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TABCU®U YMYMUU KOP

MyOpamusitTu _MaB3yM TAaXKHUKOT. Tapakkii HaMynaHU CcaHOATU XUMHUSBUPO Oe
HCTEXCOJMM MaBOJXOM HaB Ba KOPKApAW alléd XOMHM MUHEpajii TacaBBYp HamylaH
MMKOHHOMAa3up acT. YUyHKH OH 06a TaXKUKy OMY3HUIIMA CHUCTEMaxXOU MAXJIIOPU XUMUSBHA
amokamaHa MeOomaa. Jlap uWH acoc [IOHUCTAHM KOHYHMSITXOM MYTTaKoOWIIaH
TabCUPKYHUUU MOJAAXOU XUMUSIBH Jap SIKYOSTH (OMEXTari) TaK0304 3aMOH Oy/1a, OHXOPO
YCYJIXOM TaxJIWIM 3aMOHaBUM (usuko-xumusieid, ku akagemuk H.C. KyphHakoB Ba
HIOTUPAOHY NaipaBOHM § Kami Ba MENIHUXOJ HaMydaaHa, MeoMmy3ad. UyHUH Tap3u
OMY3MIIM XOCHSITXOU CHUCTEMAxOW XUMHUSBA HMKOHHUAT (apoxam MeoBapaa, Ku
TabaaayJIOTXOM  Jap  OHXO  Yo#jomiTa,  XycycaH  Tabamaynorxou  ¢asarh,
KPUCTAJUIOTUAPATXON CUCTEMAXOM XUMHSBUPO TAIIKWIKYHAH/Ia, XOCWIIIABUU MOIAAXOH
HaB Ba Jurap TariupoTXou ©0a XOCHSATH MOAAAXO0 TabCUppAaCOHaHAa Oe YylIo
HaMyJlaHAIIIOH OM{XTa IIaBaj Ba KOHYHUSITXOU JaXJIIOPU UH PABAHIXOPO MyalssHKyHAH1a
MyKappap Kap/a 1aBa/.

Améxon XOMHM MUHEpallii - WH MabJaHXOW (QOUAAHOKE MeEOOIaHI, KU Jap
UCTEXCOJIOT MCTU(OIAa MemIaBaH Ba 0apou CAaHOAT HAKIIM MyXUM JopaHA. AWHU 3aMOH
AKCAPUSITH AllIEU XOMH HCTEXCOJIOTPO MabJlaH TAIIKWI MeauXas.

Ilac a3 ucTuxpouud MabIaHXO OHXO KOpKapia IIyda, aap Oapobapu Moamaxou
3apypupo 0a mact oBapaaH, 003 XaMuyH NMapToOB 4yIo Kapja MemaBania. I[laproBxou
ca”HoaTit OoIllaH/, HATUYAW HOTY3UPHU (XaTMHHU) Xap SIK HUCTEXCOJIOT Ba XaTapu 4uaan Oa
MYXUTH 3UCT OyAa, Xap COJ Aap 4axOH SIKYaHI MUJUIMAPIXO TOHHA Yy40 MemaBal. XoJ OH
KM TApTOBU SIK UCTEXCOJIOT Oapou Aurapail ameéd XOMH MypKUMMaT 06a mymop padra,
KOPKapAu TaKpopit Ha TaHxO 0a TabuaT kam3apap acT, 0ajlkyu MaHOAu UIIOBArUU JapoMa/l
Ba Oourapi Hu3 MeboIma.

Slke a3 uyHuH caHoaTxo Aap TowukuctoH 3aBoau “AmomuHuiin Toyuk” Oyna,
MapTOBXOW OH MalIOHXOU (OUAAHOKPO OEKOP Ba MYXUTH 3UCTPO BAMPOH MEKYHAH/. XOJ
OH KM JIap TapKUOU MApTOBXOU MA3Kyp MaBUYIUATH KOMIIOHEHTXOM 3apypit 6a MOHaHIN
dbropunxo, cyndparxo, ruApoKapOOHATXOBY KapOOHATXOU ATFOMUHMM, KaJITCUH, KaJIuil Ba
HAaTpUi MyHIOXU/a IIyAa, KOPKapud TAaKPOPAILIOH a3 MyXUMTAapuHXo Mebommana. bunobdap
WH MyaussHKkyHun ¢azaxocwikynun Na*, Ca2t, Al3*||SO4>, HCO3;-H>O map xapopartxou
273 Ba 298 K HMMKOHHUSTXOM IIAPOUTU ONTHUMAJIUM a3 HAB KOpPKapau ameéud XOM Ba
MapTOBXOM MOEBM CAHOATU HCTEXCOIM ATIOMUHUPO, KM MOOpAT a3 HAMaKx0, XyCycaH
KOMITOHEHTXOU O0JIO3UKp MeOOIIaH/l, MyalsiH MEKYHaH/I.

Jlapayam TaXKMKH MaB3yW WiMil. ACOCXOM TaxJIWin (PU3UKO-XMMUSIBH, XyCycaH
TaxXJIWI Ba TaXKUKU CHCTEMaXOM XUMMSIBA a3 YOHHUOU K KATOP OJMMOH 0a poxX MOHJIa
mynaact, ku a3 yyminan onxo H.C. Kypnakos, B.H. Jlonounukos, B.I1. Pagumes, B.51.
Anocos, /I.C. Kopxunckuii, ®@.M. Ilepenman, B.A. XKapuxos, B.M. MuxeeBa, S.I.
INopomenko, A.C. TpynuH, JI.C. ConueB Ba nurapoH MeOOIIaH/I.

OnumMoHuM HOMOypaa TaxXKUKOTXOM WIMHALIOHPO Jap CHUCTEMAxOoM XUMMSIBUU
METAJUTA, OKCUIH, HaMakil BobOacTa 0a XapopaTw TyJO3UII aMmajid HaMyda, OMY3UIIN
MYyBO3MHATXOM (azarit Ba XajmiaBaHAarst Aap CUCTEMaxOoM XMMUSBUU OOW-HAMakil a3
younbu [Nopomenko fA.I. Ba ConueB JI. 6a pox Monma mymaact. OHXO Jap MH CaMT
MyalstHCO3MU MYBO3MHATXOM (pa3ari Ba xajamaBaHJari gap cucteMan OMCEPKOMIIOHEHTAN
oom-namakuu Na, K, Mg, Cal||SO4, CI-H2O 6apou docmran xapoparxou 0-100 °C map
caTXy MaHYKOMIIOHEHTArd Ba XyAyId MalJOHXOM KPUCTAJIN3ATCUSIXOU AJIOXUAAN OH Jap
caTXy IIAIIKOMIIOHEHTAar#n MYpo HaMyjda, AuarpamMmaxoud ¢aszarii Ba XaJlllaBaHIaruu
CUCTEMaM Ma3Kyppo COXTa, (parMeHTaTcusau (a3axou ajaoxuaam OHpOo Oa aH4YoM
pacoHumaaHa. AMMO, nap Yapa€Hu TaxJIWiud agaOueéT MabJIyM Trapaul, KA CHCTEMau
na"HykoMmnoHeHTan Nat, Caz*, Al3* || SO4%, HCO3-H>0 a3 yoHnOu MyXakKKUKOH yMyMaH
OMyXTa Hallyaa, CcyOCHUCTEMaxou OHPO TalIKWIAUXAHAA allaIXycyC Jap caTxu
cekoMmmnoHeHTarin a3z 9 cucrema 4 — Toaur: Na*||SO4%, HCO3;~-H>0; Ca2* ||SO42, HCO; -
H>O; Na*, Ca?*||SO4*-H>0 Ba Na*, Caz*||HCO;-H>O kucmaH oMyxTa mryaaacr.




PoOutan TaxkukoT 060 OapHoMaxo (Joumxaxo) Ba € wmam3yxoum wuami. Kopu
JuccepTaTcuoHA BobacTa 6a Baszudaxou xaaadu 4OpyMU CTpaTEerud MUWUIA, KU 0a pyniau
CaHOATU XWMUSBHA Jap acocHu améxoW XOMHU Maxallid xycycaH «CTpaTeruss MWILIAA
pyman TouwkuctoH gap naaBpau To comm 2030» Ba BoOacta 6a OH MYTOOMKHM HaKIIan
JIOUXau WIMA-TAXKUKOTUU «XalaBd Ba KPUCTAJUIM3ATCUSAU HAMaKXO [ap CHUCTeMau
OuCEpKOMITOHEHTan a3 cydaTxo, kKapboHATXO0, TUAPOKApOOHATXO, (PTOPUAXOU HATPHI,
Kanuid Ba Kajicui Tamkuinédra» pakamu kKavau gamatuarmn (Ne KII): 0119 TJ 00957)
Mebora, 6a U4po pacoHKUIA ITy1AACT.

TABCUO®U YMYMUU TAXKUKOT

Makcanu acocun Kopu Ma3Kyp MyaisHCO3uHU (pa3axOoCWIIIAaBA Ba XallllaBaHIAr#A gap
cucreMan OWCEPKOMIIOHEHTaWM MyOBM3auW OOW-HaMakil MOOpaT a3 KaTHMOHXOW HATpHH,
KaJTCUI, aJJIOMUHUNA Ba aHUOHXOM cyJiaT, ruapokapboHaT gap xapoparxou 273 Ba 298K
Ba OMYV3UIIM MMapaMeTpXOW KOHCEHTPATCUOHMU ¢a3axo Jap IIAKIXOU TEeOMETpUU
MaMiIOHX0, XaTX0 Ba HyKTaxo MeOoIa.

bo makcaaum pacupanu auccepraHT 0a xagadm aap Hazaam ry3omrTamyiaa YyHHH
Bazugaxo nemonHI Kapaa myaaacr:

- OMY3HIIM XOJaTH CUCTeMau MaHYKOMITOHEHTAW TaXKHKIIaBaHa Ba 3€PCUCTEMaXOH
Cce Ba YOPKOMITIOHEHTAaW OHPO TAIIKWIKyHaHIa 0O TaXKWKU (pa3axOCUIIIABHA Ba COXTAaHH
quarpaMmau cap0oacTy OHXO;

- MyTOOHUK 0a MEBEPXOM YCYJIU TPAHCISATCUS MaXyXUII 00 UCTU(DOTAN MABIYMOTXOU
KOMIUTEKCH (pa3aBil Jap CUCTEMaxoM Ce-4YOPKOMITOHEHTa Ba (pa3axOCHIIIIABH 1ap CHCTEMau
MaHYKOMITOHEHTa Oapou m3otepMmaxou 273 Ba 298 K 60 coxTaHu auarpaMMaxou XoJaTi
YUXaTH MyalsiH KapAaHu Udoaaxou reOMeTpii;

- TaXKUKH caTXyd H(POJAXOW TeOMeTpi Aap JMarpaMMaxod OMyXTa Ba COXTally/a
BoOacTta 0a MMHTAKaxouW KpHUCTaUIM3aTCUsIn (a3axoum Xonuc (Jap CHCTeMaxou
YOPKOMITOHEHTA) Ba XYAYAUM KpHUCTALIU3ATCUSAN sK4yosiu 2 ¢asza (map cucremaun
MaHYKOMITOHEHTA) Ba 0a parMeHTaTCUSAIIIOH;

- TAXKUKH 3KCIIEPUMEHTAIMN KOp Ba HATUYATrMP# a3 paBaHIW XallllaBaHOAar#d Ba gap
n3otepmaxou 273 Ba 298 K coxTaHu quarpaMMaxou XOJaTHH (XaJlIaBaHIar) CUCTEMaX0ou
YOPKOMITOHEHTAW TaXKUKIIaBaHa;

- TaXUsid CXeMau MPUHCUIIUAIMM TEXHOJIOTUM Tap3XOU UYyJAOKYHUHU (Pa3axou CaxTu
ajJoxyuaa Jap acocu auarpaMMaxo KOMIUIEKCH (a3aBii Ba XOJIaTUU (XaJIIIaBaHAArWU)
3epCUCTEMaXOH CUCTeMan OMCEPKOMITOHEHTAN XMMUSBUU TaXKUKIIIaBaH/IA.

OO0beKkTH TAaXKHKOTH WIMH cuctemMan OucépkommoHeHTan Nat, Ca2t, APt || SO42,
HCO3-H>0, cybcucremaxon komrnoHeHTHOKHaIoH yopu Na*, Cazt, AI3*-SO4%-H>0; Nat,
Caz+, AP+*-HCO3-H>0; Ca?*, Al3* || SO4%, HCO3 - H2O; Nat, A3t || SO42, HCOs3 - H2O;
Nat, Ca2* || SO4, HCO3 - H,O Ba 9 cucremaxou CEKOMITIOHEHTAH TUTap MeOOIIaH/I.

MaB3yun  TAXKMKOTM  WIMHHM KOpPU  JMCCEpPTATCMOHI  XajllaBaHAari Ba
dazaxocummabun cucreman Nat, Ca2t, A3 || SO42-, HCO3-H>O nap xapoparxou 273 Ba
298 K mebomma.

Hasronun wamin nucceprarcusiu aoktop (PhD) — u wupomyna gap o 6a Haszap
Mepaca, Ku:

- TAaXKMKU Ba3bu XOJIATMM CHCTEMad ITAaHYKOMIIOHEHTA Ba CYOCHUCTEMaxou ce-
YOPKOMITOHEHTaW OHPO TalIKWIKyHaHJa ©Oa pox MoHAa INyda, JauarpamMmaxou
(hazaxocuiIIIaBUAIIIOH COXTA LIYAAacT;

- 60 ucrudonan UTTUIOOTXOM (Pa3aXOCHIIIABUA CUCTEMAXOH Ce-YOPKOMITOHEHTA Ba
MMKOHHMSATH YCYJIM TPAHCIATCHS, aBBAIMH InyAa (a3aXOoCWIIIaBA Jap CyOCHCTEMaxou
TapkuOW Ba CHUCTEMau TAHYKOMIIOHEHTAa MyaWsH Kapjaa Inyda, TebIOAW IIaKIXOU
FEOMETPHUHU OH €(Ta 11y1aaCT;

- 60 ucrtudoma a3z qUarpaMMaxou COXTallyJa TaxXKUK 0a pox MOHIA IIyaa, Xymaydu
MalJOHXOM KpUCTaIM3aTcusIn (pazaxon amoxuaa (6apou cucteMaxou YOPKOMITOHEHTA) Ba
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KPUCTAJUIU3ATCUAN SIKYOsiU 11y (aza (6apou cucTteMan MaH4YKOMIIOHEHTA) (pparMeHTaTCus
KYHOHM/IA 11yaacT;

- JKCIEepUMaHTAIN M30TepMaM XajllaBaHJaruu cyobcucreMaxo oOMyxTa IIyja,
aBBaIMH MapoTuba Taxkuk map Nat,Ca2t, Al3*-SO42--H»>O, Nat,Ca2*||SO4>,HCO3-H2O
Oapou 273 Ba 298 K amani rapauma, nuarpaMMaxod XOJIaTH (XaslIaBaHAars) coxrta
11y/1aaCT;

- aBBaJIMH MapoTuOa Jap acocu JauarpaMMau XOJIaTUU 3epCUCTeMaxoM cHUcTeMau
XUMUSBUM TaXKUKIIABaHIA CXeMad TPUHCUIHATINUA TEXHOJOTHH Tap3XOW YYyJIOKYHUU
(hazaxou caxTv ajoxuaa a3 MapTOBXOM MOEBU CAHOATH AJIOMUHUM NENIHUXOJ Kapiaa
11y/1aacT.

AXaMusITH HA3apUSBA Ba WIMHA-aMAJINH TAXKHKOTH 3¢pUH UH:

- MapaMeTPXOu ONTUMAIIMH MyalsiHIIIy1an (a3axOCUIIIABA Jap MIAKIXON TeOMETPUI
00 yCyau TpaHCIATCHSI MyKappaprapauia MeTaBOHAHJ XaMuyH MaBOJM MabIyMOTH
uctudoaa rapaan;

- KOHYHHMSTXOM (ha3axoCHIaBi (KoMIUiekcu (aszaril) MeTaBOHAHII XaMYyH acoCh
WIMA YUXaTH KOPKAPIH MIAPOUTXON ONTHUMAJIUK allléu XOMH TaOMUU TTOJTMMHUHEpaIi Ba a3
YUXATH TEXHUKHA Mypakkad (IMapTOBXOM MCTEXCOJIiA), KM JOopou cyidarxo, kapOboHATXO,
TUAPOKAPOOHATXOU HATPUIA, KAJITCUN Ba aTIOMUHUIN 3apyp Meboiana, uctudoaa rapaa/.

MyxkappapoTi acocuy KOPH JIHCCEPTATCHOHH, KU 0apou XHMOsI MEIHUXO/] IyIaaHl,
WHXOSTH/I;

- Ba3bu OMY3MIIM CHUCTEMaW XUMUSBUU MaHuykommoHeHTan Na*t, CaZ*, Al3*|SO4%,
HCOs;-H>O Ba cucreMaxoum dYOp- Ba CEKOMIIOHEHTAaW OHPO TAIIKWIANXAaHAA, aap
n3orepmaxou 273 Ba 298 K;

- HAaTU4axou OO YCyJlIM TPaHCISATCUS MyaWsHIIyAaud (a3axOCHIIIABUM CUCTEMAXOU
yopkommoHeHtan Na*, Ca?2t, AD*-SO42--H,O; Na*, Ca?2t, APB+*-HCOs-H»O; Ca?*,
AI3*||SO42-, HCO3-H20; Na*, Al3*||SO42-, HCO3-H>0; Na*, Ca2*||SO42-, HCO3-H>O map
n3orepmaxou 273 Ba 298 K, ”HUyHUH COXTOPH AUATPAMMaXOH OHXO;

- HATUYaxou 060 YCyJIM TPAHCIISITCUSI MyalsTHIITYJall MYBO3UHATXOM (pa3arvuul cCUCTeMau
nanykommonentan Na't, CaZ*, A3*||SO4*, HCO3;-H>O map xapopartxom 273 Ba 298 K,
WHYYHUH COXTOPHU AUArpaMMaxoHu OH;

- HATMYAaXOU OMY3UIIN XaJIaBaHAArd Jap HyKTaXxou HOHBAPUAHTUU CYyOCHUCTEMAXOHU
Na*, Ca2*, AI3*-S042--H>O Ba Na*, Ca2*||SO4*, HCO3-H>0 uzorepmaxou 273 Ba 298 K,
WHYYHUH COXTOPHU JUArpaMMaxoH X0JIaTUH OHXO MEOOIIaH/I.

Jlapayam YbTUMOTHOKHH TAXKMKOT. DbTUMOIHOK Oy/aHU HATUYAaXOW WIIMUHU Oa JacT
oMaZapo YCYIXOM XO3MPa3aMOHHM TaXTWIN (PU3UKO-XMMHSIBHA, anpabaTCHsu OHXO Jap
dbopyM, cuMIO3uyM, KOH(MEPEHCUSXOM CATXXOU OalHAIXAJIKUIO YyMXYPHUSBA Ba HAIIPH
MaBoJ1 Jap Mayajulaxou WIMUU Npo@uiil UICOOT Ba AaCOCHOK MEHAMOSIH/I.

MyTtooukaTn jaucceprarcusn jaoktop (PhD) 6a mmHOCHOMAM WXTHCOCH WJIMMH
6D.060601 — xumusin raiipuopraHnuki.

Hatuyaxou TaxKUKOTH WIMHA aap 6Gopau MOJIaxou FaUpUOpPraHuKi, KM MO Oa Jact
oBapaeM, 0a TamaboTXOM YMyMHUHU IIMHOCHOMAaW UXTUcocH wimuu 6D.060601 — xumusiu
FApUOPraHUKA 4aBOOIY acT.

MaxcycaH, 3MMHU TaXKUKOT MyKappap rapJu/l, Ku XyCyCUITXOU aCOCUU UH MOJIJIaXx0,
a3 yymyia pagTopu OHXO 00 MOJIAXOHW IUTAp Aap IIAPOUTXOU TYHOTYH MyaisH TapaaH.
Nn udopakyHaHmanm ajoKaMaHIUM TapKuO, COXT Ba XyCyCHATXOM HMH Mojyiaxou 0a
XaMaurap TabCUPPACOH MebOomaa, KU Jap OaHXOM aJlloOXUJau ILIMHOCHOMAa Japy
rapauaaacrt.

Caxvu maxcun myammud. Caxmu maxcuu Myautud) a3 TaxJIMIu agaduéTu MaB4y/a,
OaHaKWarupii Ba ry3apoOHUIAHN TaXKUKOTXOU Ha3apUsBH Ba IKCIIEPUMAHTAIIN, KOPKApPA,
4amMbOACT Ba TaxJIMJIM HATHYaxoW OaJacToMaja, TaxMsM XyJIOocax0, MHUYHHH, Taxus Ba
HAIIPU MaKOJIAX0H UM HOOpaT acT.




TacBu6 Ba aMaJMcO3UH HATHYAXOU KOPH JAuccepTaTcuoHuu JokTop (PhD).

Hatnyaxou acoci Ba MyXUMTapUHM WYPOU pUCOJAM WIMHHM Ma3Kyp JAap
KOH(PPOHCXOM Xapcoiam WIMA-HA3ApUSIBUU XalaTH TPOQEecCOPOH Ba OMY3TOPOHH
Jonumroxu gaBnatur omy3rupun Toyukucton 6a Homu C. Aini (Hyman6e, 2019-2025);
KoH(pepaHcHusIu OalHaIXalKid «KOJ0ro0e30MMacHble U pecypcocOeperarommue TeXHOJIOTUN
u matepuaib (YmaH-Yiaa, 2020); kondepancusu OaitHanxanki «I[Ipobremaxou myocupu
caHoatu wMetammyprin» (Hyman6e, 2021); cuMmMmo3uymu OJUMOHU 4YaBOH «DU3HNKO-
XUMHUUYECKHE METOJIbl B MEXKJUCIUIUIMHAPHBIX IKOJIOTMYECKUX HcclienoBaHusax» (Mockaa,
2021); «IV Baiikanbckuii MaTepuanoBeqdeckuii popym» (Ynan-Yma, 2022); konpepeHcusn
OaliHanxankid «Pyman caMTXou HaB Jap XUMHUsS Ba TEXHOJOTUsAM XUMUsBI» ([ymanGe,
2023); dopymu ymyMu4yaxoHun «DUMKO-XUMHUYECKHE METOJbl B MEXIUCIUILUTMHAPHBIX
3KOJIOTHUYECKHUX uccnenoBanusax» (Mocksa, 2023); «Bazbu KyHyH#l Ba AypHAMOU TaxXJIWIU
¢usuko-xumusBin»  (Aymanbe, 2023); XIX xonumxoum HybsMmonoBit «Pa3Butue
dbyHIaMEHTATPHOW M TPUKIATHOW XUMUM M €€ BKJIAJ B HHAYCTPUATM3AIMUIO CTPAHBD)
(Hyman6e, 2024) xondepaHcusu OalHanmxankid «XHUMUYecKas Hayka W oOpa3oBaHWHeE,
poOJeMbl U MepcreKTuBbl pa3Butus» (Maxaukana, 2024); «XXII MenaeneeBckuil cbe3
nmo oOmeil wu npukaagHo xumun» (Cupmyc, 2024); «Bompochkl ¢u3nueckoit u
KoopauHanmoHHOW xumum» (ymanOe, 2024); «Ba3bu KyHyHHA Ba AypHAMOHW TaxJIWIU
¢usuko-xumusBi» ([dymanbe, 2025); «IX Bymatosckue utenus» (KpacHospck, 2025); «V
dbopymu maBommmHocuu baiikam» (YmaH-Ym3, 2025); MyxoknMma Imryga, a3 anpoOaTcus
ry3aliTaaHi.

Nurnmopor a3 pyu mas3yu aucceprarcusgu aokrop (PhD). Bobacra 6a Hatuyaxou
HOWIIIIYJJaul KOPHU JUCCEPTATCUOHN 26 KOpPXOM WIMHA, a3 OHXO 2 — HaxXyCTHaTeHTH
uxTupoot, 10 - makoma gap xypHainxou a3 yoHuOu KOA wnazmu Ilpesmaentu Yymxypuu
Touukucrton Ba KOA ®P (1-to Scopus) TaBcusimyaa Hamp mygaasa. bokumonaa 14 — to
MaBOJl Jap WIAKIU (pUIypaan Mabpy3axo Iap CUMIO3UYM, GOopyM Ba KOH(]epeHCUsIXou
CaTXXOU I'YHOTYHM OaifHaIXalKid Ba YyMXYpUsIBi Oa HAIIp pacuaaaH.

XauyM Ba CcOXTOpU Kopu _jaucceprarcuonuu jokrop (PhD). [lucceprarcus
JlacTHaBUCECT, KU map 147 caxudan 4omu KOMITFOTEPA OBapja Inyaa, a3 MykaaiuMa, 3 600
Ba XyJocaxo Tamkwi €draact, UHUYHUH nopou 42 pacm Ba 36 uvazasan, 131 HOMIym
a1abuéTn MKTHOOCITy1a MeOoIIam.

MYHIAPUYAU ACOCUU KOP

Hap MykampaumMa MaOpaMHusT Ba 3apypaTH TaxKHK OO axaMHSITH MaB3yu KOPH
JIUCCEPTATCUOHM apy rapauaa, Xaaad Ba Bazudaxou OH MyalsH Kapjaa IIyga, aXxaMHUsITH
WJIMHUHU Ha3apUsIBH Ba aMaJIil MHBUKOCH Xyapo €dTaacrt.

Hlap 600 sikymMH pucojia MyXTacapaH IIapXy capyalliMaxou WIMHA oujl 0a yCylIxou
TaXKUKHU CHCTEMaXOW XUMHUSIBI, XyCyCaH CUCTEMaXoHu OMCEPKOMITOHEHTA OBap/ia IIy1aacT.

Hap 600u ayoM HaTHU4aXou OMY3UIIU H30TepMau (Ha30XOCUIIIIABA Ba HU30TEpMau
XaJlIaBaHJarud CUCTeMau Japaydau AYIOM TMENHUXO01 Ba Tadcup Kapaa mymaana. YyHuH
cucrema nap xapopatu 273 K a3 katuonxou Nat, Ca2*, Al3*, annonxou SO4%, HCOs Ba
3epcucreMaxon OoH umOopat acr. OHxo 00 auarpaMMaxoe 4UyH: KOMIUIEKCH (a3aBéd Ba
XaJIaBaHari TaCBUP Kap/a MellaBaHI.

Bob6u celoMu pricojlanm AUCCEPTATCHOHK Oa MablIyMOT oM Oa XajlaBaHAard Ba
XOCWIIIAaBUK (a3a Jap cucTeMau Japavad ayioMm Oaxmuaa mypgaact. Cucrema a3
katnonxou Na*, Ca?*, AP* anmonxoum SOs>, HCO; Ba 3epcucrtemaxoud ce Ba
YOPKOMITOHEHTAau TapkuOu oH gap Xapopatu 298 K ubopart act. Jap acocu uH HaTU4axo,
arpaMMaxoy XOCHIIIaBUM (pa3a Ba X0IaTU MyIITapak CoOXTa IIyJaaHI.

Kopu nucceprarcnonun maskyp 00 XyJIOCaXOW acOCH, TaBCUSIXOU TMEIITHUXOIIIYa
ouj 0a TaTOMKU aMaJIui MabJIyMOTH a3 YOHUOU Myautud 0a mact oBapiairyaa, XaMuUyHUH
3aMMMa Ba pyiixatu agaduétu uctudomantysa 6a aH4oM Mepacal.



Jap Kxop uXTUCOPOT Ba uiopaxou 3epuH Kabyn mygaana: Gp — rumc (CaSO4-2H20);
Mib — mupabunut (Na>SO4 10H20); Nh — naxkonut (NaHCO3); Al-18 — okTanekaruapatu
cyndatu amomuHuit (Al2(SO4)3-18H20); AIH — rugpokapoonatu amomunuii (Al(HCO3)3);
CaH - rugpokapOonatu kancuii (Ca(HCOs3)2); Na-Al-12 — momekarumpatu cyndaTrxou
HaTpuii-amtoMuHui NaxSO4 Alx(SO4)3-12H>0; Gb — ramaybeputr NaxS04CaSO4; Cb —
cucremaxou oucépkommonenra; CIIM — cucremaxou naHuykoMrnoHeHTan myosusa; CUM —
cuctemMaxou dopkommnoHeHTanm MyoBusa; CC — cucremaxou cexkommnoHeHTa; ATDX —
acocxou Tax,imiu pusuko-xuMusiit; bA® — 6moku ssronau dazasi; KMO — koMIMOHEHTX0U
UOTUAOUU OMEXTAaXO.

Cucremaxon OMCEPKOMIIOHEHTA BA YCYJIX0H TAXKUKH OHXO0

bapou OyHEN Ba TAaKMUIIUA yCYJIXOU CAHOATUU KOPKApAW MaBOJIXOU TaOWil Ba CYHBH,
acocl MYXUMH Ha3apusBA WH JapKU aMUKU KOHYHUSTXOM TallakKymw (azaxo gap
CHCTeMaxXou XUMUsBA MeOoman. TaXKUKOTH (U3MKA-XUMHUSBA yCyJId aCOCUHM OMY3UIIH
CHUCTEMAaXOH 3UKpIyaa 0a Xucod MepaBaa. UH TAXKUKOT UMKOH MEINXa/l, KU XYCyCUSITXOU
TaBCUPU MyTaKOOMIIa Ba XaMKOPUH Yy3bXOU TapKUOHWH CHCTEMa Jdap XOJIATXOW T'YHOTYHH
arperaTé MyaisH Kapaa maBaHa. Jlap HaTU4aum TaxKUKOTXO, JUarpamMMaxou
xaJaIaBaHIari, TYJO3MIIN Ba auarpaMmaxou (aszaBi coxTa MelIaBaHI, KA Jaap Oopau
IAPOUTH MYBO3UHATHU (Pa3aBil MabIIyMOT MEIUXAHI.

bo 3uén mynanu mymopan Moaaaxo, MUKJIOPU 3€pPCUCTEMAaX0U IXTUMOJIA Kapuo, K1
0a TaBpu sKcroHeHcHa i Meadszosia. MH Goucu ad3ounm Hazappacu XaymMu MabIyMOTH
TaypuOaBy (a3 yymiia XalaBaHAard Ba XapopaTH I'yI03UII) Merapaai, Ku 0apou Tax i
nyppau CcoXTopid OO0 YCyaxoW aHbaHaBHA Oosim 6a jgact oBapaa mmaBad. Xucobxou
oBapjaallyJa HUIIOH MEIMXaHI, KU Oapou CHUCTeMau IIAIIKOMIIOHEHTH TaxKUKOTHU
TaypubaBi OMHOOApP IIymMOpau OCHUXOST 3UEAM HYKTaxOW TaypuOaBUU 3apypi amaliaH
FaPUUMKOH Merap/a/.

CucreMaxou XUMUSBH, 0axycyc oOW-HaMakd, 00 yCyJlIXOM T'YHOTYH TaxKUK Kapjaa
MeIIaBaH/I, KA Jap OallHM OHXO YCYJIXOW BHU3yalluio moimTepmi, CxpeliHeMakepc, yCyau
Oypunixo Ba rpadoaHalIuTUKi (apk MekyHaHd. Jlap pucoiran JOKTOPH CHCTEMau
nangykomnonentan Nat, Ca?*, AI13* || SO.>, HCOs — H20 60 uctudoaa a3 ycyau Tapgyman
JI. ConueB, k1M Taxys INymaacT, TaxJiwiI kKapma mya. MH ycyn 6o myBaddakusT map
TaXKUKH MYBO3MHATXOM XMMUSBUU OUCEPKOMIIOHEHTAW Mypakkad wuctudoga IIyaaact.
Macanan, 6apoy OMy3HIIM CUCTEMaH IIAIIKOMIIOHEHTau aapavyau ayrom: Na, K, Mg, Ca //
SO+, Cl', — H20. Cucrema 3epcucTeMaxou MaHYKOMIIOHEHTan KabJlaH TaXKUKIIyaapo Jap
6ap merupudt. bapou K KaTop cUCTEMaxXOW TUTapv MAHYKOMIIOHEHTAMU Japayau AYIOM,
macanat, K, Ca, Mg // SO, CI- — H20, ycynu TapyyMa HU3 camapaHoK OyI.

YanBaimu 1 MabiayMoTpo nap 6opau gapadad OMy3HIIM CUCTeMau MaHYKOMIIOHEHTA,
ku a3 nonxou Na*, Ca®*, AI**, SO, HCOs™ Ba 06 ubopar acr, Ba 36pCUCTEMAX0OU OH Jap
xapopatu 273 Ba 298 K map Oap merupan. Jdap padTu TaxKuku MH cHCTeMa MyKappap
Kapaa Inyla, KU TaHy 3€pcUcTeMad YOPKOMIIOHEHTa (IyTo 0O HMOHU yMyMH Ba CETO
MBa3IllaBaH/a), MHUYHUH HYX 3€pCUCTEMau CEKOMIIOHEHTAa MaBYyJaH/, KU 0ab3e a3 OHXO
KUCMHU YOPKOMITOHEHTA MeOOIIIaH .

Yansamu 1 — Xonatu oMy3uIIM cuctreMan nanykommnoneHnTan Na*, Ca2t, AP+ || SO42-,
HCO3-H>0 60 3epcucremaxou 4op- Ba CEKOMITIOHEHTA Jaap Xapoparxou 273 Ba 298 K.

No MN3otepma, K
p/t Cucrema KommnonentHokii | 273 298
1. | Nat, Ca?*, AI3* || SO4*, HCOs3 - 5 - -

H>O
2. | Na*, Ca?* || SO4, HCO;3; -H>O 4 - -
3. | Nat, AI3* || SO4*, HCO3-H>0O 4 - -
4. | Ca2t, AI3* || SO4%, HCO3-H>O 4 - -




Nat*, Ca2t, AP || SO4-H>0
Nat, Ca?*, Al3* || HCO3;-H>O
Nat || SO42-, HCO3-H>O
Na*, Ca2* || HCO3;-H>O
Ca?* || SO42-, HCO3-H>O
Nat, Ca?* || SO42-H>O

Nat, Al3* || HCO3;-H>O
ADB*|[SO4*, HCO3-H>O

13. | Nat, AI3* || SO4*-H>O

14. | Caz*, A3* || HCO3-H>O

15. | Ca2t, A3 || SO4*#-H-O

= NI = R RN

W[ |W W [([WW[W|W W A~

TaBpe kum a3 yamBamu 1 Oapmeosi;, cucTemManm mnaHYyKoMIloHeHTau Nat, Ca?t,
Al3||SO4%, HCO3-H>O Ba cucremaxou yopkommnonentan: Na*, Ca2*||SO4%, HCO3;-H>O;
Nat, AlI3*||SO42-, HCO;- H20; Ca?*, AI3*||SO42-, HCO3-H20; Na*, Caz*, AI3*||SO4-H20
Ba Nat, Ca?2*, APB*||[HCO;-H>O ymymaH omyxra Hamyma, auarpammau (QaszaBéi Ba
XOJIATHAIIIOH COXTA HAIIy/1aacT.

A3 9 cucTtemMaxou CEKOMIIOHEHTau TapkuO#, uyHuH cuctemaxo: Nat || SO42, HCO;3—-
H>O; Na*, Caz* || HCO3;-H>O; Ca?* || SO42-, HCO3-H>0 Ba Na*, Ca2* || SO4--H>O Tanxo
nap xapoparxou 273 Ba 298 K xy0 owmyxta mygaana. boxumonma S5 cucremau
cekommnoHeHTan aurap: Na*t, AB* || HCOs;-H2O; AB* || SO42-, HCO3-H>0O; Nat, A+ ||
SO4-H>0; Caz*, A3 || HCO3-H>0O Ba Ca2*, AP+ || SO4#-H>O ymyMaH TaxKuK HaIlyja,
MaBpHUIM OMY3UIITN MO Kapop JIOPaH/I.

dazaxocu/IaBi Jap WAKJIX0M reOMeTPHH CUCTeMaHn 00i-HaMaKuu
nanykomnoHentau Nat, Ca2*, AB* || SO4, HCO3-H:0 nap 273 K

CucreMan TaxkKMKIIaBaHaa a3 00 Ba Ay MOIIAXOM PEAKCUSXOM MYOBH3apoO
TAIIKWIIUXAHIa, WiIoBa O6ap WH, a3 SIK MOJJau aurap, KM 00 sike a3 OH 1y pPeaKCUsXou
MyOBHM3a WOHHM YyMYM# J1opaja, ubopat medomana. YUyHHH cucTeMaxopo 00 GopMylraxou
3epuH udoaa kapaaH MymkuH act: At, B+, C*// X-)Y- — H.O ¢ A+, B* // X-, Y-, Z- — H20.
HNH ¢popmynaxo HUIIIOH MeIUXaHI, KU aap cucrema katnonxou A, B, C Ba annonxom X Ba
Y MaBuyyIaHzI.

OOBbeKTH TaXKUKOTHUU KOPU WJIMHUHM MO CUCTEMau MaHYKOMITOHEHTau MyoBu3zau Nat,
Cazt, AB* || SO4, HCO3 - H>O 6yna, on muconu katuouxou A, B Ba C un Nat, Ca2* Ba
Al3* Ba annonxou X Ba Y naxou SO4> Ba HCO;3 mebomana. Cuctema a3 4yypTH HaMaKXOH
myoBuzau 3epuHu Na>SQ4, Ca(HCOs3)» Ba NaHCOs3;, CaSO4 ubopat 6yna, 6aitHu OHXO
YYHUH peaKcus 40u JOpal:

Na>SO04 + Ca(HCO3), &—22NaHCOs3 + CaSOq

Hap cucrema 603 00 Ba sik Hamaku gurapu Alx(SOs); maByynana. bo xamun ca6ab
O6apou WH CUCTEMA PEaKCUSIXOU MyOOaHIa UMKOHTIA3Up MeOOIIa/I.

3Ca(HCO3)2 + Al(SO4)3@&—23CaS04 + 2AI(HCO3)3;
6NaHCOs3 + Alx(SO4)s &— 3NaxSO04 + 2AI(HCO3);.

Kaiin kapgaH MyxXuM acT, KU MYOAWIAXOM PEAKCUSIXO Iyppa MYCTAaKWJ HECTaH]I,
Oanku 0o xaMm anokamanaaHa. Macanas, peakcusu myoBuzau NaHCO3 60 Alx(SO4)3-po 60
poxu Tarup gomaHu myomauian peakcusiu Na>SO4 60 Ca(HCO3), (ry3aponuganu tapadu
yar 6a pocT Ba 6apbhakc) Ba cumnac yamb kapaanu oH 60 myomwian myosuzau Ca(HCO3),
060 Al>(SO4)3 XOCHIT KapJlaH MYMKHH acT.

Hap Hatuya, cuctemae, ki gopou Xapt kucmu Tapkuon act (NaxSO4, Ca(HCO:3),
NaHCOs3, CaSOs4, Alx(SO4)3, AI(HCO3); Ba H2O (pacmu 1), 60 oy peakcusi XUMUSIBUU
MYCTaKWJI TaBCcU( MellaBajl, KM WH HUIIOH MEAuXald, KU TaHY KOMIIOHCHTH MYCTaKHII
MaBYYy/]l acT.



XaMUH TapuK, WH CHCTeMa CHUCTeMad MaHYKOMIIOHEHTan MYyoBH3a 00 XalIKyHaHIaW
o6 mebomraa. McrucHo kapaanu o6 doucu MyOaaiaaiiaBun cucreMa 6a 4opKOMITOHEHTa
Merap/aJi, Ki OH XaM4yH CUCTeMal MyOBH3aH I'yI0XTal YOPKOMITOHEHTA MabJIyM acT.

IMTpu3Man cekyH4ya XaMUyyH TaCBUPHW BU3YaJIMM WUH CHUCTeMa XM3MaT MEKyHaa. Acocu
npu3Ma CeKyHyan OapoOaprnax)ry Oyaa, caTxy MaxJIyud OH a3 YOPKyHYyaxo HMOopaT act
(pac. 1).

NaHCO; Al(HCO:);
> M J
Ca(HCO3)2 7 7
M / /
//
/
/
J
/
Na:SOs N |~ "\ 1T ] — — AL(SO4)3
:';-M]
CaS0Oq

Pacmu 1 — CoxTopu YOUTHPIIaBUU HYKTAx0 J1ap CUCTeMau 00, KM HOHXOU HATPUH,
KaJICUH, aIIOMUHUN, cyidaT, THApOKapOOHATPO Jap O0ap Merupas.

ITpusmaepo auaa mebapoeM, KU XxaMau TeFaXO0u OH JapO3UH SKXella JOpaHI, K OHPO
100 Boxuau mapTid KaOyld MeKyHeM. MUKIOpHU KaTHOHXO€, KM Jap acOCXOM MH MpusMa
YOHTrup myaaaHa, 6a MPUHCUIIXOM COXTaHU JUarpaMMaxXoM CUCTEMaXOW CEKOMITOHEHTAru
00 ycynau PozeboM myBoukaT MekyHa. Jlap HaTuya, 1y HyKTa MyaisH Kapja MeliaBaHI,
k1 00 Mi Ba M» mimopa kapja MemaBaH[. [lafiBacTimiaBum ay HyKTa TaBacCyTH IopdYau
pocte amani kapaa memasaa. MH mopuan MiMa, ku 0a sike a3 TeFaxou NaxjIyuu Ipu3Ma
napasiea act Ba gapo3ud 100 Boxumm mapTi gopaa, 60 HyKrau M 0a 1y KUCM TaKCUM
MemaBaga: MiM, ku anno3au oH 6a y 6apodap act, Ba MoM, ku aHg03au OH X-PO TAILLIKUIT
MeIUXA/I.

Kymmaxou mpu3ma HaMakxXOd WHAMBUAYaJIUM TApKUOW cUCTeMan MaBpuau Oappacu
Kapop rupudra AOXWMI MemaBaHI. Arap HaMakXOW Ay4YaHIa Ba KPHUCTAJIOTHAPATXO
MaByYyq HaOommaH Ba pazaxou caxT a3 maml Hamak ubopat 6omang (Na2SOs, Ca(HCO:s)s,
NaHCOs, CaSQO., Al(SO.)s;, Al(HCOs:):), mac Tamomu mnpusma Oa IIam MHUHTaKau
KPHUCTAJUIM3aTCUsI TaKCUM MelaBaj. Xap SK MUHTaKa Oapou TaxXIIWH IyJaHW SKe a3 WUH
HaMakxo Machyl acT (pac. 2). Capxanxou OallHM MH MUHTAKaxoO IIAPOUTXOEPO HUIIOH
MEIUXaHA, KA J1ap OHXO Jy HaMakK Jap SK BaKT KPUCTAJUIM3ATCHS MeIIaBaHA. XaTu
OyppuIlM HWH CcaTxXx0, KM XaTXOM MaxIyJKyHaHAa HOMHUIA MeIlaBaHI, TapKUOU
MaxJIysxoepo udoa MEKyHaHI, KU 1ap OHXO Ce HaMaK SKY0s TaXITUH MEIIaBaH/I.

Hap oxup, nykraxou Ei, E> Ba Ez 6a Maxiynmu Hamakxoe MyBo(pUKAT MEKyHaH/, KU
Iap OHXO sSIKOOpa 4yop HaMak KpucTayumm3aTcusi MmemaBaHa: aap Ei — Hamakxou NasSOs,
CaSO0s4, Al2(SO04)3, AI(HCO3)3; nap E> — CaSOs, NaHCO3, AI(HCO3)3, Na>SOs Ba nap Es —
yop Hamak CaSOs, NaHCOs;, Ca(HCOs),, AI(HCOs);. WMH HyKTaxo 3BTOHHKaU



YOPKOMITOHEHTA OapOU CUCTEMaxoM 0O¢ XaJIKyHaH/Ia Ba MPOEKCUSIXOW HAMaKUU IBTOHHKAH
YOPKOMITOHEHTA 0apOou CUCTEeMaXOH TIOPOU XaJIKyHaH1a MeOOIIIaH 1.

JHuarpaMman MOTUAOMU MPU3MATUKKA 00 €pum OypHILIXOM XaMBOp Oa ce TeTpa’apu
HOMYHTa3aM TaKCHUM Kapja mrya. A3 yymiia, OypuIly JuaroHaiad, K1 a3 Kyuiaxon Na>SOq
— CaS04 — AI(HCO:3)3 xocun mymaact, Terpasapepo yyao kapa, ku AI(HCOs3)3 — NaxSO4 —
CaSOg4-po nap 6ap merupana. bypuiiu nuaronanuu MuHoabaa, ku a3 Kyuiaxou NaHCO;3 —
CaS0O4 — AI(HCO3)3 nap KucmMu OOKMMOHAAW MpU3Ma Ty3apoHUIA IIyI, Ay TETpa’apHu
HOMyHTa3zamMu wioBarupo Tamkwi aoa: NaxSOs4 — NaHCO; — AI(HCO3); — CaSOs u
Ca(HCO:s3)2 — NaHCOs3 — CaSO4 — AI(HCO3)s.

I (Na>SOs) IV (NaHCO:s)

IT (CaSOs)

V (Ca(HCOs))

ITI (AL:(SO4)3) VI(AI(HCO3)s)

Pacmu 2 — Cxeman pa3axoCWIIIaBUNA CUCTEMAN MTAHYKOMITOHEHTAN
Nat, Ca2+, Al3* || SO4%, HCO3 - H2O nmap n3orepman 273 K

ba un Bacuia, Tapkubu cucrema € Maccam HamMakid xamermia 00 €puM 4Op HaMak
ndopaa myaa MeTaBoHad. A3 KaJoM 4op HaMakxo n¢oaaédnu oHXo a3 oH BoOacTa acT, K1
HyKTan (QUTypaTHBUU JOAAINy/Ia Jap KaJoMe a3 ce TeTPadApXOou 3MKpPIIyIa Kapop J0pa.
Hap pacMu 3 4YyHUH TAaKCMMOTHM OMarpamMMad NpU3MaTHKi, KA Jap pacMu 2 TacBUP
mynaact, 6o épuu ny Oyppuiuxou auaroHanuu: I, II, VI Ba II, IV, VI Humon nona
ITy/1aaCT.

bapou TacBupum nmarpammanm OajgacraoMaaa Jap XamMBOPH MO METAaBOHEM a3
MPOEKCHUSIXON OPTOTOHAINU aCOCAOP Ba sIKE a3 CaTXXOH Max,Iyuy pu3Ma uctudoaa apeM.

bab3an Oapou aWjIaHW KUCMXOHM JHarpaMMad IpU3MaBi a3 yCYJIM IPOCKCHUSH
nepcnekTuBi uctudoaa Medapana. Mapkasu UH yCyJl Aap SIK ryliayd npusMa yOUrup acr.
buéen carxxoum kaHopuu (capxaauu) muHTakau kpucramimaBun Ca(HCO3)-po mucon
rupeMm (pacmu 3, Tapadu poct). MH catxxo a3 rymau V 0a xamBopue, ki a3 HyKraxou II,
IV Ba VI mery3apan, npoekcusi kapaa Memasana. Jap Hatuya, sik [uarpamMman xamBop 0a
By4y Meosii. UH quarpamma nap cekynyau 6apobapnaxiyu VI-1I-1V qoiirup acrt.

Ndonan nyuenakam uH guarpammapo Oa 1acT oBapJaH MyMKUH acT. bapou wuH,
ncrtudoma OypIaHu MPOESKCUSIXOU OPTOTOHAIUU acOC Ba sIKE a3 PysSxoM MaxjIyuu Mpu3Ma
3apyp act. bab3aH, OapoW TacBUPHU 3JIEMEHTXOW aUarpaMMad IPU3MATHKH, MPOCKCUSIU
nepcneKkTuBi uctudoaa memansai. Jap uH xonat, Mapka3u mpoekcust 00 siKe a3 KyJuIaxou
npusmMa MyBopuK Meosi. MacanaH, catxxoe, ku capxaau kpucramuzarcusiu Ca(HCOs)o-
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po Maxayd MekyHaH# (pacMu 3, Tapadu pocT), METaBOHAH/ a3 KyJuian V 0a XxaMBopHe, KU
60 nykraxou II, IV Ba VI myalisn xkapaga memaBaja, npoekcust kapaa maBana. Hatuya -
IUarpamMMaun XaMBOPECT, KU Aap JTOXUiIu cekyH4yau 6apobapnaxiayu VI-II-IV yoiirup acr.

I(Na:SOs)  I(Na>SOas) IV(NaHCOs) IV(NaHCOs)

V(Ca(HCO:s)2)

III(AL(SO4)3) VI(AI(HCOs);) VI(AI(HCOs)s) VI(ALHCO:s)3)

Pacmu 3 — TpuaHTyIATCHSIHM POCKCUSIN HAMAaKHH H30TepMau (a3axOoCUIIIIIaBHN CHCTeMan
Nat*,Ca?*,A13*||SO42-,HCO3-H>0 60 a1y OypHIlM 1uaroHajauud yCTyBOP

MyBoGUKH MabIyMOTX0U 00 €épuu yCyIu TpaHCIATCUs Oa JacT oBapaaaMoH Oola,
6a cucreman Na*, CaZ*, Al3* || SO4>, HCO3 - H2O map catxy YOpKOMIIOHEHTAT## HyKTaXxOH
HOHBapHaHTHUM 3epHUH 00 (ha3axoM CaxTH Jap MYBO3HMHATOYTAalIoH XOC MeOomana (Ya.
2).

Yaasamu 2 — HykTaxon HOHBAapUaHTUU CATXU YOPKOMIIOHEHTAT MM CHCTeMaun
Nat, Ca2+, Al3* || SO4%, HCO3 - H2O nap xapopatu 273 K

Hyxkraxou Cucrema dazaxou caxTu
HOHBapHUAHTH Jap MyBO3UHAT
Oyna
E# Na*, Cazt, AP+ || HCOs - | Nh+ CaH + AIH
H>O
Ex* Nat, Ca2*, AlI3* || SO4* - HoO | Mib + Gp + Al'18
Es* Caz+, AI3* || SO4*, HCOs - | Gp + CaH + AIH
E4* H>O Gp + AIH + Al'18
Es* Na*, Al¥* || SO4, HCO3 - | Nh + AlH + Al-18
E¢* H-O Mib + Nh + Al‘18
E+# Na*, Ca2* || SO4*, HCOs3 - | Mib + Nh + Gp
Es* H,O Nh + CaH + Gp

Ndonan nuarpammaxon xojat ske a3 Ba3u(paxou acocd Aap TaxXJWIN CUCTEMaxou
o6ucépkommnonenrari mebomazn. Capdu Hazap a3 ucTudomam Baced IUATPAMMAXOU
NMPU3MATUKA, WH YCyJ TAHXO0 WMKOHU HHIIOH JOAAaHM TapKUOW HAMaKUU CUCTEMaXou
MAaHYKOMIIOHEHTHPO Menuxal (pacMu 2). SKYOSKYHUU AKYaH[ YyHUH JUarpaMMaxo Ooucu
Mypakka0 mymaHu tTapcupu oHxo merapnaan. Akugau «[Ipusman kymona», Ku a3 4OHHOH
JI. ConueB Gapou OexTap HamyaaHU Myappuduu MyBO3MHATH (a3ari gap cUCTeMaxou
OMCEPKOMITOHEHTArUM MYOOAWMIIa TENIHUXOA NIyJaacT, a3 YOHHMOWM MO Jap OMY3UIIN
cucteman nanykommnoHeHTun Nat, Ca2t, Al3* || SO42-, HCOs - H>O uctudona mymaacr
(pacMmu 4).
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Pacvmu 4 — «IIpusman xymoga» - Bocutau upoJaKyHUHN TaxJIWIN TaOamIéouxoun da3ari Ba
MyalsTHKYHUN MUHTaKaX0u KPUCTAIIU3ATCHUSIN (pa3axor TYHOTYHU MUHEPATH 1ap
crucrteMan oO# - HAMaKUU TapTUOU AyioM Jaap Xapopatu 273 K nap catxu 4-
YOPKOMITOHEHTATr i

bo makcaaum MuHOabI coamaTap KapJaHu AuarpaMMmad oBapallyfa, MacajlaH
SAKYOSKYHUM KPUCTAJUIM3ATCUSIU (Da3aXou CaxTU ajoXyaa, OoHpo 0a HaMyAu CXeMaTHKi
MEUIHUXO/1 KapJJaH MyMKUH aCT, KA OH Jap pacMH 5 oBap/a 1Iyaaacr.

CaH

Eit Es* E¢' E*

Al18 Mib

E2

Eqt Ez?

Gp

I
Pacmu 5 — JluarpamMmMan cCXeMaTHKHM CaTXW YOPKOMITOHEHTAruu TabIMIIoTH (a3aru aap
CUCTEMaM TapTUOU TyIOM (MOHXOM HATPUIA, KAJICUH, aTFOMUHUM, THAPOKAPOOHAT, cyndart
Ba 00) nap 273 K.

Xanromu uctTudoOgan YCYJIU TPAHCISITCUS, BAKT€ KM KOMIIOHEHTHU MaHYyM Oa STOH
CUCTEMANW YOPKOMIIOHEHTArM WJIOBA KapAa MENAaBad, JJIEMEHTXOU TE€OMETPUU OXUPHUH
aHa03au Xyapo 0a sSK BOXMI 3MEN MEKYHAH] Ba Jap CaTXU KOMIIOHEHTHOKHWM HaBOATH
TaOAWJI Ba TPAHCISATCUS MeIIaBaHA, KU Jap CaTXyd TAHYKOMIIOHEHTArn HYKTaXou

HOHBAPHWAHTHUU 3CPUHPO TAIIKUIT MCAUXAH/T:

Ei*4 + Eg* + Es%------------- » E;>=AIH + CaH + Nh + Gp;
Ex* + E¢* + Es4-------------- » Ex>=AIl'18 + Gp + Mib + Nh;
Es#+ Est ------=---------- » E35=Gp+ Al-18 + AIH + Nh.
Hap pacmu 6 muarpammau (aszaxocunmauu cucteman Na't, CaZt, AT || SO42,

HCOs - HxO pmap xapopatu 273 K pgap caTxy 4op-MaHYKOMIIOHEHTar#, 00
JlapHa3ap0IITH XaMar HYKTaXou HOHBapUAHTHH MYaMsHIIy1a oBap/ia IIyaaacr.
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E4.

Pacmu 6 — Cucreman Na*, Ca?*, Al3* || SO42-, HCO;3 - H20 nap 273 K. Auarpamman
[IAPOUTXOU XOCUIIIIABUH (ha3axo, Aap caTXU YOP-MaHYKOMIIOHEHTATr

Coxtu nuarpamma (pac. 6) TaxKuK Kapaa mya. MyalssH rapaui, Kd UH JuarpaMmma
MaHYKOMIIOHEHTa OyJa, N1opou 3 HyKTau HOHBapuaHTH Ba 10 XaTTU MOHOBapUAHTH acT.
Hykraxonm HOHBapMaHTH JOpPOM TapKuOM Mylnaxxacu (azaxou CcaxTh MYBO3UHATH
MeOOIIaH]I.

XamT XaTu MOHOBAPHAHTH TaBACCYTH TPAHCISITCHSIN HYKTaX0M HOHBAPHAHTUU CATXHU
YOPKOMIIOHEHTATW XOCWJI IIyJa, 00 XaTXOW MYHKTUPHA OO0 HUIIOHAUXAHAAXOU BEKTOPHUU
caMTH TpaHcaaTcus udoaa Kapaa uryaaaH/.

@parMeHTaTCHsIN TUarpamMman Gpa3axoCUIIaBUud 00 YCYyJIM TPAHCISATCUS COXTAIy1a
MMKOHUST MEANXA/l, KU POXXOM KPUCTALIM3ATCUSU HAMAKX0 Jap CUCTEMaXOou MypaKkaOu
OUCEPKOMITOHEHTA Jap acocH TapkuOu (azaxoum caxTH Jap HUHTUXO Ba Jap HOTUIO
YyJIOIIy/Ia, TaXJIUI Ba TEIITYH Kap/aa IIaBaH/I.

Xa/maBaHjaari 1ap HyKTaxou HOHBAPHAHTHH CHCTeMau
Nat, Ca?*, AB* || SO4* - H20 nap xapopatu 273 K.

XolaTn HyKTan HOHBApUAHTH, KU 00 yCyJIu TPaHCISATCUS 0a JacT oBapa Iyaaact,
00 Makcaau MyaisiH KapAaHU XallllaBaHaard Oa TaBpu TaypuOaBHA OMyXTa IMIY/I.
TankukoTu TaypubaBi 60 MaKcaau MyalssH KapJaHU XyCYCHUATXOU HYKTal HOHBAPUAHTH,
k1 60 rctudoaa a3z ycynu TpaHCIsITcHus 6a JacT oBap/a 1Iyaaact, ryzaponuaa mya. On 60
uctudoaa a3 K KaTOp PaBHUIIXOM METOAOJOrM amajid Kapia ILIyl, KU SKe a3 YCYJIXOU
uctudomayaa ycyam TATPKYHA Oy/I.

ba Makcamu tacmuku TaypubOaBUM MABIYMOT oW 0Oa Tamakkyiau (azaxo map
HYKTaXOM HOHBAPUAHTHM CUCTEMau TaXKUKIIABaHIA, KM 0O yCylu TpaHCISATCUS Oa AacT
oBapJa IIyJaaH[, TaXKUKU XaJIIaBaHIATW Jap SIK KATOp CUCTEMAaxOM YOPKOMITIOHEHTA
ry3apoHuaa myna. dap OGaliHu cucTeMaxoW OMyXTallyaa CHCTeMan MOHXou ymymun Nat,
Caz*, AIP* || SO4* - H20 (map xapopatu 273 K) Ba cucreman mybonunasuu Nat, Ca?* ||
SO4%, HCOs3 - H20 (map xapopatxou 273 Ba 298 K) 6ynans.

Babvaan 60 uctudoma a3z MpOSKCUSIXOU OPTOTOHAJIA Ba MEPCIEKTUBH, KU a3 KOPXOH
KaOJIMM MyTaxacHUCOH 00 myppari ¢apk gopaja, [uarpamMMman KOMIUIeKcH (a3arii gap acocu
TETpadApy HAMaKWM TapKUO COXTa IIyJda, HUIIOH [oja Inygaact. [ap mpoekcusu
OPTOTOHAJIMM KOMIUTIEKCH (pa3ari Uiopaxou 3epUHpPO MYIIOXH/Ia HAMYJaH MyMKHH acT: €1,
€2, €3 — MPOEKCUSIXON HYKTaXOW HOHBApUAHTH 060 TapKHUOXOM MaxJIyJIXOHM MOHOCEpIIyIau
kommoHeHTX0U NaxSO4, CaSOs, Alx(SO4)3; Ei3-E4, Ex3-E4, E33-E* - npoekcusiu xatxou
MOHOBapHaHTUU HUCOAT Oa 1y gazaum myBopuku Mb + Gp, Gp + Al-18 Ba Mb + Al‘18; e;-
Ei3-E4-E33-e1 — malimonu quBapuaHTUU Kpuctamu3atcusiu ¢azam Mb; ex-Ei3-Ei4-Eo3-e; —
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MaWJIOHM JuBapuaHTUM Kpuctajuzatcusu ¢azaum Gp; es-Es3-Ei#-Ex-es — wmaiinonu
JUBapUaHTUM KpucTayum3zatcusiu ¢azaum Al-18; Ei* — HyKTaun HOHBapHMaAHTUU TapKUOHU
MaxjIyIi MyBO3WHaTHe, MeOomaa, ki map oH (azaxom Mb, Gp Ba Al-'18 sax4os map
MYBO3MHAT MeOOIIAH/.

TaBpe ku Kaiia kapaa 1y, a3 mapTOBXOM MOECHHM CAHOATHHM MCTEXCOJU aTIOMUHMIMA
cXeMau MPUHIUIUAINA TEXHOJOTUU KPUCTAJUIN3ATCUSIH MOIAXOW XUMHUSIBIA Taxus Kapja
myaaact. bapou wH, AuarpaMMaxoum Mypakkabw MyBo3uHaTH (a3zaBuu cuctemam Ca2t,
Na*, AB* || SO42- - H2O, xu 60 épuu MEeTOIM YHUBEPCAIMH TPAHCIATCHUS COXTa IIyJaaH/I,
nctudoma mygaHa, KU Oapou XaTx0, MAMIOHXO Ba HYKTaXO TaxXus IIygaact (pacMu 7).
MyBo(hUKN OH HMIIOH JOJa IIyaaacT, KM Jap MUHTAKaXOW NUBApUAHTHA sK (asza, map
XaTXOU MOHOBApUAHTH - Iy Ba Jap HYKTaXoW HOHBApHAHTH - ce ¢aza Jap MyBO3HHAT
Kapop MOopaHa. XaHMOMHU KOpPKap[ Aap MIAKIXOW 3MKPIIyAa, MOAJAaX0 3MHA Oa 3uHa,
MYBOQHUKH XallllaBaHAard Ba MHUKIOPH MaBYYAUAT Jap TapKUOU TapTOBXOM MOCHU
CaHOATH XOCHJT MEIIaBaH/I.

Mipgmyom TEampIHmH el
P KTSEH ATECMHETE

;K; Kopenpm oot .&

k.

RCEyHIT Fowmyvees, | Mognym: momprm
TN — 7| cofmm
Kjemrcaxs |
05 éapaa JThp acocH TOIpRMTKe (pRcVKoi 19 sa 22)
|
% ke mmy Kpicrurmsrms .
e — TmnXEwIBK \L

K T e MU IHE
CIHEM B T
 HIMEKOH (roprop

XMHYH MIBOTH HIBATH

TP IETE0OTH Fapi2 16116131
LTI

Miognom MOTIPIN
OCEINCHT

Pacvmu 7 — Cxemau IPUHCHITMAIMHN TEXHOJIOTUU PaBaAHIM KPUCTAILIN3ATCUSN
(dazaxou caxtu amoxuaa gap cucremau Nat, Ca2t, Al3* || SO42 - H>O

Opartan, Jap caTxyu MaxJIyJIXOM CEpIlyaa, KPUCTAIUNIU3ATCUsI YYHUH TapTUO Merupa.
PocTimaBum KprUCTauIXo Aap XaMBOPHUXO0E CypaT METUPAl, KM TAPKUOM MaxXjTyJl Ba sIKe a3 ce
Tapadu TeTpasap MyaistH MexkyHaa. MH ce Tapad mbopaTtana a3z Maxjrynn odoun cyindaTtu
KaJCuif, Maxjlynmi ob6uu cyndatu HaTpuil Ba Maxjynu obouu cyindaru amomuHuid. dap
quarpaMMan  xollaTu (asaBd, HMH POXXOWM KpHUCTA/UIM3AaTCUs Oa MOHAHAM XaTXOU
AKTaFiupedanaa (MOHOBApUAHTH) AUa MellaBaH. [uarpaMMman MeumHuXoA1uyaa HUIIOH
MeANXal, K1 1ap BaKTU OyXOpIIABUU U30TEPMH, TAPKMOM HAMAKUM MaxXJIyJIXOU CEpIIyaa
9l TyHa Tariup Me€ban. MH Sk XyCyCHsITH MyXUMH MPOEKCUSI MapKa3ii acT.

XanmaBaHgarud Kamu cyiadaTd Kajlcui nap MykKouca 00 aurap KOMIIOHEHTXOU
cucreman Na*, CaZ*, Al3* | SO4% - H2O, aBBan 6a maiigonun kpucraumsarcusu CaSOy
(CaSO4E1PE“E23CaS0O4) oBapma MmepacoHasl. SbHe, aBBajl MalJIOHM KPUCTAJLIM3ATCHUSIU
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CaSO4 6a Byuya omajaa, THIICH XOJIMC YyJ0 MemaBas. Jlap uH xonaT, HyKTau Xajlyaa gap
xatu poctu CaSOs4 M a3 M| xapakaT MeKyHajd, TapkuOu ¢asza gap HyKTrau cyiadaTu
HaTpuii Kapop merupan. Pazaxon CaxTH MaWIOHXO, XaTXO Ba HyKTaxo 0a JacTt oBapaa
myaaHa. Taxymmmm peHTreHodazaBuu OHXO Ty3apoHuaa mya. Judpakrorpamman dazaxoun
MYBO3MHATH OapOW HyKTal HOHBAPHAHTH JJap pacMU 8 HUIIIOH J0/1a I1y/1aacT.

1400

— |A+GprAl1E_Na250410H20+CaB04-2H20+AIZ{S0413-18H20 data - badgroun
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Pacmu 8 — JTudpakTorpamman ¢a3zaxou caxTu MyBO3UHATHH HYKTal HOHBAPUAHTHHU
cucteman Na*, Ca2t, A3t || SO42- - H2O nap 273 K
MaxJtynu MO€bM CUCTEMAU TAXKUKOTH TaXJIMJIA XUMMSIBH Kapla IIyJ1a, HaTUYau OH
Jap yaasaiu 3 oBapjaa 1ryaaaHi,.
Yaasaau 3 — XanmaBaHgaruyd CUCTeMad YOPKOMITIOHEHTau
Nat, Ca2t, A3 || SO4* - HoO nap 273 K

Ne Tapkubu ¢azan Mmoeb, Mac.% Tapxubu
HYKTaxo dazaBun
NaxSO4 | CaSO4 | Al(SO4); | H2O TaxIINHXO
el 4.30 - - 95.700 Mb
) - 0.176 - 99.824 Gp
€3 - - 23.90 76.100 Al-18
E;3 4.34 0.196 - 95.464 Mb + Gp
E»3 - 0.210 19.93 79.860 Gp + Al'18
E33 5.21 - 25.16 69.630 Mb + Al-18
E4 4.48 0.187 24.45 70.883 Mb
+Gp+Al-18

Pacmu 9 muarpamman XammaBaHOArdd CHUCTEMAepo, KM MOHXOW HATPUIA, KaJICHIA,
aIIOMUHUN, cyndat Ba obpo map xapopatu 273 K map 6ap merupan, ku a3 4oHUOM MO
Taxys LIyJaact, HUIIOH Meauxal. COoXTOpH AuarpamMma Jap acocd MablIyMOTXOU OOpu
aBBaJl 0a JacT oBapmamryna aHyoMm foaa mynaact. Jap pacmu 9 6o uctudona a3 ycynu
MapKa3xXxou Macca KoopawmHaTaxow HyKraxou HouHBapuaHtéh (En® m Eq*), xu 0a
MYyBO3MHATH 3- Ba 4-KOMIIOHEHTH MYBO(MUKaHI (N — pakaMu TapTHOMM HYKTa), MyalsH
kapaa mynana. M koopanHaTaxo 0abIaH qap uarpaMMa BU3yaau3aTCcHs Kap/aa IIyaaH/.
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NaxSOg4

CaSO4

Al (SO4)3

Pacmn 9 — Cucreman Na*, Ca2+, AlI3* || SO42- - H>O, muarpaMmman XojlaTuu OH

Hap pacmu 9 nmarpamMmau xajlllaBaHIaruu cucreMaun obu, ku monxou Nat, Ca2t,
AB* || SO4% - H2O - po map xapopatu 273 K gap 6ap merupaj, HMIIOH Joja IIyJaacT.
JnarpaMma MHTUKOIW H(POAAd COXaxO0U YCTYBOPHUPO HHIIIOH MEAuXal, ShbHE MailJIOHXOU
KpUCTA/UIU3aTCUsAn (a3axou MYBO3MHATH AWTap, a3 4Yymija aHa03a Ba YOUTHUPIIABUU
HUCOUM OHXOPO. TaxXKUKU paBaHIXOHW TAIIAKKYJIH (a3axo Ba XaJIIaBi 1ap cUCTeManu 00uu
JIOPOU MOHXOM HATPUH, KAJIITCHI, alTFIOMUHKH, cylipaT Ba 00 map nzorepman 273 K HUIIIOH
Menuxaa, ku Maigonn Ttaxmuaun runc (CaSO.s) KMCMU Hazappacu JuarpaMMan XoJjaTpo
UIIIFOJI MEKYHaJl, KU WH a3 XaJIllaBUU KaMU OH IIaxojaT Meauxajl. KoHceHTpaTcusixou
(dazari gap X0JIaTXOM MOE€h XAaHTOMHU KPHUCTAJIM3ATCHUSH ajloXyaa 0apoW MaiIOHXO Ba
KPUCTAJUTU3ATCUSN SIKY0sI Oapou XaTX0 Ba HYKTax0 MyKappap Kap/a IrygaaHa. XaMm3aMoH,
HaTu4yaxou OamacToMajga  TaXKUKOTH WIMH 0O  YCyJIXOU  KPUCTAJJIONTHKH,
peHTreHoa3ari Ba TaxXJIWIW XUMUEBH TACOUK Kapjaa NIyJaH]I, KA OHXOPO XaHTOMH
KOPKapAu TMapTOBXOM MOEBHM 3aBOJU AaJTIOMUHUN, KU Jap TapkubaimoH cyiadarxou
AJTFOMUHUM, HATPUN Ba KAJITCUH MaBYydaH I, nctudoaa OypaaH MyMKHUH acT.

XaJmaBaHaari Jap HyKTaXxod HOHBAPMAHTHH CHCTEMAaH
Nat*, Ca?* || SO4%-, HCO3 - H20 6apon xapopatu 273 K

Kucmxoun Tapkubuu cucreMan yopkommnoHeHtaun Na*, Ca2t || SO42-, HCOs;~ - H,O
cyabaTxoM HATPUH Ba KaITCHH, HWHYYHUH TUAPOKApOOHATXOM HATPUM Ba KaJCHH
Mebomana, ku gap xapopatu 273 K 6a mamynu CaSOs2H>O (Gp); Ca(HCOs), (CaH);
Na>SO4 10H,0 (Mib) Ba NaHCOs3 (Nh) kpucrayumm3aTcusi MeIiaBaHI.

Bapou Tapuku sKCIiepUMEHTAaNI TaXKUKU XallllaBaHIard gap 3JeMEHTXOU TeOMeTpUr
cucremau Na*, Ca2* || SO42, HCO3; - H20O, xu 60 ycynaum TpaHCISITCHS coxTa Oyaem
pearentxou 3epuHpo uctudona HamyaeM: CaSO4-2H0 (1); Ca(HCO3)2 (T); Na2SO4-10H20
(t) Ba NaHCO:3 (7).

MasbnymoT nap Oopau XallaBaHAard Jap HYKTaxOoM HOHBAapMAHTUU CUCTEMau
CEKOMITOHEHTA, KU a3 aAabuét rupudTa IIygaaH Ba CaTXXOM IEIIHUXO0AKapAan MO 6apoun
CHUCTeMau YOPKOMIIOHEHTA JAap YyaaBaiu 4 oBapia IIyaaaH/.
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Yansamu 4 — M3oTepMman xaaaBaHIari 1ap makjiIxou TeOMETPUN CUCTeMan TapTuou
JyIOM, KM a3 UOHXOU KaJICUH, HATpHii, cyidat, rugpokapOoHaT Ba 006 nap xapopatu 273 K

Ne Tapkubu ¢azan moeb, Macca 60 %o dazaxou caxTu
HyKTa | NaxSO4 | NaHCO3 | CaSO4 | Ca(HCO3)2 | H2O MYBO3UHATH

el 4.300 — — — 95.700 Mib

€2 - 6.490 — — 93.510 Nh

€3 - - 0.176 — 99.824 Gp

€4 - — - 0.144 99.856 CaH

E.3 2.570 5.820 — — 91.610 Mib + Nh
E2? 4.340 — 0.196 — 95.464 Mib + Gp
E;3 - — 0.217 0.083 99.700 CaH + Gp
E4 - 4.890 - 0.109 95.001 Nh + CaH
E# 3.430 5.220 0.326 — 91.024 | Mib + Nh + Gp
Ex* — 4.865 0.131 0.153 94.851 | Nh + CaH +Gp

JunarpaMman xajaliaBaHJaru¥ CUCTeMad YOPKOMITOHEHTAu TapTUOU TyIOM Oapou
xapopatu 273 K a3 nmonxou kaicuii, HaTpuii, cyndar, ruagpokapOoHaT Ba 06 ubopart acr.
OH Oopu aBBaJI 1ap acocu MabIyMoTxou yaaBaiu 4 (pacmu 10) coxTa mryaaacr.

H.O
$ €s
es

F QL _E

Es0__ /2
el 4

N
P 62
| AN Eg
E,3) ! i__ E®

E40)

CaH

CaSO0s 2

ERS
Pacmu 10 — Cucreman taptubu qyromu Na*, Ca2t | SO42, HCOs- - H>O. Iuarpamman
xaJlaBaHjaari gap nsorepman 273 K

Hykrau ¢urypatuBum quarpaMMau XoJaTHM OMyXTalllya, MH OaxaMpacuu MexBapu
KOOPAMHATXO, ’bHE TapahxOou YOPKYHYA Ba OMEXTau JOXWIN MeboIa.

A3 pacmu 10-u cucremam uvopkommonenrau Ca?*,Nat || SO4*, HCO3 - H,O nmap
m3orepman 273 K mabiiyM MeliaBaja, KM KPUCTAJUIM3ATCUSIU THAPOKApOOHATH KaJICHI
KUCMHU 3MEIM OHPO MIIFON MeKyHald. MH a3 xammaBaHIaruv KamMu THAPOKapOOHATH
KaJIcuii 1ap MyKouca 00 aurap (pazaxou caxTy MyBO3MHATH Jap MIAPOUTH MyKappapiryaa
maxoaaT Meauxal. MupabwiMT KUCMHM KaMU MarpaMMan CUCTEMAapO MILFOJ MEKyHall, KU
YH XaJIIIABAHIATUU 3UEANM HAMAKU MUPAOWIMTPO HIIOpA MEKyHald. XaM3aMOH, HATUYaXou
O0ajacromMalan TAXKUKOTH WJIMH 00 yCYJIXOU KPUCTAJIOONTUKH Ba XMMUEBHU TACAUK Kapaa
1IyJaaH, KM OHXOPO Jap pereHepalusii NapToBXOU MOEbU CAHOATH aJIOMUHUN, KU JOPOU
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cyndaTrxo Ba THUAPOKApOOHATXOM HATpUMl Ba Kajcuih MeOomraHa, uctudoaa OypaaH
MYMKHH acT.

dazaxocuiamani nap cucreman Na*, Ca2t, AP+ || SO42-, HCOs- - H20
Hatnyaxou omy3uimm QazaxocwiimaBid map caTXd UYOPKOMIIOHEHTAruu CUCTeMau
Na*, Ca2t, AB* || SO4», HCO; - H>O o6appacit rapaumaact. bapoum cucremau
MMaHYKOMIIOHEHTAN TaXKHUKIIaBaHJAa HYKTaXOW HOHBapHUAHTHHU 3¢pUH Ba (a3axou CaxTH
Jlap MyBO3HWHATOYZaaIllOH X0C MeOOoIaHd, MyasiH 1ygaact (4a. 5).
Yansaam 5 — HyKkraxon HOHBapUAHTUU CaTXU YOPKOMITOHEHTAT NN CHCTEMaH
Na*, Ca2*, AI** || SO42-, HCO3 - H2O map xapopatu 298 K

Hykraxon Cucrema dazaxou caxTH aap

HOHBAPHAHTH MyBO3HMHAT Oy
E 4 Nat, Ca2t, AI** || HCOs3 - H,O Nh + CaH + AIH
Ex* NaAl-12 + Gp + Al'18
E34 Nat, Cazt, AI3* || SO42— - H20 NaAl'12 + Gp + Gb
E4# NaAl-12 + Mib + Gb
Es¢ Cazt, AI3* || SO4*, HCOs - H,O Gp + CaH + AIH
E¢* Gp + AIH + Al'18
EA NaAl-12 + AIH + AIl'18
Eg* Nat, AI3* || SO42-, HCO;3 - H20 Nh + AIH + NaAl-12
Eo* NaAl-12 + Mib + Nh
Eio* Mib + Nh + Gb
Ei4 Nat, Ca2t || SO4, HCO;s - H,O Nh + CaH + Gb
Epp* Gb + CaH + Gp

Jlap acocu HaTUYaXOW YaJIBalld 5 KUCMH HAMaKUU JUarpaMMan (pa3zaxoCHIIIIaBUH
cucremau Na*, Ca?*, AP* || SO4>, HCO;3 - H2O nap catxy 4OpKOMIIOHEHTAr#l CoxTa Iy/a,
(pac. 11) oBapaa mymaacr.

Ca(HCOs):
CaH
LB
h A
A
AH | N
Ca(HCOs): Al(HCO:s); ! NaHCO; Ca(HCO3)
CaH I," AlH AIH ; Nh Nh i CaH
- )
5\ T B, Eot . | e B EU\E ]
& A &« S A el
Eq'a A 4 4 4
Gp ' AlIg A8 | NaAll2 | Mib Mib | Gb i Gp
Cas0; AL(SOq); E — S0 0.
o GOEN_ ang | Naall2 | Wb NaSOs b

N AT

Esak\ Gb
Gp

CaS0; -

Pacmu 11 — Cucreman Nat, Ca2*, A3+ || SO42-, HCO3 - H,O. luarpamman
(hazaxocunmasi xamuyH «IIpuzman kymopaa» 6apou xapopatu 298 K nap carxu 4-
KOMITIOHEHTAru.

Kpucrammzarcusau ¢azaxon caxTh ajloxXuaad MYyBO3UHATHU CUCTEMau TapTUOU
JIYIOM Jap KYaH]l CUCTEMaXou 4-KOMITIOHEHTa 6a aMman Meosi. MaiiIoHXOoU OHXO MYTTaxu/
MemaBana. M coxtopu auarpammapo 6a TaBpH Hazappac coana MeKyHal. AWHU 3aMOH,
Jap MayMyb, MabIyMOT TaFiiup HameéOana. Juarpammanm ¢hazaxoCWIliaBud CHUCTEMau
omyxraiyga 6apou xapopatu 298 K gap pacmu 12 oBapaa mrygaacr.
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Pacmu 12 — [Ilnarpamman cxematukuu azaxocuimasun cucteMan Na*t, Cazt, A3t || SO4%,
HCOs3 - H>O 6apou xapopatu 298 K nap catxu 4OpKOMIIOHEHTAT it
Hctudoman ycynu TpaHCIATCHS HUIIOH MEIUXAJl, KU 1ap CaTXU MaHYKOMIIOHEHTAT i
OHXO0 HYKTax0H HOHBAPHAHTHUH 3€PUHPO XOCHII MEKYHAH/T;

EA+E#+EA4 - eeeeo - »E> = Al'18 + NaAl-12 + Gp + AlH;
EA+E#+E ¢ --ccmmemeee o - »E>> = NaAl-12 + Gb + Mib + Nh;
Ef4+En4 ccemmmmoe e - »E3 = CaH + AIH + Nh + Gb;
Es#+AlH ----------------- »E4 = NaAl'12 + Gp + Gb + AlH;
Es*+ Ejp*  ----------------- »Es> = CaH + Gp + AIH + Gb;
Es*+Gb -----mmmmmmme - »E¢s> = AIH + Nh + NaAl-12 + Gb.

dazaxocummasii gap cucreman Na*, Cazt, A3t || SO4%, HCOs - H>O 6opu aBBai 60
uctudoa a3 METOAM TPaHCIATCHS oMyxTa mya. [Jmarpammanm oH jmap xapopatu 298 K
coxta myn (pac. 13). Jlap uH guarpamMma XxaMand HYKTaxOW HOHBAPUAHTHH MMKOHIIA3HPHU
CcHUCTeMa HUIIIOH JI0/Ia ITy/1aacT.
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Pacmu 13 — Cucreman Na*, Ca2t, A3+ || SO4%, HCO3~ - H2O map xapopatu 298 K nap
caTXy YOp-MaHYKOMITOHeHTarx. JluarpamMman ¢a3axoCUiIlIaBul OH
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Kpucramnuzarcusu pazaxon amoxugad MyBO3MHATUM CAXTH CUCTEMau TAAKUKIIYIA
Jap SIKYaHJ CUCTEMaxOu YOPKOMIIOHEHTa 0a aMay Mmeosil. MalJoOHXOM OHXO MYTTaxuj
MemaBana. MH coxtopu auarpamMmmapo 6a TaBpHu Hazappac cojia MeKyHal, Ki 6a dazaxou
CaxTH Jap aBBaJI € OXUPU paBaH/ TalakkyjaedTa acoc édraacrt.

XammaBaHaari gap HyKTaXou HOHBAPUAHTHH CUCTEMaH
Na*, Ca?* || SO4%-, HCO3 - H20 nap uzorepmaun 298 K

bo Tapuku skcrnepuMaHTaIN TaXKUKU XallllaBaHIArid ap 3JIEMEHTXOU T'e€OMEpTHH
cucreman Nat, Ca?* || SO42, HCO3 - H>O, kxu 60 ycynu TpaHCIATCUS coXTa Oyaem
pearenTxou 3epuHpo uctudoaa HamyaeM: Na>SOs 10H20 (1); Ca(HCO3)2 (1); CaSO42H0
(t) Ba NaHCO3 (7).

Taypubaxo nap MaxjyJaxou MOJAENH Try3apoHHAa IIyJaHa Ba 0a IApTXOU YCyJd
TPAHCIIATCUS Jap CHCTEMaxOW YOPKOMIIOHEHTa MYBO(GHKAT MEKyHaHI. XapopaTu
oMexTapo 0o €Epuu tepmocrtath Mapkau LT-TWC/22 6a pox MoHAa, OH TaBacCyTH
XapopaTcaHyd KOHTAKTH JOUMI HUTOX, JoIlTa, 00 €puu omextakyHaku PD — 09 to Ga
MYBO3WHAT OMaJIaHU MaxJIyJl oMmexTa Hamyaem. Kpucrammmsarcusu ¢azaxou caxTtpo 00
épun Mukpockonu pakamuu tamfau «I1OJIAM — P 311» mymoxuga Hamyna, 6o épuu
akcoapmopu «SONY Alpha ILCE-7M3 body» akcrupii HamyaeMm. Taxjiminum XUMUSBUA
(dazam MOEHPO TAXJIWJI HaMyda, HATUYAXOM TaXJIWIPO Jap YaaBaiu 6, XaM3aMOH HaTUYan
TaXJIWIU KPUCTAJUIOONTUKUU CATXH YOPKOMIIOHEHTAU HYKTaXxOW HOHBApUAHTHHU CUCTEMau
yopkoMmmoHeHTau myoBuzau Nat, Ca?* | SO4>, HCOs3~ - H2O-po 6apou xapopatu 298 K
Jap pacmu 14 oBapaa uryaaacr.

Mib+Gp+Gb CaH+Gp+Gb Nh+Gb+CaH
Pacmu 14 — Mukpoakcxou ¢a3axou CaxTH MyBO3MHATUU CHCTEMan
Nat, Ca2t || SO4>, HCO;3 - H,O gap xapopartu 298 K
Yanasamu 6 — Cucremaun taptuou ayromu Nat, CaZ* || SO42-, HCO3 - H>O. XammaBangaruu
Jlap MIAKIXOU FreOMeTpUM cucteMa aap xapopatu 298 K

Tapkubu ¢azan moeb, Mac. 60 % Tapxudbu

No ¢dazau caxr
HYKTa | NaHCO3 | NaxSO4 | Ca(HCO3), | CaSO4 | H>O

€l 9.310 - - - 90.690 Nh
) - 21.900 - - 78.100 Mib
€3 - - 0.0160 - 99.984 CaH
€4 - - - 0.219 | 99.780 Gp
E;3 4.160 20.680 - - 75.160 Mib+Nh
E»3 4.890 - 0.0109 - 95.090 Nh+CaH
E;33 - - 0.0168 0.186 | 99.797 CaH+Gp
E43 - 21.750 - 0.197 | 78.050 Mib+Gp
Es3 - 25.780 - 0.188 | 74.030 Gb+Gp
E* 5.200 28.380 - 0.270 | 66.150 | Mib+Nh+Gb
Ex* - 25.140 0.0136 0.184 | 74.660 | Gb+CaH+Gp
E;* 7.120 24.400 0.0163 - 68.460 | Nh+CaH+Gb
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Hap acoc MabIyMOTXOM YaaBajiud 6 auarpaMMan XajllllaBaHAATdU CUCTEMau
JyopKoMIoHeHTau Tapou ayromu gap 298 K coxra mygaact. Cucrema a3z nonxou Nat, Caz*

|| SO42, HCO3~ - H,O ubopat mebomans (pac. 15).
H;O

€3/ _E3#0)
/

E0)/, e
el/
__,f-'E24(>l
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! E. ()
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/ Gp
CaH
Ca(HCO:3) CaSOy

Pacmu 15 — [IlmarpaMmmau xajaBaHIaruy cucTeMan noopat a3 MOHXOM KaJICUi, HATpHit
cyndar, ruapokapboHat Ba 06 map nzorepmaun 298 K.

A3 TaxKMKU Janarpamma a€H acT, KM HyKTau (UrypaTUBi 0a maiBacTIIaBUM OCTOBH
KoopauHaTH (Tapadxon 4JopKyHYa) Ba OMEXTaM JTOXWIN JUarpaMMma MyBO(HK acT.

Hap pacmu 15 nuarpammaxou cucreman yopkommonentraun Ca2t, Na*|| SO4, HCO;
nap mzorepman 298 K HumoH goxa mymaact. Jlap oH aupa memaBal, KA XyAdyad
kpuctayummzatcusiu rugpokapoonatu kajacuii Ca(HCOs3)> KucMHU KaJJOHM auarpamMmmapo
UIIFOJI MeKyHa1, ki uH xanmaBaHgaruu nactu Ca(HCO3), -po Hucbat 0a nurap dazaxou
CaxTH MYBO3MHATH Jap MIAPOUTH JOJaIlyaa TaCAUK MEKyHaJ. MUpaOWIUT KUCMU KaMu
TUarpaMMau CUCTeMapo UIIFOJI MEKYHA/l, KU UH a3 XaJIIaBaHIaruu 3U€/I1 UH HaMaK Japak
Meauxa.

Bapou MyaiissH HaMyIaHM MyBO3WHATH (a3aBuu Ga3axou CaxT Jap CHCTeMau Jap
00JIO TaXJIUJIITYIa, YCYJIN KPUCTAIONTUKN uctudoma mymaact. Mymoxuaan ¢dazaxou
CaxTH MYBO3MHATHHM CHCTEMa TaBacCyTH MHUKPOCKOIl 0a TaBpW BU3YyaJld aMajld Kapja
mya. XaHrOMHM Xy4y4yaTry3opu akcOappgopé wuctudoma imygaact. Jdap pacmu 15
MUKPOAKCXOW  (pa3axou ajoXHWIaum caxT HUIIOH [Joja InygaaHa. VHYyHUH,
KPUCTAJUIM3aTCUSN MyIIITapaku UH (a3axo, KM J1ap HyKTaXou HOHBApUAHTUH CaTXXOH CE
Ba YOPKOMIIOHEHTA MYIIOXWaa IIyJaaH]a, HUIIOH Jojaa InymaacT. Hartuyaxou
TaXKUKOTH T'y3apoHUAaIyaa oua 6a paBaHAXou (pa3axoCWIIaBi Ba XallIaBaHAArd aap
cucteman Nat*, Ca?* || SO4», HCO3z - H,O nap wm3orepmaum 298 K Ba coxrTopu
ayarpaMMa a3 OH IaxXoJaT MEAMXaJ, KU capXaad KPHUCTAJUIM3aTCUsIu OWKapOOHATH
kascuit (Ca(HCO3)2) kuemu 3uénm nuarpamMmmapo hapo Merupas, K UH XallllaBaHIaruu
KaMHM WH TlaiBacTarupo Jap IMapouTH gojamyna ucOor MekyHan. [ap vapaéuu
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TaXKUKOT MO YCYJIXOU KPHCTAJIONTUKNA Ba XMMHSBUU TAXJIWIM CUCTEMaxopo uctudoaa
OypmeM. Jlap BaKTH TaxWsil TEXHOJIOTHSIXO Oapou pereHepalnusd MapTOBXOU MOEHH
3aBOJIM ATIOMMHI KOHYHUSATXOM oOIIKopinyaa uctudoma xoxann myna. Kaiin xapmax
3apyp acT, Ku TapKuOu (azaxon MOEbH 3aBOJAM ATIOMUHIA OUKapOOHATXO0 Ba CyiadaTxou
HATpUIi Ba KAJICHHPO ap O0ap Merupa.

XYJIOCAXOU YMYMU

1.  @azaxocwimaBuu cucteMan pusuko-xumusiBun myoBuszau Nat, Cazt, AP+ || SO42,
HCOs~ - H20, 3epcucrtemaxonm YOpPKOMIIOHEHTAM OHPO TAlIKUIKYHaH#au: Nat,
Cazt, AI3* || SO4%* - H2O; Nat, Ca?t, A3 || HCOs - H20; Nat, Ca?* || SO4%, HCO3~
- H>O; Na*, A3* || SO4%, HCO3 - H>O Ba Ca2*, A3t || SO4>, HCO3 - H>O 6apou
motepmaxon 273 Ba 298 K memrym kapga 1miyga, MapoTuOaum  aBBall
JuarpaMMaxou capoactam oHXO coXTa Inyaaact [5-M, 7-M, 9-M, 10-M].

2.  Xamau (azaxoCWIaBi Aap IIAKIXOM TEOMETPUM CHCTEMan TaxXKUKIIaBaH/A
MyaiistH rapaun. MHbpUKOC 1Iyd, Ku: MaiioHXou auBapuaHTé 12 Ba 19; xatxou
MoHoBapuaHT# 10 Ba 18; HyKTaxou HOHBapUaHTH 3 Ba 6 Gapou cucteMau (pU3UKO-
XUMUSBUU TapTUOU nyromu naHykommnoHeHTan Nat, Ca2*, Al¥* || SO4%, HCO3 -
H>O xamuyH ndomaxou reomeTpit MyraHocuOaH 6apou n3otepmaxou 273 Ba 298 K
0a Hazap Mmepacanj [8-M, 11-M].

3. Xamaum guarpamMMmaxou ¢azaxoCwImaBi (KoMIuiekcu (aszarit)-u  cucremaun
oucéprkommnonentan Nat, Cazt, A3 || SO4%, HCO3 -H>O 60 ycynu TapHCIsITCUs
coxTamyna ©O0a MalIOHXOM KpHUCTAIM3ATCUSU (a3axoW ajoxuaa (caTXd
YOPKOMITOHEHTArf) Ba MaMJIOHXOM KpHUCTaUM3aTcusu 1y (Gaza (caTxu
MaHYKOMIIOHEHTAr#) ¢parMeHTaTcus kapaa mygaass [11-M, 12-M].

4.  XammaBaHaaruu cucreMaxow dopkommoHeHTaw: Nat,CaZt Al3*||SO42-H,O (273
K) Ba Na*, Ca2* || SO42-, HCO3s -H>O (273 Ba 298 K) omyxTa I1y/1a, aBBAJIMH Iy
JuarpaMMad  XOJaTUHW OHXO coxXTa Inygaana. [anenxoum  HowiIramrTau
XaJIIIaBaHJATUU UJIMA TaBACCYTH YCYJIXOU PEHTTeHO(]a3aBi, KpUCTAINIOONTHK Ba
XUMUSBAN TaxJWi1 TAaCAWK TapAugaaHi, KomMuwiaH 0o manenxoe, KM 00 ycynu
TpaHcasTcuss 0a JacT oBapAa IuynaaHa, MyBoduxkat MekyHaHn. [lap acocu
JrarpaMMaun Ma3Kyp cxemMau MPUHCUIIUATINU TEXHOJIOTH TapTuO 1o1a myaaact [3-
M, 4-M, 5-M, 12-M].

5. Haruvyaxou Howilramraud Ha3apusBdA Ba TauypubaBit MeTABOHAJ XaMUuyH MaBOIU
MabIyMOTHOMABA 0Oapou TaxKUKU CHCTEMaxou OUCEPKOMITIOHEHTa ucTUdOoaa
mapaJ. WMHYYHMH OH XaMuyH acoCHM WJIMHH KOpKapau ameéu TaOuuu
MOJIMMUHEPAII Ba TEXHUKWU MYpakkabu a3 cyndaTxo Ba THAPOKApOOHATXOU
HaTpUH, KAJITCU Ba aTloMUHUN Tamkunédra 6yaa meraBoHan [1-M, 2-M, 5-M, 6-
M, 11-M].

TaBcusixo oup 6a uctudoaau aMa MM HATHYAXOU KOPH JUCCEPTATCUOHH

Japku KOHYHHSITXOW Tallakkyiaeomu (aszaxo mgap cucreMam OMCEPKOMITOHEHTAU
Na*, Ca?*, AB* || SO4, HCOsz - HxO ske a3 max3axod acoCHUU TaJKUKOTH
ry3aponyaamyaa 6a xucod6 mepaBald. MH a3 oH Bobacta acT, KM CHUCTeMau Mas3Kyp
naiiBacraruxom wmyxumepo, 0a wmoHanau wmupadbunutr (NaxSOs10H20), nHaxkomur
(NaHCO3), rurc (CaSO4:2H>0), runpoxapoonatu kancuii (Ca(HCOs),), okTagekaruapaTu
cyndatu amromunnii (Al2(SO4)3-18H20) Ba runpoxapbonatu amomunuii (AI(HCOs3)3)-po
nap 6ap Merupan, Ku Bobacta 6a ucTudoaaalion gap CoOXaXou T'YHOTYHHM CAaHOAT HAKIIN
MyxuM MeOo3aH1. OHX0opo YyHHH uctudoaa OypaaH MyMKHUH acT: cylidaTu HaTpuitn 6eo0
Jap CaHOATH IIMIIACO3HM, UCTEXCOJIM MAaBOAM IIYCTYIIYH MOEb, CAHOATH 4YapMmrapi Ba
Faiipa; TUAPOKApOOHATH HATPUH [ap COXaxOoM KUMUE, XYPOKBOpH, THOOM Ba Faiipa;
cyadaTth KaJCHUH [Oap WCTEXCOIM THIIC, XaMUyH KOAryJsHT [ap WCTEXCONMH TOody;
OKTaJeKaruapaTu cyadaTd aJTlOMUHUN XaM4yH KOAaryJjsHT Oapou TO3aKyHuUU o0, nap
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HCTEXCOJIM KOFa3, CaHOATH uyapMrapy Ba faiipa; rUaIpoKapOOHATH aJIlOMUHUN Jap THO
XaM4yH JOPYH 3UJIM KHCIOTA, Jap KOCMETHKAa XaM4yH XaMupau JaHJOH, Jap caHoaT
Oapou TO3aKyHMH 00, XaMUyH KaTaju3aTop OapoW paHr KapAaHU MaTOBXO Ba Faiipa.
Mopgnaxou gap 60510 3UKpIIyAa Jap MapTOBXOUM MOEbH KOPXOHAU MCTEXCOJIU ATIOMUHMUIMA,
kU map maxpu TypcyH3o1a YOWTHMp acT, MaBYyJaHJ Ba OHXO XaMYYyH CHCTeMaxou
OuCEpPKOMITOHEHTAa BOMeXypaH1. HaTnyaxon TaXxKMKH MyBO3MHATH (a3aBi Jap cuUCTeMaun
S-xommnioneHnTau Nat, Ca*, AB* || SO4%, HCO3 - H,O meTaBOHaHI XaM4yH acOCH WJIMM
Oapou TAaTOMKH TEXHOJIOTHSIXOW KOPKapAW XaM TOJIMMUHEpalld Ba XaM alléu XOMH
MypakKaOu TEeXHUKH, K Oa TapkuOu OHXO Cyn(haTXOM HATPHM, THIAPOKApOOHATXOU
HAaTpUM, UHUYHUH KapOOHATXO Ba CyI(aTXOW KaJICHMH Ba aJFIOMUHUNA JOXWJI MeIIaBaH]I,
uctudoaa MaBaH/I.

XaHroMM Xa/uTl MachallaXOW MYyIIaxxXacu aMmajid, auarpamman (pazaxocCwimaBud
cucTeMau S-KOMIIOHEHTau TaxKUKIIaBaHa Aap Xap TyHa Japayad BapUaHTHOKUM CUCTEMa
METaBOHAJ a3 pyu XyAyAd KPHUCTAJUTM3aTCUSN MAMBACTATUXOM ajloxyaa 0a KUCMXO Yyl
Kapja IaBa.
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OBLIAS XAPAKTEPUCTUKA PABOTbBI

AKTYaJbHOCTb _TeMbl _HccieoBaHusA. Pa3BuThe XUMHUUECKOW IPOMBIIUIEHHOCTH
TpeOyeT nepepabOTKU MUHEPAIBHOTO ChIPbsi U MPOU3BOJCTBA HOBBIX MAaTEpHAJIOB, YTO
CBS3aHO C M3YYEHUEM COOTBETCTBYIOIIMX XUMHYEeCKMX cucteM. Ilpu s3TOM, 3HaHue
3aKOHOMEPHOCTEM B3aUMOJIEUCTBUSI XUMMUYECKHUX BEIIECTB B COUECTAHUM SBJISAETCS
TpeOOBaHUEM BpPEMEHU, MU OHHU H3Y4YAIOTCAd MeToAaMM (PU3MKO-XMMUUYECKOTO aHaJu3a,
npemioxxkeHHbIME akagemMukoM H.C. KypHakoBbIM, €ro yuyeHMKaMH M IOCIEA0BATEIISIMU.
Takoil cnoco® u3y4yeHUsi CBOMCTB XHUMHMYECKHMX CHCTEM IIO3BOJISIET MCCIEAOBATH
MPOUCXOISIINIME B HUX IIpeBpallleHusi, OcoOeHHO ¢a30oBble, a Takxke  oOpa3oBaHUE
KPUCTAJUIOTUAPATHBIX XMUMHUYECKHMX CHCTEM, HOBBIX BELIECTB M JpPYrMe HU3MEHEHMUS,
BIIMSIIOLME HA CBOWCTBA COCAUMHEHUN O€3 UX Pa3[esIeHUs] U BBISBIATH COOTBETCTBYIOLINE
3aKOHOMEPHOCTH 3TUX IIPOLECCOB.

MuHepaabHOE ChIPhE — 3TO MOJIE3HBIE UCKOIIAEMbIE, UCIIOIb3yEMbIE B IPOU3BOICTBE U
UTpAOIINE BAXHYIO POJIb JJIsI TPOMBIIUIEHHOCTH. B Hacrosimee Bpems OOJIBIIYIO 4acTh
IIPOMBIIUIEHHOTO ChIPbSI COCTABISAIOT PYABI.

Ilocne moObrum pynbl nepepadaThIBAIOTCS, U HAPSAY C MOJyuYeHUEM HEOOXOIUMBIX
BELLECTB, BBIACISAIOTCS UX OTXOHbl. IIpOMBIIITIEHHBIE OTXOJbI SIBJISIIOTCS HEM30€KHBIM
PE3YIABTATOM Ka’KJOTO MPOU3BOACTBA U CEPHE3HOM YIrpoO30M ISl OKPYXKAIOLIEH Cpeabl, U
€XKEroJHO B MUPE OHU COCTABJISIFOT HECKOJIBKO MWJIJIMAPJOB TOHH. B TO Bpems Kak OTXOJbl
OJIHOTO MPOU3BOJCTBA SIBJSIOTCS LIEHHBIM ChIPbEM ISl APYrOro, BTOPUUYHAS NepepadoTka
HE TOJILKO Oe3BpeIHa JIJIsl MPUPOJIbI, HO U SIBJISIETCS JOMOTHUTEIBHBIM UCTOUHUKOM J10X0/1a
u GoraTcTaa.

OmHMM M3 Takux NpPOU3BOACTB B TamkukucTaHe sBisieTcss 3aBofA  «Takuk
AJIOMUHHUI», OTXOIBl KOTOPOTO BBIBOAST M3 CTPOS IMOJIE3HBbIE TUIOMIAIA W 3arpPS3HSIIOT
OoKpyXkarolyto cpeay. Ilpu 3ToM, OHU coaepkaT HEOOXOAUMBbIE KOMIIOHEHTBI, TaKHe Kak
cynbdathl, KapOOHATHI, TUAPOKAPOOHATHI W (TOPUABI HATPUSA, KM, KaJblUS U
AIIOMUHUS, W NOPUTOAHBI i BTOpUYHOM mnepepabotrku. IlosToMy u3yueHue
naTukaMioHeHTHol cuctembl Nat, Ca2t, AI3*||SO4%, HCO3-H>0O npu temnepatypax 273 u
298 K sBisieTcsl akTyaJdbHBIM M OIpeAeNseT 3aKOHOMEpHOCTH (pa3ooOpa3oBaHms,
MPOUCXOISIIINE B HEH M ONTUMAJIbHbIE YCIOBUS NMEepepabOTKU ChIPhS U JKHUJIKUX OTXOJ0B
AJIOMMHHUEBOM IMPOMBIIUIEHHOCTH, COCTOSIIIMX M3 COJIe, OCOOEHHO BBIIIEYITOMSIHYTHIX
KOMITOHEHTOB.

PesynbraThl uccneqoBaHusl IUCCEPTALMOHHON pabOThl MMEIOT HE TOJBKO HAy4HO-
TEOPETHYECKYI0, HO M MPAKTHUYECKYI0 ILIEHHOCTb. Ee pe3yapTaTbl HEOOXOAUMBI IS
pa3pabOTKU ONTUMAJIBHBIX TEXHOJIOTUH NIepepabOTKU MPUPOJTHOIO U TEXHHUUECKOTO ChIPhS,
colepkamiero cyiabdaTbl, KapOOHATHI, THAPOKAPOOHATHI, (PTOPHUIBI HATPHUS, KBS H
AIIFOMUHUS, BKIIFOYAsl KUIKUE OTXObl AJIFOMUHUEBON TPOMBILIIIEHHOCTH.

CreneHb W3Y4eHHOCTH Hay4HOii Tembl. OCHOBBI (DU3UMKO-XMMHUYECKOTO aHalu3a,
OCOOCHHO aHaj U3 W MCCIEAOBAHUE XMMHUYECKHUX CHUCTEM, ObLIM pa3pabOTaHbl psIOM
yuenblx, B ToM yucie H.C. KypnakoBbiM, B.H. JlonounukoBsiM, B.I1. Pageimessivm, B 5.
Anocossim, 1.C. Kopxunckum, ®@.M. Ilepenpmanom, B.A. Kapuxkossim, B.1. MuxeeBoii,
S1.T". Topomenko, A.C. Tpynunsim, JI.C. ConueBbIM U IPYTUMH.

BbimeynoMsinyTele  ydeHble  IPOBOJWJIM CBOM  HAayuyHble MCCIEAOBAHUS B
METAJUIMYECKUX, OKCHJIHBIX, COJIEBBIX XUMUYECKUX CHCTEMAxXx B 3aBUCUMOCTH OT
TeMIiepatypsl IutaBiaeHus. M3ydeHue (a3oBBIX paBHOBECHMH M PACTBOPHUMOCTH B BOJIHO-
COJIEBBIX XMMHYECKMX cucTteMax Obuio Hayato ['opomenko S.I. u ConueBbiM JI. Mmu
ObLTM ompesieNieHbl (ha30Bble PABHOBECHSI U PACTBOPUMOCTb B MHOTOKOMITOHEHTHOM BOJIHO-
coneBoii cucreme Na, K, Mg, Ca || SO4, CI - H>2O ms temniepatypraoro unrepaia 0-100 °C
Ha MSTUKAMIOHEHTHOM YPOBHE M TPAaHULbl OTIAEIbHBIX OOJIACTEH KpHUCTA/UIM3allMU Ha
HIECTUKOMIIOHEHTHOM ~ YpOBHE, TIOCTpOeHbl (a30Bble JOUArpaMMbl M JAUMArpaMMbl
pPacTBOPUMOCTU M TpoBeleHa ¢parMeHTauus OTAeNbHBIX (a3. OpHako, MpU aHaIU3e
JUTEPATYPbI BBIICHUIOCH, UTO NMATHKaMIoHeHTHas cuctema Nat, CaZt, AI3*||SO42-, HCOs -
H>0 BooO11e HEe n3yyeHa, a e€ MOJACUCTEMbl B OCHOBHOM M3YY€Hbl Ha TPEXKOMIIOHEHTHOM
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ypoBHe, u3 9 cucreM 4: Nat||SO4%, HCO3-H>0; Ca?* ||SO4>, HCO3;-H20; Nat, Ca*||SO4>—
-H>O u Na*, Caz*||HCO3-H>O u3zyudeHbl 4aCTUYHO.

CBsi3b _MCC/IeIOBAHUSL ¢ NporpaMMaMu  (IpPOeKTAMH) WM HAYYHBLIMH _TeMaMM.
HuccepranmmonHasi paboTa BBINIOJHEHA B COOTBETCTBHM C 3aJayaMUd  YeTBEPTOH
HAIIMOHAJIBHOM  CTpPAaTEerMYecKOM  I1elH, CBSI3AHHOM €  pa3BUTHEM  XHUMHYECKOM
MIPOMBIIIIEHHOCTH HAa OCHOBE MECTHOI'O ChIpbs, B YaCTHOCTH, «HalmoHanpHOM cTpaTeruun
pa3Butusa Tamxukucrana Ha nepuon 1o 2030 roga» W MO IUIAHY Hay4dHO-
UCCIIEIOBATEILCKOTO  MpoeKkTa  «PacTBOpUMOCTh W KpUCTAJUIM3ALMUs  COJIeM B
MHOTOKOMITOHEHTHOH CUCTEME, 00pa3oBaHHOM cyiabparamu, KapOoHaTaMmu,
ruapokapOoHaTamMu, (GpTopugaMu HATpUsl, Kallus W KaJbIHsS», HOMEpP TOCYJapCTBEHHOUN
peructpanuu (Ne I'P): 0119 TJ 00957).

OBLIASA XAPAKTEPUCTUKA NCCIIEJOBAHUSA

OcCHOBHO¥ 1eJbI0 aHHOW pPa0OTHI SIBIIsieTCsl ompeneieHne ¢(a3zoo0pa3oBaHus U
pPacTBOPUMOCTH B MHOTOKOMITOHEHTHON BOJIHO-COJIEBOM OOMEHHOM CHCTEME, COCTOSIIEH
13 KaTUOHOB HATpUsl, KaJIbIUs, AJIIOMUHHUS U aHUOHOB cyib(daTa, rugpokapboHaTa mpu
temriepatypax 273 uw 298 K u wu3ydyeHHe KOHIEHTPAIIMOHHBIX MapamMeTpoB (a3 B
FeOMETPUYECKUX popMax MoJieH, TMHUI U TOYEK.

Jast  AocTHXKeHMs] TIOCTABJIEHHOW JUCCEPTAHTOM IeJiM  ObLIM  MPeayCcMOTpPeHbI
cjeayrouue 3a1a4u:

- U3yYE€HHE COCTOSIHUS UCCIIEAYEMOM 5-MKaMIIOHEHTHOM CUCTEMBI U 00pa3yIolux ee 3-
X ¥ 4-XKOMITOHEHTHBIX MOACHCTEM C UCCIIeAOBaHNEM (a3000pa30BaHMsI U TIOCTPOSHUEM UX
UTOTOBOM TMATPAMMBI,

- OlpejeTicHUE Ha OCHOBE MAaHHBIX (ha30BBIX PABHOBECHH 3-X M 4-XKOMITOHEHTHBIX
cucteM u (a3000pa3oBaHUsS B TMOACHCTEMAax COCTaBa S-UKOMIIOHEHTHOW CHCTEMBI C
WCIIOJIb30BAHUEM METOAA TPAHCISAIMU [IJI1 YCTAHOBJIEHUSI TeOMETpUYecKux Qopm B
m3otrepmax 273 u 298 K ¢ mocTpoenneM auarpaMm (pazoBOro KOMITIEKCA;

- IO TOJISIM KPHUCTAUIM3AIMU OTIAENbHBIX (a3 misg 4-X KOMIIOHEHTHBIX CHCTEM
IIOCTPOUTh JMArpaMMbl M HCCIEAOBATH HX, I S5-UKOMIIOHEHTHOW CHCTEMBI HU3YyYMTh
COBMECTHYIO KPUCTAJIM3AIMU IBYX (a3 U UX pparMeHTaluIo;

- U3yYeHHME U AaHAJIM3 OJKCIHEPUMEHTAIBHBIX PE3YJIbTATOB  PAaCTBOPUMOCTHU
HCCIIEAYEMBIX 4-X KOMIIOHEHTHBIX CHUCTEM M IOCTPOEHHE AMarpaMM HX COCTOSHHS B
nzorepmax 273 u 298 K;

- Ha OCHOBE nuarpamm (a30oBOTO PABHOBECHS] M COCTOSHUSI TIOJICUCTEM HM3ydyaeMOu
MHOTOKOMITOHEHTHOM CHCTEMBI pa3padoTaTh NPUHLUIHAIBHYIO TEXHOJIOTHUYECKYIO CXEMY
pasjieneHus OTIeIbHBIX TBEPAbIX (as.

OO0beKTOM HAYYHOIO HCC/Ie/IOBAHMS SIBJISIETCS MHOTOKOMIIOHEHTHasi cucrteMa Nat,
Caz*, AI3*|SO42-, HCO3;-H»O, ueTpipexkoMmoHeHTHBIE mojicucTeMbl Nat, Ca2t, AI3+-SO42--
H>O; Nat, Ca?*, AB*-HCO;-H»O; Ca?*, AI3*||SO42-, HCO3-H>0O; Na*, A3*||SO4%-, HCO3 -
H>O; Nat, Ca?*||SO4>, HCO3-H20 u 9 npyrux TpexKOMIMOHEHTHBIX CUCTEM.

IlpenveTromM HAy4YHOIrO  WCC/IeIOBAHUS  JUCCEPTALMOHHOM  paboOThl  SIBIISETCS
pPacTBOPUMOCTh U (pa30BbIE PABHOBECHSI CUCTEMBI BTOPOTO MOPSAKA, COCTOAIIEH U3 MOHOB
HATpUsl, KaJbLIMs, aTlOMUHUS, CylbdaTa, OukapOoHaTa M BOABI MpH Temmepartypax 273 u
298 K.

Hayynasi HoBM3HA BbINOJIHEHHOW JokTOpckoii (PhD) nuccepranmm 3akiroyaeTcs B
CIIEIyIOLIEM:

- KOMIUJIEKCHOE M3yUYEHUE COCTOSIHUS LIEJIEBOM CHCTEMbI, KOMIIOHEHTHOCTb KOTOPOU
paBHa 5-u, 4-X U 3-X KOMIIOHEHTHBIM €€ IMOJICUCTEMAM, pe3yJIbTaTOM YEro CTajio
MOCTPOEHUE AHarpamMM (a30BbIX PABHOBECHIA;

- omnpezaeneHue (pazoo0pa3oBaHsl B MHOTOKOMIIOHEHTHBIX CUCTEMAax M IMOJCHUCTEMAaXxX
CTaJI0 HOBBIM pe3yibTaToM. Ha ocHoBe aHanm3a (a30BBIX paBHOBECHH B MOACHCTEMAX C
IIPUMEHEHUEM METOJla TPAHCISALIMU BlepBble YCTAHOBJIIEHO KOJMYECTBO T'€OMETPUYECKUX
KoH(pUrypauuii ¢as;




- B cUCTeMaxX, KOMIIOHEHTHOCTh KOTOPBIX paBHa 4, Ha 0a3e MOCTPOCHHBIX AHATPAMM
OBUIM MU3yUYEHBI MPOIECCHl APOOJIEHHUS] 30H KPUCTAJUIM3AlUU OTIENbHBIX (a3, a Takxke B
CHCTEMaX C YUCIIOM KOMIIOHEHTOB 5 HCCIIEIOBAHbI O0JACTH OJTHOBPEMEHHOTO BBIJICICHUS
IBYX (has;

- BIIEPBBIC 9KCIIEPUMEHTAJIbHO HCCIIe/IOBaHa PacTBOPUMOCTh B
YEeTBIPEXKOMITOHEHTHBIX cucteMax Nat,CaZt AI3+-SO42-H>0, Na*,Ca2+||SO4>,HCO3-H>O
npu temrepatypax 273 u 298 K, 1 nocTpoeHbl COOTBETCTBYIOIINE IUATPAMMBI COCTOSIHHS
(pacTBOpuMOCTH). BrepBble, UCXOJs M3 aHaIu3a JUArpaMM COCTOSIHUSI TOJCUCTEM
UCCIIETyeMON XMMHUYECKOW CHUCTEMBbI, MPEIOKEeHA NPUHIMUIIMATIbHAS TEXHOJOTUYECKast
cXeMa JUIsl M3BJICUEHUs OTICIIBbHBIX TBEPAbIX (a3 M3 KUIKUX IMPOMBIIUICHHBIX OTXOJIO0B
AJIFOMUHUEBOTO MPOU3BOJICTBA.

TeopeTnyeckasi U HAYYHO-NPAKTHYECKAS 3HAYUMOCTb HCCJIEOBAHUS 3aKIIIOYAETCS B
CIIEIYIOLIEM:

- OMPENIEJICHHBIE C TIOMOIIBI0 METO/Ia TPAHCISLUUUA ONTUMAJIbHBIE TapaMeTphl
(hazooOpazoBaHusi B reoMeTpuueckux (opmax MOryT ObITh HCHOJIB30BAaHbI B KayecTBE
CIIPABOYHOTO MaTepualia sl CIIeUAINCTOB;

- BBISIBJICHHBIE 3aKOHOMEPHOCTH (ha30BbIX MpeBpalieHnil ((ha30BbIii KOMIUIIEKC) MOTYT
CIIy’)KUTh HAY4YHOM OCHOBOM i1 co3maHusl 3(G(EeKTUBHBIX METOAOB IEpepadOTKH
MIPUPOJTHOTO U TEXHOTEHHOTO ChIPhSI, COJAEPIKAIIETO IIEHHbIE COSTMHEHUST HATPUSI, KaJIbIIHUS
1 amtoMuHus (CynbgaThl, KapOOHATHI, THAPOKAPOOHATHI).

OcHoOBHBIE 3aIMIIAeMbIe OJIOKEHHUS TUCCEPTALMOHHOTO HCCIIE0BAHMSL:

- 0030p COBPEMEHHOTO YPOBHSI MCCIENOBAHUN MITUKAMIIOHEHTHOW XUMMUYECKOM
cuctembl Nat, Ca2*t, ADP*||SO4>, HCO3;-H>O u ee cocraBHbIX uacTeil (4eThipex- u
TPEXKOMIIOHEHTHBIX CUCTEM) B TEMIIEPATYPHOM Juana3oHe 273-298 K;

- pe3yJIbTaThI 9KCMEPUMEHTATBHOTO OTIpeIeICHUS (hazoobpazoBaHus B
YETBIPEXKOMIIOHEHTHBIX cucTeMax Nat, Ca?*, AP+-SO4>-H,O; Na*, Caz*, APP+*-HCOs -
H>O; Ca?t, AI3*|SO4>, HCO3;-H>O; Nat, ; Na*, Ca?*||SO4>, HCO3-H>0; AB*||SO4%,
HCO3-H;O wucnonb3yss MeTron TpaHcusuud npu uzotepmax 273 u 298 K, a Taxxke
MpeAOCTaBIIEHNE TTOJTyUYEHHBIX TAHHBIX B BUJIE TPAPUUECKUX TUATPAMM;

- KpOMe OIpe/IeTICHUs] CTPYKTYPbl COOTBETCTBYIOUIUX IUATPAMM IPU TeMIepaTypax
273 u 298 K, taxxke B cucreMe Broporo mopsaka Nat, Cazt, Al3*||SO42, HCO3;-HxO ¢
WCIOJIb30BAHMEM METOA TPAHCIISIIINN U3y4eHBI (Da30BbIE pAaBHOBECHS;

- U3y4YE€HHE CUCTEMbI BTOPOTO MOPSIKA MO3BOJMIIO OMUCATH CTPYKTYPY €€ AuarpaMMbl
COCTOSIHUSI, @ TAaK)K€ B HOHBAPHMAHTHBIX TOYKAX TAaKWUX MOJACUCTeM Kak: Na*, Ca2*||SO4%,
HCO3-H,O wu Nat*, Ca?*, AB*-SO4-H,O onpeneneHo  ¢GyHKIIMOHUPOBAHUE
PaCTBOPUMOCTH.

JLoCTOBEpHOCTb pe3yJIbTATOB HMccae10BaHusA. J|OCTOBEPHOCTh MOTYyYEHHBIX HAyYHBIX
pEe3yIbTAaTOB JOKA3bIBAETCI U OOOCHOBBIBAETCS COBPEMEHHBIMH METOJaMU (UIUKO-
XUMUYECKOTO aHaju3a, uX ampobamueil Ha ¢dopymax, CHUMIO3UyMax, KOH(pEpEeHIIHSIX
MexnyHapogHoro u PecrnyOiukaHCKOTO ypoBHeH U ImyOiMKalueid MaTepuanoB B
NPOoWIbHBIX HAYYHBIX KypHaIax.

CootBercTBue jauccepramuu jaoktopa (PhD) nacmopry HayuHoii crnenmajibHOCTH
6D.060601 — Heoprannyeckas XuMHs.

[TonydyeHnHble HaMM Pe3yJIbTAThl HAYYHOTO MCCIETOBAHMS HEOPraHUYECKUX BEIIECTB
COOTBETCTBYIOT OOIIMM TpeOOBaHUSIM MacnopTa HayyHOW crnenuaibHocTH 6D.060601 —
HEOpraHuyeckass XuMus. B yacTHOCTH, B XOJe MCCIETOBaHMS OBLJIO YCTAHOBJIEHO, UTO
OTIpEeNIeHbl OCHOBHbIE CBOMCTBA 3THUX BEILECTB, BKIIOYAs UX IOBEACHHE C JIPYTUMHU
BEIIECTBAMU B PA3JIUYHBIX YCIOBHSIX. DTO OTPaXaeT B3aUMOCBSI3b COCTaBa, CTPOCHUS U
CBOWCTB 3THX B3aMMOJICHCTBYIOIIMX BEIIECTB, YTO OTPAXXEHO B OTMAEIBHBIX ITyHKTaX
MacrnopTa CIeHAIbHOCTH.

JInunblii  BkJaaa  aBTopa. JIMYHBIM BKJIAJ aBTOpAa 3aK/IIOYAETCS B  aHAJIN3E
CYIIECTBYIOIIIEH JINTEPATYphl, IUIAHUPOBAHMM W TPOBEICHUU TEOPETHUECKUX W




HKCIIEPUMEHTAJIbHBIX HCCIIEIOBAHUNA, 00paboTKe, O0OOOIIEHMM W aHAJIU3€ IOJYYEHHBIX
Pe3yIbTAaTOB, MOJATOTOBKE BBIBOJIOB, a TAKXKe IMOJATOTOBKE U MyOJIMKAIIUN HAYYHBIX CTATEH.

Anpo0Gauus u BHe/IpeHHe pe3yJbTaToB aucceprauuu goktopa (PhD).

OcHoBHBIE U HanboJiee BaKHBIE PE3yJbTAThI BHIIIOJHEHHOW Hay4yHOU paboThl ObLIN
MPEACTABIIEHbl HA €XEroJHBbIX HAyYHO-TEOPETUUYECKUX KOH(pepeHIUsIX Mpodeccopcko-
MPEnoAaBaTeIbCKOTO cocTaBa TaKMKCKOTO TOCYJApCTBEHHOI'O  IMEAaroruyeckoro
yauBepcuteta uM. C. Aitnm (Hymanbe, 2019-2025); MexayHapoaHol KOHGEPEHIINH
«IKoyioro0e3omnacHble U pecypcocOeperaronme TEXHOJOrMM U MaTepuaib (Yiaan-Yo,
2020); MexayHaponHoit koHbpepeHIMH «CoBpeMEHHbIE MPOOJEeMbl METaLIypPrHYeCKOM
npombliuieHHocTH  (dymanbe, 2021); cuMmno3uyme MOJIOABIX Y4yeHbIX «DU3UKO-
XUMUYECKHE METOAbl B MEXAUCIUIUIMHAPHBIX 3KOJOTMYECKUX uccienoBaHusx» (MockBsa,
2021); «IV  baiikansckoM MaTepuaigoBeagueckoM dopyme» (VYman-Yma, 2022);
MexayHapoaHoi KoH(pepeHnn «Pa3BUTHE HOBBIX HAINIPABICHUN B XUMHUHM M XUMHYECKOH
texHojorum» (dyman6e, 2023); BcemupHoMm ¢dopyme «DPUBHKO-XUMUYECKHUE METONBI B
MEKIUCHMIUIMHAPHBIX 3KOJOTUUeCKUX ucciaenoBanusax» (Mockpa, 2023); «CoBpeMeHHOe
COCTOSIHME M TIEPCIIEKTUBBI (U3UKO-XuMHUUeckoro aHamm3a» (ymanbe, 2023); XIX
HymanoBckux urenmsx «Pa3putue ¢hyHIaMEHTATHLHON U MPHUKIATHON XUMUU U €€ BKJIaJ B
UHAycTpuaiau3anuo crpads» ([dymanbe, 2024); MexayHapoaHoit KoHGEpeHIIUU
«XuMHUecKasi Hayka U oopa3oBaHue, MpobJIeMbl U NEPCHEKTUBBI pa3BuTUs» (Maxaukana,
2024); «XXII MeHaeneeBCKOM Che3fie Mo obuiel u npukiaaHoi xumum» (Cupuyc, 2024);
«Bormpocel puzmyeckoit 1 koopauHanmoHHo xumum» (Hymanoe, 2024); «CoBpeMeHHOE
COCTOSIHHE€ U MEPCHEeKTUBBI (U3UKO-XMMUUeckoro aHanm3a» (ymanbe, 2025); «IX
BynatoBckux urtenmsx» (KpacHosipck, 2025); «V  Baiikanbckom  Qopyme 1o
MaTepuaioBeneHuo» (Yan-Yma, 2025) 6butu 00CyKASHBI U MPOLILIH AlpoOaInIo.

Ily6aukanum 1o Teme jaokTopckoii  auccepramuu  (PhD). Ilo pesynbratam
JIACCEPTALIMOHHOTO UCCIIEI0OBAHUS OMYOJMKOBAHO 26 HAYUYHBIX pabOT, U3 HUX 2 — MaJlbIX
nmareHra Ha wuszoOperenume, 10 — crareid B XypHamax, pekomeHmoBaHHbIX BAK mpwu
ITpesunente Pecniyonuku Tamxukuctan u BAK P® (1 - Scopus). Ocranbhubie 14
MaTepUaJIOB OIYOJMKOBAaHbI B BHJE TE3MCOB [IOKJIAJOB HA CHUMIIO3UyMaX, (opymax H
KOH(EepeHIIUX pa3TunaHoTo MexayHapoaHoro u PecryOInkaHCKOTO YPOBHEH.

O0bem u crpykrypa aoktopckoii (PhD) nucceprammm. /[viccepranusi mpeacTaBisieT
CcOo0OH PYKOIUCH, BBITIOJTHEHHYIO Ha 147 cTpaHUIIaX KOMITBIOTEPHOTO HA00OPa U COCTOSIIYIO
13 BBEIEHMs, 3 TJIaB U BBIBOJIOB, a Takxke colepkuT 42 pucyHkoB u 36 tabmuusl, 131
HAaMMEHOBAHUE IUTUPYEMOM JIUTEPATYPHI.

OCHOBHOE COJEPKAHUE PABOTHBI

BBomHass dacTe pabOTHI MOCBsIIEHA OOOCHOBAHWIO AKTYaJbHOCTH WU 3HAYMMOCTHU
MPEANPUHITOTO HCCIIeNoBaHus. 34ech (HOPMYIUPYIOTCA 1ENb U 3aJa4yd TUCCEPTALNH, a
TAaKXKe PACKPBIBAETCS €€ Hay4YHasl, TEOPETUUYECKAsl U TPAKTUUECKasl IEHHOCTH.

IlepBasi r1aBa auccepTaliy IOCBSIIEHA KPaTKOMY 0030py HAy4HOU JIUTEpaTypBhl,
paccMaTpUBAIOIIECH METOIAbI UCCIICAOBAHUS XUMHYECKUX CHCTEM, C OCOOBIM BHHUMAaHHEM K
MHOTOKOMITOHEHTHBIM CHCTEMaM.

Bo BTOpoii TaBe NpeaCTaBIEHbBI W WHTEPIPETHPOBAHBI PE3YJIbTAThl HU3yUCHUS
M30TEPMBI (a3000pa30BaHUsI U HU30TEPMbI PACTBOPUMOCTH CHCTEMBI BTOPOTO TOPSIKA.
Taxkas cucrema mpu temneparype 273 K cocrout u3z katmono Na*, Ca2*, Al3*, annoHos
SO4%, HCOj3 wu cocraBmstonux ¢€e mnoxacucteM. OHHM  WUTIOCTPUPYIOTCS TaKUMHU
JrarpaMMaMH Kak: ()a30BbIii KOMIUIEKC U PACTBOPUMOCTb.

Tpethsi ri1aBa IUCCEPTAIMOHHON paOOTHI MOCBSIIEHA JAHHBIM 10 PACTBOPUMOCTU U
($a3000pa3oBaHUIO CHCTEMBI BTOpOTO Topsiaka. Cucrema COCTOMT M3 KaTHOHOB Nat,
Ca?*, A3+, annonoB SO4>, HCO3 M COCTaBISAIONIMX €€ TPEeX- U YETHIPEXKOMIIOHEHTHBIX
nojicucTeM nipu temrnepatype 298 K. Ha ocHOBe 3THUX pe3yJIbTaTOB MOCTPOEHBI JUATrPaMMBbI
COBMECTHOTO (pa3000pa30BaHMS U COCTOSIHUS.



Jannass  guccepranMoHHass paboTa  3aBEpIIAeTCs  OCHOBHBIMU  BBIBOJAMHU,
MPEAJIO)KEHHBIMM  PEKOMEHAALMSIMU IO MPAKTUYECKOMY HPUMEHEHUIO TOJYyYEHHBIX
ABTOPOM JaHHBIX, a4 TAKXKE IMPUIOKEHUEM U CITUCKOM ITUTUPOBAHHOM JIUTEPATYPHI.

B pabote mnpuHATHl cleaymrolue cokpaiueHuss U oboszHaueHusi: Gp— rurc
(CaS042H>0); Mib — mupadbunut (NaSO4 10H20); Nh — naxxomut (NaHCO3); Al-18 —
oktagekaruapat cynbparta amomuHus (Alx(SOs4)3-18H20); AIH - rugpokapOboHaT
amomunust (AI(HCO3)3); CaH — tunpoxap6onat kampmust (Ca(HCOs)2); Na-Al'12 —
noaekaruapat cyibhatoB HaTpus-amroMuHus NaxSOs Alx(SO4)3-12H20; Gb — rmaybeput
NaxSO4-CaSO4; MKC — wmHOrokomnoHeHTHBIE cucTteMbl; IIKC — mnsTukaTHOHHBIE
obmennble cucrtembl; UKC — uyerhlpexkaTuoHHble oOMeHHble cuctembl; TKC —
TpeXKOMMNoHeHTHBIE cUcTeMbl; ODXA — oCHOBBI (puszmko-xumudeckoro anammsa; EOb —
enuHbIi GazoBbiii 610K; MKC — ncxonHbie KOMIIOHEHTHI CMeceil.

MHOroKOMINOHEHTHbIE CHCTEMBI U METO/IbI MX H3yYeHHsI

Jns co3maHMsi W COBEPIICHCTBOBAHHUS IPOMBIIUICHHBIX CIIOCO00B 00paboTKu
MPUPOJHBIX M  HCKYCCTBEHHBIX MAaTEpHaIOB KJIIOUEBBIM TEOPETUYECKUM (PYHIaMEHTOM
SBIISIETCS TJIyOOKO€ OCMBICICHHE 3aKOHOMEpHOCTe (opmupoBaHus (a3 B XUMHYECKHUX
cucreMax. OU3NKO-XUMHUUYECKOE MCCIETOBAHNE SBIISIETCS OCHOBHBIM TOIXO/IOM K U3YYEHUIO
yKa3aHHBIX cucTeM. OHHM MO3BOJISIIOT ONPEAETUTh XapaKTEPUCTUKU B3aMMOBIIUSHUS U
B3aMMOJICHCTBUS COCTABIISIIONIUX CHCTEMY KOMIIOHEHTOB B Pa3lIMUHBIX arperaTHbIX
cocTOSIHUSIX. B mTOTE MCCIenoBaHnii CO3AAI0TCS qUArPAMMbBI  PACTBOPUMOCTH, TUIABJICHUS
1 (ha3oBbBIe AUATPaAMMBI, Aarolie nHpopMaluio ob ycrnoBusax ga3zoBoro OanaHca.

C BO3pacTaHueM KOJIMYECTBA KOMIIOHEHTOB B CHCTEMax, COJIEpXallUX Oojiee Tpex
BEIIECTB, KOJMYECTBO MOTEHIIMAIBHBIX IMOACHCTEM BO3PACTAET NPAKTUYECKH 10
9KCIIOHEHTE. DTO BJIEUET 3a COOON CYIIECTBEHHBI pPOCT 00BEMa HKCIEPUMEHTATIbHBIX
JAHHBIX (BKJIIOYAsl PACTBOPUMOCTb M TeMIIEpaTypy IUIaBJIEHUsS), KOTOPble HEOOXOIUMO
MOJYYNUTh JUIS TIOJTHOTO CTPYKTYPHOTO aHajlu3a TPAAUIMOHHBIMH  ITOAXOJAMH.
[IpuBeneHHble pacueTbl JEMOHCTPUPYIOT, YTO JUISI HIECTUKOMIIOHEHTHOM CHUCTEMBI
9KCIIEPUMEHTAJIbHOE MCCIEIOBAHUE CTAHOBUTCS TMPAKTHUYECKH HEBBITIOJHUMOM 3ajaveit
BBU/IY UYPE3BBIUANTHO OOJIBIIIOTO YKCIa TPEOYyEeMbIX IKCIIEPUMEHTATBLHBIX TOUCK.

XWUMHYECKUE CHUCTEMbI, OCOOCHHO BOJHO-COJIEBBIC, WCCIEAYIOTCS Pa3IUIHBIMU
criocobamu, cpenu KOTOPBIX BBIICIISIIOTCS BU3YaJIbHO-TIOJIUTEPMHUYECKUH,
CxpeitHemakepca, METOJl CeYeHU U TpadoaHATUTUIECKH METOABl. B HOKTOpCKOi
JTUCCepTallMK MMITUKOMITOHeHTHast cuctema Na', Ca?", APP* || SO4*, HCO3  — H2O Opuia
MpoaHaIM3UpPOBaHA C IpUMEHeHneM paspadoTaHHoro JI. ConeBbIM METOAA TPAHCIISLIMH.
OTOT MeTOoJ ObLI YCHEIIHO HCHOJb30BAH IMPU MCCIEIOBAHMM  JOCTATOYHO CIOXKHBIX
MHOTOKOMITOHEHTHBIX ~ XMMHWYECKUX  paBHOBecuid.  Hampumep, i usydeHUs
IECTUKOMITIOHEHTHOM cHCTeMbl BToporo mopsiaka: Na, K, Mg, Ca // SO.*, CI',- H:O.
Cucrema BKIJIIOYAJIa paHee WCCIIEIOBAHHBIE MSITUKOMIIOHEHTHbBIEC MoJcUcTeMbl. [list psima
JIPYTUX MATUKOMIIOHEHTHBIX CUCTEM BTOPOTO Mopsiaka, HanpuMmep, K, Ca, Mg // SOa, ClI” —
H:0, meTon TpaHcasuuu Takxke okazaucs 3Q(HEeKTUBHBIM.

Tabmumna 1 coaepxut MHPOPMAIUIO O CTENICHHW H3YYEHHOCTH MSATUKOMITOHEHTHOM
cuctembl, obpazoBanHoit noHamu Na*, Ca?, AI**, SO+, HCOs u Bomoii, u e€ moacucreMm
npu temrneparypax 273 u 298 K. B xoze uccienoBaHust 3TOi CUCTEMbI OBLIIO YCTAHOBIIEHO
CYIIECTBOBAHME TSATH YETHIPEXKOMITOHEHTHBIX ITOJCUCTEM (IIB€ C OOIINMM HOHOM U TpH
OOMEHHBIX), a TaKXe JEBATH TPEXKOMIIOHCHTHBIX IMOJICUCTEM, HEKOTOPBIE M3 KOTOPBIX
SIBJISTFOTCS] YACTHIO YETHIPEXKOMITOHEHTHBIX.

Taﬁ.mma 1- HaHHbIG O CTCIICHU U3YUYCHHOCTHU MIITUKOMITOHEHTHOUN CUCTEMBI
Na‘, Ca*, AI** || SO+, HCOs — H20, a Takxe e€ noacuctem npu remmepatypax 273 u 298 K.

No, N3otepma, K
/1 Cucrema KoMmmonentHocts | 273 298
1. | Na*, Ca%*, AI** || SO4, HCO3-H>O 5 - -
2. | Nat, Ca?t || SO42-, HCO3-H>O 4 - -




Nat*, APt || SO4*, HCO;3;-H20
Ca?*, AI** || SO4+, HCO3 -H>O
Nat, Ca?t, Al3* || SO4-H>O
Nat, Ca2t, Al3* || HCO3;-H>O
Na* || SO4*, HCO3-H>O

Nat, Ca2t || HCO3-H>O

Ca?" || SO4, HCO3-H2O
Nat, Ca2* || SO42-H>O

Na*, AB* || HCO;-H>O
ADB*|SO42-, HCO;3-H20

13. | Nat, AI3* || SO4-H>O

14. | Cazt, AP || HCO3;-H»O

15. | Caz*, A" || SO4-H>O

0| =S[00 |w & w
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Kaxk cienyer u3 tabaunsl 1, natukatuonHas cuctema Nat, Cazt, Al3*||[SO4%-, HCO3 -
H>O u ugersipexkatnonnsie cuctembl: Nat, Ca?*||SOs2, HCO3-H,O; Na*, AI*||SO4%,
HCOs- H»O; Ca2t, Al3*||SO4>, HCO3;-H>O; Na*, Ca2*, Al3*||SO4#-H>O u Na*, Ca2*,
AB*|HCO3-H>O B nenom He wusydeHbl, ux ¢a3oBble AUArPAMMBI M COCTOSIHUSI HE
MTOCTPOCHBL.

N3 9 TpexKOMIOHEHTHBIX CHCTEM TaKOrO COCTaBa XOPOIIO H3YYEHBI TOJIBKO
cienyroluye cuctTeMbl ipu temrnepatypax 273 u 298 K: Nat || SO4%, HCO3-H>0O; Na*, Ca?*
|| HCO3-H>O; Ca2t || SO42, HCO3-H>O u Nat, Ca2* || SO42-H>0. OcraBmumecs 5
TpeXKOoMIOHEeHTHBIX cucteM: Na*, A3+ || HCO;-H>O; AB* || SO4%, HCO3;-H>O; Na*, A3+
|| SO4#-H20; Ca?*, A3+ || HCO3-H>0 u Ca2*, A3+ || SO4*-H>O B 11€710M HE UCCIIeJOBaHbI 1
SIBIISIFOTCSI 0OBEKTOM HAIIIETO WCCIICAOBAHMUS.

@da3oBble paBHOBeCHS B reoMeTpuuecKnx GgopmMax NATHKOMIIOHEHTHO#
BO/IHO-c0JIeBOii cucTembl Nat, Ca2t, AB* || SO4%, HCO3-H2O npu 273 K

Hccnenyemast cucrema COCTOMT M3 BOJBI M JIBYX BEIIECTB, 0Opa3yrOIIMX OOMEHHbIE
peaKkIum, a TaKXe OJHOTO JIOMOJHUTEIIBHOTO BEIIeCTBA, UMEIOIIETO OOIUA HOH C OJTHAM
13 3THX ABYX. Takue CUCTEMBI MOXHO MIPEICTABUTH ClleAyroIumMu opmyiaamu: A+, B+, C*//
XY~ — H2O unmu A+, BT // X, Y-, Z- — H>O. Otu hopmyiiel moKa3bIBalOT, YTO B CUCTEME
MPUCYTCTBYIOT KaTHOHBI A, B, C 1 annonsl X n Y.

OOBEKTOM HAIETO HAYYHOTO UCCIIEAOBAHUS SIBJISICTCS MITUKOMITIOHEHTHAs! OOMEHHas!
cucrema Na*, Ca2t, AB* || SO4, HCO3 - H»O, rme B xauectBe katnoHoB A, B u C
BpicTynaroT Nat*, Ca2t u AI3*, a B kauectBe aHnoHOB X U Y — SO4* u HCOs-. JlanHas
CHUCTeMa COCTOUT W3 Mmapsl coiiei - ruapokxapbonarta Hatpus (NaHCOs) ¢ cyasdatom
kanpius (CaSO4) m  cynbdparta Hatpus (NaxSOs) ¢ ruapokapOOHATOM — KaTbIMS
(Ca(HCOs)2). OHM cmocoOHBI K OOMEHHBIM peakiusM. Mexay 3TUMU MMapaMud HMEET
MECTO ClIeIytolasi OOMeHHas peaKIus:

Ca(HCO3)2 + NaxSO4— CaS0O4 + 2NaHCO;3

Cucrema, KpoMe YKa3aHHBIX COSIUHEHUM, COAepKUT cynbdaT amoMuHus (Al2(SO4)s)
u Boay. IlpucyrcrBue Al(SOs4)s) nemaeT BepOATHBIM MPOTEKAHUE [PYTUX PeaKIHid
MOHHOTO OOMEHa:

3Ca(HCO3): + Alx(SO4)3 &= 3CaSO4 + 2AI(HCO3)3;
6NaHCO; + Alx(SO4); &&= 3NaxSO4 + 2AI(HCO3)s.

BaxxHO OTMETUTH, UTO ypaBHEHUS MPOTEKAIOIIUX PEAKIINA HE SIBJISIOTCS MTOJTHOCTHIO
HezaBucMMBIMU. K mpumepy, ypaBHenue B3ammopeiictBus NaHCO;3; ¢ Alx(SOs)3 MOXHO
BBIBECTH, ITpeoOpa3oBaB ypaBHeHHe peakiuu NaxSO4 ¢ Ca(HCO3); (epenecs JeByI0 4acThb
BIPABO U HA0OOPOT) U 3aTeM C10kUB ero ¢ ypaBHeHueM peakiun Ca(HCO3)2 ¢ Alx(SOs)s.

B utore, cucrema, coaepikaias cemb KoMnoHeHTOB (NaxSO4, Ca(HCO3)2, NaHCO:;3,
CaS04, Alx(SO4)3, AI(HCO3)3 mu H20 (pucyHok 1), xapaktepu3yeTcs IByMsI HE3aBUCUMbIMU
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XUMHMUYECKUMH MPEBPAIICHUSIMH, 4YTO YKa3blBA€T HA HaJIMYME IMATH HE3aBHCUMBIX
KOMIIOHEHTOB.

Takum o0Opa3oMm, [aHHAs CHUCTeMa HIPEACTABISET COOON MSITUKOMIIOHEHTHYIO
B3aMMHYIO0 CHCTEMY C BOJHBIM pacTtBopureneM. KckiroueHne BOAbl NPUBOAUT K
YEeTHIPEXKOMIIOHEHTHOII OOMEHHON CHCTeME, M3BECTHON KaK YeThIPEXKOMIIOHEHTHAs
pacruiaBiIeHHas OOMEHHasl CUCTEMA.

TpeyronpHass mpu3Ma CIYKUT BU3YaJbHbIM MPEACTABICHHUEM 3TOW CHUCTEMBI.
OcHOBaHMEM NPU3Mbl BBICTYIAeT PABHOCTOPOHHUN TPEYrOJbHUK, a €€ OOKOBBIE
MIOBEPXHOCTH COCTOSIT U3 YETBIPEXYTOJIBHUKOB (pHc. 1).

NaHCO; Al(HCOs)3
5 M, Vi
Ca(HCO:): / /
o M / /
A
/
7
/
7/
NaaSO4 T TN T T T T T 7 Al(SOs)s

oM,

CaS0Os4

Pucynok 1 — CtpykTypa pacnojaoeHusi TOUEK B BOJHON CUCTEME, BKIIFOUAIOIIEH HOHBI
HATpPUs, KaJIblLIHs, ATIOMUHUS, CyJbdaTta, THIpoKapOOHATa M BOY.

PaccMoTpuMm npusmy, Bce pebpa KOTOPO UMEIOT OJMHAKOBYIO JIJTUHY, IPUHUMAEMYIO
3a 100 ycinoBHBIX equHull. KoJM4ecTBO KaTHOHOB, pa3MeElIaeMbIX HA OCHOBAHMSX JaHHOM
MPU3MbI, COOTBETCTBYET IPUHIUIIAM IMMOCTPOEHUS THATPAMM TPEXKOMIIOHEHTHBIX CHUCTEM
MetoaoM Poszeboma. B pesynabrate onmpeaenstoTcs 1Be TOUKH, 0003HauaeMble kak M1 u Mo.
CoenuHeHne [ABYX TOYEK OCYIIECTBIAETCS IMOCPEICTBOM MPSIMOJIMHEMHOIO OTpPE3Ka.
Hanubrit orpe3ok M1 Mp>, KOTOPBII UAET MapasieIbHO OAJHOMY U3 OOKOBBIX pedep MpU3Mbl
1 o0jamaeT NMpoTskeHHOCThI0 B 100 yCIOBHBIX enuHUILl, pa3dbuBaeTcss Toukor M Ha aBa
cermeHTa: MM, BetuunHa KOTOpOU paBHa y, 1 M2M, BelnmunHa KOTOPOU COCTABIISIET X.

Bepmmubl mpu3Mbl  HArJISIHO TIPEACTABISIOT COOOM  MHIMBUAYyaTbHBIE COJIH,
BXOJSIIIME B COCTAaB paccMaTpuBaeMod cucrteMbl. Ecnu  JBOWHBIE COJIM U
KPUCTAJUIOTHUAPATHl OTCYTCTBYIOT, a TBepAble (a3bl IPEACTABICHBI IIECTHIO COJISIMU
(Nast4, Ca(HCO3)2, NaHCOs, CaSO4, Alz(SO4)3, AI(HCO3)3), TO BCA IIpHU3Ma ACIIUTCA HA
HIECTh 30H KpucTtayum3auuu. Kaxnas 30Ha oTBedaeT 3a BbINAJEHUE B OCAJOK OJHOW U3
aTux coneit (puc. 2). I'paHMIbI MeXIy 3TUMM 30HAMM YKa3bIBaIOT Ha YCJIOBUS, IMPHU
KOTOPBIX OJIHOBPEMEHHO KPUCTAUIM3YIOTCS JBE COJM. JIMHUM TmepeceyeHusl ISTHUX
MMOBEPXHOCTEMN, HA3bIBAEMBIE MPEIETIbHBIMU, 0003HAUAIOT COCTABbl PACTBOPOB, U3 KOTOPbBIX
COBMECTHO OCaXJAI0TCS TPH COJIH.

B 3axmouenne, Touku Ei, E> m E3 cooTrBeTcTByIOT pacTtBOopaMm CoOJEH, B KOTOPBIX
OJTHOBPEMEHHO KpucTautu3ytorcst uyetbipe con: B E1 — comu NaxSO4, CaSO4, A(SO4)3,
AI(HCO3)3; B E2 — CaSO4, NaHCO3, AI(HCO3)3, NaxSO4 u B E3 — uetbipe conmu CaSOs,
NaHCO3, Ca(HCO3)2, AI(HCO3)3. DT TOYKM SIBIISIFOTCS YE€TBEPHBIMU 3BTOHUKAMU JIJIS
0e3pacTBOPUMBIX CHCTEM M COJIEBbIE MPOEKIIMU KAK MHCTPYMEHT JJIsl U3YUEHUS] YETBEPHBIX
9BTOHUYECKUX PACTBOPHBIX CUCTEM.

HMcxonHo mpusMaTuueckasi 1uarpamma Jejuiach Ha TPU HEPETYJISIPHBIX TeTpasipa C
MOMOINbIO TUIOCKWX CeueHMid. B dYacTHOCTHM, AMaroHajlbHOE CEYEeHHe, OOpa30BaHHOE
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BepmmHaMu NaxSO4 — CaSO4 — AI(HCOs)3, Beigenuiio teTpasap, Bkirtouaromuit AI(HCOs)3
— NaxSO4 — CaSOs. Ilocnenyroiiee uaroHaibHOE CEUCHUE, TTPOBEACHHOE Yepe3 BEPIITUHBI
NaHCO; — CaSO4 — AI(HCOs3); B ocraBumielics 4acTH NpPHU3MBI, cHOpMUpOBaIO [1Ba
JTOTIOJTHUTEIIBHBIX HeperysspHbIX Terpasdapa: NaxSO4 — NaHCO;3; — AI(HCO3)3 — CaSO4 u
Ca(HCO3)> — NaHCOs3 — CaSO4 — AI(HCO:3)s.

I (Na>SOs) IV (NaHCO:s3)

II (CaSOs)

V (Ca(HCOs))

ITI (AL(SO4)3) VI(AI(HCO:s)3)

Pucynok 2 — Cxema ¢a3000pa3oBaHUs MITUKAMIIOHEHTHONW CUCTEMBI
Na*, Ca2*, AI3* || SO42-, HCO3 - H20 npu u3otepme 273 K

HUcxonss wn3 3TOoro, cieayer, 4YTO COCTaB  pACCMATPUBAEMOM  CHUCTEMBI,
MPeICTABIISIONUI cOOO0I CONIEBYIO MACCy, BCEI/1a MOKET OBITh IEKOMIIO3UPOBAH HA YEThIPE
KOMITOHEHTHbIE coii. OnpeneseHne KOHKPETHOro Habopa 13 YeThIpeX coyieil 00yCI10BIEeHO
MPUHA/JIEKHOCTBIO (PUTYypaTUBHOM TOYKM K OJHOMY M3 TpeX paHee OOO3HAUEHHbIX
TeTpadApUUecCKUX OoO0BeMOB. Busyanuzaius pasfeneHus NPU3MATUYECKON IuarpaMmbl
(puc.2) mocpeacrBoM aAByX auaroHaibHbix ceyeHui I[-II-VI u II-IV-VI npusenena nHa
pucyHke 3.

J71s1 oJTydeHus INIOCKOT O N300pakeHUs JAHHOW AuarpaMMbl BO3MOKHO TPUMEHEHHE
OPTOrOHAJIBHOT'O MPOELIMPOBAHUS OCHOBAHUS U OOKOBOM I'paHU IPU3MBI.

B HekoTOpBIX cHUTyanMsx Is BH3yalIu3alud (HpParMEeHTOB MPUIMATHUECKON
JarpaMMbl MCIOJIB3YETCS METOJ IEpPCIEKTUBHOM Ipoekuuu. Ero neHTp HaxoauTcs B
OAHOM W3 BEpPUIMH MNpU3Mbl. PaccMOTpUM TpaHMYHbIE [OBEPXHOCTU OOJIACTH
kpuctayummzanun Ca(HCO3), B kauecTBe npumepa (puc. 3 cnpaBa). OHM CIpOeIMPOBAHBI
W3 BepLIMHBI V Ha IUIOCKOCTb, KOTOpas npoxoaut yepe3 Touku II, IV u VI. OGpasyercs
miockas guarpamma. OHa pacrojioxkeHa B paBHOOeapeHHOM TpeyrojibHuke VI-I1-1V.

MOXHO TOJYyYUTh ABYMEpPHOE IMpEACTABICHHE 3TOM auarpammbl. s atoro
HEOOXOAMMO HCIOJIB30BaTh OPTOTOHAIBHBIE MPOEKUUU OCHOBAHUS U OJIHY U3 OOKOBBIX
rpaHeid npusmbl. MHOTHA sl BU3yaldu3alUUd 3JEMEHTOB IPU3MATHYECKON Auarpammbl
MIPUMEHSIOT TEPCIEKTUBHOE MPOEKTUpOoBaHUe. Torna HeHTp MPOEKIIMU COBIAIAET C OJTHOU
U3 BeplMH npu3Mbl. Hampumep, TMOBEpXHOCTH, OrpaHUYUBAIONIME  OOJACThH
kpuctamuzauun Ca(HCO3)» (puc. 3 cnpaBa), MOKHO CIIPOECIMPOBATH M3 BEPIIMHBI V Ha
IUIOCKOCTh, KoTOopas onpeaensercs toukamu II, IV u VI. Utor - miockas auarpamma,
pa3MeléHHast BHyTpu paBHOOeApeHHOoro Tpeyroabpauka VI-II-IV.
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I(Na>SOs) I(Na>SOs) IV(NaHCOs) IV(NaHCOs3)

V(Ca(HCO:s)2)

ITI(AL(S0s)3) VI(AHCOs);) VI(AI(HCOs);) VI(ALHCO:)3)

PucyHnok 3 — TpuaHryJisius mpoeKIu COJIeBOI M30TepMbI (ha3000pa30BaHUsT CUCTEMBbI
Nat*,Ca?*,A13*||SO42-,HCO3-H>0 ¢ AByMs yCTOMUMBBIMU THATrOHAIBHBIMU CEUCHUSIMU.

CorylacHO TIOJyYeHHBIM HaMHU JIaHHBIX C IIOMOIIBIO METOJa TPAHCISIUU, B
YeThIpeXKOMIIOHEHTHOM cucteme Nat, Ca2t, APt || SO42, HCOs; - H,O Ha ypoBHe
HOHBAapMAHTHBIX TOYEK XapaKTEepHBbI CJCOyIONIMe TBepable (a3bl, HaXOAAIIMECS B
paBHOBecuH (TadI. 2).

Ta6suua 2 — HouBapuaHTHBIE TOUKH JIJTS YETHIPEXKOMITOHEHTHOM CHCTEMBI, BKITFOUAIOIIEH
nonbl Nat,Ca2t, AI3*||SO42-,HCO3- B BojHOI cpene nipu Temmepatype 273 K.

HouBapuanTHblie Cucrema PaBHoBecHbIE
TOYKU TBEpIbIE (ha3bl
E* Nat, Ca2+, AI** || HCOs - | Nh + CaH + AIH
H>O
Ex* Nat, Ca2t, AI3* || SO4* - Mib + Gp + Al'18
H>O
Es* Ca2+, AB* || SO4>, HCOs - | Gp + CaH + AIH
E4* H>O Gp + AIH + Al'18
Es* Na*, AI3* || SO42-, HCO3 - | Nh + AIH + Al-18
Es* H>O Mib + Nh + AI'18
E+ Nat, Ca2* || SO42, HCO3 - | Mib + Nh + Gp
Eg* H,O Nh + CaH + Gp

Busyanuzamusi nuarpamMm COCTOSIHUSI TIPEJCTABIIsSIeT OO0 OIHY U3 KITIOYEBBIX 3a7a4
NMpU  aHaIM3e MHOTOKOMIIOHEHTHBIX CHCTeM. HecMmoTpss Ha  pacmpocTpaHEHHOE
UCMOJIb30BAHUE TMPU3MATUUECKUX AUArpaMM, JAHHBIA TOJXOJ MO3BOJISIET OTOOpaXaThb
JIUIIBb COJIEBOM COCTAB IMSITUKOMIIOHEHTHBIX cUCTeM (puc. 2). KomOuHupoBaHne HECKOIBKUX
TaKUX JUarpaMM TPUBOIUT K CYIIECTBEHHOMY YCIIOKHEHHMIO WX HWHTeprperanuu. Kmes
«Pa3BépuyToit mpusmbl», npemioxkeHHas JI. ConmeBbIM Ul JIyYIIErO MPEICTaBICHUS
(ha30BbIX pABHOBECHII B MHOTOKOMIIOHEHTHBIX OOMEHHBIX CUCTEMAX, IPUMEHEHA HAMU ITPU
M3YYCHUU MATHKOMIIOHEHTHOM cucteMbl Nat, Cazt, A3 || SO4>, HCOs - H2O (puc. 4).
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CaH \,
‘1E1“A"' X
£ N\
Ca(HCO): AKHCO3); / 1 \ NaHCO; Ca(HCOs):
CaH | AlH AH .. Nh Nh ¢ Ca
- ’Ea“ ¥ 5\ /Ea“.| ........
___________ L~ 4 Y SR— . I
\E44‘ Es‘t___. ’EI
: L L
Gp | AMS | ALS [/ Mb| Mb i OGP
CaSO: AB(SO:)s f  /Naso: CaS0:
\AII8 4 Mib /
\ XY /
f" E24 \\\
L Gp
C‘ago;

Pucynok 4 — «Pa3BepHyTas mpu3Ma» -HATJISTHBIA MHCTPYMEHT /TS aHan3a (ha30BbIX
MIPEBPALICHUI 1 ONpeIeIeHHs 00JIaCTel KPUCTAJUTH3AINH PA3TMYHBIX MUHEPATIbHBIX (ha3 B
HCCIIElyeMOM BOJHO-COJIEBOM cucTEME BTOPOTO Iopsaka rnpu 273 K Ha ypoBHe

4-XKOMIOHEHTHOM CUCTEMBI.

C 1eapro JOMOJIHUTEIBHOTO YIIPOINEHUS MPEACTaBICHHON TUarpaMMbl, B YaCTHOCTH,
U1 0ObeIUHEHUs] 00JacTei, COOTBETCTBYIOIIMX KPUCTAJUIU3ALMK OTIEIbHBIX TBEPIbIX
(a3, BO3MOXKHO ee U300pa’keHue B BUJIE CXEMBbI, TPUMEP KOTOPOI IMPUBE/IEH HA PUCYHKE 5.

CaH
Es E Eg
AlH Nh
Eqt Es* Eg E#
Al'18 Mib
EA
E5* Eq Eat

Gp

Ef— _F#

Pucynok 5 — Cxematuueckasi 4eThIpeXypOBHEBas [uarpamMmma ¢Gpa3oBoro
MpEeBpAlIeHUs] B CUCTEME BTOPOTrO MOPsIKa (MOHBI HATPUS, KaIbLIUs, ATIOMUHUSA,

rugpokapOoHara, cyiabdara u Boga) npu 273 K

HpI/I HCITIOJIb30BAHUM MCTOHdA TPAHCIIALIMH, KOTda )IO6aBJ'IHCTC$I MSATBI KOMIIOHEHT K

moboi  u3 YCTBIPCXKOMIIOHCHTHBIX CHUCTCM, TICOMCTPHYCCKUC IJICMCHTHI

OCJIEIHEN

YBEIMYMBAIOT CBOM pa3Mep Ha EOWHUIY U Ha CJEAYIOIIeM YPOBHE KOMIIOHEHTHOCTH
TpaHCHOPMUPYIOTCSI U TPAHCIUPYIOTCS, 00pa3ys B MPOCTPAHCTBE MSATHUKOMIIOHEHTHOTO

YPOBHA CIICAYIOINUC HOHBAPUAHTHBIC TOUKHU:

E4+Eg* + Bs4------------- » Ei°=AIH + CaH + Nh + Gp;
E#4+Eg*+EA+4------------- > E»> = Al'18 + Gp + Mib + Nh;
E#4+Es# - ---—-=-=-=-=-——————--- » E33=Gp+ Al-18 + AIH + Nh.



Pucynok 6 comepXuT amarpaMmy, OTpaKarollyl yciaoBHs oOpa3zoBanus (a3 B
cucreme Nat, Ca2t, ADP* || SO4», HCO3 - HxO npu 273 K, mis dyeTbipex-
MATUKOMITOHEHTHOTO COCTaBa, ¢ O0O3HAUCHHMEM BCEX YCTAHOBJICHHBIX HOHBapPHAHTHBIX
PABHOBECHUU.

B

Pucynok 6 — Cucrema Na*, Ca2*, A3 || SO42-, HCO3~ - H20 npu 273 K.

HuarpamMma oOTpaXXeHHs yCIOBUN 0Opa3oBaHUs (a3 YeThIPEX-MATUKOMIIOHEHTHOTO
cocrtaBa. M3ydyeHa CTpykTypa amarpaMMmbl (puc. 6). YCTAHOBJICHO, YTO OHA SIBJISICTCS
MSITUKAMEPHON U COAEPXKHUT 3 HOHBApHAHTHBIE TOYKH U 10 MOHOBapHMAHTHBIX JIMHMIA.
HonBapuaHTHBIE TOUYKH UMEIOT OIIPE/IEICHHBIN COCTaB paBHOBECHBIX TBEPABIX (ha3.

BoceMb MOHOBapHAHTHBIX JIMHUH TE€HEPUPOBAHBI IOCPEACTBOM  TPAHCIISIIUU
HOHBApMAHTHBIX  TOYEK, MPUHANISKAINIMX  YCTBIPEXKOMIIOHEHTHOMY  YpPOBHIO, W
BU3YaJIM3UPOBAHBI ITyHKTUPHBIMU JIMHUSIMHM C BEKTOPHBIMU YKa3aTeNISIMH HaIlpaBJICHUS
TPaHCIISALUN.

@®dparMeHTaIysl auarpamMmbl (azoo0pa3oBaHUs, OCYIIECTBJICHHAs C IPUMEHEHHEM
METOAa TPAHCISAIUU, OO0ECIeYMBAaeT BO3MOXHOCTh AHAJIUTHUECKOI'O HCCICIOBAHUS U
MPOTHO3UPOBAHMUS MyTEH KPUCTA/UIM3ALIMM  COJIEBBIX KOMIIOHEHTOB B  CJIIOXHBIX
MOJIMKOMITOHEHTHBIX CUCTEMAaX Ha OCHOBE JJAHHBIX O COCTaBe TBEPABIX (pa3, BBIACIISIOIIMXCS
Ha HayaJIbHOM M KOHEYHOM 3Tarax Ipolecca.

PacTBOpMMOCTH B HOHBAPHMAHTHBIX TOYKAX CHCTEMbI
Nat, Ca%*, AB* || SO4* - H20 npu remneparype 273 K.

CocTosiHe HOHBAPHAHTHOW TOYKH, IOJyYEHHOW METOJOM TPAaHCISALUU, OBLIO
9KCHEPUMEHTAIbHO U3YYEHO C 1eJIbI0 OmpelelieHus pacTBopuMmocTH. I[IpoBeneHo
9KCMEPUMEHTAIbHOE UCCIIEIOBAHNE, HAIMPABICHHOE Ha OIpeAeiieHNe XapaKTePUCTUK
HOHBApUAHTHON TOYKH, IOJIYYCHHONH C HCIOJIb30BaHUEM MeToja TpaHcusiuu. OHO
OCYIIECTBIISZIOCh C HCIIOJIB30BAHUEM psAla METOJOJOTUYECKUX TIMOJIXOJ0B, OIHUM U3
MPUMEHSIEMBIX METOJIOB SIBJISZICSI METOJT THTPOBAHUSI.

B wmemsx oskcrepuMeHTaNbHOW BepuUKAIMU JaHHBIX O (a3ao0bpa3oBaHUM B
HOHBAPUAHTHBIX TOUKAX UCCIIEYEMOU CUCTEMBI, MOJYYSHHBIX METOJJOM TPAHCIISIUH, ObLIO
MIPOBEJICHO UCCIIEOBAHUE PACTBOPUMOCTU B Psijie YETHIPEXKOMITOHEHTHBIX cucteM. Cpenun
W3YYEHHBIX CHCTeM ObLIM cuctema ¢ obmuMm moHoMm Nat, Ca2t, At || SO4 - H2O (ipm
temriepatype 273 K) m oOmennas cucrema Na*, Ca2t || SOs2-, HCO3 - H>O (mpu
temriepatypax 273 u 298 K).

BriociencTeum, ¢ HMCIONMB30BAHUEM OPTOTOHABHBIX W TEPCHEKTUBHBIX MPOEKIIUH,
KOTOPBbIE MOJIHOCTHIO OTJIMYAIOTCS OT MPEAbIAYIINX PaOOT CIIEHUAINCTOB, ObLIa TOCTPOEHA
muarpaMMa (pa3oBbIX KOMIUJIEKCOB Ha OCHOBE COJIEBOTO TeTpasiapa. Ha oproronanbHOM
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npoekiuu $a3zoBoil quarpaMMbl OTYETIIMBO BUJIHBI CIEAYIOIINE 3JIEMEHThI: TOUKH €1, €2, €3
0003HAYaIOIIMe TMPOEKIMU COCTABOB HACHIIIEHHBIX PAacTBOPOB, COOTBETCTBYIOLIUX
komrioHeHTaM NaxSQs, CaSOs, Alx(SOs)3. JIunun Ei3-E 4, Ex3-E 4, E33-E 4 npeacrasmnstor
€000 MPOEKITNN MOHOBAPUAHTHBIX PABHOBECHIA, B KOTOPBIX COCYIIECTBYIOT ABE (a3sl: Mb
+ Gp, Gp + Al'l18 u Mb + Al'18, coorBercTBeHHO. O0mactu ei-Ei3-E4-Es3-eq, ex-E13-E14-
E»3-ex u e3-E33-E1#-E23-e3 cOOTBETCTBYIOT 00JIaCTsIM AMBAPUAHTHON KpHcTaUM3anuu (a3
Mb, Gp u Al-18, coorBercTBeHHO. Touka Ei4 — 3TO MHBapuaHTHasE TOUYKa, OTpakaroias
COCTaB pacTBOpa, B KOTOPOM HAXOASATCS B paBHOBecuH Bce TpH ¢a3bl: Mb, Gp u Al-18.

Kak Obuto oTMe4YeHO, U3 KUAKUX MPOMBIIUIEHHBIX OTXOJOB IPOU3BOJICTBA
ATIOMHUHMST pa3paboTaHa NPUHIMIHATbHAS TEXHOJIOTHYECKas CXeMa KPUCTAJUIM3ALNH
XUMHUYECKUX BellecTB. [lJIs 3TOro MCHoJIb30BaHbl JUATPAMMBI KOMIUIEKCHBIX (Da30BbIX
paBHOBecuii cucteMbl Ca?*, Na*, ADB* || SO4* - H>O, mocTpoeHHBIE C TOMOIIbIO
YHUBEPCAJIBHOTO METO/Ia TPAHCIISIIUY, pa3paboTaHa ISl JIMHUM, o0JacTelt 1 Touek (puc.7).
B cooTBeTcTBUU C HEM MOKAa3aHO, UTO B IMBAPUAHTHBIX 00JIACTSX HAXOIUTCS OJIHA ¢a3a, Ha
MOHOBApUAHTHBIX JIMHUAX - JBE, & B HOHBAPUAHTHBIX TOYKaX - TPU (a3bl B PABHOBECHU.
ITpu 0OpaboTke B yKazaHHBIX (popMax BemIeCTBa OOPa3yOTCs MOATAITHO, B COOTBETCTBHUH C
WX PAcCTBOPUMOCTBIO UM  KOJIMUYECTBOM, TMPUCYTCTBYIOIIUM B COCTaBE IKUIKHUX
MPOMBIIIJIEHHBIX OTXOI0B.

[1ITaMOHAKOMHTEb

T.K H0
—.[Bommas o6paGoTka | e

l BOJHAA OHHmeHHEIH
Tonyenne My ofpaGoTka _| MATePHHCKHH pacTBOp

[
Ha ocrose ruarpaMMa!

Bona xa
A (c PHCYEKH 1.4)

TIPOMBIBKH
— | TIpoMBIBKA mTaMa

Kprerazmusams o1

208 20273 K

[TepauyHb
DacTEop

CaS04+H,0
0,176%

OuHIIeHHBLT [THHO3EM-
COTepIKAIIHIT PACTBOP H
IpyTHE (QTOPHCTEIE COMH

Bropoit pacTeop
Nap$04+H:0
43%

Tpermnii pactB0

Aly(804)3-18H20
239%

OcTarounmli
MATePHHCKHH pacTBop

Pucynok 7 — [IpyHuunuanpHas cxeMa TEXHOJIOTUH IPOLECca KpUCTAIUIN3aLuN
OTAENbHBIX TBepAbIX (pa3 B cucteme Na*, Cazt, AI3* || SO4* - H2O

Ha moBepXHOCTM HACBHIIICHHBIX PACTBOPOB MPOIECC KPUCTALIU3AIMU OOBIYHO
yInopsiiounBaeTcsl Tak. HampasieHuss pocTa KpUCTAUIOB JIEXKAT B IUIOCKOCTSIX, KOTOPBIE
3aJJAl0TCSl COCTABOM PAcTBOpA U OJHOW U3 TPEX CTOPOH TETPasapa, KOTOPBIMU SIBIISIFOTCS
BOJIHBIN pacTBOp Cyjb(ara KalbliUs, BOJHBIA PacTBOpP Cyib(aTa HATPHUS WM BOIHBIN
pactBop cyiabdarta amoMmuHus. Ha  gumarpamme  ¢$a3oBOro  COCTOSIHUSL — 3TH
KPUCTAJUTM3AI[MOHHBIE TYTH BBITSAST KaK MOHOBapUaHTHBIE MpsiMble. [IpencraBieHHas
muarpamma  (pa3oo0pa3oBaHUs JEMOHCTPUPYET, KAKUM O0Opa3oM MOXET H3MEHSThCS
COJIEBO COCTAB HACBIIIEHHBIX PACTBOPOB B MPOLECCe U30TEPMUUYECKOTO YIIapUBaHUs. DTO
KITFOUEBOE CBOMCTBO IIEHTPATIbHOM MPOESKIUH.

Hwuskast pacTBOpUMOCTh Cyib(aTa KaJblUs IO CPaBHCHHIO C APYTUMU
komroHeHTamu B cucrteme Nat, CaZt, AIF* || SO42 - HyO, cHayana mpuBOIUT K TIOJIIO
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kpuctayummzanuu CaSO4 (CaSO4EPE1#E23CaS0s)). To ecTh, cHauama obpasyercs Iojie
kpuctaummzanun CaSOs u Bbigensiercss yucTbiit rumc. [Ipu 3TomM M300pakeHHass TOYkKa
pactBopa mnepemeraercs 1mo npsmoir CaSOs M ot Mi, coctaB ¢a3bl HAXOIUTCS B TOUKE
cynbdara HaTpus. bpuIn mosrydeHsl TBepAble (a3bl mosie, TuHUN U Todyek. [IpoBenen ux
pentreHodazoBeiii  aHanus. dudpakrorpamma paBHOBECHBIX (a3 1Jisi HOHBAPUAHTHOMU
TOYKHU MPEICTABICHA HA PUCYHKE 8.

140
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Pucynok 8 — Jludpakrorpamma paBHOBECHBIX TBEPABIX (a3 It HOHBAPHUAHTHOW TOYKHU
cuctembl Ca?*, Na*, AP+ || SO42- - H2O npu 273 K
Kunkast ¢asza riccnemyeMoil CUCTEMBI ObIIIa M3Y4eHAa METOJIOM XUMHUYECKOTO aHAIIM3a
(Tabmn.3).
Taoauna 3 — PacTBOpUMOCTB cojie 4eThIPEXKOMIIOHEHTHOMN CUCTEMBbI
Ca?t, Na*, A" || SO4* - HO ipu 273 K

Ne CocraB xuako¥ ¢asbl, Mmac.% CocraB
TOYKH ($ha30BBIX
NaxSO4 | CaSOs | Al(SO4)3 H>,O 0CaJKOB
el 4.30 - - 95.700 Mb
) - 0.176 - 99.824 Gp
€3 - - 23.90 76.100 Al-18
E:3 4.34 0.196 - 95.464 Mb + Gp
E»3 - 0.210 19.93 79.860 Gp + Al'18
E33 5.21 - 25.16 69.630 Mb + Al-18
E# 4.48 0.187 24.45 70.883 Mb
+Gp+AI-18

Pucynox 9 neMoHcTpupyeT pa3pa0OTaHHYIO HAMU AUarpaMMy pacTBOPUMOCTHU
CHCTEMBI, COJIEpIKallleil MOHbI HATPHs, KaJbLIUs, alIFOMUHUS, cylbdaTa u Boay npu 273 K.
[Toctpoenne nuarpamMmbl BBITIOJIHEHO Ha OCHOBE BIIEPBBIC IOJYYCHHBIX aHHBIX. B
pucyHkee 9 ¢ MpUMEHEHHEM MACCHEHTPUUECKOr0 METOAa ObUIM YCTAHOBJIEHBI KOOPIUHATHI
HoHBapuaHTHbIX Touek (E.3 um Es*), coorBerctByrommx 3-X U 4-X KOMIIOHEHTHBIM
paBHOBeCHsIM (N — TIOPSAKOBBI HOMEpP TOYKH). OTU KOOPAWHATHI OBUIM 3aTEM
BU3YaJIM3UPOBAHBI HA HArpaMMe.
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CaSOq4

Al2(SO4)3

Pucynok 9 —Cuctema Na*, CaZ*, AI¥* || SO4% - H20, e€ auarpamma pacTBOPHUMOCTH

Ha pucynke 9 mpencraBieHa amarpaMMa pacTBOPUMOCTH BOJHOW CHCTEMBI,
coaepxkamieit monsl Na*t, Ca2t, AB* || SO4> - H,O npu Temniepatrype 273 K. duarpamma
BU3yaJIbHO OTOOpa)kaeT o0JacT CTaOWIBHOCTH, T.€. TOJISI KPUCTAJUIU3AllUM HMHBIX
PaBHOBECHBIX (ha3, B TOM YHUCIIE ITOKAa3bIBACT MX Pa3MepPbl U OTHOCHUTEIBHYIO JIOKAIIHIO.
UccnenoBanme mpomeccoB ¢opmMupoBaHusi (a3 U pacTBOPEHHs] B BOJHOW CHCTEME,
cozepKalieil MOHbl HATPUS, KaJIbLIMs, AIIOMUHUS, CylIbdaTra U BOLY NMPU U30TEPMUUYECKON
temnepatype 273 K neMoHcTpupyeT, 4yTo obnacth ocaxiaeHus rumnca (CaSO4) 3aHMMaeT
ONIYTUMYIO JIOJIIO JUAarpaMMbl COCTOSIHHS, YTO CBHJETEIIBCTBYET O €ro HHU3KOU
pactBopuMocTd. Pa30Bble KOHUEHTpPALMU B HKHUIKUX COCTOSIHUSIX HpPH Pa3aesbHOM
KPUCTAUIM3ALMM UIsL TIOJIEM M COBMECTHOM KPUCTAUIM3ALMMU Ul JIMHUA M TOYEK
yCcTaHOBJNEHbl. OTHOBPEMEHHO [IOCTUTHYTHIE PE3YJIbTAaThl HAYYHOTO HCCIICIOBAHUS
MOATBEPKJIEHbl KPUCTAJUIOONTUYECKUM, PEHTIe€HO(PA30BbIM U XMUMHYECKMM METOJAMHU
aHalnu3a, YTO MOET OBbIThb MPUMEHEHbBl BO BpeMs pEreHepaluyd TaKUX OTXOJIOB
AJTIOMMHHMEBOTO 3aBOJIa, KOTOPbhIE MMEIOT XHUIKOE arperaTHOe COCTOSHUE M COIEpKaT B
CBOEM COCTaBe CyIb(}aThl ATTFOMUHUS, HATPHUS U KAJIBIIHSI.

PacTBopnMoOCTh B HOHBAPHAHTHBIX TOYKAX CHCTEMBI
Ca?*, Na*, AB* || SO42- - H20 ans remnepatypsi 273 K
B uersipexkomnonenTHoi cucteme Na*, Caz*, AI3* | SO42- - HoO npu temmnepatype
273 K nOpoUCXOOUT KpUCTAIIM3ALMS, B pe3yJbTaTe 4Yero oO0pas3yroTcs CIeayIoIue
coenuHenusi: runc (CaSO42H>0), Oukapbonat xkanpuus (Ca(HCO3)2), mupadOunur
NaxSO410H,O wu Haxkomur (NaHCOs), mnpencraBnstommue coboi  cyiabdaTel U
TUAPOKAPOOHATHI HATPUS U KaJIbIUS.

Jns 9KCIepUMEHTAIbHOTO HCCIEOBAHUSI PACTBOPUMOCTH B T'€OMETPUYECKUX
anmementax cucreMbl Nat, CaZ* || HCO3-, SO4> - H»0O, KOTOpBI MOCTPOEH C HaIleH
CTOPOHBI YHUBEPCAIIBHBIM METOJIOM TPAHCIALMH, OBLINM UCIOJIb30BAHBI TAKHE PEAreHTHI
kak Ca(HCO3)2 (u); NaHCO3 (4); CaSO4-2H20 (u); u NaxSO4 10H20 ().

JlaHHbBIE TIO PACTBOPUMOCTH B HOHBAPUAHTHBIX TOYKAaX TPEXKOMITOHEHTHOU CUCTEMBI,
B3SITbIE W3 JIMTEPATYp, M NPEIJIOKEHHbIE HAMH YPOBHU [UISI UYETHIPEXKOMIIOHEHTHOM
CHCTEMBbI CBEJIEHBI B Ta0uILy 4.
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BTOPOT'O IIOpsAaAKa COCTOSIIIEN U3 HOHOB KaJIbIIusd, HATPHUA, cynb(baTa, 6I/IKap6OHaTa 1 BOJbI

Ta6auua 4 — M30TepMa pacTBOPUMOCTH B TEOMETPUYECKUX (POPMAX CUCTEMBI

npu teMmnepatype 273 K.
Ne CocraB )xuakou ¢3sl, Mac.% PaBHoBecHbIE
(em | Na*SO4% | NatHCOs3- | Ca2*SO42- | Ca2*(HCO3)- | H2O | TBEpabIe asbl
E)
€l 4.300 - - - 95.700 Mib
€2 — 6.490 - — 93.510 Nh
€3 - - 0.176 — 99.824 Gp
€4 - - - 0.144 99.856 CaH
E.3 2.570 5.820 — — 91.610 Mib + Nh
E)3 4.340 - 0.196 — 95.464 Mib + Gp
E3? - - 0.217 0.083 99.700 CaH + Gp
E43 - 4.890 - 0.109 95.001 Nh + CaH
E# 3.430 5.220 0.326 — 91.024 Mib + Nh +
Gp
Ex* - 4.865 0.131 0.153 94.851 Nh + CaH
+Gp

JunarpamMma pacTBOPUMOCTH YETHIPEXKOMIIOHEHTHOM CUCTEMBI BTOPOTO MOPSIKA IS
temmepatypbl 273 K cocTOUT M3 HMOHOB KajibliMs, HaTpus, cyiab(dara, OukapOboHaTa M
BoJibl. OHa BriepBbIe ObLIA IOCTPOECHA MO JaHHBIM Ta0auubl 4 (puc. 10).

H,O
4 €4
€3 ‘f
K f:’\ \ O _Epm
E330)___[z d T (S
elo ¥ [ N E24(l]
Ez3“) ! 'I*— E]S(l)
E 40
NaJSO{VI\VIV'Vbﬁ ey 2NAHCO3
. A E* —— Eg
i L2 Gp
CaH

CaS0y 2~ Ca(HCO:);

Es
Pucynok 10 — Cucrema Broporo nopsiaka Ca2t,Nat, || SOs2-, HCO3- - H>O. luarpamma
pacTBOpUMOCTH 1J1s1 u30TepMbI 273 K

durypaTuBHas TOYKAa HM3yUYEHHOW JuarpaMMbl COCTOSIHHSI TIPEICTaBISIET COOOM

COTIPUKOCHOBEHHE OCH KOOPAMHAT, T.€. CTOPOH UEThIPEXYTOJIbHIKA U BHYTPEHHEH CMECH.
N3 pucynka 10 uersipéxkommoneHTHOM cuctembl CaZt,Na*, || SO4*, HCO3 - H>O
npu uzotepme 273 K BuaHO, YTO KpUCTaUIM3alMs OMKapOOHATa KajabLUs 3aIOJIHSET He
MaJIyI0 €€ 4acCTh. JTO MOATBEPKIAET O MAJIOW PACTBOPUMOCTU OMKapOOHATA KAJIBIIHS IO
CPaBHEHHUIO C OCTAJIbHBIMM PABHOBECHBIMU TBEPIABIMU (Da3aMH B 3aJaHHBIX YCIOBHSX.
Mupabunur 3aHuMaeT HEOOJBIIYI0O YacThb JMAarpaMMbl CHCTEMbI, UTO YKa3bIBaeT Ha
BBICOKYIO PACTBOPUMOCTb MUPAOWIIUTOBOM cOTH. B TO ke Bpemsi, MoTydeHHbIE Pe3yTbTaThI
HAyYHOTO WCCJIEIOBAHUSI TIOATBEPXKACHBI KPUCTAUIOONTUYECKUMH M XUMHYECKUMH
METOJaMHU aHaJIN3a, YTO MOKET OBbITh HCIOJIB30BAHO IMPHU PEreHEpallUd KUIKUX OTXOJ0B
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AJTIOMHHHMEBOU TIPOMBINIJICHHOCTH, COACPKAIUX CYIb(aThl U TUAPOKApOOHATHI HATPUS U
KJTBITHSL.
®da3o00pa3oBanne B cucteme Na*, Ca2t, APt || SO4z, HCOs - H,O
PaccmoTpensr pe3yIbTaThI M3y4YeHUS (dhazooOpa3zoBaHms Ha ypOBHE

YeThIpeXKoMITOHeHTHOM cucteMbl Na*, Cazt, A3+ || SO4+, HCOs - H>O. [1ns uccneayemoit
MATUKOMITOHEHTHON CHUCTEMBI OIPENEICHbl XapaKTepHbIC IS HOHBAPUAHTHBIX TOYEK
TBEpBIC paBHOBECHBIE (pa3bl (TAOII. 5).

Tadoauna 5 — HoHBapuaHTHbBIE TOUKHU ISl YETHIPEXKOMITOHEHTHOW CUCTEMBI,

Brrovaromieit Na*, Cazt, A3t || SO4%, HCOs- - H>O B BoaHOI cpenie

nipu teMnepatype 298 K

Ne(en E) Cucrema PaBHOBecHBIE TBEpABIE
dhaszml

E4 Nat, Cazt, AP || HCOs3 - H,O Nh + CaH + AIH
Ex* NaAl-12 + Gp + Al'18
Es¢ Nat*, Ca2t, A3 || SO42— - H,O NaAl-12 + Gp + Gb
Eq* NaAl-12 + Mib + Gb
Es* Ca2t, A3t || SO42-, HCO3 - Gp + CaH + AIH
Es* H>O Gp + AIH + Al'18
E+# NaAl-12 + AIH + Al'18
Eg* Na*, AlI** || SO4%, HCO3- - Nh + AIH + NaAl-12
Eo* H>O NaAl-12 + Mib + Nh
Eio# Mib + Nh + Gb
Ei# Nat, Ca?t || SO4%, HCOs3 - Nh + CaH + Gb
Epp? H>O Gb + CaH + Gp

Ha ocHOBe pe3ysbTaToB TAaOIUIBI 5 CONEBOM YacTh AuarpamMmbl Gpa3zoo0pa3oBaHMs
cucrembl Na*, Ca?*, AP+ || SO4, HCOs; - H>O Ha ypoBHE 4-XKOMIIOHEHTHOW 4YacCTU
MOCTPOEHBI U BU3YIM3UPOBaHbI (puc. 11).

Ca(HCO3):
CaH
. Ef .-
A A&
A
AH | N
Ca(HCOs) Al(HCO;)s; ! NaHCO; Ca(HCOs)
CaH ,‘/ AlH AH ; Nh Nh i CaH
T >
s\ e Bt e BB \E
& A &« A P e
E¢'s s 4 4 *
Gp /A8 All8 1 NaAll2 | Mib Mib | Gb i Gp

Ca50s ALSO5); NasSOr %0,

All$ | NaAll2 | Mib

v V‘
IN AT

Es'® Gp
Gp

CaS0y -
Pucynok 11 — Cucrema Na*, Ca2+, A3+ || SO4%, HCO3- - H2O. Jluarpamma
(azoobpazoBanus kak «Pa3BepHyTtas mpusma» mis temmepatypsl 298 K Ha yposHe 4-

XKOMITOHEHTHOCTH
KpI/ICTaHHI/BaL{I/IH OTACIBbHBIX TBCPAbIX PABHOBCCHBIX (1)33 CUCTEMbI BTOPOTO
InopsaaKa IIPoOUCXoaAuT B HCCKOJIBKHUX 4-X KOMITOHEHTHBIX CHCTEMaXx. Nx mnons

O0BEANHAIOTCS. DTO 3HAUUTENBHO YNPOINAET CTPYKTYPY AuarpaMmbl. B To xe Bpems B
nerioM nHpopmaius He MeHsieTcs. Jluarpamma ¢pazoodpa3oBaHus U3yUYEHHON CHCTEMBI IS
teMrnepatypsl 298 K npeacraBiieHa Ha pucyHke 12.
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Pucynok 12 — CxemaTtudeckast nuarpamma (azoodpasoBanus cuctembl Nat, Cazt, A3 ||
SO42-, HCO3~ - H2O st remmiepatypst 298 K Ha ypoBHE 4eThHIPEXKOMITOHEHTHOM CUCTEMBI.
MeTomnoM TpaHCIALNUY MTOKa3aHo, YTO HA MATUKOMIIOHEHTHOM YPOBHE CHCTEMBI OHU
00pa3oBaIM HUKEYyKa3aHHOE KOJIUYECTBO HOHBAPUAHTHBIX TOUECK.

EA4A+E#+EA4 —------mmeeo - »E1> = Al-18 + NaAl-12 + Gp + AlH;
EA+E#4+E ¢ --ccmmeemeee - »E>> = NaAl-12 + Gb + Mib + Nh;
E4+E14 commmmmmeeeeeeoo 22 »E3> = CaH + AIH + Nh + Gb;
Es##+AlH ----------------- »E4 = NaAl-12 + Gp + Gb + AlH;
Es*+ Ejp*  ----------------- »Es> = CaH + Gp + AIH + Gb;
Eg*+Gb ----mmmmme e - »Eq> = AIH + Nh + NaAl-12 + Gb.

®dazoobpazoBanue cucreMbl Nat, Ca2t, Al¥* || SO4%, HCO3 - H>O wu3zyueno
BIIEPBBIC C HCIOJIBL30BAHUEM MeToda TpaHcusaiuu. IlocTpoeHa ee auarpaMva IIpu
temnepatype 298 K (puc. 13). Ha quarpamMmme nmoka3aHbl BCE BO3MOKHbIC HOHBapHUAHTHBIC
TOYKH.

Es’__ .
T ¢ T
o] Eit - _En En
. -
| -
\E:</ -
E54 E74 E84 E94 E]O4
N \ ~ A
N // \\ N P
.
Np g/ ' R
EZ EsS EeS 5
4\ 6 — - E>°
\\ ~ Ef
N
it ~
.
\\ \\
E24, Ej4

Pucynok 13 — Cucrema Na*, Ca2t, A" || SO4%, HCO3- - H2O nipu Temnepatype 298 K Ha
YPOBHE UETHIPEX-MIITUKOMITIOHEHTHOCTH. JIlnarpamma eé ¢azoo0pa3oBaHusl.
Kpucranmmszanuss OTAeIbHBIX TBEPAbIX PaBHOBECHBIX (ha3 MCCICIOBAHHOW CHCTEMBI
MPOUCXOJIUT B HECKOJIbKMX UYETHIPEXKOMIIOHEHTHBIX cucTeMax. WX 1mosis oObeauHSIOTCS.
DTO 3HAUYUTEIBHO YIPONIIAET CTPYKTYPY AUArpamMMbl, KOTOpas OCHOBaHa Ha TBEPIIbIX
(azax, oOpa30BaHHBIX B HaYaJIe WJIK B KOHIIE Ipolecca.

19



PacTBopuMOCTh B HOHBAPHAHTHBIX TOYKAX CHCTEMBI
Na*, Ca2* || SO4%, HCO3 - H20 nas uzorepmbi 298 K.

OKCIIEpUMEHTAIbHO UCCIIEys] PACTBOPUMOCTh B T€OMETPUYECKUX JJIEMEHTax
cuctembl Na*, Ca?* || SO4>, HCO3 - H>O, mocTpoeHHONH METOIOM TPaHCISAINH, MBI
HCIIONIb30Bau crneayrornue peakTuBbl: NaxSO4-10H20 (u1); Ca(HCO3): (u); CaSO4-2H20 ()
u NaHCO3 (u).

DKCIIEpUMEHTHI TPOBOIUIIUCH B MOJIEIILHBIX PACTBOPAX M COOTBETCTBYIOT YCIIOBUSM
METO/la TPAHCISIIMM B  YETHIPEXKOMITOHEHTHBIX CHCTeMax. lemreparypa cMecu
MojJep)KuBagach ¢ momolnplo Tepmoctata Mapku LT-TWC/22 u  mnocTosHHO
KOHTPOJIMPOBaJach KOHTAKTHBIM TepMoMeTpoM. IlepememmBaHuEe OCYIIECTBIISUIOCH
Mewankoi PD — 09 no moctmxenus paBHOBecusi B pactBope. Kpucramimszanus TBEpAbIX
(a3 Habmroganace ¢ nmomoIbio nuppoBoro Mukpockomna mapku «ITIOJIAM — P 311», a
dorocreMka mpoBoamnack (Qoroammapatom «SONY Alpha ILCE-7M3 body». bt
MPOBEICH XUMUYECKUA aHaM3 XUAKOW ¢a3bl (Tabn. 6). OJHOBPEMEHHO pPe3yJIbTaThI
KPUCTAJUIOONTUYECKOTO aHAJIN3a YETHIPEXKOMIIOHEHTHOTO YPOBHSI HOHBAPUAHTHBIX TOUEK
YETBIPEXKOMITOHEHTHON oOMeHHo# cucteMbl Nat, Ca?*t || SO42, HCO3z - H,O nns
temrnepaTypsl 298 K npuBenieHbl Ha pucyHke 14.

Mib+Gp+Gb Nh+Gb+CaH

CaH+Gp+Gb

Pucynok 14 — MuxkpodoTtorpadun paBHOBECHBIX TBEPIBIX (ha3 CUCTEMBI
Ca?*, Na* || SO4*, HCOs3~ - H20 nipu remnepatype 298 K
Tadmamma 6 — Cucrema Broporo nopsinka Ca?*t, Nat || SO42-, HCO;3- - H»O.
PacTBOpUMOCTH B TeOMETpUIECKHNX (JopMax CUCTEMBI Ipu Temnepatype 298 K

CocraB xxuako ¢assl, Mac. % Cocrasn

Ne TBEpIOH (a3l
(em | Na*HCOs | Nay*SO4- | Ca?*(HCO3)y | Ca?*SO4 | H20

E)

el 9.310 - - - 90.690 Nh

€2 - 21.900 - - 78.100 Mib

€3 - - 0.0160 - 99.984 CaH

€4 - - - 0.219 99.780 Gp

Es3 4.160 20.680 - - 75.160 Mib+Nh
E»3 4.890 - 0.0109 - 95.090 Nh+CaH
E3? - - 0.0168 0.186 99.797 CaH+Gp
E43 - 21.750 - 0.197 78.050 Mib+Gp
Es3 - 25.780 - 0.188 74.030 Gb+Gp
E# 5.200 28.380 - 0.270 66.150 | Mib+Nh+Gb
Ex* - 25.140 0.0136 0.184 74.660 | Gb+CaH+Gp
Es* 7.120 24.400 0.0163 - 68.460 | Nh+CaH+Gb
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Ilo nmanHpIM TaGmuubl 6 BOEepBbIe pa3paboTaHa AMArpaMma pPaCTBOPUMOCTU IS
YETHIPEXKOMITOHEHTHOM CHUCTeMBI BTOporo mopsjaka mnpu Temnepatype 298 K. Cucrema
coctrout u3 noHoB Ca2*, Na* || SO42-, HCO;3- - H20 (puc. 15).
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/
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£ Gp
CaH
Ca(HCO3); CaSO;
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Pucynok 15 — J/lnuarpamma pacTBOPUMOCTH CUCTEMBI COCTOSIIIIEH 13 MOHOB KaJIbITHS,
HaTpus cynbdaTa, OukapboHaTa u BOAsI pu Temmepatype 298 K.

N3 pe3ynbTaToB HCCIENOBAaHUS AUArpaMMbl BUAHO, YTO (PUIypaTUBHas TOYKa
COOTBETCTBYET KaK COCIMHEHHUIO OCEH KOOpAMHAT (CTOPOHAM YEThIPEXYrOJbHHUKA), TaK U
BHYTPEHHEW CMECH TMarpaMMBl.

Ha pucynke 15 npencraBiieHbl AUarpaMMbl YeThIPEXKOMIIOHEHTHOM cucTteMbl Ca2t,
Nat|| SO4%, HCOs3 ipu uzorepme 298 K. Ha Heii BUIHO, UTO TEpPUTOPHUS KPUCTATUTM3ALINH
oukapoonata kanpiusa Ca(HCOs3), 3aHMMAET CyIIECTBEHHYIO YacTh JUAarpaMMbl, KOTOPOe
noaTrBepxkaaer Hu3kyro pacrBopumoctb Ca(HCO3), mno cpaBHeHMIO C JAPYTUMH
PAaBHOBECHBIMH TBEPJbIMU (ha3aMU B IPUBEACHHBIX YCIOBHSX. MUPAOWIUT 3aHMMAeT
HEOOJIBINYI0 YacTh JAUArpaMMBbl CHCTEMbI, YTO YKa3bIBa€T Ha BBICOKYIO PaCTBOPUMOCTH
9TOU COJIN.

Hns  ycraHoBiieHUs (a30BOro paBHOBECHS TBepAbIX a3 B aHAIM3UPYyEeMOU
BBINICTIPUBEICHHON CHCTeMe OBbLI MCIOJB30BAH KPUCTAUIONTUUECKUN MeToa [92-94].
Habmronenrie paBHOBECHBIX TBEPABIX (a3 CUCTEMbI BU3YaJIbHO BOTUIONMIATIOCH ITPU TTOMOIITH
Mukpockona. Ilpu mokymenTauuu ObuUTa Hcroib3oBaHa (orockémka. Ha pucynke 39
nmokaszaHbl MUKpodoTorpaduu i OTAEIbHBIX TBEPABIX (pa3. YKazaHa TakkKe COBMECTHAs
KpUCTajuIu3anus 3Tux (a3, KOTOpble HAONIOJAIUCh B HOHBAPUAHTHBIX TOUKAX TPEX- U
YETBIPEXKOMITOHEHTHBIX  TIOBEPXHOCTEH. Pe3ynmbTaThl MPOBENEHHOTO  HCCIEAOBAHUS
npoueccoB (hazooOpa3zoBaHus U pacTBopuMocTu B cucreMe Na*, Ca2* || SO42-, HCOs3 -
H>O npu wuzorepme 298 K u cTpoeHue auarpaMMbl TOBOPAT O TOM, 4YTO IpaHHULA
kpuctaumzanun OukapOonata kampuus (Ca(HCOs3)2) 3amonHser HeMalyl0 dacTh
TUarpaMMBbl, YTO JOKa3bIBaeT MaJlyl0 PACTBOPHUMOCTH 3TOTO COCIMHCHUS B 3aJIaHHBIX
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ycnoBusix. B mporecce vcciaenoBaHN HaMU ObLITA UCIIOIb30BaHbl KPUCTAJTIOONTHYECKUHN U
XUMUYECKHE METOAbl aHaiau3a cucreM. Bo Bpemss pa3paboTKu TEXHOJOTUM ist
pereHepaIu XUIKUX OTXOJI0B aJTlOMUHUEBOTO 3aBOJIa OyAyT MCIOJIb30BAHBI BHISBICHHBIC
3aKOHOMEpPHOCTU. HyXHO OTMETUTh, YTO COCTaB XUIAKUX (a3 aTFOMUHHEBOTO 3aBOJIa
COACPKUT OUKapOOHATHI U CYIb(PaThl HATPUS U KATbLIUS.

OBLIME BbIBO/IbI

1 W3ydenue oOpazoBaHus ¢a3 CIpPOrHO3UpOBaHO I u3oTepMm 273 m 298 K He
TOJIbKO B 0OMeHHOM xumudeckoit cucreme Ca2t, Nat, Al3* || HCO3-,SO4% - H>O, HO
U B YETHIPEXKOMITOHEHTHBIX CHUCTEMaX BXOIAIIUX B ero cocrtaB Na*t, Cazt, ADB* ||
SO4% - H2O; Nat, Cazt, AlI3* || HCOs - H,O; Na*, Ca2* || SO42, HCOs - H2O; Na*,
A" || SO42-, HCO3 - H2O u Ca2t, Al3* || SO42, HCO3- - H>O. BriepBbie ToCTpOeHBI
UX pa3BepHYThIE Auarpammel [5-M, 7-M, 9-M, 10-M].

2 YcraHOBJIEHO, UTO (pa30BbIE MPEBpAIIEHUS B HCCIEIYEMOW CHUCTEME IOJTHOCTHIO
OIUCBIBAIOTCS €€ reoMeTpudeckuMu popmaMu. st MATUKOMIIOHEHTHON 0OMEHHOM
¢usuko-xumuueckoit cucrembr Ca?*t, A3t || HCO3,~ SO4* - H2O B uzotepme 273 u
298 K ycTaHOBIJIEHO CIIeyIOlllee YHUCIO Te€OMETPUYECKUX 0O0pa3oB B Buae 3 U 6
HOHBapUaHTHbIX TOoYeK, 10 m 18 MOHOBapuaHTHBIX JMHUKA a Takxke 12 u 19
JUBapUaHTHBIX moJjel [8-M, 11-M].

3 TlsTukoMmoOHEHTHasT XWMHUYECKas CHCTEMa BTOPOTO TMOPSIKa, BKIIOYAIOMIAs
KaTHOHBI KaJIbIUsI, HATPHUSI, ATIOMUHHUS 1 aHUOHBI OMKapOoHaTa, cyibdarta, a TaKxKe
BOJly, ObUIa HCClIeIoBaHA C IOMOINBIO auarpamMMm (a3oBbix paBHOBecuil. C
WCIIOJIb30BAHUEM METOJIa TPAHCIAIMU Kaxaas nuarpaMma Oblia pa30urta Ha JiBe
4acTU. DTO TMOJsA, COBMECTHON KPUCTAIUIM3AIMU ABYX (a3 B S-WKOMIOHEHTHOM
CHUCTEME BTOPOIO IMOpPSIIKA, a TaKXe IOJIsl, COOTBETCTBYIOIIME KPHUCTAJIU3AIUU
OTJEIbHBIX (Da3 B 4-XKOMIIOHEHTHBIX CHCTeMaX BToporo mopsaka [11-M, 12-M].

4 TlpoaHamu3upoBaHa PACTBOPHUMOCTb B TaKHUX UYETHIPEXKOMOITHEHTHBIX CHCTEMax
kak: Ca2t, Na*, A" || SO4% - H2O (273 K) u Na+, Na*, Ca2* || SO4>, HCO3- - H20
(273 m 298 K), BmepBble MOCTPOECHBI UX AMATPAMMBI cocTosiHUs. [losydeHHbIe
JIaHHBIE 1O  PACTBOPUMOCTU  TOJATBEPKIEHBI M  JIOKa3aHbl  METOJaMH
pPEHTreHo(a30BOro, KPHUCTALIOONTUYECKOTO M XHMHUYECKOTO aHAIU30B, OHH
MOJTHOCTBIO COTJIACYIOTCSI C JIAaHHBIMM, IMOJIYYEHHBIMM METOAOM TpaHchsuuu. Ha
OCHOBE MMOCTPOEHHOM JIUarpaMMBbl pa3paboraHa MIPUHIIUTTHATIbHAS
TeXHoJoruueckas cxema [3-M, 4-M, 5-M, 12-M].

5 Teopernueckue M OIKCHEPUMEHTAIbHBIC HAHHBIE, KOTOpbIE OBLIM TIOJIYYEeHBI B
npoluecce M3ydyeHus, OyayT HMCIOJIb30BAHBI B KAYECTBE CIIPABOYHBIX MATEPUATIOB U
mocoOuii BO BpeMsi aHajIu3a MHOTOKOMITOHEHTHBIX XUMUUYECKHX cucteM. Kpowme
3TOTO, 3TU JAHHBIE TIPEIICTABIISIOT HAYYHYIO OCHOBY TSl pa3paboTku 3(h(peKTUBHBIX
METOAO0B MO IMepepadoTKe MPUPOJHOTO U MPOMBIIIIEHHOTO ChIPbSI, COACPKAILETO
CIIOXHBIM cocTaB  (TUAPOKAPOOHATHI HATPHS, CyIb(haTbl HATPUS, KaJIbIUS WU
amomunus) [1-M, 2-M, 5-M, 6-M, 11-M].

PexomMenanuu no npakTHYeCKOMY HCNOJIb30BAHUIO Pe3yIbTATOB
JAHHOI JUCCePTALIMOHHON padoThI

ITonnmanue 3akoHOMepHOCTe (a3000pa3oBaHUsI B MHOTOKOMITOHEHTHOM cCHUCTeMe
Nat*, Ca2t, AP* || SO42-, HCO3 - H>O sBnsiercss OHMM W3 OCHOBHBIX (KJTIOUEBBIX)
MOMEHTOB NPOBEAEHHOI'O MCCIENOBAHUSA. DTO OOYCIOBJIEHO TE€M, YTO JaHHas CUCTEMa
BKJIIOYAET TaKue BakHble coequHeHus, Kak wmupadbunutr (NaSO410H20), nHaxkomut
(NaHCO3), runc  (CaSO42H20),), runpokapbonatr  kanpmusi  (Ca(HCOs3)y),
oktanekaruapat cyibdara amoMmuHus (Alx(SOs4)3-18H20O) u runpoxapboHAT aTFOMUHMS
(AI(HCO3)3), xoTopble UrparOT BaXKHEUINYKD POJIb B  Pa3jU4YHBIX  OTPaACIAX
MPOMBIIIIEHHOCTH B 3aBUCUMOCTH OT HX MpPHUMEHeHUs. KMX MOXXHO HCIIOIb30BaTh:
06e3BOAHBIN Cynb(aT HATPUS B CTEKOJBHOM MPOMBILIIEHHOCTH, MPOU3BOACTBE >KUIKUX
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MOIOIINX CPEACTB, KOXXE€BEHHOM MPOMBIIUIEHHOCTH U [p.; THAPOKApPOOHAT HATpUs B
XUMUYECKOH, MUIIEBON, MEIUIIMHCKON U JIp. OTPACIISX; CyIb(aT Kaablus B MPOU3BOICTBE
TUICAa, B KAuecTBE KOAryJIsHTa B MPOU3BOACTBE TO(y; OKTaaeKaruapar cyiabdara
AIIOMUHUSI B KauecTBE KOAryJIsHTa [JId OYUCTKM BOJbI, B IIPOU3BOJCTBE Oymaru,
KOXXEBEHHON IMPOMBIIUIEHHOCTH W [Ip.; TUAPOKAPOOHAT ATIOMUHMS B MEJIUIIMHE Kak
AHTALIMJIHOE CPEJICTBO, B KOCMETHKE KaK 3yOHasl macra, B IPOMBIIUIEHHOCTH JIJI1 OYMCTKHU
BOJIbI, B KAyeCTBE KaTajau3aTopa Uil OKpallMBaHUs TKaHEH U Ap. BeimeynoMsiHyTbie
BEIIIECTBA MPHUCYTCTBYIOT B JKMIKHUX OTXOJaX 3aBojia IO IMPOU3BOJICTBY AJIOMUHUS,
KOTOPBIN Haxoautcst B roponae TypcyH3aae, OHU BCTPEUAIOTCs] KAK MHOTOKOMITOHEHTHbIE
cuctembl. PesynbTaThl uccieqoBanus (Ha3oBOT0 paBHOBECHS B S-MKOMITIOHEHTHOM CHUCTEMeE
Nat, Cazt, AlI** || SO4%, HCO3 - H2O MoryT ObITh MPUMEHEHBI KaK Hay4yHasi OCHOBa I
peanu3alny TeXHOJIOTHH MepepaboTKM KaK MOJIMMUHEPATIbHOTO, TaK U KOMILIEKCHOTO
TEXHMUYECKOTO CBhIPbSI, B COCTaB KOTOPBIX BXOISAT CYIb(AThl HATPHS, THMAPOKAPOOHATHI
HATpUsl, a TAK)KE KapOOHATHI U CYJIb(AThI KAJBIUS U aTIOMUHUS.

IIpu pemeHMM KOHKPETHBIX MPAKTHUYECKUX 3aj1ad auarpamma (azoobpazoBaHus
HCCIIEyEMOMN S5-UKaMIIOHEHTHOM CHUCTEMBbI NMPH 000N CTENEHM BAPUAHTHOCTH CUCTEMBI
MOXeET OBbITh (PpAarMEHTUPOBAHA MO 00IACTAM KPUCTAILIN3AIMN OTACTbHBIX COCTUHEHUH.

NEPEYEHb HAYYHBIX NYBJIUKALIMI COUCKATEJIA YUYEHON
CTEIIEHU 110 TEME JUCCEPTALIUA
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AHHOTATCUSA
6a puconau OmumaonoBa Huydap Baxo64oHoBHa 1ap MaB3yn «XamaBaHaari Ba
(pazaxocumuasun cucreman Nat, Ca2+, AP+ || SO4-, HCO3 - H;O nap xapoparxou 273 Ba 298 K»
O0apou napédrTu gapavau nwiimun 1oxkTopu pancada (PhD) a3 pyiiu nxtucocu
6D060601-Xumust (6D060601-Xumusu FaiippopraHukii)

Kamumaxon kaamai: KOMIOHEHT, (a3axOoCWIIaBi, CUCTeMa, XajllaBaHiari, ¢asau caxr,
(dazau Moeb, KpUCTALTU3ATCUS, AUATpaMma, H30TepMa.

OO0beKTH TaxXKHKOTH WIMi: cucTeMan OmcépkoMmoHeHTam Na*, Ca2+, Al3*||[SO4*, HCO;-
H,O, cybcucremaxou xommnoHeHTHokmarmoH yopu Nat*, Ca?*, Al3||SO4>--H,O; Na*, Ca?2*+, Al3+-
HCO3-H,0; Ca?+, AI3*||SO42-, HCO3;-H>O; Na*, Al3*||SO42-, HCO3;-H>O; Na*, Ca2*||SO42-, HCO3—-
H>O Ba 9 cucremaxou CCKOMITOHEHTAHW UTap MeOOIIaH/I.

Xanadu TaXKHKOTH Ma3Kyp MyailstHco3un (pa3axOCHIIIIABHA Ba XaJIIaBaHIArA Jap cCUCTEMan
OMCEPKOMITOHEHTA MyOBH3au 00#-HAMaKki HOOpAT a3 KATHOHXOM HATPH, KAJITCHI{, alIFOMIUHMIA Ba
aHMOHXOMW cyidar, ruapokapboHaT gap xapopatxoum 273 Ba 298K Ba oMy3uIIM MapaMeTpXou
KOHCEHTPATCHOHMH (ha3axo JAap MIAKIXOU TEOMETPHH MAaIOHX0, XaTX0 Ba HYKTaxo Mebora.

Yeyiaxod  TaXKHKOTH — pUCOJIal  WIMA  oMy3ulin  (a3axOoCWINIaBd J1ap  CHUCTeMau
oucépkommonentan Na*, Ca?+, Al3*[|SO4, HCOs;-H>O Ba 3epcucremMaxom TapKuOWM OH Aap
xapoparxou 273 Ba 298 K, uWHUyHMH OMYy3uWId XajlllaBaHJara gap 3epCUCTeMaxou
yopkomnoHeHTan Na+*, Ca2*, Al3+-SO42-H,O nap xapopatu 273 K Ba Na*, Ca2*||SO4>, HCO;-H,O
nap xapoparxou 273 Ba 298 K 60 épun yCcynu TpaHCISATCUS Ba MACCEHTPA MEOOITIaI.

Hagsronun uamun qucceprarcusiu aoktop (PhD) — u nypontyaa gap od 6a Hazap Mepacaj, Ku:

- OMY3UIIM X0JATHU CUCTEMau S5 - KOMIIOHEHTan TaXKHUKIIaBaHaa Ba cyocucremaxou 3 - Ba 4 -
KOMIIOHEHTal OHPO TAIIKWJIKYHaHIa 0a poxX MOHIA IIyaa, JuarpaMMaxod (a3axoCHIIIaBUAIOH
COXTa IIIy/1aacT;

- MyailssH HaMyJaHM paBaHIu (a3axoCWIIaBii Jap CHCTEeMaxou OMCEPKOMIIOHEHTa Ba
3epCHCTEMaxOM OHXO SK HaTH4aW HaBU WiMil rapaun. bo mcrudoma a3 ycyiam TpaHCIATCHS Ba
Tax)IMJIM MYBO3MHATXOM (pazarit map 3epcucremMaxo, O0OpW aBBaJI HIyMOpau KOHQPUTYPATCHIXOU
reoMeTpun pazaxo Mykappap Kapzia Iy;

- Jap cucreMaxou 4-KOMIIOHEHTA, Jap acoCH IUarpaMMaxoM COXTAaIly[aa, pPaBaHIXOH
TaKCUMIIIABUM MUHTAKaXOW KPHUCTAJUTM3ATCUSIN (Pa3axou ajJoxuaa TaxXKUK Kapaa mynann. Mimosa
O0ap WH, Jap CHUCTEMAaxOW S5-KOMIIOHEHTAa, MUHTAKaXOW YyIOIIABUU SKYOSIM Ty (ha3zaxo OMyxTa
LIy JaH]T;

- a3 pyM HATHUYAXOM OJKCIEPUMAHTAIMM XaJIIaBaHIArd aBBaJMH MapoTHOa TaXKUKH
U30TEPMUU cucTemMaxon dopkomioneHtan Nat+,Ca?+ Al3+-SO42-H»O, Na*,Ca?*||SO4>,HCO3;-H,O
map 273 Ba 298 K aman#i rapanma, fuarpaMMaxou XoJIaTi (XalraBaHaar#)-u OHX0 COXTa ITy1aacT.
ABBajuH MapoTuba Jap acocu auarpaMMad XOJATUU 3E€PCHCTEMaxOU CHCTEMal XUMHSIBUH
TaxXKHUKIIaBaHIa CXeMau MPUHCUITHATIMN TEXHOJIOTHH Tap3XOH YyIOKYHUH (pa3axou CaxTH ajoXuaa
a3 NMapTOBXOM MOEBHH CAHOATH aJTIOMUHUI NEITHUXO Kap/a [y1aacT.

Japauan ucrndonadapii. Janenxon 6a gacromana owj 0a ¢a3axOCHIIIABA Jap MAKIXOU
FCOMETPUU CUCTEMaW Mas3Kyp, XaMuyH JajejIXOM MabIyMOTHOMaBid 0apou  OMY3HIIU
(dazaxoCWIaBUM CHUCTEMAaxOH MYpPaKKaOM TapTHOM IyIOMHM HWH CHUCTEMapo TalIKWJIIAXaHIa
ncrtudoa Oypa amenraBa.

Tag0ukn amaauu HATHYAXOM TaXKUKOT. CucremMan MasKyp MaiBacTaruxou Myxumepo, 0a
MOHAHJIM MHUPAOWIUT, HAXKOJUT, THUIIC, THAPOKAPOOHATH KAJICHH, OKTaJAeKaruapatu cyiadaTh
ATFOMUHUN Ba TUAPOKApOOHATH alFlOMUHHHPO map Oap Mmermpai, Ku BobOacTa O6a mctudomaamnion
Jlap COXaxoM T'YHOTYHHM CaHOAT HakId MyxuM MmeOo3ania. Mu Mopmaxo gap mapTOBXOM MOEbU
3aBOAM UCTEXCOJIU AIIOMUHUH, KU fap maxpu TypcyH3o1a yoirup act, MaB4yJaH/I Ba OHXO XaM4yH
cucreMaxon OMCEPKOMIIOHEHTAa BoMexypaHa. Hartuuyaxou Taxkukd MyBo3uMHATH (azaBi 1ap
cucreMan S-xkomrnoHeHtan Nat, Cat, A3 || SO4%, HCOs3- - H O mMeTraBoHaHA XaMUyH acoCH WM
OGapou TATOMKU TEXHOJIOTHSXOU KOPKApIU XaM MOJUMMUHEpANIA Ba XaM alléd XOMU MypakkKaOu
TEeXHUKHA, KU 0a TapkuOu OHXO cyndaTxoum HATPHM, TUAPOKAPOOHATXOM HATPHUM, WHUYHUH
KapOOHATXO Ba CyI(PaTXOU KAJICHI Ba AJIIOMUHHI JOXWIJI MEIIaBaH I, UCTU(HOA [IABAHI.
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AHHOTAIA
k auccepranun OmumaxonoBoii Huinydgap Baxo6axonoBubl Ha Temy «PacTBopumocTts 1
(dazoodpazoBanue cucremnl Nat, Ca2+, AB* || SO42-, HCO3- - HO npu temnepatypax 273 u
298 K» Ha conckanue y4éHoii crenenu 1oxkropa ¢puiocopuu (PhD) no cnenmansnoctu
6D060601 — xumus (6D060601 — Heopranuveckasi XumMusi)

KiroueBble c10Ba: KOMIIOHEHT, (pa3000pa3oBaHue, CUCTEMA, PACTBOPUMOCTD, TBEPAAS
(daza, xxunkas paza, Kpucraumsaius, Juarpamma, u30TepMma.

O0beKT HAYYHOTrO HMCCJIe0BAHUSI: MHOTOKOMIIOHEHTHas cucrema Na*, Ca2t, Al* ||
SO4*, HCO;3 - H20, eé uerpipéxkoMmnoHeHTHBIe moacucteMbl: Nat, Ca?*, A3+-SO42-H>0;
Nat*, Ca?*, AI3*-HCO3-H,0; Ca2+, AI3*||SO42-, HCO3-H20; Na*, AI3*||SO4%, HCO3~-H>O;
Nat, Ca2*||SO4%, HCO3-H>0, a Taxxe 9 1pyrux TpEXKOMIIOHEHTHBIX CUCTEM.

Leabio aaHHOrO MCCEAOBAHMSI SIBIIIETCS ompeneneHrne ¢Ga3000pa3oBaHus u
PACTBOPUMOCTH B MHOTOKOMITOHEHTHOM BOJIHO-COJIEBOM OOMEHHOM cucCTeMe, COCTOsIIEeH
U3 KaTUOHOB HATpUsl, KallbI[Us, AJIIOMUHHUS U aHUOHOB Cyib(daTa, ruipokapboHaTa mpu
temriepatypax 273 K u 298 K, a Taxke m3ydyeHne KOHIEHTPALIMOHHBIX MTapaMeTpoB (a3 B
reoMeTpudeckux hopmax mojiei, TMHAN U TOYEK.

MeToapl HCC/IeAOBaHUS IUCCEPTALIMM BKIIIOYAIOT U3ydeHHe (a3ooOpa3oBaHus B
MHOTOKOMITOHeHTHOH cucteme Nat, CaZ*, A3*[|SO42-, HCO3-H>0 u e€ noxacucreMax npu
temnepatypax 273 K wu 298 K, a Takke HU3yuyeHHE PACTBOPUMOCTH B
YEeTBIPEXKOMITOHEHTHBIX ToficuctemMax Nat, Ca2t, AI3*||SO42-H20 npu Temniepatype 273 K
u Na*, Ca2*||SO4, HCO3;-H>O mnpu temnepatypax 273 K u 298 K ¢ ucnonpzoBanmem
METO/a TPAHCIISIITUN U MacC-IIECHTPHUYECKOTO METO/IA.

Hay4ynass HOBM3HA BBITIOJTHEHHOW NOKTOpCKOW muccepramuu (PhD) 3akmrouaercs B
CIIeTYIOLIEM:

-U3y4€HO COCTOSIHUE UCCIIETyeMOM S-KOMIIOHEHTHOM cUCTeMBbI U 00pa3yromux ee 3- u 4-
KOMITOHEHTHBIX MTOJICHCTEM, a TAKXKE MMOCTPOCHBI NX IUArpaMMBbl (a3000pa30BaHMUS;

-ompefiesieHne npoiecca pazoodbpa3oBaHUsT B MHOTOKOMIIOHEHTHBIX CHUCTEMax U HUX
MOJICUCTEMAX CTaJ0 HOBBIM HAayYHBIM pe3yJIbTaTOM. BriepBble C MCIOJIb30BAHUEM METO/a
TPAaHCTSAUMA W aHajdu3a (a30BBIX PAaBHOBECHH B IMOJCHCTEMax OBLIO YCTAaHOBJICHO
KOJIMYECTBO IreOMETPUUECKUX KOHpUTyparuii das;

-B 4-KOMITOHEHTHBIX CUCTEMaxX Ha OCHOBE IMIOCTPOEHHBIX AHArPAMM ObUIM MCCIIEIOBAHbI
MPOIIECCHI pacipenesieHnst oblacTell KpucTaumm3anun oTaenbHbeix (as. Kpome toro, B 5-
KOMITOHEHTHBIX CUCTEMAaX OBbLTA N3YYeHBI 00JIACTH COBMECTHOTO BBIACIICHUS IBYX (a3;

-BIIEpBbIE HA OCHOBE JKCIIEPUMEHTAJIbHBIX [JAaHHBIX [0 PACTBOPUMOCTU OBLIO
MPOBEICHO M30TEPMHUYECKOE HMCCIIEOBAHNE YETHIPEXKOMIIOHEHTHBIX cucteM Na*, Ca2t,
ADB*||SO4-H,0, Na*, CaZ?*||SO4%, HCO3;-H>O npu 273 K u 298 K, u moctpoeHsl ux
(azoBbIe (PacCTBOPHUMOCTH) JaMarpamMMmbl. BrepBble Ha OCHOBe (pa30BOH JaUArpaMMbI
MOJICUCTEM  WCCIIEAYEMON  XMMHYECKOW CHUCTEMBI TPEIOKEHA  MPUHIMITHATbHAS
TEXHOJIOTMYECKasi CXeMa CHOCOOOB pas3felieHus OTICNbHBIX TBEPABIX (a3 M3 KUIKUX
MPOMBIIIJIEHHBIX OTXO/I0B AJTIOMUHUS.

Crenens ncnosab3oBanus. JlaHHas cucremMa BKIIIOYAET TAaKHE BAXKHBIE COSMHEHMSI, KaK
MUPAOUIIUT, HAXKOJIMT, THUIIC, THUAPOKApOOHAT Kajlbllus, CyibpaTra aTIOMUHUS W
TUIPOKApOOHAT ATIOMUHUS, KOTOPBIE UTPAIOT BAXKHEHIIIYIO POJIb B Pa3IMYHBIX OTPACIAX
MPOMBIIIJIEHHOCTH B 3aBHUCUMOCTU OT MX NPHUMEHEHHUs. DTHU BEIIEeCTBA MPHUCYTCTBYIOT B
KUJIKUX OTXOJAaX 3aBOja MO IMPOU3BOJICTBY AJTIOMUHUS, KOTOPBIH HAXOIUTCS B TOPOE
TypcyH3aze, OHHM BCTpPEUAIOTCS KaK MHOTOKOMITIOHEHTHBIE CHCTEMBI. Pe3ynbTaThl
ucclenoBaHus (pa3oBOro paBHOBeCHs B S-UKOMITIOHEHTHOH cucteme Nat, CaZ*t, A3t || SO4%,
HCOs - H2O moryT ObITh IpUMEHEHBI KaK HaydHasl OCHOBA JUISl peau3allii TEXHOJIOT A
nepepaboOTKU KaK TMOJMMUHEPATbHOTO, TaK M KOMIUIEKCHOTO TEXHHUYECKOTO ChIPbS, B
COCTaB KOTOPBIX BXOST CyJIb(aThl HATPHUS, TUAPOKAPOOHATHI HATPHUS, & TAK)KE KapOOHATHI
U CyJIb(aThl KAJIBIUS U AJTIOMUHUS.
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ABSTRACT
dissertation by Olimjonova Nilufar Vahobdjonovna
on the topic «Solubility and phase formation in the system Na*, Ca2*, AB*||SO4*, HCOs-
H:0 at 273 K and 298 K» for the degree of Doctor of Philosophy (PhD) in the specialty
6D060601 — chemistry (6D060601 — inorganic chemistry)

Keywords: component, phase formation, system, solubility, solid phase, liquid phase,
crystallization, diagram, isotherm.

Object of scientific research: the multicomponent system Na*, Ca2*, Al3*||SO4%,
HCO3s-H:O0, its four-component subsystems: Na*, Caz*, Al13*-SO42--H>O; Na*, Caz*, Al3*-
HCO3-H;0; Ca?*, AlI**|SO4%, HCO3;-H>0; Na*, A13*||SO4%, HCO3-H>0; Na*, Ca2*||SO4?-
, HCO3-H»0, as well as 9 other three-component systems.

The aim of this research is to determine the phase formation and solubility in a
multicomponent aqueous-salt reciprocal system consisting of sodium, calcium, and
aluminum cations, and sulfate and bicarbonate anions at temperatures of 273 K and 298 K.
It also aims to study the concentration parameters of phases in the geometric forms of
fields, lines, and points.

Research methods: The dissertation's research methods include studying phase
formation in the multicomponent system Na*, CaZ*, AI3*||SO4*, HCO3-H>O and its
subsystems at temperatures of 273 K and 298 K. Furthermore, it investigates solubility in
the four-component subsystems Na*, Ca2*, AI3*||SO42--H>0 at 273 K and Na*, Ca2+||SO42,
HCO3-H>O at 273 K and 298 K, utilizing the translation method and the mass-centric
method.

The scientific novelty of the completed doctoral dissertation (PhD) is that:

-the state of the investigated 5-component system and its constituent 3- and 4-
component subsystems has been studied, and their phase formation diagrams have been
constructed.

-the determination of the phase formation process in multicomponent systems and
their subsystems represents a new scientific result. For the first time, using the translation
method and analysis of phase equilibria in subsystems, the number of geometric
configurations of phases was established.

-in 4-component systems, based on the constructed diagrams, the processes of
distribution of crystallization regions for individual phases were investigated. Additionally,
in 5-component systems, the regions of co-precipitation of two phases were studied.

-for the first time, based on experimental solubility data, an isothermal study of the
four-component systems Na*, Ca?*, AI3*||SO42-H>0, Na*, Ca2*||SO42, HCO3-H>O at 273
K and 298 K was conducted, and their phase (solubility) diagrams were constructed. For
the first time, based on the phase diagram of the subsystems of the investigated chemical
system, a principal technological scheme for separating individual solid phases from liquid
industrial aluminum waste has been proposed.

Degree of utilization:This system includes important compounds such as mirabilite,
nahcolite, gypsum, calcium bicarbonate, aluminum sulfate, and aluminum bicarbonate,
which play a crucial role in various industries depending on their application. These
substances are present as multicomponent systems in the liquid waste of the aluminum
plant located in Tursunzade city. The results of the study on phase equilibrium in the 5-
component system Na*, Caz*, A3+ || SO42-, HCO3- - H>O can be applied as a scientific basis
for implementing technologies for processing both polymineral and complex technical raw
materials that contain sodium sulfates, sodium bicarbonates, as well as calcium and
aluminum carbonates and sulfates.
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