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KHWPHULI (JokTOpJHMK qHCCEPTANMACH AHHOTAMSACH)

Juccepranuss MaB3yCHHUHT J0J13ap0JMIra Ba 3apypatu. byryHru xyHzaa
KAXOHJIa UKTUCOJIUET TapMOKJIapH, alHUKCA, KUME, €HTHII, KYPUJIHII Ba SHEPTHUS
CaHOATJIAPUHUHT KaJaJl PUBOXKIIAHUIIN XMCOOUTA SKOJOTUK MyaMMOJIapHU KeJnO
YUKUIIY, WKIUM Y3rapuilil  BYXKyAra Kenumu cabalbiapuHu Xal JTHUIIIA,
pakobaToapo1I MaxCyJOTJIapHU unuiad YUKapUIIIa 3aMOHaBUI
TEXHOJIOTUsUIapHU KYyiulam ToOopa non3apd Macaiara aiinaHud Oopmokaa. by,
aifHMKca, TaOuMii CyBIApHM CaHOAT MHKECHAA TY3CH3IAHTHUPHILIA, TEXHOJIOTHK
spUTMaANapAaH KUMMAaTOax0 Ba paHIIM METaJUlapHU aXpaTud OoNMInAa, OKaBa
CYBJIApMHU 3aMOHAaBUM, >XyMJIaJaH, MOHAJIMAIIWII TEXHOJIOTHSUIAPHU KYIUlara
XOJIJ]a 3aXapiy KOMIOHEHTJIapAaH To3ajaniia IKKOJI HaMOEH Oyiamokaa. « CYHITH
WWJUIap JaBOMHJIa MOHMTIAP KYJUIAaHAJWIaH TEXHOJOTrusapra OYiaraH sXTHEXK
ToOOpa opTHO OOpPMOKAA, YyIIOY TEXHOJOrusaap €pAaMHuaa CyBHU TO3aJall y4yH
3apyp OViraH j>xaMu BOCUTAJAPHUHT CAJIMOFJIA YIYIIMHU WOHMTIAD TaITKUI
STamEy’.

MyCTaKuIMKHUHT AacT/Ia0Ku KyHJIapuaaH Oonuiad MaMiiakaTUMH3/a caHOAT
TapMOKJIAPUHU PUBOXKJIAHUIINIA KaTTa UMKOHUATIAP SpaTHINO, OYHUHT HETU3H]IA
IOPTUMHK3/1a  3aMOHaBUM  Tanabmapra  kaBoO  OepaguraH  YUKUHIUCHU3
TEXHOJIOTUSIIA, UMIOPT YpHUHH OOCYBUM, PaKoOATOapaOIl Ba 3KOJOTHK TO3a
MaxcyJoTJIap uiuiad YuKapyBUM TEXHOJIOTHSUIAPHU Y3HUJa MY’KaccaMm JTraH sIHTU
KOpXOHajap TallKWwi TonMokaa. JKymiazgaH, Maxauiuid XoM aménapjaH
nonumepiapan unuiad ynkapyBuu «lIypran I'az Kumé» Ba «Ycerropt I'az Kuméy
komIuiekcanapu Ba «Hasounazor» AJK nermsupma 2017 vniiga vmra TyIIMPUIMILNA
kytuina€tran Mapkasuii Ocuéna sarona Oynran #uiaura 100 MuUHr TOHHA
nonuBuHWIXAopuA (IIBX) mnuiad yukapuin Kydura 3ra WHPUK KOPXOHAJIApHU
MUCONl Kuiub kentupuin MyMKuH. By aca §3 HaBOaTmaa KuME caHOATHHU
nuBepcuUKaIMsd KWIWIIra WMKOH Oepaau, SbHU caHoaTda OJMHAETTaH Oy
MOJIMMEPJIAPHUA TYPJIM XU yCyJuiap OuiaH Moaudukanusiad, KOMIUIEKC X0CCalu
MaTepHraiap OJUII TAPMOKJIAPUHHU KEHTAUTUPUIITA APOUT SpaTaIu.

Kaxon mukécmma caHoaT TapMOKJapyd KEHrainO Ba PUBOXIAHUO OopraH
capy MOHAJIMAIITUPYBYHM copOeHTiapra 6ynran tainad Tobopa optud GopaBepasy,
alfHUKCa, KOMIUIEKC XOccara ara OyiaraH cOpOSHTIApHU CHHTE3 KUJIMII F03aCUIaH
MaKcaJIl TaIKUKOTIApPHU amMajira OIIMPHII J0a3ap0 MacanaiapiaaH oupu OViumo,
Oy Oopana, >KymiajaH, Kydujgarwiapra ajoxyja 3bTUOOp KapaTHIMOKIA:
Maxauiuidi XoMaménap acocujia KOMIUIEKC Xoccara sra OynraH TapkuOujga Xam
KHUCTIOTaJIM, XaM acoCi TYpyXJapWHUA TYyTYBYM HOHAJIMAIIMHYBYM MaTepHaiiap
OJIMLI, KUMMAaT0ax0, paHIJIi Ba HOE0 MeTal HOHJIapUra HUcOaTaH CEIeKTUBIMTUHU
aHUKJAll, OKaBa CYyBJIapHU THUPHUK OpraHU3MIIapra cajJOui TabCUp KUITYBUH
3axapJid Ba OFUP METaJUl HOHJIApUJIaH TO3aAlll.

V36exucron Pecny6mukacu Ilpesumentunumar 2008 fimn 15  wmiongaru
[1K-916-con «MHHOBAIIMOH JIOWHMXaJlap Ba TECXHOJIOTHSJIAPHU HILIA0 YMKAPHINTA
TaTOMK ATUIIHKA parOaTiIaHTUpUII Oopacuaard Kymmmya dyopa-Taaoupiaap» Xamaa

! Inamuddin Dr., Mohammad Lugman. lon Exchange Technology. Theory and Materials. Springer Dordrecht
Heidelbtrg: New York London. - 2012, - Vol. I. - 560 p.



2009 #un 11 mapr IIK-1071-con «Kumé canoatn KopXOHalapu KypUIUIIUHU
KaJTAITUPUII Ba SHTU TypJard KUME MaxCyJoTJapu HIuiad YMKaApHIIHUA
y3namTupuin Oyiinya yopa-taaOupiap HacTypuw» TYFPUCHIATH XamJia MasKyp
daonusaTra TEerumIIM OOIIKAa MEBEPUM-XYKYKUNM XyXoKaTiapia OenruiiaHral
BazudamapHy amaira OIIMpHIIa YOy JauccepTanus TaJIKUKOTH MyaisiH
Japaxana Xu3Mar Kuiaiau.

TagkuKoTHUHT pecnyOinka GaH Ba TeXHOJOTHSJIADH PHUBOKJIAHMIIN-
HHMHI YCTYBOp HyHaJuILIapura OOFJMKJUIH. Ma3Kyp TaaKUKOT pecIyOJIHKa
(dan Ba TexHoyorusmap puBoxiIaHUMHUHT VII. “Kumé texHonorusimapu Ba
HAaHOTEXHOJIOTUsIap” yCTYBOp HyHANIHUIIATa MyBO(PUK Oakapuiras.

Juccepranuss MaB3ycu OyiiM4a XOpWKMi WIMMA-TaAKUKOT/IAP IIAPXM.
*Uouut Ba MOJIMKOMILJICKCOHJIAP OJIMINTa MyHAJITUPWITaH WIMHUN W3JIAHULLIAP
KaXOHHUHI €TaKud WIMUM MapKas3iapd Ba OJHMA TablUM Myaccacalapy,
xymianan, Université Européenne de Bretagne (®panums); Centre for
Environmental Risk Assessment and Remediation, University of South Australia
(ABctpanus); Queen’s University Kingston, Ontario (Kanana); Texas Technical
University (AKIL); Department of Environmental Sciences University of Virginia
(AKII); University of Bucharest (Pymunst); Engineering & Technology Aligarh
Muslim University (Xunaucton); Hunter College of the City University of New
York (AKII); University of Wisconsin - Green Bay, Madison (AKIL); Institute for
Institut (I'epmanus); University of Florida, Gainesville, Florida (AKL); Technical
and Macromolecular Chemistry, Max-Planck-University of Technology, Sydney
(ABctpanust); Land and Water Resources Engineering, Royal Institute of
Technology, Stockholm (Isemus); Alborz University of Medical Sciences
(OpoH), Y30eKICTOH MUILINH YHUBEPCUTETH 1A OO GOPUIMOKIIA.

HNonanmammHyBYM MaTepUaUIAPHUHT TapKUOuAa TypJiu Xoccara sra Oynras
TYpyXJapHU TYTYyBYM MOHUTIAp OJHMHHUINM XaMmja YJIapHUHT (DU3UK-KUMEBUN
XOCCaJlapUHK aHUKJIAITa OUJI )KaxXOH/1a OJTM0 OOpMIITraH TaIKUKOTJIAp HATHXKACKA
KaTop, )KymiiaJiaH, KyWuard WIMHA HaTWKajaap OJIMHTaH: TApKUOUIa XaM KUCII0Ta
XaM acoc Xoccaldu TypyXJapyuHU TYTyBUYM HMOHAJIMALIMHYBYM Marepuasiap
OJIMHTaH Ba yJapHUHT 0ab3u OUp MOHJIapra HUCOATaH CENEKTUBIIUTY aHWUKJIAHTaH
(University of Florida, AKII; University of Bucharest, Pymunus; Department of
Environmental Sciences University of Virginia, AKIL; Engineering & Technology
Aligarh Muslim University, XWHIUCTOH;); MYHYOKCHMOH KOMIUJICKC XOCHII
KWJIyBYM COPOEHTIIAPHU KUMMATOaX0, paHIJIk Ba HOEO MeTa MOHJIapura HucOaTaH
cenektuBimry anukiianrad (Hunter College of the City University of New York;
AKIII; University of Bucharest, Pymunus; Queen’s University Kingston, Kanana);
HKOJIOTHSIa OKaBa CYBJIAPHM THUPUK OpraHu3miapra cajiOuil TabCUp KUIYBUU
3axapjd Ba OFMp MeTal HMOHJapuiaH Tto3anama wunutatwiaran (University of
Wisconsin - Green Bay, AKII; Land and Water Resources Engineering, Royal
Institute of Technology, IIserus; University of Technology, Cuaneit).

Huccepranus MaB3yCH Oyitiua XOPYOKUN WIMUI-TaIKUKOTIap mapxu www.dissercat.com,
http://www.fundamental-research.ru  Inamuddin Dr., Mohammad Lugman. lon Exchange Technology Il
Applications. Springer Dordrecht Heidelbtrg: New York London. - 2012. - Vol. Il. - 438 p, Ba Gouika manGanap
acocuaa Hnnab YUKUIIT'aH.
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Jlynéaa MyHYOKCHMOH HMOHAJIMAIIMHYBYM Ba KOMIUIEKC XOCHJ KWJIYBUU
COPOEHTJIAPHUHT OJUHUIIM Ba (PU3UK-KUMEBUM XOCCAJIApUHU TaJAKUK KHIIMILI
Oyiinya Kydujgard YCTyBOp HVHamumnuiapjaa TaaKUKOTIap oJu0 OopHiIMOKA:
COpOCHTJIAPHUHI HOHJIapra HUcOATaH CEJNEKTUBJIMIMHU OUIMPHUIL; CaHOAT Ba
HKOJIOTUK MyaMmMoJiapHu Oaprtapad sTumra €paam OepyBUM IOKOPU COPOLIMOH
XYCYCHUSITIN TEPMUK Xamaa KUMEBHM OapKapop MOHAIMAIIMHYBYM MaTepUallilapHU
OJIMII, METaj HOHJApW aHaIU3u OYiinya, HKOJOrUsl Ba TUAPOMETAJUTYprUsiiaru
TEXHOJIOTUK MyaMMOJIapHU €4UIII.

MyaMMOHMHI YPraHMITaHJIMK Aapaskacu. DyryHru KyHJIa IOJIMBUHUI-
XJIOPUIHU TYpJId XWI KUMEBUN peareHTIap Ounan wmoaudukanusnad Oup
BAKTHUHT Yy3MJla XaM HMOHAJIMAIllMHYBUYM XaM KOMIUIEKC XOCWJI KHUJIYyBYM XOccara
ara OYyiraH MOHAJIMAIIMHYBYM MaTepHajulap OJIMIINTa KaTTa 3bTHOOp KapaTtuo
kemuaMmokaa. Iy »xymnaman, Omp katop xopwxk ommmiapu S. Moulay, K.
Hashimoto, S. Suga, Y. Wakayama, A. R. Roudman, R. P. Kusy, G. Martines,
I. S. Ahamed, A. K. Ghoniam, A.A. Abdel Hakimiap moIMBHHUIXJIOPUIHH TYPITH
HIapouTiIapaa MO (pUKALTHSIIAIIT Ba OJINHTaH MOHAJIMAIlIUHYBYH
MaTepUaUIApHUHT  (U3HK-KUMEBUN Ba COPOIIMOH XOcCcajdapu YCTHUJA KEHT
KAMpOBIU TaAKUKOTIap om0 Ooprannap. FOpTUMUBHMHT Oup KaTop HUPHK
onmumiapu M. A. Ackapos, C. II. Pammmnosa, C. C. Hermatos, Y. H. Mycaes,
T. M. baGaes, A. T. Jl)xanunoB Ba yJapHUHT HIOTUPAJIAPH TOMOHHIAH IOJIH-
BUHWIXJIOPUIHHU Xap XWJI MIapOUTIapaa MoJu(PUKAIUSIAII OPKaIN STHTH XOCCalld
MaTepuaiap OJMHTaH.

JlekMH TOJMBHHWIXJOPHUZ acocuaa TapkuOuaa a3orT Ba Qocop TyTyBUH
MYHYOKCUMOH COpOEHTJIap OJIMII >KapaéHu Ba OJMHIAaH COPOEHTIAPHUHT (PU3UK-
KUMEBHM Ba  COpOIMOH  XOccajapu  eTapiuya TaJKUK  KWJUHMAaras.
[TonuBUHWIXJIOpUT acocuaa OUpP BaKTHUHT V3uaa MeTajql WOHJapu OuilaH Xam
MOHAJIMAIIIMHUII XaM KOMJIEKC XOCHJI KUJUO OWPUKTUPHUIN XYyCYCHUSATHUTa 5ra
Oynran sHTM Typaard COpPOCHTIApHH OJUII, OJWUHTaH COPOCHTHUHT (HU3UK-
KUMEBUN XOCCAJIAPMHU aHUMKJIAII, CAHOAT Y4YyH HWMIIOPT YpHUHH OOCYBYH
pako6aTOap IO SIHTM MOHAJIMAIITMHYBYH KATPOHJIAPHH OJIMINTA IIAPOUT SIPATa]Iu.

Juccepranus MaB3yCHHMHI JUCCEPTANMSA 02a:KaPWIAETIaH OJIMHA TABJIUM
MYacCACACHHMHI WIMMA-TAAKMKOT HILJIAPU OUJIaH OOFJIMKIMIU. [uccepraius
TaAKUKOTHU V36exkucron Muuimii YHUBEPCUTCTUHUHT WIMUKA-TAJIKAKOT HILIapU
pexxacuHUHT MOT-7-4-2015 «AHWOHWT ONHIN TEXHOJOTHUSCUHH Y3JIAIITHPHII)
(2015-2016 itit.), A-7-23 «Maxammuii copOeHTIIap €paaMuia MUC HOHJIAPUHU
OKaBa CyBJIapAaH axpartuO oy TtexHojoruscu» (2015-2017 i), 62/2012
«[TonmuBuHMIXIIOpU acocuaa aHuoHuT ojumy (2012-2015 #it.) Ba 45/2010
«OTMK TeXHOJOTUK dpUTMACH TapKUOUJard WHIUNA HWOHJIAPUHU MaxaUIMi XOM
aménap/lan OJMHTaH WOHAJIMAIIMHYBYM Marepuauiap EpaaMujia axpaTulll
TEXHOJIOTHSICHHM ~ sipaTuiivan  uiwiad uukuiny  (2010-2012  iiit.) noiuxamap
Joupacuga OakapuiraH.

TaaKHKOTHUHT MaKcaau MOJTMBUHUIXJIOPUIHU MoAu(pHUKAIIHASITA0
TapkuOuaa a3ot Ba pochop rypyxJapuHu TYTyBYM aHHOHHUT Ba MOJIUaMQOIUTIAP
OJIUIII XaMm/ia YIapHUHT (PU3UK-KUMEBUI Ba COPOIMOH XOCCAJTapUHU aHHKJIAIIIaH
noopar.



TaaKukoTHUHT Basudaapu:

MYHUYOKCUMOH  TOJMBUHWIXJIOPUIHU  TIOJUAITHICHIONUAMUH  OuiaH
Moau(UKAIFSIIAI KapaéHUTa TYpJIH OMIJUTAP TAbCUPHHU TAJKUK KUJIHII OPKAIH
AHWMOHUT OJIMIIHAHT MaKOyJT MapOUTIapUHY aHUKJIAI;

CHUHTE3 KWJIMHTaH aHUOHUTHH (OpMalIMH HINTHPOKHIA (ochuT Kuciora
OunaH MoauUKanUsAIaN kapaéHl KUHETUKACHHH TAIKUK KWJIMII Ba a30T XamJa
dbocdop Tyrran moauaMQoIUT OJUITHUHT MaKOYJI IIIAPOUTHHHU aHUK/IAIII,

) 2-
cyHbUI dpurMmanapaan anuonutT uimtupokuaa Cr,07, rajoremnapuu Ba

nomramdonut umtupokuaa Cu(ll), Ni(Ill), In(Ill) Ba Banagun (I) woHIapuHM
IOTUJIMII KHHETUKACH Ba TEPMOJMHAMUK MMapaMeTpIapyuHU Y3rapuIIMHA aHUKJIAIIL;

OJIMHTaH  AHUOHUTHM  TEXHOJOTMK  I[apoutna  Jgap€  CyBIApUHU
TY3CU3JIAaHTUPUIIAA UIUIATUII YIYH TaTAOUK KWW,

CUHTE3 KWIMHTAaH Ba CaHOATIAa WIUIA0 YUKApWIAJUTaH aHUOHUTIAPHU
KYJUIall OpKajdd Tra3jiapHU TO3ajlalllja MILUIATUIAIUraH METUIANITaHOJIAMUHHU
TEPMUK OapKapop Ty3JapJiaH TO3aJIalll;

TUAPOMETAJUTYPTHs 3aBOJjIapUIard Mypakkad TEXHOJOTUK 3pUTMaliapiaH
In(III) nonmapuuum axpatud oauul;

CUHTE3 KWJIMHITaH aHUOHUTHU CaHOAT MHUKECHJA WIILIA0 YMKAPUILTa TaBCHUS
ATUII.

TaaKMKOTHUHT 00beKTH cudaruaa MOJIMBUHWIXJIOPUI,
MOJIMATUJICHNIONMAMUH, (pocPuT KucIoTa, AHHUOHUT, MOIUAMQOIIUT, PAHTIU
METaJUIAPHUHT ~ HMOHJIApHU, MOJIKYJSIp MOJ, KATHOHCU3JIAHTUPWITaH CYB,
TEXHOJIOTUK dpUTMAJIAP OJMHTaH.

TaagKMKOTHUHT mNpeAMeTH KUMEBUM MoauduKanus, HICHTUPUKALKA,
bu3uK-KkUMEBUN XOccanap, copOiusi, aecopOuus, >kapa€Hiap KWHETUKacu Ba
TEPMOJIMHAMUKACH.

TaagkukoTHUHT ycy/uiapu. Tankukotnap skapaéHuga HK-cnexkrpockonuk
aHajau3, JJEMEHT aHanu3, auddepeHural TEPMUK TaxXJuJ, MOTCHIMOMETPHS,
criekTpodoToMeTpusi, aTOM SMMHUCUOH COPOIIMOH METOAN Kabu 3aMOHaBUM (HU3UK-
KUMEBUM DKCIIEPUMEHTANT TAAKUKOT YCYJUIApH KYIJUTAaHUIITaH.

TagKNKOTHUHT MJIMUI SHTWIKMTY Kydugaruiapiad uoopar:

WIK OOp MYHYOKCUMOH TMOJMBUHWIXJIOPUJl aCOCHJA aHUOHAIMAITyBYH
COpPOEHT OJUIITHUHT MaKOYJI MIapOUTIIApU aHUKJIAHTaH;

peaKkIUSHUHT MOoubUKAIUATIAHAETIaH TOJMBUHUIXJIOPUIHUHT  FOBAKIIH
CTpyKTypacura OOFJIMKIMNTH XamJla TeTepOreH JkapaéHiap KUHETUKACH
KOHYHUSITIapura OYHCyHUIIIN UCOOTIIaHTaH;

MYHYOKCUMOH TIOJIUBUHIIXJIOPUJ acOCHAa OJIMHTaH aHWUOHUTHU (ochuT
KHCIIOTa Omitan Moaudukanusiinad, Tapkuoduaa a3ot- Ba ¢hocdop rypyxJjiapu TyTraH
KOMIUIEKC Xoccara sra OyiaraH HOHaJIMalllyBUM MaTepual OJMHTaH Ba yiap
OJIMHUIIIMHUHT MaKOyJI IIapOUTH UIILIA0 YUKUIITaH;

WOHUTJAPHUHT IOKOPH  COpOIMOH  Xoccara, TEPMUK Ba  MEXaHUK
OapkapopJiMKKa dra SKaHM XaMJia OJIMHTaH I[apaMmeTpijiapu Oyiinua caHoatna
kymnanagurad AH-31 anmonutaan ¢apk KUIMaciurd aHuKJIaHTaH;



AHUOHUT Ba MOJIMKOMILJIEKCOHJIAp XpOMaT, MHUC, BaHAAWM, HUKEIb, WHIHM
WMOHJIapW Ba Mojara HUCOATaH IOKOPH COPOIIMOH XoOccara sra JKaHH Xamja
tapkuoumaa muc (II), auxen (II), pyx (II) Ba xobaner (II) monmapuau mypakkad
SPUTMACHUIAH JTUHAMUK IAPOUTIA METAIUT MOHJIAPH aKPaTHWIKO, MoIruaMQpOIUTHA
muc (II) nonnapura HucOaTaH CEIEKTUBIUTH IOKOPH YKaHW aHUKJIAHTaH.

TaagKUKOTHHHT aMaJIMil HATHXKAJIApH KyHuaaruiapaad noopar:

MOJMBAHWIXJIOPUIl ACOCHAA OJIMHTAH AHWUOHAJIMAIIyBUM MAaTEPUATTHUHT
Xoccallapi TEXHOJIOTMK IMApPOWTIAA TEKIIMPWITaH Ba pakoOaTdd deT-di
AHUOHUTHUHUHT Xoccanapuaad (apK KUIMalIuraH aHUOHUT OJIUIITa SPUILIAIITaH;

omuaran annoHuTHH «Maxam-Chirchig» AX kopxoHacuaa TEXHOJOTHK
HIAPOUTAArM CYBHU TY3CHU3JIAHTUPUIIAA HWIUIATUII YYyH Taxpuba - caHoar
KypWIMaJa CHHOBJIAP YTKA3WJITaH Ba FOKOPU HATUXKAJAp OJIMHTaH;

«OTMK» AX Tapkubura KupyBUM pyX LEXUHUHI MYpakkKad TEXHOJOTHK
SPUTMACUIAH WHJWMWA HWOHJAPUHU a30T Ba (ocdop TyTraH MNOJUKOMILIEKCOH
épllaMuia CEJIEKTUB COpOLMsUIAIl Ba SPUTMACHMHU KYN MapTa KOHIICHTpJAallra
SPUIIWIITaH;

aMMUaK UIUIad YuKapuiga KyulaHaIuraH KOHBEPCHUOH ra3jlapHH To3ajallia
UINUIATUIIAUTaH METWIAMATAHOJAMUHHU TEPMHUK Oakapop Ty3JapJlaH To3ajalll
KYPUJIMACH SIPATHUJITaH.

TagKuKOT HATHKAJTAPHUHT HMINOHYWIWINIH. [IoMMBUHMIXJIOpUI acocuia
CUHTE3 KWIMHIAaH AaHUOHUT Ba MOJUAM(OJIUTIAPHUHT XOCWJI OYIuIld Ba
XOCCAJIAPUHU TAJAKUK KWIWII OpKaiu onuHran Hatwkamap HK- Ba snemeHT
aHanu3, auddepeHiman TEPMUK TaxJIuI, MOTCHIIMOMETPUS, CIIEKTPOPOTOMETPHS,
aTOM OSMMKCHOH COpOLIMOH METOAM KalOu 3aMOHaBUil ycyiap €paamujia
HaTWXKaJlap OJIMHTAHJIUTH YJIApHUHT XaKUKUH dKaHIUru ucootnaiau. Monutnapra
TYpJIU MOHJIAPHUHT COPOIMST KUHETHUKAIapy Ba TEPMOJAMHAMUKATIAPUAAH OJIMHTAH
HaTWKAJIAPHUHT 3aMOHABUI KaMIIbIOTEp TEXHOJOTHSCU €pJlaMHa Ba CTaTHCTHKA
ycyJutlapu OwiaH MaTeMaTHUK Tax)IMJ KWJIWHTAHJIWTH —YJIAPHUHT UIIOHWIN
DKaHJIMTMHU KypcaTaau.

TagKUKOT HATHXKAJIAPUHUHI WIMHHA Ba aMajMil axaMHUATH. TaaKuKOT
HATWKAJIADUHUHT WIMHH aXaMHSATH MYHYOKCMMOH TMOJIMBUHUIIXJIOPUJ acoCHjIa
AHUOHHUT Ba MOJUAM(OJIUT OJUIIHUHT KUHETUKACUHU TAIKUK KUJUII OpKaIu
MakOyJl IWIApOWTIApW TOMUIIAH Xamjaa TYpJM XWJ aHUOH Ba KaTHOHJIAP
copOLMsICH XKapaCHUHUHT KUHETUK Ba TEPMOJMHAMHUK MapameTpiiapHU aHUKJIAII
OpKau COpOCHTIIapHU MOHJIapra HUCOaTaH MOMMJIIMTUHY Ky pcaTulgaH noopar.

TagkUKOT HATWKAIAPUHUHT aMalldid  aXaMUsATH aHUOHUT  OJUIIHUHT
TEXHOJIOTMK pErIaMEeHTUHU WIUIad YMKUILJAaH Ba CaHOAT CYBJIApUHU Tauépanl
nexJjaapuaa Tabuuii CyBJIapUHU TY3CHU3JIAHTUPHUIIJIA, CAHOAT ra3japyuHu TOo3aalllia
KYJUIaHAIUTaH  METWIAMATAHOJAMUHHU  MQIOCIAaHTUPYBYM  MOJajiap/aH
TO3aJIalll]a XaMJa WHJWW HMOHJIAPUHU TEXHOJOTUK JpUTMaiaplaH aXpaTHIlia
UIUTATWIIUIITUAAH HOOPATIUD.

TaaKUKOT HATHKAJAPUHUHT KOPUHA KHUJIMHUIIU. MYHYOKCUMOH IOJIMBU-
HUJIXJIOPUJ] aCOCHJla HWOHHWTJIAp OJIMII OyinW4Ya OJWHTAaH WIMUN HaTHXKaiap
acocua:



MYHYOKCUMOH TIOJMBHHIJIXJIOPH acocHIa TapkuOmma a3oT - Ba ¢ocdop
TypyXJIAPHHH TYTTaH SHIM NOJTHaM(OJIUT OIUII yuyH Y36ekucToH PecryGmukacy
WuTennexTyan MYJIK areHTJIMTUHUHT UXTHUPO MaTEeHTHU OJIMHTaH
(16.05.2016 i1. Ne TAP 05232). UnMuii TaAKUKOTIap HATWXKACHIAa UMITIOPT YPHUHU
OOCYBYM STHTH MOJUMEP COPOCHTIIAP CUHTE3 KUIUII UMKOHUSATIAPH SIpaTUIIaIN;

SHTM  TIOJIUMEpP  COpPOEHTJIap  Ta3japHUM  To3ajalijga  KYyJUlaHaJuraH
METWJIIMATAHONAMUH  TapKuOuaaru UQIOCIAHTUPYBUYM  TEPMHUK  OapKapop
Ty3JJApHA MMKIOpPUHHM Kamauthpuil yuyH «@PaproHaazor» AXKma amanuérra
tatOuk tran («Dapronaazor» AXumar 2016 vimn 26-utonmaru 37/3768-con
MabJIyMOTHOMAcH). byH/1a Maxaminii XoMame acocuaa OJMHIaH COpOeHTIIapra ara
OynraH ycKyHa METWIAUATAHOJAMWH TAapKUOWIard TEPMUK OapKapop Ty3Jap
Mukgopunu 1,5% ra kamalTUpUII UMKOHHU O€pain.

TagKuKOT HaTHXKAJAPUHMHI anpoldanuscu. TagKMKOTHUHT acOCUU
HaTtwxkanapu 10 maH OpTUK HUIMUN-aMaluil aHXKymaHiap, IIy >KymilajJaH S Ta
XaJaKapo amkKyMmaniapaa, Xycycan: «l11-th international Symposium on
Polyelectrolytes» (Mocksa, 2016) «Under the sponsorship of IUPAC 8"
International Symposium Molecular Order and Mobility in Polymer Systemsy
(Cankr IlerepOypr, 2014); «®Pu3MKO-XMMHYECKHE OCHOBHI HOHOOOMCHHBIX U
xpomarorpadpudeckux nporieccoB  (Monutei-2014)»  XIV  koHbepeHmscH
(Boponex-2014); «Teopus u mpakTuka Xxpomortorpadguum» YMympoccus
koHpepenuusacu (Camapa, 2015); Marepuansl pervonanbHou lleHTpanbHO-
azuarckon koHpepeHuun «llo xumuueckoit texHomorun» (Mocksa, 2012);
«HoBble KOMIO3UITMOHHBI MaTEPHUAIIBI HA OCHOBE MECTHOTO M BTOPHUYHOTO CHIPHS»
Xankapo wiMmuii-texHukaBuil koHpepeHuus (Tomkent, 2011); «AxryanbHble
npoOJemMbl HayKd O MOJMMepax» XalKapo WIMHU-aMaiuid KoH(pepeHuus
(Toshkent 2013); maB3ycuparm xajakapo HWIMHH-aMaluid KOH(EpeHIUsIapaa
Mabpy3a KUJIHHTaH.

TaagkMKOT HATHKAJAPHUHI JIBJOH KWIMHUIIK. Jluccepranus MaB3ycu
Oyiimua >kamu 22 Ta WIMHH WII YOI OTHJITaH, IIyJapjaH, V36ekucron
Pecniy6nukacu Onuit aTTecTausi KOMUCCHSICUHUHT JTOKTOPJIMK JUCCEPTALMSIIApU
acoCUi MIMHUN HATW>KaJAPUHU YOII STUILl TABCUS STUJTaH WiMui Hampiapaa 10 ta
WIMHH Makoyia, *XymJajgaH, 3 Ta WIMHNA Makojia XalKapo >KypHallapia 4Yorl
sTirad Ba 1 Ta Y36exucTon Pecny6IMKaCHHIHT TATEHTH OJTHHTaH.

JlaccepTanMsiHUHT Xa’KMH Ba Ty3Wwjumd. /[uccepramus TapkuOW KHPHII,
oem 0600, xynoca, ¢hoigananuiarad anadbuétiap pyixartu Ba ujioBajapiaH noopar.
JuccepranusHUHT XaxMu 196 OeTHH TalTKWIT dTaau.

JIMCCEPTAIIUSIHUHT ACOCUM MA3MYHH

Kupum kucmuga yTkasuiarad TaAKUKOTIADHUHT JIOI3apOJIUTH Ba 3apypaTu
acocCjlaHTaH, TAJAKUKOTHUHT MakcajJ Ba Basudanapu, oObEKT Ba MNpeaMeTiIapu
TaBcuQIIaHTaH, pecrny0auka ¢aH Ba TEXHOJIOTUSTIAPH PUBOKIAHUIITMHUHT YCTYBOP
WYHAIMIUIAPUTA MOCIWTA KYpCAaTWITaH, TAJAKUKOTHUHI WJIMHW SIHTWIWTH Ba
amMaIuil HaTHXKanapy 0aéH KUJIMHTAH, OJMHTaH HATH)KAJIADHUHT WIMHUI Ba aMaJIHid
aXxaMHsaTH ounO OepwiraH, TAAKUKOT HATHXKATAPUHUA aMaliéTra KOpPUH KHJIHUIIL,
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HAallp OTWITaH WIDIap Ba JAUCCEpPTalMd TY3WIMIIM Oyiinua MablyMOTiIap
KEJITUPUJITaH.

JuccepTallusTHUHT «AHHOHUT Ba MNOJUAMGDOJMTIAPHUHI OJMHMIIM Ba
(GU3MK — KUMEBHIT XOCCAJAPHHUHT Y3Ura Xocauru (agaduéraap mapxm)» 1eco
HOMJIAHTaH OUpUHYM 000U, GYHKIIMOHANI TYPYX TYTraH MOJUMEPIapHU Xap XUl
peareHTyIap OujaH KUMEBMM MOAM(PUKALMSIIALL OpPKaJd TapKuOWaa a3oT- Ba
dbochop TyTraH aHUOHWTIAP, KATHUOHUTIAP Ba NOJUAM(OIUTIAP  OJHMII
)KapaCHJIApUHUHT KOHYHHSITIIADH Ba OJIMHTAH COPOCHTIAPHUHT (PU3UK-KUMEBHIMA
XOCCAJIApUHU COJUINTUPUO TaxXJIHJI KWJIMHTAH Xamjaa yii0y MOHUTIAPHHUHT Y3UTa
XO0C TaHJa0 TabCHp KWIWII XYCYCHSATIApW KEITHPWITaH HWIUIApHU Oup-Ompura
CONUINTUPHO IIapXJIaHTaH.

[ToMmMBUHUIXTIOPU acoCHIa OJWHTAH TYpPIU XWJ XOCCAIH COpOCHTIapHH
OKOJIOTUK MyaMMoJiapHu Oaprapad Kwmmga oiu0d OopuiaéTraH XOpHXK Ba
pecnyOIMKaMu3 OJIMMIIAPUHUHT U3JaHUIILIApU XaM 11y 000/1aH YpUH arajiaraH.

JuccepTallUsTHUHT «AHHOHHUTJIAP XamAa a30T Ba ¢ocdop TyTran moJiu-
KOMILICKCOHJIADHUHT OJMHUIIM (PU3MK-KMMEBUN XOCCAJTAPUHUHI Y3Ura
Xocaurmw» 710 HOMIJIAaHTaH UWKKMHYM O0o0uja, wmyHuokcumoH [IBX Hu
MOJIMATUJICHNIONIMAMUH ~ OWjlaH KUMEBUM  MoaudUKanusuiall Ba  OJMHTaH
AHUOHMT/IaH MOINaM(OIHUT OJUII KapaCHIapura TypJid XU OMIUIAPHUHT TabCUP
KWINIIY YpraHuiraH.

Mynuokcumon [IBX Hu onumn sxkapaénuga yHra ruiactuukarop cudaruaa
nuankwidranatiap kymumnaau. Kymnanaérran [IBX tapkuOupa sHrM FOBaKIM
KaTjaM XOCHJ KWIHII MaKCaauaa, YHUHT TapKHOWJArd IUIacTH(OUKATOPHU
ATUJIAIETAT Ba 3TWI CIUPTU TYPJIM XWJ XAKMUN HUCOATIW apaiaimmManapu OuiiaH
AKCTPAKIUS KWIWUHIU, dKcTpakuuss 1 - 4 coarnapga onu® Oopuinau, OYHHHT
Hatmxkacuaa [I1BX myHauoxmapuauHr Maccacu 5-38% rada kaMaliraHu aHUKJTaH]IH.
[IBXHHUHT SKCTPaKIUSUIOBYM apajialliMaJard STUJIALETAaTHUHT XaKMUW YIyIId
optu6 Oopumu Ounan [IBXHMHr maccacu Ba MyHYOKIAp Yadamiiapu KaManuO
OopraH Ba SHT SXIITM HATHXKa 8:2 XaKMHI HUcOATIap1a OYIraHIurd aHuKIaHTaH

Omub 6opwiran xapaén myHdokcuMoH [IBX monamapuia roBakiap KarjiaMu
naiigo oynummura onub keaanu (1-pacm, 2-xaaBan).

: b
1-pacm. Ilonusunuxnopuo(A) ea anuonumnune(b) onmux muxpockonoazu
KYPUHUUU
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OKCTpaKIusl KAJWHTAH MOJMBUHWIXJIOPUIHU TMOJUATHIICHIIONHMAMIH OWjaH
MoauduKanusuania noaudTuiaeHnonmamMmua Ba yHuHr 50, 60, 70, 80, 90%
KOHIICHTAIIMAJIaTd CYBJIM SpUTMaNapujiaH (ougamaHuIau, MOaudUKaIAsIIALI
naBomuiinuru 2, 4, 6 Ba 8 coamnapnaa Ba moaudukanusiiam xapopatu 393, 403,
413, 423 Ba 433K napaa onu® Oopwinu. ByHWMHT HaTWKacujga XOCWJ OYiraH
aHnoHUTHUHT HCI OViinya mMakcuman CTaTUK ajdMallMHHII CUFUMU S,78Mr-3KB/T
ra TeHT OVJraHu aHUKJIaHJIH.

1-arcaosan
Tonusununxiopuo MyHuOKIApU NAPAMEMPIAPUHU IKCIMPAKYUSL HCAPAECHUOA
V3eapuuiu
[Toaumep CH3COOC,Hs : C,HsOH apanammManapHUHT XaXMUAKR
HUcOaTIapu
Okcrpakmusgan | 0:10 | 2:8 4:6 6:4 8:2 | 10:0
OJIIVH
HBX mirr macca 0 5 | 8 | 14 | 28 | 35 | 38
kamanuiu,(%)
IIBX auHT
w | @ | @ | wv | v |
MYHYOKJTapy 1-3 o~ N N N N N
VITYaMUHUHT — g g g_ g. g
KamManluim(Mm)

Omu6 Oopwiran ONTUK MHUKPOCKONMUK TaJAKUKOTIAp IIYHU KYpcaTaJauKH,
MOJIMBUHWIXJIOPUAHN aMUH OWJIaH MoAW(UKAlMsUIaraHaaH KEeHUH XOoCWI OYynraH
AHUOHMT/Ia SHTM FOBAKJAp KaTJlaMH MMai0 OYJiraH Ba OJUHTaH MaxCYJIOTHUHT
TalIKU TY3WIUIIM JacTiabku mojuMepra HucOataH Hotekucnamrad. [IlyHunr
OwiaH OWprajavkia OJWHTAaH AHUOHWUTHUHT YMyMHUW FOBaKkjap yiadyaMud Xam 2
Oapobap optraH, Oy 3ca OJIMHTaH aHUOHUT IOKOPHM COPOIIMOH Xoccara Jra
AKAHJIMTUJIAH JlaioyiaT Oepasu.

AMMHIIaHUII MaxXCYJIOTHUHHUHT 3JIEMEHT aHaJU3M TaxJIMJIM OJIMHTaH MaxCyJoT
tapkubuga 7,1% asor OopiuruHu kypcataau. OJMHraH MaxCyJOTHUHT
MOTEHIIMOMETPUK TUTPJIAIl HaTWKaidapu acocuaa tommnran pKy kuiimatnapu 10,7
Ba 8,0 TeHr Oynramnmm Ky3aTwiraH Oy 3ca XOCHWJI OYiraH MaxcCysnoT TapKuOwma
KyWwId Ba Ky4CH3 acoC Xoccacura sra OyiraH rypyxjap OopiuruiaH aanonar
Oepaau. AMUHIAHUIIAAH OJIMHraH MaxcyJloTHUHT Kuécuii K- criektp aHanu3uma
C-CI Gormapunu xapaktepiaoBun 609-744 cm™ coxamapmarum BageHT TeGpaHMII
MHTeHCUBIMTH Kamaiiran, Ba >N-H rypyxmapura moc kemyBunm 1460-1570cm™
coxajapja SHrd BaJleHT Ba naedopmanuoH teOpanunuiap Ba C-N rypyxmapu
BAJICHT TEOpaHUIIUTAPUHU XapaKTePJIOBUN 1070-1290cm™ stru roTmmmmT coxalapu
naiigo Oynumm Ky3atwiarad. OJMHraH HaTWwkajgap acocujaa Xocwin Oyirax
MaxCyJIOTHUHT TY3WIMIINHYU KyHuaarnya udoaaan MyMKUH:
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CH;—CH—AE CH;—CH%
| (n—p)

I
N—|- cI
|
-+ ey CcHyNH CH—CH,
m-p Up

[TonmMBUHUIXIOPUAHNA aMUHIIap Onian Moaudukanusiam oyiinda S.Moulay,
A.Roudman, R.Kusy, T.Kameda, M.Ono, G.Grause Ba OoImika oJHMJap
TOMOHMJIAH KEHT KaMpOBJIM WIMHKA H3JaHUIUIAD OJUO OOpUITaH Ba TYpiU XHII
aMUHJIAaHTaH aHMOHAJIMAIIMHYBYN Marepuajap OJINHTaH. Ammo
MOJIMBUHWIXJIOPUIHU TOJMaAMUHIap OWIaH MoauQUKaIMsIa KOHYHUSTIapU Ba
XOCHJI OYJIraH aHMOHUTHUHT (U3UK-KUMEBUI X0ccanapy YpraHuiMaras.

=]
I

CAC Mr-9KB/T
[ ]

D T T T T 1

0 2 4 6 3 10
Moagadarkanguaram JaBoMHAIHIH, COAT

2-pacm. AHUOHUMHUHE CMAMUK AIMAWUHULL CUBUMUHUS MO@M(;)MKCZL;M}ZJZCZZM

oasomutinueuea boenukaueu. (1, 2, 3, 4- peakyus xapopamu moc pasuwoa 393,
403, 413, 423K).

[TomBuHUXIOpUIHU  MOAU(UKAIUAIA0 OJWHTaH aHWOHAIMAIIUHYBYU
MaTepUaTTHUHT CTaTHK AJIMAIIMHHUIII CUFUMUHU MOAU(UKAIIHSIIAIT
JTABOMUMJIUTUTA, TIOJIMATUIICHTIOIMAMUH KOHIIEHTPAIMICUTAa Ba PEAKIIMOH MYXHT
XapopaTura OOFJIUKIUTH YPTaHWIAu, OYHUHT HaTWXKacuja yuidy TabCUp ATYBUU
OMIWJIJIap KUHAMaTH OpTUINKM OWIaH XOCWJI OYJNraH aHWOHUTHUHT CTaTHK
QIMAIIMHUAIL  CUFUMU  OpTHO Oopau. TaOuuiiku, Xapopar OpTHIIM OwiiaH
peareHTiiap  TapkuOuaa  ¢daon  MoJeKynaiap CoHM  opTtubd  Oopanwy,
MoAM(UKAIMSIIAI JABOMUWINTA OPTHUINA OWJaH 3ca MOJUAMHUHHUHT aMHHO
TypyXJapu TOJUBHHWIXJIOPUAHUHT XJIOp TypyXJiapu OWIaH TabCHPJIAIIHII
OXTHUMOJUTMTH KyTasau OYHWHT HATWKACHJa aHUOHUTHHHT XOCHJ OYIIHIN YHYMH
XaM OpTau.

Monudukanust >xapaéHura XapopaTHUHI TabCUPUHHU YPraHUIl OpKaIU
peaKknMsIHUHT  (aoJlaHWI  JHEPTUSACHHM  aHWUKIAmAa Tpaduk  yCylnuaaH
dornananunan Ba E= Retgo Gpopmynacu opkanu xucoOiaHau Ba YHUHT KHIIMaTH
108,03 x/I>x/M0Ib Ta TEHT SKaHJIUTY aHUKJIAH]IH.

[IBXHM TOJMATHICHIIONWAMHH OWiIaH MoauduKamusiam  peakmusacu
reTepored kapa€Haup. Mabiymku, OyHIal skapaéHiap/ia peakiusi Te3JIUru
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xapakatyaH (pa3ama >koiIamraH MOJIAHUHT KOHLIEHTpauusicura OOFiHK OYnaiu.
[lonumepaarn  XJIOpua  TypyxJap  MHUKIOPUHHM  MOJUATHICHIOIMAMUH
KOHLIEHTpalusicura Jiorapu(MuK  OOFJIUKJIMIMHUA TOMUII  OpPKAIA  TaJKHUK
KWIMHAETraH pEeaKUUsHUHT TE3JIMIMHU TOJMaMUH KOHIIGHTpauusacu Oyinya
TapTuOu anukianau. lllynra xypa yHUHT KuiimMate 1,3 ra TEHTJIUTH aHUKJIAHIM.
Jemak ymiOy peakiusi TE3MUTMHUHT YMYMHUM TEHIrJamMacu Kyuujaaru KypUHHIIra
ora: V=K-C"?

OnuHran HaTIKamap TaAKUK KHIMHAETTaH pEaKIUSHUHT KHHETUKACH
reTeporeH >kapacHiiap KOHyHUSTIIapuTra OYHCyHHINN XaKuaa TyBOXJIMK Oepaiu.

Tapkubunga a3zor — Ba Qocdop TyTraH nonMaM@OIUT OJMII MakKcaauaa
MYHYOKCUMOH MOJMBUHUXJIOPUAHU MOJTHMAMUH OWiIaH Moaudukanusanad OJMHraH
[III3-1 Ba comumrupum Makcaauna MJIIA-1 Ba MJIA-6 aHUOHUTIAPUHU
“Uuuynbabun” peakuusicu Oyinua Gopmanbaeru UITUpokuaa Gocur xuciora
OwilaHn  moauduKanusIam  pPeakUUSICUHUHT  KAHETUKAacH  Ba  OJIMHTaH
noJIMaM(pOIUTHUHT PUBUK-KUMEBUHN XOCCaTapy TEKIIIUPUITaH.

AHuonutHH  (Qocur  kucmora OunmaH  MomuduKanUAIad  OJUHTaH
nosiaM$osUT Ba AacTiia0ku aHuoHUTIapHUHT Ku€cuit UK- cmextpan ananmsu
IIYHU Kypcataauku, ¢docdopianungad xocun Oynran maxcyioraa P(O)(OH),
rypyxiapuun TaBcuduoun 916 Ba 1075cM™ rorHimm coxamapia Ba =P=0
rypyxiapura Moc  KenyBum  1172cM”  JOTWIMII  cOXamapuaa  BAJCHT
TeOpaHunIapan MGONaJOBUM CE3WIAPIM HHTCHCUB SHTU IOTWIMIN CcOXajlapu
naiino Gymran, =N—-H rypyxmapura xoc Oyaran 2850 Ba 2820cM™ foTHIMII
coxayiapuaa jAepopMmalioH TeOpaHHUILIap MHTEHCHUBIUIM Kamairad. OJIuHraH
MaxCyJIOTHU TOTEHUUMOMETPUK THUTpJaml, Kuciora Ba acoc OVyitmua CAC
KUIMAaTIIapuHU aHMKJIAIl Ba DJIEMEHT aHAIW3 HATIKalapu UIYHH KYypcaTaJuKH,
[MI12-1 anmonutnan pocdopram HaTHKAcHAAa XOCUIT OYViIran copOeHT TapkuOuaa
OWp BaKTHUHT ¥3WjJa HMKKM XWJ Xoccara odra rypyxJjap mnaigo Oymanu.
Monudukanusiai HaTHXKACKUIA OJIMHTAH MAaXCYJIOTHUHT TY3WIUIIHAAH KYPUHUO
TypuOIuKH, COpOEHT TapkuOuaa OWp BaKTHUHI Vy3ujga amMuHO Ba (Gochur
TypyxJiapu MaBXyJd. by 3ca copOeHT XaM acoc XaMm KHCJIOTa XOCCAIapuHH Y3HIa
My>KaccaM KWJITaH! yUyH MOMMaM(OIUT XapaKTepura sra OYJIraHIMTHAaH Jalojiat
Oepaan. YHUHT XaM HOHAIMAITMHUII XaM KOMILUIEKC XOCHJI KHIIMII TypyXJiapra 3ra
OYIUIIM KyWMHAaru peakuus cXeMacuaaH KypHIl MyMKHH:

CH;—CH——E (:Hz—cHJf

] L Jnp HCl

1|\'—— CI P) . CH10 + H:PO: TN

{ CH,—CH,—NH CH,—CH, ]
m-p -p

—ﬁCHJ—CHi—
¢ -(@-p)
*E CHQ_ CHE_NH%H_
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AnnonutHu (ocdopmam peaknmscura Typiad Xuil TAIIKd OMWUIAPHUHT,
SbHUA PeaKuus JaBOMUNIMIU, XapopaT Ba (OCHUT KUCIOTa KOHIIEHTPALUSCUTA
OOFJIMKJINK KOHYHUSATIAPH TAAKUK KUIUHAM. byHaa moinaM@oiauT xocus OYiuin
JKapaéHUHMHT peaklus Te3IuKiIapu Ba QochuT Kuciota OVinua TapTHOU
xuco0:1a6 tonuiau. [MI13-1 annonutuHuHr docdopnaanui peakusicuaa hochut
KHCIIOTAaHUHT KOHILIEHTPAIUSCH OPTUIIM OWJIaH peakius Te3MUru opTud OGopaju,
dbochut kucnoracu Oyitmya taptudbu 1,4 Tamkua Kuiagu Oy 3ca peakius OJIuH,
OWpUHYN TApTUOJIM, TETEPOTeH XapaKkTepra 3ra SKaHIWTUIAH JajojaT Oepaau Ba
docdopram peakuus tesaurn V= K-[H;PO3]"* Tenrmamacu opkamu udogarana.

HuccepranustHUHT  «OQJIMHIaH MYHYOKCHUMOH HOHUTJIAPHUHI (PU3HK-
KMMEBHHA Ba COPOLMOH XYCyCHAITJIapWw» 1e0 HOMJAHraH Y4YuHYM OoOwuna,
MOJIMBUHWIXJIOPU AacOCHJa OJIMHTaH aHWOHUT Ba MOJIWaM(OIUTIAPHUHT
KaMWIAp-FOBAKIM  TY3WIHINM  KATTAJWMKIAPW  TONWITaH, AaHUOHHWT  Ba
nosvaMm@osuTiIapra TypJid XWI aHUOH Ba KATHOHJIAPHUHT COPOLMSICH TaTKHK
KWJIWHTaH.

OnuHran  mojJuMep  MaTepUAUIAPUHUHT  KATJIAMUHU  COJIMIITHPMA
CUPTJIAPUHU XHUCOOJIalll yY4yyH CyB OyFjapuHU COpOIMsUIall  M30TEepMacu
Vyprauuwnau. [lomumepnapHUHT copOIus W30TEpMacH S - MIAKUIA KYpPUHUIIA
oynrannuru yuyH xucoonamiga BT dopmynacunan doitnananunim.

2-KaaBaJ
Tlonumep namynanapunune KanUAAP-08aAKIU MY3UTUWU KAMMATUKAADUHUHS
V3eapuuiu

Hamyna BX MI19-1 MI12-1-P
Xm, r/r 0,0019 0,0157 0,0189
Seol M/T 6,86 55,13 66,45
W, emIt 0,010 0,089 0,014
N, A 29,15 32,28 42,13

Kanpanga I[IBX Ba wmonuduxanusanad omuuran IIID-1 Ba TIID-1-P
COPOEHTJIAPMHUHT KalWISIp-FOBAKIM TY3WJIMII KAaTTAJIMKIApU KeATUpuiraH. by
xaaBanaaHn KypuHuO typubnuku, [IBX man I[III9-1 Ba IIII9-1-P ra yTuimn
tTaptuduaa copouusutamn (X, 1/T), moimmepiaap KaTJIaMHHUHT COJMINTHPMA CHPTH
(Seons M?IT), FOBaKIapHUHT yidamu (r, A) Ba yMyMHil Xa)KMHHHT KaTTAIHKIApH
optu6 Oopran, ymoOy xoauca moaudukanusianum xapaéauaa [IBX wHuar
YCTMOJIEKYJISIP TY3WIUIIUHUHT Y3rapuiiy Oujad TyIIyHTHPUIITaH.

MyHUYOKCMMOH MNOJMBUHWIXJIOPUJ acocujaa ojunrad III19-1 anuonutm Ba
[MI13-1-P noanamM(pOIUTUHUHT TYpAH XWJ peareHTiapra, Iy XyMmjaaaH, Kyw€id
OKCHUJJIOBYHM, KYWIM KHCJIOTAa Ba KyWIH aCOCIIAPHUHI MabIyM KOHLEHTpPALUSIIH
spUTMalIapura HUcOATaH OAPKAPOPJIWTHMHU TaBCU(IIALl Y4YyH TAJKUKOTIAp OJHO
OopunraH.

OnuvHraH aHMOHUT Ba MojuamMoNUTiIap KUMEBMI peareHTNiapra HucOaTaH
IOKOpY Oapkapopiauk Hamo€H Kwirad. [II[13-1 anuoHuTH pakobatuu dYeT 5i
anuonutura (AH-31) HucOaTaH MexaHUK Ba KUMEBUN TabCcUpJiapAa CTaTHK
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aJIMAlTMHUII CUFUMIIADUHUHT KyJla KaM MUKJIOpJa KaMalraHJIWrd OWJIaH IOKOpHU
MEXaHUK Ba KUMEBHUI OapKapoOpiMK >KUXATHIAH YCTYHJIUTMHM HAMOEH KUJIaJIH.
[TonmnamM@poJUTHUHT Typiu KUMEBMM peareHTIapra HucOaTaH OapKapopIUru
I0OKOpU OYnMO, Typiau KUMEBMI TabCUpPJApAAH KEHUH MOIMaMGOIUTHUHT CTATHK
aJIMalIMHUII CUFUMH KaMauim ypraya 5-20% naH omiMaras.

[TonumepnapHUHT TepMUK OapKapOpJIUTUHU TaBCU(IIAIl YUyH TOJUMED
MatepuayiapHuHr  TepMmorpaBumerpuk  (TI)  aHanuznapu  YTKa3WIIu.
TepmorpaBumerpuk Ba Juddepennuman KalopuMeTpUK CKaHEpJaIl >3rpujiapu
myHu kypcatanuku, [IBX Hu wmomudukanusanad oauHTraH copOeHTiap, Iy
xymnana, [1I13-1 annonutununr Tepmuk 6apkapopauru 483K raya xysatuiara
Ba Oy XoJlaTJa aHMOHWTHHUHI MAaccacu HaMJIMKHU HykoTuil xucobura 20% raua
kamaiiran. [II13-1-P nmommambomutuanar Tepmuk Oapkapopiaurun 503K rada
HaMOE€H OYymm0, monmmamMdOJMTHUHT Maccacu 03 Mukiopaa kamaiiran Ba JICK
aHamu3n orpucuaa 465K nma rokopu XapopaTAaa AK30TEPMUK  YOKJIAHHUII
peakuusiiapura Xoc kapa€H KysaTwiraH Ba Oy skxapaéH sHeprusicu 49,87K/r ra
TEHI  JKaHJIUTW  aHUKIaHrad. OnuHraH  HaTwkaigap  TEKIIApUIAETraH
MOHAJIMAIIMHYBYM MaTepuaiap I0KOPH TEPMUK OApKapOpJIMKIa 3ra SKaHIUTUHU
aHIJIaTau.

Aitan umga ver-31 AH-31 copbenTu Ba 6u3 TtamonmaH ojuHran [1I19-1
COPOCHTIApUHUHT alpuM (U3UK-KUMEBUN MapaMeTpiapyd COJUIITUPWITaH. 3-
XKaJBaJaH KYpUHUO TypUOIWKHUM, OJMHraH COpOECHTHUHI 0ab3u MapaMeTpiapu
yeT-311 AH-31 copOenTuaan Konuimmanu.

3-saaBaj

AH-31 6a I1I13-1 mapkanu anuonumaaprune Qusuk-KUMEGUN napamempaapu

Kypcarruu Homnapu Mapxka Ba HaB yuyH MEBEP
AH-31 II12-1
Tamky KyprHHUIIN Caprum panrmm | JKurap panmm
3appaya 3appada
Honanop Tapkuo:
a) 3appaua yi4yamu, MM 04-20 04-20
0) Oup KUHCIUIHK KO3PPUIImeHTn 0,3 0,3
Hammuru %, 47 50,3
3
Comumrupma xaxm -OH xonatna cm /t 3,3+0,2 3,04+0,2
YMyMHUIl CTaTUK aJIMallMHUII CUFUMH
(YCAC), Mr-skB/MI 2,60 2,50
JnHamuk aJIMaITUHUIILI CUFUMU
(YIAC), Mmr-skB/mMi 1280 1350
OcMmoTtuk 6apkapopiuk, % 85,0 90,0
MexaHuk 6apKapopiauru 90-95 90-98
Hown maknu Xyopup Xyopup
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[ynaunraex aitan aaunoHUuTHUHAT JIAC 1350 Mr-skB/mit ra TeHr, AeMak KeHT
Mukécna nuatuayBuu 4eT-351 AH-31(1280) annonutunukuaan 1,1 6apobap kara
oynran. YJAC=2,5 Mr-aske/mu Ba MexaHuk Oapkapopiuk 90-98% Hu Tamkun
ATaJIH.

MyHYOKCUMOH TMOJUBUHUIXJIOPU]T aCOCUAA CUHTE3 KWJIMHTAaH aHUOHUTIa
Cr,O% nonnapu Ba ifoqHu Kanuii Homua SpUTMACHIAH COPOLUSAIAII KaPASHUHUHT

KMHETHUKACH Ba TSPMOAMHAMHMKACH TAIKUK KHIMHTaH (3-4 pacMm).

e

MMOJIbL/T
[t Lad =
Lo T I R S T o T I T S T I T
1

2

g lad

0 20 40 60 80 100
t, MHH

3-pacm. I1113-1 anuonumuea 1ioonu romuruws kunemuxacu. 1, 2, 3, 4- tioonu
bownaneuy konyenmpayusicu moc pasuuwoa 0,05; 0,025; 0,01; 0,0075 mons/x,
xapopam-313K

e

: ! o~ i ¥
=R VS I VRN VE R W S v
1 1 1 1 1 1 1 ]

I, MMOJIL/T
b2

[y

]

16 24 32 40
Cp, MMoOaB/a

™
=
[.e]

4-pacm. [1113-1 anuonumuea UoOHU MYPIU XAPOPAMAAPOA2U IOMUTUUL
usomepmacu, 1, 2, 3 xapopam moc 293, 303, 313K.
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Nomgaun III1D-1 aHmoHWTHIa MOTWIMII XapaCHUra TypJd XWI TalIKU
OMWJUIAPHUHI TabCUPHU YPraHWIAW Ba OJUHIAH HATWXKajlap OpKAJIU COpOIMs
KapaCHUHUHT TEPMOJIMHAMUK KATTAJIUKIApU XUCOOIaH I (4-KaaBai).

4-xanBaj
1IT13-1 anuonumuea HOOHU HOMUNUUL HCAPAEHUOASU MEPMOOUHAMUK
KammanuKiapuHuHe y32apuuiu

T K | K -AG, -AH, -AS,

’ MMOJB/T | 7/MMoIb | JK/Moib JK/monb K/mons K
293 3,4 65,96 10226 35
303 3,95 107,76 11784 27143 39
313 4,35 109,53 12225 57,52

IOxopunarn  4-xajgBanma  KEATHUPWITaH  MabiIyMOTJIapaH  KYpUHUO
TypuOIUKH, WOJHM IOTWIMII >Kapa€HHUJla CHCTEMaHUHI J3pKUH SHEPIHsICH,
SHTAINHMS Ba SHTPOIUACH y3rapuiiv MaH(puid KuiMatra sra 0ynu0, xapaéH y3-
y3uya Ooprad. OHTaINMUS Ba DJHTPONUS KUUMATIApW Y3rapUILIapHHUHT
MaH(UIIMTY 01HA COpOEHTra Ky OOFIaHTaHIMTHAaH J1ajlojaT Oepaau.

[II1D-1 amuonuTH MTUpOoKMaa cyHbuii spurmazan Cr,0 wmommapunn

copOIusl KUJMUII KOHYHUATIApW Tekmupuiarad. CopOiusi skapaéHura Xapopar,
copOIusi JTaBOMMIIMTM Ba JUXPOMAT HWOHJIAPUHUHI  KOHLIEHTpAUUsCHUIra
OormuKIUru ypranwiaau. OJIMHraH HaTWXKalap acocuaa JUXpOMaT MOHJIAPUHUHT
AHUOHHUTIa MaKCHUMaJl FOTHJIMII KaTTaJUTd Ba COpOLMs KOHCTaHTAJIapu Xapopartra
OOFJIMK XOJIaTJa OPTUIUM AHUKJIAHIW. AHUOHUTHHHI JUXPOMAaT HOHIapu Oyiimua
CTaTUK aJMaliuil cuFuMHu 3,48Mr-3KB/T ra TEHI OJKaHJIUTH KYpCATUIIH.
AHHKJTaHraH KHHETHMK Ba TEPMOJMHAMHUK NapaMmeTpjap AaHHUOHUTHU XpOMaT
WOHJIapM Ba MOJIEKYJIsIp Hojara HUCOATaH MOWWIUIMTH J>KyJla XaM OKOpHU
SKAHJINTUHM Ba AHWOHUTHU KYyWIM OKCHJIOBUMJIAp TabCUPUTa YHUJIAMIIH
DKAHJIMTMHU KypcaTaau.

MyHUYOKCUMOH TOJMBUHWIXJIOPH aCOCHIA OJIMHTaH TapKuOuJa aMHHO Ba
dbochuT rypyxJapuHU TYTYBYH MOJIMAM(POIUTHUHT PAHTIM METal HOHJIApUra
cenektuBIUTruHN anukiam Makcaauna muc (I1), muken (II) Ba wunmuii (I11)
VOHJIADUHUHT CYHBUU SPUTMAJAaH METall MOHJIAPUHU NOJUaM(OIUTra FOTHIIHILI
KOHYHUSTIAApU YPraHuiau.

AncopOusaniaHuIl KOHYHUSTIAPUHM aHUKJIAlAa aacopOuus H30TepMacHIaH
dbornananunaau.. AacopOuus uzorepmanapuau OpeiHanux, seHrmop Ba TEMKUH
ycyJulapu €pAaMua WHTEprnperanus KWIMHAIIM MYMKuH. bu3 om0 Oopran
TaJKUKOTIap Taxiuiau Ppeitnmmx (N) Ba JleHrMmiop napamerpiapu xamja
axpamm  dakropu (R) KuiimMaTiapuaaH MaBXyJa CHUCTeMa KyJall CcoOpOIMoH
)apa€H KOHYHHUATIApUTa MOC N1e0 XyJioca KWWl MyMKHH. Tekmupunaérran
KaTpoH yuyH K, KUMaTu KaTTa OYJITaHu METa/UIapHU MOJIMaM(OoIUTra MOMHIIUTH
IOKOpH DJKaHJIMruaaH pgamonat Oepamu. Mzorepma yuyn Témkuu(b; u Ky)
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MapaMeTPUHUHT KUAMATH IOKOPUJIUTH Ba aJICOPOIIMOH MCCUFIUK KUMUMATIApH MOC
pasura Cu(Il), Ni(Il) u In (III) yuyn b = 265 x/x/moab, 316,5 xJx/Moib u
609,8 kJDx/Moiib,  OOFJIAaHMIII HHEPIUCH MAKCUMyMH XaM IOKOPWJIMIH MOC
paBuiga Cu(Il), Ni(Il) u In (II1) yuyn K7y = 144 a/r, 76,8 n/r u 27 1/ MOHUTIAPHU
YypranuiaaéTran MeTajuiapr MOMUH SKaHJIUTUIaH dajionaT Oepaiu.

S-KaJBajiard MabIyMOTJapra acocCjlaHraH XxoJlaTna kapaéH V3-y3uua
KeTTaHJUTUHU altuil MyMKuH. JKajaBaijgars copOIusi KOHCTaHTaJlapUHUHT
y3rapummra Kapad MeTaul MOHJIAPUHUHT MoMaMQoNIMTra IOTHINIIN KyHuaara
tapTubaa ommb 6opamu aeitum mymkuH: In (IIT) < Ni (IT) < Cu (IT) . Kentupunran
MabBIYMOTJIAp NIYHU KYpcaTaJWKH, COPOIMOH MYXHTHHHT XapOpaTh OPTHUIIU
OwiaH KapaHHUHT 3PKUH SHEPTHCH, DSHTAIBIINS Ba YHTPOIHUS KATTATMKIAPUHUHT
KuiiMatiapu optud Oopra.

5-xanBan
IT12-1-P nonuameporumuea muc (1), nuxen (1) 6a unouu (1) uonnapunune
copbyUs KOHCMAHMANApPU 8a ACOCULL MEPMOOUHAMUK KAMMATUKIAPUHUHS

y3eapuwiu
Meran T, I'., CopOrus -AG, -AH, -AS,
nonnapu | K | mmoms/r KoHCTaHTacH, | X/mons | X/mons | XK/Moas K
K- n/mMmmonb
293 3,05 9,28 4385 13,8
cu® 303 3,32 14,0 4892 12500 28,2
313 3,85 21,7 6038 29,7
293 2,25 6,35 3590 13,0
Ni®" | 303 | 2,48 8,43 4310 | 11500 25,0
313 2,74 10,84 4597 25,8
293 1,85 4,18 2170 11,85
In* | 303| 212 6,54 2631 | 11200 21,6
313 2,36 8,45 3127 23,1

OnuHran HaTwXaiap TapkuOuaa a3ot Ba ¢pochop TyTraH coOpOeHT OuIaH MHC
(I1), auken (II) Ba wmnammit (III) wonmapu Oapkapop KOMIUIEKC XOCHJ KHIIUO
OWPUKUINNHYU, IIyHHUHT OwiaH Oupramukna muc (ll) monmapu Oomika metast
MOHJIapuTa HHcOaTaH nojuaM(ouTra IKOpH MOWWJUTMKHU HAMOEH KWJIHO Ky4id
KOMITJIEKC XOCHJI KWJITAHJIUTUHU KYpCcaTaIH .

Cynbdar kucioTa UNUIA0 YMKApHUIIA KaTaiu3aTop cudarnma WIUIaTHITaH
V,05 HU YUKUHAWIApAAH QXpaTuOd OJHMIN MaKCaauaa, KHUCIOTAIH CYHBHM
spurmagad  BaHagun  (VO,') HMOHIAPUHM  MYHYOKCUMOH  MOJMaM(OJIUT
UIITUPOKHUIA aXPaTUO OMMHAM Ba COPOIUsS Kapa€HUTA TahCUP KHIYBYM TaIIKU
OMMJUTAPHUHT Tabcupy yprauwnau. CopOuus TaBOMHUIIIUTH, XapopaT Ba BaHAIMI
WOHJIADUHUHT ~ DPUTMAZard  KOHLEHTPALMUACH OPTHUINM  OWJIaH  BaHAIWI

19




MOHJIAPUHUHT MOJNaM(POIUTTa IOTUINIIN OpTUO OopraH, Oy 3ca IOTHIUII KapaéHu
KUMEBHM copOrust Ousian 0opaéTraHyIiMruiad 1anoiar oepasu.

[TI13-1-P monmaM(pOIUTHHUHAT METal MOHJIApUTa CEIEKTUBIMTHHA aHUKJIAII
yuyH, Tapkuouna muc (I1), auken (II), pyx (II) Ba ko6ansT (II) noHnapuHu TyTran
Mypakkab mojen sputManad GoimanaHuiau. by spuTManaH Metayml MOHJIApUHU
COPOLIMSCHHY aKTHB XOJarTja AWHAMHK IIapoWTaa onaud Oopwinau. Meran
WOHJIAPUHUHT KOHI[EHTPALUSACUHU COPOIUAIaH OJMH Ba KEHUH aTOM dYMMHUCCHOH
COpOIMOH aHanmu3 ycynuaaH ¢oimamaHuIan. AHaIU3 HaTWKamapu 6-kamBayiga
KEJITUPHIITaH.

6-KaaABAJ

HO]ZLlMepZCZ COp61/;M}Z KUJUHSAH MemauldpHUHS AHUKIAHCAH MMKOOPM

HaumenoBanue Merannap Mr/kr
BEILIECTBA _
Cu Ni Cd Zn
[1113-1-P+Me 6585 260 1250 1557

Oxopuna kentupwiaran  6-KaJBaIUTH  MabIyMOTJIapJaH  KYpUHHUO
typuoauku muc (1) nornapununr II13-1-P nmomuamdonanTura FOTHIUIIN OOIIKA
MeTayul WOHJapura HucOaran S5 Oapobap kym (oTuirad, OyHJIaH KYpUHUO
Typubauku [113-1-P nmonmuamdonutu Ooiika MeTaml MOHJIapura HUcOATaH MHUC
(1) noHapura 1OKOpY CENEKTUBIMKHA HAMOEH KUJITaH.

7-KaaBa
Honuameponumea Cu (1) ea Ni(ll) uonnapunune kyn mapmanux ounamux
copoyuscu
Ne F, V, M Vo, MIT JHAC YIAC o
MJI/MUH (VTkasmnran | (KOJIOHKagard |  MMOJI- MMOJI-
YMYMHH XaKM) UOHUT 9KB/T 9KB/T
XAKMHU)
Cu++
1 1 700 30 2,51 2,92 0,86
2 1 700 30 2,51 2,92 0,86
3 1 700 30 2,51 2,92 0,86
4 1 700 30 2,51 2,92 0,86
5 1 700 30 2,51 2,92 0,86
6 1 700 30 2,51 2,92 0,86
7 1 690 30 2,46 2,875 10,85
Ni++

1 1 540 30 2,0 2,25 0,89
2 1 540 30 2,0 2,25 0,89
3 1 540 30 2,0 2,25 0,89
4 1 540 30 2,0 2,25 0,89
5 1 540 30 2,0 2,25 0,89
6 1 540 30 2,0 2,25 0,89
7 1 540 30 2,0 2,25 0,89
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HNonanMammHyBuM MaTepuamiapra CaHoaTAa MIUIATHIN YYyH KyWWIIaJIATaH
SHT MyXHMM Tajabyapaad Oupu 0y MOHUTHUHT KYI MapTaJIMK HUILIAl KOOISATHAUD
SbHU OupHeua MapoTaba copOuMs Ba AecopOIUs KUJIMHTaHAA HOHUT Y3UHUHT
copOumoH xoccanapunu HykorMmaciuruaup. Ilommamdonurra Cu (II) Ba Ni(Il)
HWOHJIapUHU 7 MapoTadaiaH copOIus Ba 1eCOPOIMs UIILJIapU 0JIUO OOPUIIIH.

KOxopunaru 6-xanBangaH KYpuHUO TypUOANKY MOTUBUHUIXIIOPU]T acOCUIa
omuurad [I13-1-P nomuamdonutu muc (II) Ba Huken(Il) wmonmapunu kyn
MapoTaba copOmus Ba AecopOIus YTKa3uiranaa Y3MHUHT COpOITMOH X0CCalapuHu
nespim y3raptupManu. by sca MOHHT 1OKOpW KUMEBHH, (PU3MKaBUN Ba MEXaHHK
OapKapopJIMKra 3ra SKaHuAaH JajiojaT Oepaiu.

[lonmuamdonurra copOIHMs KWIMHTAaH METAI WOHJIApUHU  CyadaT
kucioTanuHr 0,5 H mu cyBnm spuTmMacu 6uiian AecopOIus KUITHHIH.

8-xaaBaj

1IT13-1-P nonuamgorumuoan muc éa nuxen uonnapunu 0,5 H H,SO4 Hune cyenu
spummacu ounax oecopoyuscu

Meran | CopbeHt V, M Omoar | Metaimapausr | JlecopOuusiia
MmaccacH, | (YTKa3wiran | XaxMH, 3JIr0aTAAru HUIII
rp yMyMUH MJT KOHIIEHTpalus | aapaxacu, %
XaXkKM) CH, MOJIB/JI
Cu 12 700 160 0,215 98,5
Ni 12 540 160 0,163 96,8

8-xanBangaH KYpuHHO TypuOIMKH MeTamapHuHT necopOimsicu Cu Ba Ni
Moc pasuiiaa 98,5 % Ba 96,8 % ra renr. llynnait sxan [1113-1-P mommamdonutu
épaamMuia MUC Ba HUKEJ METaJNIApUHU SPUTMAJard KOHLEHTPALUICUHU OUp Heva
MapoTaba OLIMPUII MYMKHH. /leMak TEXHOJOTUK 3pUTManap TaKUIOMIaH PaHTIIU
Ba KuMMarbaxo Metayapau [1I19-1-P mommamdonut épaamuna axpaTud onmira
TaKJIA( KUIUII MyMKHH.

MuccepranussHuar «CHHTE3 KHJIMHIAH AHUOHUT Ba mnoguamMgoaur-
JAPHUHT KY/UIAHWIMIIM MYMKHMH OVJradH CcoXaJJapuHu aHUKJIam el
HOMJIaHTaH TYypTuH4yu 000uaa I1I1D-1 anvonuTH €paamuaa KUME caHOATH YUYyH
Ty3CH3JaHraH cyB Ta€pnam Makcaauaa, ““MAXAM-CHIRCHIQ” AJXK nmaru
CYBHM JacTiia0Ky To3ajall LeXuJa KaTHOHCH3JIAHTHUPWUITaH Jaap€ CyBIApUHU
aHUOHJIapAaH To3ajlall Oyirya TEXHOJOTHK IIApOUTAA TaKpuOa CHHOB HIILIAPU
YTKa3UIIH.

TexHONOruK mapouTaa Aap€ CYBHHHM Ty3CH3JAHTUpHUII Makcaauaa S0m
XQKMIM COpOEHT TEXHOJOIMK LHKITa WIIYM XOoJIaTAa KHUPUTWIOUA Ba
KaTUOHCU3JIAHTUPWITAaH CyB TapKUOMJard AaHUOHJIAPHU To3aJlall XYCYCHSTH
TEKIIMPUJIIU Ba KyWuaark HaTmxanap oiauuau (9->xaasan).
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9-wanBan
«Maxam-Chirchiq» A’K unune oacmnabku mozanaw yexuoa I1113-1
AHUOHUMUHUHZ MEXHOI02UK WAPOUMOA2U YMKA3UICAH MAXCpUda CUHO8 UuLapu

Hamuoicacu
Ne | VTkazummmn Ymymun Xiopumiap pH Nuuram
caHacu UIIKOPUIIKK, | KoHIeHTpanuscH, | (6,0 man | Bakth
MMOJIB/ M mr/om’ KUYHUK coar
(0,8 man xarra (1 man xarra | Oy;aMaraH)

Oymaran) Oymaran)

1 | 29.04.2015 0,02 0,65 6,8 18

2 | 05.05.2015 0,02 0,60 6,2 14

3 | 13.05.2015 0,02 0,78 6,5 12

4 | 19.05.2015 0,04 0,77 6,8 18

5 | 01.06.2015 0,01 0,72 7,1 14

6 | 08.06.2015 0,02 0,70 6,2 17

7 | 15.06.2015 0,02 0,70 7,0 15

8 | 19.06.2015 0,02 0,88 6,4 17

9 | 25.06.2015 0,01 0,72 6,5 15

10 | 30.06.2015 0,02 0,68 6,8 17

11 VpTaqa 0,02 0,72 6,6 15,7

Kentupuiran wmabiymoTiapAaH KYypUHUO TYpUOIMKH, MOJTMBUHUIXIOPUT
acocH/la OJMHIaH aHMOHUT Jap€ CYBJIAPUMHU TY3CHU3JIAHTUPHUIIIA IOKOPU camapa
owian nnutaau. [MI19-1 aHMOHUTUHUHT Xoccalapura yxiam Oyiarad pakoOaTdu
yeT 71 AH-31 aHHMOHUTH KaTMOHCU3NIAHTUPHWITAH CYBHH TO3aJalllja KYmnu OusiaH
8-10 coar ummait onagu Oy 3ca Maxamui xoMm ameé€ acocuna omuuran [1113-1
AHUOHHTH PAaKoOaTYN aHHOHUTra HUCOATaH UKKK Oapolap KYM BaKT UIILIAM OJUIIH
OWJIaH YCTYH TypHUILIMHU KYpcaTaH.

OnuHraH aHWOHWUT Ba CaHOAT/AA KYJUIAaHAJUTAaH aAHUOHUT UIITHUPOKH]IA
“@apronaa3zor’AXK cuaga aMMHUaK CUHTE3U apaéHuaa KyJlaHaIUuraH KOHBEPCUOH
ra3japHd TO3ajalljia UIUIATUIAAUTaH METUIAUAITAHOJAMUHHU TEPMHK Oakapop
Ty3Jap/laH To3ajall KypuIMacH SpaTWIAM Ba CaHOAT CHUHOBJIAPUAAH YTKA3ZUIJIU.
byHa aHMOHWMTIAPHUHT METWJIAUATAHOJAMHHHHM TEPMUK OapKapop Ty3jiapaH
TO3a1all UKTUCOAUN camapagopiauru uunura 10 MITH. CYMHU TalllKUJI STraH.

[TonMBUHUIXJIOPU acOCHAA OJMHTAaH TapkuOuaa a3oT Ba ¢Gochop TyTran
nosmaMm@onut umtupokuaa OTMK Hunr Pyx 3aBoguHu Mypakka® TEXHOJIOTHK
pPUTMACH TAPKUOWJAH MHAMN METANIAPUHU aKpaTHO oMl OYiinya U3aHUILIAP
om0 Oopunau. TeXHOJOTMK 3pUTMa TaKUOWAA WHAMK - 52,5Mr/J, MHUIIBSIK -
1700mr/71, cypma - 46Mr/n Ba Oolika MeTauiap MaBxkya, Oy dpuTMa TapKuOHUmaru
UHAUIHY onraM(onuT EpaaMua CTaTUK MIapOUTAa aKPATUO OJTUH/IH.
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10-:kanBaJj
Copbenmaaprune mexHoI02uK 3pumma mapKuduoacu MemaiiapHu axcpamuod
onuw Kypcameuunapu. /lacmnadxu konyenmpayusi uHout - 52,5 me/x,
motubax-1700 me/n, cypoma-46 me/n

Ne | Copbent Typu Konnuk KoHIIeHTpanus, Mr/

In As Sb
1 ACC-3-4-® 27 718 36,1
2 MJIA-6-P 37 1070 29,8
3 MJIA-1-P 39 996,5 32,0

FOxopunarn »xaaBan MabiIyMOTIapuliaH KYypuHUO TypuOIUKH, TapKuOuaa
dochop Tyrran TtomacumoH ACC-3-4-O copOEHTH TEXHOJOTUK 3SpUTMaA
TapKUOWIaH UHIWN MOHJApUHU Y3ura sxmu copouus kuiran. Ammo ACC-3-4-O
COpOCHTH TOJACHUMOH OVITaHIWTH YYyH MEXaHWK YHAaMJIMIIMTH T[acT Ba
TEXHOJIOTHK IIapOUTIapJa WIUIATHINTA KHAMHYWINK TYFAUpagd. MyHYOKCUMOH
MJIA-1-P Ba MJIA-6-P mommamdonutiapun roxopuaa TabpudiaHraH HOHHUTTA
HUCOaTaH WHAWK HOHJApUHM OWUpPO3 KaMpoOK IOTcCa XaM Oy MYHUYOKCHMOH
noyimaMQoIUTIap FOKOPYU MEXaHUK YMAAMIIMKKA ATAJIMTH Ba KYI MapTa WUITUTATHII
MYMKHAHJIUTH OWJIaH YCTYH Typasu.

HucceprauustHudr «IloMMepJapHMHT KUMEBMHA Y3rapuluuIapuHU 0J1H0
oopum ycayogapu» 1e0 HomimaHraH OemuHyd  O0oOuja  KYJUIaHWIJITaH
PEaKTUBJIAPHUHT XOCcajapu, MoJuMepiiapaa KuMEBHM Moauduxanusiap oiaud
OopuIl ycyJIapy Ba TAAKUKOTJIAp yCIIyOiapu EpUTHIITaH.
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XYJOCAJIAP

«ITonuBuHUIXIIOpU] acocuaa a3oT Ba (Gochop TyTraH MOHUTIAP ONMHHUIIH
Ba (PM3HUK-KUMEBUHN XOCcalapu» MaB3yCHAaru JOKTOPIUK JUCCEepTAIUsIcH Oyitnua
onu6 OopmIiIraH TaIKUKOTIap HaTHXKacuaa KyHuaaru Xyjaocaiap TaKIuM dTUIIN:

1. AunoHuT Ba TapkuOMma azoT xamaa (ochop TyTraH MOJMKOMIUICKCOH
OJIUII MAaKCaJAuJa MYHUOKCHMOH TMOJUBUHWIXJIOPUIHU MOJUITHICHIIOINAMUH
Oownan Monudukanusianm Ba GopMaIuH UIITHPOKUAA GochUT KUCIOTacH OuJiaH
KOHJICHCATJIAHMIII >KapagHiapura Typiud OMHIIIAp TabCUpJapHU TAIKUK KUJIMH]IH,
daolaHUII SHEPTUSCMHUHT KUWMATH, peaKius TEe3MUIMHUHT (akaTt KyWu
MOJIEKYJIIp pEeareHTiiap KOHIEHTpalusicura OOFIMKIUTY  YpraHWIaHUETTaH
)apaCHyap reTeporeH peakusapra Xoc KOHyHUsITIIap OViinya 60opaéTraHiuruiu
aHUKJIAIl UMKOHUHU Oepajiu.

2. UK- crnexkTpockomnuK, 3JeMEHT, TePMUK aHAIU3 Ba AHAIUTUK YCyJUIap
OpKaJdl MYHYOKCHUMOH TIOJMBHHHWIXJIOPUJ] AacOoCHJa OJMHTaH aHHUOHUT Ba
MOJMKOMIUIEKCOHHN KUMEBUH TY3WIHINM, TEPMUK Ba KUMEBUM Oapkapop
IKAHJIMKJIAPU UCOOTIaHIN. AHMOHUTHY MOHAJIMAIITYB XOCCANapu TapKUOUIa aMuH
TypyxJap, TOJMKOMIUIEKCOHHUKM 3Ca aMHUH Typyxjap Ba ¢GocPuT KucioTacu
KOJIMKJIapyu OOpIUTH XUCcOOUra HAMOEH OYIUIIMHYA aHUKJIalll UMKOHUHH Oepai.

3. Jlabopatopus Ba caHOAT KOPXOHACH IIAPOWTHA OJMHTAaH AHHOHUT Ba
noJIMaM(pOJIUTIAPHUHT JABJIAT CTaHJIAPTHIa KEATUPUITaH MyXUM (DU3UK-KUMEBUN
XOccalapu TaJKUK KWIMHIM Ba AaHUKJIaHraH TaBcuduap Oyiuya caHoatna
kyutanagurad AH-31 aHHOHUTHUKHIAH KaM SMACIUTH KYpCaTUIIIH.

4. MyHUYOKCHMOH TMOJIMBUHUJIXJIOPU]] aCOCHIa CUHTE3 KWIMHIaH aHUOHUTTa
Cr,0? Ba Hoxuu Kamuii Homua SPUTMACHIAH COPOLMSIAII KapaéHU KMHETHKACH

Ba TEPMOJMHAMHUKACH TAIKUK KAJIUHAW. AHUKJIAHTaH KHHETHK Ba TEPMOJIUHAMHUK
napameTpiiap aHMOHUTHU XpOMaT HOHJApW Ba MOJIEKYJsip Hoara HucOataH
MOMWJUIMTH FOKOPH SKAHJIWTUHUA Ba aHUOHUTHU KY4YJIM OKCHJIOBUMIIAP TahCUPUTa
YUIAMJIA SKAHJIUTH KYPCATUIIIN.

5. MyHYOKCUMOH  TIOJIMBHUHHWJIXJIOPUJ  acoCHJa  CHUHTE3  KWUJIMHTaH
nosmkomruiekconra Cu(Il), Ni(Il), In(Ill) Ba Bamagmn (I) vOHNIApUHU FOTHIWIIT
KapaCHJIAPUHUHT KUHETUKACH Ba TEPMOJMHAMHKACHHU TAIKUK KWIWII OpPKAJIA
COpOCHTHHM paHIJId MeTajuiapra OYyJraH CEJICKTUBJIMK KaTOpPU AHUKJAHIU Ba Y
Cu(ID>Ni(I)>In(IIT)> Banaaun (I) kypuHuUIITa 3ranuru KypcaTuiIu.

6. Cu(Il), In(IIl) nonmapuaM CUHTE3 KUJIWHTAH MOJUKOMITJICKCOHTA THHAMHK
miapouTAa copOIusUall Ba IOTWITAH HOHJAPHU JAecopOuMsuiaml Kapa€Hiiapu
tekmmpuiaan. OJWHTaH HaTWKalap TOJUKOMIUIEKCOHHH KHUMEBHHA OapKapop
AKAHJIUTU Ba KyN MapoTaba kyiamra taBcust atTwiad. « OTMK» AXK Tapkubura
KHPYBYHM PYX 3aBOJIMHUHT MypaKka® TEXHOJIOTHK dPUTMACUIaH WHIUN NOHIAPUHU
a30T Ba ¢ocop TyTraH MOJUKOMIUIEKCOH EpJaMuja CeJIEKTUB COpOIusiiam Ba
DPUTMACUHY KOHIICHTPIIAIITA SPUIIUAIIIN.

7. [TonMBUHUIXIIOPU]T acOCHA OJIMHTaH MYHYOKCMMOH aHMOHUT «Maxam-
Chirchigp AX na cyBHm pnactinabku TO3amaml MEXUAard Taxpuba- CHHOB
yCKyHacuja WUPUK MUKIOpJa CUHTE3 KWIMHIA Ba TaOWUN CYBJIApHU IOKOPU
camapa OumnaH Ty3cu3JaHTUpAU. byHa aHMOHUT pakoOaTun aHMOHUTIa HHUCOATaH
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10-15% raua kynm wunutam gaBomuinurura sra Oynau. Basupnap Maxkamacu
HuruuimuHuHr 42- 6aénHoMacura 6mHoan «Maxam-Chirchig» AXK xucoOunan
Ooup wMwumapa cym wmabnar axparuiaad Ba [II1D-1 anvoHuTHHM UIUTA0
YUKAPHUIITa TABCHUSI STUJIIH.

8. AaroHuTiap umrtupokuaa «Papronaazor» AXK 1a KOHBEPTOp rasjapHH
TO3ajallla MILIATHIYBUYM METHIIIMITAHOJIAMUHHN HUQIOCIAHTUPYBYH TEPMHK

Oapkapop TY3JIApHUHT KOHIIEHTPAIUSICUHU KamalTupuiga IOKOpH
camapanopiukka spummwin («®PaproHaasor « AXKuunr 2016 ¥mn 26 wuromnaru
37/3768-conmu MabJIyMOTHOMACH). bynna aHUOHUTIIAP épramuaa

METWJIIMATAHOJIAMUHHN TEPMUK OapKapop Ty3/lapJaH To3ajall WKTHCOIUI
camapaaopsuru vimura 10 MiH CYMHH Talllkui 3TAU.
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PA3OBBIN YUYEHBIN COBET IO TPUCYXKJIEHUIO YYEHOM
CTENEHU JOKTOPA HAYK HA OCHOBE YYEHOTI'O
COBETA 14.07.2016.K.01.02 TP HALIIUOHAJILHOM
YHUBEPCHUTETE Y3BEKHUCTAHA

HAIIMOHAJIbHBIA YHUBEPCUTET Y3BEKHCTAHA

BEKYAHOB JABPOHBEK ’KYMA3APOBUY

®U3UKO-XUMUUYECKHUE CBOMCTBA U TOJYUYEHUE A30T U
POCPOOPCOJEPKAIINX NOHUTOB HA OCHOBE
HOJIMBUHUJIXJIOPU A

02.00.04 - ®usznuyeckass XuMus
02.00.06 - BbicokoMo/IeKyIIPHbIE COeANHEHUS
(XuMHYeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM IUCCEPTAIIMN

Tamxenr-2016 rox
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Tema 10KTOpPCKOI AUccepTAlMM 3aperMcTpHpoBaHa B Bpicuieil aTrecTanMOHHONH KOMHCCHH
npu Kadnnere Munucrpos Pecniy0inkn Y30exucransa Homepom 28.04.2016/B2016.2.K85

I[OKTOpCKa}I AUuCCepTalvs BbIIIOJHCHA B HauumonansHOro YHUBECPCUTECTC V306ekucrana.

[TomHBIH TEKCT TOKTOPCKOW HOHCCEepTAIlMU pa3MeIeH Ha BeO-CTpaHWIle YUYEHOTO COBETa TIIO0
NPUCYXJICHUIO yu€HO# cTeneHu aoktopa Hayk 14.07.2016.K.01.02 npu HarmoHnanpbHOM yHUBEpCUTETE
V36ekuctana mo agpecy:Www. ik-kimyo.nuuz.uz.

ABTopedepar nuccepTann Ha Tpex s3blkax (y30eKCKHi, PyCCKHUil, aHTTIMICKUIT) pa3MellleH Ha BeO-
CTpaHuIle 1o aapecy:WWW.ik-Kimyo.nuuz.uz u undopmamnonno-oopasosateispiom mopraie ZiyoNET
o ajzipecy:WwWw. ziyonet.uz.

Hayunbii Myxamenues Myxrap:xan 'annesn4

KOHCYJIBTAHT: JOKTOp XUMHUECKHX HayK, Ipodeccop
Odunuanbublie ITapnoe Xacan Typanosu4

ONIOHEHTHI: JOKTOp XUMHUECKHX HayK, Ipodeccop

Paxman6epaueB 'annmap
JOKTOp XUMHUYECKHX HayK, ipodeccop

PysumypartoB Onium HapOexoBuu
JIOKTOp XUMHUECKHX HayK, Ipodeccop

Benymas TamKeHTCKUII MHCTUTYT TEKCTHJIBHOM U JIETKOM
opraHmu3anms: MIPOMBINIIEHHOCTH
3amuTa TUccepTai COCTOUTCS « » 2016 r. B 4YacoB Ha

3acelaHuM pa3oBOr0 YYEHOTO coBeTa Ha ocHoBe YueHoro coBera 14.07.2016.K.01.02 npu
HaumonanpHoMm yHuBepcutere Y30ekucrana uM. Mupso Yiyroeka.

(Ampec: 100174, r. Tamkent, yin. YuuBepcurerckas 4. Tem.: (99871)227-12-24; dakc: (99824)
246-53-21, 246-02-24; e-mail: chem0102@mail.ru)

JoxTopckast ~ auccepranus 3apeructpupoBaHa  MHPOpPMaMOHHO-pECYPCHOM HEHTpe
HanuonansHoro yHuBepcutera Y30ekucrtana 3a Ne , C KOTOPOH MOXHO O3HaKOMHUThCS B MPI]
(100174, r. Tamkent, BY3ropogok, ®ynaamenranbas oubnmmoreka HYVY3. Ten.: (99871) 246-67-71)

ABTOpedepar auccepTanuy pa3ociaH « » 2016 rona

(mpoTtokon pacchuIKH Ne oT 2016 r.).

A. C. Pajguxos
[Ipencenarens pa3zoBoro YYEHOro coBera IO
MPUCYKIEHUIO YYEHOW CTENEHH JIOKTOpa HaykK
II.X.H., Ipodheccop

. A. T'agyposa
VYueHslil cekperapb pa3oBOro Y4&HOro cosera I10

MPUCYXICHUIO YYEHOW CTEMEeHH JOKTOpa HayK
II.X.H., pocheccop

X. T. llapumnos
[Ipencenarens HaAy9HOTO CEMHHApa MpPU Pa30BOM
Y4EHOM COBETENO MPUCYKICHUIO YUEHOU CTEEHU
JIOKTOpa HayK, J.X.H., mpodeccop
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BBEJIEHUE (aHHOTAIMA TOKTOPCKOM THCCEPTAIINH)

AKTYaJIbHOCTb M  BOCTPeOOBAHHOCTHL TeMbl jJuccepranuu. Ha
CETOJIHSIIIIHUN JIeHb BO BCEM MHUPE YCTPAaHEHHE TMPUYUH BO3HUKHOBEHUS
HKOJIOTMYECKUX MpOOIeM, KIUMATHUYECKUX UM3MEHEHUW U3-32 HHTEHCHUBHOTO
pPa3BUTHS OTPACICH SKOHOMHUKH OCOOCHHO XMMHUYECKOMU, JETKOU, SHEPTeTUIECKON
MPOMBIIIUIEHHOCTH M CTPOUTEIBHBIX MaTEpHAIOB, HEOOXOJUMOCTh MPOU3BOJICTBA
pa3IMYHOM  KOHKYPEHTOCIIOCOOHOM MpOAyKIMH BCE OOJblIE MpeBpallaeTt
UCII0JIb30BAaHUE COBPEMEHHBIX TEXHOJIOTUH B aKTyaJbHYIO 3aJa4y. DTO OCOOEHHO
OpoSIBIISIETCST MpU  00ECCONMBAHUU TPUPOAHBIX BOJI B  IPOMBIIICHHOCTH,
W3BJICYEHUU JAPATOLEHHBIX U IBETHBIX METAJUIOB U3 TEXHOJOTHUYECKUX PACTBOPOB,
OYHCTKE CTOYHBIX BOJ OT TOKCHYHBIX KOMIIOHEHTOB C IOMOIIBIO COBPEMEHHBIX
MOHOOOMEHHBIX TEXHOJOTHHU. «3a MOCIEeIHNUE TOIbI MOTPEOHOCTh K TEXHOJIOTHSM,
UCIIOJIB3YIOIIMM HOHHUTHI, PE3KO BO3PACTACT, 3HAUUTHIHHYIO JIOJTI0 XUMUYECKHUX
CPEACTB HCHOJIb3YEMbIX B 3THX TEXHOJOTHSAX JJIi OYUCTKU BOJIBI COCTaBJISIIOT
FOHHTBD .

C mepBbIX JHEH HE3aBUCMMOCTU B HAIllEH CTpaHE CO3/Ial0TCA HEOOXOIUMBbIE
YCJIOBUSL JUIsl Pa3BUTHSL OTpaciied MPOMBINUICHHOCTH, CO3/al0TCSd HOBBIC
OPEANpUSTAS C TEXHOJOTHUSIMHU OTBEUAIOIIUM COBPEMEHHBIM TpPEeOOBAHUSIM,
MIPOU3BOISIINE AKOJIOTHYECKH YUCTYIO, KOHKYPEHTOCTIOCOOHYIO,
MMIIOPT3aMEHAIONIYI0 NPOAYKIHIO. B 4acTHOCTM B KayecTBE MpUMEpa MOKHO
MPUBECTH TPOU3ZBOASIIME M3 MECTHOIO ChIpbS IOJIMMEPHBIE MaTepHUabl
razoxumuueckuMu komiuiekcamu «lllypran I'az Kumé» u «Ycriopt 1'az Kuméy,
Bxogsaumx coctaB AQO «Y3kumécanoat» AO «HaBomazor», mninaHupyromue
npousBectd B 2017 rony sBusiromieecs €OUHCTBEHHBIM B LleHTpanbHOU A3uu
poun3BoACTBO 100 THICSY TOHH MOJMMBUHWIXJIOPUIA. DTO B CBOKO OYEPENb CO3MAET
BO3MOXXHOCTh TUBEPCU(DUKAIIUA XUMUUYECKON MPOMBIIIUICHHOCTH, TO €CTh CO3/aeT
YCJIOBUS pacIIUPEHUs TPOU3BOJICTBA MATEPUATIOB C KOMILJIEKCOM OCOOBIX CBOMCTB,
nyTEM MOIU(UKALIMK TPOMBIIIIEHHBIX MMOJTUMEPOB PA3IMUYHBIMUA METOJIAMH.

C pacummpeHreM U pa3BUTUEM OTPAC]ie MPOMBIIIJIEHHOCTH BO BCEM MHUpPE
BO3pAacTaeT MOTPEOHOCTh K COpOeHTaM, OCOOCHHO TMPOBEICHUE UCCIICIOBAHUI MO
HaIpPaBJICHHOMY CHHTE3Y KOMIUIEKCOOOpa3yIOIUX COPOCHTOB SIBJISIETCS OJHOUM U3
aKTyaJIbHBIX 3aJlad U B TOM 4YHCJIE 0CO00O€ BHUMAHUE YACNACTCS: MOJYyUYCHHUIO
MOHOOOMEHHBIX MAaTEpPUAJIOB C KOMILIEKCOM OCOOBIX CBOMCTB HA OCHOBE MECTHOTO
CBIPbsSI COJIEPKAIIUX B CBOEM COCTABE KAaK OCHOBHBIE TaK M KUCJIOTHBIE TPYIIIbI,
ONpEICJICHUE UX CEJIEKTUBHOCTH 10 OTHOIICHUIO K HOHAM JIPAarolEHHBIX, IIBETHBIX
U OJIArOPOJHBIX METAJUIOB, OYMCTKA CTOYHBIX BOJ OT OTPUIIATEIILHO BIUSIOMIUX HA
YKMBOW OPraHU3M MOHOB TOKCUYHBIX U TSHKEIBIX METAJUIOB.

JlaHHOE THCCEePTAIIMOHHOE MCCIIEAOBAHUE B OMPECICHHON CTENEHU CIY>KUT
BBITIOJTHEHUIO  3aja4, MPEAyCMOTPEHHBIX  IOocTaHoBiIeHMMHU  [Ipe3uneHTa
PecniyOnuku Y306exucrtan I1I1 - 916 ot 15 utonsa 2008 roga «O 10MOTHUTEIBHBIX
Mepax Mo CTUMYJHUPOBAHHUIO BHEIPEHUS NHHOBAIIMOHHBIX MPOEKTOB U TEXHOJIOTUM
B npousBojctBo» u IIIT - 1071 ot 11 mapra 2009 roma «O nporpamme mep Mo

! Inamuddin Dr., Mohammad Lugman. lon Exchange Technology. Theory and Materials. Springer Dordrecht
Heidelbtrg: New York London. - 2012, - Vol. I. - 560 p.

29



YCKOPEHHIO CTPOUTENILCTBA M OCBOCHHIO MTPOU3BOCTBA HOBBIX BUIOB XHMHYECKOM
NPOAYKIIMHY, a TAKXKE BIPYTUX HOPMATHUBHO-TIPABOBBIX JTOKYMEHTAX, IPUHSITHIX B
JTaHHOM cepe.

CBs3b HCC/IEI0BAHUSI ¢ MPUHOPUTETHBIMH HANPABJIEHUAMH PAa3BUTHS
HAYKH M TeXHOJIOTHHl pecny0auku. JlaHHOe wHcclenoBaHue BBITIOJHEHO B
COOTBETCTBUM TMPUOPUTETHOTO HANPABICHUS PA3BUTUS HAYKHM W TEXHOJOTHMA
pecniyonuku: VII. «Xumudeckrue TEXHOIOTUN U HAHOTEXHOJIOT U

O030p MeKIYHAPOIHBIX HAYUYHBIX HCCJIEI0BAHMI MO TeMe JTUCCePTAIHM.
’HaydHble MCCICIOBAHMS, HAINPABICHHBIC HA IMOIYYCHHE HOBBIX HOHHTOB H
MOJINKOMIUIEKCOHOB, OCYIIECTBIISIOTCS B BEAYIIWX HAYYHBIX IEHTPAX W BBICIIHX
oOpa3oBaTeIbHBIX YUPEKACHUIX MHUpa, B ToM uncie, B Université Européenne de
Bretagne (®pannus); Alborz University of Medical Sciences (3pon); Centre for
Environmental Risk Assessment and Remediation, University of South Australia
(ABctpanus); Queen’s University Kingston, Ontario (Kanaga); Texas Technical
University (CIIIA); Department of Environmental Sciences University of Virginia
(CHIA); University of Bucharest (Pymbiaus); Engineering & Technology Aligarh
Muslim University (Muaus); Hunter College of the City University of New York
(CHIA); University of Wisconsin - Green Bay, Madison (CILA); Institute for
Technical and Macromolecular Chemistry, Max-Planck-Institut (I'epmanus);
University of Florida, Gainesville, Florida (CIIIA); University of Technology,
Sydney (Asctpamus); Land and Water Resources Engineering, Royal Institute of
Technology Stockholm (IlIBenms), Alborz University of Medical Sciences (Mpan),
HanmonansHOM yHUBEpcuTeTe Y30€KuCTaHa.

B pesymbrare mcciemoBaHWid, MPOBEACHHBIX B MHUPE IO 3aKOHOMEPHOCTSIM
MOJIYYCHUS ¥ (DU3UKO- XHUMHYECKUM CBOWCTBAM HOHOOOMEHHBIX MaTEPHAIOB,
comepKalux B CBOEM COCTaBE HOHHWTHI C (YHKIHOHAJIBHBIMH TPYIITAMH
00JaaroNMMU Pa3TUYHBIMU CBOMCTBAMU MOJTYUYEHBI Psii HAYYHBIX pPe3yJIbTaTOB, B
TOM YHCIIE. TIOJy4YeHbl HOHOOOMEHHBIE MaTEPHAIIbI COJEPIKaIe B CBOEM COCTaBe
KaK KHUCJIOTHBIE TaK M OCHOBHBIC TPYIIBI U OINPEACIICHa MX CEICKTUBHOCTH TIO
oTHOICHUIO K HekoTopbiM uoHam (University of Florida, CIIIA; University of
Bucharest, Pymbiaus; Department of Environmental Sciences University of
Virginia, CIIIA; Engineering & Technology Aligarh Muslim University, Uuaus;)
ONpejieieHa  CEJEKTUBHOCTh  TPAHYJIHUPOBAHHBIX  KOMIUJIEKCOOOPa3YIOMUX
COpOEHTOB TI0 OTHOIIICHUIO K MOHAM JIPArOICHHBIX, IIBETHBIX U PEAKUX METAIIJIOB B
ruppomerautypruu (Hunter College of the City University of New York; CIIA;
University of Bucharest, Pymbiamst; Queen’s University Kingston, Kananma);
BBISIBJICHA BO3MOYKHOCTh IMPUMEHEHHS B 3KOJIOTHH JUISI OYUCTKA CTOYHBIX BOJ OT
WOHOB TOKCHYHBIX W TSOKEIBIX METAJIOB, OTPUIATEIHHO BIIMSIIONINX Ha KUBBIC
opranm3mser (University of Wisconsin - Green Bay, CIIIA; Land and Water
Resources Engineering, Royal Institute of Technology, IllBenus; University of
Technology, ABctpanus).

2 O030p MEXIYHApPOIHBIX HAYYHBIX HCCICAOBAaHHMN MO TEMe AWCCEpPTALMU MPUTOTOBJIEH M3 Www.dissercat.com,
http://www.fundamental-research.ru  Inamuddin Dr., Mohammad Lugman. lon Exchange Technology Il
Applications. Springer Dordrecht Heidelbtrg: New York London. - 2012. - VVol. II. - 438 p, u Ipyrux HCTOYHHKOB.
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B Mupe 1O BBIBICHHIO 3aKOHOMEPHOCTEM TMOMy4eHHs U  (PHU3UKO-
XUMUYECKUM CBOMCTBAM HMOHOOOMEHHBIX MaTEpHAJIOB MO Py MNPUOPUTETHBIX
HaIpaBJeHUl MPOBOASTCS MCCIENOBAaHUA, B TOM UYHCJE: MO YBEIUYCHUIO
CEJICKTUBHOCTH COPOEHTOB MO OTHOIICHHUIO K MOHAM, MOJYYEHHI0 XUMHYECKU U
TEPMUYECKH CTOMKUX HOHOOOMEHHBIX MAaTEpPHaNOB C BBICOKOW COPOIIMOHHOMU
CIIOCOOHOCTBIO M HUCIIOJIB3YEeMBIX B  YCTPaHEHUM  JKOJIOTHYECKUX U
UHIYCTPUAIBHBIX  MpOOJEM, PEIICHUI0  TEXHOJOTMYECKUX  MpoOjeM B
9KOJIOTUYECKUX MPOOIEM BO3HUKAIOIINX MPU aHAIN3€ HOHOB METAJIIIOB.

Crenenb M3y4eHHOCTH NPOOJIEMBI.

B mHactosmiee BpeMs OoibIIO€ BHUMAHHWE YACISCTCS  IOJYYCHHIO
MOHOOOMEHHBIX MAaTEPHAIOB OJTHOBPEMEHHO O0JIaIAlOINUX KaK MOHOOOMEHHBIMHU
TaK W  KOMIUIEKCOOOpa3yIOIIMMH  CBOMCTBaMH  MyTéM  MoJaupUKauu
MOJIMBUHIIXJIOPUAA PA3TUYHBIMA XHMHUYECKUMHU peareHTaMu. B ToM umcie, psn
3apybexHbix yuéHeix S. Moulay, Hashimoto, S. Suga, Y. Wakayama, A. R.
Roudman, R. P. Kusy, G. Martines, I.S. Ahamed, A.K. Ghoniam, A.A. Abdel
Hakim npoBoasT mupokue uccieqoBaHusl Mo MOAU(UKAIIUN TTOJTUBUHUIXIIOPUIA
B Pa3IUYHBIX YCJIOBUSX, COPOIMOHHBIM U (U3UKO-XHUMHUYECKHUM CBOMCTBaAM
MOJIYYCHHBIX HMOOHOOOMEHHBIX MAaTE€pHaloB. PAOM KpymHBIX YYEHBIX Halen
ctpaubl M.A.AckapoBsiM, C.II.Pamunosoit, C.C.HermatoBsiM, ¥Y.H.MycaeBbiM,
T.M.ba6aesbivM, A.T.JDkamwioBelM W MX  YYGHHMKaMH  MojauduKaiumen
MOJIMBUHIIIXJIOPUAA B PA3UYHBIX YCIOBHUSAX IOJYYCHBI MaTephaibl C HOBBIMHU
CBOMCTBaMU

Opnako  mpomeccel — HodydeHUss  a3oT U (ochopcoaepramumx
TPaHYJIUPOBAHHBIX COPOCHTOB Ha OCHOBE MOJUBUHUIIXJIOPHIA UX COPOITMOHHBIC U
(bU3UKO-XMMHUYECKHE CBOMCTBA JIOCTATOYHO HE WCcienoBanbl. [lomydenrne HOBOTO
BUJa a30T U Qocdop coaepxkammx COPOCHTOB HA OCHOBE MOJIUBUIXJIOPHUIA,
CIIOCOOHBIX B OJTHO M TOXE BPEMs MPUCOCAUHITH MOHBI METAJUIOB HE TOJBKO 3a
Cc4€T HOHHOTO OOMEHa HO M KOMIUIEKCOOOpa3oBaHUEM, H3yueHUE (HU3UKO-
XUMHUYECKUX CBOMCTB IMOJTYYEHHBIX COPOCHTOB CO3/IAIOT YCIOBUS MOJTYYEHUS IS
MPOMBITIVICHHOCTH UMITOPTO3aMEHSIOIINX u KOHKYPEHTOCTIOCOOHBIX
MOHOOOMEHHBIX CMOJL.

CBsi3b IMCCEPTAIMOHHOTO WCCJIEJ0OBAHUA ¢ IUIAHAMM  HAYYHO-
HCCJIeI0BATEILCKUX PadoT BhICHIEro y4yeOHOro 3aBeaenus. /{uccepraimionnoe
WCCJICIOBAaHME BBITIOJHEHO B paMKax IUIaHAa HAYYHO-HCCIIEIOBATENbCKUX pPadoT
MPUKIAAHBIX W WHHOBAIMOHHBIX IIPOCKTOB BBIMOJHEHHBIX B HarmoHalbHOM
yauBepcutete Y3o6ekuctana MOT-7-4-2015 «OcBoeHne TEXHOJIOTUU TMOJTyYEHUs
anronutay (2015-2016 rr.), A-7-23 «TexHOJOTUs W3BJIICUYCHUS WOHOB MEIU W3
CTOYHBIX BOJI C IMOMOIIBIO COPOESHTOB Ha OCHOBE MECTHOro Chipbs» (2015-2017
IT.), 62/2012 «Pa3paboTka TEXHOJIOTUW TMOJYYCHHS M HCIBITAHUE aHHMOHUTA Ha
ocHoBe mosimBuHMIXIOpUaAa» (2012-2015 r1.) 1 45/2010 «Pa3paboTka TEXHOJIOTHU
W3BJICUCHUS MOHOB MHJIUSA C TIOMOIIBI0 MOHOOOMEHHBIX MaTEpPHAJIOB Ha OCHOBE
MECTHOTO CBhIpbsl U3 TexHOJorndeckux pactsopos AI'MK» (2010-2012 rr.)

Lenabio ucciaeaoBaHus SBISETCS TMOJyYeHHE HOBOTO BHa a30T- U docdop
CoNlepKAIllUMK  TPyNIaMHd aHUOHUTOB U  MOJMMaMQOJIUTOB, MOAUPUKAIMEH
MOJIMBWIIXJIOPUIA, BBIABICHHE UX (DU3UKO-XUMHUECKUX U COPOITMOHHBIX CBOMCTB.
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Jns  poctwkeHus  uenud  cOpPMYNHpPOBAHBI  CICAYIOUIME  3adadu
ncciae10BaHNA’

OTIpENIeJICHUE ONTHUMAJIbHBIX YCIOBHM IOJydYeHUS AaHHUOHMUTA, IyTEM
UCCIIC/IOBAaHMSI BIUSHHUS PA3JIMYHBIX (PAKTOPOB Ha Mpolecc MOIUPHUKAIIU
I'PaHyJIMPOBAHHOTO MOJUBUHWIXIIOPHIA TTOIUATHIICHIIOIMAMUHOM;

OTIpeNIeICHNe ONTHMAJbHBIX YCJIOBUH TOdy4eHus a3or- u  (docdop
cogepkamero mnonuamMgoianTa MyTEM HCCIENOBAaHUS KUHETHKH TMpoliecca
MoIu(UKAIIMM ~ CHHTE3UPOBAHHOTO aHMOHUTA  (PochHUTOBOW  KHUCIOTOM B
IPUCYTCTBUH (POpPMAIINHA;

ONpeieNieHue  W3MEHEHHUS  TEPMOJAMHAMUYECKUX U KHHETHUECKUX
napaMeTpoB Mpolecca MOTJIOMICHUS] aHWUOHUTOM U3 HCCKYCTBEHHBIX PacTBOPOB

nonos Cr,07 | ranorenos u nommamdonutom nonos Cu(Il), Ni(Il), In(III), a Takxe

BaHaJIUJIa;

WCIIOJb30BaHUE TMOJYYEHHOTO aHUOHUTA JIsi 00€CCOJIMBaHUS MPUPOIHBIX
BOJI B TEXHOJIOTUYECKUX YCIIOBHUSAX;

OYMCTKA OT TEPMUYECKM CTOMKHUX COJIEM  METWIIMAITaHOJIaMHUHA
UCIOJB3YEeMOTO0 B  Ta3004YUCTKE C TMPUMEHEHHEM CHHTE3UPOBAHHBIX U
MPOU3BOJIUMBIX B MPOMBIIIUICHHOCTH aHUOHUTOB;

m3BiedeHne uoHOB In(Ill) W3 CHOXKHBIX TEXHOJOTMYECKUX PaCTBOPOB
TUJIPOMETALTYPTUYECKUX TPEATPUATHI;

pEeKOMEH A1 MIPOU3BOICTBA CHUHTE3UPOBAHHOTO aHHOHHUTA B
MIPOMBIIIJICHHOM MacIiTaoe.

O0beKTOM HCCIeA0OBAHUA SABJSIOTCA TOJMBUHUIXJIOPU, TMOJIUITUIICH-
nonuaMuH, ¢ochuTroBas KHUCIOTa, AHUOHUT, NOJUAMQOIHUT, COJH IIBETHBIX
METaJUIOB, MOJIEKYJIAPHBIM 0/, NEKaTMOHU3UPOBAHHASI BOJA, TEXHOJOTHYECKUE
pPacTBOPBI.

IIpenmer mMcciieqoBaHMsI  COCTOBJSIET  XUMHUUYecKas  MoaAuduUKaiusi,
uneHTudukanms, GU3NKO-XUMHUYECKUE CBOMCTBA, COPOIMS, AeCOpOLIMsI, KUHETHKA
U TEPMOJAMHAMHUKA TTPOIIECCOB.

Metoasl wucciaeaoBaHusi. B mpoliecce HcCCleNOBaHUS  MCIOJIH30BAaHbI
COBpPEMEHHbBIC (DU3UKO-XUMHYECKUE IKCIIEPUMEHTANIbHbIC METObI, Takue Kak K-
CIIEKTPOCKOMIMYECKUM  aHaJIM3, DJIEMEHTHBIM  aHanmu3, auddepeHImaiIbLHo
TEPMUUCCKUN  aHaJIu3, IOTEHIHMOMETPUS,  CIEKTPOPOTOMETPHS,  aTOMHO
OMUCCHOHHBIN COPOLIMOHHBIN METO/I.

HayuyHasi HOBU3HA HCCJIeIOBAHMSI 3aKJII0YAETCS B CJICAYIOIIEM:

BIICPBBIC BBISABJICHBI ONTHMAIBHBIC YCIOBUS IOJYyUYCHHS aHHOHOOOMEHHOTO
copOeHTa Ha OCHOBE IPaHyJIMPOBAHHOTO MTOJTMBUHIIIXJIOPU/IA;

JIOKa3aHO IO TYMHCHHE MPOTEKAHUS peaKuuu KUHETHYECCKUM
3aKOHOMEPHOCTSIM TE€TEPOreHHBIX TMPOIIECCOB M €€ 3aBUCUMOCTh OT MOPUCTOCTHU
CTPYKTYPbl MOIUDUITIPYEMOTO TOJIUBUHUIXJIOPUIA;

Moaudukanueir  GochUTOBOM  KHCIOTOM  aHMOHMUTA  Ha  OCHOBE
IPaHyJUPOBAHHOTO MOJUBUHWIXJIOPHIA TMOJYYEHBI UMEIOIIHNE KOMILIEKC 0COOBIX
CBOMCTB, MMEIIIME B CBOEM cocTaBe a30T u (ocdopcoaepkaiiye TPyIIibI
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MOHOOOMEHHBIE MaTepuaibl © Ppa3padOTaHbl ONTUMAJIBHBIE YCIOBUS WX
MOJIy4EeHHUS,

BBISIBJIEHA BBICOKAsl COpPOIMOHHASI CIIOCOOHOCTh, TEPMUYECKAs] CTAOMIBHOCTD
U MEXaHW4YecKass MPOYHOCTh AaHMOHHUTA U MO TOJYyYEHHBIM MapamMeTpaM OH He
OTJIMYAIOTCA OT MPOMBIIIJIEHHO HCTOb3yeMoro annonuta AH-31;

QHUOHUT ¥  TIOJUMKOMIUIEKCOHBI MPOSBISIOT BBICOKYIO  COPOLIMOHHYIO
CIIOCOOHOCTH IO OTHOIIEHUIO K OMXpoMaT MOHAM, HOHAM MEJH, BaHaus, HUKEJI,
WHIUST W MOJCKYJSIPHOTO HOJa, HW3BJIICUYEHHEM HOHA METaula M3 CIOKHOTO
pactBopa cozaep:xkaiiero nonsl meau (1), nukens (I1), nunka (II) u kobanera (II),
TUHAMAYECKMM  METOJIOM  BBISBJICHA  BBICOKAS  CEJEKTHMBHOCTh  ITOTO
noymamdoirta Kk nonamu meau (I1).

IIpakTHyeckue pe3ybTaThl HCCJIAE0BAHUSA 3aKITIOYAIOTCS B CIICIYIONIEM:

B TEXHOJIOTMYECKHX YCIOBHSIX HWCCIEIOBAaHBI CBOWCTBA HOHOOOMEHHOTO
MaTepuaia Ha OCHOBE MOJIMBHHWIXJIOPUAA U MOJY4YeH aHUOHUT HE YCTYMarolInui
110 CBOMM CBOMCTBaM 3apyO0eKHBIM KOHKYPHUPYIOIIUUM aHUOHUTAM;

MOJIYYCHBl HEOOXOJUMBIE pPE3ylbTaThl MPU TNPOBEJICHUM WCIBITAHUNA B
TEXHOJIOTUYECKUX  YCIOBUAX IO  OOECCOJMBAHUIO BOABI C  TOMOIIBIO
CUHTE3UPOBAHHOTO AHUOHUTA HA  OMNBITHO  TMPOMBINIJICHHON  YCTaHOBKE
npeanpustas AO «Maxam-Chirchigy;

JOCTUTHYTa  BO3MOXHOCTh  CEJIGKTUBHOTO  HW3BJICUCHUS ~ UHAUS |
MHOTOKPAaTHOTO  KOHIICHTPHPOBAHUS ~ €r0  pacTBopa W3  CJIOKHOTO
TEXHOJIOTUYECKOTO pacTBopa HHMHKOBOro 3aBoga AO AI'MK a3zor- wu
dbochopcoaepkamuM NOJIUKOMITIIEKCOHOM;

co37aHa YCTaHOBKA MO OYMCTKE METWAMATAHOJIAMHUHA, UCIIOIH3YEMOTO MPHU
OYHCTKE KOHBEPTOPHOTO Ta3a MPOM3BOJCTBA aMMHAKa OT TEPMHYECKH CTOMKHX
coJieii aMMOHUS 1 TIPOBEJICHBI €€ TPOMBIIIJICHHBIC HCTIBITAHU.

JloCTOBEPHOCTh  MOJYYEHHBIX  Pe3yJbTAaTOB.  JKCIIEPUMEHTAJbHBIC
pe3yNbTaThl MO TIOJYYCHUIO U HCCIEAOBAHUIO (PU3MKO-XUMUYECKUX CBOWCTB
aHUOHWTA U TmonramMdoyUTa Ha OCHOBE TMOJMBUHUIXJIOPUIA, TOIYYEHBI C
MPUMEHEHUEM COBPEMEHHBIX METOIOB HCCIeNOoBaHusA, Takux kak HK-, Y-
CHEKTPOCKOMUS, peHTreHorpadus, auddepeHuanbHblii TEPMUUYECKUN aHAIN3,
MOTEHIIMOMETPHS, ATOMHO-dMUCCUOHHAsI COPOIMOHHAS CHEKTPOCKOMHUS U T.II.
BeiBogsl B pabore ciaenaHbl Ha OCHOBE pe3yJdbTaToOB, OOpaOOTaHHBIX C
WCITOJIb30BAaHUEM yYPaBHEHUH, MCIIOJIB3YEMBIX B COBPEMEHHBIX TCOPUIX KHMHETHKH
U TEPMOJIMHAMHUKH TIPOIIECCOB, MOJICKYJIIPHOU aIcOpPOIIMK, HOHHOTO PAaBHOBECHUS 1
METOIaMH MaTeMaTHIYEeCKOW CTaTHCTHKH.

Hayuynass u npakTudeckasi 3HAYUMOCTb Pe3yJIbTATOB HCCJIeI0BAHMSI.
HaydHasi 3HaUMMOCTh PE3yNbTaTOB HCCIEAOBAHHUS 3aKIFOYAeTCS B HAXOXKICHUU
OJIarONMPUATHBIX YCJIOBUH CO37aHUS aHWOHUTA W TOJMaM@OJIUTa Ha OCHOBE
MOJIMBUHWIXJIOpUAA MyTEM  HUCCICAOBAHWS  KWHETUKH  TpOIecca  TakKkKe
OTIPEJICTICHHEM CpPOJICTBA MOHUTOB K DPA3JIMYHBIM aHUOHAM W KAaTHOHAM IyTEM
W3YYCHUU KMHETUKHU M TEPMOJIMHAMHUKH MIPOIIECCa UX COPOIUH.

[IpakTuueckass 3HAYMMOCTH PE3YyJIbTATOB 3aKIIOYaeTca B  pa3pabOTKe
pa30BOTO perjamMeHTa TMOJy4YeHUs aHWOHUTA, WCIOIb30BaHWE €ro B JUIA
oOecconMBaHusi TMPUPOJHBIX BOJ B TMPOIECCE BOJOMOATOTOBKH, OYHMCTKU
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METUJIAM3TAHOIaMUHA UCII0JIB3YEMOI0 B TA300YMCTKE OT 3arps3HSIOIIUX BELIECTB,
a TaK K€ U3BJICYCHUU MOHOB UH/IUS U3 CIOKHBIX TEXHOJIOTHYECKUX PACTBOPOB.

BHenpenne pe3yJibTaTOB HCCJIEI0BAHMS.

Ha ocHOBe pe3ynbTaTOB HCCIIEOBAaHUS MOJYYCHUSI aHUOHHTA Ha OCHOBE
I'PaHyJIMPOBAHHOTO MOJIUBUHWIXJIOPUIA:

nojiyueH mnaTeHT «Crnocod TNoJydeHHs] MOHHUTOB COJEpKallluX B CBOEM
cocrae a3zoT W ¢ocdopcoaepxkaume Tpynns» (Ne TAP 05232, Ony6a.
16.05.2016r.) AreHTcTBa HMHTEIUIEKTyaJbHOW CcOOCTBeHHOCTH PecmyOnuku
V36ekuctan. Ha ocHOBaHWM HAydHBIX HCCIEAOBAaHUN CO374aHa BO3MOXKHOCTH
CHUHTE3a HOBOTO UMITOPT 3aMEHSIOLIErO MOJIMMEPHOIO COpOEHTA,;

HOBBIE MMOJMMEPHBIE COPOEHTHI BHEIPEHbI B TpakTUKy Ha AO «Depranaazor»
JUIS. YMEHBIIICHUSI KOHIEHTPALUKU 3arpsi3HSIONIMX HMCHOJIb3yEMbI B Ta300YHUCTKE
METWIAMATAHOJIAMUH  OT  TepMHuueckn croilkux coned  (CopaBka AO
«®Depranaazor» Ne 37/3768 ot 26.07.2016r). IIpu sToM ycTaHOBKa CHaOXEHHAs
copOeHTaMU Ha OCHOBE MECTHOIO ChIpbS Ja€T BO3MOXKHOCTb YMEHBIIHTH
KOHIICHTPAIIO TEPMHUUYECKU CTOMKHUX coselt Ha 1,5%.

AnpoOauus pe3yabTaTroB HccjaeqoBaHusl. OCHOBHBIE pe3yNbTaThl IO
JUCCEPTAIMK TIPEACTaBIsLIMCh Habonee, yeM 10 koHdepeHIusxX W3 HUX Ha 5
MEXyHApOIHBIX KOH(pepeHIusax B yactHocTH: «11-th international Symposium on
Polyelectrolytes» (Mocksa, 2016); «Under the sponsorship of IUPAC 8"
International Symposium Molecular Order and Mobility in Polymer Systemsy
(Cankr IlerepOypr, 2014); «PuU3HKO-XMMUYECKHUE OCHOBBI HMOHOOOMEHHBIX U
xpomarorpaduueckux nporeccos (Mountei-2014)» X1V kondepenmus (Boponex-
2014); «Teopus m mpaktuka xpomororpadum» Bcepoccuiickas KoHpEpeHIUsICH
(Camapa, 2015); Marepuansl  permoHaibHOM  [leHTpanbHO-a3MATCKON
koH(pepenuun «llo xumuueckoit TexHomorum» (MockBa, 2012); «Hossie
KOMIO3UILIMOHHBl MaTepHalbl Ha OCHOBE MECTHOIO M BTOPUYHOTO CHIPHS»
MexnayHnaponnas HayuyHo-mipaktudeckas (Tomkent, 2011); «AxryanbHbie
npoOiemMbl HayKd O ToJuMepax» MexayHapoaHas HayYyHO-TIPaKTHYECKas
koH(pepennus (Tamkent 2013);.

Ony0/1MKOBaAaHHOCTH Pe3yJbTATOB MccenoBanus. 1lo Teme nuccepranum
OIMyOJIMKOBaHbI Bcero 22 HaydHbIX paboT. M3 Hux, 10 Hay4yHbIX cTaredd, B TOM
yucie 6 B pecrnyOIMKAaHCKUXU 3 B 3apyOekKHBIX KypHajgaX PEKOMEHIOBaHHBIX
Briciieii arrectanimonHoit komuccueit PecniyOonuku Y30ekucTan aJisi myOauKaiuu
OCHOBHBIX Hay4YHBIX PE3YyJIbTAaTOB JOKTOPCKUX AUCCEPTAIUM, WHTEIJIEKTYyadbHbIN
NPUOPUTET UCCIEeI0BaHUM 3amuileH | marentom Pecniybiuku Y30ekucras.

Crpykrypa n 00bém auccepramuu. CTpyKTypa IHCCEpPTALIMM COCTOUT W3
BBEJICHUS, INSITM TJ1aB, 3aKIIOYEHUS, CIHUCKA HWCIOJIb30BAHHON JUTEPaTyphl,
npuioxeHuit. Oobem auccepTanyu coctabisieT 196 cTpaHuUIbL.
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OCHOBHOE COIEP KAHUE IUCCEPTALINU

B BBemeHMM OOOCHOBBIBACTCS aAKTyalbHOCTh UM  BOCTPEOOBAHHOCTH
IIPOBEJCHHOIO0 MCCIEAOBAaHUs, LEIb U 3aJa4d UCCIEHOBAHUS, XapaKTEPU3YIOTCS
OOBEKT W TPEAMET, IMOKAa3aHO COOTBETCTBHE HWCCICIOBAHUS MPHUOPUTETHBIM
HaIpaBJICHUSM Pa3BUTHUSI HAYKHU U TEXHOJIOTUH pecryOIuKH, U3/I1aratoTcsa Hay4dHas
HOBHU3HA U MPAKTHYECKUE PE3YIbTATHI UCCIECAOBAHMS, PACKPBIBAIOTCS Hay4yHasl W
MPAaKTUYECKass 3HAYMMOCTh TOJIYYEHHBIX PE3YJIbTAaTOB, BHEIPECHHE B MPAKTHKY
pe3ynbTaTOB UCCIEIOBAHUS, CBEJICHHUS 110 OMMYOJIMKOBAaHHBIM pab0OTaM U CTPYKTYpe
JMCCEPTALINH.

B niepBoii rimaBe qucceprauny moj HazBaHHeM «OCO0€HHOCTH MOJIyYeHHUs U
(pU3MKO-XMMHUYECKMX CBOWCTB AHUOHUTOB W MOJauaM@poauToB (0030p
JIUTEPATYPbI)» CPABHUTEIBHO MPOAHAIM3UPOBAHBI 3aKOHOMEPHOCTH IMpoIEcca
noyiydeHus: a3zor U ¢ochop coaepKaNMX AHUOHUTOB, KATHOHUTOB U
noauaM@oIUTOB MyTEM XMUMHUYECKOT0 MOAUGPUIIMPOBAHUS  TOJUMEPOB €
(YHKIIMOHATBHBIMU TPYIIAMU Pa3JIMYHBIMU peareHTaMu U (PU3NKO-XUMUYECKUX
CBOMCTB MOJYyYCHHBIX aHMOHUTOB. [IpuBeAEH cpaBHUTEIBHBIN 0030p paboT rae
MPUBEJICHBI JaHHBIE O CUHTE3Y HMOHOOOMEHHBIX CMOJI COACPKAIMX B CBOEM
coctaBe azoT u ¢ochop coaepxkanue rpynnbl U OCOOCHHOCTH CEJIEKTUBHOTO
JIEVCTBHS STUX UOHUTOB.

B oroit TnmaBe Takke 3aHUMAIOT MECTO HCJIENAOBAHUS 3apyOekKHBIX U
OTEUECTBEHHBIX YYEHBIX MO MPEAOTBPAIICHUIO JKOJOTMYECKUX MpoOjeM C
NpUMEHEHUEM  COpPOEHTOB €  pPa3JIMUYHBIMHU  CBOMCTBAMH Ha  OCHOBE
MOJIMBUHUIIXJIOPHU/IA.

Bo BTOpo#l rimaBe auccepranuy Moj HazBaHueM «@PHU3HKO - XMMHYECKHe
OCOOCHHOCTH TOJIyYeHUS] AHHMOHHMTOB, a30T H (ocdop coaepKaIIUX
KOMILUIEKCOHOB Ha OCHOBEe TPAHYJMPOBAHHOIO MOJUBHHIWIXJIOPHIA)
UCCIICIOBAHO BIIMSIHUE Pa3JIMYHBIX (PAKTOPOB HAa XUMHUUYECKYI0 MOJU(PUKAIINIO
rpanynupoBaHHoro I[IBX nonusTUIEHNONIMAMUHOM MW TIpolecca MOJTYyYEeHUS
noiramM@osanuTa Ha OCHOBE CHHTE3UPOBAHHOTO aHUOHUTA.

Tabauya 1
H3menenue napamempos epanyn [IBX 6 npoyecce sxcmpaxyuu
[Tonumep O60némunie otHomeHus cMecu CH;COOC,Hs : C,H;OH
o 0:10 | 2:8 4:6 6:4 8:2 | 10:0
AKCTPAKIIUH
YMeHblleHue

vaces IBX & % 0 5 8 14 28 35 38
H3menenue o ee] © To) e} To)

- (9 AN AN N AN

pasmepa rpanyi 1-3 N N N e S o
I[IBX B MM - o =) o =) (=)

B mnponecce monmydenus rpanynupoBanHoro [IBX k Hemy mno0aBnsroTcs
nuankuiadTanatel. Jns momydeHus B coctaBe rpanyiupoBaHHoro [IBX mopucteix
CTPYKTYP  OCYIIECTBIISIETCS  OKCTPAKLIMS  HAXOHSAILIETOCI B €r0  COCTaBe
miacTuuKaTopa CMEChIO JTWJalleTaTa W STUJIOBOTO CHUPTa B Pa3IMYHBIX
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00BEMHBIX COOTHOMICHUSX. [IpOI0OIKUTENFHOCTD AKCTpAKIK cocTaBisieT 1,2,3, u
4 yaca, B urore macca rpanyn [IBX ymenbmiaerca Ha 5-38% (Tabmuma 1).
VYcraHoBIEHO, 4YTO C  yBENMYEHUEM OO0BEMHOM  JoiM  ATUialeTara B
AKCparupylome cMecu HaOMIoJaeTCs YMEHBIIEHHUE pa3Mepa M MacChl T'paHysl
[IBX u Hamiaydnui pe3ynbTaT JOCTUTAETCsA MPU OOBEMHOM COOTHOIICHUH &:2.
[Ipotiecc sKCTpaKIMKU MPUBOJUT K 00PA30BaHUIO MOPUCTHIX CTPYKTYP B rpaHyJiax
[1BX (pucyHoxk 1, Tabnuna 2).

Puc. 1. Buo 6 onmuueckom MuKpockone pamyi ROIUSUHUXI0pUoa(A) u
anuonuma (b)

[Ipu wmomudukanuu rpanyn I[IBX ouumenHslx ot miactudukaropa
HCIIOJIB30BAINCh noamdTmwiIeHnonnamMud u ero 50, 60, 70, 80, 90% BoxHbIE
pactBopbl. BpeMsa monudukanuu cocrasisuio 2, 4, 6 u 8 yacoB, a Temieparypa
npouecca cocrasiusia 393, 403, 413, 423 u 433K. B urore makcumanbHas
craTudeckast EMKoCTh nosrydeHHoro anuonuta o HCI cocrasisiia 5,78 Mr-3kB/T.

[IpoBenéHHbIE ONTUKO-MUKPOCKOMUYECKUE UCCIEIOBAHUS MOKA3bIBAIOT, YTO
nocie momudukaiuu rpanyn [IBX B NOJydeHHOM aHHMOHUTE HaOIOAaeTCs
00pa3oBaHKe HOBBIX MOPUCTHIX CTPYKTYP U MOBEPXHOCTH MPOJYKTa MPUOOpETAET
mepoxoBarblid BuA. 1Ipu 3ToM B 2 pasza yBeIMYMBAETCS COAECPIKAHUE MOPHUCTHIX
CTPYKTYpP B aHHOHHUTE IO CPABHEHUIO C JKCTparupoBaHHbIMHU rpanyinamu [IBX,
YTO €CTECTBEHHO MPUBOAUT K BO3PACTAHUIO €ro COPOIIMOHHOMN CIIOCOOHOCTH.

DNEeMEHTHBIN aHaM3 MPOAYKTAa AMUHUPOBAHUS MTOKA3bIBAET O HAJTUYUU B €T0
cocraBe 7,1% azorta. 3Hauenuss pKy KUCIOTHOCTH (PYHKIIMOHAIBHBIX TPYII
anuonnta paBubie 10,7 m 8,0 CcBHIETENHCTBYIOT O HAJUYUM CUJBHO- U
c1a000CHOBHBIX Ipymil B ero coctaBe. CpaBHutenbHbld aHann3 WMK-cnekTpoB
MpPOJYyKTa aMUHHUPOBAHUS W HCXOJHOTO TOJMMEpa IIOKA3bIBA€T YMEHBIICHUE
MHTCHCHBHOCTH BaJCHTHBIX KONeOaHuii B o6macti 609-744cm™ cooTBeTCTBYOMMX
C-Cl cBs3aM ¥ MOSABJIEHHE HOBBIX ITOJIOC ITOTVIOIEHHUS B 00JIACTH 1460-1570cm™
XapaKTepU3ymIuX BaJeHTHbIE U JedopManrioHHble kojiebanus >N-H rpynmel u
1070-1290cm™ xapakrepmsupytoumx C-N cBssu. Ha OCHOBAaHHM MONYYEHHBIX
JTAHHBIX CTPOCHHE MOJYYHHOTO MPOAYKTa MOKHO BBIPA3UTh CIEAYIOIIEH CXEMOM
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[To wmomudukamuu IIBX amumamu S.Moulay, A.Roudman, R.Kusy,
T.Kameda, M.Ono, G.Grause u apyrumMu Y4EHHBIMHA OBLIN IPOBEIACHBI IIHPOKHE
UCCJIEIOBAHUS M TIONYYEH pAJl aMUHUPOBAHHBIX aHMOHOOOMEHHBIX MaTepUalioB.
OpHako 3aKOHOMEpPHOCTH Tipoliecca Moaupukanuu rpa”yiaupoBaHHoro I[1BX
NnoJIMaMUHaMU ¥ (PU3UKO-XMMUYECKHME CBOWCTBA MOJYYEHHOIO AaHUOHHUTA JI0
HACTOSILETO BPEMEHU HE U3yUCHBI.

[Toatomy Owu0 HccnenoBano BiausiaHue Ha COE momydyeHHoro Mmoauduxameit
rpanyaupoBanHoro [IBX aHHMOHOOOMEHHOro Marepualia MPOJOJLKUTEIBHOCTH U
TEeMIEpaTyphl Mpolecca, KOHIEHTPAMK MOJMATWICHIOJUAMUHA U YCTAaHOBJIEHO,
YTO BO3pPACTaHHWE BEIMYMH ITUX MApaMETPOB NpUBOAUT K yBenmueHntro COE
MOJYYEHHBIX MPOJAYKTOB. SICHO, YTO YBEJIMYECHHE TeMIEepaTypbl MNPUBOAUT K
BO3PACTAaHUIO YKCJIA AKTUBHBIX MOJICKYJ, a MPOJOKUTEILHOCTh Mpoliecca K
OOJbIIE BEPOATHOCTH WX CTOJKHOBEHHUS M BO3PACTaHHUIO BBIXOJA MPOIYKTA.
W3yyeHueM BIMSHHS TeMIEpaTyphl Ha Tporecc Moaudukaiuu rpaguueckum
crioco0oM ucmoiib3yst ypaBHeHre E= Retgo Obla pacunTaHa sHeprus akTUBAIlUU
peakiuu MoauduImpoBanus 3HaueHne Kotopoit coctaiser 108,03k /[x/Moib.

COE, Mr-sgKe/T
ra [¥E) = L [=1]

—
1

=

t,9ac

Puc. 2. 3asucumocme COE anuonuma I1113-1 om npoodonsxcumenvrocmu 8pemeHu
pearyut (Croa=80%; Teopyu=100°C; Topspesans=150°C).

Peakuuss  moaudukanuu  [IBX  moIMdTWICHNOJWAMUHOM  SIBJISICTCS
reTepOreHHbIM TponeccoM. Kak U3BECTHO, B TAKUX MPOIECCAX, CKOPOCTh PEAKLIMU
3aBHUCUT TOJIKO OT KOHIIEHTpAllUM BEIIECTBA HAXOJAIIECTOCS B KUIKOM (ase.
Hamu Obuta mocTpoeHa jorapudmuyeckas 3aBUCUMOCTh CTENEHU MpeBpaIlieHus
XJIOPUIHBIX TPYII TOJUMEPa OT KOHIIEHTpAIMK TMOJUATHICHIOJIUAMUHA U ObLI
paccudTaH TOPSAJOK  CKOPOCTHM  JAaHHOW  pEeakluh OT  KOHIEHTPalUu
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MOJIMATUJICHTIONIMAMUHA, 3HaYeHue, KOToporo coctaBimsuio 1,3. Takum obpazowm,
oOlee ypaBHEHHE CKOPOCTH JIaHHOM PEaKIIMU UMEET CIeAYIOIIUNA BU/I:
V=K-C**

[Toy4yeHHBIC HaHHBIC CBUACTEIBCTBYIOT O TMOMYMHECHUU KWHETUKH JTaHHOU
pEaKIMU 3aKOHOMEPHOCTSIM T'E€TEPOTr€HHBIX MPOIIECCOB.

C mempro momydeHust azor- u (dochop comepxkamero mouamQoanuTa
noivaM@osiuTa M3y4eHa KUHETHMKa Ipoliecca MoAuUKAMK IO peakluu
UnunbabuHa MOJYYEHHOTO Ha OCHOBE TPAaHYJIMPOBAHHOTO MOJUBUHUIXJIOPHUAA
annonuta I[IIID-1 m B kadectBe cpaBHeHuss aHnoHUTOB MJIA-1 u MJIA-6
dbocuTOBOM KHUCIOTOM B MNPUCYTCTBUH (opMaipiaeruga a Takxke (QU3MKo-
XUMHUYECKHE CBOMCTBA MOJIYYEHHBIX MOJIUaM(OIUTOB.

CpaBuutenbHblii  aHanu3  HMK-cekTpoB  MCXOIHOTO  aHMOHHUTA U
noyiaMQoIuTa MoJydYeHHOTO MoauduKanueii annonuTa GocPuToBON KUCIOTOH B
npoaykTe (HochOoTMPUPOBAHUS TIOSBISIOTCS HOBBIC TIOJOCHI TIOTJIOMICHHUS B
obmactn 916 u 1075cm™ cootBercTBytomue P(O)(OH), rpynnam u 1172em™
XapaKTEepe3uTyIole BaJleHTHble KojeOanuss =P=0 rpymnn. Ilpu 3Tom
YMCHBIIACTCS MHTEHCHBHOCTH IOJIOC TMoriomenus mpu 2850 Ba 2820cM™
COOTBETCTBYIOIINX nedhopMaIiOHHBIM KOJICOaHUSIM =N—-H rpymi.
[ToTeHIMOMETPUUECKOE TUTPOBAHUE MOTYYEHHOTO MpoaykTa, onpenesienne COE
KaK TOKHUCJIOTHBIM TaK M II0 OCHOBHBIM TpyNmaM a TakXKe pPe3yJbTaThbl
AJIEMEHTHOI0 aHaJIU3a MOKAa3bIBAIOT, YTO B UTOre (hochopuiivpoBaHus aHUOHUTA
[II12-1 mony4yeH copOEHT UMEIOIINI B CBOEM COCTaBe JiBa THNA (YHKIIMOHAIBHBIX
TPYII C Pa3INYHBIMU CBOWCTBaMU. V3 MpUBENEHHOTO HIKE CTPOCHHS MPOIYKTA
Moau(dUKAIIUM BUIHO, UTO B COCTAaBE COPOEHTAa OJHOBPEMEHHO COJAEPIKATCS KaK
aMUHHBIC TaK ¥ (ocPuTOBBIC IpyIIbl. Hamnane B cocTaBe Kak KUCIOTHBIX TaK U
OCHOBHBIX TPYMI CBUACTEIBCTBYET O MOJUAM(POJIUTHOM XapaKTepe MOTYyUYEHHOTO
copOenta. Hamuume B ero cocraBe Kak HMOHOOOMEHHBIX TaK U
KOMITJIEKCOOOPa3yIOIMUX TPy BUIHO U3 HIDKETPUBEIEHHON CXEMBbI !
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HccnenoBaHo BIUSTHUE Pa3TUYHBIX (DAKTOPOB TaKMX KaK MPOIOIKUTEIIHOCTD
peakiuu, TeMmiepaTypa M KOHIeHTpauus (ochUTOBOM KHUCIOTHI Ha MPOLECC
dbochomrprupoBaHus aHMOHUTA M BBISIBICHBI 3aKOHOMEPHOCTH MPOTEKaHHS ITON
peakuuu. PacunTaHbl CKOPOCTh PEAKIMH MOJTYYEHHs MOIHMaM(OIUTa U MOPSIOK
peakuuu 1o docdopuoit kucnore. [Ipu pochomupupoBanun anmonuta II13-1 ¢
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YBEIMYCHHEM KOHIEHTparu  (HOCHUTOBON  KHUCIOTHI CKOPOCTh  PEAKIINH
BO3pacTaeT, MopsAAoK peakuuu mo gochurosoii kucnore paseH 1,4. [lomydeHHbie
pe3yNbTaThl  CBUACTEIBCTBYIOT O  TOM, YTO  TPOIECC  TOTUHHSICTCS
3aKOHOMEPHOCTSIM TETEPOTCHHBIX pPEaKIuil TMEepBOTO TOpSAKa, a YpaBHCHHE
cKopocTH peakuuu dochonupupoBanus umeer ciaeayomuii Bug V= K:[HsPO5]"".

B Tperbell TnaBe amccepTanuu 1MoJ Ha3zBaHHEM «DU3HUKO-XHMHYECKHE H
COpPOLMOHHBbIE XAPAKTEPUCTHKH MOJYYEHHBIX IPAHYJIHMPOBAHHBIX MOHHTOB)
OTpEENCHBl MapaMeTPhl  KAMWIAPHO-TIOPUCTOM  CTPYKTYPHl ~aHUOHHTA U
noyimaMQoinTa, TOJYYCHHBIX HA OCHOBE TOJUBUHUIXIIOPHIA, HWCCICIOBAHBI
COpPOITMOHHBIC CIIOCOOHOCTH JTHUX HMOHHUTOB IO OTHOIICHUIO K Pa3InYHBIM
KaTHOHaM U aHHOHaM.

JIist ompeneneHust yASIbHOW MOBEPXHOCTH TOP TOJYYCHHBIX MOJMMEPHBIX
MaTepHaIOB UCCIEAOBAHBI N30TEPMbI COPOIMH MMAPOB BOABI AITUMHU MaTepHUAJIAMHU.
B cBs3u ¢ S — 00pa3HBIM XOJ0M KPHBBIX H30TEPMBI IS PAcuETOB MMapaMETPOB
KaIMWIPHO-TIOPUCTOM CTPYKTYPHI U3I0JIb30BaIN ypaBHeHue bOT.

Taoauna 2.
H3menenue napamempos KanuisipHo-nOPUCHbIX CIPYKMYP 00pa3y08 NOJUMepPOs
Oobpazen IIBX II13-1 II19-1-P
Xm, t/r 0,0019 0,0157 0,0189
Syu M/T 6,86 55,13 66,45
W, cM>/T 0,010 0,089 0,014
M, A 29,15 32,28 42,13

B tabnuue 2 npuBeneHsl napameTpbl KalWISIpHO-MOPUCTHIX cTpykTyp [IBX
u copoenrtos [1113-1 u TII13-1-P. U3 Tabmuiel BugHO, 4TO npu nepexonae ot [1BX
Kk [1[13-1 u [I13-1-P Benuuunbl copOiwu (X, I/T), yIETbHON MOBEPXHOCTH CIOEB
nosnumMepa (Syy, M°/r), pasmepa mop (r, A) n 06mmii 06HEM ITOp YBETHUUBAIOTCAL.
HabGnrogaemoe sBieHHE OOBSICHEHO M3MEHEHHEM HAIMOJIEKYJISIPHON CTPYKTYpbI
[1BX B npornecce Moaupukammm.

[Tony4yeHHBI aHUOHUT U NOAUAM(OIUT MPOSBUIU BBICOKYIO CTaOUIbHOCTh
N0 OTHOIICHHIO K XHMMHUYECKHMM peareHTaM. He3HauuTenbHOE HW3MEHEHUE
crTaTuueckor oOMeHHOM €EMkocTH anHuoHuTa III1D-1 moxm MexaHMYEecKUM WU
XUMUYECKUM BO3JCUCTBUSMHU CBHUJETEIBCTBYET O MPEBOJACXOJCTBE €ro Hal
KOHKYPUPYIOILIUM 3apyO€KHBIM AHHUOHUTOM IO MEXaHHYECKOW M XUMHYECKOH
crabuinbHOCTH. [TonmmamMponuT Tak ke UMEET BBICOKYIO CTOMKOCTh MO OTHOLIECHUIO
K XUMUYECKHM pEareHTaMm M I0CJI€ Pa3Iu4HbIX XHUMHUYECKHX BO3JEUCTBHIl €ro
cTaTu4eckasi OOMEeHHasi EMKOCTh YMEHbINaeTcs B cpeaaeM 5-20%.

JUis  OIleHKHM TEepMUYECKOM CTAOMJIBHOCTH TMOJIMMEPOB TMPOBENEH HX
tepmorpaBumerpudeckuid  aHanu3 (TI). KpuBble TepMOrpaBUMETpUUYECKOIO
aHanuza u nuddepeHunanbHoN ckanupyromeit kamopumerpun (JCK) mokazanu,
yTo copOeHThl mosiydeHHble Moaudukamuei [IBX B wactHoctu anuonut I1113-1
MPOSIBIISIIOT TEPMHUUYECKYIO CTaOMIBHOCTH 10 Temmeparypbl 483K u B maHHOM
cllydyae Macca aHMOHHUTa 3a CYET MOTEepPU BIAKHOCTU yMeHbluaercss Ha 20%.
Tepmuueckasi crabuiabHOCTh noiuaMm@onura [I119-1-P nabdmonaercs go 503K u
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Ipu 3TOM HaOJIOAaeTcs He3HAYUTeNbHas MoTepsi Macchl ojHako Ha kpuBoil JICK
npu Temieparype 465K HaOmogaeTcs 5K30pTEPMUYECKHM MUK BETUYHMHOU
49,87]I/T xapakTepu3upymIIui Tpiecc ciiMBaHus B nojuMepe. [lomydeHHbIe
pe3yibTaThl  TMOKAa3bIBAIOT  BBICOKYIO  TEPMOCTAOMIBHOCTH  HCCIEAYEMBIX
MOHOOOMEHHBIX MaTEPHUAJIOB.

B nanHO#l paboTe ObUIM CpaBHEHbI HEKOTOpbIE (HU3UKO - XUMHUYECKHE
napameTpbl 3apyoexxkHoro copoenta AH-31 u momyuennoro namu IIIID-1. U3
TaObMuIbl 3 BUAHO, YTO TMOJYYCHHBIH COPOEHT MO HEKOTOPBIMU MapaMeTpaMu
IPEBOCXOIUT 3apyOekHblil copoeHT AH-31.

Tab6auna 3

Duzuko-xumuyeckue xapakmepucmuku anuonumos mapku AH-31 u I1113-1

HanmenoBanue nokasarens Hopma st Mmapku u copra
AH-31 [115-1
Buewmnun Bua 3epHa )KeJIToro 3epHa
I[BEeTa KOPUYIHEBOTO
I[BETA
[ panynoMeTprUYECKUIN COCTAB:
a) pa3Mep 3epeH, MM 04-20 04-20
0) k03¢ HUITUEHT OTHOPOTHOCTH 0,3 0,3
Conepxxanue Biaru %, He 0osee 47 50,3
Vnenvubiit 006eM B —OH™ dhopme em/r 3,3+0,2 3,04+0,2
I1
OJTHAs CcTaTh4deckass OOBEMHAs EMKOCTh 2 60 250
(ITICOE), mr-3KkB/MJI, HE MEHEE
E
Junamuueckast oomennas emkocth ([IOE), 1280 1350
MT'*9KB/MJI, HC MEHEE
OcMoTHueckas cTabMILHOCTD, % HE MEHEE 85,0 90,0
MexaHn4deckuii IpOYHOCTh 90-95 90-98
Honnas dhopma XopuaHas XopuaHas

B wactHoctn JIOE nannoro anmonuta paBHo 1350 mr-sks/mu, uro moutu 1,1
pa3a OoJibllie 4eM JJisi IMIMPOKO HCIOJIb3yeMoro 3apyOexHoro anmonuta AH-31
(1280). IICOE=2,5 Mr-3xB/MJ1, MakCUMabHast MPOYHOCTH cocTaBisieT 90-98%.

HccnenoBaHa KHHETHMKAa W TEpMOJAMHAMHUKA TIpoliecca COpPOIMHM HOHOB
Cr,07 wu ifoma B pacTBOPEHHOTO B PAacTBOpPE MOJMCTOrO Kalus aHHOHMTOM Ha
OCHOBE IPaHYJIMPOBAHHOTO MOJTMBUHUIXIIOPUIA.
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Puc. 3. Kunemuxa noenowenus iooa anuonumom I1113-1. 1, 2, 3, 4-
konyeumpayus ooa coomeemcmaenno 0,05; 0,025; 0,01; 0,0075 moas/x,
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Puc. 4 Hzomepmuvl copoyuu uooa anuonumom I1I13-1 npu paznuunvix
memnepamypax. 1, 2, 3 memnepamypa coomsemcmeenno 293, 303, 313K

N3yueno BiausHUE Pa3IMYHBIX BHENTHUX (PAaKTOPOB HA MPOIECC MOTIIOMCHUS

noaa annonutoM [I13-1 (puc. 3, 4) u Ha OCHOBE MOJYYCHHBIX JAHHBIX PACUYMTAHBI
TEpPMOJIMHAMHYECKUE ITapaMeTphl mpoiiecca copOoruu (Tadm. 4).
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Tao6auna 4
Hszmenenue mepmoOuHaMu4ecKux napamempos CUucmemvl 8 npoyecce No2i0ueHuUs
uooa aruorumom I1113-1

T K | K -AG, -AH, -AS,

’ MMOJB/T | A/MMoib | JK/momb K/momnn K/mons K
293 3,4 65,96 10226 35
303 3,95 107,76 11784 27143 39
313 4,35 109,53 12225 57,52

U3 npuBenEHHBIX B Ta0aMIe 4 JAHHBIX BUIHO, YTO IMPOLECC MOTJIOMIEHUS
HOJa MPOUCXOJUT CaMOINPOU3BOJILHO M  CONPOBOMKIAETCA OTPHIATEIbHBIMH
M3MEHEHUSMH CBOOOJHOW OHEPTUM, OSHTAIBIMHA W OHTPOIMH  CHCTEMBIL.
OTpunaTenbHOe 3HAYEHHE WM3MCHEHUS OHTAIBIIUM M SHTPOIUH  CHCTEMBI
CBUJICTEILCTBYET O CHJIBHOM CBSI3BIBAHUHM H01a COPOEHTOM.

WccnenoBaHsl  3aKOHOMEPHOCTH  copbuuu  HoHoB anmonutom Cr,0F

[MI13-1. WM3yuyeHa 3aBUCHMOCTb Mpolecca coOpOUUMU OT TEMIEpaTrypbl U
IIPOJOJDKATEIBHOCTH TMPOLECCa, KOHLEHTpauuu JIuxpoMar HOHOB. Ha ocHoBe
MOJYYEHHBIX PE3YJIbTATOB OIpPEACICHA MAaKCHMAaJIbHAasi BEJIIMYMHA TOTJIOIICHUS
AHMOHUTOM JUXPOMAaT MOHOB M YCTAHOBJICHO YBEJIMYEHUE KOHCTAHTHI aJICOPOINU
c Bo3pactaHueM TemmnepaTypsl. [lokazaHo, uTo crarudyeckass oOMeHHass €MKOCTb
COpOEHTa IO OTHOIIEHUIO K JAUXpOMaT HOHaM cocTaBiseT 3,48MI-3KB/T.
BbIsIBIICHHbIE KWHETUYECKHE M TEPMOJAMHAMHYECKUE MapaMeTphbl IMOKa3bIBAIOT
BBICOKOE CpPOJACTBO K AHHUOHHUTY AMXPOMAT HMOHOB M MOJIEKYJSIPHOrO iojaa u
BBICOKYIO YCTOMYMBOCTD €0 K JEWCTBUIO CUIJIBHBIX OKUCIATEIICH.

C wuenpl0 ompeneneHus CENEKTUBHOCTU MonHamM(poyiuTa Ha OCHOBE
IPaHyJMPOBAHHOIO MOJUBUHUIXJIOpHAA € a30T U Qocdop coaepKaumMu
rpynnaMy K MOHaM IBETHBIX METAJIJIOB U3yYEHbl 3aKOHOMEPHOCTH COPOLMs HOHOB
menu (II), nuxens (IT) u unaus (I111) u3 UCCKYCTBEHHBIX PACTBOPOB.

Jlist BBISIBJICHHS 3aKOHOMEPHOCTEHM acopOIMd OOBIYHO HCIIONB3YIOT €€
u3zotepMy. M3oTepMbl ancopOuuu MOryT ObITh MHTEPIPETHPOBAHBI C MOMOUIBIO
MeTtoioB @pelinunxa, Jlearmiopa u TEMKuUHA. AHalW3 HAIIMX HUCCIIEIOBaHUM
MOKa3bIBaCT, YTO W3 3HA4YeHWH mapamerpoB Dpeitnmmxa (nN) u JlenrMmiopa,
dakTopa pazaencuus (R_) MOXKHO 3aKJIIOYUTH O MOJYMHEHUH 3aKOHOMEPHOCTSIM
BBITOIHOT'O COPOIIMOHHOTO Mpoliecca CyllecTBYIoLIel cuctembl. PaccmaTpuBaeMast
CMOJIa UMEET BBICOKOE 3HaueHue K, KOTOpoe OBUIO CBA3aHO € BBICOKUM
CPOJACTBOM HOHOB MeTajla Ha mnoiuamosiut. Bbicokue 3HayeHus: mapameTpoB
uzorepmbl Temkuna (b; u K7) ancopbunonnoro teria b;= 265 xJx/monb, 316,5
k/x/moie u 609,8 xJhx/mMons coorBerctBerHo s Cu(ll), Ni(ll) u In (1) u
BBICOKMH MakcuMyM osHepruu cBsizu (Ky = 144 n/r, 76,8 n/r m 27 n/r
cootBercTBeHHO CU(ll), Ni(ll) u In (I1l) moka3amu xopoiiee CpOACTBO HOHUTOB K
U3y4aeMbIM METalIaM.
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Ha ocHOBe JaHHBIX TPHUBEACHHBIX B TaOJIMIE 5 MOXHO OTMETHTH
CaMOTIPOU3BOJILHOCTh W3YYaeMbIX MPOIeccoB. [IpuBeIEHHBIC BBINIE KOHCTAHTBI
COpOIMHU TIO3BOJISIIOT YCTAHOBHUTH CICAYIOIIMH PSJT META/UIOB 10 MX CITOCOOHOCTH
k norjomieHuio momuamdoautoM: In(IIl) < Ni(ll) < Cu(ll). ITomyueHusie
pe3yibTaThl TaK K€ CBHJICTCIBCTBYT OO0 YBEIMYCHHHM OTPHIATCIIHLHOIO 3HAYCHHUS
U3MCHCHHUS DHTAJBIIMM, DSHTPONUHM M CBOOOJHOM SHEPTHMM CHUCTEMBI C
BO3pacTaHUEM TeMITepaTyphl.

Tadanna 5.
Hszmenenue 0CHOBHBIX MEPMOOUHAMUUECKUX NAPAMEMPO8 U KOHCIMAHM copOyuu
uonos meou (1), nuxens (1) u unous (1) noruamgponumom I1113-1-P

Hon T, | Koncranra -AG, -AH, -AS,
Metauia | K | mMomb/r copOnus, K/mons | XK/mons | XK/mons'K
K- 1/MmmoI1b
293 3,05 9,28 4385 13,8
Cu® |303| 3,32 14,0 4892 | 12500 28,2
313 3,85 21,7 6038 29,7
293 2,25 6,35 3590 13,0
Ni¥ | 303 | 2,48 8,43 4310 | 11500 25,0
313 2,74 10,84 4597 25,8
293 1,85 4,18 2170 11,85
In®* 303 2,12 6,54 2631 11200 21,6
313 2,36 8,45 3127 23,1

[Toy4yeHHBIE PE3yNBTATHI TAK K€ MOKA3bIBAIOT 00 00pa30BaHUU CTAOUIIBLHBIX
KOMILIEKCOB MEXKIy a30T U docdop comepkanum copoerTom u nonamu meau (11),
aukenas (1) w wamms (1), m Takke mOKa3bIBaeT BBICOKOE CPOJCTBO K
nouamMQoJIUTy, CIIOCOOHOCTh 0OPa30BBIBATH MPOUYHBINA KoMITIeKC noHOB Mean (1)
OTHOCHUTEJIBHO JIPYTUX M3y4aeMbIX HOHOB.

C wnensio otaenenusi V,0s UCIUIB3yeMOTO B KayecTBE KarTajau3aTopa IpH
MPOU3BOJICTBE CEPHON KHUCIOTHI OT Pa3IMUHBIX MPUMECEH, H3YyUEHO BIIHMSHUE
pasnuuHeIX (akTOpoB Ha Tpouecc copbumu BaHagun (VO,") uoHOB H
OCYIIECTBJICHA €ro OKCTPAKIUs TPAHYJIUPOBAHHBIM  MOIHAM(POIUTOM U3
HUCCKYCTBEHHBIX pacTBOpPoB. C yBETWYCHUEM TMPOJOJDKUTEIHLHOCTH COPOIINH,
TEMIIepaTypbl M KOHIICHTpPAIlMU BaHAIWI HOHOB BO3pacTajia COpOIMsS HOHOB
moJIMaM(poOIMUTOM, YTO CBHUJIETEILCTBYET O MPOTEKAHUM MPOIECCca MOTIIOMICHUS 3a
C4ET XeMOCOpOITHH.

Jlns onpenenenus cenekTuBHOCTH noauamdonura [1113-1-P o oTHomeHUIO
K HOHAM METAJJIOB OBLJIO HCIOJb30BaH CJIOKHBIA HMCKYCCTBEHHBIH pPacTBOP
conepxamuii nousl menu (II), aukens (1), muaka (II) u ko6aneta (I1). CopOumro
MOHOB METAJIJIOB B JJAHHOM PAaCTBOPE MPOBOIWIN MPU JUHAMUYECKUX YCJIOBUSIX B
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AKTHUBHOM ITIOJIOKCHHH. I[JIH ONpCACICHNUC KOHICHTpAIlMKM MOHOB MCTAJUIOB 10 U
IIOCJIC COp6HI/II/I HOJ'II/IaM(bOJII/ITOM ObUI HCHOJB30BAaH AaTOMHO 3MHMCCHOHHBIN
COp6HI/IOHHLIe MCTO/J aHaJIn3a. PQSYJIBTaTI)I aHaJIn3a IIPUBCICHO B Ta6J'II/IHe 6.

Tab6auna 6.
Konuuecmesennoe onpedenenue memanios copoupo8aHHbIX NOIUMEPOM

Hanmenosanue Merauibl MI/KD
BEILlECTBA ;
Cu Ni Cd Zn
[1I15-1-P+Me 6585 260 1250 1557

Kak BuaHO W3  JaHHBIX NpUBEASHHBIX B Tabiwmme 6 wonsl memau (1)
copoupoBanuchk k nonuamponurty I[II1D-1-P B Spa3 Gombine yem Apyrue HOHBI
UCCJIeIyeMbIe MOHBI, YTO YKa3bIBaCT Ha CEJIEKTUBHOCTH mosmamdonura [1I19-1-P
k nonaM Mesu (11) B 6ombImeit crenenu, 4eM K OCTaIbHBIM HOHAM B PacTBOPE.

Tabauua /7
Mnozokpamnas ounamuueckasn copoyus uoros Cu (1) u Ni(1l) na nonuamponrum
No F, V, M1 V yon, MII JIOE ITJIOE o
MJI/MHUH | (TPOTEKAIOIINI (oOBem MMOJI- MMOJI-
00111. 00BEM) HOHHTA B JKB/T JKB/T

KOJIOHKE)

Cu++
1 1 700 30 2,51 2,92 0,86
2 1 700 30 2,51 2,92 0,86
3 1 700 30 2,51 2,92 0,86
4 1 700 30 2,51 2,92 0,86
5 1 700 30 2,51 2,92 0,86
6 1 700 30 2,51 2,92 0,86
7 1 690 30 2,46 2,875 10,85

Ni++
1 1 540 30 2,0 2,25 0,89
2 1 540 30 2,0 2,25 0,89
3 1 540 30 2,0 2,25 0,89
4 1 540 30 2,0 2,25 0,89
5 1 540 30 2,0 2,25 0,89
6 1 540 30 2,0 2,25 0,89
7 1 540 30 2,0 2,25 0,89

OgHuM M3 BaxXHbIX TpeOOBaHM K HMOHHOOOMEHHBIM MaTepHallaMU B
IIPOMBILIJIECHHOCTH SIBJSIETCSI MHOTOKPAaTHOCTh HCIIOJIb30BaHHOCTh WOHUTA, T.€.
1ociie CKOJBbKMX JTarnoB COpPOLMU U JeCOpOIMH HMOHUT COXPaHSET CBOIO
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copomonHyto crocooHocTs. CopbOrust u aecopobums monoB Cu (1) m Ni(ll)
IPOBOAMIIUCH 7 pa3, pe3yJIbTaThl 3TUX UCCIIEIOBAHUI MPUBEICHO Ha Tadmwuie 6.
Kak BumHo u3 Ttabmuiel /7 monuamdonut III19-1-P, momydeHHBI Ha OCHOBE
MOJMBUHUIXJIOPHIA TP MHOTOKpPATHOW copOmuu u aecopOuuu nonoB meau (1) u
Ni(ll) He MeHseT CcBOIWO COpPOIMOHHYIO CIOCOOHOCTB. DTO CBHJICTECIBCTBYET O
BBICOKOH XUMHUMYECKOW, (PHU3MYEeCKOW M MEXaHWYECKOW TPOYHOCTH HWOHHTA.
CopOupoBaHHbIE METAUIBI HA MOMMAM(OIUT B JUAMHYECKHX YCIOBHSIX
JnecopOorpoBaNCh BOAHBIM pacTBOpoM 0,5 H cepHOi KUCTOTOIM.

Tabauua 8.

Jecopbyus uonoe meou u nuxens uz nonuamgonuma I[113-1-P 0,5 H 6oonvim
pacmeopom H,;SO,

Metan | Macca V, Mma O6weMm | Konnenrpanu CreneHb
copOeH | (IMpoTEeKaroll | 3JIroaTta, | S MeTaia B | JecopOupoBaH
Ta, TP uit o0I. MJI AIUTI0ATE ue, %
00BeEM) MOJI/JT
Cu 12 700 160 0,215 98,5
Ni 12 540 160 0,163 96,8

Kak Buano u3 Tabauips! 8 crenens aecopbiuu noHoB Cu u Ni cocraBiser
cooTBeTCTBEHHO 98,5 % u 96,8 %. [1pu nomomm nomuamponuta [I113-1-11 moxxHO
yBEJIMYMBAaTh KOHIIETPAIIMIO MOHOB B PacTBOpe HECKiIbKo pa3. CienoBaTenbHO,
nonramdonut [M113-1-P MoxkeT ObITh pEKOMEHAOBAH IS WCIIOJIL30BaHUS IPHU
W3BJICYCHUH 1IBETHBIX U JPArolleHHBIX METAJIJIOB U3 TEXHOJOTUUYECHX PACTBOPOB.

B uerBépToii rnmaBe aucceprauuu noj Ha3zBaHueM «Bo3Mo:kHbIe 00J1acTH
NPUMEHEHUs] CMHTEe3UPOBAHHBIX AHUOHMTOB M MOJUAMPOJIUTOB» C IIEIBIO
MPUTOTOBJICHUS 111 XUMUYECKOW MPOMBINIJIEHHOCTU OOECCOJICHHOM BOJBI C
nomoIipio annonuta [1113-1 O TPOBEAEHBI ONBITHO —UCIBITATEILHBIE PAOOTHI
B TEXHOJIOTUYECKUX YCJIOBHUSAX IO OUYHUCTKE OT AHWMOHOB JIEKATHOHU3WPOBAHHOMU
BOJIBI B IIeX€ BOAOMOATOTOBKM oTHOCsmEerocst K AO «Maxam-Chirchigy.

C uenpro 00eccoMuBaHUs PEYHOM BOJbI B TEXHOJIOTMYECKUX YCIOBHUSIX OBLIO
OCYIIECTBJICHO BKJItOYeHUE 501 copOeHTa B TEXHOJIOTWYECKUH LUK B pabodyem
COCTOSIHUM ¥  IPOBEpEHa €ro CHoCOOHOCTb  yJajeHHsT aHUOHOB U3
JIeKaTUOHU3UPOBAaHHOW BO/BI. [loydeHHbIE pe3ynbTaThl IPUBEACHBI B TAOIUIE 5.

W3 mpuBea&HHbix B Tabnuie 9 qaHHBIX BUIHO, YTO aHUOHUT MOJTYyYEHHBIN Ha
OCHOBE  TpaHYJHPOBAHHOTO  MOJUBUHWIXJIOPUAA  MPOSIBISET  BBICOKYIO
a3 PekTHBHOCTD TIpH 0beccomBaHUU pedyHBIX BoJ. AHMOHMT AH-31 moxoxwuii mo
cBoMM cBoiicTBa Ha aHMOHUT III1D-1 m sgBHsArOIIMIICS €r0 KOHKYPEHTOM HMEET
MPOJIOIKUTETLHOCTh padoThl 8-10 4acoB, ATO CBUIETEIBLCTBYET O MPEBOCXOACTBE
AHHUOHWUTA Ha OCHOBE MECTHOTO ChIPbS B MPOJOJDKUTEIBHOCTU ITUKJIA OYHUCTKH
MOYTH 2 pasa.

45



Tao6auua 9

Pesynomamur onbimno-npomviuinennvix ucnvimanuu anuonuma I113-1 6
mexnonocudeckux ycnosusax ¢ AO «Maxam-Chirchigy

No Jata Oo1mas Konuenrpanus pH Pabouee
MIPOBEICHMS | IIETOYHOCTD, XJIOPHJIOB, (He MeHee | BpeMs
MMOJIB/IM° mr/am’ 6,0)
(ue 6ouee 0,8) (ue Gouee 1)

1 | 29.04.2015 0,02 0,65 6,8 18

2 | 05.05.2015 0,02 0,60 6,2 14

3 | 13.05.2015 0,02 0,78 6,5 12

4 | 19.05.2015 0,04 0,77 6,8 18

5 | 01.06.2015 0,01 0,72 7,1 14

6 | 08.06.2015 0,02 0,70 6,2 17

7 | 15.06.2015 0,02 0,70 7,0 15

8 | 19.06.2015 0,02 0,88 6,4 17

9 | 25.06.2015 0,01 0,72 6,5 15
10 | 30.06.2015 0,02 0,68 6,8 17
11 Supraqa 0,02 0,72 6,6 15,7

Ha npennpusitun AO «®epranaa3or» ObUla CO3/1aHa YCTAHOBKAa HAa OCHOBE
MOJYYEHHOTO W MCIOJB3YEMBIX B IPOMBIIIJIEHHOCTH AHUOHUTOB [0 OYKCTKE
METWIAUATAHOJIAMH  MCIIOJB3yEMOI0 B Ta3004YUCTKE KOHBEPTOPHOIO rasa
MCMOJIb3YEMOTO B CHHTE3€ AMMHAKA OT TEPMHUUYECKH CTOMKHUX COJIEW U MPOBEIICHBI
e€ TpOMBINIUICHHbIE HCIbITaHusA. [Ipu 3TOM sKOoHOMHYecKass 3(PGHEKTUBHOCTH
MPUMEHEHUSI aHHOHUTOB B OYMCTKE METHIIIUATAHOJIAMHUHA AocTurana 10 MiH. cym
B IO/I.

[IpoBeneHbl HUCCIAEAOBAaHUSA IO BBIACICHUIO METalla UHIHUS U3 CIOKHBIX
TEeXHOJOrnYeckux pactBopoB [luHkoBoro 3aBoma AI'MK. Bbuio ocyuiecTBiieHO
BBIJICJICHUE HMHIHMS B CTAaTUYECKUX YCIOBUSIX M3 TEXHOJOTHMYECKOTO pacTBOpa
coJieprKaiero uHaus - 52,5mr/i, mumibsika - 1700Mr/i1, cypbMbI - 46MT/11, TaKKe B
HEM MPUCYTCTBOBAIM U MOHBI IPYTUX METAJLJIOB.

Ta6auna 10

Tlokazamenu u3zgneuenus Memanios U3 MexHoI02U4eCcKUX pacmeopos
copoenmamu. Hcxoonvie konyenmpayuu unouil -52,5 me/x,
motuvsak-1700 me/n, cypoma-46 me/n

Ne | Twum copbenTa OcratouyHass KOHIICHTPAITUsI, MI/JI

In As Sb
1 ACC-3-4-® 27 718 36,1
2 MJIA-6-P 37 1070 29,8
3 MJIA-1-P 39 996,5 32,0
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W3 mpuBenéHHBIX BBINIE B TaOIWIIE MAHHBIX BUAHO, YTO JydIlle BCEX U3
TEXHOJIOTUYECKOTO  pacTBopa  Bblenser uHaud  Qocdop  coaepkamimii
BOJIOKHUCTBIA copOeHT ACC-3-4-®. OnHako Hu3-3a TOTO, YTO COPOEHT SIBJISETCS
BOJIOKHUCTBIM €I0 MEXaHUYECKAas MIPOYHOCTh Majla U 3TO BBI3BIBAET ONPE/ICICHHBIC
TPYAHOCTA TPU HCHOJB30BAHUM B TEXHOJOTMYECKHX YCIOBHAX. ['paHylbHBIE
copoentsl MJIA-1-P MJIA-6-P nornomiatoT MOHBI UHIUS B MEHBIIICH CTEIICHH YeM
BOJIOKHUCTBIM COPOEHT OJIHAKO TPaHYJIbHBIM MMOJUAM(OIUT HMEET BBICOKYIO
MIPOYHOCTH U €T0 MPEUMYIIECTBOM SIBJISIETCSI MHOTOKPATHOCTD €T0 UCIIOJIb30BAHUS.

B maroil rmaBe auccepranuu noja Ha3BaHueM «MeToaMka NpoOBeAeHUS
XMMHYECKHX npeBpanieHni MOJIUMEPOB) MIPUBEICHBI CBOMCTBA
WCITOJIb30BAHHBIX PEAKTHUBOB, METOAMKA XUMHUECKOW MOTU(PUKAIINNA TTOTUMEPHBIX
MAaTEPUAJIOB U METOAUKA UCCIICIOBAHUN.

47



3AK/IIOYEHUE

Ha ocHoBe mMpoBeAEHHBIX HCCIEIOBAaHUN MO JOKTOPCKOW AMCCEepTallid Ha
teMy «llonmydenne u GHU3MKO-XUMHUUYECKHE CBOMCTBA a30T U Pocdopcoaepraminx
MOHUTOB Ha OCHOBE MOJMBUHWIXJIOPHUIA» MPEACTABJICHBI CIEAYIONINE BHIBODIL:

1. C uenplo MONy4YEHUS AHUOHUTA U TOJMKOMIUIEKCOHA COJEpKAIllero B
CBOEM cocTaBe a30T U (pochop ucciienoBaHO BIMSHHUE Pa3IMYHBIX (DaKTOPOB Ha
MOAU(DUKALMIO TOJUBUHWIXJIOPUAA TMOIUAITHICHIIONHAMUHOM #  (OCHUTOBOM
KHUCJIOTOM B MPHUCYTCTCTBUH (pOopMalinHa, 3HAUEHUE SHEPTUU aKTUBAIlMU MpoIiecca
Moau(UKAIMKA, 3aBUCHUMOCTH CKOPOCTH pEaKIMU TOJNBKO OT KOHIIEHTPALUU
HU3KOMOJIEKYJISIDHBIX ~ KOMIIOHEHTOB ~ TO3BOJISIET  BBIABUTH  MOAYUHEHOCTH
U3Y4aeMbIX MPOLECCOB 3aKOHOMEPHOCTSM HAOJIOJaeMbIM B TETEPOrE€HHBIX
peakLusIX.

2. Metogamu MK-crieKTpoCKOINH, 3IEMEHTHBIM B TEPMUYECUM aHAJIU30M H
AHAJUTUYECKUMU METOJAMHU [O0KAa3aHO CTPOCHUE IOJYYCHHBIX AHUOHUTOB W
IIOJIMKOMIUIEKCOHOB HAa OCHOBE TI'PAaHYJIMPOBAHHOIO IIOJIMBUHMIIXJIOPUIA M HX
XUMUYECKass U TEpMUUYECKas CTOMKOCTh. BbIABICHAa BO3MOXHOCTH NPOSBIICHUS
MOHOOOMEHHBIX CBOMCTBA aHMOHHUTA 3a CUET HAJIMYHUS B €r0 COCTAaBE aMUHOTPYIIII,
a TOJINKOMIUIEKCOHA 3a CYET HAJIM4YUsl aMHUHOTPYII M OCTAaTKOB (OoCPUTOBOI
KHUCJIOTBI.

3. B nmabopaTopHbIX M B MPOMBIIICHHBIX YCIOBUSX MJIs IOJTYYEHHBIX
AHHMOHUTOB U MOJHMaM(OIUTOB MCCIIEOBAHBI YCTAHOBIEHHBIE B TOCYAapCTBEHHOM
CTaHJApPTE€ OCHOBHBIC (DU3UKO-XUMUYECKHE CBOMCTBA M TIOKa3aHO, YTO IO
HaAlICHHBIM XapaKTePUCTHUKAM HE YCTYIMAET MCIOIb3yeMOMY B MPOMBINIIICHHOCTH
aanonuty AH-31.

4. UccnenoBaHa KHHETHKA M TEPMOJMHAMHUKA TIpollecca COpPOLMKA HMOHOB
Cr,0O; u iiona B BOXHOM pacTBOpE HOAMAA Kalus aHHOHHTOM CHHTE3UPOBAHHBIM

Ha  OCHOBE  TpPAaHYJUPOBAHHOTO  MOJMBUHUIXJIOPHUIA. OnpenenéHubie
KMHETUYECKHE YW TEPMOJMHAMHYECKHE TMapaMeTphbl MOKa3adu BBICOKOE CPOJICTBO
aHUOHUTAa K OMXpOMAT HMOHAM U MOJICKYJSIPHOMY HOAY M YCTOMUYHUBOCTH €r0 K
BO3J/ICHCTBUIO CUJILHBIX OKUCITUTENCH.

5. UccnenoBanneM KUHETUKH W TEPMOJMHAMHUKH Mpoliecca H3BICUCHUS
nonoB Cu(Il), Ni(Il), In(Ill) u Banagus (I) MOJUKOMIIJIEKCOHOM Ha OCHOBE
IPaHyJIMPOBAHHOTO TOJUBUHWIXJIOPUIA YCTAHOBJICH TOPSIOK CEJICKTUBHOCTH
copOeHTa 10 OTHOIICHHIO K IIBETHBIM METAJIJIaM KOTOPBI UMEET CIEIYIOIINI BU/I;:
Cu(Il)> Ni(II)> In(IIT) > Banagun (I).

6. UccnenoBanbl TpoIlecchl JUHAMUYECKON COpOUMH M JECOpOIMU HOHOB
Cu(ll), In(Ill) w® CcUHTE3UPOBAHHBIM  MOJUKOMIUIEKCOHOM. [lomyueHHbIe
pEe3yNbTaThl YKa3bIBAIOT HA XHWMHUYECKYIHD) CTOMKOCTh TOJUKOMIUIEKCOHA W
BO3MOXXHOCTh ~ PEKOMEHJIOBaTh €ro JUii MHOTOKPaTHOTO  HCIOJb30BaHUS.
JlocTurHyTa BO3MOXKHOCTH  CEJICKTUBHOTO  M3BJICUCHUS HWOHOB HWHIUA W
KOHIICHTPUPOBAHUSI €r0 PacTBOPOB M3 CIOXKHBIX TEXHOJIOTHYECKHX PaCTBOPOB
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nuHkoBoro 3aBoma AI'MK ¢ momompio a3zor um  (dochop comeprkamiero
HOJTMKOMITICKCOHA.

7. Ha ombITHO-TIpOMBINIUIeHHON ycTaHOBKe AO «Maxam-Chirchig» nmonydena
YKpyNHEHHAS napTus aHUOHUTA Ha OCHOBE I'PaHyJIMPOBAHHOTO
MOJIMBUHWIXJIOPHUAA ¢ BHICOKOU 3 ()EeKTUBUHOCTHIO 00€cCoNMBaroIas MpUpOaHbIC
BoJbl. [Ipy 3TOM miuTenbHOCTH paboThl aHWoOHHMTa Obuta Ha 10-15% BeIIEe MO
CPaBHEHUIO C KOHKYPHUPYIOIIUM aHUOHUTOM. COrJlacHO MPOTOKOJa 3aceqaHus
Ned42 ot 28.04.2016 roma Kabunera MwunuctpoB PecnyOmmku VY30ekucran
PEKOMEHJI0BAaHO HAJIAAUTh Npon3BoaAcTBO annoHuTa [1119-1 u u Beaeneno 1 mupa.
cyM cpenctB AO «Maxam-Chirchigy.

8. C mpuMeHeHHEeM aHHWOHHMTa JOCTUTHYTa BBICOKas S()(PEKTUBHOCTH MpH
YMEHBIIICHUU KOHLEHTPALMKU 3arpsi3HSIIONIUX TEPMUYECKH CTOWKUX COJied B
METWJIAMATAHOJIAMUHE HCIOJIb3YEMOM MPHU OYHUCTKE KOHBEPTOpHOro raza B AO
«®Depranaazor» (CnpaBka AO «Depranaazor» Ne 37/3768 ot 26 utons 2016 rona).
[Ipn >TOM UCIONB30BAaHUE AHUOHUTOB I OYMCTKU METWIAMAITAHOJIAMHHHU OT
TEPMUYECKH CTOMKHUX COJiel mpuBeia K sKoHoMHuueckomy 3ddexty B pazmepe 10
MJIH. CyM B TO/I.
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. Nowadays
applying of state-of-the-art technologies is becoming a very urgent task to face
ecology and climate challenges due to fast development of various branches of
industry and energy production, and also to be able to meet competition in the
market. It is especially noticeable in such activities as desalination of natural water
for industrial usage, extraction of precious metals from process solutions, waste-
water treatment by ion-exchange technologies. «For the past years the need for
technology solutions based on ion-exchange has been increasing. A considerable
part of materials used for water purification is ion-exchange resins»'.

Starting from the very beginning of our independence, in Uzbekistan all
required conditions have been creating for industrial development and new
nonwaste productions of competitive, ecological and import-substituting goods are
creating. We can name some of them - «Shurtan Gas Chemical» and «Ustyurt Gas
Chemical», producing polymers using local raw materials, and a new chemical
plant which is creating at «Navoiyazot Ltd» and expecting to be completed in 2017
with annual production of 100000 tons of polyvinylchloride (PVC). It makes
possible to difersify chemical industry by creation of production of various
polymer materials having different and complex properties.

Developing and increasing of industrial production over the world creates
new demands for sorbent materials, especially targeted reasearches on synthesizing
sorbents having complex properties are one of high-priority tasks and the following
aspects are of high interest: obtaining ion-exchange materials having complex
properties and contatining acidic as well as basic groups, determining the
selectivity of synthesized sorbents for precious, rare and nonferrous metals, waste
water treatment by removing toxic and heavy metal ions.

The study aimes particularly at solving tasks defined in President’s Decrees
Ne916 dated 15 July 2008 «On additional measures to stimulate innovation rpojects
and technology implementation into production» and Ne1071 dated 11 March 2009
«On measures to accelerate creation and adoption of production of new types of
chemical products» and oter relevant legal documents.

Relevant research priority areas of science and developing techno-
logy of the republic. The study has been carried out in compliance with the
high-priority direction of science and technologies development VII. «Chemical
technologies and nanotechnologiesy.

A review of international research on the topic of dissertation. 2Research
activities on synthesizing ionites and polycomplexons are carrying out in leading
Research Centres and Universities over the world, such as Université Européenne
de Bretagne, France; Centre for Environmental Risk Assessment and Remediation,
University of South Australia; Queen’s University Kingston, Ontario, Canada;

! Inamuddin Dr., Mohammad Lugman. lon Exchange Technology. Theory and Materials. Springer Dordrecht
Heidelbtrg: New York London. - 2012, - Vol. I. - 560 p.

2 Review of foreign scientific research on the subject of the thesis is prepared www.dissercat.com,
http://www.fundamental-research.ru  Inamuddin Dr., Mohammad Lugman. lon Exchange Technology Il
Applications. Springer Dordrecht Heidelbtrg: New York London. - 2012. - Vol. Il. - 438 p, and other sources.
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Texas Technical University, USA; Department of Environmental Sciences
University of Virginia, USA; University of Bucharest, Rumania; Engineering &
Technology Aligarh Muslim University, India; Hunter College of the City
University of New York, USA; University of Wisconsin - Green Bay, Madison,
USA; Institute for Institut, Germany; University of Florida, Gainesville, Florida,
USA; Technical and Macromolecular Chemistry, Max-Planck-University of
Technology, Sydney, Australia; Land and Water Resources Engineering, Royal
Institute of Technology, Stockholm, Sweden; Alborz University of Medical
Sciences, Iran: Uzbekistan National University.

Some noticeable results obtained during research activities on studying the
obtaining of ionites containing different functional groups and physical and
chemical properties of such ionites are: ion-exchange resins containing basic as
well as acidic groups have been synthesized and their selectivity for some ions has
been determined (University of Florida, Gainesville, Florida; Engineering &
Technology Aligarh Muslim University; University of Bucharest; Department of
Environmental Sciences University of Virginia); the high selectivity of granular
complexing sorbents for precious, rare and non-ferrous metals has been found
(Hunter College of the City University of New York; University of Bucharest;
Queen’s University Kingston, Ontario); sorbents were applied in waste-water
treatment to remove toxic and heavy metals (University of Wisconsin - Green Bay,
Madison; Land and Water Resources Engineering, Royal Institute of Technology,
Stockholm; University of Technology, Sydney).

Research works are conducting over the world on synthesizing granular ion-
exchange and complexing resins and studying their physical and chemical
properties in the following high-priority directions: increasing the selectivity of
sorbents for specific ions, obtaining new ion-exchange materials having a high
sorbing properties and thermal and chemical resistant for industrial and ecology
use, for analytical purpose and for use ecology and hydrometallurgy.

Degree of study of the problem. Nowadays the activities on producing ion-
exchange materials combining both ion-exchange and complexing properties by
modifying polyvinylchloride with different reagents are of high interest. Abroad
lots of researches on synthesizing such materials by modifying polyvinylchloride
in different conditions and studying physical and chemical properties of obtained
ion-exchange materials have been carried out by S. Moulay, K. Hashimoto, S.
Suga, Y. Wakayama, A. R. Roudman, R. P. Kusy, G. Martines, I.S. Ahamed, A.K.
Ghoniam, A.A. Abdel Hakim. In Uzbekistan materials with new properties have
been synthesized by modifying polyvinylchloride in different conditions by our
scientists  M.A.Askarov, S.Sh.Rashidova, = S.S.Negmatov, U.N.Musaev,
T.M.Babaev, A.T.Djalilov.

However the process of synthesizing the granular sorbents containing nitrogen
and phosphorus groups, using polyvinylchloride as a substrate and physical and
chemical properties of obtained sorbents have not been properly studied.
Synthesizing new sorbents having both ion-exchange and complexing properties,
using polyvinylchloride as a substrate, and studying physical and chemical
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properties of obtained sorbents will create a basis for production of new,
competitive and import substituting ion-exchange resins using local raw materials.

Connection of the theme of dissertation with the scientific- research
works of higher educational institution, which is the dissertation conducted
in: The research work has been completed under Uzbekistan National University
projects 10T-7-4-2015 «Development of anionite production technology» (2015-
2016), A-7-23 «The technology of extracting copper ions from waste-waters by the
use of local sorbents» (2015-2017), and cotracts 62/2012 «Producing anionites on
PVC substrate» (2012-2015), 45/2010 «Development of technology of indium ions
extraction from OMMC technology solutions by the use of ion-exchange resins
made of local raw materials» (2010-2012).

Purpose of research work: is synthesizing anionites and polyampholitic
resins containing nitrogen and phosphorus groups by modifying polyvinylchloride
and studying the physical and chemical properties of obtained products.

The tasks of the research work:

investigation the influencing factors on modifying granular polyvinylchloride
with polyethylenepolyamine to find the optimal conditions of production process;

investigation kinetics of modifying the obtained anionite by phosphorous acid
in presence of formalin and determination of optimal conditions of producing
polyampholitic resins containing nitrogen and phosphorous;

determining changes thermodynamic and kinetic parameters absorption of
Cr,0OZ and halogen ions by anion-exchanger, Cu(ll), Ni(ll), In(111) and vanadyl (1)
ions by polyampholitic resin in synthetic solutions;

application the obtained anion-exchange resin to purify river waters;

purifying methyldiethanolamine used in gas purification from thermic stable
salts using synthesized and commercial anion-exchange resins;

extraction of In(lll) ions from complex technological solutions in
hydrometallurgy plants;

developing recommendations for industrial production of synthesized anion-
exchange resin.

The object of the research work polyvinylchloride, polyethylenpolyamine,
phosphorous acid, anion-exchange and polyampholytic resins, non-ferrous metals
ions, molecular iodine, decationized water, technologic solutions.

The subject of the research work chemical modification, identification,
physical and chemical properties, sorption, desorption, process Kkinetics and
thermodynamics.

Methods of research work. IR spectroscopy, element analysis, differential
thermal analysis, potentiometry, spectrophotometric analysis, atomic emission
spectrometry.

Scientific novelty of the research work consists of:

Optimal conditions for synthesis of anion-exchange resin using granular
polyvinylchloride as a substrate have been determined for the first time;
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it has been shown that reaction depends on porosity of modified
polyvinylchloride structure and follows under heterogeneous reaction kinetics
rules;

ion-exchange resin containing nitrogen and phosphorous groups and having
polycomplexon properties has been synthesized by modifying granular
polyvinylchloride based anionite with phosphorous acid; optimal conditions for
this process have been developed,;

it has been found that synthesized ionites have high sorption efficiency,
thermic and mechanical resistance and are similar to those of commercial anionite
AN-31 in terms of abovementioned characteristics;

high sorption factors of synthesized anionites and polycomplexons for
chromate, copper, vanadium, nickel, indium ions and iodine have been found and
metal ions have been extracted in dynamic conditions from complex solution
containing copper (I1), nickel (Il), zinc (I1), cobalt (I1) and high selectivity of
polyampholitic resin for Cu(ll) ions has been found.

Practical results of the work are:

the properties of anion-exchange material synthesized using polyvinylchloride
as a substrate have been studied in technological conditions and it has been found
that it has the same properties as imported competitive anionite does.

the obtained anionite has been examined at «Maxam-Chirchiq Ltd.» company
on water desalination using a pilot device and good results have been obtained;

selective sorption and effective concentrating of indium from complex
technological solution of zinc production have been achieved at «OMMC»
company;

a device for purification of methyldiethanolamine (used for purifying
conversion gas in ammonia production) from impurities of thermic stable salts has
been designed.

The reliability of the results. Modern experimental methods such as IR
spectroscopy, element analysis, differential thermal analysis, potentiometry,
spectrophometry, atomic emission spectrometry have been used to study the
process of synthesis of anionites and polyampholytes using polyvinylchloride as a
substrate and their properties. Conclusions have been done based on results
obtained by the use of mathematical statistics and equations of modern theories of
kinetics and thermodynamics, molecular sorption and ionic equilibrium.

Theoretical and practical significance of the study. Scientific importance
consists in determining the optimal conditions for synthesizing anionite and
polyampholitic resins using granular polyvinylchloride as a substrate by studying
the reaction kinetics as well as in determining sorbents’ anion and cation affinity
by studying sorption kinetics and thermodynamics.

Practical importance consists in developing process regulation for anionit
synthesis and its use for desalination of natural waters for industrial use,
purification of methyldiethanolamine (used for purification gases in industry) from
contaminants and extraction of indium from technological solutions.

Implementation of the research results.On obtained results of
synthesizing ionites based on granular polyvinylchloride:
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an invention patent of Intellectual Property Agency of Uzbekistan
(No IAP05232 dated 16 May 2016) for obtaining a new polyampholite containing
nitrogen and phosphorus using granular polyvinylchloride as a subatrate has been
obtained. The conditions have been created for synthesizing new import-
substituting polymeric sorbents;

new polymeric sorbents have been applied at «Fargonaazot» company to
remove impurities of thermic stable salts from methyldiethanolamine used for gas
purification and high efficiency of impurities removal has been obtained (Letter of
«Fargonaazot» Ne37/3768 dated 26 June 2016). Efficiency increase by 1.5%
compared to imported anionites has been achieved.

Approbation of the research results. Obtained results were presented in
local and international conferences: «11-th international Symposium on
Polyelectrolytes», Moscow, 2016; «Under the sponsorship of IUPAC 8"
International Symposium Molecular Order and Mobility in Polymer Systemsy,
St. Petersburg, 2014; X1V Conference «lonites-2014», Voronezh;
«Chromatography: theory and practice», Samara, 2015; «Regional Conference on
Chemical Engineeringy», Moscow, 2012; International Conference «New composite
materials from local and secondary raw-materials», Tashkent, 2011; International
Conference «Modern problems of polimer science», Tashkent, 2013.

Publication of the research results. 22 articles on Research results have
been published, 10 of them in journals recommended by the Higher Attestation
Commission of Uzbekistan, 3- in international journals and 1 Patent of Uzbekistan
obtained.

The structure and volume of the doctoral dissertation: Dissertation
presented on 196 pages and consists of Introduction, 5 Chapters, Conclusion,
References, Attachments.

THE MAIN CONTENTS OF THE DISSERTATION

In the introduction, part importance of and need for the completed research
Is justified, objectives and tasks, as well as objects and subjects of the research are
defined, its compliance to the country’s high-priority direction of science and
technologies development is described, scientific novelty and applied results are
expressed, scientific and practical importance of the obtained results are
discovered, information on how to implement the outcome of the research,
publications and the structure of the dissertation is given.

In the first Chapter of the dissertation titled «Synthesis of anionites and
polyampholites and their physical and chemical properties (literature
review)» a comparative analysis of literature data on the process regularity of
synthesis of nitrogen and phosphorous containing anionites, cationites and
polyampholites by chemical modification of polymers containing functional
groups, physical and chemical properties of synthesized sorbents and their
selectivity has been done.

As well in this Chapter researches contucted in Uzbekistan and abroad on
applying sorbents in solving ecology problems are presented.
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In the second Chapter called «Physical and chemical peculiarities of
synthesis of anionites and nitrogen and phosphorous containing
polycomplexons» the influence of different factors on chemical modification of
granular PVVC with polyethylenepolyamine and further synthesis of polyampholite
are studied.

Dialkylphtalates are used as a plasticizing agent during production of granular
PVC. To form porous layer in PVC granules a plasticizer is removed by extraction
with a mixture of ethylacetate and ethanol prepared in different volume ratio for 1
to 4 hours. As a result of extraction the weight of PVC granules is decreased by 5%
— 38% (Table 1). It has been found that by increasing ethylacetate ratio weight and
size of PVC granules decreased and the best result was obtained for a mixture with
a ratio of 8:2.

Table 1
Change of parameters of PVC granules during extraction process
Polymer CH;COOC,Hs : C,HsOH mixture volume ratio
Before 0:10 | 2:8 4:6 6:4 8:2 | 10:0
extraction

PVC weight
deacrese (%) 0 5 8 14 28 35 38
Decrease of size of o oo © e} e} 7o)
PVC granules 1-3 S i R S
(mm) - S S S s | o

During the extraction process a porous layer is formed on PVC granules
(Figure 1, Table 2)

£y
>

Figure 1. Images of polyvinylchloride (A) and anionite (B) unger optical
microscope

After extraction polyvinylchloride is modified with aqueous solutions of
polyethylenepolyamine of different concentration (50%, 60%, 70%, 80%, 90%,
100%) for 2, 4, 6, 8 hours at 393, 403, 413, 423 and 433K. The highest static
capacity of formed anionite for HCI has been determined and found as 5.78mg-
equivalent/g.
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Optical imaging of modified anionite has shown that a porous layer is formed
on granules and their surface is roughened. The porosity of the granules has
increased by 2 times and consequently the sorption efficiency improved.

Analysis of element composition of amination product has shown that it
contains 7.1% of nitrogen. Using potentiometry it has been found that pKj is equal
to 10.7 and 8.0, therefore the product contains two different functional groups, one
strong basic and another weak basic. Using IR-spectroscopy it has been found that
the intensity of valent vibration C-Cl bound at 609-744 cm™ has decreased, new
valent and deformation vibrations in a region of 1460-1570 cm™ which is
characterictic for >N-H groups as well as and 1070-1290 cm™ which is
characterictic for C-N bounds, has appeared. Based on these results the molecular
structure of the product can be expressed as follows:

CHE_CH_AE CHQ_CH%
| | (n—p)

N—F CI

~E CH—CH,—NH CH—CH,
3 _— 2|

Chemical modifification of polyvinylchloride with amines was studied by
S.Moulay, A.Roudman, R.Kusy, T.Kameda, M.Ono, G.Grause and other
reseachers and various aminated anionite-exchange materials were synthesized.
However regularities of modification process of polyvinylchloride with
polyamines and physical and chemical properties of synthesized anionites have not
been studied.

SEC, mg-eqv/g

0 2 4 4] 8 10
time, hour

Figure 2. Dependence of anionite’s static capacity on modification duration
(1,2,3,4 — reaction temperature is 393, 403, 413, 423K respectively)

The factors influencing on static capacity of anion-exchange material
obtained by modifying polyvinylchloride, such as polyethylenepolyamine
concentration, reaction temperature and process duration have been studied. It has
been found that increasing all these factors leads to increasing static capacity of the
anionite. It is obvious that increasing of temperature will increase a number of
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active molecules, and increasing reaction duration will increase probability of
reacting of aminogroups of polyamine with chlorine groups of polyvinylchloride
and which in turn increase the reaction yield.

Reaction activation energy has been found by studying temperature influence
on modification process using graphical method. Activation energy has been
calculated using E= Retgo formula and found as equal to 108.3 kJ/mole.

Modification reaction of PVC with polyethylenepolyamine is heterogeneous
process and consequently the reaction rate depends on concentration of reagent in
liquid phase. Logarithmic  dependence of modified chloride on
polyethylenepolyamines concentration has been designed and order of reaction
speed has been calculated which was equal to 1.3. Therefore the general equation
of reaction rate is:

V=K-C3

Obtained results confirm that the reaction kinetics follows laws of
heterogeneous process.

In order to synthesize polyampholite containing nitrogen and phosphorous,
kinetics of modification of granular polyvinylchloride with polyamine and physical
and chemical properties of produced PPE-1 ampholite have been studied. For
comparison Kkinetics of modification of M/JA-1 and MJIA-6 anionites with
phosphorous acid in the presence of formaldehyde applying «Chichibabiny»
reaction and physical and chemical properties of synthesized products have been
studied.

By comparing IR spectra of initial anionite and polyampholite synthesized by
modifying the anionite with phosphorous acid, it has been found that in final
product’s spectrum new absorption peaks appeared at 916 cm™ and 1075cm™
(characteristic for P(O)(OH),) and 1172cm™ (characteristic for =P=0). The
intensity of absorption peaks at 2850cm™ and 2820cm™ (characteristic for =N—H)
decreased. Potentiometry, element analysis and determination of static capacity for
basic and acidic gropes has shown that a sorbent obtained by phosphorylation of
PPE-1 anionite has two different functional groups. Examining a structure given
below we can see that the sorbent has amino and phosphorous groups. Therefore it
is a polyampholytic resin which has basic as well as acidic properties. Its
functional groups can act by ion-exchange as well as complexation:

CH;—CH——E (:Hz—cHJf

] L Jnep) HCI

1|\'—— CI P} . CH.0 + H:PO: TN

{ CH,—CH,—NH CH,—CH, ]
m-p -p

N

| |
ﬂE m_p L . p “

|
PO(OH),

—ﬁCHn—CHi——CHI—C‘H

T

cr -~(@p) N CH;—CH:—NEI—
X
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The influence of such factors as temperature and concentration of
phosphorous acid, reaction duration on phosphorylation process are studied and the
reaction pattern has been found. The reaction rate of polyampholyte producing
process and the order by phosphite acid have been calculated. The reaction rate
increases by increasing phosphorous acid concentration, the reaction order by
phorphorous acid equal to 1,4. Therefore the reaction follows rules of
heterogeneous reactions of first order and is described by V= K-[HsPO5]**
equation.

The third chapter of the dissertation titled «Physical-chemical and sorption
properties of synthesized granular ionites» parameters of capillary-porous
structure of PVC based anionite and polyampholyte have been determined, the
sorption characteristics for various cations and anions have been studied.

The absorption isotherm of water steam was studied in order to calculate
specific surface area of produced polymer materials. Because the absorption
isotherm of polymers was S-shaped, the BET formula has been used for
calculation.

Table 2
Change parameters of capillary-porous structures of polymer samples
Sample PVC PPE-1 PPE-1-P
Xm, g/g 0.0019 0.0157 0.0189
Seo,, M/g 6.86 55.13 66.45
W,, cm’/g 0.010 0.089 0.014
N, A 29.15 32.28 42.13

In Table 2 parameters of capillary-porous structure of PVC and PPE-1 and
PPE-1-P sorbent are given. It is clear from the table that by transferring from PVVC
to PPE-1 and PPE-1-P the sorption (X, g/g), specific surface of polymers (Se,
m?/g), size of pores (r, A) and the total volume of pores increase, this process has
been explained by a change of PVVC supramolecular structure during modification
process.

The resistance of PPE-1 anionite and PPE-1-P polyampholyte, synthesized
from granular polyvinylchloride, to various reagents as well as the solutions of
powerful oxidizer, strong acids and strong bases has been studied.

Synthesized anionites and polyampholytes demonstrated a high resistance to
chemical reagents. PPE-1 anionite has superiority over a foreign (AH-31) anionite
with its high mechanical and chemical stability and very small decrease of its static
capacity after mechanical and chemical effects. Polyampholyte is highly stable to
various chemical reagents and after several chemical influences the average
decrement of its static capacity has not been greater than 5-20%.

In order to evaluate thermal stability, thermogravimetric (TG) analysis of
polymer materials has been carried out. Curves of thermogravimetric analysis and
differential scanning calorimetry (DSC) shows that sorbents produced by
modifying PVC, in particular PPE-1 anionite, were thermal stable up to 483K and
in that case the mass of anionite has been decreased by 20% because of the loss of
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moisture. PPE-1-P polyampholyte was stable up to 503K with slightly decreasing
of mass, however on DSK curve there have been an exothermal peak of 49.87J/g at
465K which characterizes cross-linking process. Obtained results define that
analysed ion-exchanging materials has a high thermal stability.

In this study were compared, some physical - chemical parameters of foreign
sorbent AN-31 and the resulting contact PPE-1. Table 3 shows that the resulting
sorbent in some respects superior to foreign sorbent AN-31.

Table 3.
Physical and chemical characteristics of the brand of ion exchangers AN-31 and
PPE-1
Parameter Description Standard for marks and
grades
AN-31 PPE-1
Appearance Corn yellow Corn brown
Grading:
a) grain size, mm 04-20 04-20
b) the uniformity coefficient 0,3 0,3
Moisture content% max 47 50,3
Specific volume in the form of -OH g / cm® 3,3+0,2 3,04+0,2
Full static volumetric capacitance (FSEC) 2,60 2,50
mg-eg/ml, at least
Dynamic exchange capacity (DEC) 1280 1350
mg-eg/ml, at least
Osmotic stability,%, not less 85,0 90,0
Mechanical strength 90-95 90-98
lonic form chloride chloride

In particular, the DOE of the anion exchanger is equal to 1350 mg-eqg/ml,
which is almost 1.1 times more than the widely used foreign anion exchanger AN-
31 (1280). PSOE = 2.5 mg-eqg/ml, the maximum strength is 90-98%.B uactHoCTH

The kinetics and thermodynamics of sorption of Cr,O-% ions and iodine
from potassium iodide solution by anionite synthesized from granular
polyvinylchloride have been studied.
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Figure 3. Kinetics of iodine absorption by PPE-1 anionite. 1, 2, 3, 4 — the
initial consentration of iodine 0.05; 0.025; 0.01; 0.0075 Mole/l respectively,
temperature -313K
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Figure 4. Isotherms of iodine absorption by PPE-1 anionite at different
temperature, 1, 2, 3 - 293, 303, 313K respectively

Table 4
Change of thermodynamic parameters during absorption of iodine by PPE-1
anionite
T K | K -AG, -AH, -AS,
' mmole/g | L/mmole J/mole J/imole J/mole’K

293 3.4 65.96 10226 35

303 3.95 107.76 11784 27143 39

313 4.35 109.53 12225 57.52
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Various influencing factors on absorption of iodine by PPE-lanionite have
been studied and using obtained results thermodynamic parameters of absorption
process calculated.

As it can be seen from Table 4, system’s free energy, enthalpy and entropy
negatively changed during iodine absorption, therefore the process was
spontaneous and a strong bond formed between iodine and sorbent.

Regularities of Cr,0Z ions absorption by PPE-1 anionite from synthetic
solutions have been examined. The influence of temperature, sorption duration and
concentration of Cr,0Z ions on absorption process has been studied and the

maximal value of absorption has been determined. It has been found that
absorption factor increases by temperature increasing. Anionite’s static capcity for
dichromate ions has been found as equal to 3,48 mg-eq/g. Defined kinetic and
thermodynamic parameters identify a strong affinity of the anionite to dichromate
ions and molecular iodine and its high stability to powerful oxidizing agents.

To identify patterns of adsorption isotherm usually use it. The adsorption
isotherms can be interpreted with the aid of methods Freundlich, Langmuir and
Temkin. Analysis of our research shows that the values of the Freundlich
parameters (n) and Langmuir, separation factor (R.) can be concluded about the
subordination of laws favorable sorption process of the existing system.
Considered resin has a high value of Kr which was associated with high affinity to
metal ions polyampholyte. High Temkin isotherm parameters (b, and Ky) of the
adsorption heat b; = 265kJ/mol, 316,5kJ/mol and 609,8 kJ/mol, respectively, for
Cu (1), Ni (I1) and In (111) and the high binding energy peak (Kt = 144l/g, 76,8l/g
and 271/g, respectively Cu (Il), Ni (1) and In (IIl) ion-exchange resins showed
good affinity for studied metals.

Table 5

The absorption factors of copper(ll), nickel (11) and indium (111) ions by PPE-1-P
polyampholyte and change of thermodynamic parameters

Metal T, | Absorption -AG, -AH, -AS,

ions K | mmole/g factor, J/mole | J/mole | J/mole K
K-L/mmole

293 3.05 9.28 4385 13.8

Cu® 303 3.32 14.0 4892 12500 28.2

313 3.85 21.7 6038 29.7

293 2.25 6.35 3590 13.0

Ni®* | 303 | 248 8.43 4310 | 11500 25.0

313 2.74 10.84 4597 25.8

293 1.85 4.18 2170 11.85

In® 303 2.12 6.54 2631 11200 21.6

313 2.36 8.45 3127 23.1

64




In order to determine selectivity of polyampholyte synthesized using
polyvinylchloride as a substrate and containing nitrogen and phosphorous groups
for non-ferrous metals, the regularities of absorption of Cu(ll), Ni(ll). In(lIl) ions
by polyampholite from synthetic solutions have been studied.

On the basis of data given in Table 5 we can say that the process was
spontaneous and absorption of metal ions by polyampholyte increases by the
following order: In(IIT) < Ni(II) < Cu(Il). The free enrgy, enthalpy and entropy
also increase by temperature increasing.

The obtained results also indicate that the sorbent containing nitrogen and
phosphorous forms stable complexes with copper (1), nickel (I1), indium (1), and
copper (I1) ions demonstrate higher affinity to sorbent and form stronger complex.

The efficiency of using granular polyampholyte for purification of V,0s
reagent, used as a catalyst in sulphuric acid prodiction, has been examined. The
influence of sorption duration, temperature and vanadyl (VO,") ions concentration
on sorption process has been studied and it has been found that increasing all these
factors lead to increasing sorption of vanadyl ions, therefore inthis case a chemical
absorption takes place.

To determine the selectivity polyampholyte PPE-1- P with respect to metal
ions that contain the sophisticated artificial solution used was copper ions (Il),
nickel (I1), zinc (I11) and cobalt (I1). Sorption of metal ions in the solution was
carried out under dynamic conditions in the active position. For determination of
the concentration of metal ions before and after the sorption on polyampholytes
atomic emission analysis method was used. The analysis results given in Table 6.

Table 6
Quantitative determination of metals adsorbed on polymer
Name of the Metals mg/kg
substance :
Cu Ni Cd Zn
PPE-1-P+Me 6585 260 1250 1557

As can be seen from the data given in Table 6, the copper ions (II) sorbed to
polyampholytes PPE-1-P in the factor of 5 greater than other ions investigated
ions, indicating the selectivity polyampholyte PPE-1-P to the ions of copper (Il) to
a greater extent than to other ions in solution.

One of the important requirements for the ion exchange material in industry
a reusable the resin, i.e., after how many steps sorption and desorption ion
exchanger retains its sorption capacity. Sorption and desorption of ions Cu (1) and
Ni (I1) were carried out 7 times, the results of these studies are shown on Table 6.
As can be seen from Table 6 polyampholyte PPE-1-P obtained based on polyvinyl
chloride by repeated sorption and desorption of ions of copper (I1) and Ni (II) does
not change its sorptive capacity. This indicates a high chemical, physical and
mechanical strength of the resin. Metals adsorbed on to polyampholyte dinamic
conditions desorbed aqueous solution sulfuric acid 0.5N.
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Table 7

Multiple dynamic sorption of Cu (11) and Ni(ll) ions on polyampholyte

Ne F, ml/ V, inml Vion, Ml DOE PDOE o
min (flowing total. | (volume of mmol- mmol-
Volume) ion exchan- | equiv/g equiv/g

ger in the

column)

Cu++
1 1 700 30 2,51 2,92 0,86
2 1 700 30 2,51 2,92 0,86
3 1 700 30 2,51 2,92 0,86
4 1 700 30 2,51 2,92 0,86
5 1 700 30 2,51 2,92 0,86
6 1 700 30 2,51 2,92 0,86
7 1 690 30 2,46 2,875 10,85

Ni++
1 1 540 30 2,0 2,25 0,89
2 1 540 30 2,0 2,25 0,89
3 1 540 30 2,0 2,25 0,89
4 1 540 30 2,0 2,25 0,89
5 1 540 30 2,0 2,25 0,89
6 1 540 30 2,0 2,25 0,89
7 1 540 30 2,0 2,25 0,89

As seen from Table 8, the degree of desorption of Cu and Ni ions are
respectively 98.5% and 96.8%. With some help polyampholyte PPE-1-P can
increase the concentration of ions in the solution several times. Consequently,
polyampholyte PPE-1-P can be recommended for use in the extraction of non-
ferrous and precious metals from technological solutions.

Table 8
Desorption of copper and nickel ions from polyampholyte PPE-1 —P aqueous
H,SO,4 0.5N
Metal | Mass of | V, ml (total | Volume Metal Desorption
sorbent volume) eluent, | concentration degree,%
ml in the eluate,
mol/I
Cu 12 700 160 0,215 98,5
Ni 12 540 160 0,163 96,8
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The fourth chapter of the dissertation titled «The possible applications of
synthesized anionites and polyampholytes», in order to obtain desalinated water
for chemical industry using PPE-1 anionite, in technological conditions tests have
been carried out on removing anions from decationized river water in «<MAXAM-
CHIRCHIQ» chemical company.

Fifty liters of anionite was introduced into technology chain to examine the
capacity of removing anions from decationized water and the following results
have been obtained (Table 9).

Table 9
Results of testing PPE-1 anionite in technological conditions in
«MAXAM-CHIRCHIQ» company

Ne | Date of test | Total basicity, Chlorides pH Duration,

mmole/dm® concentration, (not less hours

(not exceeding mg/dm® than 6.0)
0.8) (not exceeding 1)

1 | 29.04.2015 0.02 0.65 6.8 18
2 | 05.05.2015 0.02 0.60 6.2 14
3 | 13.05.2015 0.02 0.78 6.5 12
4 | 19.05.2015 0.04 0.77 6.8 18
5 | 01.06.2015 0.01 0.72 7.1 14
6 | 08.06.2015 0.02 0.70 6.2 17
7 | 15.06.2015 0.02 0.70 7.0 15
8 | 19.06.2015 0.02 0.88 6.4 17
9 | 25.06.2015 0.01 0.72 6.5 15
10 | 30.06.2015 0.02 0.68 6.8 17
11| Average 0.02 0.72 6.6 15.7

From obtained results it is evident that examined anionite can be applied for
effective desalination of river water for industrial use. The anionite is superior to
imported analog AN-31 and exceeds it by twice for saturation time.

A special device has been designed to purifying methyldiethanolamin from
impurities of thermic stable salts, and industrial test has been done in
«Fargonaazot» company. The annual cost efficiency of using this device was
estimated as 10000000 sum.

Polyampholyte resin synthesized using polyvinylchloride as a substrate and
containing nitrogen and phosphorous, has been tested in «OMMC» JSC Zn
producing plant to extract indium from complex process solution in static
conditions, containing 52.5 mg/l indium, 1700 mg/I arsenic, 46 mg/l antimony and
some other metals.
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Table 10
Perfomance indicators of various sorbents in extracting metals from process
solution. Initial concentration of metals: In-52.5 mg/L, As- 1700 mg/L, Sb-46 mg/L

Ne Sorbent Residual concentration, mg/L
In As Sb
1 ASS-3-4-F 27 718 36,1
2 MJIA-6-P 37 1070 29,8
3 MJIA-1-P 39 996,5 32,0

As it is shown in Table 6, though fiber type ASS-3-4-F sorbent is more
effective in extracting In, but MJIA-6-P and MJIA-1-P granular sorbents are more
resistant to mechanical impacts and can be used for longer time.

In 5™ Chapter named «Techniques of chemical modification of polimers»
materials and chemicals used, their properties, methods and tegniques of chemical
modification of polimers are described.
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CONCLUSIONS

The following conclusions on doctoral dissertation «Obtaining and physical-
chemical properties of nitrogen- and phosphorus containing ionites on the base of
polyvinylchloride» are represented:

1. The impact of several factors on a modification process of granular
polyvinylchloride with polyethylene polyamine as well as on condensation process
with phosphorous acid in the presence of formalin has been studied in order to
produce anionite and nitrogen- and phosphorous containing polycomplexon. The
value of activation energy and dependence of reaction rate only on concentration
of low-molecular reagents show that the studied processes run in accordance with
the rules of heterogenic reactions.

2. Chemical structure of anionit and polycomplexons produced on the base
of granular polyvinylchloride, their chemical and thermal resistance have been
proved by IR-spectroscopy, element analysis, thermic analysis and analytical
methods. It has been determined that appearance of ion-exchange features of
anionite is due to amine groups and of plycomplexon is due to amine groups and
residues of phosphorous groups.

3. The main physical and chemical properties of obtained anionites and
polyampholytes, defined in official standards, have been examined in laboratory
and industrial conditions and it has been represented that synthesized anionite is
not worse than AN-31 commercial anionite which is used in industry.

4. Kinetics and thermodynamics of a sorption process of Cr,0% ions and
iodine from potassium iodide solution by anion-exchange resin synthesized from
granular polyvinylchloride has been studied. Defined kinetic and thermodynamic
parameters show high affinity of anion resin to dichromate ions and molecular
iodine and its resistance to the influence of strong oxidizers.

5. The following order of selectivity for non-ferreous metals:
Cu(ID>Ni(ID>In(11D)> vanadyl(l) has been defined by studying kinetics and
thermodynamics of absorption of Cu(ll), Ni(ll), In(lll) and vanadyl(l) by
polycomplexon.

6. Sorption and desorption of Cu(ll) and In(lll) by synthesized
polycomplexon in dynamic condition have been examined. Obtained results
demonstrate chemical stability of polycomplexon and its repeatedly usage has been
recommended. Containing nitrogen and phosphorus polycomplexon has been
successfully used to extract and concentrate indium selectively from complex
technological solution of Zn producing plant of «KOMMC» JSC company.

7. Granular anion resin on the base of polyvinylchloride has been
synthesized in large amount using a pilot device at «kMAXAM-CHIRCHIQ»
company and used for effective desalination of natural waters. The anion resin was
able to work 10-15% longer than competitive anion resin. It is recommended by
Notification Letter Ne42 of Cabinet of Ministers to invest one billion sums by
«MAXAM-CHIRCHIQ» company JSC on production of PPE-1 anion resin.

8. A high efficiency is achieved in using anion resins to remove impurities
of thermic stable salts from methyldiethanolamine that is used for cleaning
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converter gases in «Fargonaazot» company (Reference Letter of «Fargonaazot»

Ne37/3768, dated 26 July 2016). The annual cost efficiency has been estimated as
10 million sums.
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