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KHUPUI (JIokTOpaMK quccepTalUusiCcy AHHOTALMSICH)

JuccepTranusi MaB3yCHHMHI /10J13ap0juru Ba 3apypartu. byryHru kyHaa
’KaxOoH/Ja UKTUCOOUET TapMOKJIapH, alHUKCA, KUME, SHTWI, KypUJIUII Ba dHEPrus
CaHOATJIAPUHMHT >KaJajl PUBOMJIAHUIIN XUCOOUTa HKOJOTMK MyaMMOJAapHU KeIud
YUKUIIA, WKIUM V3rapuiyd  ByXyara Kenuimu cabaOmapuHu Xan dTHIIIA,
pakoOarbapmorn MaxCyJIOTJIapHU U1Iad YUKAPUIIIIA 3aMOHaBUI
TEXHOJIOTUSJIApHU KYyJutaml Tobopa non3ap0 Macanara aitmanu® Oopmoxaa. by,
allHMKca, TaOuUil CyBJIApHM CaHOAT MUKECHIA TY3CH3JIAHTHUPHILJA, TEXHOJIOTHK
SpUTMaapAaH KUMMar0axo Ba paHIIM METAJUIapHU aXpaTud oJuuiaa, OKaBa
CYBJIADMHM 3aMOHABH, JKyMJIaJaH, HOHAJIMAlIUII TEXHOJIOTHSUIAPHUA KYJIara
X0J1/1a 3aXapid KOMIIOHEHTapJaH To3ajallia KKoJl HaMo€H OynMokaa. « CYHIrTu
Mwinap AaBoMuJa HOHUTIAp KYJJIAHAJAWraH TEXHOJorusaapra OYiaraH sXTHEX
ToO00pa opTHO OOpMOKIA, YOy TEXHOJOTUsUIap €pAamMua CyBHU To3ajlalll yuyyH
3apyp Oynran jxamMH BOCHUTAJAPHUHT CaJIMOFIM YAYIIUHU HMOHUTIAD TaAIIKUI
yTamm»’.

MyCTaKMJIMKHUHT JacTJIa0KK KyHJapuaaH Oomnuiad MaMjakaTUMM3/1a CaHoatr
TapMOKJIAPUHU PUBOKIAHMILINTA KaTTa UMKOHUSATIApP spaTHiInG, OyHUHT HETU3uIa
IOPTUMH3[2  3aMOHAaBUU Tamabnapra  kaBoO  OepaguraH  YMKWHJHUCHU3
TEXHOJIOTHSIIA, WMIIOPT YPHUHU OOCYBYHM, paxoOaTOapAoml Ba H3KOJIOTUK TO3a
MaxcyJoTiap MIUIad YMKApyBUM TEXHOJOTHUSJIAPHU Y3uJa MyKaccaM J3TraH sHTU
KOpXOHaJlap TamKWwi TonMokiaa. JKymiagaH, MaxaUlMii XoMm aménapaaH
nonuMepnapuu unuiad unkapyBun «Llypran 'az Kumé» Ba «Yeriopr I'az Kuméy
komiuiekcanapu Ba «Hasowmiazor» AJK mermsmma 2017 ¥innpa vira TyIypUIdIIN
kyTwiaérran Mapkasuit Ocuéna sroHa Oynaran iunura 100 MuUHT TOHHA
nonuBuHWIXAopua (I1BX) umma® uyumkapumn Kydyura sra HUPHUK KOpPXOHaJapHU



MHUCOJI KWIMO KenaTupuil MyMKuH. by sca 3 HaBOatuaa kKuME CaHOATHHU
auBepcuUKaIMs KWIWINTa HMMKOH Oepaau, ShbHU CcaHoaTna OJIMHAETTaH Oy
MOJIMMEPJIAPHA TYPIN XUJI yCy/utap OwmiaH Momudukanusiad, KOMIUIEKC XOCCalu
MaTepHuaiap OJHII TAPMOKIAPUHN KEHTAUTHPHUIITA MAPOUT SIpaTajIu.

XKaxon mukécuaa caHoaT TapMOKJapH KEHrain0d Ba pHUBOXIAHUO OoOpran
capy MOHAJIMAIITUPYBYM copOeHTIapra OynaraH tayiad Tobopa optud GopaBepasu,
alfHUKCa, KOMIUIEKC Xoccara ara OynraH cOpOeHTIIApHW CHHTE3 KHJIWII F03acuiaH
MaKcaJId TaIKUKOTIApHHU aMajira ONIMPHIN J0J13ap0 macananapiaH Oupu OYiuo,
Oy Oopama, >XymiadaH, Kyduaarujgapra ajoxyja 3IbTHOOp KapaTHIMOKIA:
MaxaJJIui XoMalénap acocujia KOMIUIEKC Xoccara sra Oyiran tapkuOujga xam
KHUCIIOTaIM, XaM acoCiIH TYPYXJIApWHU TYTYBYM HMOHAJIMAIIMHYBUYM MaTepuasliap
OJTUII, KNMMAT0axo0, PaHIM Ba HOE0 MeTal MOHJIapUTa HUCOATaH CEJICKTUBIUTUHI
aHUKJAI, OKaBa CYBIIAPDHU THUPHUK OpTraHu3Miapra cajlOuidl TabCHp KUIYBYU
3axapJiid Ba OFUP METAJIJI MOHJIApUAaH TO3aJIalll.

V36exncton PecnyOmukacu IIpesunentunmar 2008 iimn 15 wuronparu
[TK-916-con «MHHOBaMOH JoMKXajnap Ba TEXHOJOTHSIAPHU HUILIA0 YUKAPUIITa
TaTOWK ATUIIHYU parOaTIaHTUPUII OOpacHIard KyIMM4aa 4opa-Tagoupiaap» xamaa

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

2009 #iun 11 mapt I1IK-1071-con «Kumé canoatu kopxoHajaapu KypUIUIIUHA
KaJaJJTAIITUPUILL Ba SIHTY TypAaru KUME MaxcyJoTiapu UILUIa0 YMKAPUIITHU
V3namrtupuiil 0yitnya yopa-Taadupiap 1acTypu» TYFPUCUIATH XaMa Ma3Kyp
(aonusaTra TerniuUIM 0OIIKa MEBEPUIM-XYKYKHUI XysKoKariaapaa Oenruianral
BasudasapHu amalira OlMpuIa yiuly nuccepTanus TaAKUKOTH MyansH
napaxkazia Xu3MaT Kujgaau.

TanKuKOTHUHT pecny0auKa ¢paH Ba TEXHOJIOTHSIIAPU PUBOKIAHUIIH
HMHI YCTYBOP HyHAJIMILIAPUTa OOFIMKIMIUA. Ma3Kyp TaIKHKOT peciyOauKa
¢dan Ba TexHonorusap puBoxianumuHuHr VII. “Kumé Texnonorusnapu Ba
HAHOTEXHOJIOTHSUIAP” YCTYBOP MYHaIUIIIUTra MyBOo(UK OaskapuiraH.

Juccepranusi MaB3ycu OyHH4Ya XOPMKHI WIMMH-TAIKHKOT/IAP IIAPXH.
2MoHNT Ba MONMMKOMIUIEKCOHIAD ONMINTA HYHANTHPHITAH HIMHH W3JIaHHILIAP
KAXOHHUHT €TaKkYd WIMHNA MapKa3jiapd Ba OJIUM TabliUM MyaccacalapH,
xymianan, Universit¢é FEuropéenne de Bretagne (®pannus); Centre for
Environmental Risk Assessment and Remediation, University of South Australia
(ABctpanus); Queen’s University Kingston, Ontario (Kanana); Texas Technical
University (AKII); Department of Environmental Sciences University of Virginia
(AKII); University of Bucharest (Pymuns); Engineering & Technology Aligarh
Muslim University (Xunnucton); Hunter College of the City University of New
York (AKIL); University of Wisconsin - Green Bay, Madison (AKI); Institute for
Institut (I'epmanust); University of Florida, Gainesville, Florida (AKIII); Technical
and Macromolecular Chemistry, Max-Planck-University of Technology, Sydney
(ABctpanmus); Land and Water Resources Engineering, Royal Institute of



Technology, Stockholm (IlIBeuusi); Alborz University of Medical Sciences (Opon),
V36eKncTOH MHILITHIT YHHUBEPCUTETH A OO GOPHIMOK/IA.

HNonanmammAyBYM MaTepruaUIapHUHAT TapKUOUIa TypJid Xoccara sra Oynran
TYpyXJapHU TYTYBYH HOHUTIAP OJUHUIIM XaM/la yIapHUHT (PU3UK-KUMEBHIMA
XOCCaJlapuHU aHUKJIAIITa OUJI )KaXoHa 0J1u0 OOpHIIraH TaAKUKOTIap HaTHXKacuaa
KaTop, *KyMJiaJaH, Kyiuaaru uiMui HaTvKallap OJIMHTaH: TapKuOuaa XaM KUCJIoTa
XaM acoC XOCCaH TypyXJIApUHU TYyTYBYH HOHAIMAITUHYBUM MaTepHaIIap OJUHTaH
Ba yJIapHUHT 0ab3u OWp MOHIapra HUCOAaTaH CEeCKTUBINTH aHUKJIAHTaH
(University of Florida, AKIII; University of Bucharest, Pymunmns; Department of
Environmental Sciences University of Virginia, AKII; Engineering & Technology
Aligarh Muslim University, XuHIUCTOH;); MyHYOKCUMOH KOMILIEKC XOCHII
KWJIyBYH COPOCHTIApHN KUMMAaTOaXx0, paHIIIM Ba HOEO MeTasl HOHIapura HucOaTaH
cenextuBnury anukiaanrad (Hunter College of the City University of New York;
AKUI; University of Bucharest, Pymunus; Queen’s University Kingston, Kanana);
AKOJIOTHSIa OKaBa CYBJIapHHM THPUK OpPTaHU3MIIapra CajJOuil TabCHP KHTYBUH
3axapyid Ba OFMp MeTaJl MOHIapuaH To3anamiaa unuiaruiarad (University of
Wisconsin - Green Bay, AKIII; Land and Water Resources Engineering, Royal
Institute of Technology, [lIBenust; University of Technology, Cuaneii).

- Juccepramuss  MaB3ycu  OViiMda  XOpWKUH  WIMHH-TaAKUKOTIAp  mmapxum  www.dissercat.com,

http://www.fundamental-research.ru Inamuddin Dr., Mohammad Lugman. Ton Exchange Technology II Applications.
Springer Dordrecht Heidelbtrg: New York London. - 2012. - Vol. II. - 438 p, Ba Gomika manbanap acocuaa uiniad
YUKUJITaH.
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JyHéna MyH4OKCUMOH MOHAJIMAIIIMHYBYH Ba KOMITJIEKC XOCHJI KHTYBYH
COpOEHTIIAPHUHT OJMHUIIN Ba PUBUK-KUMEBUHN XOCCATAPUHU TAJAKUK KUJHIII
Oyinya KyiHuaara yCTyBop WyHaIUIIapaa TaAKUKOTIap oiud OOpHIMOKIA:
COpOCHTIIApHUHT HOHJIApTa HUCOATaH CEJICKTUBIUTHHY OLTUPHIIL, CAHOAT Ba
AKOJIOTUK MyaMMoJapHu OapTtapad stuira €praM 0epyBIH IOKOPH COPOITMOH
XYCYCUSTIIM TEPMUK XaMJla KUMEBUIN OapKapop MOHAIIMAIIMHYBYH MaTepUaIapHU
OJIMII; METaJl MOHJIApH aHaIKU3u OYiinua, SKOJIO0TUs Ba TUAPOMETAUTY prUsiiaru
TEXHOJIOTHK MyaMMOJIApHH €YHIIL.

MyaMMOHUHI YPraHWJIraHJIUK JAapaskacd. byryHru KyHJa NOJWBUHUI
XJOPUJAHM TYpJId XWJI KUMEBUN peareHTIap OwiaH Moaudukanusiad oOup
BaKTHUHT Y3MJa XaM MOHAJIMAIIMHYBYM XaM KOMILUIEKC XOCHJ KWJIYBYM XOccara
sra OyiraH MOHAJIMAIIMHYBYM MaTepualap OJIMIIra Karra 3bTHOOp KaparuO
kenuaMokaa. Illy sxkymmaman, Omp katop xopmwk omumiapu S. Moulay, K.
Hashimoto, S. Suga, Y. Wakayama, A. R. Roudman, R. P. Kusy, G. Martines, 1. S.
Ahamed, A. K. Ghoniam, A.A. Abdel Hakimiap nmoauBUHWIXJIOPUIAHU TYpIU
rapouTiapaa MoUUKaKsTIAII Ba OJIMHTaH MOHAIMAIIIUHYBYH
MaTepuaNIapHUHT  (U3MK-KUMEBUN Ba COpPOIIMOH XOccalapd YCTHAAa KEHT
KaMpOBJIM TaaKUKOTIap onaub Oopranmap. MKOprumusHuHr Oup Kartop HHpUK
onmumiuapu M. A. Ackapos, C. III. Pamunosa, C. C. Hermaros, Y. H. Mycaes,

T. M. baGaes, A. T. [[>xanuioB Ba yJIapHUHT HIOTHP/JIapH TOMOHHJIAH MOJIN
BUHWJIXJIOPUIHH Xap XU MIapouTiaapaa MOAU(PUKAIUSIIALI OPKAIN SHTH X0CCalu



MaTtepuasiap OJUHIaH.
JlexvH MONMMBUHMIXJIOPU]T acOCUIa TapKuOMUaa a3ot Ba pocdop TyTyBUH
MYHUYOKCHUMOH COpOEHTJIap OJIUIII Kapa€Hu Ba OJIMHTaH COPOCHTIAPHUHT (DU3UK
KUMEBUH Ba COPOIMOH XOCCalapy eTapianda TaIKUK KIIMHMAaraH.
[TonuBuHMWIXJIOpU acocuaa OUp BaKTHUHT y3U]1a METall HOHJIapU OWIJIaH Xam
MOHAJIMAIIMHUII XaM KOMJIEKC XOCHJI KWIIMO OMPUKTUPHII XyCyCHUSITUTA 3ra

OyJIraH sIHTU TypJAaru COPOCHTIIAPHU OJIUII, OJJUHTaH COPOCHTHUHT (PU3UK KUMEBUM
XOCCaJlapuHU aHUKJIAI, CAHOAT YIyH UMITOPT YPHUHHU O0CyBUM pakoOardapmorn
SITHTY HIOHAJIMAIIMHYBYH KaTPOHJIAPHM OJIUIITA IAPOUT SpaTajIu.

Jluccepranusi MaB3yCHHHUHI JHCCePTANUA 0a:KAPUWIAETraH OJIMH TabJIUM
MYacCaACACMHUHI WIMMH-TAAKUKOT HULJIAPpH OMJIaH OoraMKauru. Jluccepranus
TAIKUKOTH Y30eKHCTOH MULIHI YHHBEPCHUTCTHHHMHT WIMHIl-TaIKHKOT HILIAPH
pexacunuHr MOT-7-4-2015 «AHHOHHUT OJIMII TEXHOJOTUACUHU V3IIAIITUPHUIIDY
(2015-2016 i1it.), A-7-23 «Maxamnuit copOeHTiap €pAaamMuaa MHUC HOHJIAPUHU
OKaBa CyBJapAaH axparud oswmmn TexHojorusicu» (2015-2017 i), 62/2012
«IlomuBuHUIXIIOpUA acocuaa aHUOHUT omumy (2012-2015 #i.) Ba 45/2010
«OTMK TexHOJIOTHK 3pHTMAcH TapKUOWJard WHAWN HOHJIAPUHH MaxaJUIud XOM
aménaplaH OJMHraH MOHAJIMAIIMHYBYM Marepuayiap €EpaaMHuaa axpaTuil
TEXHOJIOTUSACUHU ApaTUIIMHU unuiad uwukum»y (2010-2012  #i.) nokuxanap
noupacua Oaxkapuiras.

TaagKMKOTHUHT MaKCAaJAU MOJUBUHIWIXJIOPUIHU MOAUUKAIUTIA0
TapkuOua a3oT Ba ¢pochop rypyxJiapuHy TyTYyBYH aHHOHUT Ba MOHamMoInuTiap
OJIUII XaM/Jla yJapHUHT (PU3UK-KUMEBHM Ba COPOIIMOH XOCCAIIAPUHN aHUKJIAIAH
nubopar.

TagnKMKOTHUHT Ba3udasapu:

MYHYOKCUMOH MOJUBUHUIXJIOPUIHH TTOTUAITHIICHIIOINAMUH OUIIaH
Mo UKALMSIIAII KapaSHUTa TypIr OMIILIAp TAbCUPUHU TAAKUK KU OPKATH
AHMOHUT OJIUIITHUHT MaKOyJ MapOUTIapUHU aHUKJIAIIT;

CUHTE3 KWIMHIAH AHUOHUTHU (POpMajMH HUIITHPOKHaa (ocPuT Kucimora
OunaH MoaMQUKAIMsUIaI KapaéHU KMHETUKACHHU TaJKUK KWJIMII Ba a30T XaMm[a
dbocdop TyTran noauamMONTUT OJTUITHUHT MAaKOYJ APOUTHHU aHUKJIAII;

CyHbUH spuTMmanapian anuoHuT umTHpokuaa > Cr,0,, ramoreHnapHu Ba
nonuaMmonut umrupokuna Cu(Il), Ni(Il), In(Ill) Ba Banamun (I) uoHmapuHu
IOTWJIMII KHHETUKACH Ba TEPMOJMHAMUK MTapaMeTPIApUHU Y3TapUIIUHNA aHUKJIIAIIL,

OJIMHTaH aHMOHUTHH TEXHOJIOTHK MIAPOUTAA 1ape CyBIApUHU
TY3CU3JIaHTUPUIIJIA UIJIATUIL YYYH TaTAOUK KUJINLI;

CUHTE3 KWIMHIaH Ba CaHOATJAa HWNUIA0 YUKApWIaJWraH aHUOHUTIAPHU
KyJUlalll OpKajdu ra3japHu To3ajalla WIUIATUIaJAWraH METHIIUATaHOJIAMUHHU
TEPMUK OapKapop Ty3jlapJaH TO3aJIallL;

TUAPOMETAITYPrus 3aBOJIIapHIard MypaKka0 TEXHOJIOTUK SpUTManapaaH
In(II1) nonnapuuu axparud oauII;

CUHTE3 KWJIMHIaH aHUOHUTHU CaHOAT MUKECH A UIITa0 YMKAPUILTa TaBCUS
STHIIL



TagKUKOTHUHT 00beKTH cudaruga MOJIMBUHUIXJIOPUI,
NOJUATUIICHNIONUAMUH, (QOCHUT KHUCIOTa, AHUOHUT, MOAUAMQONINUT, PaHIIH
METAJUIADHWHT ~ WOHJIApH, MOJICKYJSIp MO, KaTHOHCU3JIAHTUPWITAH CYB,
TEXHOJIOTUK dPUTMAJIAP OJTMHTAH.

TagKUKOTHUHI mNpeaMeTH KUMEBUM Monudukanusa, HUIASHTU(DUKAIMS,
bu3uK-kUMEBUN XOoccanap, copOuus, aecopOIus, s>kapaHiap KUHETHKACH Ba
TEPMOJUHAMHUKACH.

TagkukoTHUHT ycysuaapu. Tankukornap skapaéuuaa HMK-crekrpockonuk
aHaiau3, JJIEMEHT aHamu3, auddepeHuan TePMUK TaxXJWj, TOTCHIIMOMETPHS,
crieKTpooToMeTpHs, aTOM dSMMHCHUOH COPOIIMOH MeTonHu Kabu 3aMOHABHM (PU3HUK
KUMEBUHM HKCIIEPUMEHTAJ TAAKUKOT yCYJIapH KYJIJIaHUJITaH.

TagKUKOTHUHI WIMMI SHIWINTM KyHugaruiapaad uoopar:

WK 00p MyHYOKCUMOH MOJTUBUHUIXJIOPHI aCOCH 1A aHHOHAIMAIITYBIH
COpOEHT OJUITHUHT MaKOyJ IIAPOUTIIApU aHUKJIAHTaH;

pEaKkUUSHUHT  MoAuUKaUsUIaHAETIaH  MOJMBUHUIXJIOPUIHUHT  FOBAKIIU
CTpyKTypacura OOFJMKJIWIHM  XamjJa TeTeporeH JkapaéHiap KUHETHKAch
KOHYHUSTIapura OyiCyHUIIN UCOOTIIAHTaH;

MYHYOKCUMOH TOJIUBUHUJIXJIOPU aCOCUJA OJMHIaH aHUOHUTHU (ochuT
KHCIIOTa OuiaH MoauduKanusuiad, Tapkuduaa a3oT- Ba Gpochop rypyxjapu TyTraH
KOMILUIEKC Xoccara »ra OyiraH HWOHAJIMAIlyBYM MaTepuall OJMHTaH Ba yiap
OJIMHUIITUHUHT MaKOYJI MapOUTH UITA0 YUKHIITaH;

WOHUTIAPHUHT  FOKOPHM COpPOIMOH  Xoccara, TEPMHK Ba MEXaHHK
OapKapopiMKKa 3ra SKaHM XamJa OJUHTaH NapaMeTpiapu Oyiinua caHoaTna
kymnanagurad AH-31 annonutnan Gapk KHIMACIUIY aHUKJIAHTaH,
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AHUOHUT Ba TMOJIMKOMIUICKCOHJIAP XPOMAaT, MWC, BaHAIWuW, HHUKEJb, WHIUN
MOHJIapW Ba Moara HUcOATaH IOKOPU COPOIMOH Xoccara Jra JKaHU Xamja
tapkuouaa muc (II), auken (II), pyx (II) Ba xobaner (II) monmapunu mypakkad
SpPUTMACUIAH TUHAMHK MIAPOUTAA METAUT HOHJIAPH aXpaTUiuO, momrnaMpOIUTHA
muc (II) nonmapura HUCOATaH CENICKTUBIIMTY FOKOPH SKaHHM aHUKJIAHTaH.

TaaKUKOTHUHI aMaJIuii HATHKAJIAPH KyHuaaruiapaan noopar:
MOJIMBUHIIXJIOPHUJ] aCOCH/Ia OJIMHTaH aHUOHAJIMAIITYBYM MaTepPUATHUHT XOCcajapu
TEXHOJIOTHK IIAPOMT/Ia TEKIIUPHUJITaH Ba paKoOaTuIH YeT-371 aHUOHUTHHHHT
xoccanapuaad GapK KHIMalIuraH aHUOHHUT OJIHINTA SPUIINITAH; OJTUHTaH
annoHuTHU «Maxam-Chirchig» AX kopxoHacua TEXHOIOTUK IIAPOUTIATH CYBHU
TY3CU3JIaHTUPUIIIIA UIIJIATUII YUyH TaxpuOa - caHoaT KypuiMaaa CHHOBIIAP
YyTKa3uirad Ba 1okopu HaTkanap onunrad; «OTMK» AX tapkubura kupysuu
PYX IEXWHUHT MypaKka® TEXHOJOTUK 3PUTMACHIAH WHIANN NOHJIAPUHU a30T Ba
docdop TyTraH NOJTUKOMIUIEKCOH EpJlaMu/ia CeJICKTUB COPOIHsIIaII Ba
APUTMACUHU KYTI MapTa KOHIEHTpJIAIITa SPUIIIITaH;

aMMHUaK UIUIa0 YMKapuIaa KyJUlaHaJUuraH KOHBEPCUOH ra3jiapHu To3aJaliia
UIUTATATIAAUTaH METWIAMATAaHOJAMUHHA TEPMHUK Oakapop Ty3JIapAaH To3aJlanl



KYpUJIMACH SpATUJITaH.

TaagKMKOT HATHKAJAPHUHTI MINOHWIMAMTH. [lonuBHHMIXTOpHA acocuaa
CUHTE3 KWIMHTAaH AaHUOHUT Ba MOJUAM@OJUTIAPHUHT XOCWUJ OYIMIIM Ba
XOCCAJIApUHU TAJKUK KWJIWII OpKaiIu oinHraH Hartvxkanap K- Ba anemenT ananus,
muddepeHnnan TePMUK TaxJIHI, MOTCHIIMOMETPHS, CIEKTPO(OTOMETPHUs, aroM
AMMUCHOH COpPOIMOH METOAM KabOu 3aMOHaBHM ycy/uiap €pAaamMuia HaTuxaiap
OJIMHTAHJIUTU YJIAPHUHT XAKUKUW SKaHauru ucoOomnaiiau. Monutnapra Typiu
WOHJIADHUHT CcOpOIMsI KWHETHKAJapu Ba TEPMOIWHAMHKATIAPUIIAH OJWHTaH
HATUKAJAPHUHT 3aMOHABUI KaMIIBIOTEp TEXHOJOTUSICU €pllaMHua Ba CTAaTUCTUKA
ycyljlapy OWjiaH MaTeMaTHuK TaxXJuil KWIMHTAHJIUTH — YJIapHUHT  MIIOHYIA
SKAHJINTUHU KYPCaTau.

TaagkMKOT HATHKAJTAPUMHUHI WJIMHMH Ba aMaJuil axamMusiTh. TagkKuKOT
HaTWKAJIAPUHUHT WIMHN axaMHSITH MYHYOKCMMOH MOJMBUHWIXJIOPUJT acoCH]Ia
AHUOHUT Ba MONMAMQOIUT OJMIIHUHT KUHETUKACUHU TAJIKUK KWIHII OpKajlu
MakOyJl IIapouTIapu TOMMUIIAAH XaMmMJa TypJid XuJl AaHUOH Ba KaTHOHJIAp
copOLMsCH KapaEHUHUHT KUHETHUK Ba TEPMOJIMHAMUK TMapaMeTpiapHU aHUKJIAII
OpKayii COpOCHTIapHU HOHJIapra HUucOaTaH MOMIJITUTHHY KypcaTUIaH Hoopar.

TaakuKOT HATHXKAJAPUHUHT aMajuid  axaMUSITH AaHUOHUT  OJIUIIHHUHT
TEXHOJOTUK pErJIaMEHTMHM WIUIad YMKMILJAH Ba CaHOAT CyBJIapUHM Tanépialin
HexJiapuja TaOuuil CyBIIApMHU TY3CHU3JIAHTHPUIIAA, CAHOAT ra3JIapuHU TO3aIallga
KYJUTaHaWUTaH  METWIAUATAHOIAMUHHM  HWQIOCIAHTUPYBUM  MoOJJanapiaH
TO3ajalllla XamMJa WHIWKA HOHJIAPUHHM TEXHOJOTHK >3pUTMalapllaH aXpaTHIlla
UIUIATUINIINAIaH HOOpaTAUp.

TaaKMKOT HATHKAJTAPUHUHT KOPUN KUJIMHUIIM. MyHYOKCUMOH TTOJIMBU
HUJIXJIOPH]T aCOCUIa MOHUTIIAP OJUII OYilM4a ONMHIaH WMWK HaTHXKaiap
acocua:
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MYHYOKCUMOH TOJIMBUHUIXIJIOPHT aCOCH A TapKuOuaa a3oT - Ba hocdop

IypyXJIapHHH TYTIaH SHTH MOTHaMQOIUT 0NN yuyH Y30ekucToH PecryGnukacu
NHTennexTyan MyjaK areHTJIMTUHUHT UXTUPO NaTeHTH oauHraH (16.05.2016 . Ne
IAP 05232). Unmuit TaaAKUKOTIIAp HATHXKacuaa UMIOPT YPHUHU OOCYBYM STHTH
NOJUMEP COpOCHTIAp CHHTE3 KWW UMKOHUSTIAPH SpaTHIain;

SHTM  ToauMMep  copOeHTIap  rasjapHud  To3ajallia  KyJJIaHaJuraH
METWIIMATAHOJIAMUH  TapKuOujgaru  HUQIIOCTAaHTUPYBYM  TEPMHUK  OapKapop
Ty3JapHU MUKIOpPUHM Kamatupumn yuyH «®Papronaazor» AXKna amanuérra
TatoukK >TIinau («Papronaazor» AXKuunr 2016 iun 26-utongaru 37/3768-con
MabJIyMOTHOMAacH). byHa Maxaminii xomaié acocuaa OJMHTaH copOeHTIapra ara
OynraH ycKyHa METWJAMATAHOJAMUH TapKUOUIaru TEpMHUK Oapkapop Ty3Jlap
MuKaopuHH 1,5% ra kaMalTUpUII UMKOHHU Oepajiu.

TagKUKOT HATHKAJIAPUHMHT anpodanmsicu. TaIKUKOTHUHT aCOCUI
Harmxkanapu 10 1aH opTUK WIMHU-aMaliiil aHKyMaHJIap, Iy )KyMmJaaad 5 ta
XallKapo aHXyMaHniapza, xycycat: «11-th international Symposium on
Polyelectrolytes» (Mocksa, 2016) «Under the sponsorship of TUPAC 8"



International Symposium Molecular Order and Mobility in Polymer Systems»
(Cankr Iletepbypr, 2014); «DPU3UKO-XUMUYECKHE OCHOBHI HMOHOOOMEHHBIX U
xpomarorpaduyeckux mnpoueccoB  (Mouutwi-2014)» XIV  xondepeHuuscu
(Boponex-2014); «Teopus u mpakTHka XpomoTorpagum»  YMyMpoccus
xoHdpepennusicu (Camapa, 2015); Marepuainsl peruonansHoi LlenTpanbsao
azuarckoit kondepenuun «Ilo xummaeckoit Texnomorun» (Mocksa, 2012);

«HoBble KOMIO3UIIMOHHBI MaTEpHabl HA OCHOBE MECTHOTO M BTOPUYHOTO ChIPbSI»
Xankapo uiMmuii-rexuukasuil koHpepenuus (TomkeHt, 2011); « AkTyanbHbIC
poOIeMBbI HAYKH O MOJIMMeEpax» Xankapo unmuii-amanuii konpepenmus (Toshkent
2013); MaB3ycuaaru xajikapo wiMui-amanuii KoHepeHuusiapaa Mabpysa
KWJIMHTaH.

TagKuKOT HATHKAJAPHUHI 3bJOH KWIMHUIIMK. Jluccepramus MaB3ycu
Oyitnua sxkamm 22 Ta MIMHE WMID 4ON OSTHITAH, IIyIapiaH, Y30eKHCTOH
Pecnybnukacu Onuit arrectamusi KOMUCCUSACHHHUHT JOKTOPJIMK JHUCCEepTalUsIapu
acocuil WJIMHUI HATH>KAJIapUHU YOI 3THUIL TaBCUS dTUITaH WIMUMA Hampiapaa 10 ta
WIMUH Makoja, >KymjaZaH, 3 Ta WIMHA Makojia XaJdKapo XypHajulapJa 4ol
sTiiras Ba | Ta V36ekncTon PecryGIMKaCHHMHT HATCHTH OJIMHTAH.

JluccepTalUsIHUHT XAa:KMH Ba Ty3WIHIIHU. Juccepranus TapKuOU KHUPHII,
oem 600, xynoca, ¢oiganaHwiran agabueTnap pyuxaru Ba wioBajapaaH uOopar.
JluccepTaliusTHUHT XaxXMU 196 OeTHH TaIlIKUJI ATaJIH.

JIACCEPTALIUSIHUHT ACOCUIA MABMYHHU

Kupum xucMmuna yTrazuiraH TaAKUKOTIAPHUHT OJI3apOIMryd Ba 3apyparu
acoCJIaHTaH, TAJKUKOTHUHI Makcaja Ba Basudanapu, OObEKT Ba MpeaMeTiapu
TaBcu(iaHraH, pecnyOnuka (aH Ba TEXHOJIOTHIIAPY PUBOKIAHUIIIMHUHT YCTYBOP
WyHanmuuuIapura MOCIWUTUA KYpcaTuiraH, TaJKUKOTHUHT WJIMHWA SIHTUJIUTH Ba
amMauil HaTvKalapu 0aéH KUJIWHTaH, OJIMHTAaH HATYDKAJAPHUHT WIMHI Ba aMaIuil
axamMusTH 04uo OepwiraH, TaAKUKOT HATHKAIAPUHUA aMalTMETTra >KOPUM KUJIHIIL,
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HAIIp STUITAH UIUIap Ba JUCCEPTAIUS Ty3WIUIIH OViindya MabliyMoTiIap
KEJITUPWITaH.

JluccepTalusiHUHT «AHHOHMT Ba MNOJHAMQPOTUTIAPHUHT OJHHHMIIM Ba
(pu3uK — KUMEBMI XOCCAIAPUHUHT Y3Ura XocJauru (agaduéraap mapxu)» aed
HOMJIaHTaH OuMpuHYHM 000uAa, PYHKIIMOHAI TypyX TyTraH MOJUMEPIAPHU Xap XUJI
peareHTiap OwiaH KUMEBUN MOAM(PUKALMSIAI OpKajdud TapKuOWaa a3oT- Ba
dbochop TyTraH aHUOHUTIAP, KATHOHUTIAp Ba TOJHAM(OIUTIAP  OJIMII
KapaHIApUHUHT KOHYHHUSTIAPH Ba OJHMHTAaH COPOCHTIAPHUHT (PU3UK-KUMEBHIA
XOCCaJlapUHU COJIMIITUPUO Tax)IJI KWIMHTAH Xamja yiioy MOHUTIAPHUHT Y3uTa
X0C TaHnad TabCUp KWIMII XYCyCUSTIIApU KEITHPUITaH WUUIapHU Oup-Oupura
CONUIITUPUO MIapXJIaHTaH.

[ToNMUBUHUIXJIOPU]T acOCUJA OJIMHTaH TYpiAM XWJI XOCCaId COpOEHTIIapHU
DKOJIOTUK MyaMMoJapHu Oaprtapad Kuiumga oiaud OopwiaéTraH XOpWXK Ba
pecyoIuKaMu3 OJTMMIIAPUHUHT U3JIAHUIIIAPH XaM 11y 000/1aH YpUH srajiaraH.



JuccepralussHUHT «AHHOHMTJIAP XaM/1a a30T Ba (pochop TYTraH moJiu
KOMILJIEKCOHJIAPHUHT OJIMHUIIN PU3UK-KUMEBUN XOCCAJTAPUHUHT Y3UTa
XOCJUIW» 10 HOMJIaHTaH UKKUHYU 000u1a, MyHuUoKcuMOH [TIBX Hu
MOJIMATUJICHTIOIMAMUH OWJIaH KUMEBUIN MOIU(UKAIUSIIAIT Ba OJIMHTAH
AHUOHUT/IaH MONMMaMQOIIUT OJIUII KapaHIIapura Typiu XU OMIJIIAPHUHT TabCUP
KWINIINA YPraHUITaH.

Mynuokcumon [IBX HuM onum xapaéHuaa yHra miactudukarop cudaruia
muankundgranamiap kynmwranad. Kymmanaérram [IBX Ttapkubupa sHTH FOBAKIA
KaTiaM XOCHWJI KWIHII MaKCcaauja, YHHHT TapKUOWIaru IuiacTu(puKaTopHu
ATUJIAIIETAT Ba 3TWJ CIOUPTH TYpJId XU XAKMHUM HUCOATIM apajammMaiapu OuiiaH
OKCTPAKIIUS KWIWHIW, SKCTpakius 1 - 4 coarnapaa onu® Oopwiau, OyHUHT
Hatwkacuaa [IBX myHuoknapuHuHr Maccacu 5-38% raya kamaiiraHu aHUKJIAH[U.
I[IBXHHHI 3KCTPaKIUAJIOBYM APAJAMIMANATA OTUJIALICTATHUHI XAKMHUH  YIyIIH
optu6 Oopumm Ounan [IBXHuHT Maccacu Ba MyHUOKJap Yiadamiiapu Kamaiuo
OopraH Ba SHT XK HaTHXKa §:2 XaKMUN HUcOaTIapia OYIraHjIuru aHUuKJIaHTaH

Onu6 6opunran xapaén myndokcumoH [1BX nonanapuga ropakiap KarjiaMu
naiao Oymummura onu6d xemanu (1-pacm, 2-xaaBan).

I-pacm. Ionusunuxnopud(A) ea anuonumnune(b) onmux muxpockonoazu
KYpUHUWU
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OKCTpakIusi KWJIUHTAH TOJMBUHUWIXJIOPUIHU TOJUATUICHIIONMAMUH OWJIaH
MoauduKausaanaa nojaudTuiaeHnonmamMua Ba yHuHr 50, 60, 70, 80, 90%
KOHIIGHTAIUSAIard CYBJIM J3puUTManapuaad QoiganaHuian, MoauduKausian
naBomuinru 2, 4, 6 Ba 8 coamiapaa Ba Momudukanusiiam xapopatu 393, 403,
413, 423 Ba 433K napma onu6 Oopunau. ByHuHr Hartmkacuma Xocwi Oyirax
annoHuTHUHT HCI GYyitmya makcuman cTaTuK ajJMallldHMII CUFUMH 5,78MI-3KB/T
ra TeHT OYJraHu aHUKJIAHIH.

1-xcaosan
Tonueununxaopuo Myn4oKIapu napamempiaputy SKCmpaKyus H#capaénHuoa
yzeapuuiu
[Tonumep CH;COOC,H;: C,HsOH apanammManapHuHT

XaKMUW HHUCOATIApH




Oxcrpakuusiga | 0:10 | 2:8 4:6 6:4 8:2 10:0
H OJIAH
[IBX auHr 0 5 8 14 28 35 38
Macca
kamaiiuiu, (%)
[IBX auar 1-3 2
MYHUYOK/IAPH 1-2,°10,8-2 (0,8-2,10,7-2, {0,5-2, | 0,5-2
YITYaMUHWHT 8 6 > > 5
KaMaiuim(Mm) ’ ’

Omu6 OopunraH ONTUK MHUKPOCKONHK TaIKUKOTIAp ILIYHH KYpcaTaauKu,
MOJMBUHWIXJIOPUAHU aMUH OujiaH MoAu(UKalMsIaraHaH KeMuH Xocus OynraH
AHUOHUT/A SHTM FOBAKJAp KaTiaMHu TMaijlo OYJIraH Ba OJMHTAH MAaxXCyJOTHHUHT
TallKd TY3WIUIIA JacTaaOKu Tonumepra HucOaraH Horekucnamrad. [yHuHT
OunaH OMpraavkaa OTUHTaH aHHOHUTHUHT YMYMHM FOBAKJIAp YT9aMH Xam 2
Oapobap optraH, Oy 3ca OJIMHTaH aHUOHUT FOKOPH COpOIIMOH Xoccara ara
SKaHJIMTUIaH Jlajoiar oepau.

AMUHJIaHUII MaXCyJIOTHHUHT 3JIEMEHT aHaJU3U TaXJIWIH OJIMHTaH MaxXCyloT
tapkubuna 7,1% azor OopnuruHH Kypcaragu. OnMHraH MaxCyJOTHHUHT
MOTEHLIMOMETPUK TUTpJIAll HaTWxkanapu acocuna tonwirad pK, kuitmarnapu 10,7
Ba 8,0 TeHr OynraHaM Ky3arwiarad Oy 5ca XOCWJI OYaTaH MaxCylioT TapKuOuma
Ky4wId Ba KyuCH3 acoc Xoccacura sra OyiaraH rypyxjap OOpiauruaaH aanoyiaTr
Oepaayu. AMUHJIAHUILJAH OJMHIaH MaxcyloTHUHT Kuécui UK- cnexktp ananusuaa
C-CI GormapuHM XxapakTepinoBun 609-744 cM'coxamapiard BajJeHT TeOpaHHII
VHTEHCUBIUTH Kamaiiran, Ba >N-H rypyxmapura moc kemysunm 1460-1570cm
coxajapjia SIHTM BajeHT Ba Jedopmaron teOpanunuiap Ba C-N rypyxjapu
BalleHT TeOpaHMIUIAPUHK XapakTepnoBun 1070-1290cM 'sHTH 1oTUAMII coXamapu
naiijo Oynmumm Kysatwirad. ONMHTaH HaTWKalap acocuaa XOCWI OynraH
MaxXCyJOTHUHT TYy3WIHIIWHU KyHuaaruda udoaanan MyMKUH:
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CHy—CH —t cH—CH--
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[TormBUHUIXTOpUIHN aMUHIap OunaH Moaudukausiam oyitnda S.Moulay,
A.Roudman, R.Kusy, T.Kameda, M.Ono, G.Grause Ba 6o1iika oxumiap



TOMOHU/JIAaH KEHTI KaMPOBJIM WJIMUN U3JIAHUIIIIAP OIUO OOpUiIraH Ba TYpJId XU
aMHMHJIAHTaH AaHUOHAJIMAIIMHYBYM MaTepualjiap OJMHIaH. AMMO
MOJIMBUHWIXJIOPUTHU TIOJTMaMHUHIIAp OWIaH MOIU(PUKAIIASIIANT KOHYHHUSTIAPU Ba
XOCHWJI OYJIraH aHUOHUTHUHT (PU3UK-KUMEBHI XOCcalapu YpraHuiMaras.

)
=

b

CAC Mr=aKBr

0 2 + ] B 10
Moaudaranuaiam 1aBoMHALIHIH, COAT

2-paC.M. AHuonumuuHe cmamux aIMAUHUWL CUSUMUHUS Moduqbukauuﬂﬂam

oasomuiiiueuea ooanuxnueu. (1, 2, 3, 4- peaxyus xapopamu moc pasuwoa 393,
403, 413, 423K).

[TomuBuHUXIOPUAHK  MOIU(UKANMAIA0  ONMHTAaH  aHWOHAJIMAITUHYBUH
MaTepUaTHUHT CTaTHK aJIMaIIMHUII CUFUMUHU Mo (pUKaAMSITIAIT
JTABOMUIIMTHTA, TOIUATHICHIIOIMAMUH KOHIICHTPAIMSCUTA Ba PEAKIIMOH MYXHT
Xapoparura OOFIMKIUTH YPTaHWIIW, OYHUHT HaTHXacuaa ymi0y TabCHp 3TYyBYH
OMWIJIap KWUWMAaTH OPTUIIM OWIaH XOCWJ OYyiraH aHHOHUTHHMHT CTaTHUK
aJMalIMHUAII CUFUMHM OpTUO Oopau. Tabumiiku, Xapopar OpTHIIM OWiIaH
peareHTIap Tapkuouaa Gaos Moliekysasap COHU opTuO 6opaau, MoaupUKAIMSIIAII
JAaBOMUIUIATA ~ OPTUINM OWjaH »dca TOJMAMUHHHHT aMHUHO rypyXJapu
MOJIMBUHWIXJIOPUHUHT XJIOp TypyXJiapu OWIaH TabCUPJAIIUII  SXTUMOJIIUTH
Kynasau OyHUHT HAaTHXKACHUJla aHUOHUTHUHT XOCUJI OYJIUII YHYMH XaM OpTaJiu.

Moaudukarius sxapa€Hura XapoOpaTHUHT TAbCUPUHU YPraHUII OPKATIU
pEaKIUSHUHT (paoJIAaHUIIT YPHEPTUSICUHN aHUKJIAIIa TpaduK yCcymuaan
doitnananmiau Ba E= Retga hopmynacu opkanu xucoOnaHy Ba YHUHT KUHMaTu
108,03 x/I>k/MOIb Ta TEHT SKaHJIUTH aHUKJIAHIH.

[IBXH1 NOAMATUIICHITONNAMUH OMIIaH MOAM(UKALIUSIIAII PEAKIIUICH
reTeporeH xapa¢uaup. Mabiaymku, OyHaail xapaéHaapaa peakius Te3JIUTH
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XapakaTdyaH (aszaga >KoilallraH MOJAJIAHUHI KOHLEHTpauuscura OOFIuK Oymanu.
[Tonmumepnaru XJOpUI  TypyxXjlap  MHUKIOPUHM  IOJUITHUICHIIOJIHMAMUH
KOHIIGHTpAIMsICUTra  JIOTapu(MUK  OOFIMKIMTUHU  TOMHII  OpPKadd  TaJKUK
KWJIMHAETTaH PEAKUUSHUHT TE3JIMTMHU TMOJIMAaMHH KOHLEHTpauuscu Oyinda
taptubu anHuknanau. lllyHra xypa yHuHr kuiimatu 1,3 ra TEHIVIMTU aHUKJIaHH.
Jlemak ymiOy peakiusi T€3JIMTMHUHT YMYMHI TEHITIaMacu KyWHJard KYpHHMILITa



sra: V=K-C'*

OnuHraH HaTWXKajlap TaJKUK KUIMHAETTaH PEAKIIUSIHUHT KHHETUKACH
reTeporeH )KapacHiap KOHyHUsIIapyura OYHCyHUIIIN XaK11a T'yBOXJIUK Oepaiu.
Tapkubuna a3ot — Ba pocdop TyTrad nonuam@GoIUT OJUILI MAKCAAUIA
MYHYOKCUMOH TOJUBUHUXJIOPUIHU TIOTMAMUH Oniad Moaudukanusiad oJMHTaH
ITI12-1 Ba conmumrupuin Mmakcaauaa MJIA-1 Ba MJIA-6 anHuOHUTIIapUHU
“Uuunbabun” peakuusicu Oyitnda dhopmaibaerua HITupokuaa Gochurt Kuciora
OwnaH Moau(UKaIUsIAIl PEAKIIUICUHUHT KUHETUKACH Ba OJIMHTaH
MoJIMaM(pOIUTHUHT (PUBUK-KUMEBUHN XOCCAIapu TEKITUPWIITaH. AHUOHUTHU
docdur kucnora 6mnan MmoauduKanusIad oIMHraH MoauaM@OIUT Ba 1acTiabKu
aHHMOHUTIapHUHT Kuécuit K- cniekTpan aHanv3u UIyHU KYypcaTaluKy,
dochopmannmaan xocun 6ynran maxcynoraa P(O)(OH), rypyximapuau
TaBcugoBun 916 Ba 1075cm™ rotrmimm coxanapaa Ba =P=0 rypyxyapura Moc
kemyBun 1172cm™ FOTHIHIT coXamapyaa BaleHT TeOpaHUILIAPHU H(OHATOBIHI
Ce3WIapJIM MHTEHCHUB SHTY IOTWIIMII coXayiapu naiao 6ynran, =N—H rypyxjyapura
xoc 6ynran 2850 Ba 2820cm ™ foTHaMII coxXanapua aehopMaIioH TeOpaHNIIIIAp
MHTEHCUBIUTHU KaMmaiiran. OJMHraH MaxCyJIOTHH HOTEHIIMOMETPUK TUTPJIALLI,
KkuciioTa Ba acoc 6yiinya CAC KuiiMaTiapyuH{ aHHKJIAII Ba AJIEMEHT aHallu3
HaT>KaJapu 1yHu kypcaraauku, [1119-1 annonutunu dhocdoprnain HaTuxacuga
XOCHJI OYnran copOeHT TapkuOu1a OMp BaKTHUHT Y3UJ1a UKKHM XUJI X0ccara 3ra
rypyxJjap maiino 6ynaan. Monudukarnusian HaTHKacu1a OJIMHTaH MaXCyJIOTHUHT
TY3WIHIIHIaH KYPUHUO TYpUOIUKH, COPOCHT TapkuOuia Oup BaKTHUHT Y3uaa
amMuHO Ba ¢pochut rypyxjapu MaBxya. by aca copOeHT xaM acoc XaMm KUCJIO0Ta
XOCCaJIapUHU Y3uJa MyXaccaM KWITaH! y4yH NOJuaM(OIuT XapakTepura ara
OYNTaHIUTUIAH JaonaT Oepaau. YHUHT XaM MOHAIMAIIMHHUII XaM KOMITJIEKC
XOCHJI KWJIMIII TypyXJlapra ara OYJIUINY KyWHard peakius CXeMacuIaH KypuIi

MYMKHH:
cHA— CH; —CH ] -
- (n—p) . =
T" + CHA0 = HapP): T
_|:.:[-[, CH,—NH CH;—CH, -
-+ CHCHA——CHCH T -
—_— - P N+ CHy— CH— N -
- | .
+ cHy- CH-NH——-CH—CH) Llii '
Jm-p - )

-p

1
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AnnonutHu docdopain peakuuscura Typiau Xuil TalllKd OMIIIAPHUHT, SHHU
peakius JaBOMUIINIH, XapopaT Ba (ochUT KHUCIOTa KOHIEHTpAIUsICUTra
OOFJTUKJIMK KOHYHUSITIApW TaAKUK KUJIuHIu. ByHna monuamdoiauT Xocwn Oyauin



XKapaCHUHUHT peakuusl Te3nukiaapu Ba ¢ochutr kucimora Oyiinua TapTUOH
xuco0nad Tomunau. IMI19-1 annonuTuHUHr dhocdopnanui peakusicuaa GocPut
KHCIIOTAHUHT KOHILIEHTPAIMSCH OPTHUINN OWIaH pPeaKis TE3MUru opTud Oopaaw,
dochur kucnoracu 6yiinua Taptubu 1,4 Tamkun Kwind Oy 3ca peakius OIIuH,
OMpUHYM TApTUOJIM, TETEPOTreH XapaKTepra sra dKaHJIMIMJaH Jajonar oepaau Ba
docdopmam peakuus tezmurn V= K-[H;PO;]"* renrnamacu opkanu ndbonananam.

HucceprarussHuHT «OJMHIaH MYHY0KCHMOH HOHUTJIAPHUHT (PU3HK
KHMEBMIT Ba COPOIMOH XyCYCHSATIapW» 1e0 HOMIIAaHTaH yYuHYH 600ma,
MOJIMBUHWJIXJIOPU] aCOCUIA OJIMHTaH aHUOHUT Ba MOJIMaM(OTUTIIAPHUHT
KaIluJsip-FOBAKIIN TY3WJIUIIH KaTTAIUKIAPU TOMMIITAH, aHUOHUT Ba
noauamQoIuTIapra TypJid XiI aHUOH Ba KATHOHJIAPHUHT COPOLIUSACH TAIKUK
KWJIMHTaH.

OnuHran  moJAMMEp  MaTepUAJUIAPUHUHT  KaTJaMUHH  COJUIITHpMA
CUPTIapUHH XucoOnam ydyH CyB OyFJIapuHU cOpOIMsiiam  HU30TepMacu
Yypraawnau. [lomumepmapHuUHT copOlMs W30TepMacu S - IMIAKIDIM KYpPUHHIIIA
oynrannuru yuyH xucoomnamaa bOT dopmynacunan dhoigananuiiy.

2-KaaBaJl
Ilonumep namynanapurHune Kanuiap-208aKiu My3uluuu KammaiukiapuHuHe
yzeapuuiu

Hamyna IIBX III19-1 IIId-1-pP
Xm, /T 0,0019 0,0157 0,0189
St M7/T 6,86 55,13 66,45
W, cM/r 0,010 0,089 0,014
I, A 29,15 32,28 42,13

Kanpanma IIBX Ba wmomudukanusnad onunran IIID-1 Ba IIIID-1-P
COpOCHTIIApUHUHT KaMWISIP-FOBAKIN TY3WIHII KAaTTAJIUKIApW KEITUpWITaH. by
xanaBanaan kKypuHuo TypuOnuku, [IBX man IIID-1 Ba III3-1-P ra yrum
TapTubuaa copomusamn (X, 1/r), moauMepiaap KarjlaMUHUHT COJTUIITHPMA CUPTU
(S.o;» MY/T), FoBaKIapHUHT yiauamu (r, A) Ba yMyMHil XaKMHHHI KaTTaIHKIApHU
optu6 Oopran, ymlOy xoauca wmomubukanusuianuim s>xapaéauga [IBX Husr
YCTMOJIEKYJIAP TY3WIMIIUHUHT Y3rapyuIilyd OulaH TYITYHTHPUJITAH.

MyHYOKCHMOH TNONMMBUHWIXJIOpHUA acocuaa onuHran [I11D-1 ammonuTtn Ba
[II12-1-P monnaMOMUTUHUHT TYypiau XWJ peareHmIapra, 1y >KymiIaiaH, Kydjid
OKCHJIJIOBYM, KyWId KHCJIOTa Ba KyWId aCOCIAPHUHT MabIyM KOHIIEHTPAIUSIN
spUTMasiapura HucOaraH OapKApOPIUTHMHU TaBCU(]IAIl ydyH TaIKUKOTIAp OJIU0
OopuJITaH.

OnuHTraH aHWOHUT Ba TMoJMaM(OIUTIAp KMUMEBUH pearcHTIapra HucOaTaH
IOKOpH Oapkapopiuk Hamo€H KwiraH. III1D-1 anmoHuTH pakoOaTyud dYeT 57




anuonutura (AH-31) nucOaran MexaHUK Ba KUMEBUIN TabCUpIiap/ia CTaTUK
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aJMAallMHUII CUFUMIIAPUHUHT Ky/la KaM MUKAOpAA KaMalranaurua OujiaH HOKOpHU
MEXaHUK Ba KUMEBUW OapKapoOpiUK XUXATHJIAH YCTYHJIUTMHU HAMOEH KWJIaaH.
[TommampomuTHUHT Typiau KUMEBUN peareHTIapra HucOaraH OapKapopiuru
IOKOpY OVuO, Typiau KUMEBHM TabCcUpiaplaH KEHUH MOIUaM@OIUTHUHT CTaTUK
aJIMalIMHULI CUFUMM KaMaumu yprada 5-20% naH omiMaras.

[TonumepraapHUHT TEpMUK OapKapOpJIMIMHUA TaBCU(IAIl YYyH MOJIUMEP
MaTepuaIapHUHT TEPMOIPaBUMETPUK (TT) aHAIM3JIApU  YTKa3WIIH.
TepmorpaBumerpuxk Ba Jluddepeniman KaJToOpUMETPUK CKaHEpJall >3Tpuiapu
myHu kypcaraauku, [IBX Hu wmomudukanusinad ojJuHraH copOeHTIap, Iy
xymnanaH, [1113-1 annonutuHuHr TepMuk Oapkapopiuru 483K raga xysatuiraxn
Ba Oy xojarja aHMOHUTHUHT MaccacH HaMIIMKHHM Hykotum xucobura 20% raga
kamaitrad. [I[19-1-P mommamdonutuaunr tepmuk Oapkapopauru 503K raga
HaMOEH Oynub, monmmamM@OIUTHUHT Maccacu 03 Mukiopja kamaiiran a J[CK
aHamm3u orpucuga 465K nga  rokopu Xxapoparga  3K30T€PMHUK  YOKJIAHMII
peakmusuiapura Xoc jkapaéH Kys3arwiraH Ba Oy kapaén sHeprusicu 49,87XK/r ra
TEHI  JKaHJIUTW  aHuKJIaHran. OIuMHraH  HaTWkalap  TEKIIUPUIAETraH
MOHAJIMAILIMHYBYM MaTepuaijiap OKOPH TEPMUK OapKapOopJIMKra 3ra 3KaHJIMTMHU
aHIJIaTau.

Aiiam umia yet-31 AH-31 copOGentu Ba Ou3 TaMoHaH onuHrad [1119-1
COPOCHTIIApUHUHT alipuM (PU3UK-KUMEBUHN TTapaMeTpiapy COTUIITHPUITAH. 3-
KaJBalIaH KYpUHUO TYpUOIUKUH, OJTMHTaH COPOCHTHUHT 0ab3u MapameTpliapu
yeT-351 AH-31 copObeHTHAaH KOTUIIIMaNIH.

3-:kaaBaJ
AH-31 ea I11139-1 mapkanu anuonumaapuune Ouzuk-kumésuu napamempiapu
Kypcarrny Homnapu Mapka Ba HaB y4yH MEBED
AH-31 II15-1
Tamky KypuHUIIN Caprum Kurap
paHIu paHIIu
3appaya 3appaya
JloHagop Tapkuo: 0,4-20 0,4-2,0
a) 3appaua ya14amu, MM 0,3 0,3
0) Oup KUHCIUIUK KOADOUITHSHTH
Hammuru %, 47 50,3
Comumtupma xaxwm -OH xonarna cM>/r 3,34+0,2 3,04+0,2
YMyMH# CTaTUK aJIMalllAHUII 2,60 2,50
curumiu (YCAC), Mr-skB/mit




JInHaMUK aJMalIvHUII CUFUMU 1280 1350
(YOAC), mr-skB/Ma

OcmMmoTuk Gapkapopiuk, %o 85,0 90,0
Mexanuk 6apkapopiiuru 90-95 90-98
HNon makium Xnopuna Xiopuna
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[ynunaraex aian aHUOHUTHUHT JJIAC 1350 Mr-skB/mMi ra TEHT, IeMaK KEHT
Mukécaa unuiaruiyBun uyer-31 AH-31(1280) annonutunukuaan 1,1 6apobdap kara
oynran. YJIAC=2,5 mr-skB/Ma Ba MexaHuk Oapkapopiuk 90-98% HuM Tamikui
ATaju.
MyHUYOKCHUMOH TOTMBUHUIXJIOPH]T aCOCH/Ia CUHTE3 KWJIMHTAaH aHUOHUTIa >
Cr,O,uonnapy Ba HOMHU Kaauii HOMUA 3pUTMACHIAH COPOIMSIIAII KapaéHUHUHT
KMHETUKACH Ba TEPMOJAMHAMUKACH TAJIKUK KWJIUHTaH (3-4 pacm).
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4-pacm. [1113-1 anuonumuea tioOHu mypiau xapopamiapoacu muiuuL
usomepmacu, 1, 2, 3 xapopam moc 293, 303, 313K.
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Womau TITID-1 aHMOHMTHrA IOTWIMII SKApadHMTa TYpiIH XHJI TAIIKH

OMWUIAPHUHT TabCUPH YPraHWIIW Ba OJIMHTAH HATWXKajlap OpKaJIM copOuus
Kapa8HUHUHT TEPMOAMHAMUK KaTTaTUKIApU XUCOOmanau (4-xaaBai).

4-kaaBaJ
LHIT13-1 anuonumuea UOOHU IOMUIUWL HCAPAEHUOA2U MEPMOOUHAMUK
KAMmanuKiapuHuHe y32apuiu

T, K I, K -AG, -AH, -AS,
MMOJIB/T | 1/MMoib | JK/monb K/monn K/mons K
293 3.4 65,96 10226 27143 35
303 3,95 107,76 11784 39
313 4,35 109,53 12225 57,52

IOxopunaru 4-xanBanga KeNITUPWITaH MabIyMOTIapAaH KYpUHUO
TypUOANKHY, HOJTHU FOTUIIMII JKapaéHU1a CUCTEMAHUHT 3PKUH YHEPTHUSCH,
SHTAINHUA Ba SHTPOMUSICHU Y3rapuinu MaH(puil KuiiMaTra sra 6ynuo, xapaéH y3
y3u4a O0prad. DHTaIMMUS Ba IHTPOIUS KUUMATIApH Y3rapuliuIapUHUHT
MaHQUIIATY HOAHM COpOEHTTa Ky4su OOFJIaHTaHJIUTHJIAaH AaioaT Oepaiu.
[MI15-1 aHWoHWTH WIITUPOKUAA CyHbHI sputmanaH > Cr,O,uoHmapuHu
copOuusi KWIMII KOHYHHMSTIAapu Tekimupuwirad. CopOuusi xapa€Hura xapopar,



copOusi  JTaBOMUWIWTH Ba JUXPOMAT HOHJAPUHUHT  KOHIICHTpPAILMSICUTA
OoFMUKIUTH ypranwiau. OJuHTaH HaTHKajlap acocujia JTUXpPOMaT MOHJIAPUHUHT
AHMOHUTIa MaKCHUMaJl FOTUJIMII KaTTaJIUTd Ba COpOLMs KOHCTAaHTajJapu Xapoparra
OOFNMK XOJIaT/[a OPTUINY aHUKJIAHIU. AHUOHUTHHHT JUXPOMAT MOHJIApW Oyhnua
CTaTUK aJMalluIl CUFUMU 3,48MI-3KB/T Tra TEHI OJKaHJIUTH KYpCaTUIIIH.
AHUKJIaHTaH KUHETHK Ba TEPMOJMHAMUK IMapaMeTpiap AaHUOHUTHH XpOMar
WOHJApU Ba MOJIKYJsAp MHoAra HUCOATaH MOMWUINTK JKyla XaMm IOKOpHU
SKAHJINTUHU Ba AHWUOHUTHU KYy4Id OKCHIJIOBUWIAD TabCUPUTa YHAAMIN
SKAHJINTUHU KYypCcaTau.

MyHUYOKCUMOH TOJMBUHWIXJIOPUJ] aCOCHIAa OJIMHTAH TAapKUOWIa aMUHO Ba
dochur rypyxJapuHM TYTYBYM NOJUAM(OIUTHUHT PAHIVIM METal HOHJIapUra
cenekTuBIUTMHU anukiaam wmakcaauaa muc (II), wukxen (II) Ba wnmuit (1)
MOHJIADUHUHT CYHBUH SPUTMaZaH MeTajl HOHJAPUHU TOoJuaM(OIUTra FOTHIIUII
KOHYHHUSITJIApU YPTaHWIIIN.

AJncopOussIaHUIll KOHYHUSITIAPUHU aHUKJIAIIa afcopOIusi M30TEepMacHaaH
doiinananmnaan.. AxcopOuus uzorepmanapuan OperdH X, JeHrMop Ba TEMKUH
ycymiapu €paamMuaa WHTEpHpeTanusl KWIMHWAIIA MyMKWAH. bu3 omub Oopran
TagkukoTiaap Taxyuuinu DpediHnnux (n) Ba JleHrmiop mnapameTpiapu  Xamja
axpanuim  dakrtopu (R;) KuMMamiapuaaH MaBXKyd CUCTeMa KyJaid copOIuoH
*apa€H KOHYHHMSTIapura Moc Ae0 Xynoca KWJIUII MYMKUH. TeKmupuiaérraHn
KaTpoH yuyH K, KuiiMatu Karta OyiaraHu MeTajulapHU MoIuaM(oiIuTra MOMHINTU
IOKOPH dKaHIuruaan ganonar oepanu. M3orepma yuyn Témxun(b; u Ky)
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napamMeTpPUHUHT KUWMaTH IOKOPUJIUTH Ba aJCOPOIMOH MCCUFIUK KUUMATIaApU MOC
paBurmaa Cu(Il), Ni(Il) u In (III) yayn b = 265 x/x/monb, 316,5 x/[x/Mons u
609,8 x/[x/M011b, OOFJIAHUIII SPHEPTUCU MAKCUMYMH XaM FOKOPUIIUTH MOC PaBHILIA
Cu(Il), Ni(Ill) u In (IIl) yuyn K, = 144 n/r, 76,8 n/r u 27 A/T UOHWTIAPHU
VypranunaéTrad MeTauIapr MOWHWH SKaHIUTUIAH TaioyiaT Oepasy.

S-KkaaBajnjard MabJIyMOTIapra acoCjlaHraH XxoJjaraa XKapaéH Vy3-y3uua
KeTTaHJIMTUHUA ~aWTum  MyMkuH. JKanBampmaru copOuusi KOHCTaHTaJapUHUHT
y3rapummra Kapad MeTaul WOHJIAPWHHHT TMOJMaM(OUTra OTHWIHMIIA KyWHJIard
tapTuOaa omu6 6opanu nevinm myMmkuH: In (IIT) < Ni (II) < Cu (IT) . Kentupunran
MabIyMOTIAp WIYHH KypcaTaJuKd, COpPOIMOH MYXUTHUHT XapopaTh OPTHUIIU
OwiaH Kapa€HHUHT 3PKUH SHEPIHAICH, SHTAJBIINS Ba SHTPOIHUS KaTTATUKIAPUHUHT
KuiiMaTiiapu opTud OopraH.

S-kanBan
LITI3-1-P nonuamgponumuea muc (Il), nuxen (11) eéa unouii (I11) uonnapunune
copbyuss KOHCMAHMANApU 8a ACOCULL MEPMOOUHAMUK KAMMATUKAAPUHUHS
yeapuuiu

MerTan T, I, CopOmust -AG, -AH, -AS,
vormapu | K | mmomne/r | xoHcrantacw, | K/mons | XK/monm | K/mons'K
K- 11/Mmmonb b




Cu® |293| 3,05 9,28 4385 | 12500 13,8
303 | 3,32 14,0 4892 28,2
313 | 3,85 21,7 6038 29,7
NiZt | 293 | 2,25 6,35 3590 | 11500 13,0
303 | 2,48 8,43 4310 25,0
313 2,74 10,84 4597 25,8
In** 293 1,85 4,18 2170 11200 11,85
303 | 2,12 6,54 2631 21,6
313 2,36 8,45 3127 23,1

OnuHran HaTwKanap Tapkuouaa a3oT Ba ocdop TyTran cCoOpoeHT OUIaH MUC
(I1), auken (1) Ba maawnii (111) normapu Gapkapop KOMITIEKC XOCHIT KHUITHO
OMPUKUTIINHY, IIyHUHT Ounian oupranukaa muc (II) nonmapu 6omika MmeTamn
MOHJIapuTa HEUCcOaTaH nmonuamMQoInuTra IOKOpM MOMMILTMKHI HAMOEH KUJITHO Ky4IH
KOMILJIEKC XOCHJI KUJITaHJIUTHHY KypcaTau .

Cynbdar kucioTa UILIa0 YMKApHUILIA Karaiau3arop cudaTuja HILIaTHIraH
V,0s5 HM YHKUHOWIApJaH aXpaTHO OJIMIN MaKCaauaa, KHUCJIOTalu CyHBUH
sputMagan  BaHagua (VO,") HOHIapUHM  MYHYOKCHMOH  IOIMaM(OJIUT
UINTUPOKHUIA KPaTHO OJWMHAM Ba COpOIMS XapaCHUTA TabCUP KUIYBUU TAIIKU
OMWIJTAPHUHT TabcupH Ypranwigu. CopOuus TaBOMUNUIUTH, XapopaT Ba BaHAIUI
MOHJIAPUHUHT PUTMAJIary KOHLIEHTPALMACH OPTUILIN OWIIaH BaHAIMII
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MOHJIAPUHUHT TTOJIMaMpOITUTIa FOTUIUIIN OpTHO OopraH, Oy 3ca IOTUIIUII Kapa&Hu
KUMEBUM copOLus Omian O0paéTraHauruan qaaoar oepaim.

[TI12-1-P monmnaMOIUTHHUHT METaJl WOHIAPUTA CEICKTUBIUTHHHA AHUKJIAII
yuyH, Tapkubuaa muc (II), auxen (II), pyx (II) Ba ko6anst (I1) noHTapuHU TyTran
Mypakkab Mopen 3puTMazaH ¢oiganaHuiIau. by spuTMamaH MeTayul MOHJIAPUHU
COpOLIMSICMHM aKTUB XoJIaTAa JWHAMHUK IIapouTaa onud Oopwiau. Meran
VOHJIAPUHUHT KOHUEHTPAIUSICUHU COpOLMSAaH OJIIUH Ba KEMUH aTOM SMMHCCUOH
COpOIMOH aHanmu3 ycynmuaaH Goigaranmiau. AHaIU3 HaTwxkamapu 6-kanBaniga
KEJITUPUIITAH.

6-kanBaJ

llonumepea copoyus KUIuHean MemaiiapHune aHUKIAH2aAH MUKOOPU

HaunmenoBan Mertannap mr/kr
Ue BEILECTBA

Cu Ni Cd /n




[II1D-1-P+Me

6585

260

1250

1557

Okopuna

KCJITUPUIITaH

6-KaIBaJIAUTHA

MabJIyMOTIapIaH

KYpUHUO

Typubauku muc (II) nonnapununr II13-1-P nmonmuamdonutura rotuaumm O6onika
MeTaJlll HWOHJapura HucOaran 5 Oapobap Kym roTWwiIraH, OyHAaH KYpUHHO
typubauku I1I13-1-P nmonmamdonutu Oomika mMeTami HOHJIApUra HUCOATaH MUC

(IT) nonnapura rOKOpH CENEKTUBIMKHA HAMOEH KHUJITaH.

T-kanBaj
Honuamgponumea Cu (I1) 6a Ni(ll) uonrapurune Kyn mapmaniux OUHAMUK
copoyuscu
Ne F, V, M V. ons MIT HAC YIAC a
MJI/MUH | (YTKa3wiraxn (KOJIOHKaar MMOJI MMOJI
YMYMUN Xa%KM) U WOHUT SKB/T SKB/T
XaKMH)
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 0,85
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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HMoHanMammHyBYd Marepuaiiapra CaHoarJa MUUIATUIL YYyH KyHuiIaguras
SHT MYXUM Taslabnapaad Ovpu Oy MOHUTHUHT KYT MapTaJMK HIIJIAIT KOOISTHIUD
SbHU OupHeya maporaba copOuus Ba JecopOIus KUIMHTaHIAa WOHUT Y3UHUHT
copO1moH xoccanapuan iwykorMmacauruaup. [Tommamdomurra Cu (II) Ba Ni(Il)
WOHJIApWHHU 7 MapoTabagaH copOITus Ba AeCOpOIUs UIIapu ol OOpUIIn.
KOxopunaru 6->xanBangad KypuHUO TypUOANKY MTOJIUBUHIIXJIOPU] aCOCUAA
onunrad [1I119-1-P nomuamdonutu muc (I1) Ba Huken(Il) nonnapunu kym
MapoTaba copOuus Ba aecopOIus YTKazuarauaa Y3MHUHT COPOIIMOH XOCCalapyuHu
nespiu y3raptupMaan. by aca HOHUT 10KOpH KUMEBUH, GU3HKABUN Ba MEXaHUK
OapKapopJIMKra 3ra SKaHuJaH JajaojiaT Oepaim.

[Tonmuamdonutra copOIMs KUJIMHTAH METAJUT UOHJIApUHH Ccyadar
kuciotanuHr 0,5 H nu cyBnu sputMacu Owiiad aecopOuus KUJIUHIN.

8-:xkaaBan

LI13-1-P nonuamghonumuoarn muc éa nuxen uonnapuru 0,5 H H,SO,nune cysnu
spummacu ounan decopoyusicu

Meran | Copbe V, M Dnroar Meramnapau | JlecopOums
HT (YTKa3miar | Xaxm HT Ja HUII
Maccac aH U, MIT aNroatnard | japaxacu, %
U, Tp YMYMHI KOHIIEHTpAIl
XakKM) us CH,
MOJIB/JT
Cu 12 700 160 0,215 98,5
Ni 12 540 160 0,163 96,8

8-kaaBaniaH KypuHUO TypuOauku MmeTtasutapHuHr aecop6Oimsicu Cu Ba Ni
Moc paBuiiaa 98,5 % Ba 96,8 % ra Tenr. lynnaait sxan 11I19-1-P nonmamdonutu
épaamMusa MUC Ba HUKEJI METAJJIAPUHU SPUTMAJarud KOHICHTPALUSICUHU OUp Heua
Maporaba OImUpHIl MyMKHH. JleMak TEXHOJOTHK SpUTMaiap TaKUIOWIAH PAHIIN
Ba KuMmMarb6axo Metauiapuu [1I19-1-P mommamdonut épnamuma axxpatud onuiira
TakIu() KUIUIT MyMKHH.

HucceprauussHUHT «CHHTE3 KMJIMHIAH AHHOHUT Ba MOJIMAM(OJIUT
JIAPHUHT KYJUIAHUJIMIIH MYMKHH OYJIraH coxajJapuHU aHUKJIAID» 10
HOMJIaHTaH TYpTuHYM 600uaa [1113-1 annonutu Epaamuaa KuME cCaHOATH YUyH
Ty3CHU3JIaHTaH CyB Taiiépnam Makcaauaa, “MAXAM-CHIRCHIQ” AXK naru
CYBHU JIaCTIa0KU TO3aJIAlll 1I€XU]1a KATHOHCU3JIAHTUPUWIITAH Jape CyBIapUHU
aHWOHJIApAH TOo3aJIall OYWYa TEXHOJIOTHK MMAPOUTIA TaXKprOa CHHOB UITLTAPU
YTKa3WIIH.



Texnonoruk 1mapoutna nap€ CyBUHH Ty3CH3JIAHTUpHUII Makcaauga S0
XOKMJIM  COPOEHT TEXHOJNOTMK IUKIra WINYM XOJaTna KUPUTWIAU Ba
KaTHOHCU3IIAHTUPWITAH CyB TapKUOWAArd aHUOHJIAPHU TO3alalll XyCyCHUSATH
TEKIIUPUIIAN Ba Kyiuaaru Hatwxanap oivHau (9-xanasan).
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9-:kaaBaJ
«Maxam-Chirchig» A unune oacmnabku mozanaw yexuoa I1113-1
AHUOHUMUHUHE MEXHON02UK WAPOUmMoazy YMKa3uiean maxcpuoba cunog
UUAAPU HAMUNICACU
Ne | Vrrasunu Ymymuii Xnopumiap pH Nmna
Il CaHacu UIITKOPUIIN KoHLeHTpauusic | (6,0 nan I
K, u, Mr/om’ KUYHK BaKTHU
MMOJ'II)/I[M3 (1 JTaH KarTa GyHMaFaH) coar
(0,8 nan OynmaraH)
KaTTa
Oynmaran)

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| Vpraua 0,02 0,72 6,6 15,7

Kentupunran wmabiayMoTiapiaH KYpUHUO TypuOAMKH, TOTUBUHUIXIOPH]
acocuJa OJMHIaH AHMOHUT JNap€ CyBIapUHM TY3CU3JAHTUPHILJA IOKOPH camapa
ounan unvtaau. [MI13-1 aHMOHUTHHUHT XOccanapura yxmram Oynaran pakooardu
yeT 91 AH-31 aHMOHUTH KaTMOHCU3JIAHTUPWITAH CYBHHM TO3aJalifa Kymnu OujaH
8-10 coar umuiai omaau Oy sca mMaxaummi xoM amé acocupa ojunran I1I19-1
AHUOHUTH paKoOaTyd aHMOHUTIa HUCOATaH MKKK 0apoOap KYI BaKT UIILIAN OJMIIN



OWJiaH YCTYH TypUILIMHU KYpcaTaau.

OnuHraH aHUWOHUT Ba CaHOAT/Ia KYJUIAHAJIUTaH aHUOHUT HINTUPOKUIA
“@apronaazor”’AX cuaa aMMHak CHHTE3M XKapa€HUAa KyJUlaHaIUraH KOHBEPCHOH
razjapHd To3ajalla WIUIATHIAJANTaH METUIAUITAHOJAMUHHHA TEPMUK OaKapop
Ty3JapJaH To3alall KypuiMacH sipaTUAu Ba CAHOAT CHHOBIAPUJIAH YTKAZHIIIH.
byHia aHMOHUTIAPHUHT METUIIMATAHOJIAMUHHU TEPMUK OapKapop Ty3iapJaH
TO3aJ1all UKTUCOAUN caMapagopauru uunura 10 MIIH. CYMHU TalllKWI 3TTaH.
[TonuBUHUIXTIOPUA acOCKIa OJIMHTaH TapkuOuaa a3oT Ba ¢pocdop TyTra
nomam@onut umrtupokuna OTMK auar Pyx 3aBoanHN Mypakkad TEXHOIOTHK
SpUTMACH TApPKUOMAAH UHIUM METAINIAPUHU aXXpaTUO OuIl OYilnda u3naHuILIap
o0 6opwiiid. TEXHOTOTUK APUTMA TaAKUOWIAa UHIUM - 52,5MT/J1, MUILIBSIK -
1700mr/m, cypma - 46Mr/m Ba Go1IKa MeTaap MaBxKya, Oy spuTMma TapkuOugaru
WHIUHHY ToNUaM@onuT EplaMu/ia CTaTUK MIAPOUTIA aXKPATUO OJTUHIH.
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10-kagBana
Copbenmnaphune mexHoi02uK 3pumma mapruouoacu MemaiiapHu aicpamuo
onuuw Kypcameudaapu. Jlacmniabku konyenmpayus uHoui - 52,5 me/n,
moltiuvsx-1700 me/n, cypoma-46 me/n

Ne | CopOent Typu Konauk KoHIeHTpamusi, Mr/J
In As Sb
1 ACC-3-4-® 27 718 36,1
2 M/A-6-P 37 1070 29,8
3 MIJA-1-P 39 996,5 32,0

IOxopuparn >xaaBan MablyMOTIApUIAH KYPUHUO TYpUOIMKH, TapKUOHIa
dochop Tyrram TomacumMoH ACC-3-4-® copOEHTH TEXHOJIOTHK JpPUTMa
TapKUOWJAaH WHIWN WOHIAPUHU y3ura sximu copOuus Kuiran. Ammo ACC-3-4-O
COpOEHTH TOJIACUMOH OYJITaHINIY yUYyH MEXaHUK YMJIaMJIMJIMTH 11acT Ba
TEXHOJIOTUK IIapoWTIap/a WIUIATHINra KUHUHYMIUK TyFAUpagu. MyHYOKCUMOH
MJA-1-P Ba MJIA-6-P mnonmamdonutiapu roxkopuaa TabpudiaaHraH HOHUTTA
HUCOaTaH WHAWW WOHJIApUHU OUpPO3 KaMpoK IoTca xam Oy MyHYOKCHUMOH
noauamMQoauTiap IOKOPU MEXaHUK YMIaMIIMKKa 3Tajuryd Ba KYI MapTa MIUIaTUII
MYMKUHJIUTH OUJIaH YCTYH Typaju.

HuccepranusHuHr «IlomuMepIapHUHI KUMEBMH Y3rapulULIAPUHH 0J1HM0
oopumr  ycayoaapuw» ne60 HomuaHraH OemuHYM  000Maa  KyJJIaHWITAH
PEaKTUBIAPHUHT XOcCcajapd, MOJIUMepiapAa KUMEBHM Moaudpukauusiap oaud



OopuIl yCcyJ/utapy Ba TaIKUKOTIAp yCIyOlapu EpUTHIITaH.
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XVIIOCAJIAP

«ITonuBuHMIXJIOpUJ acocuaa a3oT Ba (ocdop TyTraH MOHUTIIAP OJUHUILU
Ba (U3MK-KUMEBUI XOCcalapu» MaB3yCHUIAru JOKTOPIUK JUCCepTaluscu Oyinua
onu0 OopwIiIraH TaJAKUKOTIAp HaTHKacua KyHuaaru xyjaocanap TaKIuM STUIIN:

1. AHroHHT Ba TapkuOuga a3oT xamaa (gocdop TyTraH MOJIUKOMIUIEKCOH
ONUII MakKcaauJa MYHYOKCHMOH TOJUBHHWIXJIOPUAHA TMOJUITHICHITONINAMUH
Oounan Momupukanusaam Ba (opMaIMH UIITHPOKUAA pocdur kucmoracu Ounmax
KOHJICHCATJaHUII KapaéHiapura Typid OMWLIAp TabCUpJApU TaJAKUK KWJIWHIH,
(paoyUTaHMII SHEPTrUSCHHUHI KUHMaTH, peakuus TEe3JMUIMHUHT (akar KyHu
MOJIEKYJISIp peareHmIap KOHIEHTpaluscura OOFIUKJIUTH  YpraHWJIaHUETTaH
*Kapa€Hyap TeTeporeH peakiusiapra Xoc KOHyHUATIap Oyiinya OopaéTraHiuruiu
aHUKJIalll KMKOHUHU Oepaiu.

2. UK- CHeKTpOCKOIHMK, 3JIEMEHT, TePMUK aHajdu3 Ba aHAJIUTUK YCYIJap
OpKaJli MYHYOKCHMOH NOJMBUHWIXJIOPHJA AacoCHJa OJIMHIAaH aHUOHWUT Ba
MOJMKOMIUJICKCOHHA ~KUMEBUU TY3WIWIIN, TEPMUK Ba KHUMEBHH Oapkapop
SKAHJIMKJIApU UCOOTIAaHI. AHUOHUTHU MOHAJIMAIIYB XOccajapyu TapKUOUga aMuH
rypyxJjiap, MOJUMKOMIIJIEKCOHHUKM 3Ca aMHH Typyxjap Ba (ocdur kucioracu
KOJITUKJIApU OOpJIUTY XUcoOura HaMO€H OYIMIIMHN aHUKJIAlll UMKOHUHU Oepaju.

3. JlabGoparopus Ba caHOAT KOPXOHACH LIAPOMTHA OJUMHIAH AHUOHMUT Ba
nonuaMOINTIADHUHT JaBIaT CTAaHAAPTHAA KEITUPUITAH MYXUM (DU3HK-KUMEBUN
Xoccajapyu TaJKMK KWIMHIAM Ba aHUKJIaHraH TaBcuduiap OYiimua caHoarna



kymuiananurad AH-31 aHMOHUTHUKHIaH KaM SMACIIUTH KYPCaTUiIIu.

4. MyHUYOKCUMOH TOJIUBHUHWIXJIOPUJ aCOCHJIa CHHTE3 KWIMHIaH aHUOHUTIa
> Cr,O,Ba fomHN Kanui HOIAM SPUTMACUIAH COPOIMSIIAII KAPAaGHU KHUHETHKACH
Ba TEPMOJIMHAMUKACU TAAKUK KWIMHIAU. AHHMKJIAHTAH KUHETUK Ba TEPMOJUHAMUK
napaMeTpiap AaHHOHWUTHU XpoMaT HOHJIApU Ba MOJEKYIAp Hoara HucOara
MOMWJUTUTH IOKOPY SKAHJIUTUHU Ba aHMOHUTHU KY4YIM OKCHJIOBYMIIAD TahCUPHUTa
YUIAMIIA SKAHIIUTH KYPCaTUIIIu.

5. MyHUYOKCMMOH TMOJMBUHWIXJIOPUJI acOCUJA CHUHTE3 KWIMHIaH
nonukomiuiekconra Cu(Il), Ni(Il), In(Ill) Ba Banaaun (I) moHIAPUHU FOTUIIUIILL
KapaCHJIApUHUHT KUHETUKACH Ba TEPMOJMHAMHKACWHU TAJAKUK KHWIHII OPKaJId
COpOCHTHU paHIIM MeTajyiapra OYiraH CENeKTUBIMK KaToOpy aHUKJIAHIA Ba Y
Cu(ID>Ni(I1)>In(I1I)> Banagun (I) kypuHHILITa STATUTH KYPCATUIIH.

6. Cu(Il), In(IIl) noHnapuHu CUHTE3 KUJIMHTaH MOJIMKOMIUIEKCOHTA TUHAMUK
IAPOMUTIA COpOLMsIIAIl Ba IOTWITAH HOHJIAPHU JAecopOoumsiam skapaéHiapu
tekmupuwian. OIMHraH HaTwKajlap MOJUKOMIUIEKCOHHH KUMEBHMM OapKapop
SKAHJINTU Ba Kyn maporada kymnamra taBcus 3tuiad. «OTMK» AXK tapkubura
KUPYBYU PYX 3aBOAMHUHT MYpakka® TEXHOJOTHK IPUTMACUIAH UHIUNA MOHIApPUHU
a30T Ba ¢ochop TyTraH MOJUKOMIUICKCOH EpIaMmuIa CEJICKTHUB COPOIMsIIaiI Ba
SPUTMACUHU KOHIICHTPJIAIITa SPUILHAIIIH.

7. 11oNMBUHUIXJIOPUT ACOCH/IA OJIMHIAaH MyYHYOKCUMOH aHMOHUT «Maxam
Chirchig» AX na cyBHM nacTinaOku To3anall Hexuaaru Taxpuoa- CHHOB
YCKYHacHa MMPUK MUKJIOP/Ia CHHTE3 KUJIUH/M Ba TAOUUI CyBIapHU IOKOPU
camapa OusiaH Ty3cusnaHTupau. byHa aHMOHHUT pakoOaTun aHUOHUTTa HUCOATaH
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10-15% raga xyn wuoutam gaBoMuiliurura sra Oynau. Basupmap Maxkamacu

vuruumaHuAT 42- 6aéaHomacura OmHoaH «Maxam-Chirchigy AXK xmcoOuman

Oup Muwmapa cym Mabmnar axparuwiay Ba [1113-1 annonuTHHY nnuiad yuKapuira
TaBCHS DTHIIIN.

8. Aunonntnap umrupokuna «dapronaasor» AXK na KOHBEPTOpP razjapHU

To3ajallfa WIUIATHIYBYM METUIAMATAHOIAMUHHU HQIOCIAHTUPYBYH TEPMHK

Oapkapop Ty3JIapHUHT KOHIICHTPAIMSICUHU KaMalTUpuIaa I0KOpHU
camapanopiukka spummian («Papronaa3or « AXKaunr 2016 iun 26 urongaru
37/3768-connu MabJIyMOTHOMACH). bynna AHUOHUTIIAP épaamua

METWJIIMATAHOJAMUHHN TEPMUK OapKapop Ty3JapAaH To3ajall HKTUCOIUMN
camapajopiuru vuiura 10 MIH CYMHU TallKui 3T/IH.
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PA3OBBIN YYEHBIN COBET IO MTPUCYKJIEHUIO YYEHOM
CTENEHU JOKTOPA HAYK HA OCHOBE YYEHOI'O
COBETA 14.07.2016.K.01.02 TP HAIIMOHAJIBHOM
YHUBEPCUTETE Y3BEKUCTAHA

HAIIMOHAJIbHBIM YHUBEPCUTET Y3BEKUCTAHA



BEKYAHOB JABPOHBEK ) KYMA3APOBNY

®U3UKO-XUMUUYECKHUE CBOMCTBA U NIOJYUYEHUE A30T U
POCPOPCOILEPKAILIINX NOHUTOB HA OCHOBE
HOJMBUHUJIXJIOPU A

02.00.04 - ®usznyeckass XUMHA
02.00.06 - BoicokoMOJIEKYJISIPHBIE COeIMHEHUSA
(XuMHYecKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JIUCCEPTAIINA

TamkenT-2016 roxn
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Tema JOKTOPCKOI JMCCEPTALMM 3APETMCTPUPOBAHA B BrICiIel arTecTaAllHOHHO KOMHCCHH
npu Ka6unere MunucrpoB Pecny0nukm Y30ekucranza Homepom 28.04.2016/B2016.2.K85

JloxTopckas muccepTalus BeIoIHEHA B HarimoHanbHOTO yHUBEPCUTETE Y30EeKUCTaHA.

IToHBIHA TEKCT ZOKTOPCKON AMCCEPTAlMU pa3MeLeH Ha BeO-CTpaHuIe YUeHOro COBETa Mo
MIPUCYKJIEHUIO YUEHOH cTeneHn nokropa Hayk 14.07.2016.K.01.02 npu HannonansHOM yHUBEpCUTETE



VY36ekucrana 1o agpecy:www. ik-kimyo.nuuz.uz.

ABtopedepar quccepranyu Ha Tpex s3blkax (Y30eKCKHM, pyCCKHA, aHITIMACKUI) pa3MelieH Ha BeO
cTpaHulle 1o aapecy:www.ik-kimyo.nuuz.uz u undopmaimonno-oopazosareabHoM tnopTtasie ZiyoNET
0 aJipecy:www. ziyonet.uz.

MyxamenueB Myxrap:xan 'anueBuu

. JOKTOP XUMHYECKHX HayK, mpodecco
Hayunbriii P yK, mpogeccop

KOHCYJILTAHT:
ITapnos Xacan TypanoBu4
OKTOp XUMHUYECKUX HayK, IIpodecco
OdunuanbHble ONMOHEHTHI: A p yK, mpod p
Paxman6epaues I'annap
JOKTOp XUMHYECKUX HayK, mpodeccop

PysumyparoB Osum HapGexoBuu
JIOKTOP XMMHUYECKHUX HayK, mpodeccop

Beaymas TanIKkeHTCKUI HHCTUTYT TEKCTUIIBHOU U
OpraHu3amus: JIETKOM IIPOMBIIIJIEHHOCTH
3ammra quccepTai COCTOUTCS « » 2016 B YacoB Ha 3acedaHuu

pazoBoro YueHOro coBeTa Ha ocHoBe YdeHoro cosera 14.07.2016.K.01.02 nmpm HammonaasHOM
yHHUBepcuteTe Y30ekucrana um. Mupzo Yiyroeka.

(Anpec: 100174, r. Tamkent, yn. YauBepcurerckas 4. Ten.: (99871)227-12-24; ¢daxkc: (99824)
246-53-21, 246-02-24; e-mail: chem0102@mail.ru)

JokTropckas auccepranus 3apeructpupoada UHpopManmoHHo-pecypcHoM ieHTpe HannonaiasHOTO
yHHBepcuTeTa Y30ekucrana 3a Ne , ¢ KoTopoit MoxHO o3HakomuThcs B UPL] (100174, 1. TamkeHT,
BY3roponok, ®ynaamenransHas oudnuorexka HYY3. Ten.: (99871) 246-67-71)

ABtopedepar muccepranum pa3ociaH « » 2016 rona

(mpoTokon pacchUIKH Ne oT 2016 ).

A. C. Pajgukos

IIpencenarens pa3oBoro Y4€HOro cosera 1o

HNPUCYKIECHUIO YYEHOH CTENEHU TIOKTOPa HAyK
I.X.H., Tpodeccop

. A. I'agyposa
VYueHslil cexkpeTapb pa30BOro Y4€EHOIo COBeTa 110

HNPUCYKIECHUIO YYEHON CTENEHU TIOKTOPa HAyK
I.X.H., mpodeccop

X. T. Hlapunos

IIpencenarens HaydHOTO CEMUHApa IIPU Pa3oBOM

Y4€HOM COBETENO NPUCYKIECHUIO YUEHOU CTENEHU
JOKTOpa HayK, 1.X.H., mpodeccop
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BBEJIEHUE (anHOTAIMS TOKTOPCKOW JUCCEPTALIMHN)

AKTyaJIbHOCTb W  BOCTPe0OOBAaHHOCTH TeMmbl auccepramuu. Ha
CErOIHSAIIHUM JEHb BO BCEM MHUPE YCTPAaHEHHWE NPUYMH BO3HUKHOBEHUS



HKOJIOTUYECKUX TMpoOJIeM, KIMMAaTHYECKUX W3MEHEHUW W3-3a HWHTEHCHUBHOTO
pa3BUTUS OTpacjell HIKOHOMHKU OCOOCHHO XMMHUYECKOM, JIETKOU, IHEPreTHUECKOM
MPOMBINIJIEHHOCTH U CTPOUTENIbHBIX MaTepHaioB, HEOOXOIUMOCTh MPOU3BOJICTBA
pa3sIUYHOM  KOHKYPEHTOCIOCOOHOW TMpOAyKIIMU BCE OONbIIe MpeBpaliaet
UCIOJIb30BAHME COBPEMEHHBIX TEXHOJOTHUM B aKTyalbHYIO 3aady. DTO OCOOEHHO
MpOSIBISICTCST MpU  00ECCOIMBAaHUK TPUPOJAHBIX BOA B  IMPOMBIIIJICHHOCTH,
W3BJICUCHUU JPArOlEHHBIX U IIBETHBIX METAJJIOB U3 TEXHOJIOTHUUYECKUX PACTBOPOB,
OYHCTKE CTOYHBIX BOJI OT TOKCHYHBIX KOMIIOHEHTOB C MOMOIIBI) COBPEMEHHBIX
MOHOOOMEHHBIX TEXHOJIOTHH. «3a MOCIeAHUE TOJbl MOTPEOHOCTh K TEXHOJIOTHUSIM,
HCIIOIB3YIOIIMM HOHUTBI, PE3KO BO3PACTaeT, 3HAUUTWIBHYIO JOJII0 XUMHUUYECKUX
CPEACTB HCMOJB3YEMbIX B ITHUX TEXHOJOTHSX [JIi OYUCTKU BOJIbI COCTABIISIOT
VIOHUTBI» .

C mepBbIX JHEH HE3aBUCUMOCTH B HAIlIEW CTpaHE CO3MAaI0TCS HEOOXOIMMBbIE
YCIOBUSL i1 Pa3BUTHUS  OTPACIIE TPOMBIIIJIEHHOCTH, CO3JAlOTCS HOBBIE
OPENNpUsATAS C TEXHOJOTUSIMUA OTBEUYAIOIIMM COBPEMEHHBIM TpeOOBaHUSIM,
MIPOU3BOIAIINE HKOJIOTMYECKHU YUCTYO, KOHKYPEHTOCIIOCOOHYIO,
MMIOPT3aMEHSIIONIYI0 TPOAYKIHIO. B yacTHOCTM B KauecTBe MHpUMEpa MOXKHO
OPUBECTU TMPOMU3BOIAIINE U3 MECTHOIO ChIpbS TOJHUMEpPHBIE MaTepHalbl
razoxumudyeckumu komiuiekcamu «llypran ['az Kumé» u «Ycriopt I'az Kuméy,
Bxomammx coctaB AO «¥Y3kumécanoat» AO «HaBomazor», mninaHupyronme
npousBectu B 2017 romy siBisitonieecs €AUHCTBEHHbIM B lleHTpanbHOU A3uu
pou3BoACTBO 100 ThICAY TOHH MOJMBUHUIXJIOpHUAA. ITO B CBOIO O4YEPEab CO3AET
BO3MOXKHOCTh JMBEPCU(PUKALNA XUMHUUECKON MPOMBIIUIEHHOCTH, TO €CTh CO3/1aeT
YCJIOBUS PACIIMPEHUS MPOU3BOJICTBA MATEPUATIOB C KOMILIEKCOM OCOOBIX CBOMCTB,
myTEM MOIU(DUKAIIUN TTPOMBIIIICHHBIX MTOJTMMEPOB PA3IMYHBIMU METOJAMHU.

C pacuivpeHreM U pa3BUTHUEM OTpaciieid MPOMBIIIJIEHHOCTH BO BCEM MHUpPE
BO3pacTaeT MOTPEOHOCTh K COpOeHTaM, OCOOEHHO MPOBEACHUE UCCIIEIOBAHUN IO
HaIpaBJIEHHOMY CHHTE3y KOMILJIEKCOOOpa3ylolux COpOCHTOB SBIISIETCS OJAHOM W3
aKTyaJIbHBIX 3a7ad U B TOM YHCIE 0CO00OC BHHMAHHUE YIACISAETCS: TOTyUICHHIO
MOHOOOMEHHBIX MaTE€pPUaIOB C KOMIUIEKCOM OCOOBIX CBOMCTB Ha OCHOBE MECTHOTO
CBIPbSl COAEPKAIIMX B CBOEM COCTAaBE KaK OCHOBHBIE TaK M KHUCJIOTHBIE TPYIIIIHI,
OTpEeICJICHHE UX CEJICKTUBHOCTU O OTHOIICHHUIO K MOHAM JIParolieHHbBIX, IIBETHBIX
1 OJaropoJHBIX METAJIJIOB, OYMCTKA CTOUHBIX BOJ OT OTPHUIIATEIILHO BIUSIONINX Ha
KUBOW OPTaHU3M MOHOB TOKCUYHBIX U TSXKEIBIX METAJUIOB.

JlaHHO€ TUCCEePTALMOHHOE UCCIEA0BAHUE B ONPEAEIEHHON CTEIEHH CITYKHUT
BBIITOJIHEHUIO 33]1a4, IPEyCMOTPEHHBIX MOCTaHOBIEHUMH [Ipe3nnenTa
Pecny6nuku Y36ekuctan 111 - 916 ot 15 urons 2008 rona «O 10MOIHUTENBHBIX
Mepax Mo CTUMYJIUPOBAHUIO BHEIPEHHSI MHHOBAIIMOHHBIX MMPOEKTOB U TEXHOIOTUIA
B nnpou3BojicTBO» U I1IT - 1071 ot 11 mapta 2009 rona «O nporpamme mep 1o

'Inamuddin Dr., Mohammad Lugman. Ion Exchange Technology. Theory and Materials. Springer Dordrecht
Heidelbtrg: New York London. - 2012, - Vol. L. - 560 p.
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YCKOPCHUIO CTPOUTCIILCTBA U OCBOCHUIO ITPONU3BOJICTBA HOBBIX BUI0B XUMHUYECKOU



IPOAYKIIUUY, a TAK)KE BIPYTUX HOPMATUBHO-TIPABOBBIX IOKYMEHTAX, MPUHATHIX B
JTaHHOU cdepe.

Cps3b HcC/IeI0BAHUSI ¢ NMPUOPUTETHBIMHM HANMPABJIEHUSIMU PAa3BUTHS
HAYyKHM W TeXHOJorui pecnyOnuku. JlaHHOE WHCCIEIOBAaHUE BBINOJIHEHO B
COOTBETCTBUHM TPUOPUTETHOTO HAMPABICHUS PA3BUTHS HAYKH W TEXHOJOTHIA
pecniyonuku: VII. «Xumudeckre TEXHOIOTHUH U HAHOTEXHOIOT U

O030p MeKIYHAPOAHBIX HAYYHBIX MCCJIEIOBAHUI MO TeMe JHCCEePTAIUM.
’Hayunble wHCCEOBAHHUSA, HANPABICHHBIE HA TOMy4EHHE HOBBIX MOHHTOB U
MOJMKOMITJIEKCOHOB, OCYIIECTBIISIIOTCS B BEAYIIMX HAYYHBIX LIEHTPaxX M BBICIINX
o0Opa3oBaTeNbHBIX YUPESXKICHUSIX MHpa, B ToM yucie, B Université Européenne de
Bretagne (®pannus); Alborz University of Medical Sciences (Opon); Centre for
Environmental Risk Assessment and Remediation, University of South Australia
(ABctpanus); Queen’s University Kingston, Ontario (Kanana); Texas Technical
University (CIIIA); Department of Environmental Sciences University of Virginia
(CIA); University of Bucharest (Pymbinust); Engineering & Technology Aligarh
Muslim University (Muaust); Hunter College of the City University of New York
(CIIA); University of Wisconsin - Green Bay, Madison (CIIIA); Institute for
Technical and Macromolecular Chemistry, Max-Planck-Institut (I'epmanmus);
University of Florida, Gainesville, Florida (CIIA); University of Technology,
Sydney (ABctpanus); Land and Water Resources Engineering, Royal Institute of
Technology Stockholm (IIeenus), Alborz University of Medical Sciences (Mpan),
HannonansHOM yHHBEpcUTeTe Y30€KHCTaHA.

B pesynbrare uccienoBaHHil, MPOBEAECHHBIX B MHUpPE IO 3aKOHOMEPHOCTSIM
NOJy4eHUs] U (PU3UKO- XUMHUYECKHM CBOMCTBAM HMOHOOOMEHHBIX MAaTepUalioB,
COZIepXallluX B CBOEM COCTaBE HWOHHUTHI C (YHKIHOHAIHHBIMUA TpPyMHIaMH
00TafaroIMMH Pa3InYHBIMA CBOMCTBAMH TOJIYUYEHBI Psijl HAYYHBIX PE3YyJIbTaTOB, B
TOM YHCIIE: MOJIy4eHbl HOHOOOMEHHBIE MaTepUalibl COEPIKAIUE B CBOEM COCTaBE
KaK KHUCJIOTHBIE TaK U OCHOBHBIE T'PYIIIbI U OMpelnesieHa UX CEJIIEKTUBHOCTH IO
otHouieHUt0 K HekoTopbiM MoHam (University of Florida, CIIIA; University of
Bucharest, Pympinusi; Department of Environmental Sciences University of
Virginia, CIIA; Engineering & Technology Aligarh Muslim University, Munus;)
OMpeJieieHa  CEJIEKTUBHOCTh  TPAHYJUPOBAHHBIX  KOMILIEKCOOOPA3YIOIIUX
COpPOCHTOB IO OTHOIICHHUIO K MOHAM JPArolieHHBIX, [IBETHBIX U PEIKUX METAIJIOB B
ruapometamutyprun (Hunter College of the City University of New York; CIIIA;
University of Bucharest, Pympiaus; Queen’s University Kingston, Kanana);
BBISIBJIEHA BO3MOXXHOCTH NMPUMEHEHHUSI B JKOJIOTHH JJISi OYMCTKUA CTOYHBIX BOJ OT
MOHOB TOKCUYHBIX M TSDKENBIX METaJUIOB, OTPUIATENIHHO BIMSIONINX Ha JKUBHIC
opraum3mbl (University of Wisconsin - Green Bay, CIIIA; Land and Water
Resources Engineering, Royal Institute of Technology, IlIBerus; University of
Technology, ABcTpanus).

— O0630p MEXIyHApOIHBIX HAyYHBIX HCCIEIOBAHHU IO TeME IUCCEPTALlM HMPUTOTOBICH m3 www.dissercat.com,
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B Mupe 1o BBISIBICHHIO 3aKOHOMEPHOCTEH MOMyYESHHS U PUBUKO XUMUYECKUM
CBOMCTBAM HMOHOOOMEHHBIX MaTepuajoB MO Py MPUOPUTETHBIX HampaBlICHUN
MPOBOJSITCS MCCJIEAOBaHUS, B TOM YKCJE: MO YBEJIUYCHHUIO  CEJIEKTUBHOCTU
COpOCHTOB MO OTHOUIEHWIO K HMOHAaM, MOJYYEHUI0 XUMUYECKH U TEPMHUUYECKU
CTOMKUX MOHOOOMEHHBIX MaTEpHUAJIOB C BHICOKOW COPOIIMOHHOM CIIOCOOHOCTBIO U
UCIIOJIb3YEMbIX B YCTPAHEHUHM O3KOJOTMYECKMX M  HMHAYCTPUAIBHBIX MpoOIieM,
PELICHUI0 TEXHOJIOTHYECKUX MPOOJIEM B HKOJIOTMYECKUX MPOOIEM BO3HUKAIOIINX
MIPU aHAJIM3€ MOHOB METAJLIOB.

CreneHb U3y4YeHHOCTH MPO0JIEMBbI.

B Hacrosimiee Bpemsi Oosibllio€  BHUMAHHE  YAENSAETCS  TOTYyYECHHIO
MOHOOOMEHHBIX MaTepHajoB OJIHOBPEMEHHO OO0JaarolIuX KaK MOHOOOMEHHBIMH
TaK W  KOMIUIEKCOOOpAa3yIOUIMMH  CBOMCTBAMH  MyTéM  MOAU(DUKALNU
MOJIMBUHUWIXJIOPUIA PA3TUYHBIMU XUMUYECKUMH peareHTamu. B Tom uucie, psajg
3apyOexHubix yuéHeix S. Moulay, Hashimoto, S. Suga, Y. Wakayama, A. R.
Roudman, R. P. Kusy, G. Martines, 1.S. Ahamed, A.K. Ghoniam, A.A. Abdel
Hakim mpoBomaT mupokue uccieqoBaHusS M0 MOAU(DHUKAIINN TTOJIMBUHUIXIIOPUIA
B PAa3IMYHBIX YCIOBUSIX, COPOITMOHHBIM U (UBUKO-XMMUYECKHM CBOMCTBAM
MOJTyYEHHBIX HMOOHOOOMEHHBIX MaTrepualioB. PsmoM KpymHbBIX YYEHBIX Halleu
ctpanbl M.A.AckapoBbiM, C.I.Pammnosoii, C.C.HermatoBeiM, Y.H.MycaeBbiMm,
T.M.baGaesbiv, A.T.JDKamumoBEIM W HMX  yYCHHKaMU  MomudUKaIuein
MOJIMBUHWIXJIOPU/IA B PA3JIMYHBIX YCIOBUSIX IOJYYEHbl MaTepuaiabl ¢ HOBBIMH
CBOMCTBAMU

Opnnako POLIECCHI MOJIyYEHUS azoT u  dochopcoaepxamux
IrPaHyJIUPOBAHHBIX COPOCHTOB Ha OCHOBE MOJMBUHWIXJIOPUIA UX COPOIIMOHHBIE U
(U3HKO-XMMUYECKHE CBOWCTBA JOCTAaTOYHO HE WCCieqoBaHbl. [lomydeHrne HOBOTO
BUJa a30T u (ocdop coaepkamux COpOEHTOB HA OCHOBE MOJIMBHIXJIOPHUIA,
CIIOCOOHBIX B OJHO M TOXE€ BpEMsI MPUCOCIUHSATH MOHBI METAJIJIOB HE TOJBKO 3a
C4€T HMOHHOTO OOMEHa HO U KOMILIEKCOOOpa3oBaHHEM, H3ydYeHUE (HUBUKO
XUMUYECKUX CBOWCTB TOJYYCHHBIX COPOCHTOB CO3/AIOT YCIIOBUS MOTYUYEHUS IS
POMBIIIIJIEHHOCTH MMIIOPTO3aMEHSFOIINX u KOHKYPEHTOCITOCOOHBIX
MOHOOOMEHHBIX CMOIL.

CBsi3b  JUCCEPTANIMOHHOTO  WCCJIEIOBAHUSI ¢ IUIAHAMH  HAy4YHO
HCCJIe0BATEILCKUX PadoT BbICHIEro y4eOHOro 3aBeaeHus. /[uccepraimoHHoe
MCCJICIOBAHNE BBIMOJIHEHO B paMKax IJIaHA HAYyYHO-HCCIIEIOBATEIbCKUX pPadoT
NPUKJIAJAHBIX ¥ HWHHOBALIMOHHBIX TMPOEKTOB BBIMOJIHEHHBIX B HanuonamsHOM
yHuBepcuteTe Y3z0ekucrana MOT-7-4-2015 «OcBoeHHE TEXHOJIOTUU MOMYy4YCHUS
anuonuta» (2015-2016 rr.), A-7-23 «TexHOMOTHS W3BJICUCHHUS MOHOB MEIU U3
CTOYHBIX BOJ C IMOMOIIBID COPOCHTOB HAa OCHOBE MECTHOTrO ChIpbs» (2015-2017
IT.), 62/2012 «Pa3paboTka TEXHOJOTMU TONYYEHHS] M HCIBITAHME aHMOHWUTA Ha
ocHOBe nojuBuHUIXJIOpUAa» (2012-2015 rr.) u 45/2010 «Pa3paboTka TEXHOIOTUH
W3BJICUCHUS WOHOB WHAMS C TIOMOIIBI0O MOHOOOMEHHBIX MAaTEpPHAIIOB Ha OCHOBE
MECTHOTO ChIpbsl U3 TexHonoruueckux pactsopoB AI'MK» (2010-2012 rr.)

[eabio uccaenoBaHusl SBISICTCS MOTyYEeHHWE HOBOTO BHa a30T- U dochop



COACPpKAIIUMH  I'pyIIIIaMXU aHHOHUTOB H HOJII/IaM(i)OJ'II/ITOB, MOI[PI(i)I/IK&HI/IGfI
IMOJIMBUIIXJIOPpH A, BBIABICHHUEC UX (1)I/ISI/IKO-XI/IMI/I‘I€CKI/IX u COp6I_II/IOHHI>IX CBOMCTB.
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Jlis qocTrKeHUs e c(hOpMYIUPOBAHBI CIAEAYIOUTNE 3aJa41
UCCJIeIOBAHUS

ONpEJCICHUE ONTUMAJIBHBIX YCIOBUW TMONYYEHUS AaHUOHUTA, IYTEM
UCCJICIOBAHUS BIUSHHUS Pa3IMYHBIX (AKTOpOB Ha Mporecc MOAUPUKAINH
IpaHyIMPOBAHHOTO MOJUBUHUIXJIOPUAA MTOTUATUICHIIOINAMUHOM;

OmpeNieJICHHEe ONTUMAJbHBIX YCIOBUM TONMy4deHus a3or- U ¢ocdop
cojepkamiero nonuaMmdonuTa MyTéM  UCCIENOBAaHMA KHHETHKH Tpoliecca
MOIU(HUKAIIMK  CHHTE3UPOBAHHOIO  AaHUOHUTA  (POoCchHUTOBON  KHUCIOTOW B
MPUCYTCTBUU (HOPMAIINHA;

OTpeNeNeHNEe  W3MCHCHHUS  TEPMOIMHAMHUYCCKUX W KHHETHYCCKUX
napamMeTpoB TMpPOIecca TMOMIOMICHUSI aHUOHUTOM W3 HMCCKYCTBEHHBIX PacTBOPOB
roHoB > Cr,0,, ranorenos u nonuamdosurom worHoB Cu(Il), Ni(II), In(IIT), a Takxke
BaHAUIIA;

MCITIOJIb30BaHUE TIOYYCHHOTO aHMOHUTA JJI1 00€CCOIMBAHUSI IPUPOTHBIX
BOJI B TEXHOJIOTHYECKUX YCIIOBHSIX;

OYUCTKa OT TEPMUYECKHM CTOMKHUX  COJEHd  METHJIIUATAaHOJIIAMHHA
UCIIOJIb3yeMOTO B Ta300YHUCTKE C TNPUMEHEHHWEM CHHTE3UPOBAHHBIX M
IPOU3BOJIMMBIX B POMBIIIJIEHHOCTH aHUOHUTOB;

m3BiedeHre noHoB In(Ill) u3 cI0KHBIX TEXHOIOTHUYECKUX PACTBOPOB
THUAPOMETAUTYPTHUECKUX MPEATPHUATHI;

pPEKOMEHAAINS TPOU3BOJCTBA CHHTE3UPOBAHHOTO AaHMOHHUTA B
MIPOMBITIUICHHOM MacIiTaoe.

O0BbeKTOM HCCJIeT0BAHNS SIBISIOTCS TTOJTUBHHIIIXJIOPHU, IO THIICH
nojimaMuH, GocpuToBask KUCI0TA, AHUOHUT, TOJIMaM(OJIUT, COJTU IIBETHBIX
METaJJIOB, MOJICKYISIPHBIN O/, J€KaTHOHN3WPOBAaHHAS BOJIA, TEXHOJIOTUYECKHE
PacTBOPBHI.

IIpeamer  wuccjieOBaHUSI  COCTOBJISICT  XMMHYECKass  MOAMQUKAIINS,
uaeHTUGUKAIMS, PU3NKO-XUMHUECKHUE CBOMCTBA, COPOIIMs, 1eCOpOIs, KUHETHKA
¥ TEPMOJMTHAMHKA TIPOIIECCOB.

Metoabl ncciienoBanusi. B nponecce nccneaoBanus UCIOIb30BaHbI
COBPEMEHHBIC (PU3UKO-XUMHUECKHE IKCIIEPUMEHTAIIbHBIE METOIbI, Takue Kak MK
CHEKTPOCKOMMYECKUN aHaIN3, JIEMEHTHBIN aHanus3, tuddepeHuaibHo
TEPMUYECKUN aHaNN3, MOTEHIIMOMETPHUSI, CIEKTPO(YOTOMETPHS, AaTOMHO
AMUCCUOHHBIN COPOIIMOHHBIA METOI.

HayuyHasi HOBH3HA HCCJIeI0BAHUS 3aKITIOUAETCS B CICAYIOIIEM: BIIEPBbIC
BBISIBJICHBI ONITUMAJILHBIE YCIIOBUS MOJIYYSHUSI aHHOHOOOMEHHOTO COpOeHTa Ha
OCHOBE T'PaHyJIUPOBAHHOIO MOJMBUHWIXJIOPUIA;

JIOKa3aHO MOJJYMHEHUE MPOTEKAHUS peakIuu KUHETHYECKUM
3aKOHOMEPHOCTSAIM TE€TEPOTECHHBIX TMPOIECCOB M €€ 3aBHCHUMOCTh OT MOPUCTOCTHU
CTPYKTYPBI MOITU(PHUITUPYEMOTO TOTUBUHUIXIIOPHUIA;

Momudukanuen  (HocHUTOBOM  KUCIOTOM  aHMOHUTA  HA  OCHOBE



IpaHyJIMPOBAaHHOTO TMOJMBHHUIXJIOPHIA MOIYYSHBI UMEIOIINE KOMIUIEKC 0COOBIX
CBOMCTB, IMEIOIIHE B CBOEM COCTaBe a30T U ocdopcoaepiKaliye rpy bl
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MOHOOOMEHHBIE MaTepUaibl U pa3paboTaHbl ONTUMAJIbHBIC YCIOBUS X
HOJTyYEHHS;

BBISIBJIEHA BBICOKAsi COPOLIMOHHAs CTOCOOHOCTh, TEPMUYECKAst CTAOUIIbHOCTD
Y MEXaHUYECKask MPOYHOCTh AaHMOHUTA U MO MOJIYYEHHBIM apaMeTpaM OH He
OTJIMYAIOTCS OT MPOMBIIUIEHHO HUCTI0JIb3yemMoro annonuta AH-31;

AHUOHUT ¥  TIOJMKOMIUIEKCOHBI  TPOSBISAIOT  BBICOKYIO  COPOLMOHHYIO
CIIOCOOHOCTDH MO OTHOILIEHUIO K OMXpoMaT MOHAM, MOHAM MEJW, BaHAAMs, HUKE,
UHIUS W MOJIEKYJSIPHOTO MOJla, U3BJICYEHUEM HOHA MeETajla M3 CJIO0XKHOTO
pactBopa conepxariero nonsl menu (I1), aukens (I1), munka (II) u xob6ansra (11),
OIUHAMUYECKMM  METOAOM  BBIIBIIEHA  BBICOKAs  CEJIIEKTUBHOCTh  3TOTO
nonuamdonuta k monamu menu (II).

IIpakTH4yeckne pe3yabTaThl HCCIAEI0BAHMSA 3aKIIIOYAIOTCS B CIIEAYIOIIEM: B
TEXHOJIOTMYECKHUX YCIOBUSIX UCCIEI0OBAaHbI CBOIICTBA HOHOOOMEHHOTO MaTepHana
Ha OCHOBE MOJMBUHUIIXJIOPUIA U ITOJYYEH aHUOHUT HE YCTYNAKOUIUN 10 CBOUM
CBOMCTBaM 3apy0OeKHbIM KOHKYPHUPYIOIIMUM aHUOHUTAM; TIOJTy4YeHbl HE0OXOIUMbIE
pe3yabTaThl MPU NPOBEJACHUN UCTIBITAHUN B TEXHOJIOTMYECKUX YCIOBUAX IO
00€eCCOMMBAHUIO BOJIBI C TOMOIIBI0 CHHTE3UPOBAHHOTO aHMOHHUTA HA OTBITHO
npoMbIluIeHHON yctaHoBke mpeanpusatus AO «Maxam-Chirchigy;

JOCTUTHYTa  BO3MOXHOCTb  CEJIEGKTUBHOTO  W3BJIICYEHUS  MHAMS U
MHOTOKPATHOTO KOHIIEHTPUPOBAHUSI €T0 PACTBOPA U3 CIOKHOTO TEXHOJIOTUYECKOTO
pactBopa muHKOBOro 3aBoma AO AI'MK a3zor- u docdopconepxanum
ITOJINKOMILIEKCOHOM;

CO3/1aHa YCTAHOBKA I10 OYHMCTKE METHJIAUATAHOJAMUHA, UCIOJb3YEMOIO MpHU
OYUCTKE KOHBEPTOPHOIO Ta3a MPOM3BOJCTBA aMMMaKa OT TEPMHUYECKU CTOMKHUX
coJieil aMMOHHUS U TTPOBENIEHBI €€ POMBIILICHHBIE UCTIBITAHUS.

JIOCTOBEPHOCTh  NOJYYEHHBIX  Pe3yJbTaTOB.  ODKCIEPUMEHTAJbHBIE
pe3yibTaThl MO TMOJYYEHHUIO U HUCCIECIOBAHUIO (PU3UKO-XMMHYECKUX CBOWCTB
aHUOHUTA W TmoJUaM(poIUTa Ha OCHOBE NOJUBUHWIXJIOPUAA, TOJYYEHBI C
IIPUMEHEHUEM COBPEMEHHBIX METOJIOB HMCCIIe0OBaHusl, Takux Kak K-, YO
CHEKTpOCKONUs, peHTreHorpadus, auddepeHnnanbHbli TEPMUYECKUN aHalu3,
MOTEHLMOMETPHS, aTOMHO-DMHCCUOHHAs COpPOLIMOHHAS CHEKTPOCKONMUS U T.J.
BeiBogpl B paboTe craenmaHbl Ha OCHOBE pe3ylbTaroB, OOpabOTaHHBIX C
UCIIOJIb30BAHUEM YPAaBHEHMM, MCIIOJIBb3YyEMbIX B COBPEMEHHBIX TEOPUSIX KUHETUKH
Y TEPMOJIMHAMUKHU MPOLECCOB, MOJIEKYJIAPHOHN a1IcOpOLIMH, HOHHOTO PAaBHOBECHS U
METOJIaMH MaTEMaTU4YE€CKOM CTATUCTUKHU.

Hayynas u mnpakTuyeckasi 3HAYMMOCTh Pe3yJabTATOB HCCJEI0BAHHUSA.
Haydnas 3Ha4MMOCTb pPE3yJIbTATOB MCCIEAOBAHUSA 3aKJIIOYAETCS B HAXOXKICHHUU
ONaronpusTHBIX YCJIOBUM CO3[aHUS AHUOHHUTA W MOJMAM(OJIUTa Ha OCHOBE
MOJIUBUHWIXJIOpUJA IMYTEM  HCCIEAOBAHMS  KUHETHKM  Ipolecca  Takke



OIPENICICHUEM CPOJCTBA HMOHUTOB K PAa3JIMYHbIM AHMOHAM M KATHOHAM ITYTEM
W3YYEHUU KUHETUKU U TEPMOJMHAMUKH TIPoIecca UX COpOIUHu.

[IpakTryeckas 3HAYMMOCTb PE3YJbTATOB 3aKII0YAETCS B pa3pabOTKE pa3oBOTO
periaMeHTa MOJy4YEeHUs] aHMOHWTA, HWCIOJb30BAHUE €r0 B MJi1  00ECCOIMBaHMS
MPUPOJIHBIX BOJ B MPOLECCE BOAOTOATOTOBKH, OUUCTKHU
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METHJIIMAITAHOJIAMUHA UCIIOJIb3YEMOI'0 B TA300YUCTKE OT 3arps3HSIONIMX BEUIECTB,
a TaK K€ M3BJICYCHUHN HOHOB WH/IUS U3 CIIOKHBIX TEXHOJIIOTHYECKUX PACTBOPOB.
Buenpenne pe3yjbTaToB HCCJI€10BAHUS.

Ha ocHoBe pe3ynbsTaToB UCCIeN0BaHUS MMOTYYEHUsI aHUOHUTA HA OCHOBE
IPaHyJIMPOBAHHOTO MOJIUBUHUIXIIOPHUIA:

nonyyeH mnareHT «Crnoco0 TMOoaydyeHHUsT HOHUTOB COAEpPKAIIUX B CBOEM
coctaBe a3zoT u (dochopcomepxkamue Tpynmsy (Ne TAP 05232, Omy6um.
16.05.20161.) AreHTcTBa HHTEIUIEKTyaJlbHOM COOCTBEHHOCTH PecrnyOnuku
V30ekuctan. Ha ocHOBaHMM Hay4HBIX HCCJIEIOBAaHUM CO3/aHa BO3MOXKHOCTD
CHUHTE3a HOBOTO UMITOPT 3aMEHSIOILETO MOJIMMEPHOTO COPOEHTA;

HOBBIE TOJUMEPHBIE COPOEHTHI BHEAPEHBI B MpakTHKy Ha AO «Depranaazor»
JUTS YMEHBIIICHUSI KOHIIEHTPAIIMU 3arps3HSIONIUX HMCTIOIB3YEMBIM B Ta3004HUCTKE
METWIIMITAHOJIAMUH  OT  TepMmuuecku croiikux comed  (CmpaBka AO
«®epranaazor» Ne 37/3768 ot 26.07.2016r). IIpu 3TOM ycTaHOBKa CHaO)EHHAS
copOeHTaMU Ha OCHOBE MECTHOT'O ChIPbs JAET BOBMOXKHOCTh YMEHBIIIUTh
KOHIIEHTPALIMIO0 TEPMUYECKH CTOMKUX conel Ha 1,5%.

AnpoGauusi pe3yJabTaroB muccjeqoBaHusi. OCHOBHbBIE pE3YylbTaThl [0
JUCCepTaIli TpeNCTaBIsuiuch Habonee, yeM 10 KoHpepeHIHMsSX U3 HUX Ha S5
MEXAYHApPOJIHbIX KOHPEepeHIusaX B yacTHOCTH: «11-th international Symposium on
Polyelectrolytes» (Mockpa, 2016); «Under the sponsorship of IUPAC 8"
International Symposium Molecular Order and Mobility in Polymer Systems»
(Cankr IlerepOypr, 2014); « PU3UKO-XUMUYECKHUE OCHOBBI HOHOOOMEHHBIX U
xpomarorpaduueckux npoueccoB (Mouutei-2014)» XIV kondepennus (Boponex
2014); «Teopus u mpakTuka xpomororpadum» Beepoccuiickas koHbepeHuscH
(Camapa, 2015); Marepuaibl peruoHanbHOM [[eHTpanbHO-a3uaTcKoi
koHbpepenuu «Ilo xumugeckoit Texnonorum» (Mocksa, 2012); «HoBbie
KOMITO3UITMOHHBI MaTepHUaIbl HA OCHOBE MECTHOTO U BTOPUYHOTO CHIPHSD)
MexnynapoaHas HaydHo-nipakTuueckas (TomkeHt, 2011); «AxkTyanbHble
poOIeMbl HayKH O MONIUMEpax» MexyHapoaHas HayqHO-IIpaKThUYecKas
koH(pepennus (Tamxkent 2013);.

Ony0aMKOBaHHOCTH pe3yJbTaTOB HcciaenoBaHus. [lo Teme guccepranuu
oImyOJIMKOBaHbl Bcero 22 HayuyHbIX paboT. M3 Hux, 10 HaydHBIX cTaTeil, B TOM
yucie 6 B pecnyONMKaHCKUXU 3 B 3apyOeKHBIX >KypHaJlaX PEKOMEHIOBaHHBIX
Bricuieit arrecranmonnoi komuccuet PecriyOnmuku Y30ekuctan ajis myOnuKaiuu
OCHOBHBIX HAy4YHBIX PE3YJIBTATOB JOKTOPCKHUX IUCCEPTAIlMi, WHTEIUICKTYalbHbBIN
IPUOPUTET UCCieIoBaHuM 3amuiieH | marentom PecnyOnuku Y30ekucran.

Crpykrypa m 00bém auccepranmu. CTpyKTypa OHUCCEPTAlMU COCTOUT W3
BBEJICHUS, IISITH TJIAB, 3aKJIIOUCHUS, CIHCKAa WCIIOJB30BAaHHON JIUTEPATyPHI,



npuioxeHuin. O6beM nuccepranuu coctapiseT 196 crpaHHIIb.
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OCHOBHOE COJEP)KAHUE JUCCEPTALIMU

B BBegeHMH 00OCHOBBIBAE€TCS AKTyallbHOCTh M  BOCTPEOOBAHHOCTh
IIPOBEAEHHOIO MCCIEAOBAHUA, LIEJIb M 3aJa4d HMCCJIENOBAHUSA, XapaKTEepU3YIOTCS
OOBEKT M TPEIMET, MOKa3aHO COOTBETCTBUE WCCIEIOBAHUS MPHOPUTETHHIM
HaNpaBJICHUSM PAa3BUTHUS HAYKU U TEXHOJOTMM pecryOiunKu, U3jaralorcs HayyHas
HOBH3HA M MPAKTHYECKHUE PE3YJIBTATHl HCCIIEIOBAHMS, PACKPBIBAIOTCS HAy4yHas U
MIPAKTUYECKAs] 3HAYMMOCTH IIOJIYYEHHBIX PE3YJbTAaTOB, BHEAPEHHE B MNPAKTUKY
pe3ybTaTOB MCCIEAOBAaHUs, CBEACHUS IO OMyOIMKOBAaHHBIM paboTaM U CTPYKTYpE
IUCCEepPTaLH.

B nepBoii maBe nucceprauny 1noja HazBaHueM «OCOO0CHHOCTH MOJTYyYeHHUS U
(Gu3MKO-XMMHUYECKHUX CBOMCTB AHUOHUTOB M NoauamM@oauToB (0030p
JIUTEPATYPbI)» CPABHUTEIBHO MPOAHAIM3UPOBAHBl 3aKOHOMEPHOCTH Ipouecca
nojyuyeHuss azoT u  Qocdop coiepKamMxX aHUOHUTOB, KATHUOHUTOB U
noauamM@poauTOB NyTEM  XMMHMYECKOT0 MOAM(ULMPOBAHUA MOJUMEPOB C
(YHKIMOHANBHBIMU TPYNIaMU Pa3IMYHBIMU peareHTaMu U (PU3UKO-XUMHYECKUX
CBOMCTB TOJIyYCHHBIX aHMOHHUTOB. [IpuBenEH cpaBHUTENBHBIH 0030p paboT e
MPUBEICHbl JIaHHbIE IO CHUHTE3y HMOHOOOMEHHBIX CMOJI COAEPXKAIIUX B CBOEM
cocraBe a3oT u (ochop comepxkamme TPyNIbl U OCOOEHHOCTH CEIEKTUBHOTO
NENUCTBUS TUX HOHUTOB.

B o510l maBe Takke 3aHUMAIOT MECTO HCJENOBaHHUS 3apyOeXHBIX W
OTEUYECTBEHHBIX YYEHBIX 10 MPEIOTBPAIICHUIO D3KOJIOTMYECKHX MpodieM ¢
OPUMEHEHHEM  COpOEHTOB C  pa3jMYHbIMM  CBOICTBAaMM Ha  OCHOBE
NOJINBUHUJIXJIOPU/IA.

Bo Bropoi rmase nuccepranuu oja HazBaHueM «®U3MKO - XMMHYECKHe
0COOEHHOCTH TMOJYYeHUS] AHHUOHMTOB, a30T M ¢ochop coaep:RalUX
KOMILIEKCOHOB HAa  OCHOBE TIPaHYJIMPOBAHHOIO  IOJUBHHWIXJI0PHIA»
UCCIIEZIOBAHO BIIMSHUE PA3IUYHBIX (PAKTOPOB HA XUMHUYECKYI0 MOJAU(PHUKALUIO
rpanynvupoBaHHoro [IBX nomusTWiIeHNOIMaMUHOM UM IIpOLEcCca MOJTYyYEHHUS
nonuam(oInTa Ha OCHOBE CHHTE3MPOBAHHOTO aHUOHUTA.

Tabnuya 1
Hzmenenue napamempos epauyn I1IBX 6 npouecce axkcmpaxyuu
[Tonumep O6bémubIe otHOeHus cmecu CH;COOC,H; : C,H;OH
Ilo 0:10 | 2:8 4:6 6:4 8:2 10:0

AKCTPaKIUU




YMeHbIIEHNE 0 5 8 14 28 35 38
maccel [IBX B %

N3menenune 1-3
pasmepa 1-2,810,8-2,0,8-2, | 0,7-2, | 0,5-2, | 0,5-2
rpanyn I1BX 8 6 5 5 5
B MM ’

B mpouecce momyuenuss rpanynupoBanHoro [IBX k Hemy mnoGapmnsitorcs
muankunadranarel. [ momydenust B coctaBe rpanyiaupoBanHoro [IBX mopuctsix
CTPYKTYp  OCYIIECTBISIETCS DKCTPAaKUMs HAXONAIIEroCs B €ro  COCTaBe
m1acTU(UKATOPa CMECHIO ATUJIALETaTa U 3TUIIOBOIO CIIUPTA B PA3IMUHBIX
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00BEMHBIX COOTHOIICHUAX. [IpOMOIKUTEILHOCTD SKCTPAKIMU cocTaniser 1,2,3, u
4 daca, B utore Mmacca rpanyn [IBX ymenpmaercs Ha 5-38% (Tabmuma 1).
YcTaHOBIEHO, 4YTO C  yBEJIMYCHHEM OOBEMHOW  JONM  JTWialerara B
AKCparupyroniei cMecu HaOII0MAaeTCsl yMEHBIIEHHE pa3Mepa M MacChl TpaHydl
[IBX v Hawnydimuii pe3yiabTaT JOCTUTaeTCs Npu OObEMHOM COOTHOIIECHHH 8:2.
[Tpomecc 3KCTpaKIMy MPUBOAUT K 0OPA30BAHHIO MOPUCTHIX CTPYKTYpP B TpaHyJax
[IBX (pucynok 1, Tabnuna 2).

Puc. 1. Buo 6 onmuueckom MuKpockone epauyii NOIUSUHUXI0puoa(A4) u
anuonuma (b)
[Tpu mopuduxaruu rpanyn [I1BX ounineHHbIX 0T miactTudukaropa
HCIIOJIb30BAJIMCH TTOJMATUICHNIOInaMuH U ero 50, 60, 70, 80, 90% BoaHbIC
pacTBOpbl. Bpems Momudukanuu coctapisiio 2, 4, 6 u 8 yacos, a TeMieparypa
nporecca coctapisiia 393, 403, 413, 423 u 433K. B utore makcumasbHas
cratTrudeckas EMKOCTh nosrydyeHHoro annonuta rno HCI cocrapmnsina 5,78Mr-skB/T.
[IpoBen€HHbIE ONTUKO-MUKPOCKOIUYECKUE HCCIEAOBAHUS TOKA3bIBAIOT, YTO
nocie wmomudukanuu rpanya [IBX B mnomydeHHOM aHMOHHUTE HaOIIOAAETCs
0o0pa30oBaHHE HOBBIX MOPHUCTHIX CTPYKTYpP M MOBEPXHOCTh MPOAYKTa MPUOOpETaeT
mepoxoBarblid BuA. [Ipu 3ToM B 2 pas3a yBEJIMYMBAETCS COAEPIKAHHE MOPUCTHIX
CTPYKTYp B aHUOHUTE I10 CPAaBHEHUIO C SKCTPArMpOBaHHBIMU Tpanynamu [IBX, 4dro
€CTECTBEHHO MPUBOAMT K BO3PACTAHUIO €r0 COPOLIMOHHON CIOCOOHOCTH.



DNEeMEHTHBIN aHalu3 MPOJyKTa aMUHUPOBAHUS MOKA3bIBAET O HAJTUYUU B €T0
coctaBe 7,1% azora. 3Hauenuss pK, KHUCIOTHOCTH (YyHKIMOHAJIBHBIX TPy
aHnoHuta paBHble 10,7 m 8,0 CBUAECTENBCTBYIOT O HAJWYUM CHUJIBHO- U
c1ab0OCHOBHBIX Tpymnn B ero coctaBe. CpaBHuTenbHbIM aHanu3 WK-cnexkTpos
MpPOJIyKTa aMUHHPOBAHUSI W HCXOJHOTO TMOJMMEpPa IOKA3bIBAET YMEHBIICHUE
MHTEHCUBHOCTH BaJIEHTHBIX KoJieOaHMil B oOJlacTh 609-744CM'1COOTBeTCTBonmI/IX
C-CI cBs39M W TOSBJICHHE HOBBIX MOJIOC MODIOMIEHUS B obmactu 1460-1570cm™
XapaKTEePU3YIOIINX BaJieHTHBIC M JedopManrionHbie konebanus >N-H rpynmbsr u
1070-1290cm 'xapakrepusupyromux C-N cBs3u. Ha OCHOBAaHMM IIONYYEHHBIX
JAHHBIX CTPOEHUE MOJYYHHOTO MPOYKTa MOXKHO BBIPA3UTh CIEAYIOIIECH CXeMOil:

36

CHy—CH —t CcH—CH--
L Jin—-p)

N—- Cl
-E CH—CHy—NH CHy—CH,
) m-p ’ —p

[To momudukaruu [1BX amuaamu S.Moulay, A.Roudman, R.Kusy, T.Kameda,
M.Ono, G.Grause u ApyruMH YYEHHBIMHU OBLITH MPOBEJEHBI IIUPOKUE
UCCJIEIOBAHUSA U TIOJIYYEH PsiJl AMUHUPOBAHHBIX aHUOHOOOMEHHBIX MaTepUasoB.
OpHako 3aKOHOMEPHOCTH Mpolnecca MoauduKauu rpanyirupoBannoro [1BX
MOJITAMIUHAMH ¥ (PU3HKO-XUMHUYECKHE CBOWCTBA MOTYYEHHOTO aHMOHHTA 10
HACTOSIIIIETO BPEMEHH HE U3YUYECHBI.

[TorToMy ObL10 HccnenoBano BiussHUe Ha COE nomydeHHoro moauduxanuen
rpanynupoBanHoro [IBX aHnoHoOoOMEHHOro marepuajna MpPOIOJDKUTEIBHOCTH U
TEeMIIepaTypbl IpolLecca, KOHLEHTPALUH NOJUATUICHIOIMAMUHA U yCTaHOBIICHO,
9TO BO3pPACTaHWE BEIMYMH JTHUX MapaMeTpoB NpuBoauT K yBemmueHntro COE
MOJIYYCHHBIX MPOAYKTOB. SICHO, YTO YyBEJIMYECHHE TEMIEpaTypbl TMPUBOAUT K
BO3pDACTaHUIO YHUCJIA AaKTUBHBIX MOJIEKYJ, a MPOAODKUTENBHOCTh Mpolecca K
OOJIBINICH BEPOSATHOCTH WX CTOJKHOBEHHMS WM BO3PACTAaHHWIO BBIXOAA IPOMYKTA.
N3ydyenueM BIMSHUS TEMIIEparypsl Ha Tporecc Momaudukanuu TpapuaecKkum
criocoOoM ucnonb3ys ypaBHeHue E= Retgo Oblma pacumTaHa >HEprusi akTUBAIIMH
peakiu MoauUITMpPOoBaHus 3HaueHUE KoTopoit coctapinseT 108,03k Ix/Mob.



LY, P =3RS

t, 9

Puc. 2. 3asucumocmo COE anuonuma I1113-1 om npodondicumenbHocmu epemeHu
peakyuu (CHSHAZSO%; Tcop6uuu21000C" Tdospeeaﬁu}z:]500C)'

Peakmuss  Momudukanuu  [IBX  NOTUATWICHNOIMAMUHOM  SIBIISCTCS
reTEPOreHHBIM MporeccoM. Kak U3BECTHO, B TAKUX MPOLIECCAX, CKOPOCTh pEeaKIu
3aBHUCHUT TOJIBKO OT KOHIIEHTPAIIMHU BEIIECTBA HaXos1Ierocs B xxuakon aze. Hamu
Oblla TIOCTpOCHAa Jorapu(MHUYecKas 3aBUCHMOCTh CTCTICHH MPEBpAICHUS
XJIOPUIHBIX TPYMI TMOJTUMEPA OT KOHIICHTPAIMH TOJMHATHICHIIONIMAMUHA U OBLI
PAaCCUUTaH MOPALOK CKOPOCTH TAHHOM PEAKLIMU OT KOHLUEHTPALUU
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IMOJIU3TUIICHIIOJIMAMHUHA, 3BHAYCHUC, KOTOPOTO COCTABIIAIIO 1,3 Takum 06p&30M,

. . 1,3
o0liIee ypaBHEHUE CKOPOCTH JAHHOM peakiuu umeeT cienyromuii sun: V=K-C"

[TomydeHHBIC TaHHBIE CBUACTEIBCTBYIOT O IOJYMHECHUN KHHETUKHU TAHHOU
pEeaKIy 3aKOHOMEPHOCTSIM T€TEPOTCHHBIX MPOIIECCOB.

C menpro momydeHus azor- u (ocdop comepxkamero mnoauamdonuTa
nonuaM@onuTa wM3ydyeHa KUHETHMKa Mpolecca MoAu(dUKAIMU 10 Peakiuu
YUnunbabuHa TOMYYEHHOTO Ha OCHOBE TPAaHYJIMPOBAHHOTO TOJWBHHHIIXJIOPHUIA
annonuta IIIID-1 u B kadecTtBe cpaBHeHUsi aHMOHUTOB MJIA-1 u MJIA-6
bochuToBOI KUCIOTON B MPUCYTCTBUU (HhOpPMAJIbJIETHIA a TAKKE (PUZUKO
XUMHUYECKHE CBOMCTBA MOTYUYEHHBIX MOTHMaMOIIUTOB.

CpaBaurenbHbli  aHamu3  MK-CEKTpoB  HMCXOAHOTO — aHUOHUTA |
nmoyimaMQouTa MOydYeHHOTO MoauduKaueii annoauTa HocPuTOBON KUCIOTOH B
npoaykTe (GochonmupupoBaHus TMOSBISIOTCS HOBBIE TOJOCHI TOTJIONICHUS B
obmactu 916 u 1075cm'coorBercrByromue P(O)OH), rpymmam u 1172cm™
XapaKTepe3uTyllre BajeHTHble konebanus =P=0 rpynn. Ilpu sTOom
YMEHBIIAETCS HHTEHCHBHOCTB TI0JIOC TIoTIomeHus mpu 2850 Ba 2820cm™
COOTBETCTBYIOIINX nedopMalioOHHBIM KOJICOaHUSIM =N—-H TpyII.
[ToTeHIMOMETpUYECKOE TUTPOBAHHE TOITYYEHHOTrO Mpoaykra, ompeneneane COE



KaK TIIOKHUCJIOTHBIM TaK M TI0 OCHOBHBIM TIpylmamM a TaKXe pe3yJIbTaThl
AIIEMEHTHOTO aHaliu3a IMOKa3bIBAIOT, YTO B UTOre (PocHOpUIMpPOBAHUS aHUOHUTA
[II12-1 momydeHn copOEeHT UMEIOIINK B CBOEM COCTaBe JIBa THUIA (DYHKIIMOHAIBHBIX
IpyNIl ¢ pa3iuYHBIMU CBOWCTBaMHU. M3 MpUBEAEHHOIO HMKE CTPOCHUS MPOIYKTa
MOIU(UKALMK BHUJIHO, YTO B COCTaBe COpOEHTa OJHOBPEMEHHO COAEpXKarcs Kak
aMUHHBIC Tak U QocduToBbie Tpymmbl. Hamudre B cocTaBe Kak KHCIOTHBIX TaK U
OCHOBHBIX TPYII CBUAETEIHCTBYET O MOIHAMQPOIUTHOM XapaKTepe MOITYyYECHHOTO
copbenta. Hanmume B ero cocraBe Kak HOHOOOMEHHBIX Tak |
KOMIUIEKCO0Opa3yOIIMX IPYII BUHO U3 HUKEIPUBEIEHHON CXEMBI:

CHy—CH -_t"H:—fI“FI] ”
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POVOH

HccnenoBano BAUsSHUE Pa3IndHbIX (PAKTOPOB TAKUX KaK MPOJOJIKUTEILHOCTh
peakiMu, TeMIepaTypa U KOHLEeHTpalus GochUTOBOM KUCIOTHI Ha MPOLECC
docdonupupoBaHUsl aHUOHUTA U BBISBICHBI 3aKOHOMEPHOCTU TNMPOTEKAHUS 3TOM
peakuuu. PacuumTaHbl CKOPOCTh pPEaKUUU MOJydYeHHUs nonvaMdonura u mopsaoK
peakuuu o pocdopuoit kucnore. [Ipu bochomupuposannu annonuta [1I13-1 ¢
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YBEIUYCHUEM  KOHIIEHTpauu (HOCHUTOBOM  KHUCIOTBI  CKOPOCTh  PEAKIIUU
BO3pAacTaeT, MOPSIOK peakuuu 1mo (ochuroBori kucnore paseH 1,4. [lomydyeHHbie
pe3yabTaTtbl  CBUAETEIBCTBYIOT O  TOM, 4YTO  HpOUECC  MOAUYMHAETCS
3aKOHOMEPHOCTSIM TE€TEPOTCHHBIX pEaKIMid IMEPBOTO IMOpsAJKa, a YpPaBHECHUE
CKOPOCTH peakiui (hochorupupoBanus nmeeT ciaexyromuii Bug V= K-[H;PO,]".
B Tpertneli mnaBe auccepranuy noja Ha3zBaHHEM «MU3HMKO-XHUMHUYECKHE M
COPOIMOHHBbIE XAPAKTEPUCTHKHM TMOJYYEHHBIX T'PAaHYJIMPOBAHHBIX HOHHUTOB)
OTpEeNeSieHbl  MapaMeTpbl  KamWJISPHO-TIOPUCTOM  CTPYKTYphl ~aHUOHUTA U
nmoimaMQoiuTa, TOIYYEHHBIX Ha OCHOBE MOJMBUHWIXJIOPUIA, HWCCICAOBAHBI
COpOLIMOHHBIE CIIOCOOHOCTH OSTHX HOHUTOB II0 OTHOIICHHUIO K Pa3InYHBIM
KaTHOHAM U aHHOHAaM.

s ompeneneHus yaeJbHON MOBEPXHOCTH TMOP MOJTYUYEHHBIX MOJIMMEPHBIX
MaTepuagoB UCCIEIOBAHbI U30TEPMbI COPOLIMM MApPOB BOJABI STUMHU MaTepUallaMH.
B cBs3u ¢ S — oOpa3HBIM XOJOM KPHUBBIX H30TEPMBI JIJIsi pacy€TOB MapaMeTpOB
KalWISIPHO-TTIOPUCTOMN CTPYKTYpPhI U3M0JIb30Bau ypaBHeHue BOT.

Tao6auua 2.



Hsmenenue napamempoe KanuisipHo-nopucmoix CmpyKmyp 00paszuoé noaumepos

Oobpa3zen IIBX III19-1 IIr-1-pP
Xm, r/r 0,0019 0,0157 0,0189
Sy M7/ 6,86 55,13 66,45

W, em’/r 0,010 0,089 0,014

f, A 29,15 32,28 42,13

B Tabnuie 2 npuBeaeHbl MapaMeTphl KAMWIAPHO-MOPUCTHIX cTpYKTYyp IIBX 1
cop6enToB III19-1 u II13-1-P. 3 Tabnuusl BuAHO, uTo npu nepexoxae ot [IBX
[II12-1 u IIII2-1-P Benuuunbl copbumu (X, I/T), yaeIbHON MOBEPXHOCTH CIOEB
noaumepa (S, M*/T), pasmepa mop (r, A) n obumii 06BEM MOp yBETHUUBAIOTCHL.
Habmionaemoe siBieHne OOBSICHEHO W3MEHEHHUEM HaIMOJEKYJISPHONH CTPYKTYpPbI
IIBX B nporiecce MmoaudpuKaium.

[Tony4yeHHBII aHUOHUT U MOJUAMQPOIUT MPOSIBUIN BBICOKYIO CTaOMIBHOCTH
[0 OTHOUIEHWIO K XHMHYECKMM peareHTaMm. He3HauuTenbHOE W3MEHEHUE
crarnyeckoir oOmeHHOW ¢Emkoctu anuonuta III1D-1 mom wmexaHuwdeckum u
XUMHAYECKUM BO3JIECUCTBUAMHU CBUIETEIBCTBYET O IPEBOIACXOACTBE €ro Hax
KOHKYPUPYIOIIUM 3apyOCKHbIM AHUOHUTOM [0 MEXaHMYECKOM M XUMHYECKOU
ctabminbHOCTH. [lonmuaMdonuT Tak *e UMeeT BBICOKYI0 CTOMKOCTh 1O OTHOIIEHHUIO
K XMMHUYECKUM pEarcHTaMm M NOCJE PAa3JWYHbIX XHUMHUYECKUX BO3JAEHUCTBUU €r0
cTaThudeckas 0OMeHHasi EMKOCTh YMEHbINaeTcs B cpeqaeM 5-20%.

JUis OLIEHKHM TEpMUYECKOW CTaOWIBHOCTH TMOJMMEPOB NPOBEAEH HX
tepmorpaBuMerpudyeckuii  ananuz (TI). KpuBbsie TepMorpaBUMeTpHUECKOrO
ananmm3a u auddepeHnuansHoi ckanupytomei kamopumerpuu (JICK) mokaszamnm,
410 copOeHThl nonydeHHole Moaudukanueii [IBX B wactHoctu anunonut I119-1
OPOSIBIISIIOT TEPMUYECKYIO0 CTaOMIBHOCTH 10 Temneparypsl 483K um B gaHHOM
clydyae Macca aHMOHMTA 3a CYET MOTEPH BIAKHOCTA yMmeHbInaercs Ha 20%.
Tepmuueckas crabunbHOCTH Tonuamdonuta [1I13-1-P nabmomgaercs no S03K u
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MIpU ATOM HaOJIOAeTCsl HE3HAUUTEIbHAsS TTOTEPsl Macchl ojiHako Ha kpuBoi JICK
npu remneparype 465K Habmaronaercst 3k30pTepMUYECKUI UK BETUYMHOM
49,87 JIx/T XxapaKTepHu3UpYIOLINH MPIEeCcC CITUBaHMS B ronumepe. [lomyueHHbie
PE3YIBTAThl MOKA3bIBAIOT BHICOKYIO TEPMOCTAOMIBHOCTh UCCIIETyEMBIX
MOHOOOMEHHBIX MaTepHUaioB.

B npannHoii pabGoTe ObLIM CpaBHEHBl HEKOTOpblE (U3UKO - XUMHUYECKHE
napameTpsl 3apyoexHoro copbdenta AH-31 u momydenHoro nmamu III19-1. U3
Tabnuibl 3 BUIHO, YTO TOJNYYEHHBIH COPOEHT MO HEKOTOPHIMU MapameTpamu
IPEeBOCXOUT 3apyOexHbIit copoent AH-31.

Tadaunua 3




Duzuxo-xumuyeckue xapakmepucmuxu anuouumos mapxu AH-31 u I1113-1

HaunmenoBanue nmokaszaresns Hopwma nnst mapku u copra
AH-31 [I19-1
Buenrnuii Bua 3epHa 3epHa
KEJITOTO KOPUYHEBOTO
1BETa I[BETa
['panynomMeTpu4eCKHil COCTAaB: 0,4-2,0 0,4-2,0
a) pa3Mep 3epeH, MM 0,3 0,3
0) k03 HUIMEHT OMHOPOTHOCTH
Conepsxanue Biaru %, He 6onee 47 50,3
VYnenbusiit 00bemM B —OH™ hopme cM>/T 3,3+0,2 3,04+0,2
ITonnast ctrarmyeckas 0ObeMHast EMKOCTh 2,60 2,50

(ITICOE), mr-skB/MJ1, HE MEHEe

JluHamudeckass OOMeHHasi eMKOCTh 1280 1350
(IIOE), mr-skB/MJI, HE MEHEE

OcmoTtnueckas cTaOUIBHOCTE, % He MeHee 85,0 90,0
MexaHnnyeckuii MPOYHOCTh 90-95 90-98
Nonnas hopma XiopuHas XiopuaHas

B ywactaoctu JIOE nannoro anmonuta paBHO 1350 Mr-ske/mi, uto mourtw 1,1
pa3za OoJibllie YeM JJisl IIKMPOKO HCMOIb3yemMoro 3apyoexHoro anHmonura AH-31
(1280). IICOE=2,5 mr-skB/MJ1, MaKCUMaJbHAsI MPOYHOCTH cocTaBisieT 90-98%.

WccnenoBana KUHETHKA W TEPMOJAMHAMHKA Ipollecca COpOIMHU HMOHOB >

Cr,O.u iioma B pacTBOPEHHOTO B PAcTBOPE HOMUCTOTO Kajns AHMOHWTOM Ha
OCHOBE T'PaHyJIUPOBAHHOTO MOJIUBUHIIXJIOPUIA.
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Puc. 4 Hzomepmobl copoyuu uooa anuonumom I1I13-1 npu paziuunsvix
memnepamypax. 1, 2, 3 memnepamypa coomeemcmesenno 293, 303, 313K

W3ydeHo BIusSHUE pa3iNYHbIX BHEIIHUX (DAKTOPOB Ha MPOLECC MOMIOMIECHUS

nona annonutoM I1I13-1 (puc. 3, 4) u Ha OCHOBE MOTYUYEHHBIX JAHHBIX PACUUTAHBI
TEPMOJMHAMUYECKHUE TTapaMeTphl IIpoliecca copoiuu (tada. 4).
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Taoaunna 4
H3zmenenue mepmoouHamMuyeckux napamempos cucmemol 8 npoyecce no21ou eHusl
uooa aruorumom I1117-1

T, K I, K -AG, -AH, -AS,
MMOJIB/T | 1/MMoib | JK/monb K/monn K/monsK
293 3,4 65,96 10226 27143 35
303 3,95 107,76 11784 39
313 4,35 109,53 12225 57,52

W3 npuBenéHHbIX B Tabmuue 4 JaHHBIX BUIHO, YTO MPOIIECC MOTIOLICHUS
MoJa TPOMCXOAUT CAMOIPOU3BOIBLHO U  COMPOBOXKIACTCS OTPHUIATEIbHBIMU
M3MCHCHUSIMA ~ CBOOOIHOW OHEPTUM, OHTAIBIMA ¥ JHTPONUU CHUCTEMBI.
OtpunarenbHOe€ 3HAYE€HWE W3MEHEHUS OHHTAJIbIIUM M JHTPONUU CHUCTEMBI
CBUJIETEIBCTBYET O CHJIBHOM CBA3BIBAHUU 10]1a COPOSHTOM.

HccnenoBanbl 3aKOHOMEPHOCTH copOIuK noHOB aHrnoHUuTOM > Cr,O, TTI1D-1.
W3ydeHa 3aBUCHUMOCTD TIpoliecca COpOIMH OT TEMITepaTyphl U
MPOAOJDKUTENHHOCTH MPOIecca, KOHLIEHTPAIMK uXpoMaTr HoHOB. Ha ocHOBe
MOJIYYCHHBIX PE3yIbTaTOB OMpE/eieHa MAaKCUMaJIbHAsl BETUYMHA TIOTJIOMICHUS
AHUOHUTOM JUXPOMAT HOHOB U YCTAHOBJICHO YBEJIIMYEHHNE KOHCTAHTHI aJICOPOLIUU C
BO3pacTaHueM Temmeparypsl. [lokazano, yTo cTarnueckass OOMEHHass EMKOCTh
copOeHTa IO OTHOIICHHIO K JUXPOMAT HOHAM COCTaBJIsieT 3,48Mr-9KB/T.
BrlisiBieHHBIE KHHETHUECKUE U TEPMOAMHAMUYECKHE MapaMEeTPhl MOKA3bIBAIOT
BBICOKOE€ CPOJICTBO K aHMOHUTY JUXPOMAT MOHOB U MOJIEKYJISIPHOTO HoJa U
BBICOKYI0 YCTOWYMBOCTb €TI0 K JEHCTBUIO CUIIBHBIX OKUCIIUTENEH.

C 1uenblo oOMNpefeNneHus] CEJIeKTUBHOCTH MonuaM¢oiiuTa Ha OCHOBE
IpaHyJIMPOBAHHOTO TOJMBUHWIXJIOpPHAA C a30T u ¢ochop coaepK aluMu
rpynnaMy K HOHaM I[BETHBIX METAJIJIOB U3YUYEHBI 3aKOHOMEPHOCTH COPOIIHsI HOHOB
menu (I1), nuxens (I1) u unaus (111) U3 MCCKyCTBEHHBIX PACTBOPOB.

JInsi BBIABICHUS 3aKOHOMEPHOCTEW aAcopOUMH OOBIYHO MCIOJB3YIOT €€
nzotepmy. M3oTepmpl aacopOIuu MOTYT OBITh MHTEPIPETHPOBAHBI C MTOMOIIBIO
MeTonoB Dpeinuxa, Jlenrmiopa u TéMmMkuHa. AHalau3 HaIIUX HCCIIEIOBaHUN
MOKa3bIBAECT, UTO U3 3HaueHui napamerpoB Opelingnuxa (n) u Jlenrmropa, paxropa
pasnenenus (R;) MOXXHO 3aKJTFOUYUTH O TTOJYMHEHUN 3aKOHOMEPHOCTSIM BBITOTHOTO
COpOLMOHHOIO Mpolecca CyllecTByroueld cucrteMbl. PaccmarpuBaemas cmona
UMEET BBICOKOE 3HaueHHE K 4 KOTOpOe OBLIO CBA3aHO C BBICOKUM CPOJICTBOM MOHOB
MeTana Ha moimaM@onuT. Beicokue 3HaueHus mapaMeTpoB u30TepMbl TemkuHa (b,
u K;) amcopbumonnoro teria b,= 265 xllx/mons, 316,5 «J[x/mMons u 609,8
kJ[x/Monb coorBercTBeHHO miist Cu(ll), Ni(Il) u In (III) m BBICOKMI MakCUMyM
sHepruu cBsizu (Kp= 144 n/r, 76,8 n/r u 27 a/r coorBerctBenHo Cu(Il), Ni(Il) u In
(IIT) mokazanu xopoiliee CpoACTBO HOHUTOB K HM3y4aeMbIM METaJIJIaM.
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Ha ocHOBe maHHBIX TMPUBEAEHHBIX B TaONMHWIE 5 MOXHO OTMETHTH

CaMOIIPOU3BOJILHOCTh HM3ydaeMbIX IporeccoB. [IpuBenéHHbIE BBINIE KOHCTAHTHI

COpOIMY TTO3BOJISIOT YCTAHOBUTH CICAYIOIIMKA PSJT METAIOB MO MX CIIOCOOHOCTH

k noniomieHuto nomuamdonurom: In(Ill) < Ni(Il) < Cu(Il). Tlomyuennsie

pe3yabTaThl TaK K€ CBHJICTEILCTBYT 00 YBEIWYCHUW OTPHIATCIBLHOTO 3HAYCHUS

W3MCHCHHUS  DHTAJBIIMW, OJHTPONMHMM MW CBOOOMHON OSHEPrHM CHCTEMBI C
BO3pACTaHUEM TEMIIEPATyPHI.

Taboauuna S.

Hzmenenue 0CHOBHBIX MEPMOOUHAMULECKUX NAPAMEMPOS U KOHCIMAHM copoOyuu
uornos meou (1), nuxens (1) u unous (I11) noruamchonumom I113-1-P

Hon T, | Koncranra -AG, -AH, -AS,
Metamia | K | mmoms/r copOnus, K/momnb | K/mon | XK/mons K
K:n/mMmomnn b
Cu** 293 3,05 9,28 4385 12500 13,8
303 3,32 14,0 4892 28,2
313 3,85 21,7 6038 29,7
Ni** 293 2,25 6,35 3590 11500 13,0
303 2,48 8,43 4310 25,0
313 2,74 10,84 4597 25,8
In**  [293| 1,85 4,18 2170 | 11200 11,85
303 2,12 6,54 2631 21,6
313 2,36 8,45 3127 23,1

[Tomy4yeHHBIE pe3yNIBTaThl TaK KE MOKA3bIBAIOT 00 00pa30BaHUM CTAOMIBHBIX
KOMILJIEKCOB MeXIy a30T U Gocdop conepxkaimmm copdenToMm u nonamu meau (1),
Hukens (II) w wumua (I1I), w Takke T™OKa3bIBA€T BBICOKOE CPOJICTBO K
nonuamM@oauTy, CHocCOOHOCTh 00Pa30BbIBATH MPOYHBIN KOMIUIEKC HOHOB Meau (11)
OTHOCHUTEIILHO JPYTUX U3yIaEMbIX HOHOB.

C menvto otmenenus V,0s HCIUIB3yeMOTO B KaueCTBE Karaiuzaropa IpHu
MIPOU3BOJICTBE CEPHOM KHUCJIOTHI OT PAa3IMYHBIX MPUMECEH, H3y4YeHO BIUSHUE
pasnmuuHblX (QakTopoB Ha npouecc copouuu Banagun (VO,") HOHOB
OCYIICCTBIICHA €r0 OKCTPAKIUs TpaHyJIdpPOBAaHHBIM  MOIUaM(OIUTOM U3
HUCCKYCTBEHHBIX pacTBOpoB. C yBENIMYECHHEM TMPOJAOKUTEIBHOCTH COPOIIHH,



TEeMIIepaTypbl W KOHIIEHTpAIlM¥d BaHAIWJ HOHOB BO3pacTayia cOpOLUS HOHOB
MOJINaM(OJIUTOM, YTO CBUICTEIBCTBYET O MPOTEKAHUM MPOIECCa MOMIOUICHUS 32
CU€T XeMocopOIuu.

Jlns onipeneneHus ceneKTuBHOCTH nonuamMdonurta [1I13-1-P mo oTHomeHuo
K HMOHaM METAJJIOB OBLJI0O WCMOJIb30BAH CJOXKHBIM HMCKYCCTBEHHBIN pPacTBOP
conepxkamuii noHsl Meau (II), auxens (11), nmuaka (II) u xo6ansra (II). CopOuuro
MOHOB METAJJIOB B IAHHOM PAacTBOPE MPOBOAWIM MIPU IMHAMUYECKUX YCIOBUSX B
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aKTUBHOM MOJIOKeHUHU. |71 onpeesieHne KOHIEHTpaIlud HOHOB METAJIOB 0 U
nocJe copOIuu momnaM@oIuToM ObLT UCTIOTB30BaH ATOMHO YMHUCCUOHHBIN
copOIMOHHBIE METO/T aHann3a. Pe3ynprarel aHanm3a mpuBeAeHo B Tabmule 6.

Tao6auua 6.
Konuuecmeennoe onpedenenue memanios copouposantblx HOIUMEPOM
Haumenosan Merasuisl MI/KT
He BeEIlecTBa
Cu N1 Cd /n
[HIID-1-P+Me 6585 260 1250 1557

Kak BumHO ®3 naHHBIX NpuBEACHHBIX B Tabmuie 6 wmoHbl Memu (II)
copbupoBasiuch k nonuamponuty II13-1-P B 5pa3 Gombiie yeM Japyrue HOHBI
UCCJIelyeMbI€ MOHBI, YTO YKa3bIBa€T Ha CEJIIEKTUBHOCTH nonuamdonura I1113-1-P
Kk noHam meau (II) B GomnbInelt cTeneHu, 4em K OCTaJIbHBIM HOHaM B pacTBOpE.

Taonuua 7
Mnoecoxpamnas ounamuuecxas copoyus uonos Cu (I11) u Ni(Il) na noruamgponrum
No F, V, M V o MIT JIOE I[T1OE 0}
MII/MUH | (TIPOTEKAIOILIN (06BeM MMOJI MMOJI
7| 06H1. HUOHUTA B SKB/T SKB/T
00BeM) 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 0,85
Nitt
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

OI[HI/IM N3 BaXXHBIX Tpe6OBaHHﬁ K HOHHOOOMEHHBIM MarcpuajiaMu B
IMPOMBIIIVICHHOCTHU  ABJIACTCA MHOI'OKPATHOCTH MCIIOJB30BAaHHOCTh HWOHHTA, T.C.
IIOCJIE CKOJIbKHUX 2TAaIlOB COp6HI/II/I " I[@COp6HI/II/I HOHHUT COXPAaHsCT CBOIO
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copbrmonHyo cnocooHoctb. Coporust u aecop6ius nonor Cu (1) u Ni(I1)
MPOBOAWINCH 7 pa3, pe3yabTaThl 3TUX UCCIIEIOBAHUN MTPUBEIEHO HA Tabnuile 6.
Kax Buano u3 tabnuirel 7 nonuamdomnut I[1113-1-P, monydeHHBIN HA OCHOBE
MOJIMBUHUWIXJIOPU/JIA IPY MHOTOKPATHOM copOuuu u necopOunu nonos meau (I11) u
Ni(Il) He meHsieT cBO0 COpOIUOHHYIO CITOCOOHOCTh. DTO CBHIETEIHCTBYET O
BBICOKOM XMMUMYECKOM, PU3NUECKON U MEXaHUUECKOW MPOYHOCTH MOHUTA.

CopOupoBaHHbIE METAIJIbI HA MOAUAM(OIHUT B TUAMUUYECKUX YCITOBUSAX

necopoupoBanuck BogHeIM pactBopoM 0,5 H cepnoit kucinoroil. Tabauna 8.

Lecopoyus uonos meou u Hukens uz nonuameponruma I1113-1-P 0,5 H 6oonvim

pacmeopom H,SO,
Meran | Macca V, M O06nbe Konmenrpa CreneHb
copOeH (mpoTeka M U A necopoupon
Ta, TP FOIII Wit ANr0a MeTajlia B aH ue, %
oo, Ta, DJLTIOATE
00BeEM) MIT MOJI/JT
Cu 12 700 160 0,215 98,5
Ni 12 540 160 0,163 96,8




Kak BugHO M3 Tabnuipl 8 crenenb aecopOiuu noHoB Cu u Ni cocTaBisieT
cooTBeTCcTBEHHO 98,5 % u 96,8 %. IIpu nomomu nonuamdonura [I13-1-I1 MmoxHO
YBEJIMYMBATH KOHIIETPALIMIO MOHOB B PACTBOPE HECKIBKO pa3. ClienoBarenbHO,
nomamdonut [119-1-P moxkeT ObITh pEeKOMEHIOBAaH MJIS HWCIOJB30BAaHUS TPHU
U3BJICUCHHH 1[BETHBIX U APATOLEHHBIX METAJIJIOB U3 TEXHOJIOTHYECUX PACTBOPOB.

B uyerBéproii mnaBe aucceprauuu 1oja Ha3BaHueM «Bo3MokHBIE 00JacTH
NPUMEHEHUs] CHUHTE3MPOBAHHBIX AHMOHHUTOB M MNOJUAMGOIHUTOB» C LEIbIO
MPUTOTOBIICHUS [JII XWUMHYECKOW TMPOMBINUICHHOCTH OOECCOJICHHOW BOABI C
nomoinpio aanoHuTa [1112-1 GbutH POBEIECHBI ONMBITHO —HCIIBITATEIbHBIC PAOOTHI
B TEXHOJOTHMYECKUX YCJIOBHUSX IO OUYHMCTKE OT AHUOHOB JACKATHOHWU3UPOBAHHOU
BOJIBI B 11€X€ BOAOMOATOTOBKH oTHOCsIIerocs k AO «Maxam-Chirchigy.

C uenbro 00eccoNMBaHUsI PEUHON BOJIbI B TEXHOJIOTUUYECKUX YCIOBHUAX OBLIO
ocymecTBieHo BkitoueHue 501 copOeHTa B TEXHOJOTWYECKHH UK B pabodem
COCTOSIHUM W TPOBEPEHAa €ro CIOCOOHOCTh  yHAaJeHHUS AaHUOHOB W3
JEKaTUOHU3WPOBAHHOMU BOIbI. [loydeHHBIE pe3yabTaThl MPUBEACHBI B TAOIHIIE 5.

W3 npuBenéHHbIX B TabauIEe 9 NaHHBIX BUJIHO, YTO AHUOHUT IMOJYYCHHBIH Ha
OCHOBE  TPAHYJWPOBAHHOTO  TMOJMBUHWIXJOPUAA  MPOSBISIET  BBICOKYIO
3 PEeKTUBHOCTD NPU 00ECCONMBAHUU PEeUHBIX BOJA. AHMOHUT AH-31 moxoxwii mo
cBouM cBoiicTBa Ha aHWOHUT [III3-1 u gBAsAONIMICS €ro KOHKYPEHTOM HMEET
MPOJOJKUTENBHOCTh paboThl 8-10 yacoB, 3TO CBUIIETEILCTBYET O MPEBOCXO/ICTBE
AHHUOHUTA HAa OCHOBE MECTHOIO CBIPbSI B MPOAOJLKUTEIBHOCTH IUKJIA OYMCTKHU
MOYTH 2 paza.
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Tadauna 9

Pezynomamutr onvimno-npomviuiniennvix ucnvoimanuu anuonuma I115-1 6
mexnono2uyeckux yeaosusax 6 AO «Maxam-Chirchigy

Ne Hara Obmas Konuentparg pH Pa6ou
NPOBEACHUSA | IIEJIOYHOCT us (e ee

b, XJIOPUIOB, MeHee BpeMsI

MMOJIB/JIM> mr/am’ 6,0)
(ae 6ouee 0,8) (ae Gomee 1)

1 | 29.04.2015 0,02 0,65 6,8 18
2 | 05.05.2015 0,02 0,60 0,2 14
3 | 13.05.2015 0,02 0,78 6,5 12
4 1 19.05.2015 0,04 0,77 6,8 18
5 1 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| Vpraua 0,02 0,72 6,6 15,7

Ha npeanpusitun AO «®Pepranaa3or» Oblia co3aHa YCTaHOBKAa Ha OCHOBE
MOJyYEHHOTO W HWCIONB3YEeMbIX B TPOMBIIUIEHHOCTH AHWOHHUTOB TIO OYHCTKE
METHJIIUATAHOJIAMH  HCIIONb3YyeMOTO0 B Ta3004YHMCTKE KOHBEPTOPHOTO  rasa
UCIOJIb3yEMOI'0 B CUHTE3€ aMMHaKa OT TEPMUYECKU CTOMKHUX COJIEH U MPOBEACHbI
e€ mpombllUieHHbIE wuchbITaHus. [Ipu 3ToM sKkoHOMHYecKas 3((EeKTHBHOCTD
MPUMEHEHHUS] aHUOHUTOB B OYMCTKE METHIIIMATaHOJIaMUHa Aocturana 10 MiH. cyMm
B TOJI.

[IpoBeneHsl wWccienOBaHUs MO BBIACIEHUIO METajula HWHIUS U3 CIOXKHBIX
TeXHoJIornueckux pactBopoB LluHkoBoro 3aBoma AI'MK. bbino ocymiecTBieHO
BBIJICJICHHE WHIUS B CTAaTHUYECKUX YCIOBHUSX M3 TEXHOJOTHYECKOTO pacTBOpa
cofiepKamiero UHaus - 52,5mr/mn, mumbsaka - 1700Mr/1, cypsmsl - 46Mr/11, Takke B
HEM MPUCYTCTBOBAJIU U UOHBI JPYTUX METAIJIOB.

Tabnuua 10

Tloxazamenu uzeneyerus Memasiios u3 mexHol02UYecKUx pacmeopos
copbenmamu. Hcxoonvle konyenmpayuu unoutt -52,5 me/n,
motuwbsk-1700 me/n, cypoma-46 me/n

Ne | Tun copbenra OcraTtouHast KOHIICHTPALKS, MI/JT
In As Sb
1 ACC-3-4-0 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 mnpuBenéHHBIX BhIIE B TAaONUIC TaHHBIX BHIHO, YTO Jy4llle BCEX U3
TEXHOJIOTHYECKOTO  pacTBOpa  BbIAENsSeT HMHAWA  ¢ocdop  comepkammii
BOJIOKHUCTBIN copOeHT ACC-3-4-@. OnmHako u3-3a TOTO, YTO COPOEHT SIBISETCS
BOJIOKHHCTBIM €TO MEXaHWYECKasi MPOYHOCTh Majia U 3TO BHI3BIBAET ONPEACICHHBIE



TPYAHOCTH TIPU MCIIOJB30BAHUU B TEXHOJIOIMYECKUX YCIOBUSX. |paHyibHbIE
copoentsl MJIA-1-P MJIA-6-P nornomaroT HOHBI UHIWS B MEHBIIICH CTENICHU YeM
BOJIOKHUCTBIM COPOEHT OJHAKO TPaHYJbHBIM MOJUaM(OIUT HMEET BBICOKYIO
MIPOYHOCTH U €r0 MPEUMYILIECTBOM SBJISECTCS MHOTOKPATHOCTH €TI0 MCIOJIb30BAHUS.

B maTou mmaBe aucceprauMuM noj HaszBaHueM «Meroauka npoBeleHHMs
XHUMHUYECKUX npeBpameHui MOJIUMEPOBY MIPUBEACHBI CBOICTBA
WCIIOJIB30BaHHBIX PEAKTUBOB, METOIMKA XUMHUUECKON MOAU(PUKAIIUN TOTUMEPHBIX
MAaTepHuaIoB U METOJIMKA UCCIIEIOBAHUM.
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3AKJIIOYEHUE

Ha ocHOBe mpoOBEenEHHBIX HCCIEIOBAHMM MO JTOKTOPCKOM JUCCEpPTAllMM Ha



Temy «llomyyenue u Qu3NKO-XUMHYECKHE CBOMCTBA a30T U (pocdopcoaepxaninx
MOHUTOB Ha OCHOBE MOJMBUHUIXJIOPUIA» MPEACTABICHBI CICAYIOIINE BHIBObI:

1. C menpio MONy4YeHUsS AaHWMOHWTA M ITOJHUKOMIUICKCOHA COJEp)KAIllero B
CBOEM cocTaBe a30T U (Pocdop HCCIETOBAHO BIUSHUE Pa3IMYHBIX (PAaKTOPOB HA
MOAUGUKAIIMIO TTOJMMBUHIIXJIOPHUIA TOTUATHICHIIONMAMUHOM U (ocPuToBOM
KHUCJIOTOM B MPUCYTCTCTBUHU (DOpMalIMHA, 3HAUCHHWE SHEPTHMH aKTHBAIMK TIpollecca
Momu(UKaIMKA, 3aBUCHMOCTH CKOPOCTH PEAKIUH TOJBKO OT KOHIICHTPAIuU
HU3KOMOJICKYJISIPHBIX KOMIIOHEHTOB TTO3BOJISIET BBISIBUTH MOAYNHEHOCTh N3y4aeMbIX
MIPOIIECCOB 3aKOHOMEPHOCTSM HAOII0AaEMBIM B T€TEPOTCHHBIX PEaKITUSX.

2. Merogamu MK-CcrieKTpOCKOINNHU, 3IEMEHTHBIM U TEPMUYECUM aHAIM30M U
AHAJIMTUYECKUMHU METOJAMHU JOKa3aHO CTPOCHHE IIOJYYECHHBIX AHUOHUTOB H
ITOJIMKOMIUIEKCOHOB HAa OCHOBE TPaHYJIHPOBAHHOTO TIOJUBHUHWIXJIOPHUAA M HX
XUMHUYECKasi M TEPMHUYECKasl CTOMKOCTb. BBIABIEHa BO3MOXXHOCTH IPOSIBICHHUS
MOHOOOMEHHBIX CBOMCTBA aHMOHUTA 3a CYET HAJIMUMS B €r0 COCTaBE aMUHOIPYIII,
a TOJIMKOMIUIEKCOHA 32 CYET HaJIM4YMs aMUHOTPYNI M OCTaTKoB (ochuToBOi
KHUCJIOTBI.

3. B nabopaTopHbIX M B MPOMBIIIJIEHHBIX YCIOBUSAX MJIs MOJYyYEHHBIX
aHUOHUTOB U NOJAMaM(OIUTOB MCCIIEI0BAaHbl YCTAaHOBIIEHHBIE B TOCY/IapCTBEHHOM
CTaH/JapT€ OCHOBHBbIE (PU3UKO-XMMHUYECKHE CBOICTBA M IIOKa3aHO, 4YTO IIO
HalJIEHHbIM XapaKTEPUCTUKAM HE YCTYMAeT UCMOJIb3yEMOMY B MPOMBIIIJIEHHOCTH
annonuty AH-31.

4. WccnenoBaHa KMHETMKA M TEPMOAMHAMHUKA IpoLecca COpOLMH HOHOB >
Cr,0O,u iioga B BOAHOM PacTBOPE MOM/A KAJIUsl aHHOHUTOM CHHTE3UPOBAaHHBIM Ha
OCHOBE T'PaHYJIMPOBAHHOIO MOJMBUHWIXJIOpUIA. OnpenenéHHble KHHETUYECKUE U
TEPMOJMHAMUYECKHE TMapaMeTphbl MOKa3aJId BBICOKOE CPOJICTBO  AaHMOHUTA K
OMxXpoMar MOHAM W MOJEKYISIPHOMY HOAY M YCTOWYMBOCTH €r0 K BO3JCHCTBHUIO
CUJIBHBIX OKHCIIUTEIIEH.

5. HccienoBaHueM KUHETUKM M TEPMOJMHAMUKHM ITPOLIECCA H3BICUYECHHS
nonoB Cu(Il), Ni(Il), In(Ill) u Banagus (I) MOTUKOMIUIEKCOHOM Ha OCHOBE
IPaHyJIMPOBAHHOTO MOJMBUHWIXJIOPUJA YCTAHOBIEH TMOPSAOK CEJIEKTUBHOCTU
COpOEHTa MO OTHOLIEHUIO K [IBETHBIM METAJIJIaM KOTOPBIM MMEET CIEIyIOUN BUL:
Cu(I)> Ni(Il)> In(IIT) > Banamm (I).

6. HccnenoBanbl mponecchl AMHAMHYECKOM copOLMU M J1ecopOLuU HMOHOB
Cu(Il), In(ITT) 1 cuHTE3UPOBAaHHBIM MOTUKOMILIIEKCOHOM. [lomyueHHbIe pe3ynbTaThl
YKa3bIBalOT HA XHUMHYECKYIO0 CTOMKOCTh IOJIMKOMIUIEKCOHA M BO3MOXHOCTh
PEKOMEHJIOBaTh  €ro Uil MHOTOKpPaTHOIO  WCIIOJIb30BaHUS. Jlocturayra
BO3MO)KHOCTh CEJIEKTUBHOI'O M3BJICYEHUS MOHOB MHIUSA U KOHLIEHTPHUPOBAHUS €TO0
PAcTBOPOB U3 CIOKHBIX TEXHOJIOTMYECKUX PACTBOPOB
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1mnHKOBOTO 3aBoa AT'MK ¢ momormbro a3oT u pocdop comeprraIiero
TIOJTUKOMIUICKCOHA.



7. Ha omnbrTHO-ipoMbiniuieHHOM ycTaHoBke AO «Maxam-Chirchig» momydena
YKpYTHEHHAS napTus aHUOHUTA Ha OCHOBE IPaHyJIUPOBAHHOTO
MOJINBUHWIXJIOPUJA C BBICOKOH 3((EKTUBMHOCTHIO 00€CCONMBAIOLIAsl IPUPOIHBIC
Bonbl. [Ipu stom mmurensHOCTH paboThl aHmonuTa Obiia Ha 10-15% BeImIE MO
CpPaBHEHMIO C KOHKYPHUPYIOIIUM aHHOHUTOM. CorlacHO MpoToKoia 3acenanust No4?2
or 28.04.2016 roma KabGunera MunuctpoB PecnyOmuku — VY30ekucran
PEKOMEH0BAHO HAJIAIUTh MPOu3BOACTBO aHnoHuTa I1I13-1 u u Beimeneno 1 mupa.
cyMm cpeactB AO «Maxam-Chirchigy.

8. C mpuMeHEHHEeM aHWOHHUTA MOCTUTHYTA BBICOKas 3(PGEKTHBHOCThH TMPHU
YMEHBIIICHUU KOHIEHTPAIMU 3arpsi3HSIONMX TEPMUYECKH CTOMKHX COJIE B
METWIIM3TAHOJIAMUHE MCHOJIb3YyEMOM MPH OUYKUCTKE KOHBEPTOpPHOro raza B AO
«®Depranaazor» (Cnpaska AO «Depranaazor» Ne 37/3768 ot 26 urons 2016 rona).
[Ipu »TOM WHCMONB30BaHWE AHUOHWUTOB JIJISI OYHCTKHA METWJIIUATAHOIAMUHHU OT
TEPMHUYECKHA CTOMKHUX COJIEM MpuBena K 3KoHOMu4eckoMmy 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 Nel1071 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. Research
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. Ton 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. Ion Exchange Technology II Applications.
Springer Dordrecht Heidelbtrg: New York London. - 2012. - Vol. II. - 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
[I0T-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 materialsy» (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,0,and halogen ions by anion-exchanger, Cu(II), Ni(II), In(IIT) and vanadyl (I)
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(III) 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 kinetics 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 (II), nickel (II), zinc (II), cobalt (IT) and high selectivity of
polyampholitic resin for Cu(Il) 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 «<KOMMC»
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
[AP05232 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
«Fargonaazoty 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 Polyelectrolytesy,

Moscow, 2016; «Under the sponsorship of TUPAC 8" International Symposium

Molecular Order and Mobility in Polymer Systemsy», St. Petersburg, 2014; XIV

Conference «lonites-2014», Voronezh;

«Chromatography: theory and practice», Samara, 2015; «Regional Conference on

Chemical Engineering», 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
1s 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 PVC 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,H;OH mixture volume ratio
Before 0:10 | 2:8 4:6 6:4 8:2 10:0
extraction
PVC weight 0 5 8 14 28 35 38
deacrese (%)
Decrease of size 1-3
of PVC granules 1-2,8 10,82, 10,8-2,(0,7-2, | 0,5-2,| 0,5-2
(mm) 8 6 5 5 5

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



B A B 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 pK, 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 c¢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:

A

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.

A

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= Retga 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-C'?

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 kinetics of modification of MJIA-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 cmand 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:

A
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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:[H;PO;]'*
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
Ssol, m?/g 6.86 55.13 66.45
W, cm’/g 0.010 0.089 0.014
. 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 PVC
to PPE-1 and PPE-1-P the sorption (X,,, g/g), specific surface of polymers (S,
m?/g), size of pores (1, A) and the total volume of pores increase, this process has
been explained by a change of PVC 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: 0,4-2,0 0,4-2,0
a) grain size, mm 0,3 0,3
b) the uniformity coefficient
Moisture content% max 47 50,3
Specific volume in the form of -OH g/ 3,3+0,2 3,04+0,2
cm’
Full static volumetric capacitance 2,60 2,50
(FSEC) mg-eq/ml, at least
Dynamic exchange capacity 1280 1350
(DEC) mg-eq/ml, at least
Osmotic stability,%, not less 85,0 90,0
Mechanical strength 90-95 90-98
Ionic form chloride chloride

In particular, the DOE of the anion exchanger is equal to 1350 mg-eq/ml, which is

almost 1.1 times more than the widely used foreign anion exchanger AN 31

(1280). PSOE = 2.5 mg-eq/ml, the maximum strength is 90-98%.B wactHOCTH

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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A

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

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 I, K -AG, -AH, -AS,
mmole/g | L/mmole J/mole J/mole J/mole’K

293 34 65.96 10226 27143 35

303 3.95 107.76 11784 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,O,ions absorption by PPE-1 anionite from synthetic
solutions have been examined. The influence of temperature, sorption duration and
concentration of > Cr,O,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 Ky 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 (II), Ni (IT) and In (IIT) and the high binding energy peak (K= 144l/g, 76,81/g
and 271/g, respectively Cu (II), Ni (I) and In (III) ion-exchange resins showed
good affinity for studied metals.

Table 5

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

Metal T, I., Absorption -AG, -AH, -AS,

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

Cu** 293 3.05 9.28 4385 12500 13.8

303 3.32 14.0 4892 28.2

313 3.85 21.7 6038 29.7

Ni?* 293 2.25 6.35 3590 11500 13.0

303 2.48 8.43 4310 25.0

313 2.74 10.84 4597 25.8




In’** 293 1.85 4.18 2170 11200 11.85

303 2.12 6.54 2631 21.6

313 2.36 8.45 3127 23.1
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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(II), Ni(IT). In(III) 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(Ill) < Ni(Il) < 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 (II), nickel (IT), indium (IT), and
copper (II) 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 (II),
nickel (II), zinc (I) and cobalt (II). 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 (II) 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 (II) and
Ni (IT) 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 (II) 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 (Il) and Ni(ll) ions on polyampholyte
Ne F, ml/ V, in ml Vion, ml DOE PDOE a
min (flowing (volume of mmol mmol
total. ion exchan equiv/g equiv/g
Volume) 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 0,85
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,50,0.5N
Metal Mass | V,ml (total | Volum Metal Desorption
of volume) e concentrati degree,%
sorben eluent, on in the
t ml cluate,
mol/l
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 <cMAXAM
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 Chlorides pH Duratio
basicity, concentration, (not less n,
mmole/dm’ mg/dm’ than 6.0) hours
(not (not exceeding 1)
exceeding




0.8)
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 1 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

No Sorbent Residual concentration, mg/L

In As Sb




1 ASS-3-4-F 27 718 36,1

2 M/A-6-P 37 1070 29,8

3 MIA-1-P 39 996,5 32,0

As 1t is shown in Table 6, though fiber type ASS-3-4-F sorbent is more
effective in extracting In, but MJIA-6-P and M/IA-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 teqniques 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(I)>In(IIT)> vanadyl(I) has been defined by studying kinetics and
thermodynamics of absorption of Cu(Il), Ni(Il), In(IIl) and vanadyl(I) by
polycomplexon.

6. Sorption and desorption of Cu(ll) and In(Ill) 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 «MAXAM-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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