;—H,0
pUBEACHBI B Ta0MIEe 17.

Kak BumgHO w3 jguarpaMmbl  (a30BBIX PABHOBECHUH  CHUCTEMBI
Na,Ca//CO3,HCO3—H,0 (puc. 10), mone kpuctammmzamnuu reimoccuta (1)
I'PaHUYUT CO BCEMH JAPYTHMH TIOJISIMH KPHUCTA/UIM3AIlMd  PaBHOBECHBIX
TBepAbIX (pa3. DTO O3HA4YaeT, YTO MMOJe KpUCTATM3amuu ['J1 3aHUMaeT B
MIPUBEACHHBIX YCIOBUAX 3HAUUTEIHHYIO YaCTh HCCIICTYEMOU CHCTEMBI.

Crpoenue cucremsl Na,Ca//CO3,HCOz—H,O mpu 0 °C paccMOTpEHO

Taxke B padorax [77,78-80].

Tabmauma 17
PaBHOBecHBIE TBep/bIe (Pa3bl M KOHTYPHI JUBAPUAHTHBIX TOJIEH
cucremsr Na,Ca//CO3,HCO5—H,0 mpu 0 °C

Ne | PaBHOBeCHBIE TBEpIBIE Kontyps! nosieir Ha tuarpaMmme
n/n ¢asbl mosei (puc.10.)
Na,CO3 ——E}
1. C-10 !
: v
E}---------- > E:
B> B — Ei,
2 I'n |
g cooooooos >
I »> E:
Cu ‘ H
3. I
CaCOs3 EZ
E? NaHCO;
Hx E
4 v
E; — Ej¢-- E
S. E; ==Ej,*---EI
Cal’ ?
|
EI:§ Ca(HCO3)2
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2.6. IIatuxommonentnas cucrema Na,Ca//SO,,CO;, HCO;—H,O

CornacHO MOJIyY€HHbIX HAaMHU JaHHBIX METOJOM TPAHCIIALHU, CUCTEMA
Na,Ca//SO4,CO3,HCO3—H,0 Ha ypoBHE 4YETHIPEXKOMIIOHEHTHOTO COCTaBa
XapaKTepU3yeTCs CIIeIYIOIINMH HOHBapHaHTHBIMHU TOYKAMM c

COOTBETCTBYIOIIMM (ha30BBIM COCTAaBOM OCaJKOB (Tabi. 2.11).

Tabnua 18
HonsapuanTtasie Touku cucteMbl Na,Ca//SO,4,CO3,HCO3;—H,0 mpu 0°C na
YPOBHE YETHIPEXKOMIIOHEHTHOTO COCTaBa

Cucrema HonBapuanTtHas PaBHoBecHBIE
TOYKa TBEpBIC (Pa3bl
Na,SO,—Na,CO;—NaHCO5;—H,0 Ef M6 + C-10 + Hx
CaSO,—CaCO3;—Ca(HCO3),— H,0O E; I'm+ Cal’ + Cn
E; M6 + Hx + I'm
Na,Ca//SO,,HCO3-H,0 E‘ Hx + I'm + Cal'
E: C10+ Mo +TIn
Na,Ca//SO,,CO5-H,0 E! Cu+In+In
E? MOo+TIn+TIn
7
E; C-10 +I'm + Hx
Na,Ca//CO5;,HCO3-H,0O Eg I'm+ Cig + Call
E I'm+ Hx + Cal
10

[Ipu wuccrnegoBaHWM MHOTOKOMIIOHEHTHBIX CHUCTEM OJHAoOM U3
CYILLECTBEHHBIX MPOOJIEM,, IBIIIETCA MOMCK UM BBIOOP criocoda n3o0paxeHus
UX JAuarpaMMmbl  cocTOsiHUSA. CHenmamucTsl B OOJACTH  UCCIICTOBAHMS
MHOTOKOMIIOHEHTHBIX CHCTEM PEIIAIOT 3Ty npoliemy mo pazHomy. Hanbonee
pacnpoCTpaHEHHBIM SIBJISETCS CMOCO0, KOTna JUisl 3TOM eI HCHOJb3YIOT
npusmy (puc. 11.), HO Tpu 3TOM H300paX]arOT TOJIHKO COJEBYIO YacTh
NSTUKOMIOHEHTHOW  cucteMbl. OpjHako, TpU HAHECEHMH Ha  Heé
COOTBETCTBYIOIIUX TIE€OMETPUUYECKHX OO0pa30B MPOUCXOAUT HAIOKEHHUE
NOCIEAHUX APYT Ha JIpyra, 4YTo 3aTPYJHSIET UX YTCHUE.

Hamu 1151 mocTHXEHUsT HATTISITHOCTH PUCYHKA M O0JIeTYeHus €€ UTeHHUsI

NpECAJIOKEHO HMCIIOJIB30BaTh AJIA I/1306pa)KGHI/ISI (1)3.30BBIX paBHOBCCI/Iﬁ B
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MSTHKOMITOHCHTHBIX B3aMMHBIX CHUCTEMax «pa3BEPTKY» mpu3mbl (puc. 12.).
Kak BuOHO, Ha «pa3BEPTKE» YHAETCA H300pa3uTh BCE T'€OMETPUUYECKUE
oOpa3pl CHCTEMbl Ha JaHHOM YpPOBHE KOMIIOHEHTHOCTH, WX B3auUMHbIE

PacIoJIOKCHHUE B XapaKTepHBIC I HUX (Pa3oBbIe pABHOBECHS.

Xa;CO_;

Na,S 0y 2NaHCO;

CaCOs

CaSOy .
Ca(HCOq),
Pucynok 11. 'eomerpuueckas ¢urypa (mpusma) asis n300pakeHus CoJIeBON

YaCTH NATUKOMIOOHEHTHON B3aUMHOM CUCTEMBI

Na,Ca//SO,4,CO;,HCOs-H,O
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C uenpio panpHedmed yHupukauuu (ynpoIleHus) NpUBEIECHHON
JIUarpamMmbl, HarpuMep, OObeAMHEHNUS HICHTUYHBIX TMOJEH KPUCTAIUTH3AIIH
PaBHOBECHBIX TBEPABIX (pa3, €€ MOXKHO MPEJCTaBIATh B BUae cxembl [21]. Ha
cxematnuecko  naumarpamme  (puc. 13)  coxpansercs mnonHas €€
MH()OPMATUBHOCTh: HAJUYHME BCEX T'€OMETPUYECKUX 00pa3oB, MX B3aWMHOE
PacroJIOKEHUE M COCTaB PaBHOBECHBIX TBEPABIX (a3. Takue cxeMaTuyeckue
IUarpaMMbl  MOTYT CIIY’)KUTh OCHOBOM Ui W300paKCHHSI HUCCIETyeMOM
CUCTEMBI Ha 00Jiee BBICOKOM YPOBHE KOMIOHEHTHOCTH METOJOM TPAHCJISAIUH,
T.€. IPUMEHEHHE MPUHITUINA COBMECTUMOCTH JJIEMEHTOB CTPOCHHS YaCTHBIX
COCTaBIISIIONINX U OOIIEH CUCTEMBI B OJTHOM quarpamme| 12].

Kak BugHo wu3 Tabmmuma 18, B NATUKOMIIOHEHTHOH CHCTEME
Na,Ca//SO4,CO3,HCO3-H,0 mpu 0 °C Ha ypoBHE YeTBIPEXKOMIIOHEHTHOTO
cocraBa, peanu3ytorcs 10 HOHBapHAHTHBIX TOYEK.

[IpumeHneHnue MeToda «CKBO3HOW» TpaHCHsuuu [22-24] mokasbIBaer,
YTO Ha YpPOBHE MSATHKOMIIOHEHTHOTO COCTaBa OHHM OOpPa3yIOT CIEAYIOIINe

HOHBAPHUAHTHBIC TOYKH!

E!/ +E{+E; --------- » E;=Hx+M0+C-10+ T
Ef +E¢ -=m-=-------- > Ej =Hx+M6 + I+
E;+E} -------------- » E}=Hx+Call+I'm+1Ium;
E; +E; +Ej --------- » E} =Tn+Cu+Cal +I'm

N3 00Hapy>KeHHBIX MATEPHBIX HOHBAPUAHTHBIX TOYEK B pe3yjbTaTe
«ckBo3HOM» Tpancisnuu, aBe (E? m E}) o0pa3oBaHbl TpeXxCTOpOHHEH
TpPaHCISIIMEH, YTO HE NPOTUBOPEYUT OCHOBHBIM TPUHIHUINAM (HUZHKO-
XUMHYECKOTO aHanu3a [1].

Ha pucynke 14 npuBenena cxemaruueckas auarpamMma (ha3oBBIX
paBHOBecuii cuctembl Na,Ca//SO,,CO3,HCO3;—H,0 mpu 0 °C ma YpOBHE
MATEPHOTO COCTaBa, C YYETOM BCEX OOHAPYKEHHBIX HOHBAPUAHTHBIX TOYEK.
Kak BHIHO, Ha HEH COBMELICHBI JJIEMEHTHl CTPOCHHUS IIATH YaCTHBIX

COCTAaBJHAIOIINX YCTBIPEXKOMIIOHCHTHBIX CHCTECM MW 3JICMCHTBI CTPOCHUS
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o0miei MSATUKOMITOHEHTHOMN CUCTEMBI (nIuBapuaHTHbBIE OJIA,
MOHOBapI/IaHTHBIe KpI/IBBIe, HOHBapI/IaHTHBIC TO‘—IKI/I).
2NaHCO;
Hx
e T ‘]4 e
Mo T C-10
ONaHCO;  NasSO, | Na,CO:  2NaHCO:
, I r
. ) |
i LoMe | Ms Y OO0 gy
4 EE =t - — %-’ E.’!:l
SA N / 4
*. / e ol % E‘% ]._..]I ]._.JI E1ﬂ€ ~
A \
“omo | m e R At
Cal' . Co Co
i 4 4
Ca(HCO;),  CaSOy l CaCOs  Ca(HCO»),
I'm | Co
k4
4
A L2 R,
Cal
Ca(HCO»),

Pucynok 12. Jluarpamma (pa3oBbIX paBHOBECUIN CUCTEMBI

Na,Ca//SO4,CO3,HCO5—H,0 mpu 0 °C na yposre

I{CTI)IpéXKOMl'IOHE:HTHOI“O COCTaBa B BUAC «Pa3BCPTKU» IIPU3MBbI
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C-10

I Cu

Cal

4 -
L3 iy —— Tig

Pucynox 13. Cxematnueckas quarpamMma (pa3oBbIX PABHOBECUN CHCTEMBI
Na,Ca//SO,4,CO3,HCO3;—H,0 npu 0 C na ypOBHE

YETBIPEXKOMIIOHEHTHOT'O COCTaBa
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Pucynok 14. Cxematnueckas nuarpamma (pa30BbIX PABHOBECHI CUCTEMBbI
Na,Ca//SO4,CO3,HCO3—H,0 mpu 0 °C na yposze

IIITUKOMIIOHECHTHOI'O COCTaBa

AHaIIN3 CTPYKTYpPhI TOCTPOCHHOM JUarpamMMbl MOKa3bIBAET, YTO OHA HA
YpPOBHE TMATHUKOMIIOHEHTHOTO COCTaBa, KpoMe 4 HOHBapHaHTHBIX TOYEK,
($ha30BBIi COCTAB 0CAIKOB KOTOPBIX IPUBEJICH BBIIIE, XapAKTEPU3YETCS TAKKE
HanuuneM 15 wmoHoBapuaHTHBIX KpuBbiX, 10 w3 HHMX o00pa3oBaHbl B
pe3ynbTaTe TPaHCIALT HOHBApUAHTHBIX TOYEK YPOBHS
YETHIPEXKOMIIOHEHTHOT'O COCTaBa (OHM OTMEUYEHBI B BUJI€ MYHKTUPHBIX JTUHUN
W HamnpaBJeHUs TPAHCISAIMU YyKa3aHbl cTpeikamu). Ux (a3oBbiii cocTaB
OCaJIKOB HJIEHTUYEH (ha30BOMY COCTaBy OCAJKOB COOTBETCTBYIOLIMX
HOHBAPUAHTHBIX TOYEK YPOBHSI YETHIPEXKOMIIOHEHTHOTO COCTaBa, KOTOPHIE

IIPpUBCACHLI BBILIC. 3 MOHOBApPHWAHTHBIC KPHUBLIC, IIPOXOIAJAIIUEC MCKIAY
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HOHBApUWAHTHBIMU TOYKaMMU YPOBHA IIITUKOMIIOHCHTHOI'O COCTaBa, MMCIOT

ciemyrontuii (ha3oBbIA COCTaB OCAIKOB:

E? > =Hx + M6 + I'm;
E} E3 =Tn+ Hx+ I'm;
E; E; =Call+In+Im.

Hccnenyemass cucreMa Ha YpPOBHE NSTUKOMIIOHEHTHOTO COCTaBa
XapakTepusyercs HaauyueMm 15 nmuBapuaHTHBIX MOJIeH, KOTOpble 00pa30BaHbI
MOHOBAPHAHTHBIX  KPHUBBIX

B DPE3yJbTaTe YPOBHS

TPAHCIISAIUU
YETHIPEXKOMIIOHEHTHOTO COCTaBa Ha YPOBEHb MSATHKOMIIOHEHTHOI'O COCTaBa.
JIns ymnpoImieHuH 4YTeHHsl MOCTPOCHHOM auarpaMMbl OHa (parMeHTHpOBaHA
10 TUBAPUAHTHBIM TIOJISIM JIBYHACHIIICHHSI, TTEPEYCHb KOTOPHIX NMPUBEIEH B
tabauie 19.

Tabsmia 19.

PaBHOBecHbIE TBEpbIE (Pa3bl U KOHTYPHI AUBAPUAHTHBIX MOJIEH

cucrembl Na,Ca//SO4,CO3,HCO3z—H,0 nipu 0°C

PaBHoBecHble | KonTypsl noneii Ha | PaBHOBecHbIe | KOHTYpHI mosen Ha
TBepbIe Ba3bl | quarpamme (puc.3) | TBepasie dasbl | quarpamme (puc.14)
1 2 3 4
Ej--------- »E> Ed--------- > E:
' A
M6 + Hx Cal’ + Hx E
E;‘ """"" ’Eg Efgr-mmm e !
Ef--------- »E: Ei-----e--- > ES
4
M6 + C-10 : M6 +1I'n
. |

EZ----mmm--mooe- 1 E3--o-mmm-- pE>
Ed--ceenn--- »ES Ei--------- »E:
A A
| |
C-10 + Hx | C-10+TIn :
- ; 3-SR .

Edecocoo-- » ES EX----» E}
I'n+ Cal' .

I'm+Tn /5
Efccoooooon bE; E7----- >E3
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R s £ g =
Cr + Cal’ + 4
: Cu+TIn :
(. y - |
Edocccnnea-- > E: Ei----»EZ
I'm+ Cn T \
| I+ Hx E:
Eg -------------- : EI:E--—--V Eé /
Ei--------- > E: ES-----mooo- »ES
Hx + T
| Cal' +I'n ‘
Ef-comoonn- bES e > E:
Ele-ceee--- »E:
MO +TI'nm n
:
E3----mmmmmmo-- )

AHaIn3 MOCTPOCHHON JHMArpaMMBI HCCiIexyeMoii cuctems! mpu 0 °C
MOKAa3bIBAET, YTO HAUOOJIBIIIEE YUCIIO MOJIEH COBMECTHBIX KPUCTAILTU3AINM C
npyrumu gazamu o0pasyroT riazeput, ['n u I'm (6 u 5, COOTBETCTBEHHBIE).
OTO yKa3plBa€T HA TO, YTO TMOJS KPUCTALIU3AIMM OSTUX COCAMHEHUI
3aHUMAIOT 3HAYUTEIBHYIO YaCTh UCCIEYEMOU CUCTEMBI.

[Ipu pemeHUM KOHKPETHBIX MPAKTHYECKWX 3aJad TOCTPOCHHAsS
METOJIOM TPAaHCISIIMM CcXeMaThuueckas auarpamMma (asoBbIX paBHOBECHH
UCCIICTYEeMOM MATUKOMIIOHCHTHONH CHCTEMBI MOXKET OBITh (hparMEeHTHpPOBaHA
1o 00JIACTSAM KPUCTAUTM3AIMN OTACIbHBIX WHINBUIYAJTbHBIX COCIMHEHHUHN Ha
BCEX YPOBHSX BAPUAHTHOCTH CHCTCMBI.

Ha pucynke 15 mnpuenén ¢parment usorepmsi 0 °C (a3oBbIX
paBHOBecuii cucteMbl Na,Ca//SO,,CO3,HCO3;—H,O B ob6xactu maparenesa

(COBMECTHOM KpUCTAIUTU3AIIUN ) TEHTIOCCUTA C IPYTUMHU COJISIMHU.
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Pucynok 15. @parMeHT cxemMaTU4eCcKOil 1uarpaMMsbl (pa30BbIX PaBHOBECUI
cucteMbl Na,Ca//SO,,CO3,HCO3;—H,0 mpu 0 C na YpOBHE

rapareHesa reiJiroccuTa ¢ JpYruMH COJISIMU

®parmeHTaldsl CXeMaTHYSCKUX JauarpaMMm (a3oBBIX PaBHOBECHH,
IIOCTPOCHHBIX METOJIOM TPAHCISAIMH, TO3BOJUT IPOAHAIU3UPOBATH M
MpPeICKa3aTh MyTH KPUCTAUTM3AIUHU COJIel B MHOTOKOMIIOHCHTHBIX CMECSIX Ha
OCHOBE COCTaBa IMOCIEIHUX U IIEPBOHAYAIBHO BBIICIHMBIITUXCS TBEPIBIX (a3.

Crpoenue cuctembl Na,Ca//SO,CO3,HCO3—H,O0 mnpu 0 oC,

YCTaHOBJICHHOE METOJIOM TPAHCIISIINH, PACCMOTPEHO Takxe B pabore [81].
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I'JIABA |11. IPOTHO3UPOBAHUE ®A30BBIX PABHOBECHUHN HA
IF'EOMETPUNYECKHUX OBPA3AX, l]OCTPOEHI/IE
JTUATPAMMBI IISMTUKOMIIOHEHTHOUMU CUCTEMBbI )
Na,Ca//SO,;,CO3,HCO;-H,0 M COCTABJISIIOIIUX EE
YETBIPEXKOMIIOHEHTHBIX CHUCTEM METOIOM
TPAHCJISILIUM ITPH 25 °C.

[IpencraBnser wWHTEpeC  HCcleAOBaHWE  (DAa30BBIX  PAaBHOBECHIA
npuBeaéHHON cucrembl mpu  25°C M CONOCTABICHHE MIOJNYYCHHBIX
pesynbTatos ¢ m3otepMmoii 0°C. M3BECTHO, Y4TO ¢ MOBBIIICHHEM TEMIIEPATyPb
BO3MOJKHA TIIOJIHAS WJIM YaCTHYHAS JETHIpATalis KPUCTAJUIOTHIPATOB, a
TaKkXke 00pa30BaHHWE HOBBIX CMEIIAHHBIX WM JBOMHBIX COJICH, YTO MOTYT
CYIIECTBEHHO M3MCHHTh CTPOCHHE JMarpaMMbl (Pa3oBBIX pPaBHOBECHIA
uccieayeMon cuctembl. Huke OyayT mpuBeIeHbI pe3ybTaThl HCCIICIOBAHUS
dazoBeix  paBHOBecwit cucteMbl  Na,Ca//SO4,,CO3,HCO3—H,O u eé

COCTaBJIAIOIINX LIGTI)IpéXI(OMl'IOHeHTHI)IX IMOACUCTCM MCTOAOM TpPAHCILAINU

mpu 25 °C.

3.1. YernipéxkommnonenTHasi cuctema Na,SO,—Na,CO;—NaHCO;—H,0

JlanHast YETBIPEXKOMIIOHCHTHAS CHUCTEMa BKIIIOYACT  CIICTYIOIIHC
TPEXKOMITOHCHTHBIE CHCTEMBIL: Na,SO,—NaHCO3;—H,0;
Na,COs;—NaHCOs;—H,O u Na,SO,—Na,CO;—H,0. Cormacuo [70, 71]
TPEXKOMITOHCHTHBIE CHCTEMBI Na,SO,—NaHCO5;—H,0O 51
Na,SO,—Na,CO3—H,0 mpu 25 °C, tarxe, kak mpu 0 °C, xapakTepu3yorcs
HaJMYMEM OJIHOH HOHBAPUAHTHOM TOYKH, YTO CBHJCTEIBCTBYET 00
OTCYTCTBUHU B3aMMOJICHCTBHS MEXKIY KOMIIOHEHTaMH ¢ 00pa30BaHUEM HOBBIX
da3. B cucreme Na,CO;—NaHCO3;—H,0 c nosimmenrem tremmnepaTtypsl 10 25
°C nosiBisieTcst HoBast (hasa - CMEIIAHHAS COJb KApOOHATa M THAPOKApOOHATA
HaTpus, KOTOpas W3BeCTHa Moj Ha3zBaHueM TpoHa (Tp). DTo mpuBOAMT K
00pa30BaHUIO JOTIOJHUTEIBHBIX TE€OMETPUYECKHUX O0Opa3oB B CHUCTEME

Na,CO3;—NaHCO3;—H,0, B gacTHOCTH, K TIOSIBICHUIO BTOPO HOHBAPUAHTHOM
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Touku. Takum oOpa3om, (a30BBI COCTAaB HOHBAPUAHTHBIX TOYEK CHUCTEMBI
Na,SO,—Na,CO;—NaHCO3;—H,0 Ha ypoBHE TPEXKOMIOHEHTHOTO COCTaBa,
oynaet takum (tadm. 20.)

Tabmuma 20
HounBapuantasie Touku cucteMbl Na,SO,—Na,CO3;—NaHCO3;—H,0 mnpu 25 °C

Ha YPOBHC TPCXKOMIIOHCHTHOI'O COCTaBa

Cucrema HounBapuanTHas PaBHOBeCHBIE
TOYKA TBEpABIE (ha3bl
Na,SO,~NaHCO3;—H,0O Ef MO + Hx
Na,CO;—NaHCO3;—H,0 Eg MG + Tp
E} Tp +C-10
Na,SO,—Na,CO3;—H,0 Ei C-10 + MO

Kak  BHUOHO, 4YMCIO  HOHBAPUAHTHBIX TOYEK B  CHCTEME
Na,CO3;—NaHCO3;—H,0, B cBsi3u ¢ 00pa3oBaHHEM HOBOW PaBHOBECHOU (ha3bl
— Tp oHU yBEIUUYUIIOCH ¢ OJTHOM 110 MBYX. Il0 JaHHBIM YKa3aHHOMW TaOIHITGI
MOCTpOEHA «pa3BEPTKa» JarpaMmbl (ha3oBBIX paBHOBECHI
yeTeipexkoMnoHeHTHOU cucteMbl Na,SO,—Na,CO;—NaHCO;—H,0 mpu 25
°C Ha ypoBHE TPEXKOMITOHEHTHOTO cocTasa (pHc. 16).

@Da30BbIi COCTAB OCAJAKOB HOHBAPUAHTHBIX TOYEK HA YpPOBHE
TPEXKOMIIOHEHTHOTO COCTaBa MCCJIEAYEeMOM CHUCTEMbl IOKa3bIBAE€T, UYTO B
pe3ysibTaTe WX TPAHCISIMA HAa YPOBEHb UYETBIPEXKOMIIOHEHTHOI'O COCTaBa
00pa3yroTcs Cleayrole YeTBEpHbIe HOHBAPUAHTHBIE TOUKHU:

E}+E3 ------- » E! =MO0 + Hx + Tp;
E$+E} ------- » E;=C-10+Tp+ Mb6.

CxemaTtmyeckass  guarpamMmMa  ()a30BBIX  PaBHOBECHMH  CHCTEMBI
Na,SO,—Na,CO;—~NaHCO3;—H,O Ha ypoBHE  4YeTHIPEXKOMIIOHEHTHOIO
coctaBa mpu 25 oC, IIOCTPOCHHAsi METOJOM TpaHCISIUMU, TMPUBEICHA Ha

pucyHke 17, a Tak:ke paccMoTpeHa B padoTte [48].
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Prucynok 16. «Pa3Béprka» auarpaMMbl ()a30BBIX PABHOBECHI CHCTEMBI
Na,SO,—Na,CO;—NaHCO;—H,0 nHa YPOBHC

TPCXKOMIIOHCHTHOI'O COCTaBa

2NaHCOs3

|
|
|
|
l
Na SOy E% Na-COs

Pucynok 17. Cxematnueckas quarpamma (pa3oBbIX pABHOBECHUN CHCTEMBI
Na,SO,—Na,CO;—NaHCO;—H,0 mpu 25 °C na yposue

I{CTI)IpéXKOMl’[OHfbHTHOFO COCTaBa
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Ha pumarpammax Kpome BBIIIECH3JI0KEHHBIX HOHBAPUAHTHBIX TOYEK,
OTPaXKEHbI, TAKXKE, TUBAPUAHTHBIC MOJISI OJHOHACHIILICHUS TBEPABIMU (Pazamu
M6, C-10, Tp u Hx 5 MOHOBapuUaHTHBIX KPUBBIX JIBYHACBIIIEHUS, KOTOPbHIE
oOpa30BaHbl B pE3yJbTaTe TPAHCIAINMA HOHBAPHUAHTHBIX TOYECK YPOBHS
TPEXKOMIIOHEHTHOT'O COCTaBa HAa YPOBEHb YETHIPEXKOMIIOHEHTHOT'O COCTaBa.
@da30BbIl cOCTaB OCaAKOB B HUX HJEHTUYEH (Ha30BOMY COCTaBY
COOTBETCTBYIOIIIMX HOHBAPUAHTHBIX TOYEK YPOBHS TPEXKOMIIOHEHTHOTO
coctaBa. (OJHako, MOHOBapHaHTHAs KpHBas, MPOXOJAIIAA  MEXKIY
HOHBAapUAHTHBIMM TOYKAMHU YPOBHS UYETBIPEXKOMIIOHEHTHOTO COCTaBa,
XapaKTEPU3YETCs CIECTYIOINIMM (a30BbIM COCTABOM OCAJIKA:

E! E‘ =Tp + M6.

OOHapyXeHHbIC HAMU HOHBapuaHTHbIC ToukH (E; u E;) oOpa3oBaHb B

pe3yibTaTe «CKBO3HOW» TpaHcsnuu [22-23].

VBeNMUEHHE YHMCIA TeOMETPHYECKHX 00pazoB mpu 25 °C, 1o
cpaBHeHnem c¢ 0 °C, csmano c oOpa3zoBaHueM cMmemanHon comu Tp
(NaHCO3-Na,C0O3:2H,0) B pe3ynprare B3aMMOACHCTBHS HAXKOJUTA C
KapOOHATOM HaATpHSI.

Kak BuAHO u3 NOCTPOEHHOW AuarpamMmbl (Pa3oBBIX pPaBHOBECHIA
(puc.17), mone KpUCTAIUIM3AaLKUKU TPOHA TPAHUYUT C MOJIAIMH KpUCTAIUIU3alUN
OCTaJbHBIX TpPEX paBHOBECHBIX (a3, XapakTEpHbIX Ui HCCIEAyeMOU
CUCTEMBI IpH 25 °C. D10 CBUJETEIBLCTBYET O TOM, YTO I10JI€ KPUCTAIUIN3ALUU
Tp 3aHMMAaET 3HAYMTENBHYIO YacTh HUCCIEAYEMOW CHUCTEMBI B NMPUBEIEHHBIX
YCIIOBHUSIX.

@parMeHTalUsl [OCTPOCHHOM METOJOM TPAHCISALMU CXEMaTUYECKOU
auarpamMMbl  cucTeMbl Na,SO,—Na,CO3;—NaHCO;—H,0 wuzorepmoit 25 o°C
MOKa3bIBACT Ha CIJIEAYIONIME KOHTYpPbl JUBAPUAHTHBIX MOJIEH PABHOBECHBIX
TBEPaIX (a3 (Tadn.21.). Ctpoerne cuctembl  Na,SO,—Na,CO;—NaHCO;

—H,0 B yka3aHHBIX yCIOBSIX PaCCMOTPEHO Takxke B padote [82].
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TaOmuma 21.

PaBHOBecHbIE TBEPABIE (Pa3bl U KOHTYPHI AUBAPUAHTHBIX MOJIEH CUCTEMBI

Na,SO4—Na,CO3~NaHCO3;—H,0 mpu 25 °C

Ne | PaBHOBeCHBIE TBEPIbIC KouTypsl mosieii Ha uarpaMme
/i ¢a3bl mosei (puc.17.)
1. Na,SO, ——— Ej
M6 !
, oy,
E3--- - Ef mum E?
2. EIE Na,CO;
C10 i ‘
v ,
E} €---------- E:
3 E3--------- > E;
Hx f
NaHCO; 5
4 Ed--coceenn- » Ej
Tp
Ei---------- > E:

CormocraBieHre KOJMYECTBA T€OMETPHUYECKHX O0pa3oB HCCIEIyeMOn

crcTeMsl ipu Temnepatypax 0 i 25°C mokaspiBaeT ciieayomee:

n3orepma 0 °C m3orepma 25 °C
JlnBapraHTHBIE TOJIA 3 4
MoHoBapuaHTHbIE KPUBBIE 3 5
HoHnBapuaHTHBIE TOUKH 1 2

3.2. YerbipexxkommnonenTHas cucrema CaSO,-CaCO,—Ca(HCO3),-H,0

JlaHHasT YETBIPEXKOMIIOHCHTHAs CHCTEMa BKIIIOYACT CJICIYIONIUE
TPEXKOMITOHCHTHBIC CHUCTEMBIL: CaSO,—Ca(HCOs),—H,0; CaCOsz—
Ca(HCO3),H,O0 u CaSO,~CaCOs-H,0O. Cornacio pabor [68, 69]

paBHOBECHSI B HUX OTHOCHUTEIBHO XOPOIIO M3yueHsl (Tabin. 7.). Ux crpoenune
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HaMU TPUHSTO KaK MPOCTOE YBTOHUYECKHUE U, TIOITOMY, I HUX XapaKTEepPHO
HAJIMYHE TI0 OJTHOW HOHBAapHAaHTHOW TouKe (Tabdm. 22.).

TaOmuma 22.
HonBapuanTtabie Touku cucteMbl CaSO,4-CaCO3—Ca(HCO3),-H,0 mpu 25 o

Ha YPOBHC TPCXKOMIIOHCHTHOI'O COCTaBa

Cucrema HOHBapI/IaHTHaH PaBHOBEeCHBIC

TOYKa TBépI[LIG (1)8.351
CaSO4— C&(HCOg)z—Hzo Ef I'm + Cal’
CaCOg —C&(HCOg)z—HzO Eg Cal + CI_I
CaS0O,—CaCO3-H,0 ES Cu+In

[Io »TUM [aHHBIM TIOCTpOCHA nuarpamMma (Ha3oBBIX pPaBHOBECHA
cucteMbl CaS0,4-CaCO3;—Ca(HCOs),-H,O  mpu 25 °C ma YpOBHE
TPEXKOMIIOHCHTHOT'O COCTaBa B BHJIC pa3BEepHYTOH mpu3mbl (prc.18). Ha Heit
OTPaXEHBI BCE BO3MOXXHBIE JUBAPHAHTHBIC TIOJS OJHOHACHIIICHHUS |
MOHOBApHWAHTHBIC KPUBBIC JBYHACHIIIICHUS, XapAaKTEPHBIC COOTBETCTBYIOITUM
TPEXKOMIIOHCHTHBIM CHCTEMaM.

Jliist mocTpoenust auarpaMmbl (pa3oBeiXx paBHoBecuil cuctembl CaSOy4-
CaCO3—Ca(HCOs),-H,0 mpu 25 °C MerogoMm TpaHCIAIMH Ha YpOBHE
YETHIPEXKOMIIOHCHTHOTO ~ COCTaBa  WCIOJB30BAIA  JIAHHBIC  YPOBHSI
TPEXKOMITOHEHTHOTO cocTaBa (Tab:. 22.).

Ha ypoBeHb YETBIPEXKOMIIOHCHTHOTO COCTaBa MOHOBapHAaHTHEIC
KpuBbIe, 0Opa3oBaHHBIC TPU TPAHCISAIMA HOHBAPHAHTHBIX TOYCK YPOBHS
TPEXKOMIIOHCHTHOTO COCTaBa, B3aMMHO Iepecekasch oO0pa3yloT OJHYy
HOHBApUAHTHYIO  TOYKY  YPOBHS  YETHIPEXKOMIIOHEHTHOI'O  COCTaBa.
MaTteMaTH4eCcKu 3TO MOYKHO BBIPA3HUTh TaK:

E}+ES+E}---------- »E! =I'm+ Cal + Cu.

Peanuzanus 3Toro mpouecca CXeMaTH4eCKH MOKa3aHa Ha pucyHke 18.

OO6nHapyxeHHas HOHBAapHaHTHAas TOYKa YPOBHS
YETBIPEXKOMIIOHEHTHOTO ~ cOoCcTaBa  oOpa3syeTrcss  MyTeM  «CKBO3HOW»
TPaHCIISILINAM.
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Cucreme, Takxke, XapakTEpHO HaluuMe 3 MOHOBApUAHTHBIX KPHUBBIX
JNByHachllleHus. Pa3oBbIi COCTaB OCAJKOB B HUX WJICHTHYEH (Da3oBOMY
COCTaBy COOTBETCTBYIOIIUX HOHBApHUAHTHBIX TOYEK YPOBHA

TPEXKOMIIOHCHTHOI'O COCTaBa.

H,O

CaS0, CaCOs

Cu

0f¢ Cal Cal"

H0 Ca(HCO:), 0

Pucynox 18. «Pa3pépTka» quarpaMmbl (ha30BbIX pAaBHOBECHI CHCTEMBI

CaS0,-CaCO3—Ca(HCOs),-H,0 mpu 25 °C na yposHe

TPEXKOMIIOHEHTHOTO COCTaBa
Ca(HCO3)-

I
I
|
C&SO4 E% C‘aC‘Oi

Pucynox 19. Cxemarnueckas tuarpamMma (pa3oBbIX PABHOBECUN CHCTEMBI
CaS0,-CaCO3—Ca(HCOs),-H,0 mpu 25 °C na yposHe
YETBIPEXKOMIIOHEHTHOTO COCTaBa
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Ha aumarpamMme, Take, OTpa)KCHbI KOHTYDPBI IMOJICH KPUCTaTH3AIIUH
OTAEIbHBIX (ha3 (IUBApHUAHTHBIC IOJIS), KOTOPHIE HMEIOT CIACIYIOIIUN BH/I
(Ta6m1.23.)

Taomuma 23.
PaBHOBecHBIC TBEPBIC (Pa3bl M KOHTYPHI JUBAPUAHTHBIX MOJICH CHCTEMBI

CaS0,-CaCO3—Ca(HCO3),-H,0 mpu 25 °C

Ne | PaBHOBeCHBIE TBEpIBIE Kontyps! nosiert Ha tuarpamme
/i ¢a3bl mosei (puc.19.)
CaSO,——— E:
1 I'm ‘ i
o +
Ed--------- »>E:
E: Ca(HCO3)
2 Cal' | ‘
|
[t E:
RRREEEEEEE E:
3 Cn " ‘
EZ CaCOs

CtpoeHue JaHHOW CUCTEMBI IpH 25 °C paccMOTpeHo, Takxke, B pabote

182].

3.3. UerbipexxommnonenTHas cucrema Na,Ca//SO,,HCO3:—H,0

JlaHHasi ~4YETBIPEXKOMIIOHEHTHAas, B3auUMHasi CHCTEMa BKIIIOYAET
CIICYIONIUE  TPEXKOMIIOHEHTHBIE  CHCTEMBI: NaHCO3;—Na,SO,~H,0;
NaHCO;—Ca(HCO3),—H,0; Ca(HCOj3),-CaSO,—H,0; Na,SO,~CaSO,—H,0.
XapakTepHble JIi HUX HOHBAPUAHTHBIE TOYKH C COOTBETCTBYIOLIUMU
paBHOBECHBIMHU TBEPIBIMU (a3amu B3aThl U3 padoT [70, 71] u npeacraBicHbI

B Ta0uIe 24.
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Tabmuma 24
HounBapuantasie Touku cucteMbl Na,Ca//SO4,HCO3—H,0 npu 25 C na
YPOBHE TPEXKOMIIOHCHTHOT'O COCTaBa

Cucrema HouBapuantHasi | PaBHOBecHbIe
TOYKa TBEpABIE (ha3bl
NaHCO3;—Na,SO,~H,0 EZ Hx + M6
NaHCO;—Ca(HCO3),—H,0 EZ Cal’ + Hx
Ca(HCO3),-CaSO,—H,0 EZ I'm+ Call
Na,SO,~CaSO,—H,0 EZ M6 + 16
E I'6+Tn

[To 3TMM AaHHBIM MOCTpPOEHA nuarpaMMa (pa3oBBIX PaBHOBECHUM
cucremsr Na,Ca//SO4,HCO3—H,0 mpu 25 °C ypoBHS TPEXKOMIIOHEHTHOTO
COCTaBa B BH/IE pa3BepHyTOM npusMsi (puc.20.).

Jlist mporHo3upoBaHusi ()a30BbIX PABHOBECHW B JAHHOW CHUCTEME Ha
YPOBHE UETBIPEXKOMIIOHEHTHOTO COCTaBa ObUIM MCIOJIb30BaHbl JIaHHBIC

pa6ort [70,71].

H,O
L3
Hx MG
NaHCO;
Hx
H>0 é
Cal
Ca(HCOs),
Cal | Tn
L3
H,0

Pucynok 20. «Pa3BépTka» nquarpamMsbl ()a30BbIX PABHOBECUN CUCTEMBI
Na,Ca//SO4,HCO3—H,0 mpu 25 °C Ha ypoBHE TPEXKOMIIOHEHTHOTO

cocCTraBa
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2NaHCO; E? Na-SO,

|
: MG
Hx \L;
/EHL{%__—____.E3
E3t-—— =g 15
Ef=——————— ~E3
Cal' M
I I'o
|
|
Ca(HCO;)» E3 CaS0y

Pucynok 21. CxemaTtnueckas quarpamma (pa3zoBbIX paBHOBECHI CUCTEMBI
Na,Ca//SO4,HCO3—H,0 mpu 25 °C Ha yposHre
4eThIPEXKOMIIOHEHTHOTO COCTaBa

Ha pucynke 21. npuBenena cxemarudeckas [21] 3aMkHyTas guarpamma
¢dazoBeIX paBHOBecui udeTbipexkommoHeHTHOU cuctembl Na,Ca//SO4,HCO3;—

H,O mpu 25 °C Ha ypoBHE UeTHIPEXKOMIIOHEHTHOTO COCTaBAa HA OCHOBE

JUTEpAaTYypHBIX JaHHBIX W C TpPUMEHEHHWEM MeToda TpaHcuauud. OHa

IpoelUpoBaHa HAa OCHOBE MPU3MbI, KOTOpas Obula MCHOJb30BaHA IS

U300pakeHUH Juarpammbl ()a30BbIX PaBHOBECHI HCCIIEyeMON CUCTEMbl Ha

YpOBHE TpexKoMmoHeHTHoro cocraBa (puc. 20). Ha Helt oTpaxeHBl Bce

BO3MOXXHbIE TI'€OMETpHUYEcCKHe oOpa3pl: 3 HOHBAapUAHTHBIX TOYEK, S

JIUBApPUAHTHBIX TOJEH W 7 MOHOBAapUAHTHBIX KPHUBBIX, KOTOPBIE HMEIOT

pa3IMnYHyIO IPUpPOay oOpa3zoBaHus [22-24].

Tpancasust TpOMHBIX HOHBAPUAHTHBIX TOYEK, MX TpaHCHopMalus B

MOHOBAapHAHTHBIE KPUBBIE M TIEPECEUYCHHE TOCIeAHUX C oOpa3oBaHHEM

YETBEPHBIX HOHBAPUAHTHBIX TOYEK B JAHHOM CJIydyae MOXXHO MaTeMaTUYECKU

OTOOpa3UTh TaK:

E] +E] ----------- »E; = Hx + M0 + I';
E3+E: ----------- »E: =Cal' + 16+ I'm;
E3 +I0----------- > E; =16 + Cal’ + Hx.
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Takum o00pa3oM, u3 3 HOHBAPUAHTHBIX TOYEK, XapAKTEPHBIX IS
cucremsr Na,Ca//SO,HCO3-H,0 mpu 25 °C, mBe (E! u E) 06pa3oBaHbI 110
TUIy  «CKBO3HOM»  TpaHCISIIMM, a OJHAa HOHBAapUaHTHas  TOYKa
«OAHOCTOPOHHEW» TpaHcHsAuu. Kak BUAHO W3 PUCYHKA, BCE AJIEMEHTHI
CTPOEHMSI JUarpaMMbl HCCIEIyeMONH CHCTEMBbl 3aMKHYTBI, 4YTO SIBIISIETCA
OCHOBHBIM  IIOKa3aTejleM JOCTOBEPHOCTH IIOCTPOEHHOW  JMarpaMMBbl.
Crpoenne naxHo#i cuctemsl npu 25 °C obcyxkmeHo, Takke, B paboTax
[75,81,83-86].

@da30BBIi COCTaB MOHOBAapPHAHTHBIX KPHUBBIX, OOpa30BaHHBIX B
pe3ynbTaTe TPAHCISAIUN HOHBAPUAHTHBIX TOUEK YPOBHS TPEXKOMIOHEHTHOTO
cocTaBa, UACHTUYEH (Pa30BOMY COCTaBY COOTBETCTBYIOLIMX HOHBAPUAHTHBIX
TOYKaM, U3 KOTOPBIX OHU TpaHCIupoBaHbl. Da30BBIl COCTaB PAaBHOBECHBIX
TBEPABIX (ha3 MOHOBAPUAHTHBIX KPUBBIX, MPOXOAAIIUX MEXKIYy YETBEPHBIMU

HOHBAPUAHTHBIMH TOYKaAMHU, TAKOB!

E: E: =Hx +I6;
E: E;: =10+ Cal.
KonTtypsl JABAapUAHTHBIX oJIen KPUCTAJIU3YOLINAXCS

WHUBUyaIbHBIX TBEPIBIX (Pa3 mpuBeaeHbI B TaOIHUIE 25.

Tab6auia 25.
PaBHoBecHBIC TBEPABIC (Da3bl M KOHTYPHI TUBAPUAHTHBIX TOJICH

cucremsr Na,Ca//SO,,HCO5—H,0 mpu 25 °C

No | PaBHOBecCHBIE TBEpIBIE KonTypsl noseit Ha nuarpamme
n/n (asbl mosei (puc.21.)
1 2 3
NaHCO; — E3- -» E:
1. Hx |
E3--------- > E:
E3---% E;—™ E:
2. Cal *
C&(HCOg)z Elg
Ei Na,SO,4
M6 |
3 v
Ef «---------- E3
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1 2 3
E:¢--- Ei
4 I'6 /
E¢
SEre-o- i
E: €--------- E3
6 I'm ? ‘
ES CaSO,

AHann3 CTpOEHHs auarpaMMbl (Pa3oBBIX PAaBHOBECUH HCCIEAYEeMOil
CUCTEMbl  IOKa3bIBa€T, UYTO  IOJ€  KpPUCTAUIM3aUuu  Iyaydoeputa
(Na;SO,4CaSO,) rpaHUYHT €O BCEMH TOJMSAMH KPUCTAILIM3AIUU JIPYTHX
paBHOBECHBIX (a3. DTO yKa3blBaeT Ha LIMPOKOE PACIHpPOCTPAHEHUE OIS
KpUCTAJUIM3alMU IJ1ayOepuTa, MO CPAaBHEHUIO C MOJSIMM KPUCTAJUIM3ALUU
JIPYTUX PaBHOBECHBIX (ha3 B MPUBEIACHHBIX YCIOBHSX, B CBS3H C €€ Mayoi
PacTBOPUMOCTBHIO.

CornocTaBieHle KOJIMYECTBA T'€OMETPUUYECKUX O0pa3oB HCCIETyEeMOM

crcTeMsl ipu Temmnepatypax 0 i 25 °C mokaspIBaioT ciieayomee:

u3orepma 0 °C n3orepma 25 °C
JluBapuaHTHBIE MO 4 5
MoHoBapraHTHbIE KPUBBIE 5 7
HoHBapuaHTHBIE TOUKH 2 3

3.4. YerbipexxkomnoneHTHasi cuctema Na,Ca//SO4,COs—H,0

JlaHHass YETBIPEXKOMITOHCHTHAs CHCTEMa BKJIIOYACT  CICAYIOIIUC
TpexkoMmoHeHTHbIe cuctembl: Na,SO,—Na,COz;—H,0; Na,SO,~CaSO4,—H,0;
CaS0O,—CaCO3-H,0 m Na,CO3;—CaCO3z-H,0O. Cornacao pador [70,71]
TPEXKOMITOHCHTHBIC CHUCTEMBI XOPOIIO W3YYCHBI JKCIICPUMEHTAIHLHO W IS

HUX OOHAPYKEHBI CIICAYIOIINE HOHBAPHAHTHBIC TOUKH (Ta0.1.26.).
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Tabnuma 26.
HousapuantHsie Touxu crcremsl Na,Ca//SO4,COs—H,0 mpr 25 °C Ha yposHe
TPEXKOMITOHEHTHOTO COCTaBa

Cucrema HOHBapI/IaHTHaﬂ PaBHOBecHBIE
TOYKA TBEpABIE a3kl
Na,SO,~Na,CO;-H,0O E? Mo +C-10
Na,SO,~CaS0O,—H,0 E? I'c6 + M6
ES I'm+106
CaS0O,—CaCO3—H,0 E3 Cuo+In
Na,CO3;—CaCO3-H,0O EE C-10+TIn
E: I'n+ Cn

Kak mokassiBaeT cpaBHeHue ¢ m3orepmoii 0°C, nccaeqyeMoil CHeTeMsl
(cM. 1. 2. Tabn. 14), KoMMuecTBO HOHBAPUAHTHBIX TOYEK YBEIUYMIOCH OT 3
10 4. DTOo CBSI3aHO C TE€M, 4YTO B TPEXKOMIIOHEHTHOU cucreme Na,SO,—
CaSO,;—H,0 mnoBsilieHHEe TeMIlepaTypbl CIOCOOCTBYET O0Opa30BaHUIO HOBOM
paBHOBecHOU TBEpHON (a3l — ['06, 4TO COrjaacHO OCHOBHBIM MPHUHIIMIIAM
(U3UKO-XUMHUYECKOTO aHaIM3a [1], MPUBOJUT K  TIOSABJICHUIO
COOTBETCTBYIOIIUX TEOMETPUUYECKUX oOpa3oB Ha guarpamme. [lome eé
KPUCTAJUIM3AIMU PACTIOIOKEHO MEXIy MOJsMU Kpucraumzanuu M6 u I'6.
BcenenctBue oOpa3zoBaHus ASTOM HOBOM paBHOBECHOW TBEPHON ¢as3bl B
cucteme Na,SO,~CaSO,—H,0 nosiBnsieTcs HOBas HOHBapUaHTHAs TOYKA, YTO

BHUJIHO U3 PUCYHKa 22.
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H,O

B
Mb | 10
_\Ta_?SO_; NB._?CO_:,
C-10
Hgo I'n HEO
Co
CB.SO4 CB.CO_:,
o Co
E}
H>O

Pucynok 22. «Pa3pépTka» quarpaMmbl ()a30BbIX paBHOBECHI CHCTEMBI
Na,Ca//SO4,CO3—H,0 npr 25 °C Ha ypoBHE TPEXKOMIIOHEHTHOTO

cocraBa

[Ipy TpaHCHASAMM 3THUX TOYEK HAa YPOBEHb YETHIPEXKOMIIOHEHTHOTO
COoCTaBa B BHJIE MOHOBAPUAHTHBIX KPUBBIX M B3aUMHOM TI€pECECYCHHUU
HOCJICIHUX, corlacHo [22, 23-64] o0pa3yroTcst cienyrolie HOHBAPUAHTHBIC

TOYKH YPOBHS LIGTI)IpéXKOMl’IOHeHTHOFO COoCTaBa C paBHOBCCHBIMHU TBCPAbIMU

dhazamu:
E] +ES ------------- » E3=M6+ C-10 +T;
ES 4 E3 ~-ooommom » E; =106 +Tn+ Cu;
S +16------------- > E:=C-10 + 1 + I'G;
Ee+T6------------ » B}, =Tn+TI6+ Cm.



Kax BH/THO, u3 4 HOHBAPUAHTHBIX  TOYEK  YPOBHS
YETBIPEXKOMITOHEHTHOrO cocraBa aBe (E3, EZ) oOpa3oBaHbl B pe3ylbTare
«CKBO3HOIY, a nBe (E:, EJ,) B pe3yJIbTaTe «OJJHOCTOPOHHEH TPAHCIIALMNH [22-
24].

Ha pucynke 23 mnpuBeneHa cxemaruuyeckas guarpamma (ha3oBBIX
paBHOBECUI CUCTEMBI Na,Ca//SO,4,CO3—H,0 Ha YPOBHE
YETBIPEXKOMIIOHEHTHOI'O cocTaBa mnpu 25 °c, IIOCTPOCHHAsA METOIO0M
TpaHcisiuu. Ha Hell corjmacHO TPHUHIIMIY COBMECTUMOCTH, COBMEIICHBI
AJIEMEHTBI CTPOSHUS JuarpaMMbl HCCIEAyeMOW CHCTEMBI Ha YpPOBHSX
YETBIPEXKOMIIOHEHTHOTO M TPEXKOMITOHEHTHOTO cocTaBoB. Ha Hell kpome
BBIIICU3JIO)KEHHBIX ~ HOHBAPUMAHTHBIX  TOYEK  TPHUHACHIIICHUS,  TaKkKe
oToOpakeHO Hajuuue 6  JUBAPUAHTHBIX  MOJEH  OJIHOHACHIIICHUS
WHIUBUYaIbHBIMU TBepabiMHu (azamu (MO, 1'6, I'n, I'n, Cu u C-10) u 9
MOHOBApHUAHTHBIX KPHUBBIX JBYHAChIleHHUs. MOHOBapHaHTHBIE KpUBbBIC
UMEIOT JABOsKOE Mpoucxoxaenue. [llectepo 3 HUX 00pa30BaHbI B pe3yIbTaTe
TPaHCJISIIIUM HOHBAPUAHTHBIX TOUEK YPOBHS TPEXKOMIIOHEHTHOT'O COCTaBa Ha
YPOBEHb YCTBHIPEXKOMIIOHEHTHOTO COCTaBa W OTMEUYEHBI ITYHKTHPHBIMU
auHussMA. Da30BbIl COCTaB OCAJKOB JTUX MOHOBAPUAHTHBIX KPHUBBIX
UJCHTHYECH (a30BOMY COCTaBY OCQJKOB HOHBAPHAHTHBIX TOYEK YPOBHS
TPEXKOMIIOHCHTHOTO COCTaBa, W3 KOTOPHIX OHHM TpPAHCIWPOBAHBL. Tpu
MOHOBApHUAHTHBIE KPHUBBIE MPOXOAAT MEXKJIy HOHBAPUAHTHBIMU TOUYKAMU
00J1aCTH YETBIPEXKOMIIOHEHTHOTO COCTaBa, KOTOPBhIE OTOOPaXKCHBI B BHJIC

YKUPHBIX CIUIONTHBIX JIMHUM U UMEIOT CJICTYIOMUM (ha30BbIi COCTAB OCAIKOB:

£ Ef =C-10 + T'6:
Ef —m———— Ei, =I1+T6.
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Na,SO0. Es Na,CO;

|
|
Mb |
J/ C-10
E5, - —>Td
\ Bfe — — —'Eg
[d I
Bl — — —'Eg
I'm | Cu
|
|
I
CaSO; 3 CaCo:

Pucynok 23. Cxematnueckas 1uarpaMmma (pa3oBbIX paBHOBECHUN CHCTEMBI
Na,Ca//SO,,COs—H,0 mpu 25 °C na yposHe

I-IeTI)IpéXKOMHOHeHTHOFO coCTaBa

AHanmu3 CTPYKTYpBI MOCTPOEHHOM IuarpamMmbl (ha30BBIX pPaBHOBECHIA
HCCIIEIYEMON CUCTEMBI TpHU 25°C mokasbiBaeT, 9TO MONE KPUCTAJUTU3AIUU
rnayoepura (I'0) rpaHMYUT C TOJAMH KPUCTAJUIM3AI[MM BCEX OCTaJbHBIX
WHIMBUTyaJIbHBIX PABHOBECHBIX TBEPIBIX (a3 CHCTEMbl. ITO yKa3bIBaeT Ha
TO, YTO JIAHHOE T0JIe 3aHUMAET 3HAUYUTEIIBHYIO YaCTh UCCIICTYEMOU CUCTEMBI
mpu 25 °C.

KoHTyphl AMBapHaHTHBIX TOJEH KPUCTAIM3AIMKA WHIUBUTYTBHBIX
tBepabix (a3 cucrembl Na,Ca//SO4,CO3;—H,O npu 25 oC MPUBEICHBI Ha

nuarpammax (tabm. 27).
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Tabana 27.
PaBHOBecHBIC TBEpbIC (Pa3bl M KOHTYPHI JUBAPUAHTHBIX MOJICH
cuctembl Na,Ca//SO,4,COs—H,0 npu 25 °C

Ne | PaBHOBECHBIE TBEpIBIE KoHTypbI noJiel KpucTain3annu
n/n Gasbl (puc.23.)
NaZSO4—E|§
1. Mo6 !
, v,
o R > E
E3---»>E3 E:
2 I'c
Ei---+ E: Eip
E3--------- »>E;
I'm f
3. |
Ej Na,COs
C-10 |
4, v
E:— Eé(— --- Ef
S. Ef 4--------- EZ
I'n ‘
Ei;'c‘ """"" Eg
6. Cr E?E_E‘ill<___ Ef
|
E3 CaCO4

Crpoenne cucrtembl Na,Ca//SO,4,COz—H,O mpu 25 o°C PacCMOTPEHHO
Takxe B paborax [81-97].
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3.5. YerbipexxkomnonentHasi cucrema Na,Ca//CO3,HCO3z—H,0

JlaHHasT YETBIPEXKOMIIOHCHTHAS CHUCTEMa BKIIIOYACT CIICTYIOIIHEC
TpexkoMmoHeHTHbIe cucTteMbl: Na,CO; —NaHCO;-H,0; Na,CO; —CaCO;—
H,O; CaCOs;-Ca(HCO3),-H,O0 u NaHCO;-Ca(HCO3),—H,0. Cornacho
pabor [70,71], kpome cucrem CaCO;-Ca(HCOs3),-H,O m  NaHCOs-
Ca(HCO3),-H,O oHu xopomo H3ydeHbl HKCIECPHUMEHTAIbHO METOI0M
PacTBOPUMOCTHU U JIJII HUX OOHApPYKEHBI COOTBETCTBYIOIINE HOHBAPHUAHTHBIC
TOYKHU C XapaKTEPHBIMU JIJI1 HUX PaBHOBECHBIMH TBEPABIMH (pazamu (TalII.
28). CTpocHME OCTAIbHBIX TPEXKOMIIOHEHTHBIX CUCTEM MPUHATO KaK IIPOCTOE
ABTOHUYECKOE C OJJHOM HOHBAPUAHTHOU TOUKOM.

Tabmauia 28
Honapuantasie Touku cucteMbl Na,Ca//CO3,HCO3z—H,0 npu 25 °C na

YPOBHC TPCXKOMIIOHCHTHOI'O COCTaBa

Cucrema HOHBapI/IaHTHaH PaBHoOBecHBIC
TOYKA TBEpBIC (Pa3bl
Na,CO3;—-NaHCO;-H,0 E3 C10+Tp
ES Tp + Hx
Na,CO;-CaCO;—H,0 Eg C-10+TIn
E} I'n+ Cu
C&COg-C&(HCOg)Z—Hzo EE Co + Cal’
NﬂHCOg-C&(HCOg)Z—Hzo EE Cal” + Hx

Kak BumgHO, 1o cpaBHeHUIO ¢ u30Tepmoit () °C (cm. Tabm. 12.) umcio
HOHBapuaHTHBIX Touek B cucreme Na,Ca//CO3,HCO3;—H,0 nHa oxHo Gombiie.
DTO CBsA3aHO C TeM, 4TO B TpexkommoHeHTHOH cucTeMe Na,CO; —NaHCO;—
H,O nmoBblllleHHEe TeMmepatypbl TMpUBEIO K 0Opa3oBaHUIO  HOBOM
paBHOBecHOU TBEpHON (a3el Tponsl (Tp), dYTro corimacHO OCHOBHBIM
npuHIUNAM (U3UKO-XUMHUYECKOT0 aHammu3a [1], TpUBOAUT K TOSIBICHHUIO
COOTBETCTBYIOIIUX T€OMETPUYECKUX OOpa30B Ha auarpamme npu 25 °C s
tpexkoMmoHeHTHOH cucteme Na,CO3;—NaHCO3;—H,0. [Tone kpucramm3anuu

TpoHBI pacnonoxeHo Mex 1y nojsiMu kpucramumsanuu C-10 u Hx.
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Ha pucynke 24 npuBeneHa quarpamma (pa3oBbIX PAaBHOBECHUN CHCTEMBI
Na,Ca//CO3,HCO3-H,0 Ha ypoBHe TpexkoMIoHeHTHOro cocrasa mpu 25 °C B
BUJC YCTBIPEXTPaHHOW pa3BepHyTOW mpu3Mbl. Ha »3ToM  ypoBHe

KOMITIOHCHTHOCTH OHa XapaKTCPU3YyCTCs 6 HOHBApPpUAHTHBIMU TOYKaAMMH.

H0

Na;f@;,/C'IU Ip fix 2NaHCO;
Hx
H,0
Cal
Ca(HCOz),
Co | Cal
E:
H,0

Puc. 3.9. «Pa3BépTka» auarpaMmsbl (ha30BbIX PABHOBECHI CHCTEMBbI
Na,Ca//CO3,HCO3—H,0 mpu 25°C Ha yposHe
TPEXKOMIIOHEHTHOTO COCTaBa
«CKBO3Has» TPAHCIAIMS TPOWHBIX HOHBAPUAHTHBIX TOUEK CHUCTEMBI
Na,Ca//CO3,HCO3-H,O Ha ypoBeHb YeTBIPEXKOMIIOHCHTHOI'O COCTaBa
MPUBOJNUT K 00OPa30BAaHUIO CIEAYIOMNX YETBEPHBIX HOHBAPUAHTHBIX TOYEK C

PaBHOBECHBIMU TBEPABIMU (pazamu:
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E] +Ef ------- » E;;, =C10+Tp+ I

E3+El ------- » E;i, =Tp+ Hx+ Cal;

ES;_ +E§ _______ > ;’-E:CH+FH+C3F;

JIns 3aMbIKaHHST AUBAPUAHTHBIX IIOJIEM C PaBHOBECHBIMH TBEPIBIMU
dazamu Tp, I'm u Call mMeTOoIOM «IPOMEKYTOUHOI» TpaHCISAUU Obliia
HaliJieHa HOHBapUaHTHAas TOYKa C PAaBHOBECHBIMU TBEPIBIMH (pa3amu:

. =Tp+Call +Im.

Cxemarnueckass  jauarpamMMma  (a3oBbIX  paBHOBECH  CHUCTEMBI

Na,Ca//CO3,HCO3-H,O Ha ypoBHE YETHIPEXKOMIIOHEHTHOTO COCTaBa

MpUBECHA HA PUCYHKE 25.

Na,COx Ei E3 INZHCOx
| |
| |
C-10 : : Fx
T
e
B -——-->Ef Bipe — — — B}
n |Dit
Eﬁ —————— —> ET% Cal’
A
|
C |
|
]
CaCO; E3 Ca(HCO3);

Pucynok 25. Cxematuueckas nuarpamma (pa30BbIX paBHOBECHIA
cuctemsl Na,Ca//CO3,HCO3z—H,0 npu 25 °C na YpOBHE

YETBIPEXKOMIIOHCHTHOI'O COCTaBa
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Ha Heli coBMEIIEHBI 3JIEMEHTBI CTPOEHUSI CUCTEMBI HA YPOBHSX TPEX —H1
YETBIPEXKOMIIOHEHTHOTO cocTaBoB. Ha 1uarpamme Kpome MOJIOKEHHUS
HOHBApUAHTHBIX TOYEK, TAKXKE OTPAKEHbI KOHTYPHI IMBAPUAHTHBIX NOJEH U
MOHOBApHAHTHBIX KPUBBIX. M3 9 MOHOBapHaHTHBIX KPUBBIX 6 00Opa3oBaHbI B
pe3ysibTaTe TPaHCIALUMU HOHBAPUAHTHBIX TOUYEK YPOBHS TPEXKOMIIOHEHTHOTO
COCTaBa Ha YpPOBEHb UYETHIPEXKOMIIOHEHTHOTO COCTaBa, U Ha Juarpamme
(puc. 25) oTMeueHbl MyHKTUPHBIMU JUHAMU. VX (a3oBbIi cOCTaB OCaJKOB
UJCHTUYEH (a30BOMY COCTaBy OCaJKOB HOHBAPUAHTHBIX TOYEK YPOBHS
TPEXKOMIIOHEHTHOI'O COCTaBa W3 KOTOPOIO OHHM TPaHCIHpPOBaHbL. Tpu
MOHOBApHAHTHBIE KPUBBIE MPOXOAAT MEX]IYy HOHBAPHUAHTHBIMU TOYKAMU
YPOBHSI YETHIPEXKOMIIOHEHTHOTO COCTaBa H Ha Juarpamme (puc.25)
OTOOpa)XEHbI B BHUJE XUPHBIX CIUIOMIHBIX JIMHUW. DTH MOHOBApHUAHTHHIE

KpHUBbBIC UMEIOT CIEAYIOMUA Pa30BbIil COCTAB OCATKOB:

El1

E;, =I'm+ Tp;
E}y e E2, = Tp + Cal:
E]; s £%, = Cal + I
KonTypsb1 JIABAapUAHTHBIX noJseun KPUCTAJIIU3UPYIOLLIUXCS
WHAMBUAyAIbHBIX — TBepabix  ¢a3  cucrembl  Na,Ca//CO3HCO;-H,0

n300pakeHbl Ha quarpamMme (tadi. 29).

Tabmauia 29
PaBHOBecHBIC TBepbIe (Pa3bl M KOHTYPHI JUBAPUAHTHBIX TOJICH

cuctembl Na,Ca//CO3,HCO3-H,0 npu 25 oc

Ne | PaBHOBECHBIE TBEpIBIE KoHTypbI noJiel KpucTain3annu
n/n (a3l (puc.25.)
1 2 3
Na,CO3 = Ej
1. C-10 :
; \
Ey=--=-==-=" > EL
E3--~"™Ej
2. I'n ‘ \E;'-;_
Ei----»Ei

74



1 2 3
Ei=mmmmmmmm- > Ei
Cu H
3 s
aCOj; ES
E} ---- > Ef,
Tp >i:.
4,
E} ----»E;,
E3 NaHCO;
5 Hx i
Ej,4---------- EZ
Ej, = Ei,<----E}
6. Cal'
E; %~ E2— Ca(HCOy),

Kak BuaHo w®3 guarpamMMbl  ()a30BBIX PABHOBECHH  CHCTEMBI
Na,Ca//CO3,HCO3-H,O0 (puc. 25), moje KpuCTaUTM3ALUN I'n
(Na;CO3-CaCO35H,0) rpaHuuMT C  YETBIPbMS W3 IIATH  IOJISAMH
KPUCTATU3aIllMK PABHOBECHBIX TBEPAbIX (a3. DTO O03HAYaeT, YTO IMOJIe
KPUCTATU3aUK [ 71 3aHMMaeT 3HAYUTEIBHYIO YacTh MCCICIYEMON CHCTEMBI
B npuBeAeHHBIX yciaoBusax. Ctpoenne cucrteMbl Na,Ca//CO3,HCO3-H,0O mpu

25 °C paccmorpeHo Taxke B padotax [77-81-85-87,88].

3.6. IIaTnukomnonenTHast cucrema Na,Ca//SO,,CO3,HCO;-H,0O

[IpuBeneHHBIC BBHIIIE JaHHBIE O COCTOsIHME (Pa30BBIX paBHOBECHUI
UCCIIEyeMOM  CHCTEMBbI  [OKa3bIBalOT, YTO OHAa  Ha YpPOBHE
YETHIPEXKOMIIOHEHTHOT'O cocTaBa XapaKTepU3yeTcs CIEAYIOIINMU
HOHBAPUAHTHBIMH TOYKAMHU C COOTBETCTBYIOIIMM (ha30BbIM COCTaBOM

ocaakoB (Tabm. 30).
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Ta6muma 30.
HouapuanTtabie Touku cucremsbl Na,Ca//SO,4,CO3,HCO3-H,0 npu 25 OC na
YPOBHE YETBIPEXKOMITIOHCHTHOT'O COCTaBa

Cucrema HOHBapI/IaHTHaH PaBHOBecHBIC
TOYKa TBEPABIE (Pa3bl
Na,S0O,-Na,CO3;-Na,HCO5-H,0 E/ Hx +Mo6 + Tp
E! M6 +Tp+C-10
CaS0,-CaC03-Ca(HCO3),-H,0 E; I'm + Cal’ + Crg
E; Hx + M6 + 16
Na,Ca//SO4HCO3-H,0 E! Cal' +I'6+ T
E! I'6 + Hx + Cal
| M6+ C-10 +T6
Na,Ca//SO4,CO3,-H,0 E! I'm+T6+ Cu
E! I'o+C-10+1I'n
B! I'n+10+Coh
EY C-10+Tp+Ix
Na,Ca//CO3;,HCO;3-H,0O E}, Tp + Hx + Cal’
E’, Cu+1I'n+Call
B Tp + Cal + I'nm

Kak Buano w3 mpencraBieHHoi Tabmauibl 30. B MATUKOMIIOHEHTHOU
cucreme Na,Ca//SO,CO3,HCO3-H,O0 mnpu 25 °C Ha YPOBEHb
YETBIPEXKOMIIOHCHTHOT'O COCTaBa peain3yercsi 14 HOHBapHaHTHBIX TOYCK.

Ha puc. 26 npuBegeHa cosieBas 4acTb JuarpaMmbl (ha30BBIX
paBHOBECHUH CHCTEMBI Na,Ca//SO,,CO3,HCO3-H,0O Ha ypOBHE
YETBIPEXKOMIIOHCHTHOT'O cocTaBa. /{151 n300pakeHUs CHCTEMBI HCITOIh30BaHa
«pa3BEPTKa» TPU3MBI, TAe YAAETCS COBMECTUTh DJEMEHTHI CTPOSHUS

UCCJIENYEMOM CUCTEMBI HAa YPOBHAX 4-X U 5-W KOMIIOHEHTHOT'O COCTABOB.
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Hx
>Tie
Ip
M6 G4 <—-
2NaHCO:  Na»SOy T C10 A\ NayCO;  2NaHCO;
Tt t r t
| - - I I
v MG M8 w 10 |0l | Hx
TN Ml S - Nl S
/ Eie-1>Ely L)y~
N ;5. I o | T \E"'
N\ DAY Im A
Efi- / - I Cal
AT i e ot
,1m I'm i Cag
Ca(HCO;),  CaSO, : CaCOs Ca(HCO3);
I'm | Co
kY
4
__Z’JEHFK
Cal
Ca(HCO3),

Pucynox 26. Jlnarpamma (ha3oBbIX paBHOBECUI CUCTEMBI
Na,Ca//SQ,4,CO3,HCO3—H,0 npu 25 °C na ypOBHE
YETHIPEXKOMIIOHEHTHOTO COCTABa B BUJIE «PA3BEPTKU» MPU3MBIL.

Tak kak HEKOTOpbIE pABHOBECHbIE TBEPABIC (a3bl HCCIETyEeMO

CUCTEeMbl KPHUCTAJUIM3YIOTCS OoJjiee 4yeM B OJHOM YETHIPEXKOMIIOHEHTHOM

CUCTEME, TO OOBCAMHEHHE WX TII0JeH HAMHOTO YIPOIIAeT CTPOCHUE

quarpaMMbl M TIpU 3TOM HE CHIDKaeT €€ WHGOPMATUBHOCTh. Takas
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cxemaTmueckas nauarpamma (asoBeix paBHOBecuid [89] wmcciemyemoit

CUCTEMBI ITpH 25 °Cc IIPUBE/ICHA HA PUCYHKE 27.

B
Ip
Mo )
2
L4 L4 C-10
I
[ —— L} bt —Lf, i Gt
In C
_[-;g
Cal
[ E?z
Hx
L4 b

Pucynke 27. Cxematnueckas auarpamma (ha3oBbIX paBHOBECHI CHCTEMBI
Na,Ca//SO,4,CO3,HCO3;—H,0 npu 25 °C na YpOBHE

LIGTI)IpéXKOMHOHeHTHOFO coCTaBa
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Tpancnanuss HOHBAPUAHTHBIX TOYEK YPOBHS YETBIPEXKOMIIOHEHTHOTO
COCTaBa, COIMIACHO METOAWKE OINWCaHHOW B pabortax [22,23], maér

CICAYIOIINC HOHBAPHUAHTHBIC TOYKH YPOBHA IKITUKOMIIOHCHTHOI'O COCTAaBa:

E} +E, ------------ » E} = M6 +Hx + Tp + Cal;
E; +Ef, ------------- » E} =M6+Tp+C-10+T'm
Ej +E} ------------ » E; = I'6+M6 +Hx + C-10;
E;+E{+E§ --------- » E} =Tm+TI6+Cal +Cu;
EfZ+Efy oo » E2 =TI6+Tn+Cu+Cal;
E{+C-10------------ » E} =T6+Hx+Cal +C-10;
E; +Cal’ ------------ » E} =To+Tn+C-10+ Cal;
E/, +M6 ------------ »E; = I'n+ Tp + Call + M6;

Eq = M6 + Hx + Cal + C-10;
E?c = C-10+TI'n+ MO0 + Hx;
Els = Tn+C-10+ Cal + M6.

Kaxk BuaHO, u3 11 oOHapyKEHHBIX MATEPHBIX HOHBAPUAHTHBIX TOYEK, D
o0Opa3oBaHbl B pe3yjibTaTe «CKBO3HOI» TPAHCISLUU HOHBAPUAHTHBIX TOUYEK
YPOBHSI YETBHIPEXKOMIIOHEHTHOTO COCTaBa, 3 HOHBApUAHTHBIE TOYKH B
pe3ynbTrare «OJHOCTOPOHHEN» TPaHCISIIUMU H 3 — «IIPOMEXYTOUHON»

TpaHCJIIWHU Ha YPOBCHD ITATHUKOMIIOHCHTHOI'O COCTaBaA.

Ha pucynke 28 mnpuBeneHa cxemaruueckas guarpamMma (Hha3oBBIX
paBHoBecuii cucteMbl Na,Ca//SO,,CO3,HCO3z—H,0 mpu 25 °C, MTOCTPOEHHOM
METOJIOM TPAHC/IAIMU Ha YPOBHE IISTEPHOTO COCTaBa, C YYETOM BCEX

06H3py>KeHHI)IX HOHBAPHUAHTHBIX TOYCK.

79



| TR
| Ee: Ei
. 8
i3 \
. \
MH \I
4 s |
.4% - - E? ,-Hﬁ ,- : \
| == - RN,
Egé' Em Ez EH |
| A .
B 4 * ,
[‘:ﬁ - Li ThA R | Eﬁl ,ff |
xg E_; E.':I— 5 .
il 4 ‘ ’
E5\ ,Eg Emh J,Eijfa i It
HH M,-’ xl.!l J'a.-!

Pucynok 28. Cxemarnueckas 1uarpamma (pa3oBbIX paBHOBECUN CHCTEMBI
Na,Ca//SQ,4,CO3,HCO3—H,0 npu 25°C na YpOBHE
IIATUKOMIIOHEHTHOT'O COCTaBa, IOCTPOCHHOW METOIOM TPAHCIISALIUN

Ha HEu COBMEIEHBI 3JIEMEHTBI CTPOCHUS YaCTHBIX

YETHIPEXKOMIIOHEHTHBIX CHUCTEM M OOLIeH MATUKOMIOHEHTHON CUCTEMBI, YTO

U TpeOyeT MPUHIIMI COBMECTUMOCTH [12]. AHanu3 CTPYKTYphI MOCTPOCHHOMN

JarpaMMBbl TTOKa3bIBA€T, YTO OHA HA YPOBHE MATUKOMIIOHEHTHOTO COCTaBa

Kpome 11 HOHBapUaHTHBIX TOYEK, (a30BBIA COCTaB OCAIKOB KOTOPBIX

IPUBCACH BLIIIC, XAPAKTCPHU3YCTCA TAKIKC HAJIUMYUCM 34 MOHOBApPUAHTHBIX
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KpuBbIX, u3 KoTophix 20 oOpa3oBaHbl B pe3ylbTaTe TPAHCISAIUH
HOHBApPUAHTHBIX TOUYEK YPOBHS YETHIPEXKOMIIOHEHTHOTO cocTaBa.  Mx

¢da30BBIi  COCTaB OCaIKOB WJACHTHYEH (a30BOMYy COCTaBYy OCAaJKOB
COOTBETCTBYIOIIUX HOHBAPUAHTHBIX TOYEK YPOBHS UETHIPEXKOMIIOHEHTHOTO
COCTaBa, KOTOphIE TMpPHUBEAEHBI BbIIe. 14 MOHOBApUAHTHBIE KpPUBHIE,
POXO/SIIHE MEXTY HOHBAapPHAHTHBIMU TOYKaMH YPOBHSA

MSATUKOMIIOHEHTHOT'O COCTaBa, UMEIOT CEeAYIOIUI (Da30BbIid COCTaB OCA/IKOB:

E3 EZ=M6+Cal +Tp; E} ES = M6 + Hx + Cal’;
E3 Ei=M6+TIn+Tp;  E3 ES, = M6 + T + C-10;
E3 E =T6+Hx+C:10; Ej e E5; = MG+Hx C-10;
E; EZ =16+ Cu + Cal; E: e [ = ['6 + [ + Cal’;
E: E3=16+Cal +C10; Ei e EZ = M6 + Tp + Hx;
EZ S =Tn+Cal'+C-10; E: 3, =T+ Cal + M®6;
E: S, =M6+Hx+C-10; EZ, S =Tn+C-10+ Mb.

Hccnenyemass cucteMa Ha YpOBHE MSTHKOMIIOHEHTHOTO COCTaBa
XapakTepusyercss HaluyueM 32 JIUWBApUAHTHBIX Mosei, 31 U3 KOTOphIX
o0pa30oBaHbl B PE3yJIbTaTe€ TPAHCISIIIMM MOHOBAPUMAHTHBIX KPUBBIX YPOBHS
YETBIPEXKOMIIOHCHTHOTO COCTaBa Ha YPOBEHb MATHKOMIIOHCHTHOTO COCTaBa,
a OJHAa KaK pe3yJbTaT O KOHTYPUBAHUS TOBEPXHOCTU CHUCTEMBbI
HOHBAapUAHTHBIMA TOYKAMH W MOHOBAapPHUAHTHBIMH KPHBBIMH  YPOBHS
MATUKOMITOHGHTHOTO cocTaBa. KOHTypbl JIWBAapHAHTHBIX IIOJICH, Ha
MOCTPOECHHOW METOZOM TPAaHCISIIUK auarpaMme (Pa3oBbIX PaBHOBECHUM
MCCIIEyEMOM CUCTEMBI TIpH 25 °C, npeacTaBiieHbl B Ta0auie 31.

@®parMeHTanus CXeMaTUYeCKUX auarpamMm (a3oBBIX PaBHOBECHIA,
MOCTPOEHHBIX METOJOM TPAHCIIIMKU, TO3BOJIUT MPOAHATU3UPOBATH W
MPEICKa3aTh MyTH KPUCTAUTM3AIUHU COJIeH B MHOTOKOMIIOHCHTHBIX CMECSIX Ha
OCHOBE COCTaBa IMOCJIEIHUX WX TEPBOHAYAIHLHOTO BBIICIUBIINXCS TBEPABIX
¢da3, yTo KpailHe Ba)XXHO TMpPHU pa3pabOTKE TEXHOJIOTHU MEpepadOTKH TaKUX
MHOTOKOMITOHEHTHBIX cMecer. Ctpoenne cucteMbl Na,Ca//SO4,CO3,HCOs-

H,O mpu 25 °C pacemorpeHo, Tawke, B padote [89].
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Taomuma 31.

PaBHOBecHBbIE TBEPABIC Pa3bl U KOHTYPHI AUBAPUAHTHBIX MOJIEH

cuctembl Na,Ca//SO,4,CO3,HCO3-H,0 npu 25°C

PaBHoBecubie | Kontypsl noseii Ha | PaBHoBecHble | KOHTYpBI mosiel Ha
TBEpIbIC TBEpAbIC
. narpamme (puc.28. . narpamme (puc.28
¢a3zbl nmonei Aarp (p ) ¢a3zbl nmonei AHarp (P )
1 2 3 4
EI ————— }E?—Eé E'.I. ————— » E?_Eé
Mo6+Tp | M6+Hx \ |
EE ____________ > EE E:: ----- > EE_Eic
Ej------------ > S El === E we—
Tp+Hx T C-10+Mo ‘ ‘
|
S RREEEEEEEED : B > ES
R > E: Ej----oomoom-- > ES
4 4
Tp+C-10 \ Cal'+I'm :
. | i 1
o 4 o LEEEEEEEEE s
Ef —--mmmmmmmm- > ES e > ES
K ;
['m+Cn ! Cu+Cal’ I
Ef-ommmeno oo : Efg--------oooo- > ES
El-------o---- > ES El------------ > Eg
A
MG6+T6 : Hx+I'6 I
. L}
ES---oie - 1 Ef------------- > EZ
E:é—-——} (S we—— E'E EE ------------- | d EE
2 5 i
ro+Cal’ ‘ I Io+I'n ‘ !
4 = - A |
E6 -===br EE —— 2 ES ———————————————————— 1
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[Iponomkenue Tabnumpt 31.

1 2 3 4
Ef----- > Eé\ EZ----- > ES \
Cal'+Hx ‘ ES 6+C-10 5
Bipm=--- > Ei/ Ei----- > EE/E
Eg-------mmmom- > ES ES---> ES mmmmmps
CiT6 I C-10+T'n |
Efg------ecoomn- »E: El;---» E:  —— T
Eg-----ooomoo-- > ES Efjp----------- > E:
Io+lr'n | I'n+Cn ?
Efgmmmmmmmmmmm - > Efy-------mmmmmoooe- :
E:
Efy------------ > E: Efp----------- > E:
Tp+I'n I Cal'+Tp |
Efsm------------ > ES Efg----------- > EZ
Els---» EZ mmmm— E3 ES
Cal'+I'n I I'n+MO6 | |
Ejs--- > ES mmmmm——pt Ei EZ,
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I'TABA V. OITPEJAEJIEHUE PACTBOPUMOCTH B
HOHBAPUAHTHbBIX TOUYKAX, HAMJIEHHBIX
METOAOM TPAHCJIAIINAN

[IpornosupoBanue ¢a3oBBIX PABHOBECH B MHOTOKOMIIOHEHTHBIX

CUCTEMaX  METOJIOM  TpPAaHCIALMM  3HAYUTENIIbHO  oOJjierdaer  ux

HKCIEPUMEHTAIIBHOE HCCIIEIOBAHUE, KaK BO BPEMEHHM, TaK U B 3KOHOMUU

MaTepuaioB, HEOOXOIUMBIX JIS MPOBENECHUS HKcrnepumeHTa. Kpome Toro,

MIPEABAPUTEIILHOE MIPOTHO3UPOBAHUE (hazoBbIX paBHOBECHUI Ha

F€OMETPUYECKHUX oOpa3zax MTO3BOJIUT YCTAHOBUTh BO3MOJKHbBIC

KOHIICHTPAIIMOHHBIE YCIOBUS (MapamMeTphl) peaau3aiuu MOCIEAHUX, YTO

KpailHe Ba)XHO TpU HICHTH()UKALMK TaparcHe30B (COCYIIIECTBOBAHMS)

PaBHOBCCHBIX TBépI[BIX (1)33 B MHOT'OKOMITIOHCHTHBIX CUCTEMaXx.

4.1. Metoauka onpeesieHisi PACTBOPMMOCTH B HOHBAPUAHTHBIX

TOYKaAX, YCTAHOBJCHHBIX METOAOM TPAHCIALINHA.

DKCNEPUMEHTAIBHOE  OMNPENCIICHUE TMOJOXKEHUS HOHBAapPUAHTHBIX
TOYEK,  YCTAHOBJIECHHBIX  METOAOM  TPAHCIALMUU,  OCYILIECTBIISIETCA
HECKOJIBKUMHM NyTsMU. OJIWH W3 TakKuX IIyTE€Wd, HA3BAHHBIX «METOAOM
JOHACBIIIEHU», paccMoTpeH B padote [90]. CymHOCTh METOMa 3aKITF0YACTCSI
B TOM, 4YTO PacTBOp, OTBEUAIOIINN HOHBAPUAHTHOM TOUKE N — KOMIIOHEHTHOU
CHUCTEMBbI, IIOCTENEHHO JIOHACHIIAETCS TMocienyrome TBEpAoN (Da3oi,
XapakTepHOU A N+1 KOMIIOHEHTHOW CUCTEMBI. [[ns mpumepa paccMOTpuM
YETHIPEXKOMIIOHEHTHYIO cucTteMy 3BToHHYeckoro tuna A — B — C — [ (rae I
pactBoputenb, Hanpumep, H,0), cxemarudeckas auarpamma (Ha30BbIX
PABHOBECHUI COJIEBOM YaCTH KOTOPOU MpEICTaBIeHa HA pUCYHKE 29.

B pmanHOM  ciiyyae  CyWIECTBYIOT  CIEAYIOIIUE  BapUAHTHI
AKCIIEPUMEHTAIBHOTO YCTAHOBJIEHUS TOJIOKEHUS HOHBAPUAHTHOW TOYKH E

MCTOAOM AOHACBIIICHUA.
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IlepBblii Bapuant. Eciin ucxogHas N KOMIIOHEHTHas (B JTaHHOM cllydae
TPEXKOMIIOHEHTHas1) cuctema sBisercs A — B — I (H,O), 10 nnsa
YCTAHOBJIICHHUS TMOJOXEHUA E B [MaHHYHO cuCTeMy, COJEpIKallyl JIBE
paBHOBecHBIE TBEPABIC dasbl (A u B) mocrenenHo 100aBiIsOT TBEPAYIO hazy
C (ykazanHo ctpenkoit e3E) o Beimanenus e€ B 0caok COBMECTHO ¢ A u B,
3aT€M OIPEAENSAIOT COCTaB HACBIIIEHHOTO PACTBOPA, OTBEYAOIIETO YCIOBUSIM

COBMECTHOI KpHUCTaJIM3AlUU BCEX paBHOBECHBIX TBEPABIX a3 (A + B + ).

Pucynok 29. ConeBast yacTh 1uarpamMmmsbl (pa3oBbIX PaBHOBECUN CUCTEMBI
A —-B—-C— [ (1 - pactBopuTtenb), KOraa MEXIY

KOMIIOHCHTAMH OTCYTCTBYCT BSaHMOI[eﬁCTBHe

Bropoii BapnanT. Eciiv cxoaHast N KOMIIOHEHTHAs! CUCTEMA SIBIISIETCS
A—-C-]1I (H,O), To nyist yCTaHOBJICHHUSI MOJI0KEHUSI HOHBAPUAHTHOM TOYKHU
E B nmaHHylo cucremy, cojaeprailyro paBHOBecHble TBEpAbIe (a3bl A u C,

MOCTENeHHO J00aBistoT TBEPAYIO ¢asy B (ykazano crpenkoit e;E) no
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BbINIAJICHUs €€ B 0calok coBMecTHOro ¢ B u C u 3aTeM ompeAensitoT cocTaB
HACBIIIEHHOTO  PacTBOpa, OTBEUYAIOLIECTO  YCJIOBHUSIM  COBMECTHOM
kpuctaumzaiuu A, B u C, KkoTopblii OJDKEH OBITh UIACHTHUYHBIM HWJIU
OJIN3KUM COCTaBy, HAWJIEHHOTO 110 NIEPBOMY BapUAHTY.

Tpernit Bapuant. Ecinu ncxogHasi N KOMIIOHEHTHASI CUCTEMA SIBIIIETCS
B — C -1 (H;0), To ny1s1 yCTaHOBJICHHS TOJI0KEHUSI HOHBapUAHTHON Touku E
B JIaHHYIO CHCTEMY, COJIepKallyio paBHOBecHbIe (a3bl B u C, mocreneHHo
n00aBs0T TBEPAYIO a3y A (ykazaHHO CTpeNIKOH €;E) /o BeimajeHus e€ B
0CaJIOK B KaueCTBE TPEThe paBHOBECHOM (ha3bl U 3aTEM OMPEIEIAIOT COCTAB
HACBIIIIEHHOTO BCeMH TpeMsl TBEpbIMU (dazamu pacTBopa. B maHHoM ciyuae,
Tak)Ke, HaWJEHHBIN COCTaB JIOJDKEH OBbITh HACHTUYHBIM WIH OJU3KUM K
HaWJEHHBIMU JUISI 1-TO ¥ 2-TO BapUaHTOB.

YerépThlii BapuaHT. ['OTOBAT OTIAEIBHO HACBHILIEHHBIE PACTBOPHI,
coziepkaiue paBHoBecHbie a3zbl A, B u C, a 3aTeM UX CMEIIUBAIOT U MPHU
3aJJaHHOM  TEeMIIepaType CHCTEMY TMPHUBOIAT B paBHoBecue. Illocrme
JOCTHXKEHUSI COCTOSIHUSI PABHOBECHsA, IZIE B PAaBHOBECUU C HACBILICHHBIM
pacTBOPOM HaxXOMSITCS Bce Tpu TBEpHAbIE (a3bl, YCTaHABIUBAIOT COCTaB
HACBIIIEHHOTO PAacTBOpa. JTOT COCTAB JOJDKEH OBITh HMJICHTUYHBIM WITU
ONM3KMM K COCTaBy HAWJEHHOTO PACTBOPA, YCTAHOBIIEHHOTO IO TEPBBIM,
BTOPBIM U TPETHUM BapUAHTAM.

Ecmn mexay KOMIIOHEHTaMH CHUCTEMBI HMEET MECTO XUMHYECKOE
B3aMMOJICHCTBUE C 00pa30BaHKEM HOBBIX (a3 (CONbBATHI, TUIPATHI, TBOWHbBIC
WU CMENIaHHbIE COJIU), TO CTPOCHUE JHarpaMMbl YCJIOXKHSIETCS, XOTS
BAPUAHTHI 3KCIIEPUMEHTAIBHOIO OIMPEACICHHS IOJIOKEHUS HOHBAPHAHTHBIX
TOYEK HE [peTepleBacT CYIIECTBEHHbIX U3MEHEeHuH. Takonl Xxon
HKCIEPUMEHTA PACCMOTPUM Ha MPUMEPE YETHIPEXKOMIIOHEHTHOU CUCTEMBI A
— B — C — I (H,O), xorga B pe3ylibTaTe XMMHUYECKOTO B3aUMOJECUCTBUS
MEXy KoMmMmoHeHTaMHM A u B B03MOXHO oOpa3oBaHUE COCIUHECHUS S.
CxeMaTu4ecKkoe CTPOSHHUS COJICBOW YaCTH JUarpamMMbl (Pa3oBBIX PaBHOBECHH

TaKOW CHCTEMBI IpeJICTaBIeHO Ha pucyHke 30.
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Kak BugHo u3 storo pucynka 30, Takas cucTeMa XapaKTepHU3yeTCs
IByMsl HOHBapwaHTHbIMH Toukamu (E; m E,), moyio)keHHe KOTOPBIX Ha
JMarpaMMe YCTaHABIIMBAIOTCS CIIEIYIOUIUM 00pa3oM.

a) /luia HoHBapUaHTHOM TOYKH E;

IlepBbiii Bapuant. Eciu ucxonnout cucremoit siisercss A — C — []
(H20), To nnis ycraHOBJIEHHS TOJIO)KEHHS HOHBapuUaHTHOW Touku E;, B
JAHHYIO CHUCTEMY C PaBHOBECHBIMH TBEPABIMH (azamu A u C TIOCTETICHHO
nobaBisieTcsl coeMHeHe S (yKa3aHHO CTpeNKo# e1E;), moka oHO COBMECTHO
¢ BemectBaMu A u C He BBINAAACT B OCAAOK, a, 3aTE€M, ONPEACISIOT
PABHOBECHYIO KOHIIGHTPALIMIO HACBHIIMIEHHOTO ASTUMH TpeMsl TBEPIbIMU
¢dazamu pactBopa.

Bropoii BapuanT. Eciiu ucxonnas cucrtema sisisierca A —B — /1 (H,0),
TO JJIsl YCTAHOBJICHUSI TOJIOKEHHSI HOHBapUaHTHOW Touku E;, B pacTBop,
HACBIIIEHHOTO KOMIIOHEHTOM A U COEJUHEHUEM S, TOCTENEHHO (yKa3aHHO
cTpenkoit e3E;) mobapnsitor komnoHeHT C, MOKa OH HE BBIMAAAET B OCAJ0K
coBmecTHO ¢ (azamu A u S. Ilocne nocTHKeHHs] paBHOBECHUS B CUCTEME C
TBEpAbIME (pazamMu A + S + C ompenesnsroT coCTaB HACHIIIIEHHOTO PacTBOpa,
XapakTepHoro st 3Tux Tpex (a3. OH goikeH ObITh WIACHTHUYHBIM WM
OJIM3KMM K COCTaBY HACBHIIIEHHOTO PAaCcTBOPA, YCTAHOBJIEHHOTO IO MEPBOMY
BapUAHTY.

Tperuii BapuaHT. [OTOBAT OTHEIBHO HACBHIIIEHHBIE PAaCTBOPBHI,
coJieprKalllie COOTBETCTBEHHO, paBHOBeCHbIC (a3pl A + C (Touka e;) u C + S
(Touka e€3), WX CMEIIHUBAIOT, JIOCTUTAIOT PABHOBECHOI'O COCTOSIHUSI U
YCTAaHABJIMBAIOT COCTAaB IIOJYYEHHOTO pacTBOpPa, KOTOPBIMA  SIBISIETCS
paBHOBECHBIM g KoHriomepata ¢a3 A + S + C. Haiinennslii cocrtaB
HACBIIIEHHOTO PacTBOPa JOJDKEH ObITh WACHTUYHBIM WIIH OJIM3KUM K COCTaBY
HACBIIIEHHBIX PAacTBOPOB, YCTAHOBJEHHBIX IO TIEPBOMY U BTOPOMY

BAapUAHTOB.
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A

Pucynok 30. ConeBast yacTh 1uarpamMmmsl (pa3oBbIX PaBHOBECUN CUCTEMBI
A —-B-C- I (1 - pactBopuTeb), KOT/1a MEXITY
KOMIIOHEHTaMH A 1 B uMeeT MecTo XUMUYeCKOE B3aUMOJACHCTBUE C
00pa30BaHUEM COCTMHEHUS S
0) st HonBapuaHTHO# ToukHM E,

IlepBobiit Bapuant. Eciu ucxonnoit cucremon spusercss B — C — ]
(H,0), To nnma ycTaHOBIEHHUS MOJOKEHUST HOHBApUAHTHOW TOuku E,, B
JAHHYIO CHUCTEMY C paBHOBeCHbIMU TBEpABIMH (azamu B m C mocrteneHHO
T00aBISAIOT coeuHeHne S (YKa3aHHO CTpesikou €,E;), moka oHa COBMECTHO ¢
TBEpApIME (hazamu B 1 C He BhIMAAET B 0CAJ0K. 3aTeM, CUCTEMY MPUBOJISAT B
paBHOBECHE M ONPEACIISIIOT COCTaB HACHIIIEHHOTO PacTBOpPa, KOTOPBIN

COOTBETCTBYET paBHOBecHIO ¢ TBEpAbIMU (pasamu B, C u S.
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Bropoii Bapuant. Eciu ucxogHoit cucremoi siBisiercs A — B —]]
(H,0O), To nsi ycTaHOBJICHMS TOJOXEHUST HOHBAapUaHTHOW Touku E,, B
JAHHYI0 CHCTEMY C paBHOBeCHbIMU (hazamu B m S mocTeneHHO H00aBIISIOT
komrioHeHT C (ykazaHo cTpenkoit e4E4), moka Hapsamy ¢ ¢azamu B u S B
ocaJiok He BbImagaeT TBEpHas ¢aza C. 3areM cuUCTeMy TMPUBOIAT B
paBHOBECHE M YCTAHABJIMBAIOT COCTaB HACHIIIEHHOI'O 3TUMH Tpems (dazaMu
pacTBOpa. DTOT COCTAB JAOHKEH OBITh UIACHTUYHBIM WU OJIM3KUM K COCTaBY
pacTBOpa, HAICHHOTO MO MIEPBOMY BapHUaHTY.

Tperuit BapuaHT. [OTOBAT OTAENBHO HACBIIIEHHBIE PACTBOPBIL,
coJieprKalllie, COOTBETCTBEHHO, paBHOBecHbIe TBEpABIE (a3bl B + C (Toukm
¢;) 1 B + S (Touku e4), UX CMEIIMBAIOT, JOCTUTAIOT PABHOBECHOTO COCTOSHUS
U ONpEACNSIIOT COCTaB TMOJIYYEHHOI'O HACBIIIEHHOTO PAacTBOpPA, KOTOPHIH
SBJIIETCSI PAaBHOBECHBIM g KoHriomepata ¢a3 B + C + S. Hailinenusiii
COCTaB HACBIIIEHHOTO PAacTBOPA JIOJIOKEH OBITh UACHTHUYHBIM WU OJU3KUM K
COCTaBY HACBIIICHHBIX PAcCTBOPOB, HAWJCHHBIX IO MEPBOMY U BTOPOMY
BapHUaHTaXx.

Cnenyer OTMETUThb, YTO MPUMEHHMOCTh METOAA JOHACHIIICHUS
anpoOupoBaH npu UCCIIEOBAaHUH pPacTBOPUMOCTH psn
YETHIPEXKOMIOHEHTHBIX CHUCTEM, COCTAaBIIOMIUX IIECTUKOMIOHEHTHYIO
CHCTEMBI Na,Ca//SO,4,CO3;,HCO3,F-H,0, c yJIOBJIETBOPHUTEIILHBIMHU

pe3yibratamu [91-95].

4. 2. Onpenejenne pacCTBOPMMOCTH B HOHBAPHAHTHBIX TOYKAX CHCTEMBI
CaSO,~CaCO3;-Ca(HCO;),~H,0 npu 0 u 25 °C
Kak Obuto oTMEUeHO B TUiaBe | B jmTepaType OTHOCHUTEIBHO JTaHHOM
CHUCTEMBI OTCYTCTBYIOT CBEJICHHS O PACTBOPUMOCTH U (Pa30BBIX PABHOBECHSX.
B To’xe Bpems1, OHa B PsIy Y€TBEPHBIX CHCTEM, COCTABIISIONINX HCCIICIYEMYIO
nsatukoMmnoneHTHyto cuctemy Na,Ca//SO,,CO3,HCO3-H,0, 3anumaer ocoboe
MECTO, T.K. CBEJICHHS O PAcTBOPUMOCTH M (ha30BBIX PABHOBECHSIX B HEH

NPEACTABIAIOT KPOME  TEOPETUYECKOTO, TakKe, U  3HAYUTEIbHbIN
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MPAKTUYECKANA WMHTEPEC B CBS3M C YTWIM3AINMEH JKUIKUX OTXOJ0OB
ATFOMUHUEBOTO TTPOU3BOICTRA.

B rnaBax 2 u 3 paccmotpensl ga3zoBbie paBHOBecHs cucteMbl CaSOy—
CaCO3z—Ca(HCO3), H,O mpu 0 wm 25 °C, YCTAHOBJICHHBIE METOJIOM
TpaHCISIIMU. B 1aHHOM pasnene oOCy»KIaroTcs pe3yJbTaThl BBIOJIHEHHBIX
UCCJIEOBAHUM 1O HKCIEPUMEHTAJIbHOMY H3YyYEHUIO PAaCTBOPUMOCTH B
HOHBapPUAHTHBIX TOYKAX, XapaKTEPU3YIOMUX €€ M yCTAHOBICHHBIX METOJIOM
TPaHCIISIIUH.

CoCTaBHBIMM 4YaCTSIMUA JTAHHOM YETBIPEXKOMIIOHEHTHOW CHUCTEMBI
SBIISIOTCA CyIb(aThl, KApOOHATHI U TUAPOKAPOOHAT KabIus, KoTopsie Tipu O
u 25 °C kpucrammmsyores B Buge CaSO,2H,O (I'm), CaCO; (Cu), u
Ca(HCOg), (Cal'). Jlns sKkcriepriMeHTa HCITOIb30BaIN CIICAYIONINE PEaKTHBHI:
CaS0,4-2H,0 (x.4); CaCOj3 (u); Ca(HCOgz); (u).

CMech TepMOCTaTHUpPOBAM C MOMOIIbIO YyibTparepmoctata U-8 u
nepeMemmnBaiy MarouTHor Mmemankon PJ[ — 09. Kpucramnmusanuio TBEpABIX
da3 waOmoganu ¢ momoibio Mukpockorna mapku «I[IOJIAM —P 311» u
dororpadupoBanu nudpossiM GoroammapatoM «SONY- DSC-S500». TTocne
JOCTHDKEHUSI COCTOSIHMSI paBHOBecHsl (HEM3MEHEHHOCTh (Da3oBOro cocraBa
KPUCTAJUTM3YIOMINXCS OCAJKOB) JKHAKYI0 M TBEPAYIO (a3bl OTaensuim ¢
MOMOIIBIO0 BOJOCTPYHHOTO BaKyyMHOTI'O Hacoca 4epe3 00€330JICHHYIO (CHHSIS
JeHTa) GUIbTpOBaNIbHYIO Oymary Ha BopoHke broxuepa. Ocamok mpoMbIBaIu
96 % STUIOBBIM CIUPTOM U TEPE] aHATM30M CYIIWIW B CYIIWJIbHOM IIKady
pu temmneparype 120 OC. Xumndeckuii aHaM3 KUAKOI (da3bl MPOBOIUIIH 11O
U3BECTHBIM  METOAWMKAM,  ONHCaHHBIM B paborax  [98,99] a
KPUCTAJJIOONTUYECKUI aHanu3 corsiacHo [100].

Yeroipexkomnonentass cucrema (CaSO,~CaCOs;—Ca(HCO3),—H,0
BKJIFOYAET crheayromue TpexkommnoHeHTHbie cuctembl: CaSO4-CaCO3;—H,0;
CaS04-Ca(HCO3),—H,0 u CaCO3-Ca(HCO3),-H,O. Iuarpamma (a3oBbIX
paBHOBecHii yeTbipexkommnoneHTHoW cuctembl CaSO,—CaCO3;—Ca(HCOs), —

H,O BnepBbie OblIa MOCTPOEHA HAMU METOJIOM TPAHCIIALIMHU U PACCMOTPEHA B
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riaBax 2 u 3, a Takxke B pabdorax [73, 82]. CortacHO MOTYYCHHBIX METOIOM
TPAHCISIIIMN JaHHBIX UCCIIeayeMasi CUCTeMa Ha YPOBHE TPEXKOMIIOHEHTHOTO
COCTaBa XapaKTEepPU3yeTCs TpeMsi HOHBAPUAHTHBIMU  TOYKaMH, IpHU
TPAHCISIIIUM  KOTOPBIX HA YPOBEHb YETHIPEXKOMIIOHEHTHOTO COCTaBa
(GOpMHUPYIOT OJHY YETBEPHYH) HOHBAapHUAaHTHYIO TOYKy (cM. i 2 u 3).
PacTBOpUMOCTh B HOHBapMAHTHBIX TOYKAX HAMHU HCCJEJIOBAHA 10 BapUAHTY
3 MeToauku, oOmucaHHoW B pazgene 4.1., korma MeXIy HCXOIHBIMU
KOMITOHEHTaMHU OTCYTCTBYET XMMHUUYECKOE B3aumojieicTBre. Takum oOpazom,

AJIs1 OIIpCACIICHUA paCTBOPHUMOCTH B HOHBAPHMAHTHBIX TOYKAX Mbl CMCIIIHMBAJIA

o 3
pacTBOpPbI C PABHOBCCHBIMU OCaJIKaMM TPOWMHBIX HOHBAPUAHTHBIX TOYCK El,

E3 u E3 70 YCTAHOBJICHUS PABHOBECHS C ITOCICAYIOMAM TOCTHKCHHEM
PABHOBECHOT'O COCTOSIHUS TI0 MMOCTOSIHHOMY (ha30BOMY COCTaBYy OCaIKOB.

B rtabmune 32 mpencraBieHbl JaHHBIE O PACTBOPUMOCTH B
HOHBAapPUAHTHBIX TOYKAX YPOBHS TPEXKOMIIOHEHTHOTO COCTaBa, B3ATHIE W3
muteparypbl [70,71] ¥ ypOBHS YETHIPEXKOMIIOHEHTHOTO COCTaBa, KOTOPBIC

IMOJIYYCHBI HAMM.

Ta0muma 32.
PacTBOprMOCTh B HOHBapHAHTHBIX TOYKAX CHCTEMBI
CaSO4—CaC03—Ca(HC03)2—H20
Ne CocraB xuakon hassl, Macc.%
TOYCK da30BbIN COCTaB
CaSO, | CaCO; | Ca(HCO3), H,0 0CaJKOB
1 2 3 4 5 6
Nzotepma 0 "C
€1 0.176 - - 99.824 '
e - 0.0031 - 99.996 Cu
€3 - - 0.144 99.856 Cal’
E: 0.0217 | 0.0014 - 99.964 I'm+Crg
E3 - 0.0014 0.083 99.90 Cu+Call
E3 0.0217 - 0.083 99.985 Cal+I'n
E? 0.0217 | 0.0014 0.083 99.88 Cut+I'o+Call
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1 | 2 | 3 ] 4 | 5 | 6
N3otepma 25 °C

€1 0.213 - - 99.787 I'm

e - 0.0056 - 99.994 Cu

€3 - - 0.0160 99.984 Cal’

E: 0.175 0.0038 - 99.821 I'n+Crg

E2 0.186 - 0.0168 99.797 I'n+Call

E:Z - 0.0046 0.0179 99.977 Cu +Cal

E? 0.218 | 0.00535 0.0225 99.754 I'm +Cu +Cal’

Ha ocHoBanuM nmaHHBIX TaOAUIBI 32 HaMU BIEPBBIE MOCTPOEHA
JuarpaMMa  pacTBOPUMOCTH  YETBHIPEXKOMMOHEHTHOM cucteMbl CaSO,—
CaCO3;—Ca(HCO3),—H,0 npu 0 u 25 o°C, KOTOpas MPEACTaBICHA Ha PUCYHKE
31. CtopoHBI TpeyrojbHUKA B JIAaHHOM CIliy4dae SIBJISIOTCS KOOPAWHATHBIMU
OCTOBaMHU TPEXKOMIIOHEHTHBIX CUCTEM, KOTOpblE COOTBETCTBYIOT 100 % -M
COCTaBYy CMECH JIBYX COJIEH, MOJIOKEHUE (DUTypaTBHOM TOUKH KaKIOM M3
KOTOPBIX OMpeNesieTcss UX pacTBOpUMOCThIO. [lonokenue GurypatuBHOM
TOYKA CMECH YETBIPEXKOMIIOHEHTHOTO COCTaBa HaXOJWUTCS BHYTpHU
TpeyrojipbHuKa. [loylokeHrWss HOHBApUAHTHBIX TOYEK Ha JuUarpaMMe Ha
OCHOBAaHMWU [IaHHBIX PACTBOPUMOCTH YCTAHOBJIEHBl MAaCCIEHTPUYECKUM
MetoaoMm [12].

3orepma 0°C

Jlnst Touku €3 ¢ paBHOBECHOM TBEPOi (pazoit ['n

0,176 x197 34,672

CaS0,-H,0 | CaSO, = _ 1720
AL 0176+ (99,824 +5) 2014
0.176% + 99.824% =100% | H,O = 1922_397 — 1952811

Jlnst toukn €, ¢ paBHOBecHO# TBEPIOH (azoit Ci

CaCOs-H,0
I CaCO3— 0,0031X197 _ 0,6107 — 0.03m
© 0,0031+(99,9969+5) 200
0,0031% + 99,9969% = 100% | H0= 1299197 _ 166 99,10
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Jlnst touku €3 ¢ paBHOBecHOU TBEpAOH (hazoit Cal’

C&(HCO@)_Z_- HZO | Ca(HCO3)2
_ 0,144 x111 _ 15,984 — 0,7% a0
0144+ (99.856+5) 2011
0,144% +99.856% = 100% | H,0=2" 4~ 110,230

3 .
Juis touxu Eq ¢ paBHOBeCHBIMU TBEPABIMU (ha3ambl [ 'i+Ci

CaSO, = 0,0217%
e °10.0231% | CaSO, - 9.0217x100 _ o,
CaCO, =0.0014% 0,0231
20,01%
H,O = 99.976 + 5 = 19.995.% | Hy0= 19995100 _ 5469

3 ,
Juis touxu E; ¢ paBHOBECHBIMU TBEPABIMU (pazamel I'mt + Cal’

0.1047% | CaS0,= 217x100 _ )2
01047

20,08%
} | H,O= 19,979x122

CaSO, = 0.0217%
Ca(HCO,), = 0.083%

H,0 =99.895+5=19,979.% =121,38mm

3 ..
Jns Touku E; ¢ paBHOBecHbIMU TBEPAbIMU (hazambl Ciy + Cal’

CaCO, = 0,0014%
s *10,0844% | CaCO,_ %.0014x100 _, .o
Ca(HCO,), =0,083 0.0844 ’
20.06 :
H,0 = 99,015+ 5 =19,983% | H,0= 19983118 11050 m
20,06
s Toukn E14 c paBHOBeCHBIMH TBEPABIME (azambl ' + Cip + Cal’
CaSO, = 0.0217%
o 00014 °}0.0231% | CaS0, - 20217100 _ 4545 .,
, =0.0014% } 01061 0,0231
Ca(HCO,), = 0.083% 1 | Ca(HCOy), 2083x89 _ (g o i
S
H,0 = 99,893 + 5 =19,978% J I HoO= =222 _ 7316 3
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Pucynoxk 31. JluarpamMmma pacTBOPUMOCTH YETHIPEXKOMITIOHEHTHON CUCTEMBI

CaSO4—CaC03—Ca(HC03)2—H20 .

a) m3otepma 0 °C;

6) motepma 25 °C.
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gesy e CaCo:

Ca(HCOs):

C5SO04 = CaCOs
0)
Pucynok 32. ConeBast 4acTh AMarpaMmbl paCTBOPUMOCTH CUCTEMBI
CaS0O,—CaCOz;—Ca(HCO3),—H,0:

a) msotepma 0 °C; 6) m3orepma 25 °C.
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B npuBeneHHbIx pacuerax 1 oOo3HA4YaeT MOJIOKEHUE (PUTYpPATHBHOM

TOYKHM COOTBCTCTBYIOHICTO COCAMHCHUS HAa KOOPAMHATHOM OCTOBC (CTOpOHBI

YEeThIPEXYTOJbHUKA) U BHYTPHU JUArpaMMbl B CMECH.

Kak cnenyer u3 pucynka 31 B uccieayeMon 4eThIPEXKOMIIOHEHTHOM

cucreme nosie kpucraumusaiuu Ci (CaCOjz) 3aHMMaeT ¢€ 3HAYMTEIbHYIO

9aCTb, YTO

XapaKkTepu3yeT Mallyl0 pPacTBOPUMOCTb JaHHOW COJH B

IIPUBEIEHHBIX YCIOBUSX.

Onucanue cojepx aHusi TE€OMETPUYECKUX 00pa3oB (IOJis, KpUBBIE,

TOYKM) pucyHKa 31 npuBeneHsl B Tadbauue 33.

Tab6auia 33.

OnucaHue coepx)aHusi FEOMETPUUECKUX 00pa30B Ha pUCYyHKa 31

O603HaYeHUS
F€OMETPUYECKHUX PactmmmdpoBka o003HaueHUI
00paz3oB
1 2

€1 PacTBOpuMOCTSE CynibdhaTa Kajablus B BOJIC

) PacTBOprMOCT KapOOHATa KAJIBIUS B BOJIC

€3 PacTBOprMOCTS THIpOKapOOHATA KAIBIUS B BOJIE

E: Touka coBmecTHOU Kpuctamum3aiuu [ m+Ci B cuctreme CaSO4—
CaCOs-H,0

E3 Touka coBmectHOl kpuctaum3aiuu [ m+Cal’ B cucteme CaSO,4—
Ca(HCO3),—H,0

E3 Touka coBmectHOlM kpuctaum3aiuu Ci+Cal” B cucreme CaCO3—
Ca(HCO:s),-H,0

Ef Touxka coBmecTHOM Kpuctamuzanuu [ m+Cu+Cal’ B cucreme
CaS0O,—CaCO3-Ca(HCOs),—H,0

e-E3 Kpusas kpucrammsamuu I'n 8 cucreme CaSO4— CaCO5- H,0
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1 2
e;-E3 Kpusas kpuctaimmmsauu ['n B cucreme CaSO,—Ca(HCO3),-H,0
e,-E? Kpusas xpuctammuzanuu Cip B cucteme CaSO,—~CaCOz— H,0
e,-E3 Kpugas kpuctammsanuu Cip B cucteme CaCO;—Ca(HCO3),-H,0
es-E3 Kpusas kpuctammmmsanuu Cal” B cucteme CaSO,—Ca(HCOs),-H,0
es-E3 Kpusas kpucrammm3sauu Cal” B cucteme CaCO3;—Ca(HCO3),-H,0
E?-E: Kpugas coBmectHo# kpuctamuzamnuu I m+Ci B cucteme CaSO4—
CaCO5-H,0
E3-E3 Kpusas comectHol kpucraumsanuu ['m+Cal” B cucreme CaSO,4—
Ca(HCOs3),-H,0
E3 - Ef Kpusas coBmectroi kpucraum3zanuu Cal +Ci B cucreme
CaCO3;—Ca(HCOs3),-H,0
e;E3E3E3e; | [Tone kpucrammsarmu ['n B cucreme CaSO,~CaCOs—
Ca(HCO3),—H,0
esE2ESE3e; | Ione xpucrammsanuu Cal’ B cucteme CaSO4~CaCO5-
Ca(HCO3),—H,0
e,E3EE3e, | IMone xpucrammmsauuu Cu B cucreme CaSO,~CaCOs—
Ca(HCO3),—H,0

Kak Obu10 OTMEYEHO BbIIIE, JOCTHXKCHUE PABHOBECHS B UCCIEAYEMOM

CUCTEME KOHTPOJUPOBAJIOCH KPUCTAIIIOONTHYECKUM METOJOM [92-94], T. e.
HaOJII0/IeHHEeM 3a TBEPABIMU (pa3zaMu Ocajika C MOMOIIBI MHKPOCKOIA U HUX
dotorpadupoBanrem. Ha pucynke 33 mpencraBiieHbl MUkpodoTorpapuu
WHIYBUJIHAIBHBIX ~ PAaBHOBECHBIX TBEPABIX (a3 W HX COBMECTHAs
KpUCTAJUTH3AIUs Ha TPOHHBIX U YCTBEPHBIX HOHBAPUAHTHBIX TOYKAX.

Kak BHIHO U3 TNPUBENEHHBIX pPE3YyJIbTAaTOB, CTPOCHUE JIUATPAMM
pacrBopumocti cuctemsl CaSO,—~CaCOs;—Ca(HCO3),~H,0 mpu 0 u 25 °C

NICHTUYHEBI, TOJIBKO Pa3MECPLI roJieu KpucTtaliIn3alnun HCCKOJIBKO
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OTJIMYAK0TCs, YTO CBA3aHO C U3SMCHCHUCM PACTBOPHUMOCTH B 3aBUCHUMOCTH OT

TEMIIEPATypHI.

Mm+Cal Mn+Cal+Cy

Pucynok 33. Mukpodortorpaduu paBHOBECHBIX TBEPABIX (a3 CUCTEMbI

CaS0,~CaCOs—Ca(HCO3),~H,0 mpu 0 u 25 °C
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4.3. PacTBOPHMOCTH B HOHBAPHAHTHBIX TOYKAX CHCTEMbI
Na,Ca//SO,,CO3H,0 npu 0 °C
Hccnenyemas dersipéxkommnoneHTHas cucreMa Na,Ca//SO4,COz—H,0
BKJIFOYAET cieayromee TpéxkommnoneHTHoie cucteMbl: Na,SO,~CaSO,—H,0;
Na,COz—CaCO3-H,0, Na,SO4-Na,CO;-H,O0 u  CaSO,—~CaCO3;—H,0.
PaBHOBECHBIME TBEPIBIME  (asaMi  HcclIeqyeMoil cucTeMsl mpu  25°C
sBistotrest: Na,SO4-10H,0 - mupadbunur (M6); CaSO4-2H,0 - Tunc (I'm);
CaCOg - kampiut (Cix); Na,CO3z-CaCOs5-5H,0 - TIeimoccut (I'n) [5, 6]. duns
OTBITOB OBUIM HMCTOJB30BaHbI cienytoniee peakTuBbl: Na,SO4 10H,0 (x9);
CaS0,42H,0 (x.4); Na,COs (u); CaCOs3 (9).
B Tabmume 34 nmpexacraBieHbl JaHHBIE O PACTBOPHMOCTH B
HOHBApUAHTHBIX TOYKAX YPOBHS TPEXKOMIIOHCHTHOTO COCTaBa, B3SATHIC W3
JUTEPaTyPhl H YPOBHS YETHIPEXKOMITIOHEHTHOTO COCTaBa, KOTOPBIC ITOTYICHBI

HaMH.

Tabmuua 4.4

PacTBOpUMOCTH B y3710BbIX (HOHBAPUAHTHBIX ) TOUKAX CUCTEMBI

Na,Ca//SO4,CO3-H,0 mpu 0°C

Ne CocraB xuakon hassl, Mmac.% da30BbIU
touek | Na,SO, | CaSO, | Na,CO3 | CaCOs3 H,O | cocTaB ocagkoB

€1 4.30 - - - 95.7 M6

€7 - 0.176 - - 99.824 I'm

€3 - - 6.57 - 93.43 C-10

€4 - - - 0.0031 | 99.996 Cu

E3 4.34 0.196 - - 95.46 M6+

E3 - - 12.0 | 0.0048 | 87.99 C-10+I'n

- - 430 | 0.0048 | 95.69 I'n+Crx

EZ 2.80 - 6.01 - 91.19 M6+C-10

EZ - 0.20 - 0.0045 | 99.795 I'm+Cu

Ef 1.967 0.244 1.551 - 96.238 | M6+C-10+I'nm

E3 - 0.272 11.30 |0.00465 | 88.42 C-10+I'm+In

Eg - 0.34 18.30 | 0.0125 | 81.347 '+ 'n+Ciy
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Ha ocHOBaHMM MaHHBIX TPUBEAEHHON TaONMWIIBI HAMU BIIEPBBIC
MOCTPOEHA JUarpaMma PacTBOPUMOCTH YETHIPEXKOMITOHEHTHOCTH CHUCTEMBI
Na,Ca//S0,,CO3-H,0O mpu 0 °C, xotopast mpencraBieHa Ha pHCYHKe 34.
ConeBass 4YacThb IIOCTPOCHHOW JMarpaMMbl B BHJE PaBHOCTOPOHHETO

YEeThIPEXYTOJIbHUKA TMPEJCTaBICHAa Ha pUCYHKE 35.

Na:S0q

Cr

E
C-10&™

1
Ei

Na-CO

Eog e

- CaCoOs
E3|E3
I'a

Pucynok 34. luarpamma pacTBOPUMOCTU YETHIPEXKOMIIOHEHTHOM
cuctembl Na,Ca//SO,4,CO3-H,0 npu 0 oC
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Na:50;

Na)COzH CaCoO:s
B3RS
[

Pucynok 35. ConeBast 4yacTh AMarpaMmbl paCTBOPUMOCTH

cucrembr Na,Ca//SO4,CO3-H,0 mpu 0 °C

Onucanue cofepkKaHus TE€OMETPUYECKUX OOpa3oB (IOJsl, KPUBHIE,
TOYKH) pucyHka 34 mnpuBeneHsl B Tabmume 35, a  pe3ylbTarhl
KPUCTALUIOONTHYECKOTO aHajau3a PaBHOBECHBIX TBEPABIX da3
(MukpodoTtorpadun) npeAacTaBieHbl HA pUCYHKE 36.

Ha pucynke 37 mpeacTaBiieHbl MITPUX JUarpaMMbl PaBHOBECHBIX
TBEpIOBIX (a3 cucrembl Na,Ca//SO,CO3-H,O0 mpu 0 °C, xoropsie

pacidpoBaHbl coriaacHo aanHbM padot [101, 102].
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Tabmuma 35

Onucanue copepkaHusi TEOMETPUUECKUX 00pa30B HA pUCYHKaA 34

O603HaueHUS
reOMETPUYECKUX 00pa3oB Coneprxanue
1 2

€1 PactBopuMOCTH CcynbdaTa HaTpHs B BOJE

€, PacTBOpUMOCTH Ccynbdarta Kalblius B BOJEC

€3 PactBopuMoCTh KapOOHaTa HATPUS B BOJC

€4 PacTBopuMOCTh KapOOHATa KaJIbIUs B BOJIE

EZ Touka coBMecTHOM KpucTaum3anuu M6 + ' B
cucremMe Na,SO,—~CaSO-H,0

E3 Touxa coBmecTHOM Kpuctamm3anuu C-10 + I'n
B cucteme Na,CO;-CaCO5;-H,0

E3 Touxka coBmecTHOM Kpuctamm3anuu 1'm + Co B
cucteme Na,CO3z-CaCO3;-H,0

EZ Touka coBmecTHOM kpuctamuuzanuu M6+C-10
B cucteme Na,SO,~Na,CO;—-H,0

EZ Touxka coBmecTHOM Kpuctamm3anuu [ m+Ciy
B cucrteme CaSO,~CaCO5;-H,0

Ef Touka coBmecTHOM Kpuctaumzanuu Mo+C- 10+ B
cucreMe Na,Ca//SO,,CO3-H,0

E; Touka coBmecTHOM Kpuctamu3zanuu Cu+I'n+1'n B
cucreMe Na,Ca//SO,,CO3-H,0

E; Touka coBmecTHOM Kpructaumsanuu ['m+C-10+1' B
cucteme Na,Ca//SO,,CO3-H,0

E} —E} KpuBast coBmecTHOM Kpuctamumzanuu Mo + ' B
cucteme Na,SO,~CaSO-H,0

E: —E; Kpusas coBmectHol kpuctamnuzanuu C-10+11 B
cucreme Na,CO;—CaCO5—H,0

E; —E? Kpusas coBmectHol kpuctaimmumsanuu ['n + Co B
cucteme Na,CO3;—CaCO5;-H,0

E; — E} Kpusas coBmectHoit kpuctamumzanuu M6+C-10 B
cucreme Na,SO,~Na,CO;—-H,0

EI — E; Kpusas coBmectHol kpuctaimumzanuu Cu+I'n B

cucteme CaSO,~CaCO3z;—H,0

EINaySO4EZES ES [Tone kpucramm3anuu M6
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1

2

EiNa,CO3E3EZE{ES

[Tone kpucrammuzanuu C-10

E3ESEZEES

[Tone kpuctaimm3zannu ['n

E2 CaCO3E2EZES

[Tone kpuctrammuzauun Ciy

EJE;EZEZEZ CaSO,E]

[Tone kpucrammzanuu '
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M6+C.10 C-104+I'n
I'mt+ Cxx
Mo6+To+C-10 I+ Co+HI'n

I+ I+ C-10

Pucynox 36. MukpodoTorpaduu paBHOBECHBIX TBEPABIX (a3 CUCTEMBI
Na,Ca//SO,,CO5-H,0 mpu 0 °C
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Pucynox 37. CxeMbl peHTreHOrpaMM PaBHOBECHBIX TBEPABIX (a3
cuctembl Na,Ca//SO,4,CO3-H,0 mpu 0 oC:
a) MO+[n+C-10 (touka E});
0) I'mtI'n+Co (Touka E?);
B) [m+C-10+'nm  (Touka E3);
1-M6,2-1Im,3-C-10,4—-Cu,5-TI'n

4.4, PacTBOPUMOCTH B HOHBAPHAHTHBIX TOYKAX CHCTEMbI
Na,Ca//SO,,CO3;—H,0 npu 25 °C

Hccnenyemast yetsipéxkommnonenTHas cucrema Na,Ca//SO4,CO3—H,0
BKJIIOUAET cieayroue TpéxkommnoHeHTHble cucteMbl: Na,SO,—~CaSO4—H,0;
Na,COz—CaCO3-H,0, Na,SOs- Na,CO3-H,O u CaSO,~CaCO3;-H,0.
PaBHOBeCHEIMH TBEpIBIMH (hasaMu HCCIeTyeMoil cucteMbl mpu 25 °C
sBistorest:  Na,SO4-10H,0 - mupabuaur (M06); CaSO4-2H,0 - Tunc (I'm);
Na,SO4 CaS0O, - rmayoepur (I'6); Na,CO3-CaCOj3-5H,0- reiimoccur (I'n)
CaCO; - xamprur (Cr); Na,CO3-10H,O - C-10. [nst omeITOB OBLIM
ucrnoas3oBanbl cienytomee peakTuBbl: Na,SO4 - 10H,0 (xu); CaSO,4-2H,0

(x.1); Na;CO; (1); CaCOs (u).
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B Tabmuue 36 mpeacraBieHbl JaHHBIE O PACTBOPUMOCTH B
HOHBapUaHTHBIX TOYKAaX YPOBHS TPEXKOMIIOHEHTHOIO COCTaBa (KOTOpbIE
3aMMCTBOBAHbl U3 JINTEPATYpPbI) U YPOBHS YETHIPEXKOMIIOHEHTHOTO COCTaBa
(KOTOpBIE MOTYYEHBI HAMH).

Tabmuia 36
PacTBOpUMOCTB B y3710BBIX (HOHBAPUAHTHBIX ) TOUKAX CUCTEMBI

Na,Ca//SO4,CO3-H,0 mpu 25 °C

Ne CocraB xunkoii ¢assl, Mac.% da30BbIif cocTaB
Touek | Na,SO4 CaS0, Na,CO3; | CaCOs3 H,O 0CaJKOB
e1 21.90 - - - 78.10 M6
€2 - 0.209 - - 99.791 I'm
e3 - - 22.95 - 77.053 C-10
€4 - - - 0.0048 | 99.9952 Cno
EJ 21.75 0.197 - - 78.05 M6+I'6
3 25.78 0.188 - - 74.032 I'o+I'6
E2 16.40 - 18.40 - 65.30 MG+C-10
E2 - - 5.65 0.0035 | 94.3465 C-10+I'n
EZ - - 4.50 0.0024 | 95.4976 Ia+Co
EZ - 0.213 - 0.0048 | 99.7822 I'n+Cu
Ef 14.20 0.273 19.60 - 65.927 MG6+C-10+I°0
5 - 0.408 18.55 0.0055 | 81.0365 I'o+16+Cix
E5 12.52 - 19.45 0.0052 | 68.0248 C-10+I'n+I'6
E; - 0.328 20.70 0.0043 | 78.9677 Cu+I'6+In

Ha ocHOBaHMW HaHHBIX STOM TaOJHUIILI HAMHU BIIEPBBIC IOCTPOCHA
Jauarpamma PacTBOPUMOCTH YEeTHIPEXKOMIIOHEHTHOM CHCTEMBI
Na,Ca//S04,CO3-H,O mpu 25 °C, KOTOpasi TpeJCTaBliecHa Ha pUCyHKe 38
CoyeBass 4YacThb IIOCTPOCHHOM JuarpaMmbl B BHJAEC PaBHOCTOPOHHETO

YEThIPEXYTrOJIbHUKA MPEJCTaBIICHa HA pUCYHKE 39.
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Pucynok 38. Jluarpamma pacTBOPUMOCTH YETHIPEXKOMIIOHEHTHOM

cucteMbl Na,Ca//SO,4,CO3-H,0 mipu 25 °C
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Ej E3 CaSO4

Na:504

E3 E2 CaCOs
Pucynok 39. ConeBast yacTh 1uarpaMMbl paCTBOPUMOCTH CHCTEMBI
Na,Ca//SO4,CO3-H,0 mpu 25 °C

Onucanue cofepkaHus TE€OMETPUYECKUX OOpas3oB (IOJsl, KPUBHIE,
TOYKH) puUCyHKa 38 mpuBeaeHsl B Tabmmie 37/ a  pe3yJbTaThl
KPUCTAJUIOONTHYECKOTO aHanau3a PaBHOBECHBIX TBEPABIX da3
(Mukpodortorpaduu)  npencraBieHsl  Ha  pucyHke — 40.  JlanHble
peHTreHo(a3zoBOro aHaliu3a PaBHOBECHBIX TBEPIBIX (ha3 MPEACTaBICHBI Ha

pucyHke 41, kotopsie pacmudpoBanbl coryiacHo pador [101,102].

Tabmuma 37
Onucanue copep>kaHusi TEOMETPUUECKUX 00pa30B pucyHka 38
O6o03HaueHUs
TEOMETPUUYECKHX 00pa3oB Conepxanue
1 2
€1 PactBopuMocTs cynb(dara HaTpus B Boje
€, PactBopuMoCTh Cynb(ara KanbIus B BOJC
€3 PactBopuMoCTh KapOoHaTa HATPUs B BOJC
€4 PactBopuMoCTh KapboHaTa KaJblKsl B BOJIC
EZ Touka coBMecTHOM Kpuctamm3anuu M6 + 10 B
cucreme Na,SO,~CaSO,—H,0
E3 Touka coBmecTHOM Kpuctamum3ainuu [0 + ['n
B cucreme Na,SO,~CaS0O,—H-,0
E3 Touka coBMecTHOM Kpuctamuzauu M6 + C-10

B cucteme Na,SO,~ Na,COs-H-,0
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1 2
EZ Touka coBmecTHOM Kpuctaum3zanuu C-10 +T'n B
cucreme Na,CO;—CaCO5;-H,0
EZ Touka coBmecTHOl Kpuctamumsanuu ['n + Cu B
cucreme Na,CO;—CaCO5s—H,0
EZ Touka coBMecTHOM KpucTamum3anuu [ m+Ci
B cucteme CaSO,~CaCO5;—-H,0
E; Touka coBmecTHOM Kpuctamuzanuu Mo+C-10+1°6 B
cucteme Na,Ca//SO,,CO3-H,0
E; Touka coBmecTHOM Kpuctaumzanuu Cu+l'm+'0 B
cucteme Na,Ca//SO,,CO3-H,0
Ej Touka coBmecTHOM Kpuctamm3auuu ['6+C- 10+ B
cucteme Na,Ca//SO,,CO3-H,0
E; Touka coBmecTHOM Kpuctamuzanuu I'0+Cu+I'n B
cucreMe Na,Ca//SO,,CO3-H,0
E] —Ej Kpusasi coBmectHOl kpuctamum3zauuu M6 + 16 B
cucreme Na,SO,~CaSO-H,0
E; —E: Kpusas coBmecTHOM kpuctamum3anuu [0 + ['n B
cucreme Na,SO,~CaSO-H,0
E3— E} Kpusas coBmecTtHoi kpuctamuzanuu C-10+M6 B
cucreme Na,SO,~CaCO5;-H,0
E3 E: Kpusas coBmectHon kpucraymmumsanuu C-10 +I'n B
cucteme Na,COz-CaCO3;-H,0
EZ E: Kpusas coBmectHOM Kpuctayumsanuu Co + ' B
CUCTECMC NaZCO3—CaC03—H20
E3 E; Kpusas coBmectHol kpuctamnmuzanuu Co +I'n B
cucreme CaSO,~CaCO5;—H,0
EINa,SO4EZES E] [Tone kpucrammuzanuu M6
EINa,CO3EZE;E{ES [Tone kpucrammuzaruu C-10
E3ESEZEZE] [Tone xpucramnuzaruu ['n

EiE;ESEIEZEZE]

[Tone kpucrannuzaruu ['6

E2 CaCO3E2E;EZES

[Tone xpucramnmusanuu Cig

E3ESE; CaSO,4E]

[Tone kpucraum3zanuu [ 1
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M6 C-10

111



I'm+I6

M6+16

10

Inm+C

-10

M

Im+ Cn
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M6+I6+C:-10 I6+Ioa+Cn

ret+In+C10 I6+Inm+Co

Pucynox 40. MukpodoTtorpaduu paBHOBECHBIX TBEPABIX (a3 CUCTEMbI
Na,Ca//SO4,CO3-H,0 mpu 25 °C
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PucyHok 41. CxeMbl peHTTeHOTpaMM PaBHOBECHBIX TBEPIBIX (a3

cucremsr Na,Ca//SO4,CO;-H,0 mpu 25 °C:

a) MO+I6+C-10 (rouka E});
6) I'm+tI'6+Cn (Touka E3);
B) C-10+I'6+tI'nm1  (Touka E3);
r) Cutl'6+ln (Touka E3);

1-M6,2-Tm,3-C-10,4—-Cu,5—-T'm, 6-T0.

4.5. PaCTBopHMOCTb B HOHBAPUAHTHBIX TOYKAaX CUCTCMbI
Na,Ca//CO3,HCO3;H,O npu 0 °C

Uccnenyemast yerbipéxkommnonenTHas cuctema Na,Ca//CO3,HCO3—

H,0

BKJIIO4YacT CJICAYrOHue

TpéxkomroHeHTHbIe cucTteMbl: Na,COjz-

NaHCO3;-H,O; Na,CO3;—CaCOs-H,0; NaHCO3—Ca(HCO3)2—HgO n CaCOs-

Ca(HCOs),-H,O PaBHOBecHbIMEH TBEPIBIMU (a3zaMH HCCIEAYEMOU CHCTEMBI
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mpu 0 °C sgemsmorcs: CaCOs - KaibuT (Cm); Na,CO3-10H,O0 - C-10;
Na,CO;-CaCO;3-5H,0- reitmoccur (I'm); NaHCO; — naxkomur (HX); m
Ca(HCOs), — xampiuii ruapokapOonar (Cal’). Jlns ombIToB  ObUIH
ucrnosib3oBanbl crnenyromiee peaktuBbl: NaHCO; (x.4); Na,COs3 (u); CaCOs
(1); Ca(HCOj3); (x.u.). B Tabmume 38 mpencraBieHbl JaHHBIE O
pPacTBOPMMOCTH B HOHBAapHAHTHBIX TOYKAX YPOBHS TPEXKOMIIOHCHTHOTO
cocraBa (KOTOpbIC  3aWMMCTBOBaHBI M3  JIUTEPATyphl) H  YPOBHS
YeTHIPEXKOMITIOHEHTHOTO COCTaBa (KOTOPHIC IMOTYICHBI HAMH).

Tabmnuma 38

PacTBOpPUMOCTH B Y3JIOBBIX (HOHBAPHAHTHBIX ) TOYKAX CHCTEMBI

Na,Ca//CO3,HCO3-H,0 mpu 0 °C

No CocraB xuakoi dasbl, mac.% ®da30BbIl COCTaB
touek | NayCOz | NaHCO3; | CaCO;3; | Ca(HCOs), H,O OCaIKOB

e1 6.570 - - - 93.4300 C-10

€2 - 6.490 - - 93.5100 Hx

€3 - - 0.0031 - 99.9969 Cu

€4 - - - 0.144 99.8560 Cal

EJ 5.60 4.610 - - 89.790 C-10+Hx

E3 12.00 - 0.0048 - 87.9952 C-10+I'n

E3 4.30 - 0.0046 - 95.6954 I'n+Cn

EJ - 4.890 - 0.109 95.001 Hx+Cal’

E3 - - 0.0014 0.083 99.9156 Cu+Call

Ej 6.167 2.443 0.0065 - 91.3835 C-10+Hx+I'n

E; 5.904 - 0.0057 0.308 93.7823 CutI'n+Call

E5 5.510 5.896 - 0.190 88.4040 Hx+Cal'+I'n

Ha ocnoBanuu JaHHBIX ATOM Ta6J'II/II_U:I HaMH BIICPBLIC ITOCTPOCHA
AuarpaMmma PaCTBOPUMOCTHU quBIpéXKOMHOHeHTHOﬁ CHCTCMBI

Na,Ca//CO3,HCO3z—H,0 npu 0 °C, KOTOpasi MpEeJ/ICTaBlieHa Ha pUCYHKE 42.
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ConeBass 4YacTb IIOCTPOCHHOM JMarpaMMbl B BHJAE PAaBHOCTOPOHHETO

YETBIPEXYTOJIbHUKA TIPEICTaBIIeHA HA PUCYHKE 42.
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Pucynox 42. Jluarpamma pacTBOPUMOCTH YETHIPEXKOMITOHEHTHOM
cucrembl Na,Ca//CO3,HCO3z—H,0 nipu 0 o°c
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CaCO;

2NaHCOj3

Ej

Ca(HCOa3),

=
Eg

Pucynox 43. ConeBast 4acTh AMarpaMMbl paCTBOPUMOCTH CUCTEMBI
0
Na,Ca//CO3,HCO3z—H,0 mipu 0 "C
Onucanue cofepkaHus TE€OMETPUYECKUX OOpas3oB (IOJsl, KPUBHIE,

TOYKH) pHUCyHKa 42

KpUCTAIJIOOIITHUYICCKOI' O

npuBefeHsl B Tabmuie 38 a  pe3yibTaThl

aHaiauza PaBHOBECHBIX TBEPABIX da3

(MukpodoTorpadun) nmpeAcTaBiIeHbl HA PUCYHKE 43.

Tabmuma 39
Onucanue copepkaHus FTEOMETPUUECKUX 00pa30B pUCYHKA 42
O6o3HaueHus
reOMETPUYECKUX 00pa3oB Conepxanue
1 2
€1 PactBopuMoCTh KapOoHaTa HATPHs B BOJC
€, PactBopuMocTh THIpoKapOOHATa HATPUSI B BOJIC
€3 PacTBOpuMOCTB KapOOHATa KalbIUs B BOJIE
€4 PactBopuMocCTh TuipokapOOHaTa KaabIus B BOJE
EZ Touka coBmecTHOM Kpuctamum3anuu C-10 + Hx B
cucteme Na,CO3—NaHCO5;-H,0
E3 Touka coBMecTHOM kpucTamauzanuu C-10+T'n B

cucreme Na,CO;—CaCO5;-H,0
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1 2

E3 Touka coBmecTHOM Kpuctaumszauuu ['n + Co
B cucteme Na,COz— CaCO3—H,0

EZ Touka coBmecTHOM Kpuctamm3anuu Hx + Cal’ B
cucteme NaHCO;-Ca(HCO3),—H,0

EZ Touka coBMecTHOM kpuctamnuzanuu Ci + Cal’ B
cucteme CaCO3—Ca(HCOs),—H,0

Ef Touka coBmecTHOl Kpuctamumszanuu Hx+C-10+'n B
cucreMe Na,Ca//CO3,HCO3-H,O

E; Touka coBmecTHOM Kpuctammzanuu [ 'm+Cu+Cal’ B
cucteme Na,Ca//CO3,HCO3-H,0

E; Touka coBmecTHOM Kpuctaum3anuu ['m+Cal+Hx B
cucteme Na,Ca//CO3,HCO3-H,0O

E} —E} Kpusas coBmectHoi kpuctamumzanuu C-10+ Hx B
cucteme Na,CO3-NaHCO;-H,0

E —Ej Kpusas copmectHon kpuctamuzanuu C-10 + ' B
cucreMe Na,CO;—CaCO5;-H,0

E:— E3 Kpusas coBmectHoM kpuctayum3anuu Cu+1' B
cucreMe Na,CO;—CaCO5;-H,0

E} —E: Kpusas coBmectHoi kpucraum3zanuu Cal’ + Hx B
cucreme NaHCO3;—Ca(HCO3),—H,0

E: —E; Kpusas coBmectHol kpuctammusanuu Ci + Cal’ B
cucteme CaCO3—Ca(HCO3),—H,0

EINa,CO3E3EJE] [Tone kpucraymmzauuu C-10

EINaHCO3EZE; EE] [Tone kpucramnuzanuu Hx

ESEIESESEZES [Mose kpucrammsanuu I

E3CaCO3EZESE] [Tone kpucramnuzanuu Cig

EZESEZE2Ca(HCO3),E: [Tone xpucrammuzaruu Cal’
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Cal’

C- 10+

['n+Cu Cu+Cal’
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Cal'+Hx C-10+Hx

CrtI'n+Cal’ C-10+I'm+Hx

Hx+I'n+Cal’

Pucynok 44. MukpodoTtorpadpun paBHOBECHBIX TBEPABIX (a3 CUCTEMBbI
Na,Ca//CO3,HCO;-H,0 mpu 0°C

4.6. PacTBOPUMOCTH B HOHBAPUAHTHBIX TOYKAX CHCTEMBI
Na,Ca//CO3;HCO3;H,0 npu 25 °C

Uccnenyemas getsipéxxkommnoneHTHas cucrema Na,Ca//CO3,HCO;—

H,O Brmouaer craemyromue TpéXkoMmoHeHTHbIE cuctembl: Na,COs-
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NaHCOj3-H,0; Na,COz;—CaCO3-H,0; NaHCO;-Ca(HCO3),—H,0 u CaCOs-
Ca(HCO3),-H,O PaBHOBecHbIMH TBEPABIMU (ha3aMu HCCIICAYEMON CHCTEMBI
npu 0O °C sapmsrores: CaCO;z; - xampmut (Cir); Na,CO3-10H,O - C-10;
Na,CO3-CaCO3-5H,0- reimoccut (I'm); NaHCO; — maxkonut (Hx); TpoHa —
NaHCO; Na,CO3-2H,0 (Tp) u Ca(HCO3), — kanbiwmii rugpokapoonar (Cal).
Jlyis ombITOB OBLTM KCIONIB30BaHbI cieaytomiee peaktuBbl: NaHCO; (x.4);
Na,CO;3 (u); CaCOs (u); Ca(HCOs), (x.4.). B Tabmuie 40 mpencraBicHbI
JAHHBIE O  PACTBOPMMOCTH B  HOHBAPHAHTHBIX  TOYKAX  ypPOBHSA
TPEXKOMIIOHEHTHOTO COCTaBa (KOTOpbhIE 3aMMCTBOBAaHBI W3 JIUTEPATYphl) U

YPOBHSI UE€THIPEXKOMITOHEHTHOTO COCTaBa (KOTOPBIC MOTYUCHBI HAMH).
Tabmuma 40

PacTBOpUMOCTH B y3JI0BBIX (HOHBAPUAHTHBIX) TOUKAX CUCTEMBI

Na,Ca//CO3,HCO5—H,0 mpu 25 °C

Ne Cocras xxuakoi ¢asbl, Mac.% da30BbIii cocTaB
touek | Na,COsz CaCO3 | NaHCO3 | Ca(HCO3), H,O OCaJIKOB

e1 22.95 - - - 77.05 C-10

€2 - 0.0048 - - 99.9952 Cn

e3 - - 9.39 - 90.61 Hx

€4 - - - 0.0160 99.984 Cal'

EJ 22.46 - 2.84 - 4.7 C-10+Tp

EZ 17.62 - 4.62 - 77.76 Tp+Hx

EZ 5.65 0.0035 - - 94.3465 C-10+T'n

EZ 4.50 0.0024 - - 95.4976 [n+Cry

E2 - - 5.43 0.0181 94.5519 Hx-+Call

EZ - 0.0046 - 0.0179 99.9775 Cu+Call

Ef 7.85 0.00336 3.72 - 88.4266 C-10+Tp+I'n

E3 9.83 - 4.682 0.0229 85.4651 Tp+Hx+Cal'

E5 - 0.00423 4.415 0.0215 95.5592 CutCal'+T'n

E; 8.674 - 3.918 0.0198 87.3882 Tp+I'n+Call
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Ha ocHoBaHuM AaHHBIX 3TOW TAOJWIIEI HAMU BIIEPBBIE MOCTPOEHA
auarpaMma PacTBOPUMOCTHU YETBIPEXKOMIIOHECHTHOM CUCTEMBI
Na,Ca//CO3,HCO3-H,0 mpu 25 °C, xotopas mpexcraieHa Ha pucyHke 45.
ConeBass 4YacThb IIOCTPOCHHOW JMarpaMMbl B BHJE PaBHOCTOPOHHETO

YeTBhIPEXYTOJbHUKA MPECTaBICHA Ha pUCYHKE 46.
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Pucynok 45. Jluarpamma pacTBOPUMOCTH YETHIPEXKOMIIOHEHTHOMN
cuctembl Na,Ca//CO3,HCO3z—H,0 mpu 25 oc
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Na,CO;ri rj  fP HY. 2NaHCO;

CaCO; 3 Ca(HCO3),

fn

Pucynok 46. ConeBast 4acTh IUarpaMMbl pACTBOPUMOCTH CHCTEMBI
Na,Ca//CO3,HCO3-H,0 mpu 25 °C
Onucanue cofepkaHus TE€OMETPUYECKUX O0O0pas3oB (IOJsl, KPUBHIE,

TOUYKH) pucyHka 45 mnpuBeaeHsl B Tabmmme 40 a  pe3ynbTaThl
KPUCTAITIOONTHYECKOTO aHam3a pPaBHOBECHBIX TBEPBIX da3

(MukpodoTorpadun) npeacTaBieHbl HA pUCYHKE 47.

Tabmuma 40
Onucanue copepkaHus TEOMETPUUECKUX 00pa3oB pUCyHKa 45
O6o3HaueHus
reOMETPUYECKUX 00pa3oB Conepxanue
1 2
€1 PactBopuMOCTh KapOOHaTa HaTpUs B BOAE
e, PactBopuMOCTh KapOOHAaTa KaJIbLIMsI B BOJIE
€3 PactBopuMoCTh TUIpoKapOOHaTa HATPUSI B BOJIE
€4 PactBopuMoOCTh TUipokapOOHaTa Kajablus B BOJE
EZ Touka coBmecTHOM Kpuctamum3anuu C-10 + Tp B
cucreme Na,CO;—NaHCO3;-H,O
E2 Touka coBmecTHOM Kpuctaumsanuu Tp + Hx
B cucteMe Na,CO3;—NaHCO5;-H,0
E3 Touka coBMecTHOM kpucTamauzanuu ['n+ C-10
B cucteme Na,CO3— CaCO3-H,0
EJ Touka coBmecTHOM Kpuctamumszauuu Cu +I'n B
cucreme Na,CO;—CaCO5;-H,0
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1 2

EZ Touka coBmecTHOM Kpuctamm3auun Hx + Cal™ B
cucreMe Na,CO;—CaCO5;-H,0

EZ Touka coBMecTHOM kpucTtamuzanuu Cu+Cal
B cucteme CaSO,~CaCO5;—-H,0

E; Touka coBmecTHOM Kpuctammzanuu Tp+C-10+1'n B
cucteMe Na,Ca//CO3,HCO3-H,0O

E; Touka coBmecTHOM Kpuctaumszanuu Hx+Tp+Cal” B
cucreMe Na,Ca//CO3,HCO3-H,0

Ej Touka coBmecTHOM Kpuctamum3auuu ['nm+Cal'+Cu B
cucteme Na,Ca//CO3,HCO3-H,0

E; Touxka coBmecTHOM Kpuctamu3anuu ['n+Tp+Cal B
cucteme Na,Ca//CO3,HCO;3-H,0

Ef —E?} Kpusas coBmecTHol kpuctamuzanuu C-10+ Tp B
cucteme Na,CO3-NaHCO;-H,0

ES E} KpuBas coBmecTHO# Kpuctammzanuu Tp + Hx B
cucreme Na,CO;—NaHCO3;-H,0

E;— Ej Kpusas coBmectHon kpucraimumsanuu C-10+1'n1 B
cucreme Na,CO;—CaCO5;-H,0

E: E3 Kpusas coBmecTHol kpuctamuzauuu Cip + ['n B
cucreMe Na,CO;—CaCO5;-H,0

E: —E2 Kpusas coBmectHol kpuctammuzanuu Hx + Cal’ B
CHUCTEMEC NaHCO3—Ca(HC03)2—HZO

E3 E: Kpusas coBmectHol kpuctammuzanuu Ci + Cal’ B
cucteme CaCO3—Ca(HCOs),—H,0

EINay;CO3ESEE] ITone kpuctasmumzanuu C-10

EINaHCOZEZE:ZE3

[Tone kpuctaim3zanuu Hx

EJEJEZESE3E]

[Tone xpucramuszauuu Tp

ESE;EZESEIE2

[Tone xpuctaium3zanuu 1

E3CaCO3zEZEZE:

[Tone xpucrammusanuu Ciy

EZE3E:E;EECa(HCO3),ES

ITone kpuctammuzanuu Cal’
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C-10+I'n

Cu+Cal’

125



Cal'+Hx C-10+Hx

CrtI'n+Cal’ C-10+I'm+Hx

Hx+I'n+Cal’

Pucynok 47. MukpodoTtorpadpun paBHOBECHBIX TBEPABIX (a3 CUCTEMbI
Na,Ca//CO3,HCO3-H,0 mpu 25°C
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OBILME BBIBOJBI

1. MCTOI[OM TPpAaHCIAOIUU IIPOTHO3UPOBAHBI MW IIOCTPOCHBI AHAI'PAMMBI

(hazoBbIX paBHOBecUl MATUKOMIIOHEHTHOMN CUCTEMBI
Na,Ca//SQ4,CO3,HCO3-H,0 u coctaBnsmonux € 4eThIpeXKOMITOHEHTHBIX
cucteM: Na;SO,4-Na,CO3 - NaHCO; - H,0; CaSO,4 - CaCO; - Ca(HCO3); -
H.O; Na, Ca // SO,4, CO3 - H,0O; Na, Ca // SO4, HCO; - H,O u Na, Ca //
COs, HCO3 - H,0 mpu 0 1 25 °C.

YcTaHOBICHBI BCE BO3MOXKHBIE (Da30BBIC PABHOBECHUS HA TE€OMETPUUYCCKUX
oOpazax wucciefoBaHHbIX cucTeM. [lokazaHo, 4TO MJIsI UCCIEIOBAHHOMU
MATUKOMIIOHEHTHOW  CHUCTEMBI  XapaKTEPHO  HAJIMYKE  CJIEAYIOIIETO
KOJIMYECTBA TEOMETPHUECKHX 00pa3oB, coorBeTcTBeHHO 1o 0 u 25 °C:
IVBapUaHTHbIE MoJs — 15 u 22; MOHOBapWaHTHbIE KpuBble — 13 u 28;

HOHBAPHUAHTHBIE TOYKU —4 1 11.

[loka3aHO, 4YTO yBEIMYEHHE KOJIMYECTBA T'€OMETPUYECKUX OOpazoB C
MOBBILIEHUEM TeMIIepaTtypsl oT 0 1o 25 °C cBsi3an0 © 0o0pa3oBaHHMEM HOBBIX
PaBHOBECHBIX (ha3, UTO BIOJHE COIJIACYeTCS ¢ OCHOBHBIMHU MPUHITUTIAMHU
(hU3UKO-XUMUUYECKOTO aHam3a 1 npasuiiom ¢a3 ['ndoca.

Bce nporno3upoBanie U MOCTPOCHHBIE METOJIOM TPAHCISLUMA THArpaMMBbl
($ha30BbIX paBHOBECHI (PparMeHTUPOBAHBI MO O0JACTAM KPUCTALIU3AIUU
OTIIEIBHBIX TBEPABIX (Pa3 (11 ypPOBHS YETHIPEXKOMIIOHEHTHOTO COCTaBa) U
COBMECTHOM KpUCTAUIM3AIMU IBYX (a3 (I YpOBHS MATUKOMIIOHEHTHOTO

COCTaBa).

. MeTOJIOM paCTBOpI/IMOCTI/I HUCCIICIOBAHBI u BHepBBIe HOCTpOCHBI
JarpaMMbl COCTOSTHUSL 4eThIpEXkoMmoHeHTHbIX cucteM: CaS0,4-CaCO;-
Ca(HCO3),-H,0 (mpu 0 u 25 °C); Na,Ca//SO4,CO5-H,0 (mpu 0 u 25 °C);
Na,Ca//CO3,HCO3-H,0 (mpu 0 wu 25 °C). IomyucHusie
OKCIICPUMCHTAJIBHBIC NAHHBIC, HOCTOBCPHOCTL KOTOPBIX ITOATBCPIKAACTCA
MCTOAOM XHUMHYCCKOI'O, KPHCTAUIOOIITHYCCKOIO H peHTFeHO(l)aBOBOFO
aHaJIM30B, XOPOIIO COFJIacyIOTC}I C AdAaHHBIMH pCBYJ'IBTaTaMI/I, METOOIOM

TPaHCJIALINNA.
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YcaoBHbIe 0003HAYCHUSA
M6 - mupabmmmt Na,SO,4- 10H,0;
Cal - xansruii ruapokapoonar Ca(HCO3),;
I'6 - rmay6eput Na,SO4-CaSOy;
I'n - runic CaS0O,-2H,0;
Hx — maxkonut NaHCOg;
Tp — tpona NaHCO3-Na,CO3-2H,0;
I'n — reitmroccut Na,CO3-CaCO5-5H,0;
Cru — kanput CaCOg;
. C-10 - Na,CO3-10H,0.
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