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KHUPUI (10KTOPJIUK JUCCEPTALUACH AHHOTAILUSCH)

Juccepranus MaB3yCMHHMHI 10J13ap0/uru Ba 3apyparu. JKaxonaa OyryHru
KyHJa CaHOATHW aJaJl PUBOXJIAHTUPHUII, HKOJOTMK MyaMMOJApHH Xaj 3THIL,
pako0aTOapoII Ba 3KOJIOTHUK TO3a MaxCyJI0TJIapHH UILIa0 YMKapuIlia 3aMOHAaBUMA
TEXHOJIOTUSIJIApHU KYJutai ToOopa 1013ap6 Macanara ainanud 6opmoxna. Oxupru
WWiulap JaBOMMZA SIHTM MIIIaHMajap OpKaJIM WHHOBAIIMOH EHJAIYB acoCHaa
caHoarra 3apyp OyJraH MaxcCynoTiap Uiuiad YMKapHIl OIIMOK Ja. By TexXHoioruk
Kapaénnapaa KuMEBU (paon Mojaanap KyJaml OpKajil oxaBa CyBJIapHU To3ajalll
yu4yH KaTMOHUT Ba AaHUOHWUTIAPHM SIPaTHIL, YyJIapHUHT (UMK KUMEBUH,
a7ICOpOILIMOH XOCCaJapyuHU sSHa/Ia SIXIIWIAIl MyXUM WIMHH-aMaauil axaMusT Kaco
ATaaM.

KaxoHga KOH-MeTauTyprusi Ba KUME caHOaTH/1a CyB PECYPCIIAPUHUHT KYTI
MUKJIOpAA UIUIATHUIINIIN, UIIa0 YUKAPHUILIA SKOJIOTHK KUXATAAaH acOC/IaHTaH, KaM
YUKATIM TEXHOJOTUSIIAPHU KOPUNA KWK, TAOUMIH MyXUTHUHT U(IOC TaHUITUHU
KaMaTUpUII Ta0Upiapy KOMIUJIEKCUHU aMara OIUPUIITHY Tanal 3Taau.
Meramnyprus, kuM€ Ba O0IIKa caHOaT coXajapua caHoaT CyBIApUHU TO3aJIallia
Xxam/ia 6ab31 MeTasll MOHJIAPUHU aXXpaTHILa COPOLMOH XyCYCUATIIN
MOHAJIMAIITYBUM COpOEHTIIAp Ba peareHTIap KeHT KYJUTaHUIIa u.

PecnyOnukana Typiu acCOPTUMEHTIArM HMOHAJIMAIIYBYM COpOEHTIapra
Oynran TanaOHU OpTUIM cabalbiau yjaapHU Maxauivi Xomaii€ acocuaa HIuUiad
YUKUIIHY KOPUHM 3THUIIra ajJoxuaa 3bTuoop Kaparwirad. CaHoaT OKaBa CyBJIapUHU
TO3aJlalll MyaMMOCH Xamjia CyBJIapHHM JAeMHUHepaiail Hadaxkar arpod MyXUTHH
Myxo(hasza KWIHIIHU, 0aJIKd UMIOPT YPHUHU 00CYBUM MOHAIMAIIIYBYHM COPOEHTIAp
Ba peareHTiap MIUIa0 YMKWIUIIN OpKAJIM MaMIIAKaTUMHM3 XOMall€ Ba MaTepHall
pecypciiapuias siHaga caMmapaiu GoiiagaHuIagn.

Nnuta® yMkapuil KOPXOHAJapUHH MOJEPHU3ALMSUIAI Ba PEKOHCTPYKIIUS
Jall, SKOJIOTUK TO3a Ba pecypcilapHU TeKaWIuraH TEXHOJOTUSUIApHU, 11y KymJiia
JaH KailTa THKJIaHyBYaH J3HEPrusi MaHOANApWHU TAaTOMK KWJIUII OpKajdu arpod
MYXHUTTa TAbCUPHU KaMaWTUPHILI Ba TaOMMI pecypciiapiaH OKHIIOHA Ba KOMILJIEKC
¢oiinanaHuin camapaJOpJIUTUHU OLUIMPUII, CAHOAT Ba MYMMIIMK CYBJIApUHU OMILA
TUII YCYJJIAPUHU TAaKOMWUIAIITUPUII, SpPUTMATapAaH METAJll HOHJApUHH Ba
KUMEBUM OHMpPUKMaIApHU aXXpaTUO OJMII TEXHOJOTHUAJAPUHHU SPATUIL, IOKOPH



COpOLIMOH XyCYCHUSITIIM TaOMUN Ba CUHTETHK COpOEHTIap/aH camapaiu (oiinana
HUII, CAHOAT/Ia CYB pecypciiapuaad Ky MapoTtada (oiiaJaHuIl IMKOHUSTIAPUHA
TaKOMWJIJTAIITUPUII, OKAaBa CYBJIApPUHHM TO3ajalll YUyH pEareHTiap OJIMII TEXHO
JIOTUSICHHU WILIA0 YUKHII, TEXHOJOTHK apaHiap Ba TaOMaTHU MyXoasza KUJTHIII
(aoNMATHHY TAKOMWIIAIITUPULITHUHT aCOCUI Ba3uamapuaup.

V36exucron Pecniy6nuxacu Ipesunentunnnr 2010 iwn 15 nexabpparu 11K-1442
con «Y36exucton Pecniy6nukacu canoarnnn 2011-2015 iinmmapaa ycryBop
PHBOXUIAHTHPHII XaKUIa»TH Ba Y30ekucToH Pecriy6mukacy Basupiap
Maxxamacuaunr 2013 i 27 maiinaru 142-con «Y36eKucTon PecnyOnukacuia
arpod-myxut Mmyxodasacu Oyitnua xapakamiap gactypu tyrpucuganru (2013- 2017
iit.) Kapopmapu xamma Mazkyp (haonusiTra Teruiniy 001ka MebEpU-XyKy-
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KU Xy>oKaTiaapa OeJruianrad BasudanapHy aMmaira omupuIlra yuoy auccep
Tanus TaAKUKOTH MyalsH Japakaja Xu3mar Kuiau.

TankKuKOTHUHI pecnyOiauka ¢GaH Ba TEXHOJIOTHSJIAPH PUBOKJIAHUIIH
HUHI aCOCHH YCTYBOpP HyHAJMILIAPUIra OOFIMKJIUIH. Ma3Kyp TaIKUKOT pec
nyOnuka ¢aH Ba TexHosorusuiap puBoxiaHumuHUHr VI. «Tabuarnan oxkuiioHa
¢oiinanaHuII Ba 3KOJIOTHU» YCTYBOP MyHamummura MyBoQuk Oakapuiiras.

Juccepranus MaB3ycH Oyiiu4a XOPUKUN WIMHIA TAAKUKOT/IAP WIAPXU.
Nonanmarrysun copOeHTIIap €paMu/ia caHoaT CyBJIapUHU TO3aJIallTra HyHaITH
pWITaH WIMHUI U3JIaHUILIAP )KaXOHHUHT €TaK4l WIMHUIM MapKasjiapu Ba OJUi
TabJIUM Myaccacaiapu, xkymiaaas, Institute for Global Environment Strategies
(IGES) (Japan), Nanyang Technological University (NTU) (Singapore), Envi
ronment Canada's National Water Research Institute (NWRI) (Canada), National
Research Council (US) Safe Drinking Water Committee, Belhim (benapyc Pec
nyonukacu), Technical Adviser (Chemical) Government of Guigarat Undustries
commissioner (India), VVP Engineering College (India), United States Environ
ment Protection Agency, Institute of Chemical Engineering, Bulgarian Academy of
Science (Bulgaria) Ymymuii Ba Hoopranuk kumé (Y36eKHCTOH) HHCTHTYTHAA OJTHO
OOpUIMOK/IA.

TaOuuii Ba cuHTEeTHK copOeHTIIap EpaMuia CaHOAT CYBIIAPUHU TO3aJIaIll Ba
FOMITIATHUINTA OHJT KaXOH/a OJTM0 OOpHiITaH TaIKUKOTIAp HaTHXKAcUaa KaTop,
KyMIlaJaH, KyHuaara WiIMHN HaTHKajaap OJIMHTaH: dpUTMAaJIap/iaH MUC, PYX,
KaJMH, MBIIIBIK KaOW METaJIT HOHJIApUHU COPOLIMOH YCYIIa aKpaTuO OJHII
yeymutapu uniad unkuirad (National Research Council (US) Safe Drinking Water
Committee, NTU); canoat Ba MUMMIIMK CYBJIAQpWHH FOMINIATUIIIA COpOSHTIIapAaH
doitmananum siparunrad (VVP Engineering College, Belhim); aktuBnanran ky Mup
acocu/ia TEPMUK Ba PEareHTIN UIILJIOB Oepulll yCysuiapuia CyBJIapHU OpraHuK Ba
HOOpraHUK OMpUKManapaH To3ajlam ycyuiapu nuuiad ynkuirad Environment
Canada's National Water Research Institute (NWRI) (Canada), Bulgarian Aca demy
of Science (Bulgaria); daon copOunon xycycusatiu Tabuunii copOeHTiap cudaruia
JUTHUT, OEHTOHUT Ba IEOIUTIIAPHY KYJUTAIll YCYUIapH UIIUTA0 YMKHUITAaH Ba KOPHIA
stunrad Technical Adviser (Chemical) Government of Guigarat Undustries



commissioner.

JlyHéna caHoar cyBIapuHU MOHAJIMAITyBUYM COPOCHTIIAap €paaMua To3anai oyiinya
KaTop, *KyMJaJaH, KyWniard ycTyBop HyHauiapaa oaud OOpuiIMoOKIa: caHoatT
Ba MYMMJIMK CYBJIAPUHM FOMIIIATHUII; SpUTMaJIap/laH METaul MOHJIApUHU Ba KUMEBUI
OMpUKMaJIapHU aXKPaTUO OJUILL, FOKOPHU COPOLIMOH XyCYCUSTIN TAOUNN Ba CHHTETUK
copOeHTIapIaH caMapaiy (oilaJaHulll; caHOATAA CYB PECYPC JIapUJaH Ky
MapoTada ¢oiianaHnuI UMKOHUSTIAPUHN TAKOMHUJUIAIITHPHIIL

MyaMMOHUHT YPraHWIraHJIuK aapaxkacu. J[ucnepc cucteManapHu sipaTuill,
HMOHAJIMAITyBYH IMOJTUMEPIIAPHU OJTUII, YIIAPHUHT (PU3BUK-KUMEBUM XOCCaTapuHU
ypranum Ba Oomkapui Macanaiapu 0yitnua M.M.lyounun, @.J1.OBuapenko,
FO.U. Tapacesuu, A.B. Kucenes, K.1. UmyToB, A.b. [TamkoB, K.M.Canganse,
K.b.Mycab6exog, I11.b.bartanora, FO.A.OnerekoB, V.Tacana, Y.lemuro, S.Nonako,
K.Sugino, K.Cirai, R.Kitavaki, R.Heping, G.Bayd, A.Lurre,
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G.Maneske, H.Heller, G. Yander, V.Slater, C.Harland, H.Hofman, B.Rivas, M.
Jara, E.Pereira, K.C.AxmenoB paxOapnuruna 2.A.Apumnos, ®.Jl.Imekens, C.C.
Xampae, C.H.AmunoB, A.A.Arzamxomxkaen, Y.K.Axmenos, [.VY.Paxmarkopues,
C.3. Mywmuuo, b.H.Xamupos, I.P.Hapmerosa, B.[l.I'ypo, MN.K.Caraes, O.K.
beiicenbae, A.C.CynronoB, H.Y.PuzaeB, M.A.AckapoB, A.T.J[xammuioB, @D.A.
Marpymnos, P.A.Ha3zuposa, C.M.Typo6:xxoHOBIIap HIMUIA W3JIaHUIILIAP OJIUO
OopwuIITaH.

KumE Ba KOH-METayUTyprusi CaHOATHIa CYyB PECYPCIapUHUHT KYIT MUKJIOpPIa
UINUTATHIMIIIAHA XUCcOoOTa 0nub, ylapHU To3ajamniaa Xxamaa 0ab3u MeTaul WOHIIA
PUHU aXpaTuiga COpOIMOH XYCyCHSTIN MOHAJIMAIyBUYM COPOCHTIAp Ba pearcH
TJIap OJMII Ba KYJIJIAIl TEXHOJOTHUsUIApUHU sipatuiirad.Mmmad dukapuiin KopxoHa
JApUHW MOJICPHU3ANMSIIANI Ba PEKOHCTPYKIIMSUIAII, 3KOJIOTHK THO3a Ba PeCypc
JapHU TEKAWIWTAH TEXHOJOTHSJIAPHM Xamja KalTa THKJIaHyBYM SHEpTHs MaHOa
JApUHH TaIOUK KA (HAOUATIAPHA 0JIUO OOPUIITaH.

Canoar obwekTapuaa arpod MyxXuTHH MyXxodaza KHITUIIT MyaMMOCHHH €4HIIT
y4yH CaHOaT CYBJApWHHM IOMINATHIN YCYJJITAPHHM TaKOMUJUTAIITHPHII, 3pUTMa
JapjaH MeTaul WOHJIAPUHUA Ba KUMEBWUN OMpPHUKMATapHHU aXXPaTUO OJIUI TEXHO
JIOTUSTIAPWHY SIPATHUII;, FOKOPH COPOITMOH XyCYCHUSTIN TaOWMUN Ba CHHTETHK COP
OeHTIapaaH camapainu (oiiaJaHull, caHoaT/la CyB pecypciiapuiaH Kym mMapoTtada
doiiaaHuI UMKOHHMATIAPUHN TaKOMUJUTAIITHPHIN, OKaBa CYBJIApPWHH TO3aJIalll
YUYyH pearcHTIap OJHII TEXHOJOTHUSCHHH HIIIA0 YMKHUII T0713ap0, WIMUN-aMaTiid
axaMmusTra ora.

Juccepranus MaB3yCHHUHT JUCCEPTALMS O0a’KapujraH oOJuil TabJIuM
MYAacCaCACMHHUHT WIMHI-TAAKMKOT UILIapu OWiaH 0oFauKanru. uccepramms
TaIKUKOTH TOIIKEHT KUME-TEXHOJIOTHS WHCTUTYTH WJIMHH-TaJIKUKOT HWILIapU
pexxacuHUHT «CaHoaT OKaBa CYBJIAPUHH METAUT MOHJIAPUIAH HOHAJIMAITHHHUIII
ycynu 6unmad Tozanamn (2012-2015 itit.) xamaa UTI-6. (EA 6-1) Tykumaunnmk
CaHOAaTHU OKaBa CYyBJIApMHU OYEK MojJanap/iaH TO3JIAIIHUHT caMmapajd TEXHOJIO
rusicuau unuiad yukui (2014-2015 #iii.) MaB3ycuaaru amaniuii Jioiuxa goupacuia



OakapuIIraH.

TankukoTHMHr Makcaam (ypypona acocuaa SHIH caMmapaiyd HOHaIMa
IIyBYM COpOEHTIap Ba CAaHOAT YMKUHAWCUIAH peareHmIap OJUII yCy/UIapUHH
UIIad YMKMII Xamza KMME Ba METAJUTypIrus CaHOATH 0XaBa CYyBJIAPUHHU METasll
WOHJIAPHUJIaH TO3ajall, JeMHHEpAJUIAI >Kapa€HIapuia KyJulall UMKOHUSATIAPUHU
oun0 OepuIIaH HOOpar.

TagKMKOTHMHI Basudanapu:

MOHAJIMAIITYBYA COPOCHTIAp Ba pearcHTIAp OJIUIITa SPOKIH OynaraH Oor
JAHFUY XOMAIIETAPHUHT KUMEBUN TapKkuOH, (PU3HK-KUMEBUHN Ba aJCOPOIMOH XOC
CaJJapMHU aHUKJIAILL,

bypdhyponau OenzoryaHuauH Owian nonudTuiaeHnonuamu (I19I1A) umtu
POKH/Ia MOJUKOHEHCAIMSIIAT MyIu OWIaH KOMIUIEKC XOCHJ KWJIyBYM, PAHIIU Ba
KaMéO MeTamap (MMC, MOJMOIEH) MOHJapura HUcOaTaH TaHJIOBYaH COPOLMOH
XyCYCHSITIN Ky4CH3 aCOCI aHUOHUT — COPOSHTIIAP OJIMILL;

byppyposHA aKpHIT KUCTIOTacH OMIIaH MOJUKOHACHCAIIMSIIAII WY IU OvIIaH
MOHO(DYHKIIMOHAJT KApOOKCUJI TYPYXJIU KATUOHUT — COPOSHT OJIMIIL, PEeaKIus
Xapopary, OONUTAHFUY MOJTasIap HUCOATH, KaTaau3aTop KOHIICH TPAIUsICH Ba
OolTKaMapHU OJMHTaH HOHAIMAIITYBYH COPOCHTIAp XOccalapura Ta bCUPUHH
aHUKJIAII Ba AHUOHUT, KATHOHUT — COPOSHTIIAP OJMIIHUHT ONITUMAJT I11a
POWTIAPWHH aHHUKJIAIIL;

OJIMHTAaH MOHAJIMAIIyBYM COPOCHTIAp Ba peareHTIapHUHT (U3HK-KUMEBHH,
COpOITMOH Ba TEKCTypa XOCCATApUHU (KaJIbITUi, MAarHUN, MUC, HUKETh, MOTHOICH
Ba OOIITKA MOHJIAPHU COPOIUSACH, COPOITMOH CUFUMHU, MOHO(DYHKIIMOHAJUINTH,
(GYHKITMOHAI TYPYXJIApPHHUHT JUCCOIMAIMSIIAHHUII JapaXkacy) HOHAJIMAITYBYU COP
OCHTJIap Ba pearcHTIap OJIUII TEXHOJOTHSICUHU UILIA0 YHKHIIL.

TaakukoTHUHT 00beKTH Qypdypoa Ba KYyHFUPOT coma 3aBOM YMKUHIMCH.
TanKUKOTHMHI MpeIMeTH PaHTIIM METaJlJIap UOHJIAPUTa CEJIEKTUB OYITaH SHTU
TEPMOKUMEBUN OapKapop KOMIUIEKC XOCUJ KUIYyBYM aHUOHHUTIIAP Ba MOHO
(byHKIIMOHA KapOOKCHII KATUOHUT.

TankukoTHMHr ycyanapu. luccepranusiga QU3MK-KUMEBUM TaxJIHII yCYII
JapHIaH; JIEMEHT TaXJIWIH, aTKaJIOMETPUK TUTPIIAI, OJIsIporpadus ycyau Ouian
bypdypon muknopvunu anukiaim, Kaomnm ycynuaa 6poM COHMHU aHUKJIAI, TPUIIO
HOMeTpus, WomomeTpus, UK crexkrpockonwusi, MOTCHIIMOMETPUK TUTPJIAII, TEPMO
IPaBUMETPHsI Ba Ta3-CYIOKIMK XpoMaTorpadusacu kKaOu TaxJmi YCy/UTapu Kyl
JIaHTaH.

TaaKMKOTHUHT WIMMEA STHTUJIMIH KyHUaaruiapad uoopar:

bypdyporan O6eH30TyaHUIUH, AUGESHUITYaHUAUH OWJIaH TOJUKOHEHCAIUS
na6 monmuyHKIIMOHAT Ky4CHU3 acoCiId, TEPMOKUMEBUN OapKapop, TaHIOBYAHIINK
XyCYCHUSITIIM, PaHINId METaJlJI MOHJIApH OMJIaH KOMIUIEKC XOCHJ KWJIMII XOCCAcura
ara OyJIraH aHUOHHT - COPOCHTIIAP OJMHTaH;

bypdyponHE akpus KHCIOTacH OWJiaH TOJWKOHICHCAIMSUIANl WYIH OWIaH



MOHO(YHKIIMOHAJ, CAaHOAT dPUTMAaJIapHUIaH PaHIIIM METAJUT Ba YpaHWUJ MOHIAPUHU
TaHmad copOIusUIam Xoccacwra dsra OyiraH KapOOKCWJI KaTHOHUT — COPOEHT
OJIMHTaH;

XKapa€HHU KWHETHK TaJKUK KWIHII aCOCH]IA PEAKIIMSIHUHT Te3JIMK KOHCTaH
TacH, aKTHBIIAHUIII YHEPTUSICH, OIMHAETTaH COPOCHT XOCCATApUHUHT XapopaTra,
OONUTaHFUY MOJIAJIAPHUHT KOHIICHTPAIUSICUTA, KaTaJIn3aTop MUKIOPHUTa Ba OOII Ka
oMuUJIapra OOFJIMKJIUTH aHUKJIAHTaH;

UMIIOPT YpHUHHU OOCYBYM MOHAJIMAIIYBYM COPOCHTIAPHUHI aCOCHM KUMEBUUI
Ba (PM3UK-KUMEBUI XOCCATApUHUHT (KaJbIMiA, MarHUi, MUC, HUKEITb, MOJTHO/ICH Ba
OOILIKAa WMOHJAPHU COPOLMSICH, COPOIMOH CUFUMH, MOHO(YHKUMOHAIUTH, (YHK
[UOHANl TYPYXJIApHUHT JMCCOLMALMSIAHMIN Japakacu) OOIITaHFUY XoMallé
JApHUHT KUMEBUN TapKuOM, (U3NK-KUMEBHI Ba aicoOpOLMOH XOccajapura Kop
PENALMOH OOFIMKIINTH KYpCaTHIITaH;

bypdypon Ba KyHFHpOT coma 3aBoiM UYMKHHIUCH acOCHAA CaHOAT OKaBa
CYBJIApVHU TO3aJIalll Ba IOMINATHIIIA XaM/la pAaHIJIM METaJlJI MOHJIAPUHU aXKpaTUII
Ja KYJUIaHWIaJuraH Typiu (YHKIIMOHAIM MOHAJIMAIIYBYM MOJUMEDP COpOEHTIap
Ba KaJIbLIUH TMJIPOCUIIMKAT PEareHTUHH OJIUII TEXHOJIOTHSICH UIIUTa0 YHKUJIITaH.
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TaagKMKOTHUHI aMaJIuil HATHKAJIApH

bypdbyponan O6eH3oryaHUIUH, TU(DEHWITYaHUIUH OWJIaH MOJHMKOHCHCAIUS
7120 monudyHKIMOHAT Ky4YCU3 acOCIH, TEPMOKUMEBUN OapKapop aHUOHUT OJMII
yCYJIH UIILIa0 YUKUIITaH;

bypdpyposiHH aKpUIT KUCTOTacH OMJIaH TOJUKOHICHCAIIMSIIAI aCOCH 1A
MOHO(YHKITMOHAJT KapOOKCHIT KATHOHUT OJIUII YCYJIU UIUTA0 YHKUIITaH;
bypdypon Ba KYHFUPOT cosia 3aBoAM YUKUHIMCH aCOCUA KAIBIUI TUPO CUITHUKAT
pEareHTUHU OJIUII TEXHOJIOTUSICH UIILJIA0 YMKUJITaH.

bypdypon acocua onuHTaH COpOCHTIIAPHU CYBIIApUHU TO3aJIalll Ba
FOMIIIATUIIIA KYJUIall TEXHOJIOTUK JKapa€HU TaKOMIIIAITUPWIrad. TaagKuKoT
HATHKAJIAPUHUHT MIHOHWIWJINIH TaJKUKOTHU XyJIOCAJIApU Ba TABCUSJIAPHUHT
ACOCJIAaHTAHJIUTH 3aMOHABUN KUMEBUM, (PUBUK-KUMEBUN yCysuIap Ba KUMEBUI
TaIKUKOTJIAp KYJJAHUJITaHIUTH/IA Ba UIIIa0 YUKWITaH COPOCHTIAp, peareHTIapHU
OJIMII TEXHOJOTHSICH, YIAPHUHT KYJUIAHUIIIN TaKpruOa-caHOaT CHHOBIApUaa
anmpoOanus KWJIMHTaH XaM/a UIiad duKapuInra KyJIaHWITaHIuT|  OnjiaH
U30XJ1aHaIH.

TagKUKOT HATHKAJAPDUMHUHT WIMMHA Ba aMaJuMid aXaMUATH. TaJKUKOT HA
TIKAJIADUHUHT WIMHUH  aXaMHUsITH HOHAJIMallyBYM COPOCHTJIADHUHT aCOCHUM
KUMEBHH Ba (PU3HMK-KUMEBUH XOCCAIAPUHHMHT (KaJbIMA, MAarHWd, MHC, HUKEIb,
MonuOieH Ba OOIIKAa HOHJAPHH COPOIUSACH, COPOIMOH CUFUMH, MOHO(YHKITHO
HAJUTUTU Ba FOBAKJIUTH) YJIapHU OJUIN YUYYH SIPOKJIM OYJraH OOILIaHFUY XOMaIg
JApHUHT KUMEBHM TapkuOHW, (PU3MK-KUMEBHUI Ba aJCOPOLIMOH XOccajlapura Kop
pENSUMOH OOFIMKIUTMHUHT aHUKJAHTAHJIUTH XaM/Ia MOJIUKOHACHCAIMOH TypAaru
COpOEHTIIap ACCOPTUMEHTUHU KEHTANTHpUINTa HMMKOH SIPAaTHINA OWJIAaH H30X
JIaHaJIH.



TagKMKOT HAaTHKATAPUHUHT aMaJIMi axaMUATH ITYHIaH HOOpAaTKU, MaXaJlJIui
$ypdypos Ba caHOAT YUKHHIUCH aCOCUA OJMHIaH UMIIOPT YPHUHHU OOCYBUHU SIHTH
HMOHAJIMAITyBYH COPOCHTIIAp Ba peareHTIIAPHMA CaHOAT CyBJIapUHU TO3ajaIjia,
IOMIIIATUIIIA KYJUTAaHUIITH, aHUKJIAHTaH COPOIUSIaHUIIT KOHYHUSTIApU CaHOaT
CYBJIAQPUHM TO3aJ1alll TEXHOJIOTUSJIApUHN TakoMUJUtamTupuiiaa, Gyppypost acocu
Jla MOHAJIMAITyBUYM COPOCHTIIAPHU OJIMHUIIM Ba KYJUTAHUIIIUTA XU3MAT KUJIAIu.

TagKMKOT HATMKAJTAPUHMHI KOPUN KWIMHHINM. Maxannuii xoMalénaH
OJIMHTaH SHTH COpPOCHTJIAp Ba peareHT acocCHjia OKaBa CYBJIAPHHM TO3aJIAITHUHT
caMapaiid yCYJUIapUHU MILUIA0 YMKUII Oyiirua ONMHTraH WIMHNW HaTWxKajiap
acocuja:

unuIad YUKUITaH KapOOKCHII KATUHOHUT OJUIITHUHT TEXHUK IIapTIapu
(Ts14825224-01:2015) «Y3cTanaapT» areHTJIMTY TOMOHUAAH TaCAUKJIaHTaH.
TeXHUK MIapT TEXHOJIOTHK >Kapa¢Haa UIIATUIAETTaH KAaTHOHUTIIAP YpHUTa
MaxaJuIui XoMaiénapaaH OJJMHIaH KaTUOHUTHU UIILJIATUII UMKOHUHU Oepaiu;
bypdyposiHM aKpuJ KHUCIOTacH OWJIaH TMOJMKOHJACHCAIMsJIAII acoCua
MOHO(YHKITMOHAT ~ KapOOKCHJI ~ KaTHOHWT  OJIMII  yCYJIATa V36exncTon
Pecnybnukacu MHTenmnexkTyan MyjdK areHTIUTHHUHT HXTHPOTA MAaTeHTH OJIMHTaH
(Ne TAP 03458, 2007). MonodyHKIIMOHAT KapOOKCHUIT KATUOHUT OJIMII YCYIU

SpUTMAJIap/IaH PAHTIIM METAJT Ba YPAaHUJI HOHJIAPUHH COPOIIMSIIAIT UMKOHIUHU
oepanu;

bypdypon acocuna oMHTaH KaTHOHUT Ba aHMOHUTIAP O3UWK-OBKAT, KUME Ba
METAJLTYprusi CaHOaTH HWIIa0d YWbIapUIl KOpPXOHAJapHu CyBJIapUHU To3ajall Ba
OMIIATUII KApadHUra TamOMK STHIraH («Y3BHHOCAHOAT-XONAMHI» KOMIAHHACH
HuHr 2016 #iun 17 maiigaru AA-02/1-1042 connu xatu). Hatmkana KOpXOHaHUHT
TEXHOJIOTUK JIMHUSICUHU UXYaMJIAIITUPUIITA; SHEPTUS capPUHU KaMaUTHPUIITA;
caHOAaT OKaBa CYBJIAPUHU TAaKpPOPUM MILIATHUINTA; YETJAH OJIUMO KenuHaETra
a7COPOCHTIAPHA MaXaUTMAJIAIITHPHUIITA; TEXHOJIOTHK KapaCHHU OUp XWII PEKUM
7a OOIIKAPHIITa SPUIITHIAIH.

TaagKUKOT HATMKAJAPUHUHT anpodamusicu. TaakuKoT Hartwxkantapu 11 ta
amxyManja, xkymiagan: GA €m onumnap wimuii koHpepenusicu (Tomkent 2004);
I Ba II-Pecnybnuka nnmuii-amanuii koudepenuusana (Tepmes 2002, 2005); «Kumé,
He(Tra3 Ba O3MK-OBKAT CAHOATH WHHOBAIIMOH TEXHOJOTUSJIAPUHUHT J013ap0
myammonapu» PecnyOnuka wnmuii-rexaukaBuii kondepenuusicu (byxopo, 2010);
«Tor-MeTamyprusi coxacu 3aMOHAaBUU TEXHUKA Ba TEXHOJIOTHSIApPU Ba YJIAPHUHT
PUBOXKJIAHUII Hyimapw» Xalkapo WIMUN TexHUKaBUi KoH(pepeHuuscu (Hasowuii,
2010); «Kumé Ba HedTKMME caHOaTHIAa pecypcTeKaMKop Ba 3HEpProdhdexTun
texHonorusiap»  JI.MM.Mennenees Homuaaru Poccuss KuUME  KaMUATUHUHT
[1-Xankapo koHdepenusicu (Mockaa,

2011); «[Tomumepnap xakunaru uam» Caakr-IlerepOypr kondepeniusicu (CaHKT
[etep6ypr, 2013); «Emmap ypracuma 5Kon0oruk MaJaHUSATHH OITHPHII
Macananapu» pecnyonuka unmuii-amanuii amxkymanu (Tomkent, 2014);



«Komno3uinon marepuasiap Ba yinapAaH MaxcyJaoTiap OJIMIIHUHT POTPECCUB
TexHojorusmapm» Pecryonuka Unmuii-texankasuit konepennuscu (TomkeHT,
2015); «Emap Ba XXI acp — 2015» Xankapo WIMuii-TeXHUKaBUH KOH(EPEHIUACH
(Poccus, Kypek-2015); Atpod-myxuTHu myxodasa Kuiaui 0yitrnua Xamkapo
koH(pepennusicu (Kapuu, 2015) pecnnyOnuka Ba xaakapo WIMUN aMaliuid
KOoH(pepeHIsIapaa Mabpy3a KypuHUIIKMIa 0aéH STHITaH Xam/1a anpoodanusiaH
YTKa3WJIraH.

TaagkKMKOT HATWKAJAPDUHMHI JbJOH KWIMHranJuru. J[luccepranus
MaB3ycu OViimya >xkamu 46 Ta WIMHI WIIM 4ON STWITaH, IIylapaad, | Ta MOHO
rpadus, Y36exucton Pecry6nukacn Onmii aTTecTalnys KOMHCCHSICHHHHT JTOKTOP
JUK JUCCepTalUsIapy acOCUl WIMHUN HaTH>KAIApPUHHU YOI ATUII TaBCUSl STUJITaH
wiMui Hampmapaa 15 ta makona, kymmuanaH, 12 Tacu pecrnyOiuka Ba 3 Tacu
XOPIXKMH JKypHA/UIapia HAlIp STHITaH Ba 2 Ta Y30eKHCTOH Pecry6imkacu
UXTHUPOJIAP YUYH IMaTEHTH OJUHTaH.

JluccepTanMsIHUHT XaKMHU Ba Ty3WInIM. J{yuccepranus TapKUOU KUPHIL,
ontuta 600, Xynoca, hoigananuiran anaduémiap pyixaru Ba ujioBajiapaan
noopar. JluccepranussHUHT XaKkMH 190 GeTHH TaIIKWII ITTaH.
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JIACCEPTAIIUSAHUHT ACOCUMN MABMYHHU

Kupum kucmyuaa yTkazwiran TaIKUKOTIAPHUHT J0J3apOiuru Ba 3apyparu
acoCJIaHTaH, TAJKWKOTHUHT MakKcaaud Ba Bazudanapu, OObEKT Ba MpeaMeTiiapu
TaBcH(JIaHraH, pecnyOyinka aH Ba TEXHOJOTHUSIApU PUBOXKIAHUIIMHUHT YCTYBOP
NYHAJIUIUIAPUTra MOCIMIM KypCaTWITraH, TaAKUKOTHUHI WJIMHW SHTWIATH Ba aMa
TUi HaTWXKanapu Oa€H KWIMHTAH, OJMHTaH HATWXKAJapHUHT WIMHUN Ba aMalldii
axamusaTH o4nb OepuiiraH, TaIKUKOT HaTHKATApUHUA aMaTueéTra >KoOpui KUIIuII,
HalIp 3TWITaH UIUIAp Ba AMCCEPTalUs Ty3WIUIIH OYilnya MabIyMOTIap KEeJITH
pUIIraH.

HucceprauussHuHr «IlosmmMep copOeHTIapHHM OJTHII YCYJLIApH, X0CCAJIapHU
Ba KY/UIAHMII CaMapajopJjurd XakKuJard 3aMOHAaBHiIl Kapamuiap» 1e0
HOMJIAaHTaH OMpHHYM O0O0M MOHAIMAIIYBYM COpOEHTIIAp Ba peareHTIApHU OJIMII Ba
KYJUlalll TEXHOJOTHSJAPUHUHI 3aMOHABUW XoJlaTUTra OaruIlJIaHTaH, YJapHUHT
TapkuOU Ba XOcCcajapH, OJMHMII YCY/UIApW, aKTHBJIAHWIIM XaMJla YJIApHU OKaBa
CYBJIapHM To3ajall Ba TEXHOJOTHMK »JpUTMAlapAaH KUMMarbaxo MeTaiap
MOHJIAPUHU XKPaTHO OJMIIHYU Y3 WUUra OJIyBUM aJa0METIap MAapXU KEITUPHUIITaH.

JluccepTanstHUHT UKKUHYM 000W TakpuOaHU KYWHIl yciryOu, xomarié xamaa
OJIMHAETraH HOHAJIMAIlyBUM COpPOEHTIAp Ba peareHMIApHU TaXJIWIWra Oaruill
JaHTaH 0ynu0, yHIa KYHWIraH Taxpu0a UIuIapu MabJIyMoTiIapuaH GhapKiIaHyBuId
Xxycycusitnapu Oaradcun EpuTWiITaH, NIYHUHTACK OONUIAHFUY Ba TO3aJaHTaH
CYBJIADHUHT TaxJIWJI HaTWXaiapu kedatupuiarad. Camapaid HUMIOPT YpPHUHU



00CyBUM HMOHAJIMAIIyBYM COpPOCHTIApPHU OJIMII YYyH TAaHJIAHTaH OOIlIaHFUY
XOMAIIEHUHT TapKUOU Ba GUBHK-KUMEBHI XOccanapy TaBcu(aHTaH.
HucceprauussHUHT « AOHUT copOeHTJIapHU OMID» 1¢0 HOMIIAHTAH YUYUHYH
600uga CcOpOCHTIapHU OJIUII TEXHOJOTHSCUHU WIUIA0 YUKUII Ba YJIAPHUHT
bU3UK-KUMEBUHN XOccallapu TaxXJIWil KWIMHTaH. AHUOHUT COPOCHTIaApHU CUHTE3H Ba
Tagkukn Oymumuaa ¢yppyponau IIOIIA Ba ryaHuauunap OuiaH HOJIUMKOH
JeHcanusIan Mynu OuilaH HWOHAJIMAITYBUYM COPOCHTIAp XOCWJI OYIUIl KOHY
HUSITIIApU TAJIKUK KWIMHraH. bonutanrny mMoHoMmep cudarujga TapkuOuma aMuHO
rpynnacu Oynaran ryaHuguHAaH (oNJamaHWITaHINId KUMEBHM Y3rapTUPHUIICH3
AHUOHHUT COPOCHTIAPHMU OJIMII MMKOHHUATHHHM O€paau, aHUOHUT CTPYKTypacuaa
bypdypon rereporukiu OwsiaH OWprajivkKia apoOMATUK SAPOJIAPHUHT OOPIUTH
Ce3WJapiid Japaxaga COpOSHTHU KUMEBHM, TEPMUK OapKapOPJIMIMHU OIIUIIUTA
onub kenanu. ByHpaH Tamkapu CTpyKTypacuja TPUA3UH LUKIMHUHT OOpiUrd
AHUOHWTHM PAHINIA Ba HOAMUP METAJUIAp MOHIJIAPUTa, XyCyCaH MOIHOEH HOHJIA pyUra
TAHJIOBYAHJIMK XyCYCHUSITUHM OpTHILWTa OJUO Kenaad. AHUOHUTHU CHUHTE 3HJa
WOHOTEH TpymnmnajapHu acocuil TamyBuncu cudaruga [ID[TAmxan  doiina
JAHWITAHJIUTUHU Ha3zapjaa TyTuO, ¢ypdyposiHM KypcaTWwiraH aMuH OWJIaH MOJIU
KOHJICHCALMSI PEAKUUSACH KUHETUKACUHU TaJKUK KWIMII KU3UKUALI YHFOTaIM.
I[I9ITAHN dypdypon OMIaH TMOJMKOHJICHCAIUSACH >KapaCHUTa PeakIus XapoparH,
OOLUTaHFUY MoOJAaJIap HUCOATH, SPUTYBUYMHHHI MHUKJOPH Ba TaOuaTu Ba OOIIKa
daxtopnap Tabcupu Vpranwirad. [I9ITA xona xapoparuaa dypdypon Ousnan
UCCUKJIUK aXpain® YMKUIIA OWIaH WUAAATId y3apo TabCUp JTaau. Yly
peaKuusHU K30TEPMUKINTUHY MTacalTUPUIL Ba OUp MapoM/a OOpHUIIH YUyH
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XKapa€H SpUTYBYM MIUTUPOKUAA OO Oopunau. ODputryBumiap cudaruaa 3THI,
M30aMUJI CIUPTH, AUMETHIPOopMaMU, TOIYOd HIIaTwiagu. [lomumMepHUHT SHT
Ky YUKW U30aMUJI COIUPTU Ba IUMeTUI(GOpMaMu KyiuaHuiranaa oynau. bup
orupmuk KucM [IDITAra 0.5-0.6 ofupauk KHUCM DSpUTYBYM KyJJIAHWJIWIIUAA
MOJIMKOHJICHCAIUsl PEaKUUSICUHU MUAIaT OunaH Oopuiura onu0 kemanu, OyHzaa
MEXaHUK MYCTaXKaMJIUTHU TAcT OYiraH MypT MOJIUMEpP XOCHJI OYmamau. DpUTyBUU
MUKAOpPUHHU 1.5 naH 2.5 OFUpAMK KHCMIaya OPTUIIM PEAKIMOH MAacCaHM y30K BaKT
(100-120 coar) kotummra onub kemanu. bup kucm sputyBu Ba Oup kucm [IDI1A
KYJUIAaHWITaH/1a TOJMKOHICHCALMS )Kapa€H! aHya TeKUC OOpUIIN Ba XOCHJI OYIraH
AHUOHWTIAP €Tapiu COpOLMOH CHUFUMTIa Ba SXIIM MEXaHUK MYyCTaXKaMJIMKKa 3Tra
OYIUIIIM aHUKJTaH]IH.
1IDIIAnu  ¢hypgypon obunan nonuxomoeHcayus xHcapaérHuea XapopamHuHe
mavcupu. Yoy xapaén teznuru 80, 90, 100, 110°C IIDIIA Ba dypdypoaHuHT
Moutb HUcOatu mowmmuit 2:1 Oymau. Taxxpuba Hartmwkanapu 1-xamBan Ba 1-pacmma
kentupwirad. Oypdypon KOHIEHTPAUMSICUHUHT Y3rapuiiy Oyinya peaxius
TE3JIUTM KOHCTaHTajJapu XHUCOOJAHTaHAAa TMOJUMEpPHH Xocws Oymumu Qypdy
ponHUHT KapOoHun rpynnacu [I9ITAHMHT aMMHOrpynnacu XapakaTdyaH BOJIOPOJ
Japu OwiaH y3apo TabCUPH XHCOOWTA OYIMINM TaXMHWH KWJIWHTaH. byHma metn
JOJUTH XOCHWJIAJIADHU XOCWJI OVYJIMINK PEaKkUUsTHUHT OWpUHYM OOCKHYM XHCOO
nanaau. Iy ycyn Ounan xocun OYnaraH METUJIOUIM XOCHIIajaap CyBHHM axparud Ba



aJoxXuJa aMUH MOJIEKyJalapuHu O0FIal, KYHaJaHT KYIpUKIap XOCHI KHIMO Oup
Oupu OunaH Tabcupiada Oonvtaiian. Taxkpnba HaTIKamapu OONIIAHFUY MOIAIap
Ba OJIMHTaH NMOMMMEPHUHT MK-CIEKTpOCKOIMK TaAKUKOT MabliyMOTJIapUra TYyFpH
xenagu. ®yphyponHMHT Tpynmacura TYFpH Kenmamurad 1670 cm ' coxamarn
rotum yn3ukiiapu Ba IIOIIAwmar — NH2 Ba — NH — rpynnmanapura Tyfpu
kemamuran 1480, 1580, 1150, 650-900 cm™' rormmwm YU3UKJIAPU TTOJMMEPHU
y3rapuin jgapakacuHu OpTHO Oopulld OwiaH Oupra Y3UMHUHT WHTEHCWIMTUHU
kamaiitupaau. OmnuHran nonuMmepHu WK-crekTpuaa anpaeruj TrpyImmnacura
TErWIIIN FOTHIKI YU3UKIApU Jedapinu uyk, ury cababmu, [19T1AHu dypdypon
OWaH TabCUPJAHUIIU aNbACTUAHUHT KapOoHun rpynnacuHu  [IDITAHUHT
aMUHOTPYTIIACH XapaKaTyaH BOJOPOJIapu OujiaH Y¥3apo TabCUPIALIMIIN XUCOOUTa
Oopasu.
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1-110°C, 2 -100°C, 3 -90°C, 4 — 80°C. 2-pacm. Typau xapopatiapia peakuusra
1-pacm. Typau xapopatiapaa KHPHMIIYBYH MOJAJIAp
dypdypouanu IIIIA 6naan KOHIEHTpPalusiJIapUHUHT
NOJTHKOH/IEHCANUSICUHU JorapuMuK y3rapuiim.

TyraJJIaHuII Japaxkacu (A, %).
1-110°C, 2 -100°C, 3 —90°C
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l-pacMaa moaMMEpPHM Y3rapuil JapakKaCHHH Typid Xapopariapaa >KapaéHHUHT
JABOMUMINTUTAa OOFJIMKJIUIY KeITUpWIraH. Ymly HaTwkajgap acocuaa Typid
Xapopamiapia peakuusra KApUIaéTraH Mojjajiap KOHUEHTPAIMSICUHU BaKT
Oyiinya Y3rapMIIMHUHT JOTapu(pMUK OOFIMKINIYA aHMKJIAHTaH. XucoOnaul y4dyH
20% nmaH opTHK OYnMmaraH Yy3rapuil Aapakacura TYFpHU KellaJuraH HaTuKaiap
KYJIJIaHWITaH. 2-pacMAaH KYpUHUO TYpUOAUKH, _; -
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YU3UKTA OOFITUKIUK OOpiuTH, yiily *)apaéHHN HKKHHYW Japakajiu TCHIIaMa
Oyitnua OopaJuran peaxiusiiapra TaabIyKIUTHHU KypcaTaau.

Te3nuknap KOHCTAHTAJAPUHUHT  Xapoparra OOFIMKIMTA — AppeHHuyc
teHramacura Oyiicynamu. [IDITAHu Qypdypon OwuiaH MONMUKOHACHCAIUS peax
musscuau 1gk ot 1/T rpaduk OOFIMKIUTHIAH aHUKJIAHTaH aKTUBJIAHUII SHEPTHUSCH
13.5 kkan/mMonp HM TalIKWI KWiaW. l-kanBanjgaH kypuHuO typuOauku, 80°C
Xapoparaa TNOJMKOHAEHCAIMSA PEAaKUUACH JaBOMUWIWTA 13 coarHM CTaTuk



anmamuuyB curumMu (CAC) 4,0 Mr-skB/r HU Tallkwi 3Tajad. PeakunoH MyxuT
xapopatu optuimm OmnaH cekuH-acta CAC opramu, aekuH 110°C ma CACHuHT
ce3wnapiu napaxana 4.9 mMr-ake/r rada kamaiinmu kysatuiaan. 120°C na xapaén
nasomuitnura 90°C ra HucGaraH mespnm 3 MapTa KMCKapaaW, JeKHH OMp BaKT/a
CACHunr 4,2 Mr-ske/r rada kamasgau. IlyHUHT yuyH, Taxpuba MabiyMOTIapH
acocuna I[IDITAHM ¢ypdypon OunaH MOJUKOHJEHCAIMS PEAKIUICUHU ONTHUMAI
xapoparu 1e6 100°C kabyn KuauHaH, OyHIa peaKIUSHUHT OOPUIIHA OUp TEKUC Ba 8
coarna (PU3MK-KUMEBHUI Ba MEXaHUK XOCCAJIapu KypcaTKuwiapu OwinaH ¢apk
JIaHYBYM aHUOHUT COPOEHT XOCHJI OYaau.

1->xaaBan

IonukoHAeHCAMS PeAKIMACH XAaPOPATUHUHT AHMOHUTJIAP
GU3UK-KHMEBUH X0CCAIAPUTA TAbCUPH

Peaknus Peaxnus OH-maxnunaru CraTtuk aJIMalHyB CUFUMH
xapoparu, °C | 1aBOMUNUIUT OYKKaH aHHOHUTHH (CAC) (HC1 0.1N sputmacu
u, coar COJIMIIITHPMA XaKMH, Oyitnua ), Mr-sKB/T
MJI/T
80 13 39 4,0
90 11 3,6 4,6
100 8 3,2 5,5-6,0
110 5,5-6 2,8 4,9
120 4,5 2,6-2.7 4,2

Dyphypon KoHYyeHMpayusACUHU NOTUKOHOEHCAYUSL HCAPAEHULA MADCUDU.
AHHOHUTIIApHU CUHTE3H 14 OONIIAaHFUY MOJJaap KOHIICHTPAIUSICH YIaPHUHT
(bU3UK-KUMEBUI XOCcanapura TabCUp dTYBYH MYXUM (DaKTOp XUCOOIaHAIH.
Bonmanruy MoananapHu Typiiu HEUcOaTIapaa KyJIUTaHUIITH GU3NK-KIMEBHMA
xoccanapu OusaH GapKIaHyBUM aHUOHUTIIAP XOCHIT Oyuinura oinb Keau.
AnnonuTiap onumiaa Gyppypoa KOHAESHCHPIOBYN TUKYBYH areHT XUCOOIaHa Iy Ba
ITYHUHT YYyH PEaIMoH apayialliMajiard YHUHT KOHIIEHTpaIusacy HadakaT TUKHIITA,
0aNKy aKTUB TPYMITAJIAPHUHT MUKJIOPHIA HUCOATHUTA XaM TabCUP dTaIH.
(2-xxanBain).
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2-Kansan
AHHMOHHUTJIAP XOCCAJIAPUHM PeaKIUOH peakuuoH ¢a3zagaru ¢pypdypoa
KOHICHTPaANUACHUIa 6OF.]II/IKJII/IFI/I
Peakmuon Crartuk aJaMaIIuHuII CyBna Mexanuk
apajammMajgaru curumu (0.1N HCl OYKyBUAHJIHT MYyCTaXKaMJIUT
bypdypon momrapu spuTMacu Oyinga), u, % u, %
MTI-3KB/T




1,5 33-3,8 124 94,0

2,0 5,5-6,0 158 97,0

2,5 5,8-6,5 173 87,0

[IOITAHuHTr Xapakatu BOJOpPOA aromyapu QypQdypOSHUHT albAETUIINA
rpynnacu OwiaH ¥3apo TabCHUpIaHAAWAP, HATWKaga Oup KUCM OOIUIaHFUY
OupiamMuu Trpynnagap MWKKWIAMYWAra, WKKWIAMYKACKA JCa ywiaMyura YyTajau.
Oypdypon MUKIOpU OpTUO OOpUIIM OMJIaH aJIMAIIMHUII CUFUMH Ba OYKYBYAHIIUK
KuitmMatu macasgd. 1,5 ™Moab  Qypdypona ONMHraHga aHUOHUTIAP HOKOPHU
aJIMAIIMHUII CUFUMUTA 3ra Oynamuiap, JEeKWH KUCIOTa 3PUTMACUHUHT PaHTHHH
OysuMIM Ky3aTuiaaau, Oy COpOCHTHHM KHUCMaH SpUINK OujlaH M30XJaHaau. by
dypdyponnu [IDITA 6unian TabCUPIAHUIINHYU TYJIUK SMACIUTUra aCOCIaHTaH.

2-)anBayra 6uHoaH GypQdypOoSHUHT SHT ONTUMAJ HUCOATH 2 MOJIb XUCOOIaHa IH.
Dypyponnu 6en302yaHuour 6UIaH NOTUKOHOEHCAyusLaus Uyau OUIaH AHUOHUMAAD

onuwt 6a maokuk Kuauwi. TlomukoHieHcanus kapaéHura Typiau ¢ak TOpJIapHUHT

TabCUPUHU aHUKJIAII MaKCaAH 1A TOJIsIporpadus yCyauaa peakiusara KupuimMan
KoiraH ¢ypdyponnu muxkaopu O0Vitnua Gypdyposinu OeH30TryaHuIMH OuiiaH y3apo
TabCUPJIAHUII PEAKITUSICUHNA KHHETHK TAAKUKIApu YTKazuian. [lonmukoHaeHcarms

»apaénura xapopatHuHr Tabcupudu 90-100-110°C na TaaKuK KHWJIMHIA.
®ypdypon Ba 6enzoryanuand mojuii HucoOatu 1,0 : 1,25 onunau.
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1 -90°C; 2 -100°C; 3 — 110°C. 1-90°C; 2 -100°C; 3 - 110°C.
3-pacm. ®yppypoann 6eH30ryaHUIuH 4-pacMm. Peakuus kapaénunjaa peakuusra
OMJIAH MOJIMKOH/ICHCAMSCH KMPHIITYBYH MOAIAJIAP KOHUEHTPALUACH
TYTaJUIAHTAHJIMK JapasKacu. JOrapu(pMHK y3rapuiiu.

[TonukonAeH AU PEAKIMSICUHUHT KUHETUK Kypcarkuwiapu 20 dousrada
y3rapuin napaxkacujia OJIMHTaH HaTuxkajaap acocuaa xucobmanau. 3, 4-pacmia
bypdyporHrn  OCH30TYaHMJIWH  OWJIAH  TIOJMKOHJEHCAIUS  PEaKIUSICHHU
TyraJUlaHTaHJIUK Jlapakacl Ba peaklus JIaBOMUWIMIUra Kapabd peakuusara
KUPUIIYBYU MOJIJIajiap KOHIICHTPAIUsJIAPUHUHT JIoTapu@MUK Y3rapuim
KEJITUPUJIITAH. 1 axb KOOpAMHATAIapUIa XOCHUJI
KWINHTaH

0O HH T ra OOFJIMKIIUK

In

ab()

- bxa-



YU3UKJIA OOFJIMKIIMK IIYHH KypcaTaauKky, OEH30TyaHUIUH Ba pypPpypoaHu
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TOJIMKOHACHC AN peakiusicu [I-TapTubam KHHETHK TeHIIama OuiaH

uponananaau. 1gk vu 1/T rpadux GormuKIUruIaH Xxucooaad TomuiIran

aKTUBIaHuII 3Heprusicu 17.23 kkan/monsb ra Tedr. llly cababnu, OeH3oryaHUIUHHU

bypdypon dunan y3apo tabcupu Qypdyponuu [19TIA 6unan Tabcupura HucOaran

KYTIPOK sHeprus capdiaanumiy ounan 6opaau. 3-xxansanmaa [I19I1A Ba pypdyponuu

JAOMMUH HIUCOATH/Ia AaHUOHUT XOCcallapura

OCH30TyaHUIMH KOHIICHTPAIMSICHHUHT TabCUPH MabIyMOTIAPH KEITUPUIITAH.
3-:xaaBaJa

PeaknmoH MyXuT/Aa AaHHOHHUT XOCCAJTAPUHHU OEH30TyaHUTUH
KOHUIEHTPAUMACUTA ODOFJIMKJINTH

Peakuuion 0.IN OH-maknga Monunbaen 6yitnua coponoH
apaJiammasa HCl OYKKaH xoccacu (Ceow=1 1/1 MO), MI/T
OeH3oryaHu oyitnua AHUOHHT
MH MHKJODH, CAC, COJHIITHPMA AmMOHUN AmMoHuit Monubaar

MOJIb MTI-3KB/T CUFMMH, MJI/T MOJTHOJaTHHHT Ba 48 /11
TO3a SO,* — vonn
pUTMACHIaH
1,0 4,7-4,9 3.9 220 236
1,25 5,5-6,0 3,2-3,5 180 294
1,5 4,6 3,0 170-190 190
2,0 3,8-4,2 2,4-2,7 164 158

3-)kazBai MabIyMOTIapH IIyHH Kypcaraiuku  O€H30TyaHWJIUH
KOHLIEHTPALMSICUHU OPTUIIM AHMOHWUTHU MOJMOJEHra TaHjall KOOWIMSATUHU
OLIMpaaH, JEKUH aHUOHUTHHHI CYBJArd COJMIITHPMA CHFUMHU KUIMAarTH Macasiy.
by my6xacu3 OeH30ryaHWJAMHHUHI KaTTa MOJIEKYJISIp Maccara sra OYJraHJIuru
cababmuavp Ba pEaKIMOH apajalniMaja YHUHT KOHIIEHTPAUMSCUHHU OPTHUIIH
MOJIMMEpHU  owmummura éppam  Oepaau. 1,25 wMonp  OeH30ryaHUIUHAAH
¢olifanaHumga aHUOHUT aMMOHUN MOJMOJATHUHI TO3a JpUTMAapUIaH XaM
koHKypeHT SO,” nonnapu 6op GyaraHza xaM MOJIHOIEH HOHIAPUTA €TAPIIH IOKOPH
COpOIIMOH Ba TAHJIOBUYAHIUK KOoOWMsTura sra 6ynanu. LllyHuHr yuyH,
OCH30TyaHUJIMHHM ONTHMaJl KOHIIEHTpAUUACUHU (Pypdyposl OFUpIIUTU HUcCOaTaH
1,25 monb kabyn kunuuaau. lyngai kunu6, onubd GopuiraH TaAKUKOTIap acocujia
MOJIUO/ICH MOHJIApUTa IOKOPY TAHJIOBYAH COPOEHT OeH30TyaHUAUH Ba pypdypo THI
1:1,25 monp HucOatuaa [1DITA umrupokuna 4,5 coar nasomuaa 100°C na,
aumeTigopdamMul MyxXuTHIa XoCH1 0ynaau. 4-xaiBajijja OJTMHIaH AHUOHUT
JAPHUHT aCOCUI XOccanapH KEJITUPUIITaH.

4-kaaBaJi
TexkmmpuIaéTran AaHHOHUT OMJIAH MOJTMOACHHH COPOLMSCH



AHunoHuTIap To3a spuTmanan Taxkcumiianu IN Na2S04
IOTWITaH I pUTMacH
MOJHOAEH, MI/T K03(UIHEHT UIITHPOKHUIA
1, MI/1 FOTUJITaH
MOJIHOIEH, MI/T
®BI, OH-popma 201 - 168
S04-popma 285 374 252
Cl-¢popma 230 - 195
PA-C, OH-popma 78 - 60
S04-popma 115 212 60
Cl-dopma 68 - 60
AH-2®, Cl-popma 230 320 62
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Axpun xucromacu ea @yp@yporHu y3apo mawvcupu acocuoa KapOOKCul
KaQmuoHum cunmesu 6a maokuky. Axpun kucioracuau ¢ypdypon Owiian
MOJIMKOHJICHCAIUATIA0 KapOOKCHU KAaTHOHUT XOCHJ Oynuim skapaéHu TaJKUK
KuiuHTaH. KaTMOHWT CHHTE3WHHMHT OINTHMAJl IIAPOUTIAPUHM KHUHETHUK TaIKU
KOTiap €pAaMua peaxiusi XapopaTH, KaTalau3arop KOHIEHTpPALHUsACH Ba OolUTaH
FUY MOJIJIajiap HucOaTIapy Ba OOIIKa oMIIIapra OOFIMKIATYA aHUKJIAHTH.

®ypdypon akpuil KUcaoTacu OuiaH y3apo TabCcUpiaHranaa Hadakar
KOHJICHCHUPJIOBYM areHT, Ok KYTPUK XOCHJI KUITYBYM XaM XUCOOIaHa/IH.
HIyHUHT Y9yH YHUHT KOHIIEHTPAIUSICUTA OTMHAETTaH KAaTHOHUTIAPHUHT COpO ITUOH
Ba (pU3UK-KUMEBUH xoccanapu Oornukanp. OydyposHu akpui Kuciaoracura
HUCOATHHM Y3rapTUpUO, TYpJId XOCCaIM KaTHOHHUTAAp onnHTaH. Dypdyporn
MUKJIOPUHHUHT OIIUIIY KYHIATAHT OOFJIap COHMHU OPTHUINNTA OJUO Kenaau, OyHUHT
HATIDKACH/Ia MEXaHUK MYCTaXKaMJIUK OPTaIH, JICKWH aIMaIIHHHII CUFUMHU
KaMasiu.

S-skaBaaJ
Bomsianrnu MoagaJgaap HUCOATHHHUHI KATHOHUT Xxoccajgapura TabCupu
Kypcarknunap AKpHUI KHCJIIOTAaCUHU
bypdyponra HucOaTaH Mojb
HHUCOaTH
1:1 1:2 1:2.5
CounmyB4aH OFMPIHK, I/MI 0,58 0,55 0,51
BykKkaH KATHOHUTHUHT CONHUIITHPMA CUFUMU, MII/T 3.8 34 2,6
Craruk anvamunuin curumu (CAC) 5,8-6,5 4,75-5,5 4,1-4,2




0,1N narpwuii spuT™macu Oyiin4a, Mr-3KB/T

CAC 0,1N CaClz2 sputmacu 6yiinya, MTr-3KB/T 3,5-4,2 2,6-2,8 2,2-2,4
CAC 0,1N MgCl2aputmacu 6yitnua, Mr-akB/T 3,0-3,2 2,8 2.4
CAC CuS04, sputmacu 6¥iinya (Ceom=1 1/71) 2,2-2.4 0,8-1,1 0,4-0,65
CAC NiS043purmacu 6¥yitnaa (Coom=1 1/11) 1,8-2,2 2,0-2,2 1,2-2,0
MexaHuk MycTaxKamiIuru, % 85-90 90-95 95-100

5-%aBaj MabllyMOTIapuaaH KypuHaauku, 1 mons Gypdypornra 1 momas akput
KHUCIIOTacH HUCOATUAA OJMHTaH KaTHOHUT SHT KYT aJIMAIIMHUII CUFUMMUIa T4,
IIYHUHT YYYH KEMMHTU TaJKUKOTIapHU 1y HHUcOaTaa onub 6opunan. Onubd
OOpWIIraH TaJKUKOTIAp aCOCUAA €TAPIM apaxaaa XU COPOLIMOH KypcaTKuuiIap
Ba (PM3UK-MEXaHUK XOCCaJapHU TAbMUHJIOBUM aKpui Kuciaotacuuu Gypdyposra
HucOaran ontumal Hucbaru 1:1, 80°C xapopataa Ba KaTaau3arop MUKIOPH 1 MoOib
bypdyponra nucbaran 0,05 Monb KaOyn KUTUHIH.

HucceprauussHUHT «OJIMHTaH MOHHUTJIN COPOCHTJAPHHUHI COPOIMOH Ba
pusuk-kuméBuii  xoccajsapuw» €0 HOMJIAHTaH TYpTUHYM O00MAA OJMHTaH
COpOCHTIAPHUHT (PU3UK-KUMEBUN, COPOIMOH XOCCAIAPUHU YpraHUII, YIapHUHT
TEPMUK, KUMEBUN OapKapopJUrd Ba MEXaHUK XOCCAJIAPUHM aHUKJIAITra Oarwuill
JIaHTaH.

Anuonum copbenmaapHnute acocuii xoccaiapuru maokuxy. loHaamanryBuu
MOJIMMEPJIAPHU  KYJUTAHWIT COXAJAPWHU aHUKJIAI, CUHTE3 KWUJIMHTaH aHUOHUT
napHu ad3aquKiIapy Ba KaMYWJIMKIAPWHU aHUKJIAII UMKOHMHM OepyBuu (pU3MK
KUMEBHUM Ba MEXaHUK XOCCAJapUHU TAJAKUK KUJIUII MyXUM axamusTra sra. bomika
TapadiaH MOHAIMAITYBUMIAPHU (PUBUK-KUMEBUM TAIKUKU MOHUTIAPHUHT Oab3u
XOccaapyuHu MoAUUKAIMSIIAIT HYTapuHU aHUKJIa UMKOHUHYU O6epaau. [y
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MakcaJaaa OJWHTAaH WMOHAJIMAIITYBUM TOJTMMEpPTIapHH (U3HK-KUMEBUI Ba MEXaHUK
Xoccamapy TaJIKUKA onaub Oopuirad. AmaOuérnapna TUKyBYM areHt cudaraa
bypdyponnan Qoiinananu®d ONMHTAH HOHUTIAPHU KUMEBHIM TEXHOJIOTUSHUHT TYPJIH
coxajlapuja KyJJlaHumu Oyinya MabIymMoOTIap aMainjga uyk, OyHM caHoar
HaMyHajapyu OwWjaH COJNMINTUPWITAHAA YIApHU XalK XYyXKaJIWTHAa KYJUTAHWII
COXaCMHU aHUWKJAll WMKOHWHH OEpyBYM MYBO3aHATIM Ba KHWHETHUK XapakTe
PUCTUKACUHU aHUKJAIl OYyinya KeHI TaJAKUKOTIAPHU YerapajaHraHIuru OuiaH
n3oxjam MymkuH. Illy Makcaama Ou3 OJIMHTaH WOHAJIMAIIYBYM ITOJIMMEPIIApHU
bU3UK-KUMEBUH, COPOIMOH Ba MEXaHWK XOCCAJapWHM YPraHWI Y4yH Oaradcut
tagkukotiaap onmubd Gopauk. [IDI1A, bypdypon, 6enzoryanuaun acocuaa — (DBI)
Ba [IDIIA, dbypdypon, mudbennuryanumun acocuma — (OAIN) monuxonaeHcarms
Wynmn OwjaH OJNIMHTaH aHWOHUTIApAA TEKIMMPUIAETraH aHWOHUTIAPHU (UMUK
KUMEBUH XapaKTEPUCTHKACH YIYH acoc OYia olaguraH HOHAIMAIIWMHHIIN aJIOXH/1a
KOHYHUSITIIApU TAAKUKOTIAPU YTKA3WITaH. YIAPHUHT COPOIMOH KOOWIMSTHHHHT



KAaTTaJINTH aCcOCaH MOHUTHUHT MOHOTEH Tpynnajiapu COHU, yJAapHU JTUCCOLUS
JAHUII Japaxacu, UIYHUHTJEK ajdMallMHAaEéTraH WOHJIap Tabuaru Ba KOHIICH
Ttparusicura Oofnuk. Crartuk anvamum curumuHan  (CAC) omatma caHoar
spuUTMaliapuaa OVyiaauraH MUHEpasl KucioTanap (XJopull, cyinb(ar, HUTPAT)
spUTMaiapuaa aHUKIAHIU. TeKmupuinaérraH aHUOHUTIAPHUHT OJMHTAaH MYyBO3a

HaTJII Ba KUHETUK KYpPCATKUWIAPWHHU CAHOAT MOJIMKOHJICHCAIMOH aHUOHUTIApU
AH-31, AH-2® Ba AH-1 O6wiad COTUIITUPHITIN.

6-:xaaBa
OJIMHIraH HOHUTJIAPHUHT acoCuil GU3UK-KUMEBHUI X0CCATIaApH
Kypcarknunap Viaon ObI’ QI
OUpIWTH | aHWOHUTH | aHMOHUTH

CouniyB4yaH OFMpIINTU /M 0,65 0,55
bykkan annonut conumrupma curumu OH-maxkmnna MII/T 2,8 3,8
CAC, 0.1N HC1 sputmacu 6yiinua MTI-3KB/JI 4,8-5 6,5-12
CAC, 0.1N HNO3 sputmacu Oyitnaa MT-3KB/JT 4,6 6.2
CAC, 0.1N H2SO43putmacu 0yitnua MT-9KB/J 4,5 6,3
MexaHuK MyCTaXKaMJIUTH % 99,9 99,9

TaakukoTIap/ia IMIYHUHTACK, MOTEHIIMOMETPUK TUTpJAIl yCYIHAa OJMHTaH aHHO
HUTJIAPHUHT aJIMAlIMHUII KOOMIUSTUHU MYyXuT pH Ba MOHOTEeH rpynmnaiap-HUHT
OONUTAHFUY MIAKJIWTa OOFIUKIWTH TaXJIWI KWIWHTaH. [[0OTeHIIMOMETPpHUK TUTpIIAI
ArpWJIapy acocuja aHUOHJAPHUHT IOTWIMIIM acCOCaH HOPAOH Ba KyuCH3 HOPAOH
MyXHUTIapaa COaUp OVIUIIN aHUKJIaHTaH.

bouutanruu I19ITA UK-cnexkrpuma 660-890 CM'I, 3500-3000 cm! coxa
napuga OupiaMyu Ba UKKWAJIAM4Yd aMUHOTpYyINa OujiaH OOfJIaHTaH BaJCHTIIH
TeOpaHMa IOTWINIT Yn3uKiIapu Ky3atwianau. @bl annonutu cnexrpiaapuma 900-
600 cm', 3300 cm' GupmamMuM Ba MKKMJIAMYH AMHUHOTPYITIAAap TeOpaHWILIApH
OwinaH OOFJNaHTraH IOTWIMII YW3HKJIApU Ky3aTHJIaau, JIEKUH Oy YU3UKIap
MHTEHCHUBIIUIY O6HpMyHYa Kamaiiran. 3100, 3600, 1010, 878 cm™' coxanapna dypan
mukimHMHT  —CH=CH- rpynnacu BajeHTIM TeOpaHuUNUIapu OuigaH OOFIUK
IOTWINIL  YU3UKJIapU OJIMHTaH aHWOHWUTIAP CTPyKTypacuja QypaHid Xajiaka
Ooopmuruan Ounaupanu. MoHWTIAp CHeKTpuaa albIeruj TpyIIacura TaaryKJId
1695-1670 cm™' coxacuaa IOTHIINII YU3HKIAPHHH HYKIHTH GypdypoTHn

17
Oenzoryanuaut, qupenunryanuant Ba [I3I1A Gunan kapOoHMI rpynnacu
XycoOura TabCUPIAHUIINHA OUIIIUPAIN.
OnuHraH aHMOHUTIIAP CTPYKTYPACHHHU aJIKOJOMETPHUK Ba MOTEHIMOMETPUK
tutpaai Ba UK-cnekTpockonust acocuaa Kyiuaarnya TakiuM KAJIUII MyMKHH:
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Gypdypon, Genzoryanuaus Ba bypdypon, tudeHnIryaHuInH Ba
IIDITA acocuaa IIDITA acocuma u

OnuHean KapOOKCUN KAmMuoHumHuHe acocutl xoccanapu maoxuxy. OIuHTaH
WOHUTHUHT (YHKIUOHAJUIUTH Ba MOHOTEH TpyMNIalapuHU JUCCOIMALMSITAHUII
JapakaCUHU aHUKJIAIl Y4YyH [OTEHUMOMETPUK THUTPJIAIl SIPHUCH YpraHWITaH.
KaTnoHUTHUHT MOTEHIIMOMETPUK TUTpJAll 3rpucu MyxuT pH Hu opTuO OGopwuin
OwIaH aJMalIuIIHU CUFUMHUHM KYpcaTyBUM MOHOTOH paBHUIIKJA macaidn® OopyBun
arpu OuiaH xapakrtepiaHaau. MoHoreHn rpynmnaiapu OOpJIUTMHUA Ba KATUOHUTHHUHT
CTPYKTypacMHH siHa KaTHOHUT Ba ¢ypbypomau HWK-cnekrpockonus ycynu
épmamma Taakuk Kumuean. Kap6okewn rpynmacuan 6opiurn 3400 cM™' coxamaru
MHTCHCUB FOTHIHMIN um3mFd Ba 3200-2600 cM™' coxamarm KydcH3 YM3MK OMIAH
xapakrepianaau. 2400-2100 oM™ coxama ITHIHII YU3UKJIAPUHU UYKIIUTA KATUHOHUT
CTPYKTypacujia THAPOKCHII Tpynnaiapyu WYKIUTHHN OUIINPaIH.

OnuHran Taxpu0a HaTHXKaJIapu Ba aAa0UET TaxXJIUIU MabIyMOTIapy
acocujia akpuii kucioracu Ba Gpypdypos acocuia OJIMHTaH coon
KATUOHUT CTPYKTYPACUHU TABCHS ITUIIl MYMKHUH: |

Copbenmaaprune mepmuk 6apxapopiueury YpraHui " _TH_ -
KaTTa aMaJIni axaMHsTra 3ra, YyHKU y XapoparjiapHu yerapa »‘.':E- CH
KYpCaTKUUJIApUHU aHUKJIAII XaM/1a MIOHAJIMAIITYBYH TIOJIUMED o L” xs
JApHU FOKOPH Xapopariap/a Kysuiall UMKOHUSTUHU Oepaau. |
HNonutnap HamyHanapura MabiyM BakT IaBOMHJIa CYBHH Hooo
KallHaIll Tereparypacuaa CyBIM MyXUTAa TEPMUK UIIUIOB Oepuiau. MoHUTIapHUHT
TEPMHUK OEKApOpIUTH YI4OBH cUdaTUIa MOHUTHHU aTKaJIOMETPUK TUTpJAIl HATH
xajmapu Oyitmya xucob6iald TONMWITaH CUFUMHHM HUCOUM HYKOTHIIMINM KAaTTaJIUTH
xu3Mar Kunaau. ONMHraH KaTHOHUTHUHT anMamuHui curumu 30 coat 1aBoMuia
TEPMHUK MWIUIOB HATHXKACUJA Y3UHHHI KUMMATHUHHU Y3rapTUPMaWId, XapOpaTHU
AHaJAa OIIMPWIWIIY aJIMallMHUII CUFUMHU KaTTaJUTMHU O3TMHA MacaTupaau



(100°C-curumun  itykotmanmm  1-3%) Ba Y3MHMHT IOKOpPH Xapoparra 6apka
popauru OwiaH canuiuil Kucjaotacu Ba Gypdyposl acocujia OJMHTAH KaTHO
HUTJIApAAH YCTYHIUp, Oy ONHMHTaH KAaTHOHWTIAD CTPYKTypacHuia THUIPOKCHI
IPyIIack HYKIUTH OUIaH U30XJIaHAIH.
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Kamuonumnu xagodacu mepmux 6apxapopiueu 150 Ba 180°C na Tamkuk
KWIMHIY, COJMIITUPHIL Y4YyH CaJIULMI Kucjaotacu Ba ¢ypdypon acocuaaru
KapOOKCHJI KaTHOHHUT Ba Mapa-Toiayolsicyiabho Kuciora Ba Gypdypon acocumaru
cyndarkatuoHuTIap onuHau. KarmoHWTnapra TepMHUK HIILIOB OEpHIll TabCUPUHH
aJMAaIIuIl CUFUMUHU UYKOTWINIL, OVKUII Iapa)kacu Ba OFUPIIMKHU TEPMUK HIILIOB
JaBOMMIIMTUIra OOFJIMK paBUILAA Y3rapuiu Oyinya ypraHuwinau. Tekmupunaér
raH KaTHOHUTHUHT aJIMAIIMHUII CUFUMH, Y30K BakT AaBomuja (24 coar) 150°C na
TabCUP KypCaTWITaH[a, Yy3rapManau, OFUPJIUKHUHI O3TMHA WYKOTHJIMIIHU
copOIusiIaHTal CyBHU akpanuiiy OusiaH 00fnuK. CUHTE3 KWIMHTaH KaTHOHUTIIAP
xoccacHHH ce3unapiu y3rapumu 180°C xapoparia Ky3aTH .

Anuonumnu cygoacu mepmux Oapkapopaueu SbHU TEPMOTHAPOIIU3TA
YUJAMIWINTUHY CYBHM KailHam xapopatuga 48 coar ynuiad Typulnl Owia
aHukymanau. CYHI aHUOHUTHU CYBJIaH 4YHKapuO, XaBOJIU-KYpyK Xojarradya
KypUTWINO, TOPTWIAM Ba QJIMAIIMHUII CUFUMH, COJHUINTHPMA CUFUMH Ba
COUMJIyBYaH  OFUPJUTH  VIYaHaAu. AHUKITAHAUKYA, KalHAII  Xapoparuja
TeKIUPWIAETTaH  AHUOHUTJIAPHUHT  XOCCAJapu  TEPMUK  HIIUIOB  OepuIl
JTABOMHUMJINTUHU OPTHINNA OWJIAH O3TMHA Yy3rapaau. by aHMOHUTHHUHT COJUIITHPMA
CUFMMHUHHM TEPMHUK HIIJIOB OEpWIraHfaH CYHI KaMaWWIu OWJIaH TacIUKJIaHA]IH.
AnMaIuin CUFUMUHN O3TMHA KaMalWIld KUCMaH TEPMHUK JI€3aMHUHJIAHUII JKapaéHU
Owsian OOFNIMK OYNNO, y TUAPOIIN3 PEaKUMICUHU U(oaanaian, OyHUHT HaTHXKacuaa
aMUHO TYPYXHUHT Oup KHCMH CyB ¢aszacura yrtamam, OyHma 48 coar mgaBoMuja
TepMUK UILIOB Oepuiranaad keiinH OBl annonuTraa anmamum cuFuMuHU 3% ra
KaMalTaHJIUTH aHUKJIAHAW, Oy CYyBlIaH aXpaTWiraH aHUOHUTHUHI TapKUOWIaru
amuHorpynna muxgopura 0,78 mr-sks/r tyrpu kenagu. AH-2@ anunonutuaa 48
coar J1aBOMHJIa TEPMUK HUIUIOB OepunranaaH cyHr 24% ra kamaiiranaa, CyBIu
akpaTtMmanap aMMHO rypyxra 1,6 Mr-sks/r ra sra saunap. lynmait kunub, onvHran
QHUOHUTJIIAPHU CyBJa TEPMUK OAPKAPOPIUTHHU TAAKUKH, Oy MOHHUTIAPHU €TapJIH
Japaxkaja IKOpU TepMOOapKapOpIUTUHUA Kypcarau, Oy yJapHHHI CTPYKTypacuja
(dypaHIu TeTepOIUKII, aPOMaTHK SpoJap Ba OCH30TYaHUAMHHUHT TPUAZHH XAIKACH
MaBXXYJIJIUTH, yJIap HOHOTEH IpyNalap HU TEPMUK TabCUPJAH cakiaiian. ONuHraH
HaTwkanap OBl aHMOHUTHHM Typiau HOHJIAp copOuMsICH >kapaéHuaa Hadakar
HOpMaJl, OaJIKU FOKOPH Xapoparia Xam KYJUIAHUIIN UMKOHUSATH XaKuJa TyBOXJIUK
Oepamwap.

Onunean xkamuonumoa ypauun uounapu copoyuscu H Ba Na-makijga cratuk
mapoutnapaa UO2(CH3COQO)2 sputmacuaad ypaHWJ HOHJIAPUHU COPOIUsCH
TaJIKUK KWIMHAW. YpaHUJ UOHJAPUHU SPUTMAJIaH KaTUOHUTIA COPOLUSICH KUMMaTH
H-maxkmma 150-200 mr/t, Na-maknga 350-395 mMr/r HU TalIkuI 3TOU.

VYpauun nonnapuHu copouusacura MyxuT pH Tabcupu xam ypraHuiras.



1 — H-makngaru KaTHOHMT,
— | 2 — Na-maxknugard KaTHOHUT.
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— 5-pacm. 0,1N UO,(CH;COOQ), 3puT™macugan
I B TR OJIMHTAH KATHOHUT OWJIAH YPAHWJ HOHJIAPH
copouusicura pH-MyXuTHHHT TABCHPH.
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S-pacMIaH KYpUHAJIUKHW, OJIMHTaH KaTUOHUT H-11aknga ypaHwil HOHWMHU UIIKOPUN
spUTMaIap/iad copOuMsuiaranaa, Na-makijga Taakuk KuiauHaétran pH uHTepBanu
Jla ypaHWJ HOHJAPUHU eTapiid Japaxaja Xy copOuusuiaiau. Na-makina
yYpaHWI MOHWHU Makcuman copOmusicu pH=4,75 nma 395 mr/r ra eraan. Ypanui
nonsapu necopoumsicuau 1N coma spurmacu 6unan onub 6opunan. bynaa ypanun
WOHJIADUHU AMIOUpJaHuIIU 95 QOoM3HM TalIKWI OSTAU. YpPaHWI HOHJIAPUHU
copOuusicu OyilMya OJMHIaH M>KOOMM HaTWKalap KaTUOHWUTHU TYpJIM CyBIIapAaH
ypaHuJI MOHJIAPUHHU aKPaTUI KapaCHIapu/ia KyJlan MyMKUHIUTHHA KYpcaTaiu.

Onunean uonumaapoa muc 6a 0OOWKA Memaulap UOHIAPUHU COPOYUACHU.
MabnymMky, KyINruHa XOJUlapa amaija CyBIM Ba OpPraHuK MyXHTIapaa
KaTHOHJIADHUHT  Mypakka® apajaliMaJlapuyHd  KOHIEHTpJall Ba  aXpaTUll
MeTaJUTApPHU aXPATULI YUYH TApKUOHIa KyUCH3 aMUHOTpyMmacu 0op OyiraH,
NOJIMKOH/ICHCALIMOH TypJaru I0KOPH MOJIEKYJadl aHHOHUTIIAp aH4Ya camapaauaup.
AHvoHUTIAp OWIaH KAaTUOHJIAPHU IOTWIWIN >KapaHJapHliaH acocuiicu OYyirax
KOMITJIEKC XOCHJI KWJIMII, KaM PUJIUTaH YyKMajJapHU XOCUIJI OYIIMIIN Ba MOJIEKYJISAP
copOust >kapa€HJIApUHU aHMUKJIAIl Y4yH (QYHKIHOHAN Tpynnajiap TaOWaTUHH,
WOHJIAPHUHT CUFUMHU Ba IIAKJIWNHHW, KATUOHHU IOTYBUMHUHI TaOWATUHU KOMILIEKC
XOCHJI OYNMUIM Ba YykMa XOCHJI OVnHmM >xkapaéHura TabCUPUHHU YPraHUII
3apypaup. Iy makcanna karuonnap copOuusicuau taakukuau OBl annonutua
ctatuk mapoutiapaa muc (0,05N, pH=3,5-3,8), nuxens (0,IN,
pH=6,5), xo6ansT (0,IN, pH=5,5), pyx (0,1N, pH=5,5), kagmuii (0,1N, pH=5,5)
cynbdaraapu SpuTManIapuaaH oaud 0opuiau. AHHOHUTIAP THAPATIN Ba Ty3]IU
maxsiapaa Kymtanad. OJuHTaH HaTWKalapHy IIyHra yxmai Gypdypos Ba
dbenons cynbbamiapu acocuna onunrad (OAC) annonutu xamaa AH-1, AH-20
caHOaT HaMyHaJapu OWJIaH CONMIITHUPHUIIN.

T-KkaaBaJ
HOJII/IKOHHCHCZIIII/IOH AHUHOHUTJIapAa Me€TaJlJ1 HOHJAPUHUHI COpﬁHI/IﬂCI/I
No | AHuoHUTHHH HNonoren XaBOJIU-KYPYK MyBo3anaTnaru
I TypH Ba rpynmnanapu MOHHT/A sputMmaiap pH
IIAKITN copOuusIIaHTaH,
MT-3KB/T

Cu| Ni[Co|Zn|[Cd|Cu|Ni|Co|Zn | Cd

1 ®A-C - OH -NH2, =NH,OH | 1,4 | - 0811,5]11,614,0 7,3 6,2
0 0] 4 0 0 2 5
7,1




6,3

2 ObI' - OH -NH2, =NH 1,8103(108]1,2([1,5]3,9 7,3 6,6
7,2

6,4

3 OBI" - C1 -NH2, =NH 1,0 | - - - 11,2128 5,0 4,3
53

5,6

4 | AH-20-OH | -NH2,=NH,OH | 1,0 | 0,2 10,1 | 0,1 [ 0,3 4,3 7,5 6,5
7,1

6,3

5| AH-2®d-Cl | -NH2,=NH,OH | 0,8 | - - - 10,2127 4,1 3,0
4,2

4,6

6 AH-1 - OH -NH2, =NH 041 - 102 - [0,1]44 6,1 5,4
5,8

6,1

7-)KanBalgard TaKIUKOT HATHKAJIAPU IIYHH KypcaTaIukd aHHOHUTIAPHH
OH-maxnna kymuranunranaa pH vu optumm coqup 6ynaau, nekun Oynra Cl-mmakm
KYJIJTaHWITaH/1a COPOIMsIIaHTaH KaTHOHJIap MUKIOPH Kamasiin. by mryHnait
n3oxJiaHaauku, Cl-makijga copOuust KOMIIEKC OMpUKMaTapuHA XOCHIT OYIMIIN
6unan Oopaau Oy sca anabuéraaru MabJIyMOTJIapra Moc kenaau. MabiyMkH,
AHMOHWTIIAPHUHT TY3JIY MIAKIN KOMITIEKC XOCHII KWINIIHA PEAKIIUIACUTA
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KUPUIIMAWIN, JICKAH CYBJIM MyXUTJIAp/la KaM JUCCOLUSIIAaHYBYH acOCap
XUCOOaHYBYM TEKIMMPUIAETIaH aHHOHUTIIAp Kyhuaaru cxemara OmHoan R 3N H



"+ HOH =R 3N eses HOH + H"

KHCMaH THAPOJIM3JIAHUIIM HAaTWKAacUJa TEKIIUPUIAETIaH 3SpUTMaaa Xap JAOUM
OH-mrakn Gop Oymamu, y ©0ab3u paHIIM MeTaulap KaTHOHJapW OujaH
KOOPJAMHAIIMOH OUpUKMallapHU XOCHUJ KWJIaAu OyHUHI HaTWXacuaa YJIapHUHT
copbuusicu 6opaau. llyHu Tabkuiam Kepakku, OM3HUHT Taxpudanapumuzga Cl
HIaKJIAard aHUOHUTIAp OWJlaH KOMIUIEKC XOCWia OynumuM (akar MHC Ba O3TMHA
KaJMHUIl KaTHOHJAapu OWJIaHTMHA Ky3aTWiagu, OyHra nry0Xacus KOMIUIEKC XOCHI
KUJIYBUYMHUHI TaOMaTH YHUHT KOOPJAWHAIIMOH AaKTUBJIUIU XaM KOMIUIEKC XOCHII
OynuIIM HaTWXKacuja KaTHOHJAPHU IOTWIMIIM Ky3aTWJaJUuraH aHUOHUTHHHT
ONTHUMAJl TApKUOM XaM Tabcup Kypcaraau. Cl-makigard aHUOHWUTIAp OwuilaH
KaTUOHJIApHU COpOLMsCHUAA MyBO3aHaTAaru sputMa pH HHM Kamaiumuy IIyHU
ounaupaauky (asanap KOHTAKTJIAITaH/1a aHHOHUTHUHT aJIMaIllyBYM HOHJIAP Ba TY3
aHUOHJIAPHU Opacuja aJIMAIIMHUIIN PEaKIUsICH OOpaaH.

AHUOHUTIAPHUHT aJIOXU/a KaTHOHJIap OViinda alTManiuHUI CUFUMUA
7-xanBanra OuHoaH Oup xui smac. LIlyHUHT yuyyH OM3HUHT KEWUHTU
TaAKUKOoTIapumu3aa onuHrad @bl aHHOHUTHHY aHUK aMaija KyJUIaHUIIN
O0O0BEKTIapHU YPraHuIl MaKcaJnua MUC HOHJIAPUHHM yIIOY aHMOHUT/AA COPOLIMS
*Kapa€HUHM CTATUK IIapoUuTiIapAa OONUUIaHFUY 3pUTMaIap KOHIEHTPALMSICH,
SpUTMAJIAp KUCIOTAIMINTY, MyXUT pH Ba aHMOHMTIAp makaura OOFJIMK paBUILIA
Oaradcun TagKUK KUIMHAN. BoranFuy spuTManapHUHT KOHLIEHTPALUSACHHH,
TabCUPUHU aHUKJIALI YIYH MUC CYJIb(aTHUHT TO3a SPUTMACUAAH MUCHU
copOusIal u30TepMack oNMHrad. Taxxpuba iyau OunaH MuUc cynbdar spuTmMa
napunu 4 mapra cyrontupuiauiu Mmuciu OBIT annonuTn 6minan copouscura
AESIpAN TabCUpP 3TMACIIUTH aHUKJIaHIU. MUC KOHIEHTPALUsICUHU OPTUILY OUJIaH
tTakcuMiaanuiy kospduuuenty (Kr) nacasau, sbHu TeKIMpUiIaéIrad CUCTEMAA,
YMYMUI KOHYHUSITra OMHOAH, MOHUTHU KaTTa BaJEHTJIMKIIA HOHJIApra TaHJIOBYaH
JIUTH Kamasiau, Oy CYOJITUPWIITaH SpUTMAJIapAaH copOLMsIIal )KapaéHu yuyH
xapakrepauanp. CylonTUPHIALIN OUIaH MUCHU COPOLIMACH KaTTaJIUTH KUiiMa THHU
AouMuUi Oynuiy, anabuériapaaru MabiayMoTiaapra OMHOAH HIyHJal TylyH
TUpWIAIUKH, pa3anap HUcOaTH HadakaT adIMalllMHyBYH HOHJIAp aKTUBIIUTH, OAlIKU
KOHIIEHTPALHs KHAMATHUHH TaHJIalIra XaM OOFIHKIUP.

8-xanBag
AHUOHMTJIAPHUHT COPOIMOH Xoccajapura 3puTmMa pH MyXuTuHHHT
TAbCUPH
OH-maknugaru AJIMaIIMHUII CUFUMH, MT-9KB/T
AHHOHHT
CuS04 *s>put™macu CuS04+H2S04 **3purmacu

AH-31 1,340 0,134

ObI' 0,850 0,860
OJ1D-10I1 0,502 0,0

dAH 0,334 0,084




*. Cu'? Golianriy KoHIEHTpanuscy - 80,2 Mr-3KB/1
**_ Cu'™? GOMLIAHFIY KOHLEHTPALHSICH - 75 Mr-okB/1, H2SO4- 6¥itnaa 400 Mr-oKkB/
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OPUTMAHUHT KUCJIOTAIWINTUHA MHC HOHJIAPH COpOIUsICUTa TabCUPHHU
aHUKJAIl y4yH MHC HMOHJapu Ba Cyiab(daT KUCIOTacH MHUKAOpPU OyinMya caHoar
SpUTMANIapura sSKUH OynraHn Muc cyibpar spuTManapu Kymnanwiad. Hopron
SpUTMAJIAPIAH AHHMOHUT OWJIAH MMC MOHJIApU COPOLMSICH HaTHXajlapu 8-KaaBasijaa
KSJIITUPWITAaH Ba YHAArd MAabiyMOTIapJaH MHC HOHJIAPUHU HOPAOH MYyXHUTAA
COpOLMSUTAHUIIM Ky4Id KaMalumu KYpuHuO TypuOau. by mryOxacus, aHMOHUT
napauHr =NH, -NH2 rypynnamapuHu HOpIOH MYXHTra Ky4dCHU3 AMCCOLIUSAIAHMUIIN
Ownan uzoxyanaau. DputMmanapaa pH=1,0 g1a aHuoHUTIIApHU MUC UOHJIAPU OWJIaH
KOMILIEKC OMpUKMaap XOCHJ KHJIMIIU Ky3aTHiIManu. Xyaau ITyH/Iai X0Iuca MUC
MOHJIADUHU HOPJIOH CaHOAT dpUTMaNIapuaaH copOuusiaHummaa Kysaruiaan. CyHr
AHUOHUTJIIAPHUHT COPOIIMOH KOOWJIMSITUTA BOJOPOJ MOHJIAPU KOHIICHTpAIlUs CUHU
TabCUPU TAJKUK KWJIWHTaH. ByHMHr ydyH HEWTpayuloBUM areHt cudaruaa
aMMHMAKHUHI KOHUEHTpAlMSUIAHTaH 3pUTMAcH KyiuiaHwirad. Tanépmanran pH=1
OynraH MoJedb SPUTMANAPUHU KOHILIEHTpAIMSJIAHTaH aMMHUaK dpUTMacu OuiiaH
HeWTpamaguk. ABBan Oommpja aMMHUaK KYIIWiraHaa cyiabgaT KUCIOTacu
HEHTpaslaHa 1, CYHI MUCHUHT aCOCIH Ty3JapH YyKMacu xocui oynaau. OpTukya
MUKIOp/Ia aMMHUaK KYIIWIUIIA YYKMaHW DJpUIIUTa ONU0 Kelmaaw, Y MHUCHHUHT
aMMHAKIM KOMIUIEKC Ty3ura yraad. 9-xajasainga MOJAEIb 3SpUTMajapuiaH
HeWTpaam OWslaH Ba HEUTpaJJIAIICU3 MHUCHHU aXpaTUI TAIKUKOTH HaTHXKajdapu
kentupuras (CoourCu>*=70 Mr-3xB/11, Cooun H2S04=0,5N spuT™ma).
9-:kaaBaJI
Muc nonsiapuau MyxuT pH HUHT TypJu KuiiMaTjiapuaa Moaeib
IPUTMATIAPUIAH COPOUMSICH

OH-makmu Muc noHnapu copOIUsICH, MI-3KB/T
AHUOHUT
Mopnenb spuTmMacu AmMMHak OmiiaH
pH=1 HelTpautanragaad cyur pH=11

®AH 0,084 1,20

312-1011 0,09 1,0

AH-31 0,98 1,30

ObI 0,85 1,26

O-azBan MabJIyMOTJIapuJiaH aMMHUaK OWJIaH HeWTpajuiaHranjga spuTmMaHuHr pH
OpTHUIIIM OWJaH AHUOHUTHU MHUC HWOHJApUHM copOuuscu opraau. by mryoxacus
BOJIOPOJ WOHJIApY KOHIICHTPAIMSACWHM KaMaWWId OWJIaH MHUCHU aHWOHUTIAP
Ownan OmnaH 6apKapop KOMIUIEKCIApHU XOCHJI KWJIMINK OWjiaH W30Xj1aHaau. Muc
copormsicuan  pH=1+11 wuHTEepBamuaa TagKUKUA COJUINTUPHITaH Oapua



AHUOHUTIIApJla MUCHHM KOMIUJIEKC MOH IIaKiauga makcuman copouwusicu pH=4,2 na
Ky3arwiaad Xamjaa sputMma pH HuHTr ontuman kuitmatu 4,2 kaOyn KuimHan. Muc
MOHJIApU KOHIICHTPALMSICHHUHT COpOLMsra TabCUPH TAAKUKH HATWXKACUIA, XyIJId
MIyHJal uWIiad YUKapuil SpUTMAIapd  MHUC HOHJIAPUHM  CYHOJITUPUIMAC]IaH
KYJUIAaHUITM MYMKUHJIUTH aHuKIaHau. Taxpubana OBIT aHuoHWTHIIaH MUC HOH
JapuHHA copOnusianaa (GougaTaHuil MyMKAHIUTH Ba COPOIIMOH KypcaTKA4iapu
oyitnmaa DJ12-10I1 Ba AH-31 annoHuTIIapu1aH KOJUIIIMACIIUTH aHUKJTaHTaH.
AManuétna MuC HOHJIApU COPONMSICHMHU JAWHAMHUK IapouTiapia OJuo
OOpWIMILIM MCTUKOOMIM XucoOnaHaau, W1y Makcagga Taxpudbanapau OB
annonntra Ba OH-makmm AH-31 na Tekmmpuiiaérran s)puTMa KOHIEHTPALHsI-
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CH, OKMMH Te3nuru, Oonuianfud sputMa pH Ba Xapoparura OOFIMK Xo0j7aa
JUHAMHUK Tapoutiapaa onaubd Oopunau. Tabkuiam  kepakku, OH-makmHu
TAHJIAHTAHJIUTU CTATUK IIApOUTIIapAa copOIus TaAKUK KUJTUHTAH/A Ty3JId [IaKira
HUCOaTaH camapacu IOKOPWJIMTH OWIaH acociaHraH. TaxjwuiapiaH OJHMHTaH
HaTKalap acocuja yumoy >kapaHHU 01MO OOPUITHUHT ONTHMAaN MapameTpiapu
tannanau xamaa AH-31 canoar annoHuTH OuiaH OUp KaTopja MaxXaJiuid Xomarié
acocuga onrHrad dObl’ aHMOHUTUHY KYJUIAaHUIIN MYMKHWHIINTY KYpCaTHJITaH.
Monuboen uonnapunu 6ensocyanuoun, gypgypon eéa I13114 acocuda onunean
anuonum ounan copoyusacuy. CaHoarna paHIIA MeTalap Ba  YJIApHUHT
UynonuiapuHy KalTa WOUlaliga Kepakiv KOMIOHEHTIAPHHM KOHIIGHTpJaIl EKu
QXpaTUILl MAKCAIU/a CENIEKTUB kKapaCHIapHU 010 OOpUIUIIM Tanad STUIIAIH.
Mertamiap HOHJIApU aHUOHJIM KOMIUIEKCIAp KYpuUHHIIUAA OVyica aHUOHIH
aJMaIUHAII aiHuKca camapanuaup. CaHoarna MeTaiuiapjaH MOJHUOACH, PEeHHUIA,
BosibpaM, BaHQJAWK Ba OoIIKajdap MyXUM YpUH YpUH drauiaian. MablymKH,
CTPYKTypacujia TPHA3WHIM Xajikajiapu OOp aHMOHWTIAP MOJMOAEH HOHJApHUra
cenekTuBiIMK KoOunusatura odra. Illy cabGabmu onunran OBIT anuonuTHIA
MOJIUOICHHH COpOIMSICHHU HOH Iakiu, MyxuT pH, pakobardum HOHIaApHUHT
Ma)KyIJIUTH Ba OOIIKa OMHWJIIapra OOFJIMK paBUIAA TaAKUK KuwinHad. Hatwxamap
caHoaT JSpUTMANapUIaH MOJMOACHHM aXpaTHIl Y4YyH TaBcusi »Twiran AH-20
AHUOHUTU Ba MOJHUOJEH MoHNapura ceinekTuB Oynran ®A-C aHUOHUTIApHU OWIIaH
COMUIITHPUIAN. MOTUOIEHHUHT COPOIMAICH CTaTHK IIApOWTAA, AHHMOHUTIAPHU
OH-, SO4-, Cl- makinapaa CHHOBIAH YTKa3WJIIA, aMMOHUN MOJIUOAAT SpuTMaliapu
pH=5 ra »sra. MonubaeHHN COpPOLUSCMHM aMMOHHMI MOJMONATHUHT TO3a
sputmanapuaad (Coomn=1 1/11) Xam, pakobaTuu cyndar HOHJIapu MaBXKyH Oyiraniaa
(C Na2SO4=I N r/n) xam o6 Gopuinau. 10-xanBanra MyBoQUK TEKIUPUIAETTaH
annonuTiapauHr Cl-, OH-, Ba SOs-makmnapumga copOumsuiam MabIyMOTIAPUHH
conuiutupuin myHu kypcaranuku, Cl- Ba OH- maknnapaa monu6aeH copOuusicu
cyidar noHJIapu TOMOHUAAH OMp MyHUYa KaMaUTUpUIaIH,
SOs-makiaa 3ca Oy Xoauca Ky3aTHIMaian.
10->xkaaBaJj
TexkmMpuIa€éTran AaHMOHUTIAPAA MOJIUOICHHUHT COPOLMsICH



AHUoHHTIAp To3a spuTmanan Taxkcumiianu IN Na2S04
IOTHJITaH il pUTMacH
MoiuO/eH, Mr/T K03(pUIHEHT UIITHPOKHUIA
H, MT/1 FOTUJITaH
MOJIHOIEH, MI/T
®BI, OH-makn 201 - 168
S04-1m1axsn 285 374 252
Cl-maxn 230 - 195
DA-C, OH-makn 78 - 60
SO4-mmmaxn 115 212 60
Cl-makn 68 - 60
AH-2®, Cl-makn 230 320 62

10-xanBanra kypa, OBI' anwonutn ™monubaeHTa HUCOATaH OKOPU
CCJICKTUBIIUK XyCYCHSITHTA ATaJdp. YHHUHT COpPOIMSICH TO3a aMMOHHM MoiuOmar
DPUTMACH]IA XaM, paKoOaTuIHl HOHJIAp MaBXKYIJIUTHIA XaM JCSIPIu OUp XU TUp.
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KarnoHuTHUHT COpOIMOH, (QU3UK-KUMEBHIM Ba MEXaHUK XOCCaJapUHU
TaJIKUKH acocuaa KapOOKCHIJI KaTHUOHUT OJIUII TEXHOJIOTHK CXEMACHUHH SPaTHIIJIU.
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1-akpwi1 KMCJIOTAacH yuyH CUruM, 2-bypdypon yuyH curumM, 3,4-Hacocnap, 5,6-60cum
curumIapu, 7,8-mo3aropiap, 9-karanuszarop Oynkepu, 10,15-3neBatopnap, 11-1yituatupysun,
12-peakrop, 13-kornencarop, 14-6apabannu kpucranusarop, 16-Bamim mMaiiganarnd,
17-tracmanu Kyputrud, 18-uukioH, 19-sentunsrop, 20-redparyBuu 37ak, 21- Taiiép Maxcynor
OyHKepH, 22-KaIOKJIall MocliamacH, 23-KOHBewep.
6-pacm. KaTMOHUT OJTMIIHMHT TEXHOJIOTHK CXeMacCH.

Huccepranusinuar «KyHFUpoT coma 3aBoaM YHMKHHAMCH acoCHIa



peareHTJiap OJIMII Ba YJAPHM CYBHH TO3ajall JKapaé¢Hjaapuaa TaaKUK
KuJaum» 1e6 HomutaHraHn OemmHYM 000m KYHFHpOT cojma 3aBoAM YHMKUHIUCH
acocH/ia peareHT OJUII TEXHOJOTUSCHHH HIILIA0 YMKUII Ba yJTapHU CaHOAT OKaBa
CYBJIApMHU To3ajlall >kapaéHiapuja Kyimamra Oarumanrad. CaHoar CyBIapuHU
caMapaJid To3ajlall BOCUTAJIapUHU TONUII Makcaauaa daproHa maxra KOMOMHATH
MHUCOJIAJIA, PeareHT ycynau wunuiad uumkuirad. Pearent cudaruma Kyarupor coma
3aBOJIM TApKUOMJIA KAIIUNA TyTYBYM YMKUHIMCH aCOCHA KaIIHUK TUIPOCHIUKATH
OJIMHTAH Ba aJIIOMUHUH cyn(dar KoaryasHTH OuiiaH OMprajaukia KylaHUIraH.

Canoam oxasa cyeénapunu Kaayui 2UOPOCUIUKAM peazeHmu époamuod
mo3anaw. Taxmud H>Tuiran ajcopOEHT-peareHT Ta€p Xornarna sMmac, Oaiku
CYIONITUPWIITAH HATpU Ba KWW JpUTMAlapuia YHM XOCHJ OVIHII BakTHIa
axpana€TraH MaxcyJaoT 30Jb —> Tellb YTHUII OOCKUYMIAa KOJUIOWJ Japaskajaru
JUCHEPCIUKKA 3ra OyJiraH KaJluuid ruipocuinkar Takaud stuwirad. Tozanam ycynu
KylHjaruya amaira omupuiIaau: Typiau 0YEK Moaianapu 0op OYiran caHoat oKaBa
CyBHTa KajIui XJIOPH], HATPHI CHJIMKAT Ba alFOMHHHM cyndaraan ubopar cyBiIu
CyCNeH3Usl KYmUO apajaliTUpWITraHjia, HMBUK XOocuil Oynub,  apajanmMaHu
KOaryJUIaHUIIKA CcOaup Oynaau. DpUTMAaHU MaKCUMaJl TUHUKJIAIIMIIN aMmayijia Oup
3ymaa Oymanm Ba 2-5 NaKUKaJaH CYHI YYKMaHW aXpaTull MyMKuH OYymanu. By
ycynHH OOIIKa KAaTTUK aacopOeHTIapAaH ad3aliurd YyKMaHW cemapar ycCylu
OusiaH axxpaTud onuIn MyMKUHIUTHAAUP. OJUHTaH YYKMaHU SHAa KailTa/laH oKaBa
CYBHUHI' KEWMHTM KHUCMHIa KYIIMJIaJd Ba O3TMHA MUKJIOpAA altOMUHUHN cyndar
KylurMuacu OuiaH Kaita unuiaHaau. Kopxona panrim okasa cyenapunu 200-600
MTI/J MUKJAOpAArW KaJIIuid THUAPOCHIMKATH Ba AIFOMUHUN Cyndar OWjIaH HIILIOB
Oepuirana To3anam gapaxacu 94-98 dbowusraya eTam.
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Hucceprauussnuar «MAoH ajaMamyBYu COpOEHT/Iap Ba peareHTIapHU
CYBHHM TO3aJIalll Ba KOMIIATHIN OyiM4a caHoAT-TaKpuda CHHOBJIApH» el
HOMJIAHTAH OJITUHYM 600uaa KYHFUPOT cojia 3aBOAM caHOAT CYBIIAPUHU OJIMHTAH
KapOOKCHJI KaTHOHWUTHU KYJU1ad, CaHoar-TaKpuba CHHOBH MabIyMOTJIApU
KeJITUpWIrad. TaxJmin HaTrkanapura Kypa KaTHOHUT KaJIIUMKA Ba MarHW HOHJIApUTa
HUcOaTaH IOKOpH COpPOIMOH XOccara 3ra Ba CYBIApHH IOKOpUIA KypcaTuiraH
MOHJIap/IaH camapaiu To3anal, yHU romiataau Ba KYHFupoT cona 3aBonuaa xap 1
TOHHacUHHU 16 MJH. cymaaH onuHaérran kKummaroaxo KY-2-8 karmonuTu ypHura
CaHOoAaT CYBJIAPUHHU JIEMUHEPAIIAII YUYH TaBCUSI ATUJITAH.

Kap6okcun katnonutau “bekremup cnupt — skcnepuMenTan 3asoan’” AX
caHOaT CyBIApUHHU JEMUHEpaIM3aluscuia Kyiiad, caHoar-Taxpuba CHUHOBIAPU
onmu0 Oopunran. Hatmxanapra kypa Na-makiim KaTHOHUT apTe3UaH Ba TEXHUK
CYBJIApHHM FOMILATHUINI >KapaéHUJa, CYBHUHI KATTUKJIUTUHU 4,5 naH 0,05 Mr-sks/a
raya kamantupu6, 90 dousraua gemuHepamnaiian. KatmoHut 1okopu copOIMOH Ba
AKCIUTYaTaIllMOH Xoccajapra srajuru cababnu, kKopxoHaaa doiinananuiaérran
KVY-2-8 cyndokarnonuTu ypHura Kyijgamra TaBCUs dTUITaH.

“Yamerkombunar” AXKma wnomanmamysun copGenrtiap CKIA® cyndo
katnoHuTH, Kd-kapOokcun xkatmonut Ba Dbl -anmoHuTMHM Kymiab caHoar
Taxpuba CUHOBIApU VYTKa3wiau. bapua kypcarunran copOeHTIAp MaxaJTui



bypdypoin acocuna, KO-kaTHOHUTH aKpUIJT KUCTIOTACH aCOCHIA OJIMHTaH.
CunoBnap komMOuHATHUHT Kuciaopoa-kommpeccop nexu (KKII) énuk alnanma
IIMKJIM CYBH HaMmyHajapuja yTkaszuiara. Tozanam yd OOCKUYWIM MOHAIMAIIWHUII
ycynuaa 6ockruuma-6ockud okaBa cyBHHM aBBain CKI®D cyndokarmonutuaan, cynr

K® xap6oKcu KATHOHUTAAH YTKA3WIau, OyHaa HedT Maxcynoraapuaas Ba (Na',
K", Ca*", Mg®") karnonnapnas To3anam 4,9 nan 0,64 Mr-3KB/II raya IOMIIATHII
ownan 6opaau. CyBHU KaTUOHUPJIAIIIAH CYHT TO3aJAITHUHT YUUHUU 00CKUIHIA
®BI" arnonuTHAaH yTKasmwiraaaa cys Cl, SO,* HoHIapHAaH To3anaHaIH.
11-:xaaBaJ

«¥Y3merkomounar» AJK KKII aiinanma cyBjapunu copoeHTIap OMIaH
TO3AJIAITHUHI CAHOAT-TAKPHOA CHHOBH HATHKAJIAPH

Hdnocnanrupysan Vios KKI] CKJID K® @Bl
MoJIasiap HOMHU oupimr aliaHMa KAaTHOHHUTH ]I KAaTHOHHUTH ]I AHHOHHUTH]
u CYBIIapUHU aH aH aH
HT YTKa3UIraH YTKa3UIraH YTKa3WiIran
TapKuoH na (I ma (I na (111
0OCKHUY ) 0OCKHY) 0OCKHY)
CyBHUHT KaTTUKJIUTY MTI-3KB/ 49 2,1 0,7 0,64
i
Kanpuuii MTI-3KB/ 29 1,3 0,45 0,4
h)
Maruwuii MTI-3KB/ 2,0 0,8 0,25 0,24
I
YMyMUH UITKOPUAIMTH | MT-3KB/ 7,8 5,0 2,1 0,9
b |
Xnopumiap MT/T1 201,7 190,3 160,8 35,45
Ymymuit Ty3nap MT/1T 1200 560 320 130
MUKJIOPH
pH - 8,6 7,5 7,3 7,2
Xapopar °C 16 16 16 16

11-xanBanra xypa, “Y3merxom6bunar” AY KKII aiinaHMa CyBIapuMHM TO3ajall
Japakxacu uerapa MeEbEpP Japakacura e€TraH. YmOy COpOECHTIapHU >KOpHi
STUIMIINAAH KYTWJIA€TraH MKTUCOAMN camapa Hunura 330 MIIH. CYMHH TallIKWI
staau. ONuHrad copOeHTIAPHUHT MEXaHUK MycTaxkamiuru 97,9 gousnuru Ba
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120°C raua ucutuiranja copOIMOH KOOMIIUATH Y3rapMaciury cadadmu
“V3meTkomMOuHaT” AXK caHOAT CyBIapHHH TO3AJIAlI/A KYIUIALITa TABCUS STHIITAH.
KyHFupoT coma 3aBoy YMKUHIUCHIAH OJTMHTAH KAJIIWNA THAPOCUITUKATH HH
Ky1ab peareHt ycynuaa daproHa maxra KOMOMHATH OKaBa CYBIIADWHHM TO3AJIAIII



6yitnua V3P DA YMymuii Ba HOOPraHUK KMME HHCTHTYTH “KuMEBHit TexHOMOrHs”
naboparopusicuaa HMFUJITaH TAKPUOa MOocaMacua JiabopaTopus
cuHoBnapu onub 6opunran. Pearent ycynunaa (CaCl2 + Na2S103 + Al2(SO4)3)
paHIIIM OKaBa CyBJIapHU PaHTCHU3IaHUII Japaxkacu — 95-98 dowusra eruy,
amaJjiard HoKysai ancopOLMOH ycyll ypHUra HUCOaTaH uxyaM Ba caMapaiu
KaJIbLUW XJIOPUJI, JTFOMUHUN Cylb(paT Ba HATPUH THIPOCHIMKATHUHT KOMILJIEKC
SPUTMACHHHM KYJUIAIlra aCOCJIAHIaH PEAreHT yCyJIu TaBCHUs STUIITaH.

XVJIOCA

1. ®ypdyponau OeHzoryaHujgaH Ba NUPEHWITYaHUIUH OWUJIAH KOMIUIEKC XOCHJI
KWIKII XyCyCUsITUTa 3ra OyyiraH noiaupyHKIUMOHAIM KYyUCHU3 acOCIU aHHUOHUT —
COpOEHTIIap OJIMII YCYJIM TaBCHsI TUJITAH;

2. ®ypdyposHu akpuia KHCIOTacH OWJIAH TOJMKOHACHCALMsUIAIl Wyiau Ouiad
caHOaT »JpUTMANAPUIAH PAHIIM METaulap Ba ypaHWJI HOHJIAPUHHU TaHiIab
copOuusiiam  KoOwnusthura sra OYiraHn sSHIM MOHO(YHKIIMOHAN KapOOKCHII
KaTUOHHUT — COPOCHT OJIUIL YCYJIU TaBCUS STUITaH;

3. ®ypdyponnu I[IDIIA Ba Oomka MoHOMEpiap OWIAH TMOJUKOHACHCAIUSICU
PEaKIUACUHUHT KUHETUK TaJAKUKOTIapH acocuja TE3JIMK KOHCTAHTAJIapu Ba
pPEaKIMSIHUHT ~ aKTUBJIAHUII  JHEPrUsiCM  XUCOOJNaHTaH, COPOEHTIIap  OJMII
TEXHOJIOTUSCUHHU PEAKILIMsI XapopaTH, OOIIJIaHFUY MOJIIalap KOHIIEHTPALIMSICH,
KaTajau3aTop Ba OomKazapra OOFIHKINTYA KYpPCaTHIITaH;

4. UmmopT YpHUHU 60CYBYM MOHAIMAIITYBYH COPOCHTIIAPHUHT aCOCHI KUMEBHIA,
bu3UK-KUMEBHI MapaMeTpiIapyuHu (Kaablluid, MarHuii, MUC, MOJIMO/IEH Ba OOIIIKa
MOHJIap COPOIMSCH, AIMALIUII CUFUMHU KYTT QYHKIMOHAUIUTH, (QYHKIIMOHAI
rpynnaiapHy JUCCOLMSIIAHUII Japa)kacu) HOHAJIMAIIYBYM COPOCHTIAp OJIMILITa
SPOKJIN OYJTaH XOM am&TapHUHT KUMEBHM TapKuou, HU3uk

KUMEBUH Ba aICOPOLIMOH XOCcajlapura KOppesiIuoH OOFIUKIUTH KYypcaTuirad; 5.
Nuunab yukapuin okaBa CyBJIapUHM To3ajall yuyH Wik 6op KyHFupoT cona 3aBonu
YUKUHIUCUIAH Typin (yHKIHMOHAIN, XOCCaJapy aBBajilaH OeNruiaHrad Kajluui
TUAPOCWIMKATH PEAreHTH OJIMII TEXHOJIOTUACH TaBcus dtuirad. 6. Canoar
CYBJIApUHU camapalid TO3AJAIIHUHT SHTH peareHTIN yCyJn UIUTad YMKUJITaH,
pearenT cudaruma 200-600 mr/n kanbuuit ruapocunukaru, 100-200 mr/n
AJIOMUHUH Cynb(aT KoaryJlIssHTH OuilaH KyJaHWJTaH/1a, OKaBa CyBHH TO3aJIall
napaxkacu 94-98 (ousra eTuIM aHUKJIAHTaH Ba YCYJIHUHT TPUHIMIIHAI TEXHOJIOTUK
CXE€MAaCH TaBCHUSI STUJITaH.

7. OnuHraH copOeHTIIapHU KUMEBUH, PUBNK-KUMEBHI Ba COPOIIMOH XOCcaIapu
TaxJIMJIM aCOCUa caHOATAa KYJIJIaHUII CcOXaJlapy aHUKJIAHTaH XaM/Ja ylapHu
CaHoAaT CyBJIApMHHU To3aJ1all Ba rommaruiaa “Kynrupoz cona 3asoan” AK,
“BekTeMHp CIHPT — dKcrepumenTan 3asogu” AXK Ba “Y3amerkombunar” AXa
KYJUUJIAaHUIIUTa TaBCHSI STUIITaH.
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PA3OBBIN HAYYHBIN COBET IO NPUCYKJAEHUIO YYEHOM
CTENEHU JOKTOPA HAYK 16.07.2013. K/T. 14.01 IPU UHCTUTYTE



OBIIEN 1 HEOPTAHUYECKOW XUMUH, HAYYHO
NUCCJIEJOBATEJIBCKOM HEHTPE XUMHNU U ®U3UKHU
MMOJIUMEPOB, TAIIKEHTCKOM XUMHUKO-TEXHOJIOTMYECKOM
WHCTUTYTE U TAIKEHTCKOM I'OCYIAPCTBEHHOM
TEXHUYECKOM YHUBEPCUTETE

TAINIKEHTCKUA XUMHUKO-TEXHOJIOTUUYECKUI UHCTUTYT

MYTAJIOB IIYXPAT AXMA/I’KAHOBHUY

PABPABOTKA D®®EKTUBHBIX METOJ10OB OYUCTKH CTOYHbIX
BOJ HA OCHOBE HOBBIX COPBEHTOB U PEATEHTOB U3
MECTHOI'O CbIPbA

11.00.05 — Oxpana okpy>Karomieil Cpeibl U palioOHaIbHOE
WCIIOIb30BAHUE MPUPOAHBIX PECYPCOB
(XUMHUYECKHE HAYKH )

ABTOPE®EPAT IOKTOPCKOM ITUCCEPTAIIUA

Tamkent — 2016 roxa
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Boicureii arrecTanmonHoil komucenn npu Kadunere Munncrpos Pecnny0smmku Y3oekucran.

JlokTopckast uccepranys BbIIOJIHEHA B TallIKEeHTCKOM XMMHKO-TEXHOJIOTHYECKOM
UHCTUTYTE.

ABTOpedepar auccepTaiy Ha Tpex A3bIKax (y30€KCKHi, pyCCKUN, aHITIMICKUN) pa3MelieH
Ha BeO-cTpanHuIle mo agpecy www.tkti.uz u MapopmannonHo-06pa3zoBaTeIbHOM TTOpTaje
«ZIYONET» no anpecy www.ziyonet.uz.

Hay4HbIil KOHCYJIbTAHT:

AOaycaTrTapoBu4 JOKTOP TEXHUYECKHUX
HayK, ipodeccop

Ax0apoB Xamaam UkpamoBu4
JOKTOp XMMHUYECKUX HayK, podeccop

O¢uuuajbHbie ONMOHEHTHI:
Xampaen Caiidyia CaagyiaeBuy
JIOKTOp XUMHUECKUX HayK, podeccop

Tomxuxoxxaes 30KHPXYxka

Beaymas opranusanus: @epranckuil NOTUTEXHHYECKUM HHCTHTYT

3amuta cocroutcs « » 2016 1. B yacoB Ha 3acegaHuu pazooro HayuHoro cosera
16.07.2013.K/T.14.01 npu UnHctutyTe 00111€# 1 HEOpraHMYECKO XUMUH,
HayuHo-uccnenoBarenbckoM LEHTPE XUMHUU U (PU3UKH ITOJTUMEPOB, TallIKeHTCKOM XUMHUKO
TEXHOJIOTHYECKOM HHCTUTYTE U TalIKeHTCKOM rocyIapCTBEHHOM TEXHHYECKOM YHHUBEPCUTETE
(amgpec: 100170, . Tamkent, yn. M. VYnyroeka, 77a. Temn: (99871) 262-56-60, daxc: (99871) 262-
79-90, E-mail: ionxanruz@mail.ru)

JlokTopckast [uccepranus 3aperucTpupoBata B IHQopMalimoHHO-pecypcHOM LIEHTpe
NuctutyTa obuieit u Heoprannyeckoit xumuu AH PY33a Ne | ¢ koTopoii MOKHO
o3HakoMuThCs B UH(popMmanmonHo-pecypcaom tieHtpe (100170, r. Tamkent, yin. M. Vinyroeka,
77a. Ten: (99871) 262-56-60).

ABtopedepar auccepranuu pazociad « » 2016 rona.
(mpotoxoin paccbuiku Ne oT 2016 ).

Bb.C.3akupos
Hpeﬂcez[aTeﬂL Hayqﬂoro COBCTA IO NPUCYKACHHUIO
y4€HOI cTeneHu JOKTOpa HayK, JI.X.H.

A.M.PeiimoB
VYuénslii cekperaps HaydHOro coBera 1o npucyxJaeHuI0
y4€HOH CTENEeHU JOKTOpa HayK, A.T.H., C.H.C.

C.C.XampaeB

IIpencenarens Hayunoro cemunapa npu Hayunom
COBETE M0 NPUCYKICHUIO YUEHON CTEIIEHU IOKTOpa HayK,
I.X.H., Ipodeccop
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AKTYaJIbHOCTb M BOCTPeOOBAHHOCTH TeMbI auccepranuu. Ha ceromssm
HUW JIEHb B MHUPE NMPUMEHEHUE COBPEMEHHBIX TEXHOJIOTUN B YCKOPEHHUE Pa3BUTHE
MIPOMBIIIIEHHOCTH, PEIICHUE 3KOJIOTHYECKUX MpoOiIeM, MPOU3BOJACTBA KOHKYpPEH
TOCHOCOOHBIX M IKOJOTMYECKHM YHMCTBIX BEUIECTB MPEBPAILACTCS B AKTyaJIbHYIO
npobnemy. B mocnennue roasl Ha OCHOBE HOBBbIE pa3pabOTKH, MHHOBAIMU M POCT
IPOM3BOJICTBA HEOOXOAMMBIX MPOAYKTOB. Ha 3THX TeXHOJIOTrMH C MpUMEHEHHEM
AKTUBHBIX XMMHUYECKHX BEIIECTB AJII OYMCTKM CTOYHBIX BOJ| pa3paboTaTh aHUO
HUTOB W KAaTHUOHUTOB, YAy4dlIE€HUE HX (PU3UKO-XUMHUYECKUX, aJCOPOLMOHHBIX
CBOICTB Ba)KHO€ HAYyYHO-IPAKTHYECKasi 3HAYCHHUS.

B Metamrypruyeckoil, XHMUYECKOW U APYTUX OTPACIAX AJIsI OUUCTKH PO
MBIIIJIEHHBIX CTOYHBIX BOJI, @ TAKXKE BBIJICJICHUS HOHOB HEKOTOPBIX METAIIOB,
HIMPOKO UCTIONB3YIOTCSI COPOIIMOHHOCTIOCOOHBIE, HOHOOOMEHHBIE COPOEHTHI U
pEareHThI.

B cBs3u ¢ pocTOM MOTPEOHOCTH PECHyONUKU B Pa3IMYHBIX aCCOPTUMEHTaX
MOHOOOMEHHBIX COpPOEHTOB, SIBIISIETCA I1€JIeCOO0Opa3HbIM BHEAPEHHUE MX B IPOU3
BOJICTBO Ha OCHOBE MECTHOTO ChIpbsi. [IpobOiema OYMCTKH MPOMBILUIEHHBIX CTOY
HbIX BOJ, a TaKX€ UX JIEMHUHEpaIU3alUs MOXKET PEIIUTh HE TOJIBKO MpoOIeMy
OXpaHbl OKpY’Kalollel cpelbl, HO U pa3pelinuTh 3PPEKTUBHOE HCIOIb30BAHUE
MaTepHUalbHbIX PECYPCOB U ChIPbS HAUIEH CTpPaHbl, MOCPEICTBOM MPOU3BOICTBA
UMITOPTO3aMEUIAIOUX COPOCHTOB U PEAreHTOB.

OCHOBHOW 3a/a4eil yCOBEPILIECHCTBOBAHUSI TEXHOJOTHMUYECKHUX MPOLECCOB U
MIPUPOTOOXPAHHON JESATENBHOCTH, SIBISETCS MOJEPHU3ALMS U PEKOHCTPYKIHUS
MIPOU3BOACTBEHHBIX MPEANPUATUN, CHUXKEHUE BO3IACHCTBHUS HAa OKPYKAIOILIYIO
cpelly, MOoBbIIeHHE S(PPEKTUBHOCTH KOMIUIEKCHOTO M PAMOHAIBLHOTO HCIOJIb30
BaHUS TMPUPOAHBIX PECYPCOB MOCPEACTBOM BHEAPEHUS SKOJIOTMUECKH YHUCTBIX U
pecypcocOeperapnx TEXHOJIOTUH, B TOM YHCIE€ MCTOYHUKOB BOCCTaHOBIICHHUS
sHepruu. lcnonp3oBaHue OONBIIOTO KOJIMYECTBA BOJHBIX PECYPCOB B PYAHO
METAJUTyprUYeCcKOl M XMMHUYECKON MPOMBIIIIEHHOCTH, TPEOYeT OCYIECTBICHUS
KOMIUIEKCA MEPOINPUATHN IO CHWIKEHUIO 3arpsA3HEHUs OKPYKAIOUIEH CpElNbl H
BHEJPEHUSI B MPOU3BOJACTBO, C HKOJOTMYECKON TOYKM 3PEHMS, MaJOOTXOJHBIX
TE€XHOJIOTHUM.

JlaHHOE IUCCEPTAllMOHHOE MCCIIEN0BAHUE B ONPEACICHHON CTEIEHU CIIY)KUAT
BBIITOJIHEHUIO 33J1a4, MOCBANIEHHON «O MpUOpUTETAX Pa3BUTHSA MTPOMBIIIIEHHOCTH
PecniyOonuku Y30ekucran B 2011-2015 ropmax» yTBepKIEHHONW MOCTAHOBIECHHEM
IIpesunenta Pecryomuku VYz0ekucrtan Ne 1442 or 15 nexabps 2010 roma wu
nocranoByieHnH Ne 142 Kabunera MunuctpoB PecryOonuku Y36ekucran ot
27 wmas 2013 roma «O Ilporpamme neMCTBUN OXpaHbl OKPYKAIOIIEH CpEJbI
PecniyObnuku Y36ekuctan Ha 2013-2017 rogsl», a Takke BAPYTMX HOPMATHUBHO
MPaBOBBIX JOKYMEHTaX, MPUHSITHIX B IAaHHOU cepe.

CooTBeTCcTBHE MCCIEAOBAHNS MPUOPUTETHHIM HANPABJEHUSIM Pa3BUTHS
HAYKH W TEXHOJOrui B pecnyOjuke. /[aHHOE ucCCIEAOBaHUE BBINOJIHEHO B
COOTBETCTBHUH NMPUOPUTETHOTO HAMPABIECHUS PA3BUTHSI HAYKU U TEXHOJIOT U
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pecnyonuku V. « 9konorust 1 paliioHaIbHOE MOJb30BaHUE TTPUPOI0I pPa3BUTHUS
HAyKH{ U TEXHOJOTUH pecyOInKu.

O030p MHOCTPAHHBIX HAYYHBIX HCCJIEI0BAHUIA 110 TeMe TUCCePTAIUM.
Hayunbie nccienoBanus HalpaBiICHHBIC OYMCTKE MTPOMBIIIICHHBIX BOJ ITPU TTIOMO
T FOHOOOMEHHBIX COPOCHTOB, OCYIICCTBISIOTCS B BEIyIINX HAYIHBIX IIEHTPAX U
BBICIIMX 00pa30BaTENbHBIX YUPEKICHUAX MUpPa, B ToM uncie, Global Environment
Strategies (IGES) (Japan), Nanyang Technological University (NTU) (Singapore),
Environment Canada's National Water Research Institute (NWRI) (Canada), Na
tional Research Council (US) Safe Drinking Water Committee, Belhim (Pec
nyonuka benapycs), Technical Adviser (Chemical) Government of Guigarat In
dustries commissioner (India), VVP Engineering College (India), United States
Environment Protection Agency (US), Institute of Chemical Engineering, Bul
garian Academy of Science (Bulgaria), unctutyT «OO0111€i1 1 HeOpraHu4YeCcKon
xuMum» AkagemMuu Hayk PY3.

B pesynbrare nccnenoBaHuii, MPOBEICHHBIX B MUPE TIO OYUCTKE U CMATYCHUS
KECTKOCTH IMPOU3BOACTBEHHBIX CTOYHBIX BOJ] C IIOMOIIIBIO IPUPOIHBIX U
CUHTETHYECKUX COPOCHTOB, TIOYYCHBI PSI/T HAYYHBIX PE3YJITaTOB, B TOM YHCIIC:
pa3paboTaH COpOIMOHHBINA CITOCOO M3BICUEHUS MEH, [IMHKA, KM, MBIIITbIKA U
npyrux noHos u3 pactBopoB (National Research Council, US), (Safe Drinking
Water Committee, NTU, Singapore), co3gaHo UCTIOJIb30BaHWE COPOCHTOB JIJIst
CMSITYEHHMSI )KECTKOCTU IPOMBIIIIEHHBIX U TUTheBbIX BoA (VVP Engineering
College, Belhim), pa3zpaboTanbl METOIBI OYMCTKH BOJI OT OPTaHUUYECKUX U HEOP
TaHUYECKUX COCTMHEHUN TPU TEPMUYECKON U peareHTHOM 00paboTKe Ha OCHOBE
aktuBupoBaHHoro yris (NWRI, Canada), Bulgarian Academy of Science,

Bulgaria, pa3spaboTanbl ¥ BHEAPESHBI METOABI TPUMEHEHUS B KAYECTBE TIPUPOTHBIX
COpOEHTOB JIUTHUTA, OCHTOHHUTA M IICOJINTA, 00JIJal0IINX aKTUBHBIMU COPO
nmoHHbiMU cBoricTBaMu (Technical Adviser (Chemical) Government of Guigarat
Industries commissioner, India).

B Mupe 1o ouncTke mpoOMBIITUIEHHBIX BOJ] HOHOOOMEHHBIMU COpOEHTaMHU, TI0
Py IPUOPUTETHBIX HAMIPABICHHUH MPOBOATCS UCCICAOBAHUS, B TOM YHCJIE:
CMSITYCHHE MTPOMBIIIUICHHBIX U MMUTHEBBIX BOJI; U3BJICUCHHE U3 PACTBOPOB HOHOB
METAJIOB U XUMUYECKUX COeTUHEHUI; 3 (HEKTUBHOE HUCTIOIb30BaHNE TPUPOTHBIX
Y CUHTETHYECKUX COPOCHTOB C BEICOKUMHU COPOITMOHHBIMUA CBOHCTBAMH, YCOBEP
IIICHCTBOBAHUE BO3MOYKHOCTH MHOTOKPATHOTO MCTIOJIB30BaHUS BOAHBIX PECYPCOB B
MIPOU3BOJICTBE.

CreneHb U3y4eHHOCTH NMPoOJIeMbl. HayuHbIe ricciieoBaHNS TIPOBOIUTHCS
BOTIPOCAM CO3JIaHUs JUCTICPCHBIX CHCTEM, MTOJIYYCHUS HOHOOOMEHHBIX ITOJIMME POB,
PEryJMpOBaHUs U U3yUEHUs UX PUBHKO-XUMHUYECKUX cBocTB M.M. JlyOuHuHa,
@.J[.OBuapenko, FO.1.TapaceBuua, A.B.Kucenesa, K.1M1.UmyTtoBa, A.b .ITamikosa,
K.M.Cannanze, K.b.Myca6ekona, I11.b.barranosoii, FO.A.9nerekoBa, V.Tacana,
Y.Iemuro, S.Nonako, K.Sugino, K.Cirai, R.Kitavaki, R.Heping, G. Bayd, A.Lurre,
G.Maneske, H.Heller, G.Yander, V.Slater, C.Harland, H. Hofman, B. Rivas, M.Jara,



E.Pereira, non pykoBoactsom K.C.Axmenosa 3.A. Apunosa, ®.JI.Inekens,
C.C.XampaeBa, C.H.AmunoBa, A.A. Arzamxomgxaena,
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VK. Axwmenona, I'VY.Paxmarkopuena, C.3.Mymunona, b.H.Xamunosa, B.IL.I'ypo,
I'P. HapmertoBoii, 1.K.CaraeBa, O.K.belicen6aeBa, A.C.CynronoBa, H.VY.Puzaena,
M.A.AckapoBa, A.T./[xanunosa, @.A.Marpynosa, P.A.Hazuposoii, C.M.
TypoGXOHOBBIM.

C yu€ToM WHCMONB30BaHUS OOJBIIOTO KOJUYECTBA BOJHBIX PECYPCOB B
XUMUYECKOW U PYIHO-METAJUTYPrUYeCKON MPOMBIIIIEHHOCTH UWMH CO3JaHbI
TEXHOJIOTUM 1O MPUMEHEHUIO U TIOJYYEHHUIO HOHOOOMEHHBIX COPOCHTOB H
PEareHToB C COPOIIMOHHBIMU CBOMCTBAMU JUIsl OYMCTKU BOJ M M3BJICUCHUS HOHOB
HEKOTOPBIX METAJIJIOB.

Pa3paboTka TEXHOIOTHH TONYYCHHS] WMIIOPTO3aMEIIAIONINX PEAareHTOB Ha
OCHOBE MecTHOTO (pypdyposia UMEET aKTyalbHOE HAyYHO-MPAKTUYECKOE 3HAUCHUE
JUISL OYMCTKHU KaJllbLIMM CcolepXaluxX MPOU3BOJACTBEHHBIX CTOYHBIX BOJ KyHrpan
CKOTO COJIOBOTO 3aBOJIa M PEIICHUs] MPOOJIEM OXpaHbl OKpPYKAloIIeH cpeasl Ha
IPOMBIIIIJICHHBIX 0ObEKTaX.

CBsi3b TEMBI TUCCEPTALMU C HAYYHO-MCCJIE0BATEILCKUMH padoTamu,
r7e BBINOJIHAETCH quccepranus. /[ruccepraiilmoHHOE UCCIEI0BAHKE BHITIOJHEHO B
paMKax TUTaHa HayYHO-MCCIIEA0BATEIBCKUX PA0OT MPUKIIATHBIX TPOCKTOB
TamkeHTCKOro XMMHUKO-TEXHOJIOTMYECKOTO HHCTUTYTa « OUMCTKA MPOMBIIIIECH HBIX
CTOYHBIX BOJ] OT HOHOB METAJUIOB HOHOOOMEHHBIM MeTomoM» (2012-2015 rr), a
taoke UTJ-6 (EA 6-1). B pamkax mpukaagHOro MpoekTa 1o Teme «PaspaboTka
3G (HEKTUBHON TEXHOIOTUN OUYUCTKH TEKCTHIIBHBIX MPOMBIITUICHHBIX CTOYHBIX BOJI
ot kpacurenei» (2014-2015 rr).

Henabo ucciaenoBaHusi SIBISAECTCS PACKPBITHE BO3MOXKHOCTEM NPUMEHEHUS
MOHOOOMEHHBIX COpPOCHTOB B Tpolleccax JIEeMHUHEpAIM3allUh, TPU OYUCTKE
CTOYHBIX BOJ| OT MOHOB METAJUIOB B XMMHUYECKON M METAJTYPTrUYECKOW MPOMBIIII
JIEHHOCTH, pa3paboTKa METO/IOB MOJIYYCHHS peareHTOB U3 OTXO/0B ITPOU3BOJICTBA U
3¢ (HEeKTUBHBIX HOHOOOMEHHBIX COPOEHTOB Ha OCHOBE Qypdypoia.

JJ1s TOCTHKEeHMsI TOCTABICHHOMN e CPOPMYITUPOBAHBI CIIEAYIOIINE 3a1a4U
HCCJIC[IOBAHNSL:

omnpe/ieNIeHne aJACOPOIUMOHHBIX M (DU3UKO-XUMUYECKUX CBONCTB, XUMHUYEC
KOTO COCTaBa MCXOJHBIX CBIPHEBBIX MATEPHAIOB MPHUTOMHBIX [JIS TMOJYyYCHHS
MOHOOOMEHHBIX COPOCHTOB U PEAreHTOB ;

MoJly4eHue CiIab0O0CHOBHBIX AHMOHUT — COPOEHTOB, OO0JAAIOMUX H30Hpa
TEJIbHOM COPOLIMOHHON CIOCOOHOCTHIO MO OTHOUIEHUIO K MOHAM LIBETHBIX U PEJl
kux metaoB (Mo, Cu u ap.) obpasyromux koMmiuieke gypdypona ¢ GeH3orya
HUJAUHOM B MPUCYTCTBUHM mnoiudTwieHnonmuamuda (I[1911A) nyrém mnoiaukoH
JICHCAIIVH;

MOJTy4eHHE KAaTHOHUT—COPOEHTa MOHO(DYHKITMOHAIBHON KapOOKCUIIbHOM
TPYNIBI yTEM TOJTUKOHIeHcanu Gypdyposa ¢ akpuIoBO KUCIOTOM;
OTIpe/ICICHNE ONTUMATBHBIX YCIOBUHN TOMyUYeHUS] aHUOHUTOB, KATHOHUT —



COpOCHTOB U OTPE/ICIICHIUE BIUSHHS TEMIIEPATYPhl PEAKINH, COOTHOIIICHUS
MCXOJTHBIX BEIIECTB, KOHIICHTPAIMH KaTaJIn3aTopa U JIp. Ha CBONCTBA MOTYyYCHHBIX
MOHOOOMEHHBIX COPOCHTOB;
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pa3paboTKa TEXHOJIOTHUH TIOTyUYCHUS PEAreHTOB U COPOSHTOB M UCCIIEIOBAHNE
(UBUKO-XUMHUECKUX, COPOIIMOHHBIX U TEKCTYPHBIX CBOMCTB (COpPOIIMS MOHOB
KaJblUsl, MarHUs, M1, HUKENs, MOIUOeHa U JIp., COPOLIMOHHON €MKOCTH,
MOHOGYHKIIMOHAJIBHOCTH, CTENEHU JUCCOIUAINY (PYHKIIMOHABHBIX TPYTI)
MOJIYYEHHBIX HOHOOOMEHHBIX COPOEHTOB U PEareHTOB.

O0bexkTamu ucciaenoBanus sSBisitorcs Gypdyporn u orxon KyHrpaackoro
COJIOBOTO 3aBO/IA.

IIpenmeToM mucciiefoBaHUs SIBISIIOTCS MOHO(DYHKIIMOHATBHBIN  KapOOK
CUJIbHBI KaTUOHUT W AHUOHUTHI, 0Opa3yIOIIME YCTONYMBBIE TEPMOXHUMHUYECKUE
KOMIUIEKCHI, CEJIEKTUBHBIE K MOHAM I[BETHBIX METAJLIOB.

MeTtonsl uccienoBanus. B quccepranuu u3 (GU3MKO - XUMHUYECKUX METO/IOB
aHaIM3a IPUMEHEHBI: JIEMEHTHBIN aHAJIN3, ATKAJTOMETPUUYECKOE TUTPOBAHHE,
onpeneneHue konruectsa Gypdyposa MeToaoM nojsiporpaduu, onpeaeicHue
OpomHoro yucina meronom Kunonna, rpunonomerpus, logomerpusi, MK-crnek
TPOCKOMUS, TOTEHIIUOMETPUUECKOE TUTPOBAHUE, TEPMOTPABUMETPUS U Ta30
KUJKOCTHAs XpoMaTtorpadus u Jp.

Hayunasi HOBU3Ha MCCJIEIOBAHMSA 3aKIIOUYAETCS B CIECAYIOIIEM:
noJIMKoHIeHcaruen Gypdyposia ¢ 6eH30ryaHUAMHOM U TU(PEHUITYaHUTTHOM
MOJTy9CHBI aHUOHUTHI — COPOCHTHI, 00pa3yIOIINe C MOHAMU IIBETHBIX METAJIOB
c1a000CHOBHOM MONMU(PYHKIIMOHATBHBIN, TEPMOXUMUYECKH YCTOMUUBBINA KOM
TUIEKC.

nyTéM TOJUKOHACHcAuu (Qypdypoia ¢ aKpUIOBOW KHCIOTOW, TMOIy4YEH
MOHO(YHKIIMOHAIBHBIM KapOOKCHJIBHBIM KaTHOHUT — COPOEHT, 00Jagaromuil
CBOMCTBAMHU M30MpATENBHONW COPOIMH MOHOB I[BETHBIX METAJJIOB W ypaHWIA U3
IPOMBIIIJIEHHBIX PACTBOPOB.

Ha OCHOBE KHMHETHYECKOI'O HCCIIEIOBAaHUS IPOLIECCa, OINPEAEIICHa 3aBUCU
MOCTb KOHCTAHTbhI CKOPOCTH, SHEPTUU aKTUBAIIMU OT TEMIEPATYPbl, KOHIIEHTPALIUU
MCXOTHBIX BEIIECTB, KOJIMYECTBA KaTaanu3aropa u Apyrux GakTopos;

YCTaHOBJIEHA KOPPESLMOHHAS 3aBUCUMOCTbh OCHOBHBIX XMMHUYECKUX, (U3H
KO-XMMUYECKUX CBOMCTB (COpOIMS MOHOB KalbllMs, MAarHus, MEIW, HUKEIs, MO
aubneHa W ap., copOUMOHHAsT EMKOCTh, MOHO(YHKIIMOHAJIBHOCTh, CTENEHb
aucconyanu (PyHKIUOHAIBHBIX TPYII) UMIIOPTO3aMEHIAIOIINX HUOHOOOMEHHBIX
COpOCHTOB C XMMHUYECKUM COCTABOM, (DU3UKO-XUMHUYECKUMH U aJICOPOIIMOHHBIMU
CBOMCTBaMU MUCXOJHBIX CHIPhEBBIX MAaTEPUATIOB;

pa3paboTaHa TEXHOJIOTHSI HCIOJIb30BaHMS (Gypdyposa MECTHOTO MPOU3BO
cTtBa M oTxona KyHrpaackoro comoBOro 3aBoja ISl MOJYYEHUS MOHOOOMEHHBIX
MOJIMMEPHBIX COPOCHTOB Pa3MMIHON (PYHIIMOHAIBHOCTH U peareHra THAPO
CUJIMKATa KaJdblUs C 3apaHee 3aJaHHbBIMU CBOMCTBAMH JJI MPOLIECCOB OUYUCTKHU U



CMSTYCHHSI TPOM3BOACTBCHHBIX CTOYHBIX BOJ W HW3BJICUCHUS HOHOB I[BETHBIX
METaJUIOB.

IIpakTnyeckue pe3yabTaThbl HCCIETOBAHMS.

[TonmukonneHcanmer Qypdypona OSH30TYaHHIUHOM H AUPEHIITYAHUIHHOM
pa3paboTaH crnoco0 Moay4eHHUs] MOJU(PYHKIIMOHATILHOTO CI1aO00CHOBHOTO, TEPMO
XUMHUYECKHA YCTOWINBOTO aHMOHHUTA.
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Ha ocnoBe nonukonaencanuu Gypdyposa ¢ akpuiioBoi KUCIOTOM pa3pa
60TaH cocoO MoxyyeHus MOHOPYHKIIMOHATILHOTO KapOOKCHIT KaTHOHUTA.
Pa3zpaboTana TeXHOIOTHS MOTYUYCHUS KaIbIIUH THIPOCUINKATa HA OCHOBE
bypdypona u orxoga KyHrpaackoro comoBoro 3aBoja.

YCOBepITIEHCTBOBAH TEXHOJIOTHUECKUH TIPOIIECC MPUMEHEHUS COPOSHTOB
NOJTyYCHHBIX Ha 0CHOBE (yp(dyposna nMpu 0OYUCTKE U CMSATUYCHUH BOJIBI.
JloCTOBEPHOCTH MOJTYYE€HHBIX Pe3yJIbTaTOB 000CHOBAHA COBOKYIMHOCTHIO
BBIBOJIOB HAYYHBIX MCCIICIOBAHUI M PEKOMEH/IAINMA, TaK KaK OHM YCTaHOBJICHBI Ha
OCHOBE COBPEMEHHBIX METO/IOB XUMUYECKOTO U (DU3UKO-XUMUYECKOTO UCCIIE
noBaHus. TEXHOIOTHS TIPOU3BOCTBA M PUMEHEHHE pa3paO0TaHHBIX COPOSHTORB U
peareHToB anmpoOUPOBaHA B OMBITHO-TTPOMBIIIJICHHBIX UCITBITAHUSIX C TIOATBEP
KJICHHBIMUA aKTaMH, PEKOMEHIOBAHHBIMH K BHEJPEHHUIO B TIPOU3BOJICTBO.
TeopeTnyeckasi M NpaKTHYECKAs 3HAYMMOCTD Pe3yJIbLTATOB HCCJIe10 BAaHUIA.
Teopernueckas 3HAYMMOCTh 3aKITIOYACTCS B YCTAHOBJICHUN KOPPEIISAIIMOH HOM
3aBUCUMOCTH OCHOBHBIX XUMHUCCKUX, (DH3UKO-XUMUUICCKUX U XUMHUICCKUX
CBOMCTB MOHOOOMEHHBIX COPOCHTOB (COpPOITMS MOHOB KAJIBIIHSI, MATHUS, MEIH,
HUKEJISl, MOJTMO/IeHA U APYTUX MOHOB, 0OMEHHAsI EMKOCTh, MOHO(YHKITHO
HAJIBHOCTb, IIOPUCTOCTH) C XUMHYECKUM COCTAaBOM, (PHU3NKO-XUMUYECKUMH U
COpPOITMOHHBIMU CBOMCTBAMHU MCXOMIHBIX CHIPhEBBIX MATEPUAJIOB, a TAKKE CO3aHUE
YCIIOBHM JJIS1 pACITUPEHHS aCCOPTUMEHTA COPOCHTOB TTOJIMKOHICHCAITMIOHHOTO
THUTIA.

[IpakTrdeckas EHHOCTh PE3yIbTaTOB UCCIICIOBAHUS 3aKIFOUYAETCS B TOM, YTO
Ha ocHOBe (Pypdyposa MECTHOTO MPOU3BOJICTBA U OTXO/1a MOTYUYEHBI HOBBIE
MOHOOOMEHHBIC COPOSHTHI U PEAreHTHI, KOTOPHIC PEKOMEHIOBAHBI JIJIST OYMCTKU U
CMSITYCHHSI IPOU3BOACTBEHHBIX BOJI. BHISIBICHHBIE 3aKOHOMEPHOCTH COPOIINU
UMEIOT BKHOE 3HAUYCHUE MTPU COBEPIICHCTBOBAHUHU TEXHOJIOTHUH OYUCTKU
TIPOM3BOJICTBEHHBIX BOJI, TTOJIYYCHHH HOHOOOMEHHBIX COPOSHTOB Ha OCHOBE (Dyp
(yposia MECTHOTO MPOU3BOACTBA.

BHenpenue pe3yiabraroB uccieaoBanusa. Ha ocHOBe MOMyYeHHBIX HAyYHbIX
pe3ynpTaroB Obul pa3padortadH 3GGEKTHBHBIM CMOCOO OYMCTKH CTOYHBIX BOJ
HOBBIMH COPOCHTAMHM U PEareHTaMH, MOJTYYCHHBIX Ha OCHOBE MECTHOTO ChIPhS:

pa3zpabotanbl Texuuueckue ycnoBus (Ts14825224-01:2015r) nonyuenus
KapOOKCHIIBHOTO KaTHOHHUTA U YTBEPKICHBI areHTCTBOM « Y3CTaHAAPT»; IMOIY4YEH
MaTeHT Ha CIOCO0 MoMy4eHUs] MOHO(DYHKIIMOHATIFHOTO KapOOK CHIIHHOTO
KaTUOHHUTA Ha OCHOBE MOJMKOHIeHcanu Pypdyposia ¢ akpriioBoit Kuciaotoit (Ne
IAP 03458, 2007r.), uTO 1acT BO3MOXKHOCTh COPOIIMY MOHOB IIBETHBIX METAJLJIOB U



ypaHuia u3 pacTBOPOB;

BHEJIPEH B MPOIECC OYUCTKU M CMSTYEHUS MPOMBINIICHHBIX CTOYHBIX BOJ
MUIIEBON, XMMHYECKOW M METALTypru4ecKoil MPOMBIIUIEHHOCTH PecmyOmnku
V30ekucTaH KaTMOHUT W aHUOHUT Ha ocHoBe ¢ypdypona (CopaBka
«Y3BuHOCcaHoaT-xoaaAuHM», AA-02/1-1042, ot 17 mas 2016 1).

Anpofanus pe3yJbTaTOB HCCIAEAOBAHUA. Pe3ynbrarel uccIeqoBaHUN
o0CyXIanch U OBLTN anmpoOupoBaHbl HAa 11 pecmyOIMKaHCKUX U MEKTyHAPOTHBIX
HAYYHO-TTPAKTUIECKUX KOHPEPECHIIMIX: HayuyHass KOH(PEPESHIIUS MOJIOBIX YUEHBIX
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noceseHHas namatu akagemuka AH PY3 FOnycoBa C.1O. (Tamkent, 2004); 1 u
[I-PecniyObnukaHckas HaydyHO-MIpakTUUecKas KoHpepeHus, nocpsiieHas 70 u 75-
ronoBimmHe akagemuka AH PY3 TanmeBa A.I. (Tepmes, 2002, 2005);
Pecniybnukanckass Hay4HO-TEXHMUYECKash KOH(PEpEHIMs] «AKTyaJbHbIE MPOOIEMbl
MHHOBAIlMOHHBIX TEXHOJIOTM XMMUYECKOM, HEPTErasoBod M MUIIEBOM MPOMBIII
nenHoctn» (byxapa, 2010); MexayHaponHas Hay4YHO-TeXHUYECKasi KOH(pEpPEHIUs
«CoBpeMEHHBIE TEXHUKHA U TEXHOJOTHH FOPHOMETAJIYPrU4eCKOW OTpACIn U MyTH
ux paszsutus» (Hasou, 2010); III- Mexnaynaponnas xoHdepenuus Poccuiickoro
xumuueckoro ooOmectBa umeHu MenneneeBa [[.U. «PecypcocOepe-raromue u
9HeprodPEKTUBHBIC TEXHOJIOTHH B XMMHYCCKOH M HEPTECXHMMHUUYCCKOH IPOMBIII
nennoct» (MockBa, 2011); Canxr-IletepOyprckas koHdepenius «Hay-ka o
nonumepax» (Cankr-IlerepOypr, 2013); Pecmybnukanckas Hay4dHO-TIPAKTH-YeCKast
KOH(pepeHHs: «Bonpochl MOBBIMIEHHUS HIKOJIOTUYECKOM KYJIBTYpPhl CpPEAH MOJIO
néxu» (Tamkent, 2014); PecnyOnukaHckasi HaydYHO-TEXHUYECKass KOH(EpEHIHUs
«IIporpeccuBHblE TEXHOJOTHHM TOJYYEHUS KOMIIO3UIIMOHHBIX MAaTepHalOB U
m3nenmuit u3 HUX» (Tamkent, 2015); MexnayHapoaHas HayyHO-TEXHUYECKas
koHpepenuus «Mononaéxp 1 XXI Bek — 2015» (Poccus, Kypck-2015); Mexny
HapojHas KoH(epeHus 1Mo oxpane okpyxkatomei cpenbl (Kapmu, 2015).
Ony0IMKOBAHHOCTH pe3y/bTaToB HcciaenoBaHus. [lo Teme nuccepranuu
onyOnuKoBaHbl 46 HayuHbIX paboT. M3 Hux 1 MmoHorpadwus, 15 HayuyHbIX cTarei, B
ToM ymucie 12 crareil B pecnyOIMKaHCKUX U 3 CTaTbU B 3apyOEKHBIX >KypHaiIax
PEKOMEHJIOBaHHBIX  Bpicmield  arrecTallMOHHOM — Komuccued — PecnyOmuku
V36ekuctan Uil MyOMWMKAallMd OCHOBHBIX HAy4YHBIX PE3YJIbTaTOB JOKTOPCKHUX
JIMCCEPTaIUi, MOy4eHo 2 naTteHTa PY3.
Crpykrypa n 00beM auccepranum. J(uccepranus COCTOUT U3 BBEACHMUS,
IIECTH TJIaB, 3aKJIIOUEHMS, CIIMCKA UCOIb30BaHHOM nTeparypbl. O0beM
nuccepranuu coctapiser 190 crpanuir.
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OCHOBHOE COAEP KAHUE JUCCEPTALIUU

Bo BBegeHMH OOOCHOBBIBAC€TCS AaKTyaJlbHOCTh U BOCTPEOOBAHHOCTD
IIPOBEJICHHOIO MCCIIEOBaHUS, LI€JIb U 3a/1a4d HCCIEAOBAHMS, XapaKTEPU3YHOTCS
OOBEKT M NpPEIMET, IOKa3aHO COOTBETCTBHE MCCIEIOBAaHUS MPUOPUTETHBIM
HaAIPaBJICHUSIM PAa3BUTUS HAYKU U TEXHOJOTUI pecnyOlMKH, U3JaratoTcsl Hay4yHas
HOBU3HA M MPAKTUYECKHUE PE3YJIbTaThl UCCIEIOBAaHUsS, PACKPBIBAIOTCS HAay4yHas U
IIPaKTUYECKass 3HAYMMOCTH IIOJIYYEHHBIX DPE3YJIbTaTOB, BHEAPEHHE B IPAKTUKY
pE3yNbTAaTOB MCCIIEI0BAaHUS, CBEACHUS IO OMyOIMKOBaHHBIM paboTaM U CTPYKTYpe
T CCEPTALINH.

B nepsoii miaBe aucceprannu «CoBpeMeHHbIE NMPEICTABICHHS 0 CBOMCTBAX,
cnocodax mouaydeHMs M IPPEKTUBHOCTH NPHUMEHEHMS HMOHOOOMEHHBIX
MOJIUMEPHBIX COPOEHTOB» TMPE/ICTaBICH JUTEPaTypHbIH 0030p, MOCBEIICHHBIH
COBPEMEHHOMY COCTOSIHHIO TEXHOJOTUW MOJIyYeHHS] M MPUMEHEHHS MOHOOOMEH
HBIX COpPOEHTOB M PEAreHTOB, BKIIOYAIOUINI UX COCTABBI U CBOMCTBA, CIIOCOOBI UX
MOJIyYeHHUs] M AKTUBALMM, & TAaKK€ HMX NPUMEHEHUS /I OYUCTKH IPOM3BOJ
CTBEHHBIX CTOYHBIX BOJ M H3BJICYEHUS HMOHOB ILIEHHBIX METAJJIOB W3 TEXHOJO
IMYECKUX PacCTBOPOB.

Bropasi riiaBa nocBslieHa METOJaM IOCTAHOBKHM JKCIEPUMEHTA, AHAIU3Y
ChIpbS U TOJIy4aeMbIX HOHOOOMEHHBIX COPOEHTOB M pPEAreHTOB, IJ€ MOAPOOHO
OCBEILEHbl OTIMYUTENIbHbIE OCOOCHHOCTH TMOCTaBIEHHBIX SKCIEPUMEHTAJIbHBIX
paboT OT U3BECTHBIX, @ TAK)KE METO/Ibl aHAJIN3a UCXOAHBIX U OUMIICHHBIX CTOYHBIX
BOJI. YCTAHOBJIEHBI (PU3MKO-XMMUYECKHE CBOMCTBA M COCTaBbl HMCXOJIHBIX CBIPHE
BBIX MarepuajioB, MOAOOPAHHBIX M MOIXy4YeHUs 3(P(YEKTUBHBIX HMIIOPTO3aMeE
MIAIOIMUX HOHOOOMEHHBIX COPOCHTOB.

Tpetbs mnaBa aucceprauuu «IlosrydyeHne HMOHUTHBIX COPOEHTOB)» TMOCBS
IeHa pa3paboTKe TEXHOJIOTMH MOJYyYEHUsS MOHUTHBIX COPOEHTOB M U3YUYECHHIO UX
(pU3HKO-XMMHUYECKUX CBOMCTB. B pasznene cuHTE3 M HMCCIEAOBAHME aHUOHUTHBIX
COpOEHTOB HCCIIEAOBAaHbl 3aKOHOMEPHOCTH OOpa30BaHHA aHHMOHO-OOMEHHBIX
COpOCHTOB TyTeM MOJMKOHJeHcauuu (ypdypona, MOIMITUICH-TIOIUAMUHA
(ITDIMA) wm ryanunuHoB. Hcmonb3oBaHHME B KauecTBE HCXOJHOTO MOHOMeEpa
I'YaHUJMHOB, COJEPXKAIIMX aMUHOTPYMIbI, CIIOCOOCTBYET MOIYYEHUIO aHMOHHBIX
COpOEHTOB 0€3 NpPHUMEHEHHUS XHUMHUYECKHX IMPEeBpAlllCHU, a HaJu4yhe apoma



TUYECKUX SIEP B CTPYKTYpPE aHHMOHUTA B COUETAHHUM C IeTepoLUKIaMu Qypdyposa
CHOCOOCTBYET 3HAUMUTEIBHOMY ITOBBIIICHUIO XHUMHYECKOW, TEPMHUYECKOM YCTOU
YMBOCTH HMOHHTA. Kpome 3TOro Haiauume B CTPYKType TPHUA3MHOBOIO IMKJIA
CIIOCOOCTBYET TMOBBIIIEHUIO W30UPATEIbHOCTH AaHMOHUTA K HMOHAM I[BETHBIX H
pPEAKUX METANIOB, B YAaCTHOCTU K HMOHaM MoiuOneHa. BBuay Ttoro, 4ro mnpu
CHUHTE3€ aHHOHHTA B KaueCTBE IJIABHOTO HOCHUTENS HOHOTCHHBIX Tpymnmn ObuI
ucnonb3oBad [I0ITA, mpencraBiso MHTEpEC HCCIENOBAHUE KMHETHKU PEAKIMH
nonukoHaeHcauuu ¢ypdypona ¢ ykazaHHbIM aMUHOM. B CBsI3u ¢ mocTaBiIeHHON
3a1a4ed MCCIENOBAIOCHh BIMSAHUE TEMIEPATyphbl PEAKLIHH, COOTHOLICHHE HCXOJ
HBIX BEIIECTB, KOJUYECTBA M MPHUPOIBI PACTBOPUTENS M Jpyrux (akTopoB Ha
nporuiecc nonukouaeHcauu [19T1A ¢ pypdypomnom. IIDITA mpu koMHATHOU
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TeMIlepaType B3auMOJEUCTBYET ¢ Qpypdyposiom OypHO, C BblaeleHueM Ttera. Jis
CHUKEHHUS OSK30TEPMUYHOCTH M PABHOMEPHOIO TEUYEHHUS PEAKUHUH MOJIUKOH
nencamuu [I9ITA ¢ dypdyporom mnpoBoguian B MPUCYTCTBUU pacTBopuTens. B
KaueCTBE MOCIEIHEr0 ObUTH UCTIONB30BAHBI: ATUIIOBBINA, H30aMUJIOBBIN CIIUPT,
auMeTwipopmMaMu, Toiayosl. HamOGonpluii BBIXON TMOJIMMEpa IMOIy4YaeTcs Mpu
MCITIOJIb30BAHUM HM30aMUJIOBOTO COUpTa U auMeTwidopmamuia. Vcnonp3oBanue
0,5-0,6 BecoBbIX HacTeil pacTBOPUTENS HAa OJIHY BeCOBYIO HacTh [IDITA mpuBoaut k
OypHOMY TEUEHHUIO PEAKIMU TOJIUKOHJCHCAIIMU, MPU 3TOM MOIYyYaeTCsl XPYNKUN
IIOJIUMEP C HU3KOM MEXAHUYECKOW IPOYHOCTBIO. YBEIMUYEHHUE KOIMYECTBA PACTBO
putens ot 1,5 no 2,5 BECOBBIX YacTeW NMPUBOAUT K JUIMTEIBHOMY OTBEPKIACHUIO
peakuonHo# Macchel (100-120 vacoB). [Ipu nucnons30BaHUM OJTHOM BECOBOM YacTH
pactBopuTenss M oaHOM BecoBod uactu IIDITA, mpomecc mNOIMKOHACHCAIUU
MpPOTEKaeT 0oJiee PaBHOMEPHO U MONTYYEHHBIE AaHMOHUTHI OONAal0T J1OCTATOYHOU
O0OMEHHOM EMKOCTBIO U XOPOIIEH MEXaHUYECKOU MPOYHOCTBIO.

Bausnue memnepamypel Ha npoyecc nonuxkondencayuu 113114 ¢ ¢pypgyponom.
Cxopoctb peaknuu noiaukonaencanuu [13ITA ¢ ¢ypdyponom uzyqanu npu 80, 90,
100, 110°C, monbHoe cootHomienue [IDITA k Gypdypony 6bu10 MOCTOAHHBIM 2:1.
Pesynbrarel onbITOB mnpuBeneHbl B Tabn.l m puc.l. Ilpum pacuere KOHCTaHTBI
CKOPOCTH PEaKIMU 10 U3MEHEHHIO KOHIICHTpanuu Gpypdypoia mpeamnoiaraim, 9To
oOpa3oBaHuE TOTUMEpa MPOUCXOAUT 3a CYET B3aUMOJACUCTBHUS KapOOHMUIIBHOMN
rpynmbl Gypdyposia ¢ nmoaBuKHBIMU Bogopoaamu amuHorpyrmn [IDTIA. Tlpu stom
MEPBBIM 3TANlOM PEAKIIMHU SIBIISIETCS 00pa30BaHUE METHIIONBHBIX MPOU3BOAHBIX. [Ipu
3aMelleHnH 000MX aTOMOB BOAOPOJA aMHHA MOTYT 00pa 30BaThCsl TUMETHIIOIBHBIE
npousBofHble. OOpa3oBaBIIMECsS TaKUM OOpa3oM, METHUJIOJIbHBIE MPOU3BOJHBIC
BCTYIAIOT BO B3aUMOJEHCTBUE APYT C IPYTOM,

OTHICTUISIE BOAY M 00pa3ys IONEpeuHble MOCTHKH, CBSI3BIBAIOIINE OTEIIbHBIC
MOJIEKYJIBI aMHHA. OKCIIEPUMEHTAJIBHBIE PE3YJIbTAaThl COMIACYIOTCA C JTAHHBIMH
NK-CcreKTpOCKONMUYECKUX HCCIENOBAHUM HMCXOAHBIX BEIIECTB W IOJYYEHHOIO
nonmuMepa. ITonoca moromenus B oomactu 1670 cM', COOTBETCTBYIONIAS - IPYIII
dypdypona u monocer mornomernus 1480, 1580, 1150, 650-900 cm™,

cootBeTcTBYytome —NH2 1 —NH - rpynnam [1911A, no mepe yBenudeHus: CTENEHH



MpEBpalIEHUs] TMOJMMEPA YMEHBIIAIOT CBOIO HHTEHCUBHOCTh. B HK-cnekrtpe
MOJIYYEHHOTO TOJIMMEPAa MOYTH OTCYTCTBYKOT TMOJOCHI TOIVIOIIEHUS, COOTBET
CTBYIOIIME aJbJECTUHOW Tpynmne — cleaoBaresbHo, B3aumojeiicteue I[1DITA ¢
bypdyposioMm TPOUCXOAUT 3a CUET B3AUMOJACHCTBUS KApOOHUJIBLHOW T'PYIIIbI
aJpJIeTU/Ia C MOJBUKHBIM BOAOPOoa0M aMuHOTpytbl [IDTTA.

Ha puc.l mpencraBneHa 3aBUCHMOCTh CTENEHW NPEBPALICHUS MOJIMMEpPA OT
NPOJOJLKUTEIIBHOCTH MPOIEcCa MPU pa3IMYHbIX Temneparypax. Ha ocHoBaHum
OTUX  pEe3yJIbTaTOB HaijiecHa JiorapupMUUecKas 3aBUCHUMOCTb H3MEHEHUS
KOHLICHTpAallUM pearupyronmx BemecTs. i pacuera NpuMEHSIIUCh pE3yJIbTaThI,
KOTOPBIE COOTBETCTBOBAJIM CTENEHU IpeBpaieHus He 6omnee 20%. 13 2 pucynka

BHIHO, YTO B KOOpJAHWHATAX _; ——
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Ha6J'IIOI[aeTC${ JJMHCHUHAas 3aBUCUMOCTD,
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KOTOpas YKa3bIBACT HA TO, UYTO I[aHHI)H?I IIponccC MOKECT 6]>ITI> OTHCCCH K PCaKIIUAM,
IIPOTCKAIOIIHUM I10 YPABHCHHIO BTOPOI'O IIOpPAJIKaA.
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1-110°C, 2 —100°C , 3 -90°C, 4 — 80°C. Jlorapupmuveckue u3MeHEeHUs!
Puc.1. Crenenn 3aBepueHnocTs (A, %) KOHICHTPANHH pearupyomux BemecTs
nosmkonaeHcanun gpypdypoaa c IIIA B nponecce peakiuy npH pasJIdaHbIX
TeMIepaTrypax.

NPHU Pa3jJIMYHBIX TeMIlepaTypax.
1-110°C, 2-100°C, 3 -90°C Puc. 2.
3aBUCUMOCTh KOHCTAHTBl CKOPOCTEH OT TeMIlepaTypbl IMOIYUHSAETCA
ypaBHEHHIO AppeHuyca. DHEprusl aKTUBaUy peakuuu noaukonaeHcanuu [I1011A ¢
bypdyponom, HaiinenHas u3 rpaduueckoit 3aBucumoctu lgk ot 1/T cocraBuna 13,5
kkain/monb. M3 1 Tabmumbl BugHO, uTo mpu Temneparype 80°C mpomon
YKUTEJIbHOCTh peaKIuu MoauKoHeHcau coctapisieT 13 yaco, COE nonura 4,0
Mr-3kB/T. C yBeJIHMUEHUEM TeMIepaTypbl PEaKIMOHHON Cpeabl MOCTEIEHHO MOBBI
maetrcas COE, Ho npu 110°C npossnsiercsa 3HauntenbHoe ymeHblienne COE 4,9
Mr-3kB/T.  Ilpu Temneparype 120°C, XOTS NpPONOIKUTEIB-HOCTh Ipolecca
COKpaIaeTcs modTd B 3 pasa mo cpaHenmio ¢ 90°C, HO OJHOBPEMEHHO MaJaeT
BennunHa COE nmo 4,2 mr-sks/r. IlosToMy, Ha OCHOBaHUM AIKCIEPUMEHTATBHBIX
JAHHBIX 32 ONTUMAJbHYIO TEMIIEPATypy peakuuu MNOIUKOH-AeHcauuu [IOIIA ¢
bypdyponom npunsanu 100°C, npu KoTOpoil TeUeHHe peakliui paBHOMEPHOE U 3a §



qacoB 0O0Opa3yeTcs aHHOHOOOMEHHBIH MOJIUMED,
noKa3arensiMu (PU3UKO-XUMHUUECKUX U MEXaHUYECKUX CBOMCTB.

OTIINYAIO-IIUHCA  XOPOIINMH

Taoauma 1

Bausinue Temmeparypbl peakiiui NOJMKOHAECHCANUMN HA (PU3UKO-XUMHUYECKHUE
CBOMCTBA AaHHMOHWTOB

Temmepary [IponomxuTensHO YnenpHbINH 00bEM Craruueckas
pa CTh PEaKIINH, HaOyXIIIero 0OMEHHast eMKOCTh
peaxkumu, yac AHUOHHUTA B (COE)
°C OH-dopme mi/T (mo 0,1N p-py HC1),
MT-9KB/T.
80 13 3,9 4,0
90 11 3,6 4,6
100 8 3,2 5,5-6,0
110 5.5-6 2,8 4,9
120 4.5 2,6-2,7 4,2
Bruanue xonyemmpayuu  ¢ypgypora na npoyecc  noaukoHoeHcayuu.

KoHneHTpanysi MCXOMHBIX BEIIECTB IIPU CUHTE3€ AHWOHUTOB SIBIISIETCS BAKHBIM
(dakTopoM, BIHSAIOIIUM Ha HUX (UNKO-XMMHUYECKHE CBOMCTBa. lcmonb3oBaHue
Pa3JIMYHBIX COOTHOLIEHUM MCXOAHBIX BELIECTB IPUBOAUT K IOIYyYECHUIO aHUOHUTOB
C OTIMYUTENBHBIMU  (UBUKO-XUMUYECKUMH cBoiicTBamu. Dypdypon mnpu
IIOJIyYEHUH AHUOHUTOB SIBISETCS KOHJICHCHUPYIOIIMM CIIWBAIOIIAM areHTOM H
II0TOMY €r0 KOHLIEHTPALMs B PEAKIIMOHHOW CMECH BIIUSET HE TOJIBKO Ha CIIMBKY,

HO TaK)K€ U Ha KOJIMYECTBEHHBIE COOTHOIIICHUS aKTUBHBIX rpyri (Tadm. 2).
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Taoauna 2

3aBHCHUMOCTb CBOIICTB AHHOHUTOB OT KOHIeHTpauun ¢pypdyposaa
B peakUMOHHOU (aze

Moneit Crarnyeckast oOMeHHast Habyxaemoc Mexanuueck
dbypdypona B emkocTh (1o 0,1N p-py Th B BOJIE, ast
PeaKIMOHHON HCI1), mr-sks/t % MPOYHOCTH,

cMecH o

1,5 33-3.8 124 94,0
2,0 5,5-6,0 158 97,0
2,5 5,8-6,5 173 87,0

[TogewxHbie atombl Bogopoaa amuuorpynn I[IDIIA B3auMoaeHCTBYIOT ¢
anpAeTUaHON Tpynmoi ¢pypdypora, B pe3ysabTaTe 4ero 4acTh UCXOIHBIX EPBUYHBIX



Tpynn MEPEeXOJUT BO BTOPUYHBIC, & BTOPUYHBIC - B TpeTHUHbIE. C yBETUUCHUEM
konmmdectBa Pypdypona magaeT BeIUYMHA OOMEHHOW €MKOCTH M HAOyXaeMOCTH.
[Ipu wucnonb3oBanuu 1,5 Moneit ¢ypdypona, aHHMOHUTHI 007alaIOT BBICOKOU
0OMEHHOH €MKOCTBIO, OJTHAKO HAOJIOMACTCs OKpaIIMBaHUE PACTBOPA KHUCIOTHI, YTO
MOXXHO OOBSICHUTh YaCTUYHOM PACTBOPUMOCTBIO MPOJYKTA. [Tocnenuee
00yCITOBJICHO HEMOIHOTOUW B3aumosencTBus ¢pypdypomna ¢ [IDI1A. M3 nanHbIX BO 2
TabIuIle BUTHO, YTO HanOoJiee ONTHUMAIIBHBIM COOTHOIIIEHUEM (Pypdypora sBiseTcs
2 Mousl.

Ilonyuenue u uccneoosanue aHUOHUMOE NYymMeM NOAUKOHOeHcayuu Gypgypora
¢ Oenzoeyanuourom. C TEIBIO yCTAHOBIICHUS BIHMSHUS Pa3TUYHBIX (PAaKTOPOB Ha
MPOIIECC TIOJUKOHJICHCAIIUA TPOBEACHBl KUHETHYECKUE WCCIICOBAHUS PEAKIINH
B3auMojieiicTBUs Gypdyponia ¢ 6eH30TyaHUIMHOM 0 KOJTUYECTBY HE BCTYIHUBILIETO
B peakuuio ¢pypdyposna, ¢ UCMOIIb30BAaHUEM MOJIIPOTrpadUuecKOro METOAA aHaIn3a.
Brnusane temmeparypHoro (aktopa Ha MPOIECC MOTUKOHICHCAIMHA HCCIISI0BATN
mpu 90-100-110°C, coxpaHssi TIpu 3TOM MOJIbHOE cOOTHoueHue ¢ypdypona k
oenzoryannauny 1,0:1,25. Kunernueckue mokaszaresin peakiiuu MOJUKOHACHCAIIUH
paccUYMTaHbl HA OCHOBE PE3YJITaTOB, MOMyYeHHBIX 10 20% CTEneHU MpeBpaIleHuU.
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1 —90°C; 2 -100°C; 3 — 110°C. Puc.3. 1 -90°C; 2 -100°C; 3 —110°C. Puc.4.
Crenenb 3aBepIIEHHOCTH MOJIH Jlorapudmuveckue u3MeHeHUsl
KoHaeHcanuu ¢pypdyposia ¢ 6eH30ryanu KOHLEHTPAIA Pearupyloinux BemecTn
AUHOM. B Mpolecce peakium.

Ha 3,4 pucyHke mpeicTaBlieHa CTETICHb 3aBEPIICHHOCTH PEAKIIMH TTOJHKOH
nencauu  ¢ypdyposa ¢ OCH30TyaHUJUHOM U JIOTapU(PMHUUECKUE H3MEHEHUS
KOHIICHTPAIMA PEarupyronux BEIIeCTB B 3aBHCHMOCTH OT MPOJOHKUTEIBHOCTH
peakiuu. JInHeitHas 3aBUCUMOCTD, TIOJydeHHas!, B KOOpIUHATAaX
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! CBUJICTEJIILCTBYET, O TOM, YTO PEAKLIUS MOJUKOHICHCALINY ( a x )b
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6enzoryanuanna u Gyp@yposa onuchiBaeTCss KHHETHUECKUM ypaBHeHHEM 11
nopsiika. DHEPrusl aKTUBALUU, paCCUYUTaHHAs U3 Tpaduyeckor 3aBUCUMOCTH, -1gK
ot 1/T paBna 17,23 kkan/monb. CiienoBarenbHO, B3aUMOIEUCTBIE OEH30IyaHUIMHA
¢ bypdypo-J10M IpoTeKaeT ¢ OOIBINECH, 3aTpaTOM SHEPTUH, YEM B3aUMOJICHCTBHC
bypdypouna ¢ [12TTA. M3yueno BiusHUE KOHIIEHTpAIMU OCH30TyaHHUIMHA Ha
CBOMCTBa aHMOHUTA IIPU MOCTOSTHHOM cooTHoteHuu [1DT1IA u dypdyposna (Tadn.3).



Taoauua 3
3aBUCHUMOCTB CBOICTB AHHOHUTA OT KOHLEHTPAalUMU OCH30IyaHUIMHA B
peaKIIMOHHOM CMeCH

KomnuecTtBo COE no VnensHbBIN CopOuuoHHast ClTOCOOHOCTH 110
MoJiei 0,IN 00BeM MonmuoneHy (Cuex=1 /11 MoO), MI/T
0€eH30 HCl1, HaOyX1Iero

r'yaHUI1HA MT-3KB/T. AHUOHUTA B W13 yucroro Pact, mormu6nara
B OH-dbopme, /T pacTBopa amMMoHus 1 48 /1
’ -2
PEeaKIMOHH Monmbaara SO,?— noHa
. AaMMOHUS
ol cMecH
1,0 4,7-4,9 39 220 236
1,25 5,5-6,0 3,2-3,5 180 294
1,5 4,6 3,0 170-190 190
2,0 3,8-4,2 2,4-27 164 158

Hannsie 3 TaOnuibl MOKA3bIBAIOT, YTO YBEJIWYEHUE KOHIICHTPALUU OEH30
IryaHUJUHA TOBBIIIAET HM30UPATENbHYIO CIIOCOOHOCTh AHUOHHMTA K MOJIMOJCHY,
OIIHAKO, MpH O3TOM TMajgaeT yAeNbHbII 00BbEM aHHMOHHUTA B BOAE U BEJIMYMHA
OOMEHHOH €MKOCTH N0 MOJuOJeHy. DTO, MO-BUIUMOMY, OOYCIIOBJIEHO TEM, YTO
OCH30TyaHUJMH UMeeT OONBIIYI0 MOJEKYJISPHYI0 Maccy, W TOBBILIEHUE
KOHILIEHTPALIUM €r0 B PEAKIMOHHON CMECH, CHOCOOCTBYET YBEJIWYEHHUIO CIIMBKHU
nonmMepa. [Ipu nucmons3oBanuu 1,25 moselt OeH30TyaHHIMHA aHMOHHUT O0JIaaeT
JOCTAaTOYHO BBICOKON COpPOIIMOHHOM M M30MpaTeslbHON CIOCOOHOCTBIO K HMOHAM
MOJIUO/IEHA, KaK U3 YHCTBIX PACTBOPOB MOJIMOJaTa aMMOHUS, TaK U B IPUCYTCTBUU
KOHKypupytomux 1oHos SO,~. TIo7ToMy 3a ONTHMAaNbHYIO KOHIEHTPALHIO OEH30
ryanuanHa npussum 1,25 moneit ot Beca pypdypona.

Taoauna 4
CopOuyst MoJIH0AEeHA HCIIBITYEMbIMH AHHOHUTAMMU

AHUOHUTEI ITomtonteno Kosddpumment TToromteno

MoJIrO/IeHa u3 pacrpeeseHu MOJIHOIeHA B

YHUCTBIX paCTBOPOB, A, MF/J'I MNPUCYTCTBUU

MI/T IN p-pa Na2S04, mr/t

®BI, OH-popma 201 - 168
S04-popma 285 374 252
Cl-dpopma 230 - 195
®PA-C, OH-popma 78 - 60
S04-hopma 115 212 60
Cl-dopma 68 - 60




AH-2®, C1-popma 230 320 62

Takum o6pa3zom, Ha OCHOBAHUM MPOBEICHHBIX MUCCIICTOBAHUI
AHUOHOOOMEHHBIN COPOCHT C BHICOKOW M30MPATEIbHOCTHIO K HOHAM MOJIMO/IeHA
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MoJTydaeTcs MPU MOJIBHOM COOTHOIICHUH OeH3oryaHuauHa u gypdypona 1:1,25 B
npucyrctBun  [IDITA B  Teuenum 4,5 wacoB mnpu 100°C, B cpene
aumetundopmamuaa. B 4 tabnuiie mpuBeneHb OCHOBHBIE CBOMCTBA MOIYYEHHBIX
AHUOHHTOB.

Cunmes u uccnedosanue KapOOKCUILHO20 KAMUOHUMA HA OCHO8€ NPOOYKMO8
83aUMO0elucmeuss aKpunogol xuciomel u @ypgypona. VicciemoBan mpoliecce
00pa30BaHUs KapOOKCHILHOTO KaTHOHUTA MTOJMKOHICHCAIIUEH aKpUIOBON KHUCIOTHI
¢ ¢ypdyponom. Ilpeacrapisnoch 1eaecO0Opa3HbIM yCTAaHOBUTH ONTH MaJIbHBIC
yCIJIOBUS CUHTE3a KATHOHUTA C TIOMOIIBI0 KHHETUIECKUX MCCIICIOBAaHUI:
3aBHCHUMOCTh OT TeMIepaTypbl peaklud, KOHICHTPAIMU Karajau3aropa, W
COOTHOIICHHUST HCXOMHBIX BemiecTB, u 1p. Pypdypon mpu B3auMOIEHCTBUHU C
aKpUJIOBOW KHCIIOTOM SIBISIETCS HE TOJNBKO KOHJCHCHPYIOIIUM areHTOM, HO |
MOCTHKOOOpa3aBaresieM, MO3TOMY, OT €r0 KOHIICHTPAIlMU 3aBUCIT COPOLIMOHHBIC U
(U3BUKO-XMMUYECKHUE CBOMCTBA TOJNYUYEHHBIX KAaTHOHUTOB. MEHSsI COOTHOIIECHUE
bypdypona K akpuUIOBOH KHCIOTE OBUIM TOJYYEHBI KaTHOHUTBI C Pa3TUYHBIMU
CBOMCTBaMU. YBennueHHe KoaudecTBa Gypdyposia MprUBOIUT K TIOBBIIIICHUIO YUCIIA
MOTICPEYHBIX CBS3EH, BCIIEICTBUE YETO YBEIMYMUBACTCS MEXaHUYECKasl TPOYHOCTb,
HO YMEHBIIAeTCsi OOMEHHAsI eMKOCTb.

Taoauna 5
BiausiHue cCOOTHOINIEHHMS MCXOAHbIX BEeNECTB HA CBOMCTBA KATHOHHUTA
IToxazarenu MoIbHOE COOTHOIIICHHUE
AKpHJIOBOM KHUCIIOTHI K
dypdypory
1:1 1:2 1:2.5
HaceimHoii Bec, r/mi 0,58 0,55 0,51
VYnenbHbIN 00beM HAOYXIIIEro KaTHOHUTA, MJI/T 3,8 3,4 2,6
Crarnueckas oomenHas eMkocth (COE) o 0,1N 5,8-6,5 4,75-5,5 4,1-4,2

pPacTBOPY €AKOTO HATPHS, MI-3KB/T

COE mo 0,1N pacTBOpy XJIOPUCTOTO KaJIBIUs, MI-3KB/T 3,5-4,2 2,6-2,8 2,2-2.4

COE 1o 0,1N pactBopy Maruus XJopuia, Mr-3KB/T 3,0-3,2 2,8 2.4

COE no CuS04, (Cuex=1 1/m) 2,2-24 0,8-1,1 0,4-0,65

COE 1o NiS04 (Cucx=1 1/m) 1,8-2,2 2,0-2,2 1,2-2,0




Mexanuueckasi IpOYHOCTb, %o 85-90 90-95 95-100

W3 nanHbIX 5 TabaUIBl BUIHO, YTO KATHOHUT C MOJIBHBIM COOTHOIIIEHHEM | MOJIb
aKpUIIOBOM KUCIOTHI Ha 1 Monb Gypdypora, umeeT HauOOIBITYI0 0OMEHHYIO
E€MKOCTh, IIOATOMY JTAJIbHEHUIIINE UCCIICIOBAHUS TTPOBOAMIIA HA ATOM KaTnoHuTe. Ha
OCHOBAHHH MPOBEACHHBIX MCCIICIOBAHNI YCTAaHOBICHO ONTUMATIHLHOE COOTHO
IIEHUEe aKpUJIOBOM KUCIOTHI K Qypdypory 1:1 npu temneparype 80°C u xonu
yecTBO Karanmzaropa 0,05 Mons Ha Motk Pypdypora, odecrneunBaroiee 10cTa
TOYHO XOPOIIINE MTOKA3aTETN COPOIMOHHBIX U (PU3UKO-MEXaHUIECKUX CBOMCTB.

Yerepras miaBa guccepranmnun «CopOUHMOHHBIE M (PU3HMKO-XMMHYECKHE
CBOIiCTBAa TMOJYYEeHHBIX HOHHTHBIX COPOEHTOB» TIOCBSIIECHA HM3YyYCHHUIO
COpPOITMOHHBIX CBOWMCTB TMOJYYEHHBIX HOHHUTHBIX COPOCHTOB M OIPEACICHUI0 UX
(UBHKO-XUMHUECKUX, COPOIIMOHHBIX U MEXaHUUECKUX XapaKTCPUCTHUK.

U3yuenue ocHoBHbIX CB0UICME AHUOHUMHBIX cOpOenmos. BaxkHoe 3HaueHue
UMEET UCCle0OBaHNE (PUBUKO-XUMHUECKUX U MEXaHUYECKUX CBOMCTB HOHOOOMEH-
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HBIX MOJUMEPOB, MO3BOJSIONIMX OMNPEACIUTh UX JOCTOMHCTBA M HEAOCTATKH, a
TaKke 00JIacTh MX NMPUMEHEHHUS. DUBNKO-XUMHUYECKHUE HCCISAOBaHUS HOHOOOMEH
HUKOB ITO3BOJISIOT TaK)Ke€ OMPEJACTUTh MYyTH MOAU(PHUKAIIUN HEKOTOPBIX UX CBONCTB.
B nurteparype mpakTHueCKH OTCYTCTBYIOT CBEICHHS O MPUMEHEHUIO HMOHUTOB,
MOJIYYEHHBIX C UCTIOJIb30BAHUEM B KaU€CTBE CUIMBAIOIIETO areHTa -
bypdypona, B pa3nuUHBIX OONACTIX XUMHUUYECKOW TEXHOJIOTHMH, YTO, OYEBHJIHO,
MOXXHO OOBSCHHTH OTPAaHHMYCHHOCTBHIO IIHPOKUX HCCICAOBAHUHN 10 OIPEACICHUIO
PABHOBECHBIX M KHHETUUECKUX XapaKTEPUCTUK, MO3BOJISIFOIIUX B COMOCTABJICHUH C
MIPOMBIIIJIEHHBIMUA 00pa3liaMu, BBISIBUTH KOHKPETHBIE OOJIACTH MX MPUMEHEHUS B
HapoaHoM xo3siiicTBe. C 2TOM Ieap0 HaMu OBUIM TPOBEACHBI IOAPOOHBIC
uccieoBaHus (U3UKO-XUMHYECKHX, COPOIMOHHBIX W MEXaHWYECKUX CBOMCTB
MOJIYYEHHBIX ~ MOHOOOMEHHBIX  ToJuMepoB. Ha aHWoHMTAX, MOJYYEHHBIX
nonukoHaeHcamueit IIDIA, dbypdypona, 6enzoryanuauna - (ObI) u [I9I1A,
bypdypona, nubennnryanuanna - (OII°), Obun MpoBeIeHbI UCCIIETOBAHUS
OTJICTTLHBIX 3aKOHOMEPHOCTEH HOHHOTO OOMEHA, KOTOPHIE MOTJIH OBl CITY>KUTh
OCHOBaHHUEM JIJIs1 (PUBUKO-XMMHUYECKON XapaKTEPUCTUKHU UCTIBITYEMBIX aHUOHUTOB.
Bennunna nx HOHOOOMEHHOM CITOCOOHOCTH B OCHOBHOM 3aBHCHUT OT KOJIMYECTBA
MOHOTEHHBIX TPYII HOHUTA, CTEIICHU UX JUCCOILUAIINY, a TAKXKE OT MPUPOJIBI U
KOHIIEHTpalluK 0OMEHHBaeMbIX HOHOB. CTaTnueckyto oOMeHHYI0 eMKOoCTh (COE)
OTIPEJICTISIIA B PACTBOpPaX MUHEPAIbHBIX KUCJIOT (COJIsIHAS, CepHAast, a30THAs),
00BIYHO, COZIEPIKAIINXCS B MPOU3BOJICTBEHHBIX pacTBopax. [lomydeHHbIE paBHO
BECHBIC U KHHETHUUECKHUE MOKA3aTEIU UCTIBITYEMbIX aHUOHUTOB COMOCTABIISLIN C
MOJIMKOHICHCAIIMOHHBIMU, TPOMBINIUICHHBIMU aHuoHuTamMu AH -31, AH-20 u
AH-1. B 6 TabGnuiie npecTaBieHbl OCHOBHbIE (PU3HKO-XUMUUYECKHUE CBOMCTBA
HCIIBITYEMbIX aHUOHHUTOB.

Tabdauma 6



OCHOBHBIE d)l/I3I/IKO-XI/IMl/I‘-ICCKI/Ie CBOMCTBA NNOJIYYCHHBIX AaHHUOHUTOB

[Tokazarenu Enununa | AHHOHHT AHHNOH
U3MEPEHUS ObI' UT
QNI
HacrwimHoit Bec /M 0,65 0,55
VYnenbHbIH 00beM HaOyxmiero annonuTa B OH-hopme MII/T 2,8 3,8
COE 1o 0,1N pactBopy HCI MT-3KB/JT 4,8-5 6,5-12
COE no 0,1N pactsopy HNO3 MT-3KB/JT 4,6 6,2
COE no 0,1N pactopy H2SO4 MT-9KB/JI 4,5 6,3
Mexanndeckas IpOYHOCTh % 99,9 99,9

B pabore Takxke wuccienoBaHa 3aBHCUMOCTh OOMEHHOM CHOCOOHOCTH
MOJIyYEHHBIX aHUOHUTOB OT pH cpenbl U ucxoaHON (HOPMBI HOHOTEHHBIX TPYIII C
WCMOJIb30BAHUEM METOAAa MNOTEHIUOMETPUYECKOrO0 THUTpoBaHus. llomyueHHbIe
JAHHBIC TMOJTBEPXKAAIOT MPUHAJICKHOCTh HCHBITYEMbIX AHHOHUTOB K TPYIINE
c1ab00CHOBHBIX. Ha OCHOBaHMU KpPHMBBIX MOTCHIIMOMETPUYECKOTO THUTPOBAHUS
OBLJIO YCTAHOBJICHO, YTO IMOIVIOIICHUE AaHUOHOB B OCHOBHOM MPOUCXOJIUT B KUCIBIX
U CI1a0OKHUCTBIX Cpeiax.

B UK-cnektpe ucxomnoro IIDITA HabmromaroTcsi MoJIOCHl MOMIONICHUS B
obmact 660-890 cm™', 3500-3000 cM™' cBsi3aHHBIE C BAJCHTHBIMH KOJCOAHUSIMH
IIEPBUYHBIX U BTOPUYHBIX amMmuHOrpynin. B cnexkrpax annonura @bl Takxke
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HaOJIIOIAIOTCS TIOJI0CHI TorTonieHus B oomactu 900-600 cm™, 3300 cm™',
CBSI3aHHBIE C KOJICOAHUSIMHU TIEPBUYHBIX M BTOPUYHBIX aMHUHOTPYTII, OHAKO
WHTEHCUBHOCTD ATUX TOJIOC HECKOJILKO YMeHbIeHa. [1010ChI MOTIomeHus B
o6mactu 3100, 3600, 1010, 878 cm™!, cBsI3aHHBIE C BAICHTHBIMH KOJICOAHUSIMIU
-CH=CH- rpynns! ¢ypaHOBOro IIUKJIa CBUJETEILCTBYIOT O MPUCYTCTBUU (PypaHO
BOT'O KOJIbI[A B CTPYKTYPE MOJTYUYEHHBIX aHUOHUTOB. OTCYTCTBHE MOJOC MO0
IIICHUS B CTIICKTPE HOHUTOB B oOsactu 1695-1670 CM'I, COOTBETCTBYIOIINX
aJbJACTUIHON TPYIITIE YKa3bIBAET, 4T0 Gypdypo B3auMOJIEHCTBYET ¢ OEH30TyaH!
nuHoM, nudenunryanuarnHoM u [1DITA 3a cueT kapOoHMIBHOM rpynmbl. Ha
OCHOBaHUHM AJIKAJIOMETPUUECKOTO U MOTEHIIMOMETPUUYECKOTO TUTPOBA HUSI, & TAKKE
NK-cnekTpocKonnYecKnx UCCIEN0BAHUM, CTPYKTYPY ITOJTYyYECHHBIX aHUOHUTOB
MOXKHO IPEJICTaBUTh CICAYIOIIUM 00pa3oM:
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Hccneoosanue ceoticmé nomyyenno2o Kapboxkcuabho2o xamuonuma. Jns
YCTAHOBJICHHSI (DYHKIIMOHAJIBHOCTH M CTENEHU AMCCOLMALNM MOHOTEHHBIX TPYIII
IIOJIy4EHHOIO KaTHMOHWUTa ObUIa CHSATA KpUBas IMOTEHIMOMETPUYECKOTO THUTPO
BaHus. KpuBas NOTEHIMOMETPUYECKOIO THUTPOBAaHUS ITOJYYEHHOIO KATHOHUTA
XapakTepu3yeTcss MOHOTOHHO HMCIIAJAIOLIECH KPHUBOM YKa3bIBAIOIEW HA YBEJIU
yeHue OOMEHHOM eMKocTu 1o mepe yBenuueHus pH cpensl. IlpucyrcTBue moHo
TEHHBIX TIPYyNIl M CTPYKTypy KaTHOHUTa TaKXke HuccienoBanu ¢ nomompo MK
CHEKTPOCKOIMYECKOTO MCCIIEAOBaHUs KaThuoHUTa W Qypdypona. Ilpucyrcreue
KapOOKCHJIBHOM TPYIIbl XapaKTEepPU3yeTCcsl NHTEHCUBHOW MOJOCOM MOIVIOUIEHUS B
obmactu 3400 cm' u cnaboit monocoit B o6mactu 3200-2600 cv.

OTCyTCTBHE TIONOC TIOIIOMmEHHs B obmactu 2400-2100 cm’
CBHJIETEIIbCTBYET

00 OTCYTCTBUM TMAPOKCUIIBHBIX TPYMI B CTPYKTYp€e KaTUOHUTA. A
Ha ocHOBaHMM NOJIYYEHHBIX PE3YJIBTATOB U aHAIN3a

JUTEPATYPHBIX JAHHBIX CTPYKTYPHYIO (POpPMYITy KaTHOHUTA HA

OCHOBE aKPHJIOBOM KUCIOTHI U PypPyposia, MOXKHO MPEACTABUTh

CIEAYIOIIUM 00pa3oM:

Tepmuyeckas  ycmouuugocms  UOHUMOS. N3yueHne  TepMUYECKON
YCTOMYMBOCTH HOHUTOB UMEET BAXKHOE IIPAKTUYECKOE 3HAUEHUE, TaK KaK MO3BOJISET
ONpENEIUTh JOMYCTHUMBIE TMpENENbl TEMIIEpAaTyp, a TakKe pPEKOMEH JI0BaTh
MOHOOOMEHHBIE MOJIMMEPHI JIJIs1 paOOTHI IPH MMOBBIIIEHHBIX TEMIIEPATYpPaX.
OO0pa3ipl MOHUTOB MOJIBEPrAIMUCH TEPMOOOPAOOTKE B BOJHOUM Cpele ImpH Temrepa
Type KHUIEHHS BOABI B TE€YECHHUM OIIPEIACICHHOIO BpeMEHHU. Mepou TepMUYECKOU
HEYCTOWYMBOCTH MOHUTOB CIIyKHUJa BEIUYMHA OTHOCUTEIBHON OTEPU EMKOCTH,
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pacCcYMTaHHas O PE3yJIbTaTaM AJIKAJIOMETPUYECKOTO THTPOBAHMS MOHUTA.
OOMeHHasi EeMKOCTb MTOJTy4Y€HHOTO KaTHOHUTA B pe3yJibTare TepMOOOpabOTKH B
TedeHrne 30 4 HEe MEHSET CBOETO 3HAUCHUs, a JAJIbHENIIEe HAarPEBAHKUE B BOJC
CHIYKAeT BEJIMUYMHY 0OMEHHOM eMKOCTH He3HauuTesibHO (100 4 - moTepsi eMKOCTH
1-3%) 1 1o cBoell yCTOMYMBOCTH K BBICOKOM TEMIIEPAType MPEBOCXOIUT KATUOHUT
Ha OCHOBE CAIMIIMIIOBOM KUCIIOTHI U pypdyposa, 0ObSICHIETCS OTCYyTCTBUEM
TUAPOKCWIBHOW IPYMIIBI B CTPYKTYPE MOJMYYEHHOTO KaTUOHUTA. Tepmuueckas
YCMOUYU8OCMb KAMUOHUMA Ha 8030yxe. TepMUUECKYI0 YCTOMUYMBOCTh HAa BO3/LyXe



KapOOKCUIILHOTO KaThuoHuTa uccienoBainu mpu 150 u 180°C. JIyist cpaBHUTETBHBIX
JAHHBIX MCIOJIb30BaIN TaKKe KapOOKCUIIbHBIA KATHOHUT HA OCHOBE CAJIUIUIIOBOM
KUCIIOTHI U Ghypdyposna u cyab(hOKaTHOHUT Ha OCHOBE Mapa-TOMyOJICYIb(OKUCIOTHI
u hypdypoina. Biussaue TepmooOpabOTKH Ha KATUOHUTHI U3yYaslu 10 MoTepe
0OMEHHOM €MKOCTH, UBMEHEHHUIO CTETICHN Ha0yXaHHUs U Beca B 3aBUCUMOCTHU OT
JUTUTENBHOCTU TEPMOOOpadboTku. OOMEHHAast EMKOCTh UCIIBITYEMOTO KAaTUOHUTA HE
MeHseTcs npu Temneparype 150°C B TeueHuu JUIUTENLHOTO Bo3AeCcTBUS (24 1), a
HE3HAUUTEIbHBIC TTIOTEPH BECa CBS3AHBI C BBIJICIEHUEM COPOMPOBAHHOM BOJIBI.
3aMeTHOE U3MEHEHUE CBOMCTB CUHTE3UPOBAHHBIX KATHOHUTOB HAOIIOAETCSl PU
temmneparype 180°C. Tepmocmouxocms anuonuma 6 6ode. YCTOUUUBOCTh
AHUOHUTOB K TEPMO THAPOJIN3Y ONPEAEISIIN UX BBIIEPKUBAHUEM B T€UEHUU 48
4acoB TIPHU TEMIIEpaType KUIIEHUS BOJIbI. 3aT€M aHUOHUT OTACIISUIA OT BOJSTHOM
BBITSDKKH, CYUIWJIHU J0 BO3IYIIHO-CYXOTO COCTOSIHUS, B3BEIIMBAIN U ONPEISISIN
0OMEHHYIO EMKOCTbh, YIEIbHBII 00bEM M HACHIITHOW BEC. YCTAHOBJICHO, YTO TIPH
TEMIIEpAType KUIICHHSI BOJIbI CBOMCTBA UCIBITYEMbBIX AHUOHUTOB U3MEHSIIOTCSI C
yBEJIUYEHUEM JITTUTEILHOCTU TEPMOOOPAOOTKH HE3HAYUTEIIHHO. DTO
MOITBEPKIACTCS YMEHB IIIEHUEM YIETbHOTO 00beMa aHMOHUTOB MOCIIE
TepMo0oOpadoTku. [Ipn HarpeBaHNM aHMOHUTOB B BOJIC HE3HAUYNTEIHHOE
YMEHBIIICHNE OOMEHHON €MKOCTH CBSI3aHO C MPOIIECCOM YACTUYHOTO TEPMHUECKOTO
JIe3aMUHUPOBAHUS, KOTOPBIN MIPEICTaB JIsieT COO0M peakInio TuIposin3a, B
pe3ysibTare KOTOpPOoil B BOAHYIO a3y MepexoisiT 4YacTh aMUHOTPYIII, TTPU 3TOM
YCTaHOBJICHO, YTO MOcIe TepMooOpa 60Tku B TeueHNM 48 1 y annonuta ObI°
oOMEeHHast eMKOCTh yMEHbIIIMIACh Ha 3%, YTO COOTBETCTBYET KOJTUYECTBY
aMUHOTPYIII COACPIKAIIUXCS B BOAHOM BBITsDKKE aHnoHuTa — 0,78 Mr-skB/T. Toraa
kak y annonuta AH-2® oOMeHHast eMKOCTb Mociie TepMo0oOpaOdOTKH B TeUEHUU 48
9 yMeHbIuIach Ha 24%, a BOJHBIC BBITSKKU cofiepkanu 1,6 Mr-skB/T Ha
amuHOTrpymi. TakuM 00pa3om, UCCIIEI0 BaHHS TEPMUYECKON YCTOMUNBOCTU
MOJIYYEHHBIX aHHOHUTOB B BOJIE MO3BOJISIOT C/ACIATh BBIBOJ] O JIOCTATOUHO BBHICOKOM
TEPMOCTONKOCTH ATUX UOHUTOB, O0YCIIOB JICHO HAJIMYUEM B UX CTPYKTYpE
reTePOIMKINIECKOTO (DypaHOBOTO ITUKJIA, APOMATUYECKUX SIEP U TPUASHHOBOTO
KOJIbI1a OCH30TyaHUIMHA, KOTOPBIE MTPEIOTBPAIAIOT HOHOTEHHBIE TPYIIIHI OT
TEPMUYECKOTO BO3/IeUCTBUA. [lomyueHHbIe pe3yabTaThl CBUIACTEILCTBYIOT O
BO3MOXKHOCTHU MCIIONIb30BaHUs aHMoHUTa DBl B mpolieccax copOLUuu pa3audHbIX
HMOHOB HE TOJIBKO MTPU HOPMAJIbHOM, HO U MTOBBIIIIEHHOMN TeMIIepaType.

Copbyus uonog ypanuna na noiayienHom kamuonume. Ha nomydeHHOM
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katnonute B H u Na-dhopmax uccienoBanu copOLHMI0 HOHOB ypaHUIIa U3 PacTBOpa
U20 (CH3COQ)2 B cTaTueckux yciaoBusax. BennunHa copOuum HOHOB ypaHHIIa Ha
katuoHuTte cocrasmia B H-popme 150 - 200 mr/t, a B Na-dpopme 350 - 395 mr/r.
Mnvmrara nrwarra nH cenarrr g cOpOIUIO HOHOB YpaHUJIA ¢ KATHOHUTOM (puC.S).

1- kamuonum ¢ H-gpopme,

g 2 - kamuonum 6 Na-¢ghopme.

Puc.5. Bainsinue pH - pactBopa Ha copOuuio



HOHOB YPAHWIA C KATHOHUTOM,
nosaydyennsiMm u3 0,1 N pacTBopa
U0, (CH;C0OO0),:

W3 5 pucyHka BUJIHO, UTO MOJTYYEHHBIN KaTUOHUT B Na-popMe J0CTaTOuHO XOPOIIIO
copOUpyeT HOHBI ypaHWiIa B ucciaeayeMoM unreppaiie pH, Torna kak B H-popme
YPaHWI-UOH COPOUPYETCs U3 IIETOYHBIX PaCTBOPOB. MakcuMasbHas copOIus
ypanwi-uona B Na-dopme goxoaut 10 395 mr/r npu pH=4,75. JlecopOunro noHOB
ypanwia npooauiu 1N pactBopom coabl. [Ipu 3T0OM, TPOLEHT 3IH0OMPOBAHUS
MOHOB ypaHuia coctaBuil 95%. [IpenBaputenbHbie TaHHBIE 10 COPOLIMM NOHOB
ypaHuiia rOBOPST O BO3MOKHOCTH HMCHOJIb30BaHUS CHHTE3UPOBAH HOTO KaTUOHUTA B
MpoIeccax U3BJICUCHU HOHOB ypaHUJa U3 Pa3InuHbIX BOJ.

Copbyus uonog meou u Opy2ux Memainios noay4eHHbIMU UOHUMAMU.
N3BecTHO, 4TO B OOIBIIMHCTBE CIyYacB Ha MPAKTHUKE JJI1sI KOHIICHTPUPOBAHMUS,
pa3ieseHus CIOKHBIX CMECE KATUOHOB B BOJAHBIX U OPraHUYECKUX Cpeaax,
U3BJICUCHHE METAIIOB Ooiee 3(PPEKTUBHBIMU OKA3aIUCh BHICOKOMOJIEKYIISIPHBIE
AQHUOHUTHI TTOJIMKOH/IEHCAIIMOHHOTO THIIA, COAEPKAIlHe CIa000CHOBHbIC
aMHUHOTPYIIIbL. /{15 yCTaHOBIEHUS MPOLIECCOB NMOMOIICHU KATHOHOB AHUOHU
TaMU OCHOBHBIMH M3 KOTOPBIX SBIISFOTCS TIPOIIECCHI KOMITJIEKCOOOpa30BaHUs,
o0pa30oBaHuUsl MaJOPACTBOPUMBIX OCAJIKOB U MOJIEKYJISIpHAsE COpOLIKs, HEOOXOIUMO
M3YYUTh BIUSHUE TPUPOABI PYHKITMOHATBHBIX TPYIIN, €MKOCTH U ()OPMBbI HIOHUTOB,
MIPUPOAY NOMIOMIAIOIIET0 KaTHOHA Ha MPOLECC KOMILIEKCOOOpa30BaHus U
00pa3oBaHUs 0CAJIKOB.

Taoauma 7
CopOuusi MeTALJIOB NOJUKOHAEHCAIMOHHBIMUA AHMOHUTAMU
Ne Tun n HNonorenn CopbupoBaHo, pH paBHOBECHBIX
dhopma bIE MT-3KB/T BO3yIITHO pacTBOpOB
AHMOHHTA IPYIIIIBI CyXOro HOHUTA
Cu| Ni |Co|Zn|[Cd|Cu|Ni|Co|lZn ]| Cd
1 DA-C-OH -NH2, =NH,OH | 1,4 | - 08]11,5]1,614,0 7,3 6,2
0 0 4 0 0 2 5
7,1
2
6,3
3
2 &bI - OH -NH2, =NH 1,8 {03 (08(12(1,5]3,9 7,3 6,6
0 2 0 8 0 7 5 0
7.2
8
6.4
0
3 dBI' - C1 -NH2, =NH 1,0 - - - 1,2 | 2,8 5,0 43
0 0 9 8 3
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5,6

4 | AH-2®-OH | -NH2,=NH,0OH | 1,0 [ 0,2 [0,1| 0,1 [ 0,3 | 4,3 7,5 6,5
7,1

6,3

5 AH-2®0-C1 | -NH2,=NH,OH | 0,8 | - - - 10,2127 4,1 3,0
4,2

4,6

6 AH-1-OH -NH2, =NH 041 - 102 - |0,1]44 6,1 5,4
5,8

6,1

C 3TO# LENBIO UCCaeI0BaHUE COPOLMY KATUOHOB MPOBOAMIN HA aHHOHUTE — DBT,
B CTaTUYECKHUX YCIIOBHAX M3 pacTBOPoB cynbdara meau (0,05N, pH=3,5- 3,8),
aukens (0,1N, pH=6,5), ko6ansra (0,1N, pH=5,5), munka (0,1N, pH=5,5),
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kagmust (0,1N, pH=5,5). AHMOHHUTHI HCMOJB30BAIM B THUIPATHBIX M COJIEBBIX
dopmax. IlomydeHHBIE pe3yabTaThl COMOCTABISIN C pPE3yJIbTaTaMu COPOIUHU
M3BECTHBIM AHUOHUTOM, IIOJIyYeHHbIM Ha oOcHOBe ¢Qypdypona u cyinbpuIoB
denona (DAC), a Takxke ¢ mpoMblieHHbIME oOpa3iiamu AH-1, AH-2® (tabn. 7).
Bunno, uto mpu wucnomb3oBanmm aHuoHUTOB B OH-dopme mpoucxomut
yBenndeHne pH, Torga Kak KOJTUYECTBO COPOMPOBAHHBIX KAaTHOHOB YMEHBIIAETCS
npu ucnoib3oBaHuun Cl-gopmel. D10, NO-BUIAUMOMY, OOBACHSETCS TEM, YTO
copoumsi B OH-popme mpomcxomuT 3a cdeT o0Opa3oBaHUS KOMIUICKCHBIX
COCIMHEHUN U O00pa30oBaHUs OCAJKOB MaJIOPACTBOPUMBIX THAPOOKUCEH, UYTO
cornacyeTcsi C JMTepaTypHbIMH JaHHBIMH. Kak wu3BecTHO, cojeBas (opma
aHMOHWUTOB B PEAKIHI0 KOMIUIEKCOOOpa30BaHMsI HE BCTYNAeT, HO BCJEICTBUE
YAaCTUYHOTO THAPOJIM3a B BOJHBIX Cpelax MAaJIOAMCCOIMPYIOMNUX OCHOBAHHM,
KaKUMU SIBJISIOTCS UCCIIEAyEeMbIe aHHOHUTHI, 110 CXEME:
R3NH "+ HOH =R 3N ¢ese HOH + H"
B HCCJIElyeMOM pacTBOpe Bceraa npucyTcTByioT U B OH-dopme, kotopas obpasyer
KOOPJMHAIIMOHHBIE COCIUHEHUS C KaTHOHAMH HEKOTOPBIX I[BETHBIX METAJUIOB, B



pe3ysibTare 4ero mpoucxoauT ux copOuus. HeoOxonumMo OTMETUTh, YTO B HAIIUX
OMBITaX KOMILIEKCOOOpa3oBanue ¢ annoHuTamu B Cl-hopme HaOI0qaeTCs TONBKO €
KaTHOHAMHU MEIM W HE3HAUMTEIbHO, KaJMHS, YTO MO BUIMMOMY CKa3bIBa€TCS Ha
NPHUPOJIC KaTHMOHAa KOMILIEKCOOOpa3oBaTelsi, ero KOOPAWHAIIMOHHONW aKTUBHOCTH,
TaK ¥ Ha ONTUMAJIBHOM COCTABE aHWOHUTA MPU KOTOPOM MMEET MECTO TOTIJIOIICHHE
KaTHOHOB BCJICJICTBUM KOMIUIEKCO OOpa3oBaHUs. YMeHbIleHHe pH paBHOBECHBIX
pPacTBOPOB Mpu copOIMU KaTnoHOB aHnoHUTaMu B Cl-hopme roBopuT Takke o ToM,
YTO MPHU KOHTAKTE (a3 MPOUC XOIUT OOMEHHAS PEaKIUs MKy OOMECHUBAIOIIUMU
MOHAMHU aHUOHUTA W aHUOHOB coiii. OOMEHHAast eMKOCTh aHHOHUTOB T10 OTJCITHHBIM
KaTHoOHaM, KaKk BUJIHO U3 7/

TaOJIUIIBI HEOAMHAKOBO. Meb OMH M3 XOPOIIIO COpOMpPYyeMbIX KaTnOHOB. [loaToMy,
JanbHEHIe HaIIM UCCIEOBAaHUS HAMPABJICHBl HA MCCIIEIOBaHUE COPOLIUMU MOHOB
Me/I, TTOJTYYCHHBIM aHMOHUTOM B 3aBUCHUMOCTH OT pa3IMuHbIX (pakTopoB. C 1e/1bi0
U3YYEHHUS] KOHKPETHBIX OOBEKTOB IMPAKTUYECKOro NMpuMe HeHus aHuoHuta OBl
HaMU TOAPOOHO OBLIM MCCIIEIOBAHbI MPOIECCHI COPOIIUU MEU Ha 3TOM aHHOHHUTE B
CTaTUYECKUX YCJIOBHUSIX B 3aBUCHUMOCTH OT KOHIIEHTPA LIUU MCXOJHBIX PACTBOPOB,
KHCIIOTHOCTH pacTBopoB, pH cpeapl u (opmbl aHHMOHWUTOB. [l ycTaHOBIEHUS
BIUSTHUS KOHIICHTPAIIMA WCXOMHBIX PACTBOPOB OBUIA CHSATHI W30TEPMBI COpOIIAU
MOHOB M€Y M3 YHCTHIX PAacCTBOPOB Cyibdara Mmenu. (s cpaBHEHUS Takke ObLIN
UCCJICIOBAaHbl MOJMKOHJEHCAIIMOHHBIE TMPOMBIIUICHHbIE aHUOHUTHI J[D-10I1,
AH-31 u ¢ypanossiii annonut — ®AH. Ilo pe3ynbraraMm uccineaoBaHUs BIUSHUS
CTENEHU pa30aBiIeHUs pacTBopa cyilbdara MEIU Ha BEJIMYUHY COPOLUH MEIU
aanoHuToM OBI, OblIO yCTaHOBIICHO, YTO pa30aBiIeHUE pacTBOPOB Cyilb(hara Meau
B 4 pa3za moutu He BiAMsET Ha copOuuro Meau anuoHuToM DBI. Kosrdduinument
pacnpenencHus (Kp), ¢ yBenmnueHueM KOHIIEHTpAIlMM MEIH IaJaeT, TO €CTh, B
UCCIIEyeMO CHCTEME, B COOTBETCTBUM C OOIIEH 3aKOHOMEPHOCTBHIO, C
YBEJIMYCHUEM KOHIICHTPAIMKM PacTBOpPa yYMEHbINAETCS U30MPATEIHLHOCTh HOHHUTA K
MOHAM ¢ OOJIbIIIEH BaJI€HTHOCTHIO, UTO XapaKTEPHO
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A Tporiecca copOuuu M3 pa3zdaBIeHHBIX pacTBOpoB. [locTossHHOE 3HaYeHHE
BEITUYMHBI COPOIIMM MEIu C Pa30aBICHHEM, COTJIACHO JUTEPATyPHBIM JTaHHBIM,
OOBSICHSIETCS TEM, 4YTO COOTHOIICHHE (a3 3aBUCUT HE TOJBKO OT AKTUBHOCTH
OOMEHHMBAIOIIMXCS HMOHOB, HO W OT BBIOOpa BEIWYMHBI KOHIIGHTparuu. Jlius
YCTAHOBJICHHSI BJIMSTHUSI KUCJIOTHOCTH PAacTBOpa Ha COPOIMIO MOHOB MEIM, HaMHU
OBLTM MCIIOB30BAHBI PACTBOPHI cyib(dara meau, OIU3KHE TIO0 COACPKAHUIO MOHOB
MENIN U CEePHOM KHUCIOTHI K IPOU3BOJICTBEHHBIM. Pe3ynbTaTel cOpOIIMN MOHOB MEITN
13 KUCJIBIX pACTBOPOB aHHOHUTAMU TIPE/ICTABIICHEI B 8 TaOHIIe.

Tabmuua 8
Biusinne KMCJIOTHOCTH PACTBOPOB HA COPOIMOHHYIO CIIOCOOHOCTH AHMOHUTOB
AHHUOHUT OOMeHHast EMKOCTh, MT-3KB/T
OH-dopmer
pactBop*® CuS04 pactBop** CuS04+H2S04

AH-31 1,340 0,134




OBl 0,850 0,860

O[12-101I1 0,502 0,0

OAH 0,334 0,084

*- mcxonHas konneHTpanwus mo Cu — 80,2 Mr-3kB/I1

*%_ mcxomHash KOHIICHTPAIIHSI TI0 Cu**-75 Mmr-3kB/1, mo H2SO4- 400 mr-sxs/1 I3 1aHHBIX 9
TaOIUIBI BUHO, UTO COPOIIMSI HOHOB MEJIM B KUCIION Cpe/ie CUIIBHO YMEHBIIIAETCS.
310, MO-BUAUMOMY, OOBsICHSIETCS cinaboit aucconmanuerd =NH, -NH2 rpynm
aHUOHHTOB B KHUCIIOH cpene. B pactBopax npu pH=1,0 oOpa3zoBanue anHnoHUTaMU
KOMIUIEKCHBIX COSTMHEHUM ¢ HOHaMU Meau He HaOmonaercs. [logoOHoe siBieHue
Ha0JIIo1aeTCsl U IPU COPOIIMU UOHOB MEJIU U3 KUCIIBIX MPOU3BOJICTBEHHBIX
pacTBOpOB. Jlariee HaMu OBIIIO MCCIIEAOBAHO BIMSHUE KOHIICHTPAIIUU BOIOPOTHBIX
MOHOB Ha COPOIIMOHHYIO CTOCOOHOCTh aHMOHUTOB. JlJis 3TOrO, B Ka4eCTBE
HEUTPAIM3YIONIETO ar€HTa, UCIOJIb30BAIM KOHIIEHTPUPO BaHHBINA PACTBOP aMMHUAKA.
[IpuroroBneHHble MOJENbHBIE pacTBOPLI ¢ pH=1 HelTpanu3oBanu
KOHIICHTPHUPOBAHHBIM PACTBOPOM aMMHUaka. B Havaiie mpu noOaBiIeHNN aMMHUaKa
MIPOUCXOANUT HEUTPATU3alMs CEPHOUN KUCIIOTHI, 3aT€M ITPOUCXOAUT 00pa30BaHHE
0caJika OCHOBHBIX coJieit meau. M30b1TouHOE 100aBie HUe aMMHuaKa MPUBOIUT K
PacTBOPEHUIO OCAJIKa, KOTOPBIN MEPEXOJUT B aMMHad HYH0 KOMIUJIEKCHYIO COJIb
Meau. B 9 tabnuile npuBeAeHbl pe3yabTaThl UCCIAEA0 BAaHUS U3BJICUEHUS] HOHOB
M€/ U3 MOJENBHEIX pacTBOPOB (CuexCu> =70 mr-oke/m, CuexH2804=0,5N pacTtBop)
C HeTpanu3ainueit u 6e3 Hee.

Tadauma 9
CopOuusi HOHOB MeIu U3 MO/IeJIbHBIX PACTBOPOB IPHU PA3JIUYHOM 3HAYECHHUH
pH cpenbi

AHHOHHUT CopOr1ust HOHOB MeIU, MT-9KB/T

OH-dopma
MonenbHbIN [Tocne venTpanuzauu
pactBop pH=1 pactBopoM ammuaka pH=11

®AH 0,084 1,20

S2-10I1 0,09 1,0

AH-31 0,98 1,30

ObI 0,85 1,26

N3 nannbix 9 TabauIel BUAHO, U4TO C MOBbIIIEHHEM pH pacTBopa mpu HelTpa-
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JIU3allMid aMMHAaKOM COp6HI/IH HMOHOB M aHUOHUTAMHU PACTCT. 9TO, 00BsACHSCTCS
TCM, 4YTO C INOHMXKXCHHCM KOHLCHTPpAIlMM HMOHOB BOJOpPOAA 06pa3y}0Tc;1 YCTOﬁqH




BbIC KOMIUJIEKCHI M€/ ¢ aHuoHUTaMu. MccnegoBanue copOMu Meau B UHTEpBAJIe
pH=1+11 u onpeneneHo, 4T0 MaKCUMaJIbHAs COPOIUS MEIU B BUAC KOMILJICKCHBIX
MOHOB Ha BCceX aHMOHUTax Habmomaercs mpu pH=4,2. Ha ocHoBe skcmnepuMeH
TaJIbHBIX JIAHHBIX TMOKa3aHo, 4To uccienyeMbiii aHnoHUT OBI" B OH-popme moxeT
OBITh HCMOJB30BaH B IMpolleccax COPOIMH HOHOB MEAU W MO HCCIETyEMbIM
MIOKA3aTesIM HE YCTyNaeT NPOMBIIUIEHHBIM aHnoHuTaM J/[9-10IT u AH-31.
Ha npakrtuke 6ojiee mepCEeKTUBHBIM SIBISIETCS MPOBEJAECHUE COPOIIUA NOHOB
MEOUu B JHMHAMUYECKUX YCJIOBUSX. C ATOM ULENbI0, OMNBITHI B JAUHAMUYECKUX
ycnoBusix npoBoaunu Ha anuonutre ObI' u AH-31 B OH-¢dopme B 3aBUCHMOCTH OT
CKOPOCTH MTOTOKAa MCCIEAYEMOIO pacTBOPA, €ro KOHIIEHTpALMKU, TeMneparypsl 1 pH
UCXOMHOTO pacTBopa. Ciemyer oTMeTHTh, 4TO BEIOOP OH-hopMbI 00yCIOBIICH TEM,
YTO B CTATHUYECKHUX YCIOBUAX 3(PdeKkT copOimu BhIlie YeM Ha cojieBoil popme. Ha
OCHOBAaHUM TOJIYYEHHBIX PE3YJbTATOB IO COPOIIMUM MOHOB MEIU HUCIIBI TYEMbIMU
AHUOHUTAMHM B 3aBUCUMOCTH OT pa3du4yHbIX (HAKTOPOB, HAMU MOA0Opa HbI
ONTHUMAJIBHBIE TMAPAMETPBI BEICHUS JTaHHOTO IMPOLECCA, 4 TAKXKE BO3MOXK-HOCTb
NPUMEHEHUs] B TMpoOIleccax COpPOIMM HMOHOB MEIU HAapSAy C IMPOMBIIUICHHBIM
annonutom AH-31, annonnra ®bI" — Mony4yeHHOro Ha OCHOBE MECTHOT'O ChIPbSI.
Copbyus uonos morub0eHa AaHUOHUMOM HA OCHO8e OeH302yaHuouna, @ypgypona u
1ID11A4. B mpOMBIIIIEHHOCTH TIpH TTepepadOTKe IIBETHBIX METAJUIOB U UX
CIIyTHHUKOB, KOTZ1a TPEOYeTCs OCYIIECTBICHUE CEJIEKTUBHBIX MTPOIIECCOB C LETBIO
KOHIICHTPUPOBAHUS UK Pa3/IeICHUs 11eJIEBbIX KOMIIOHEHTOB, OCOOEHHO

s peKTHBEH aHUOHHBIN OOMEH, €CJIM MOHBI METAJIJIOB HAXOASITCSA B BUJIE aHUOHHBIX

KoMIUTeKCOB. Cpen yKa3aHHBIX METAJUIOB B&KHOE MECTO 3aHUMAIOT MOJIUO/ICH,
peHuit, Bonbdpam, BaHaauil u 1ip. MI3BeCTHO, 4YTO aHMOHUTHI, COIEPIKA IIIHE B CBOCH
CTPYKTYp€ TPHUA3UHOBBIEC ITUKIIBI 001aaI0T CEIEKTUBHOMN CITOCOO HOCTBHIO K MOHAM

MonubieHa. B ¢Bsi3u ¢ 3TUM, NPEICTABIISLIIO HHTEPEC UCCIIEI0 BAHHUE COPOIIMU

MOJIMO/ICHA Ha TTOTy9eHHOM aHuOHHUTE — DB, KOTOPBIN COMEPKUT TPUAZUHOBOE

KOJIBLIO B CBOEH CTpyKType. McenenoBanre mpoBOIWIN B 3aBUCH MOCTH OT HIOHHOM

HOHOB U JIp.
dbopMmbl annonuta, pH cpessl, MPUCYTCTBUS KOHKYPUPYIOIIUX

Tabauna 10 CopOuust MoJIHOACHA HCIIBITYEMbIMM AHHOHUTAMHU

AHHOHUTHI [Tornomeno Koaddunuent [Tornomeno
MonnOaeHa U3 pacrpeneneHu MoJHO/ieHa B
YHCTBIX PACTBOPOB, ST, M/ NPUCYTCTBUH
Mr/T IN p-pa Na2S04, mr/T
®BI, OH-dpopma 201 - 168
S04-popma 285 374 252
Cl-¢opma 230 - 195
®A-C, OH-popma 78 - 60
S04-popma 115 212 60
Cl-dbopma 68 - 60




AH-2®, Cl-popma 230 320 62
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JInst cpaBHEHHS UCTIOIB30BaIN MPOMBINUIEHHBIM aHUOHUT AH-20,
PEKOMEHTOBAaHHBIN 17151 U3BJICUCHUSI MOJTHO/ICHA U3 TTPOMBIIIIJIEHHBIX PACTBOPOB U
annoHuT PA-C, celeKTUBHBIN K noHaM MosnoieHa. CopOruro MoiubaeHa
MPOBOJIMIIA B CTATHUECKHUX YCIOBHSIX, aHHOHUTHI IOJBEprainch ncneirannto B OH-,
SQOs-, Cl-popmax, ucxomneie pacTBOPbI MOIMOAaTa aMMOHUS uMenn pH=4-5.
CopO1uio mMpoBOIUIN KaK U3 YACTHIX pacTBOpOB MonnOaara aMMOHUS (Cucx=11/11)
TaK ¥ B MPUCYTCTBUU KOHKYpUPYIOMIUX Cylbdar noHOB (CNa:so=IN 1/11).

B 10 tabnuiie npuBeaeHsl JaHHBIE IO COPOITMU MOJIMOIEHa AaHUOHUTAMU.
CpaBHEHHE JaHHBIX IO cOPOLIMK MONTMOEHA HA UCTIBITYeMbIX aHHOHUTax B C1-,
OH- u S04-dopmax mokaszeiBaet, uto B ciydasx Cl- u OH-dopmax copOrus
MOJIMO/IEHa HECKOJIBKO MOJIaBJIsieTcsl CynbdaTr HoHaMu, Torna kak B S04-hopme 1o
SIBJICHUE OTCYTCTBYET. AHanu3 10 TaGuuilbl moka3eiBaet, 4To aHMOHUT OBIT
oOnazaer OOJBIIEH CENIEKTUBHOM CIIOCOOHOCTHIO K MOIMOAEHY, KOTOpas MOYTH
OJTMHAKOBA KaK M3 YHUCTHIX PACTBOPOB MOJMOIaTa aMMOHMS, TaK U B IPUCYTCTBUU
KOHKYPHUPYIOIIUX MOHOB.

W3ydenne COpOIMOHHBIX, (PU3UKO-XUMHUYECKUX M MEXaHWYECKHX CBOWMCTB
NOJyYEHHOI0 KaTMOHHUTA IMO3BOJWIMA pa3padoTarh TEXHOJOTHYECKYID CXEMY
MOJTyYEHUs KapOOKCHIIBHOTO KaTHOHUTA (pHC. 6).

1-CoopraHK akpmiioBoit kuciotel, 2-CoopHUK Qypdyporna, 3,4-Hacocsl, 5,6-Hamopueie 6akw,
7,8-J1o3aropsl, 9-bynkep karanuzarop, 10,15-OneBaropsl, 11-ITutarens, 12-Peakrop,
13-Konnencarop, 14-bapabannslii kpucramuzarop, 16-Bamosas qpobuika, 17-JIeHTounas
cymmuika, 18-I{uxmnon, 19-Bentunsarop, 20-Bubpannonnsiii rpoxor, 21-byHkep rotoBoro
IIpOAYyKTa, 22-YakoBoyHas ycTaHOBKa, 23-Konseiiep.
Puc. 6. TexnHomornueckast cxeMa nmoJxy4eHusi KATHOHHUTA.



[Iaras maBa guccepranuu «IlosydeHue u uccieI0BaHNE PeareHTOB HA OCHOBE
orxoaa KyHrpaackoro conoBoro 3aBoja B mpoueccax O4MCTKH BOA» IOCBSILEHA
pa3paboTKe TEXHOJIOTUH TOTYyUYCHUS PEAr€HTOB Ha OCHOBE KaJIBITUHCOEPIKAIIETO
orxona KyHrpaackoro coqoBoro 3aBojia ¥ IpUMEHEHHUE UX
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B IIpolLleCCaX OYMUCTKH MPOU3BOACTBEHHBIX CTOYHBIX BOJA. C LEIBbIO BBISBICHHUS
3(G(EKTUBHBIX CPEICTB OYMCTKH MPOU3BOACTBEHHBIX BOJ, Ha MPUMEPE CTOYHOU
Bonbl Depranckoro XBK, paspaboraH peareHTHbIH Crnocod® WX OYUCTKH. B
Ka4eCTBE pPeareHTa HCIOJIb30BaH TMIPOCUIMKAT KaJblUs, OTYYEHHBIM HA OCHOBE
KanbLuiicogepxkamero orxona KyHrpaackoro comooro 3aBoma. IIpu oumctke
NPOU3BOACTBEHHBIX CTOYHBIX BOJ HCIOJb3YEMbId pPEAreHT COYETAJICA C Koary
JISHTOM Cyib(ara aTtOMUHUS.

Ouucmka npou3z600CMEEHHBIX CHMOYHBIX 600 C HOMOWBIO peazeHma
cuopocunuxkama kanvyus. Hamu B kadecTBe ajcopOeHTa — peareHTa MpeaoxKeH
TUAPOCUIIMKAT KajbIUsi, HO HE B TOTOBOM BHJIE, @ B MOMEHT €ro oOpa3oBaHUs B
pa30aBJIEHHBIX pACTBOpAX CHUJIMKAaTa HATPUS U XJOpUJA KaJblMs, KOTaa
BBIICJIAIONIMICS TPOAYKT HMMEET KOJUIOMJANbHYIO CTENEeHb JHCIEPCHOCTH Ha
CTaauil mepexoaa 30ib — reyib. Crocod OYMCTKHA MPOU3BOJACTBEHHBIX CTOYHBIX BOJ
OCYIIECTBIISIIOT CJIEAYIOIMM OOpa3oM: B MPOU3BOACTBEHHYIO CTOYHYIO BOAY,
COJIEPIKAIIyI0 Pa3jIMYHble KpPAaCUTEIN, BBOAST BOAHYIO CYCIIEH3UIO U3 XJIOpUJA
KaJIbLIMs, CUJIMKATa HATpUs U Cylb(aTa aIFlOMUHUS U EPEMEILINBAIOT.

[Ipoucxoaut x10MbeoOpa3oBaHUe U KOAryJMpoBaHue B3BecH. MakcuMallbHOE
OCBETJICHHE PAaCTBOPA HACTYMAET MPAKTUYECKH MTHOBEHHO, TAK YTO YXKe uepes3 2-5
MUHYT B3BECh MOYKHO OTZIEJIATD.

[TpeumymiecTBOM 3TOro crnocoba mepes APYTUMHU TBEPABIMU aJcopOeHTaMU
ABJIAETCSI BO3MOXKHOCTh OT/ICJICHUSI B3BECH CEMapaTHbIM MeToaoM. [lomydeHHbIN
0CaJI0K TIOBTOPHO J00aBIIsI€TCS B HOBYIO MOPLHUIO OKPAILIEHHON CTOYHOM BOABI U C
HeOOMbIIIOoN T00aBKoi cynbdara amoMuHus paboTaroT MoBTOpHO. [Ipu o6paboTke
OKpAILIEHHBIX CTOYHBIX BOJ MPEANPUATUS THIPOCUIUKATOM Kallblls B KOJIMYECTBE
200-600 Mr/n B coueTaHuu ¢ Cyib(}haToM aIFOMUHUS CTENIEHb OUUCTKU CTOUHBIX BOJT
nocturaetr 94-98%.

[lecras taBa gucceprau «ONBITHO-NPOMBILLJIEHHbIE HCHBITAHUS
HOHOOOMEHHBIX COPOCHTOB M PEAreHTOB /ISl OYMCTKH U CMATYCHUSA CTOYHBIX
BoA». lcnbiTyemblii KapOOKCHJIbHBIA KAaTHOHUT O0JaJaeT JOCTAaTOYHO BBICOKOM
COpOLMOHHON CIIOCOOHOCTBIO K MOHAM KaJibLUs U MarHusi U 3((HEKTUBHO OYMILAET
CTOYHBIE BOJABI, CMsTryasi €€ COCTaB OT BBIIEHEPEUUCICHHBIX HOHOB U MOTYT OBITH
PEKOMEHJOBaHbl ISl JAEMUHEpaIu3aliy MPOU3BOJACTBEHHBIX BOJ KyHrpaackoro
COJIOBOTO 3aBOJa, BMECTO JOPOTOCTOSIIEr0 HNPOMBIILICHHOTO Katnonuta KY-2-8,
KOTOPBIM 3aBOJ 3aKymaeT no 16 muH.cyM 3a 1 TOHHY.

KapOOKCHJIbHBI ~ KaTHOHUT KCHOJIb30BaH NPH  MPOBEACHHH  ONBITHO
MPOMBIIIJIEHHBIX HCHBITAHUN MO JAEMUHEpalu3alliy MPOMBIIUIEHHBIX BOI B AQO
«bexremMup cnupt — skcnepuMeHTtan 3aBogu». [lo pesynbraram karuoHuT B Na



dbopMe B mporecce CMATYCHHS APTE3MAHCKUX M TEXHUYECKUX BOJ, YMCHBIIACT
KECTKOCTh Bombl OoT 4,5 no 0,05 mr-sks/m, aemuHepanusyeT 10 90%. B cBs3u ¢
BBICOKUMHU COPOIIMOHHBIMU M OSKCIUTyaTallMOHHBIMH CBOWCTBAMHM KATHOHUT PEKO
MEHJIOBaH K HCIIOJIb30BAaHUIO HA TPEANPHUATHIX BMECTO mpuMeHsemoro KY-2-8
CYb(OKATHOHHUTA.

[IpoBenieHbI OMBITHO-IIPOMBIIIEHHBIE UCTIBITaHUs B AO «Y3MeTKOMOUHATY €
WCITOJIb30BAaHHEM HOHOOOMEHHBIX cOpOeHTOB: cynbdokarnonnta CKID
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kapOokcuibHOro karuonuta K@, u anumonuta OBI. Bce npencraBieHHbIe
COpOCHTHI TIOYYEHBI Ha OCHOBE MecTHOTO (pypdyporna, karnoHut KO Ha ocHOBe
aKpuIOBOM KHUCHOTHI. OMBITHI MPOBEACHBI Ha 00pasiax 3aKpbHITOTO OOOPOTHOTO
IIMKJIa BOJIBI KHcopoaHo-koMmiipeccopHoro mexa (KKII) komOunara. Ounctka BOJIbI
3akpeiToro obOopotHoro 1wkia KKI[ AO «¥Y3MmeTkoMOWHAT» OT 3arps3HEHUi
MPOBOAMJIACH  TPEXCTATUHHBIM  HWOHOOOMEHHBIM  CIOCOOOM  TIOCTAJHITHO
MpoIycKaliu 000pOTHYIO BOAy cHaudana uepe3 cyinbdokarnoHut CKJD, motom
KapOOKCUIbHBIN KaTHOHUT K®, mpu 3TOoM mpoucxoiuna O4YMCTKAa OT KaTHOHOB
pacTBOpeHHBIX Heopranmuecknx npumeceir (Na', K, Ca*", Mg”") ¢ onHoBpemeH
HbIM cmsirueHueM Bojbl OoT 4,9 no 0,64 mr-ske/n. IIpu ucnonb30BaHUM TPEThEH
CTaJUU OYUCTKHU, BOJbI IOCIE KATUOHUPOBAHUS MPOIYyCKaIM Yepe3 aHUOHUT —
@B, B pe3ysbTaTe 4ero Bojbl MAKCUManbHO Obun ounmess! ot CI', SO,* 1oHOB.

Taoauna 11
Pe3ysbTaThl ONIBITHO-NIPOMBIIIJICHHBIX UCIIBITAHUN OYMCTKH 000POTHOM
BoAbI KKII AO «¥Y3MeTKOMOMHAT» HOHUTAMH

HaumenoBanue En. CocTaB BoAbBI Ilocne Ilocne ITocne
BUJIOB 3arps3HEHUN H3M. 3aKpPBITOTO OUHCTKHU OUHCTKHU OUYHCTKU
000pOTHOTO cynbho KapOoK AHUOHUTOM
IUKJIa KaTHOHUT CIJIbHBIM OBI
KHCIIOPOJTHO oM KaTHOHUTOM (11 crammst)
KOMIIPECCOPH CKAD Ko
oro 11exa (I cranus ) (IT cragus)
JKecTkocTh BOABI MTI-3KB/ 49 2,1 0,7 0,64
b
Kanpuuii MI-3KB/ 2.9 1,3 0,45 0,4
I
Marnui MTI-3KB/ 2,0 0,8 0,25 0,24
b
OO6mas MTI-3KB/ 7,8 5,0 2,1 0,9
IIEJIOYHOCTh hi
Xsopuasl MI/ 201,7 190,3 160,8 35,45
OO0miee MI/1 1200 560 320 130
coJiecofiepIKaHne




pH - 8,6 7,5 7.3 7,2

Temmeparypa °C 16 16 16 16

W3 nannbix 11 Tabauiel BUAHO, YTO MPU UCTIOJIB30BAHUH B MPOIECCE OUHUCTKH
obopotHoit Boabl KKI[ AO «VY3MeTrkoMOuWHAT» HCHOBITYEMBIX Cyiabho- U
KapOOKCHJIBHOTO KaTUOHMTA M aHUOHUTA CTENEHb OYMCTKHU BObI JOCTUTAET HOPM
I[TIK. OpueHTHpPOBOYHBIA pacueT OXHUAAEMOTO HSKOHOMHUYECKOoro 3¢ @dexra oT
BHEJIPEHUSI MPEAJIaraeMbIX MOHUTOB MPU OUYUCTKH M CMSTUYECHHS] OOOPOTHOM BOIBI
KKII AO «¥Y3meTkomOunar» cocrapisieT 330 MIIH. CyM B TO/I.

HcnbiTyeMble MOHUTHI YCTOMYMBBI K MCTUPAHUIO, MEXaHUUYECKas MPOYHOCTD
ux paBHa 97,9 %, copOunOHHAas COCOOHOCTh MPAKTHUYECKU HE HU3MEHSETCS MPHU
HarpeBaHuM HOHUTOB 10 120°C, B CBS3M C O3TUM IIOJy9CHHBIC COPOCHTHBI
PEKOMEHIOBaHbI K HCIIOJIB30BAHUIO B MPOLECCAX OYUCTKHU MTPOU3BOJICTBEHHBIX BOJ
AO «¥Y3meTkoMOuHATY.

50

B  naGoparopuum  xumuueckod TexHojoruu MHcTHTyTa O0mIeH U
Heoprannyeckot xumu AH PVY3 Ha coOpaHHON NMHIOTHOW ONBITHON YCTaHOBKE
IIPOBEJIEHBI J1a0OPaTOPHO-NPOM3BOACTBEHHBIE HCIBITAHUS O OYUCTKE MPOHU3BOJ
CTBEHHBIX CTOYHBIX BOjJ depraHckoro XJIOM4aroOyMa)kHOrO KoMOWHaATa C
NPUMEHEHHUEM pPEareéHTHOr0 METoJa OYMCTKM Ha OCHOBE HCIOJIb30BaHUS
TUAPOCUIIMKATA KaJIbLIMs, TIOJYy4YE€HHOTo U3 oTx0Aa KyHrpaackoro cogoBoro 3aBoja.
VYcTaHOBIIEHO, YTO B Cily4Ya€ MPHUMEHEHHMS PEAreéHTHOrO METOAA OYHUCTKHU
(CaCl2+Na2S103+Al2(SO4)3) cTreneHs oOecIBEUMBAHUS OKPAIIEHHBIX CTOYHBIX BOJI
nocturaeT — 95-98%, BMeCTO JEHCTBYIONIETO TPOMO3JAKOTO aJCOPOIIMOHHOTO
PEKOMEHJIOBaH KOMINAKTHbIH U 3(PQEeKTUBHBIA CcHnocoO, OCHOBAaHHBIA Ha
WCITOJIb30BAHUY XJIOPHUIA Kallus, Cyiab(hara aqfOMUHUS W KOMIUIEKCHOW CMecH
TUAPOCHUIINKATA HATPHUSI.

3AKIIOYEHHUE

1. PexomeHmoBaH cmoco0 MONyd4eHUs CIaO00O0CHOBHBIX MOJU(MYHKIIMOHATHHBIX
aHUOHHT — COpPOCHTOB C KOMIUIEKCOOOpA3yIOmMM CBOHCTBOM Ha OCHOBE
bypdypona ¢ 6eH30ryaHUAMHOM U AUPEHUITYAHUTUHOM.

2. PexomeHm0BaH croco0 TMoOiMydeHHs] MOHO(YHKIIMOHAJIBHOTO KapOOKCHIBHOTO
KaTHOHUT — copOeHTa, oOnamaromero M30MpaTeIbHOW  COPOIMOHHON
CIIOCOOHOCTBIO K HWOHAM  I[BETHBIX METAIUIOB H  YpaHWIa MyTEéM
MOJIMKOHIeHcaruu Gypdypoiia ¢ akpuiIoBOU KUCIOTOM.

3. Ha ocHOBe KHHETHYECKHUX UCCICIOBAaHUN pEaKIUU TOTHKOHICHCAIUN
bypdypomna, TI3ITA u Apyrux MOHOMEPOB, ONPEAEICHO 3HAUYEHWE KOHCTAHTHI
CKOPOCTH M SHEPIrHH aKTUBAIMU PEaKIIMH, IMOKa3aHa 3aBHCHUMOCTh TEXHOJIOTHH



NOJy4eHHsI COPOEHTOB OT TEMIIEparypbl pPEaKIUh, KOHLUEHTPALUU HCXOJHBIX
BEIIECTB, KOJIMYECTBA KaTajanu3aTopa U APyrux (pakTopos;
. YcTaHOBIIEHA KOPPEIAILIMOHHAS 3aBUCUMOCTh OCHOBHBIX XUMHYECKHUX, (PU3UKO
XUMHUYECKUX TTapaMeTpoB (COpOIUsi MOHOB KalbIIMsl, MATHUSA, MEIN, HUKEJIA,
MOJIMOJIEHA U IPYTUX MOHOB, COPOIIMOHHAS EMKOCTh, MOHO(PYHKIIMOHAJILHOCTb,
CTENEHb AUCCOUUALNN (PYyHKIIMOHATIBHBIX TPy U JIP.) OT XUMUYECKOI0 COCTaBa,
(U3NKO-XMMHUECKHUX U aICOPOIIMOHHBIX CBOMCTB HUCXOIHBIX CHIPHEBBIX
MaTepUaoB, MPUTOAHBIX JIs MOTYYSHHS] UMIIOPTO3aMEIIAOIINX COPOSHTOB.
BrnepBeie pa3paboTaHa TEXHOJOTHS HCIONB30BaHUS oTxona KyHrpaackoro
COIOBOrO 3aBoja JUIA TMOJYYEHHUsS KalblMil TUAPOCHUIIMKATA PA3THYHON
(GYHIIMOHATBHOCTH C 3apaHee 3alaHHbIMH CBOMCTBAMU ISl ITPOLIECCOB OUMCTKU
IIPOU3BOJCTBEHHBIX CTOYHBIX BOJI.

Pa3paGoran  HOBBIM  peareHTHbIM  cnoco0  A(PPEKTUBHONH  OUYHMCTKHU
MPOU3BOJCTBEHHBIX BOJl. YCTAHOBJIEHO, YTO CTENEHb OYUCTKHA CTOYHOU BOABI
cocraBuia 94-98 % npu ucnonb3oBaHuM B kKadectBe peareHtra 200-600 mr/n
Kaneiui ruapocwirkara u 100-200 mr/in koarynsiHTa cynnbdara aTfOMUHUS.
[Tpennokena npuHIUIHANIbHAS TEXHOIOTUYECKask CXeMa TJAaHHOTO Crocooa.
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Ha ocHOBe aHanM30B XHMHUYECKUX, (PUIUKO-XMUMHUYECKUX M COPOLIMOHHBIX
CBOMCTB COPOEHTOB omnpezesieHa 001acTh MPUMEHEHUS, a TAK)KE PEKOMEHIOBAHO
K TPUMEHEHHUIO [UJII OYMCTKHM M CMATYEHHs NPOMBINUIEHHBIX Box AO
«Kynrpanckuii conmoseii 3aBom», AO «bexkremup cnupr — 3KCHEPUMEHTAI
3aBozm» 1 AO «Y3MeTkoMOUHATY.
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. As a result of



increase in the processing industry in the world, environmental degradation and the
effects of unreasonable use of natural resources, namely the growth needs of the
industrial sectors in water resources, to humanity on the agenda raise the new tasks
as universal problems. The objective of environmental protection is one of the
large-scale, the most acute social problems of modern life and of its solution, the
corresponding interests of all peoples, which fully determine the future of
civilization.

In accord with the principle of sustainable development of the Republic of

Uzbekistan an important primary task is the implementation of a harmonious
correspondence sequentia macroeconomic planning with nature conservation
policy, in close integration with the social and other sectors of policy.
Environmental policy of the republic focused advisable goal to combination the
transition from individual protected natural elements in general protected
ecological systems along with the development of mechanisms based on the
principle of guaranteeing the priority indicators of the human environment.
The main object of improving manufacturing processes and nature conservation
acticity, is the modernization and reconstruction of industrial enterprises, reducing
environmental impact, improving the efficiency of complex and rational use of
natural resources through the implementation of environmentally friendly and
resource-saving technologies, including energy recovery sources.

Using a large amount of water in the ore and metallurgical and chemical
industries requires the implementation of a package of measures to reduce
environmental pollution and introduction into production, from an environmental
point of view, low-waste technologies. In the metallurgical, chemical and other
industries for the treatment of industrial waste water, as well as the extraction of
ions from certain metals, sorption ability, ion exchange sorbents and reagents have
been widely used.

Due to the increasing needs of the republic in various assortments of ion
exchange sorbents, their introduction is appropriate production based on local raw
materials. The problem of the treatment of industrial waste water, as well as
demineralization, can solve not only environmental issues, namely, to solve the
effective implementation of material resources and raw materials of our country,
through the production of import-substituting sorbents and reagents.

The presented dissertation is focused on ensuring the implementation of
decisions of the President of the Republic of Uzbekistan PP-1442 dated December
15, 2010 «On the priorities of industrial development of Uzbekistan in 2011-2015»
and PP-142 dated May 27, 2013 «On the program of action for environmental
protection in Uzbekistan 2013-2017», as well as on the permission of the tasks set
out in other normative and legal documents, corresponding to the activity.

Relevant research priority areas of science and developing technology of
the republic. This work was performed in accordance with the priority areas of
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science and technology of theRepublic of Uzbekistan and IV. «Ecology and rational



use of nature» of science and technology of the Republic.

A review of international research on the topic of dissertation. Scientific
investigations on the treatment of industrial water by using ion-exchange sorbents
are conducted at leading research centers and higher educational institutions of the
world, including the Global Environment Strategies (IGES) (Japan), Nanyang
Technological University (NTU) (Singapore), Environment Canada's National
Water Research Institute (NWRI) (Canada), National Research Council (US) Safe
Drinking Water Committee, Belhim (Republic of Belarus), Technical Adviser
(Chemical) Government of Guigarat Industries commissioner (India), VVP
Engineering College (India), United States Environment Protection Agency (US),
Institute of Chemical Engineering, Bulgarian Academy of Science (Bulgaria), the
Institution of «General and Inorganic chemistry» of the Academy of Sciences of
Uzbekistan.

As a result of research the world practice of treating and softening the
hardness of industrial waste using natural and synthetic sorbents, received a
number of research results, including the development of a sorption process for
recovering copper, zinc, cadmium, arsenic and others from solutions (National
Research Council, US ), (Safe drinking water Committee, NTU, Singapore),
created by the use of sorbents to softening the hardness of industrial and drinking
water (VVP Engineering College, Belhim), developed methods for water
purification from organic and inorganic compounds in the thermal and chemical
treatment based on the activated carbon ( NWRI, Canada), Bulgarian Academy of
Science, Bulgaria, developed and implemented methods for use as natural sorbents
lignite, bentonite and zeolite possessing active sorption properties (Technical
Adviser (Chemical) Government of Guigarat Industries commissioner, India).

In the world of researches on industrial water treatment by ion exchange
sorbents, which focus on the following priority areas: softening of industrial and
drinking water; extraction of metal ions from solutions and chemical compounds;
efficient use of natural and synthetic sorbents with high sorption properties,
improving reuse of water resource in production.

The degree of stady of the problem. Research of M.M.Dubinin,
F.D.Ovcharenko, Yu.l.Tarasevicha, A.V.Kiselev, K.I.Chmutova, A.B.Pashkov,
K.M.Saldadze, K.B.Musabekov, Sh.B.Battalova, Yu.A.Eltekov, V.Tasan, Y.lemuro,
S.Nonako, K.Sugino, K.Cirai, R.Kitavaki, R.Heping, G.Bayd, A.Lurre, G.
Maneske, H.Heller, G.Yander, V.Slater, C.Harland, H.Hofman, B.Rivas, M.Jara,
E.Pereira, under the Ileadership of K.S.Ahmedov E.A.Aripov, F.L.Glekel,
S.S.Hamraev, S.N.Aminov, A.A.Agzamhodzhaev, U.K.Ahmedov, G.U.Rahmat
koriev, S.Z.Muminov, B.N.Hamidov, G.R.Narmetova, V.P.Guro, I.K.Sataev,
0O.K.Beysenbaev, A.S.Sultonov, N.U.Rizaev, M.A.Askarov, A.T.Dzhalilov,
F.A.Magrupov, P.A.Nazirova, S.M.Turobzhonov devoted to the creation of
dispersed systems, obtaining of ion exchange resins, management and study of
their physical and chemical properties. Because of the use of a large amount of
water in the chemical and ore and metallurgical industry they developed some
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technologies for the application and obtaining of ion exchange sorbents and
reagents with the sorption properties for water treating and extracting ions of
certain metals.

Development of technology for import substitution of reagents based on
local furfural is topical scientific and practical value for the treatment of calcium
containing industrial wastewater from Kungrad Soda Plant and solutions of
environmental problems in industrial designs.

Communacation of the theme of dissertation with the scientific- research
works of higher educational institution, which is the dissertation conducted in:
The present work was done carried out in compliance with the scientific research
work of the Tashkent Institute Chemical-Technological «Industrial wastewater
treatment from metal ions by ion exchange» (2012-2015), as well as according to
ITD-6 (EA 6-1) as part of the application of the project on «Developing an
effective technology of wastewater treatment of textile industrial from colouring
agent» (2014-2015).

The research objective is exposure of the possibility of using ion exchange
sorbents in the processes of demineralization, wastewater treatment from metal
ions in the chemical and metallurgical industries, the development of methods for
the obtaining reagents from waste production and effective ion exchange sorbents
based on furfural.

The following research tasks have been formulated in order to achieve this
objective:

determination of adsorptive and physico-chemical properties, the chemical
composition of the initial raw materials suitable for ion-exchange sorbents and
reagents;

obtaining a weakly-alkaline anion-sorbents having selective sorption
capacity to the ions of non-ferrous and rare metals (Mo, Cu, etc.) complexed
furfural with benzoguanidin in the presence of a polyethylene polyamine (PEPA)
by polycondensation;

obtaining kationit-sorbent with monofunctional carboxyl group by
polycondensation of furfural with acrylic acid;

determining the optimal conditions for obtaining anion exchangers, cation
exchanger — sorbents and determining the effect of the reaction temperature, the
ratio of the initial materials, catalyst concentration, etc. on the properties of the
obtained ion-exchange sorbents;

Development of technology for obtaining reagents and sorbents and research
of physical and chemical, sorption and textural properties (sorption of ions of
calcium, magnesium, copper, nickel, molybdenum and others., sorption capacity,
monofunctionality, the degree of dissociation of the functional groups) obtained by
ion exchange sorbents and reagents.

The objects of the research are furfural and waste from Kungrad Soda
Plant.
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The subject of the research are monofunctionality of carboxylic cation and
anion exchange resin, forming stable thermo-chemical complexes, selective to 1ons
of non-ferrous metals.

Research methods. The physical-chemical analysis methods were applied:
elemental analysis, titration alkalorimetric titration, determining the amount of
furfural by polarography, determination of bromine number by Knopp,
trilonometry, iodometry, IR-spectroscopy, potentiometric titration, thermogra
vimetry and gas-liquid chromatography and others.

The scientific novelty of the thesis research lies in the following:

The scientific novelty of the research is as follows:

There have been obtained the anion exchanger — sorbents, forming with non ferrous
metal ions weakly alkaline multifunctional, thermo-chemically stable complex by
polycondensation of furfural benzoguanidin with diphenylguanidine;

It has been obtained that monofunctional carboxyl cation exchanger — sorbent
with properties of selective sorption for ions of non-ferrous metals and uranium
from industrial solutions by condensation of furfural with acrylic acid;

It has been determined that the dependence of the reaction rate constants,
activation energies of the temperature, concentrations of initial materials, catalyst
amount, and other factors based on kinetic studies of the process;

It has been found that the correlation dependences of the basic chemical,
physical and chemical (sorption of ions of calcium, magnesium, copper, nickel,
molybdenum and others., sorption capacity, monofunctionality, the degree of
dissociation of the functional groups, and others.) on the chemical composition,
physico-chemical and adsorption properties of the initial raw materials;

It has been developed that the technology of using local production of furfural
and waste from Kungrat Soda Plant for ion exchange polymer sorbents with
different functionality and calcium hydrosilicate with predetermined properties for
cleaning and softening processes of industrial wastewater and extraction of non
ferrous metal ions.

Practical results of the study are as follows:

It has been developed that the method of producing multifunctional weakly
alkaline, thermo-chemically stable anion exchanger by polycondensation of
furfural benzoguanidin and diphenylguanidine;

It has been developed that the process for preparing monofunctional carboxyl
cation based polycondensation of furfural with acrylic acid,

It has been developed the technology of calcium silicate based on furfural and
waste of Kungrat Soda Plant.

It has been improved that the technological process of using sorbents derived
from furfural for cleaning and softening the water.

Reliability of the obtained results is substantiated by totality of research



findings and recommendations, as they are set on the basis of modern methods of
chemical and physico-chemical studies. The technology of production and
application of the developed sorbents and reagents tested in pilot tests with
confirmed acts, recommended for introduction into production.
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Theoretical and practical signification of the research findings.
Theoretical significance is to establish a correlation dependence of basic chemical,
physico-chemical and chemical properties of ion exchange sorbents (sorption of
ions of calcium, magnesium, copper, nickel, molybdenum, and so on, exchange
capacity, monofunctionality, porosity and other) on the chemical composition,
physical and chemical and sorption properties of the initial raw materials, as well
as the creation of expanding the assortment of polycondensation type sorbents.

The practical value of the results of the study lies in the fact that on the basis
of local production of furfural and waste obtained new ion exchange sorbents and
reagents, which are recommended for cleaning and softening industrial water.
There have been revealed that sorption patterns have important value in improving
the technology for treating industrial water, obtaining ion exchange sorbents based
on local production of furfural.

Implementation of the research findings.

Based on the research results developed an effective wastewater treatment
process by novel sorbents and reagents derived from local raw materials: technical
conditions Ts14825224-01:2015 obtaining the carboxyl cation developed and
approved by «Uzstandard» agency;

a patent for a process of preparing monofunctional carboxyl cation
exchanger obtained based on polycondensation of furfural with acrylic acid (Ne AP
03458, 2007), which will allow the sorption of non-ferrous metals and uranium
1ons from solutions;

cations and anions based on furfural («Uzvinosanoat-Holding», the AA-02 /
1-1042, dated May 17, 2016) implemented in the process of cleaning and softening
industrial waste water food, chemical and metallurgical industry of the Republic of
Uzbekistan;
the economic effect of the results obtained is 330.0 mIn. sums. Approbation of the

work. The research results were discussed and approved by 11 national and
international scientific conferences: scientific conference of young scientists
dedicated to the memory of academician Sciences of Uzbekistan S.Yu.Yunusova
(Tashkent, 2004); I and II-Republican scientific practical conference dedicated to
the 70th and 75th anniversary of acad. A.G.Ganieva (Termez, 2002, 2005);
Republican scientific-technical conference «Actual problems of innovative
technologies chemical, petroleum and food industries» (Bukhara, 2010);
International scientific-technical conference «Modern equipment and technology of
mining industry and their development» (Navoi, 2010); I1I- The International
Conference of the Russian Chemical Society named after DI Mendeleev «Resource
and energy efficient technologies in the chemical and petrochemical industry»



(Moscow, 2011); St. Petersburg conference «Science of Polymers» (St.Petersburg,
2013); Republican scientific-practical conference «Problems of increase of
ecological culture among youth» (Tashkent, 2014); Republican scientific-technical
conference «Advanced technologies of composite materials and products from
them» (Tashkent, 2015); International scientific-
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technical conference «The Young and the XXI century — 2015» (Russia, Moscow

2015); International Conference on the Environmental Protection Agency (Karshi,
2015).
Publication of the research results. 46 research articles, including 1 monograph,
15 articles in scientific journals recommended by the Higher Attestation
Commission of the Republic of Uzbekistan, of which 12 articles published in
republic journals and 3 articles in foreign journals have published, received 2
patents of the Republic of Uzbekistan.

The structure and volume of the thesis. The thesis consists of an

introduction, six chapters, conclusions, list of literature. The volume of the
dissertation is 190 pages.
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BASIC CONTENTS OF THE DISSERTATION

In the introduction of the dissertation, the topicality and relevance of the
research are substantiated, the aim and objectives of the research, its object and
subject are formulated, its conformity with the priorities of development of science
and technology of the Republic of Uzbekistan is shown, the scientific novelty and
practical results of the study are described, the theoretical and practical significance
of the obtained results are revealed, a list of introducing the research results into
practice, published works and information on the structure of the dissertation are
provided.

The first chapter «KModern presentations about properties, approaches and
efficiency of ion exchange polymeric sorbates» of the dissertation presents
literature review devoted to the modern condition of technology of production and
application of ion exchange sorbents, reagents including their composition and
properties, methods for their preparation and activation, as well as their use for the
industrial waste water treatment and recovery of valuable metal ions from process
solutions.

The second chapter is devoted to discussed in detail the distinctive features
supplied of experimental work from known ones, as well as methods of analysis of
initial and purified waste water. It has been established that physicochemical



properties and compositions of the initial raw materials, selected for effective
import substitution ion exchange sorbents.

The third chapter «Preparation of ionite sorbents» of the thesis is dedicated
to the development of the technology of ionite sorbents and study of their
physicochemical properties. In this chapter the pattern of anion-exchange sorbents
formation by polycondensation of furfural, polyethylene polyamine and guanidine
has been studied. Application of guanidine as initial monomer containing amino
groups, promotes to obtaining anionic sorbents without chemical reactions use, and
the presence of aromatic nuclei in the structure of the anion exchanger in
combination with furfural heterocycles promotes significantly to increase the
chemical and thermal stability of the ion exchange. Moreover, the presence of the
triazine ring in the structure enhances leads to increase the selectivity of the anion
exchanger for non ferrous ions and rare metals, in particular molybdenum ones.
Taking into consideration polyethylene polyamine was used as the main medium of
ionic groups during the synthesis of anion exchanger. It was offered interest to
study of the polycondensation reaction kinetics of furfural with the indicated
amine. In connection with task investigated the influence of reaction temperature,
the ratio of the initial materials, amount and the nature of solvent and other factors
on polyethylene polyamine polycondensation with furfural. Polyethylene
polyamine (PEPA) reacted violently with furfural with heat release at room
temperature. To reduce the exothermicity and constant flow of PEPA
polycondensation reaction with furfural performed in the presence of a solvent. As
the latter ethanol, isoamylalcohol, dimethylformamide, and toluene were used. The
highest yield of the polymer was obtained using isoamylalcohol, and
dimethylformamide. Using 0,5-0,6 parts by weight of solvent to one part by weight
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of PEPA leads to the disturbed turbulent flow of the polycondensation. In this case,
the brittle polymer is obtained with a low mechanical strength. Increasing the
amount of solvent from 1,5 to 2,5 parts by weight leads to a long solidification of
the reaction mass (for 100-120 hours). When using one part by weight of the
solvent and one part by weight of PEPA, polycondensation proceeds more regularly
and the resulting anion have sufficient exchange capacity and good mechanical
strength.

The effect of temperature on the process of PEPA polycondensation with
furfural. The rate of PEPA polycondensation reaction with furfural was studied at
80, 90, 100, 110 °C, the molar ratio of PEPA to furfural was constant 2:1. The
results of the experiments are given in Table 1 and Figure 1. We assumed that
polymer formation occurs due to interaction the carbonyl group of furfural with
movable hydrogens of PEPA amine when calculating the reaction rate constants on
the furfural concentrations change. In this first stage of the reaction is the formation
of the methyl derivatives. When replacing two of the hydrogen atoms of the amine
can be formed dimethyl derivatives. Thus, formed methyl derivatives interact with
each other, splitting off water and forming transverse bridges connecting the single
molecules of the amine. The experimental results are  matched to the



IR-spectroscopic studies of the initial materials and the resulting polymer. The
absorption band in the 1670 cm™, corresponding to the furfural groups and the
absorption bands 1480, 1580, 1150, 650-900 cm’, corresponding to - the NH2and -
the NH - groups of PEPA, with increasing degree of polymer conversion reduces its
intensity. The IR spectrum of the obtained polymer is almost absent absorption
bands corresponding aldehyde group. Therefore, the PEPA interaction with furfural
occurs by reacting of the carbonyl group of the aldehyde with movable hydrogen of
PEPA amino groups.

Figure 1 presents the dependence of polymers conversion degree on the
process duration at different temperatures. On the basis of results, the reason of
logarithmic dependence of reacting agent concentration change was found out
during the different time. The results were accepted for calculation that
corresponded to the once-through conversion no lees 20%. As is seen from Figure

2 that line dependence is observed at -1 _-

! coordinate, which indicates
0)

axb

ab()
-bxa

that the process can be belonged to reactions the second row equation. The
dependence of rate constant on the temperature complied with Arrhenius equation.
Activation energy of PEPA polycondensation with furfural found out from the
graphic dependence Igk ot 1/T, made up 13,5 kcal/mole. As is seen from Table 1
that at temperature 80°C the duration of polycondensation reaction is 13 hours,
static exchange capacity (SEC) of ion exchanger is 4,0 meq/l. With increase
temperature of the reaction mass SEC is raised gradually, but it is revealed reduce
of SEC till 4,9 meq/g at 110 °C. At 120, although duration of process is reduced
almost in three times in comparison to 90°C, but SEC falls down till 4,2 meq/1.

In
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A A

1-110°C, 2 - 100°C, 3 -90°C, 4 — 80°C. 1-110°C, 2 -100°C, 3 - 90°C
Fig.1. Completeness degree (A, %) of Fig. 2. Concentration logarithm change of
furfural polycondition with PEPA at reacting agent during the reaction at different

different temperature. temperature.



Therefore, based on experimental data as optimal temperature of PEPA
polycondensation reaction with furfural was accepted 100°C, in which reaction
flow was uniform, and anion-exchange polymer farmed for 8 hours that is differed
by good indicates of physicochemical and mechanical properties.

Table 1

Effect of polycondensation reaction temperature on physicochemical
properties of anion exchanger

Reaction Duration of Specific volume of Static exchange capacity
temperature, reaction, swollen anion exchanger | (SEC) (by 0,IN solution of

°C hour in OH ml/g form HC1), meq/l.

80 13 3,9 4,0

90 11 3,6 4,6

100 8 3,2 5,5-6,0

110 5,5-6 2,8 4,9

120 4,5 2,6-2,7 4,2

Effect of furfural concentration on the polycondensation process. The
concentration of the initial materials during the synthesis of anion exchange resins
is an important factor in their physicochemical properties. Using different
proportions of initial materials leads to obtainment anion exchangers with
distinctive physicochemical properties. Furfural is condensing cross-linking agent
during the preparation of anion exchangers and so its concentration in the reaction
mixture not only affects on the cross-linking, but also the quantitative ratio of
active groups (Table 2).

Table 2
Dependence of anion exchanger properties on the furfural concentration in
the reaction phase

Mole of furfural Static exchange capacity Swelling Mechanical
in the reaction (by 0,IN solution of ability in strength,
mixture HC1), water, %
meq/L %
1,5 3,3-3,8 124 94,0
2,0 5,5-6,0 158 97,0
2,5 5,8-6,5 173 87,0
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Movable PEPA amino group hydrogen atoms react with the aldehyde group of
furfural. The result, part of the initial primary group moves to secondary one, and
secondary one to tertiary. With increasing amounts of furfural falls exchange
capacity and swelling ability. When using 1,5 moles of furfural, anion exchangers
have a high exchange capacity, but there is acid stain that can be attributed to the
partial solubility of the product. This is caused by incomplete interaction furfural
with PEPA. From the data of Table 2 shows that the most optimal ratio of furfural
is 2 moles.

Obtainment and investigation of anion exchangers by polycondensation
furfural with benzoguanidine. In order to establish the effect of various factors on
the process of the polycondensation reaction, the kinetic studies of interaction
reaction conducted furfural with benzoguanidine by count unreacted to furfural
using polarographic analysis. Effect of temperature on the process of
polycondensation was examined at 90-100-110 °C taking to account a molar ratio
of furfural to benzoguanidine 1,0:1,25. Kinetic parameters of the polycondensation
reaction were calculated by based on results obtained up to 20% conversion.

A

Completeness degree, A %

A

1 -90°C; 2 - 100°C; 3 — 110°C. 1-90°C; 2 -100°C; 3 - 110°C.
Fig.3. The degree of completion of furfural Fig.4. Concentration logarithm changing
polycondensation with benzoguanidine. of reacting agents in the reaction process.

Fig. 3 and Fig. 4 show the degree of completion of the polycondensation reaction
of furfural with benzoguanidine and concentrations logarithm changing of reactants
from the reaction time. The linear dependence obtained in the coordinates 1

suggests that the reaction of polycondensation of benzoguanidine and
(a x)b

I
nob T
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furfural described by the kinetic equation II order. The activation energy calculated
from graphic dependence t, -IgK 1/T is equal to 17,23 kcal/mol. Consequently,
benzoguanidine interaction with furfural occurs with greater energy expenditure
than the furfural reacting with PEPA. The effect of benzoguanidine concentration
on the properties of anion exchanger at a constant ratio of PEPA and furfural was
studied (Table 3).

Table 3 presents the increasing the benzoguanidine concentration rises
selective ability of anion exchanger to molybdenum, however, at that the specific
volume of anion exchange decreases in the water and the amount of exchange
capacity by molybdenum.
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Table 3
Dependence of anion exchanger on the benzoguanidine concentration in the
reaction mixture

Content of SEC by Specific Sorptive ability by molybdenum
benzoguanidi 0,IN volume of (Cinit=1 g/l Mo), mg/g
ne mole in HCI1, swollen anion .
the meq/l. exchanger in From the pure Ammonium
reaction form of OH solution of molybdate solution
mixture ml/g ammonium and 48 g/l of SO42
molybdate
1,0 4,7-4,9 3,9 220 236
1,25 5,5-6,0 3,2-3,5 180 294
1,5 4,6 3,0 170-190 190
2,0 3,8-4,2 2,4-2,7 164 158

This is apparently due to the fact that benzoguanidine has a large molecular
weight and increase its concentration in the reaction mixture promotes to polymer
cross-linking. When using 1,25 moles of benzoguanidine, the anion exchanger has
a sufficiently high sorption and selective capacity for molybdenum ions as pure
solutions of ammonium molybdate and as in the presence of competing ions of
SO,?. Therefore, for an optimal concentration of benzoguanidine can be accepted
1,25 moles on the weight of furfural. Thus, based on studies anion exchange
sorbent with high selectivity to the molybdenum ions is obtained in a molar ratio of
benzoguanidine to furfural - 1:1,25 in the presence of PEPA for 4,5 hours at 100°C
in a medium of dimethylformamide. The main properties of the anion exchangers

are shown 1n Table 4.
Table 4



Sorption of molybdenum by tested anion exchanger

Anion exchanger Amount of Distribution Amount of absorbed
absorbed coefficient, molybdenum in
molybdenum from mg/l presence of IN
pure solution, solution Na2S04, mg/g
mg/g
FBG in OH-form 201 - 168
S04-form 285 374 252
Cl-form 230 - 195
FA-S OH-form 78 - 60
S04-form 115 212 60
Cl-form 68 - 60
AN-2F in Cl-form 230 320 62

Synthesis and study of the carboxyl cation exchanger based on reaction
products of acrylic acid and furfural. The process of formation of the carboxyl
cation by polycondensation of acrylic acid with furfural was investigated. It is
seemed appropriate to establish the optimal conditions for the synthesis of cation
exchanger by means of kinetic studies: depending on the reaction temperature,
catalyst concentration and ratio of the initial materials, etc. Furfural during the
reaction with acrylic acid is not only a condensing agent, but bridge former.
Therefore, the sorption and physicochemical properties of the cation exchanger
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depend from its concentration. Cation exchangers were obtained with different

properties changing the ratio of furfural to acrylic acid. Increasing the amount of
furfural leads to an increase in the number of cross-linking, thereby it is increased
that the mechanical strength, but exchange capacity is decreased.

As i1s seen from Table 5 that cation exchanger with a molar ratio of 1 mole of
acrylic acid per 1 mole of furfural has the largest exchange capacity, so further
researches were carried out on this cation exchanger.

Table 5
Effect of initial materials ratios to properties of obtained cation exchanger
Index Molar ratio of acrylic acid
to furfural
1:1 1:2 1:2,5
Bulk weight, g/ml 0,58 0,55 0,51
Specific volume of swollen cation exchanger, ml/g 3,8 3,4 2,6




Static exchange capacity (SEC) by 0,1N of caustic soda | 5,8-6,5 4,75-5,5 4,1-4,2
solution, meq/g

SEC by 0,IN of calcium chloride solution, meq/g 3,542 2,6-2,8 2,2-2.4
SEC by 0,IN of magnesium chloride, meq/g 3,0-3,2 2,8 2,4
SEC by CuS04, (Cinit=1g/1) 2,2-2.4 0,8-1,1 0,4-0,65
SEC by NiS04 (Cinit=1 g/1) 1,8-2,2 2,0-2,2 1,2-2,0
Mechanical strength, % 85-90 90-95 95-100

Based on studies of the optimal ratio of acrylic acid to furfural was received
1:1 at a temperature of 80°C and the amount of catalyst is 0,05 mol per mol of
furfural providing sufficiently high indicators of sorption and physical and
mechanical properties.

The fourth chapter «Sorption and physicochemical properties of the ion
exchanger sorbates» is devoted to the study of sorption properties of the ion
exchanger sorbates and determination of their physicochemical, sorption and
mechanical characteristics.

The study of the basic properties of anion exchanger sorbents. Important
importance i1s the study of physicochemical and mechanical properties of ion
exchange resins allowing to define their advantages and disadvantages of
application field. On the other hand the physical and chemical study of ion
exchangers allow to define ways of modifying some of the properties of ion
exchangers. The physicochemical and mechanical properties of the ion-exchange
resins allow to determine way of modification of their some properties. In the
literature there are practically no information on the use of ion exchange resins
obtained by using as a cross-linking agent, furfural in various fields of chemical
technology, which obviously can be explained by the limited extensive studies to
determine the equilibrium and kinetic characteristics that allow a comparison with
industrial designs to identify specific the area of their application in the economy.
For this purpose we have detailed study of physicochemical, sorption and
mechanical properties of the ion exchange polymers. In anion exchangers obtained
by polycondensation of PEPA, furfural, benzoguanidine - (FBG) and PEPA,
furfural, diphenylguanidine - (FDG), studies were carried out individual patterns of
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ion exchange, which could serve as the basis for the physicochemical
characteristics of the tested anion exchangers. The magnitude of the ion exchange
capacity mainly depends on the number of ionic groups of the ion-exchanger, the
degree of dissociation, and the nature and concentration of exchanged ions, as well.
Static exchange capacity (SEC) were determined from solutions of mineral acids
(hydrochloric, sulfuric, nitric acids), usually containing in industrial solutions.



Table 6

Basic physicochemical properties of obtained anion exchanger

Index Measuri FBG FDG
ng unit anion anionit
exchange | exchang
r er
Bulk weight g/ml 0,65 0,55
Specific volume of swollen cation exchanger in OH-form ml/g 2,8 3,8
SEC by 0,IN of C1 solution meq/g 4,8-5 6,5-12
SEC by 0,1N of HNO3 solution meq/g 4,6 6,2
SEC by 0,1N of H2SO4 solution meq/g 4,5 6,3
Mechanical strength % 99,9 99,9

The resulting equilibrium and kinetic indices of tested anion exchangers were
compared with polycondensation, industrial anion exchangers AN-31, AN-2F and
AN-1. Table 6 presents the main physicochemical properties of the tested anion
exchangers.

The dependence of the exchange capacity of anion exchange resins obtained
from pH of the medium, and the original form ionic groups using the method of
potentiometric titration was investigated in the study. Obtained data confirm the
belonging of tested anion exchangers to a weakly alkaline group. On the basis of
the potentiometric titration curves it was determined that the absorption of anions
mainly occurs in acidic and weakly acidic media.

The IR-spectrum of the initial PEPA absorption bands are observed at 660-
890 cm™, 3500-3000 cm™ related to the stretching vibrations of primary and
secondary amino groups. In the anion FBG spectra and some absorption bands are
observed at 900-600 cm™, 3300 cm™ due to the variation of primary and secondary
amino groups, but the intensity of these bands slightly reduced. Absorption bands
at 3100, 3600, 1010, and 878 cm™ related to the valent vibrations -CH=CH- group
of furan ring indicate the presence of the furan ring in the structure of the resulting
anion exchangers. The absence of absorption bands in the spectrum of ion
exchangers in the 1695-1670 cm™ corresponding to the aldehyde group indicates
that furfural reacts with benzoguanidine, diphenylguanidine and PEPA due to the
carbonyl group.

Based alkalometric and potentiometric titration as well as IR spectroscopic
studies of the structure of anion exchangers can be obtained in the following way:
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A

Based on furfural, PEPA and benzoguanidine
Based on diphenylguanidine, furfural and PEPA

Investigation of the basic properties of the resulting carboxyl cation. To
establish the functionality and degree of dissociation of the ionic groups of the
resulting cation was discarded potentiometric titration curve. Potentiometric
titration curve obtained cation is characterized by monotonically falling curve
indicates an increase in the exchange capacity with an increase of pH medium. The
presence of ionic groups and cation structure was also studied by IR spectroscopic
studies of cation and furfural. The presence of carboxyl group is characterized by
an intense absorption band in the 3400 cm ' and a weak band in
the 3200-2600 cm'. Absence of absorption bands in the area
2400-2100 cm ™!
indicates the absence of hydroxyl groups in the cation A
structure.

Based on the experimental data and analyzing in the
literature the structure of the cation exchanger of the acrylic
acid and furfural can be represented the following:

Thermal stability of ion exchangers. The study of the thermal stability of ion
exchangers has a practical importance, as it allows determining the temperature
limits, as well as recommending the ion-exchange resins for use at elevated
temperatures. Samples of ion exchangers were subjected to heat treatment in an
aqueous medium at the boiling point of water for a certain time. A measure of the
thermal instability of ion exchangers is the value of the relative capacity loss,
calculated in accordance with the results of the resin alkalometric titration. Cation
exchange capacity obtained as a result of heat treatment for 30 hours does not
change its value, and further heating reduces the amount of water slightly exchange
capacity (100 ppm — 3,1% loss in capacity) and its resistance to high temperature
exceeds cation exchanger based on salicylic acid and furfural, which is apparently
can be explained due to the absence of the hydroxyl group in the structure of the



obtained cation.

Thermal stability of the cation exchanger in the air. The thermal stability of
the carboxyl cation exchanger in the air tested at 150 and 180°C. As comparative
data, the carboxylic acid cation based on salicylic acid and furfural and sulfonic
cation based on para — toluenesulfonic acid and furfural were used. Effect of heat
treatment cation exchange was studied by loss of change capacity in the degree of
swelling and weight depending on the duration of the heat treatment. Change
capacity of the tested cation exchange is not changed at 150°C for long-term
interaction (24 hours), and minor weight loss connected with the release of
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adsorbed water. A noticeable change of the properties of the synthesized cation is
observed at a temperature of 180°C.

Thermal stability of the anion exchanger in the water. Stability of anion
exchangers to the thermal hydrolysis was measured by keeping the anion
exchanger at the boiling point of water for 48 hours. Then the anion exchanger was
separated from the water extract, dried to air-dry state, were weighed and measured
exchange capacity, specific volume and bulk density. It is found that the boiling
point of water anion resins tested properties change with increasing duration of
heat treatment is negligible. This is confirmed by the reduced specific volume of
anion exchangers after heat treatment.

When heating of anion exchangers in the water a minor decrease exchange
capacity connected with the process of partial thermal deamination, which is a
hydrolysis reaction, which resulted in the aqueous phase pass part of the amino
groups. It was established that after heat treatment for 48 hours at anionite FBG
exchange capacity decreased by 3%, which corresponds to the number of amino
groups containing in the aqueous extract anionite — 0,78 meq/g. Then as AN-2F
anion exchange capacity after heat treatment for 48 hours has decreased by 24%,
and the aqueous extracts contained 1,6 meq/g amine groups. Thus, the study of
thermal stability of the obtained anion-exchange resins in water suggests drawing a
conclusion about a rather high heat resistance of ion exchange resins. It is
depended due to the presence in their structure a heterocyclic furan ring, aromatic
rings and triazine rings benzoguanidine which prevent ionic groups from thermal
effects. These results suggest the possibility of using different FBG anion ion
sorption processes is not only at normal temperature, but increased one as well.

Uranyl ions sorption on the cation exchanger obtained. On the resulting
cation exchanger in H and Na-forms, sorption uranyl ions from solution
UO2(CH3COO)2 was studied in static conditions. The amount of uranyl ions
sorption in the cation made up 150-200 mg/g in the H-form, and 350-395 mg/g in
Na-form. It was studied that effects of medium pH on the sorption of uranyl ions
obtained by cation (in H and Na-forms) (Fig. 5.). As is seen from Fig. 5 the cation
exchanger obtained in the form of Na absorbs uranyl ions sufficiently well in the
researched interval of pH, where as the uranyl ion is absorbed in the H-form from
alkaline solutions. Maximum sorption of uranyl ion in the Na-form reaches to 395
mg/g at pH=4,75.



1- cation in H-form,
(CH;CO00),.

. __cation in Na-form.
uranyl ions

A Fig.5. Effect of pH solution on the sorption
of uranyl ions obtained by cation from 0.1
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Desorption of uranyl ions carried by 1N soda solution. Thus, the uranyl ion elution
rate was 95%. Preliminary data on the sorption of uranyl ions argue about the
possibility of using the synthesized cation in uranyl ion extraction processes from a
variety of waters.

Sorption of copper ions and other metals obtained by ion exchangers. It is
known that in the majority of cases in practice for concentrating, separating
complex mixtures of cations in aqueous and organic media, extracting metals were
more effective when application of high molecular anion of polycondensation type
having weakly alkaline amino groups. To establish the processes of absorption
cation by anion exchangers main ones are the processes of complexation, formation
of slightly soluble sediments, and molecular adsorption it is necessary to study the
effect of the nature of the functional groups, capacity and ion exchangers form,
nature of the absorbing cation in the process of complex formation and the
formation of precipitation. For this purpose, a study of cations the sorption was
carried out on the anion exchanger — FBG, in static conditions of copper sulfate
solution (0,05N, pH=3,5-3,8), nickel (0,1N, pH=6,5), cobalt (0,IN, pH=5.5) zinc
(0,1N, pH=5,5), cadmium (0,IN, pH=5,5). Anion exchange resins were used in the
hydration and salt forms. The results were compared with similar, known anion
derived using furfural and phenol sulfides (FAS), and industrial samples AN-1,
AN-2F. The results obtained (Table 7).

Table 7
Metal sorption by polycondensation anion exchangers
Ne Type and Ionogenic It was sorbed, meq/g pH of equilibrium
form of groups air dried ionite solutions
anion
exchanger Cu|Ni [Co|lZn|Cd|Cu|Ni|CofZn|Cd
1 FA-C-OH -NH2,=NH,OH | 1,4 | - |08 1,5]| 1,6 4,0 7,3 6,2
0 0Of4]101]0 2 5
7,1
2




6,3

2 FBG - OH -NH2, =NH 1,8 103(08]1,2| 15|39 7,3 6,6
7,2

6,4

3 FBG-Cl1 -NH2, =NH 1,0 [ - - - [ 1,228 5,0 4,3
5,3

5,6

4 | AN-2F - OH -NH2, =NH, OH 1,0 10,210110,1]103]43 7.5 6.5
7,1

6,3

5 AN-2F-C1 -NH2,=NH,OH | 0,8 | - - - 10,2127 4,1 3,0
4,2

4,6

6 | AN-1-OH _NH2, =NH 04| - 02| - 01|44 6,1 5.4
5.8

6,1

It is shown that when using anion exchangers in OH form is occurred an
increase in pH, whereas the amount of cations adsorbed decreases when the Cl
form. That seemed apparently the fact that the sorption in the OH form occurs due
to the formation of complex compounds and formation of precipitation of poorly
soluble hydroxides, which agrees with literature data. As is known, the salt form of
anion exchangers in the complexation reaction does not react, but as a result of
partial hydrolysis in aqueous media of a little dissociating alkali, what are
investigated anion, according to the scheme:

R3NH "+ HOH=R 3N eses HOH + H"
They are present in the test solution in the OH-form, which form coordination



compounds with cations of some non-ferrous metals, in the issue it is occurred their
sorption. It should be noted that in our experiments the complexation with anion
exchangers in the form of C1 is observed only with copper cations and slight
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cadmium that apparently affects the nature of the complex former, its coordination
activity and optimum composition of the anion resin in which absorption of cation
takes place due to complexation. Reduction of the pH of equilibrium solutions at
sorption cation by anion exchangers in the Cl-form also says that when the contact
phase is an exchange reaction between the anion exchange resin to exchange ions
and salt anions. The exchange capacity of anion exchangers for individual cations,
as can be seen from Table 7 it is differently. Copper is one of the well-sorbed
cation. Therefore, our further research study aimed at adsorption of copper ions,
obtained by an anion exchanger depending on various factors. In order to study
specific objects for practical application of the anion FBG, the copper contact
sorption processes were investigated in detail in this anion exchanger under static
conditions, depending on the concentration of initial solutions, acidity of the
solutions, pH of the medium and forms anion exchangers. To determine the effect
of concentration of initial solutions the sorption isotherms of copper were taken
from pure copper sulfate solution. For comparison, we were also investigated
industrial polycondensation anion exchangers EDE-10P, AN-31 and furan anion
FAN. Study of dilution of copper sulfate solution the effect by the amount of
sorption copper by anion FBG. It was found experimentally that the dilution of
copper sulphate solutions in 4 times almost does not influence on the sorption
copper FBG anion. The distribution coefficient (Kp), with an increase of copper
concentration falls, that is, in the system in accordance with the general law with
increasing concentration of the solution decreases the selectivity of the ion
exchanger to one with higher valence, which is typical of sorption from dilute
solutions. The constant value of the sorption copper dilution, according to the
literature, can be explained the phase relationship depends not only on the activity
of exchanging ions, but also by choice of the concentration values. To determine
the influence of the solution acidity on the sorption of copper, copper sulfate
solutions were used similar in content of copper ions and sulfuric acid to
production ones. The results of the sorption of copper ions from the acid solutions
by anion exchangers are shown in Table. 8.

Table 8
Effect of solution acidity in sorption capacity of anion exchangers
Anion exchanger in OH-forme exchange capacity t, meq/g
CuS04solution™ CuS04+H2S04 solution™*
AN-31 1,340 0,134
FBG 0,850 0,860
EDE-10P 0,502 0,0




FAN 0,334 0,084

*- initial concentration by Cu — 80,2 meq/I
**_ initial concentration by Cu®*- 75 meq/l, by H2SOa4- 400 meq/1

It is seen from Table 8§ that sorption of copper ions in an acid medium is greatly
reduced. This fact can be explained due to a weak dissociation =NH, -NH2 anion
exchangers groups in acidic media. In solution at pH=1,0 formation complexes
compounds with copper ions by anion exchangers is not observed. A
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similar phenomenon is also observed in the sorption of copper ions from the acid
production solutions. Further we investigated the impact of concentration of
hydrogen ions in the sorption capacity anion exchangers. For this purpose
concentrated ammonia solution was used as a neutralizing agent. Model solutions
prepared at pH=1 were neutralized by concentrated ammonia solution. At the
beginning of adding the ammonia it is occurred neutralization of sulfuric acid, and
then the formation of a precipitate of basic copper salt occurred. Redundant
addition of ammonia leads to the dissolution of sediment which transits to the
ammonium complex salt of copper.

Table 9
Copper ions sorption from modeling solutions at different pH
Ion exchange in Copper ion sorption, meq/g
OH-form
Standard test After neutralization by
solution pH=1 ammonia solution at pH=11
FAN 0,084 1,20
EDE-10P 0,09 1,0
AN-31 0,98 1,30
FBG 0,85 1,26

Table 9 presents the results of studies of copper extraction from model solutions
(Cinit. Cu*"=70 meq/l, Cinit. H2S04=0,5N solution) with or without neutralization. As
is seen data from Table 9 with an increase of the solution pH during the
neutralization with ammonia sorption of copper ions by anion exchangers
increases. This is apparently due to the fact that with the reduction of the hydrogen
stable complexes of copper formed with anion exchangers. It has been studied that
the copper adsorption in the range of pH 1+11, determined the maximum sorption
of copper ions in form of the complex at all processes anion exchangers is observed
at pH=4,2. On the basis of experimental data it was shown that the analyzed FBG



anion exchanger in the OH-form, can be used in the processes of sorption of copper
ions and does not rebate the industrial anion exchangers such as EDE-10P and
AN-31.

In practice, the more promising is copper ion adsorption conducting in
dynamic conditions. For this purpose, the experiments were performed in dynamic
conditions on the anion exchanger FBG and AN-31 in the hydroxyl form,
depending on the flow rate of the sample solution, its concentration, the
temperature and pH of the initial solution. It should be noted that the choice of the
OH-form can be determined that fact that static conditions with sorption study of
the effect 1s higher than in salt form. And so, on the basis of the results obtained by
the sorption of copper ion by tested anion exchangers depending on the various
factors, we selected the optimal parameters of the present process, and the
possibility of use in processes for sorption of copper ions on a level with a
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commercial anion exchanger AN-31 anion FBG obtained on the basis of the local
materials.

Sorption of molybdenum ions by anion exchanger based on benzoguanidine,
furfural and PEPA. In industry, the processing of non-ferrous metals and their
satellites, when required to implement selective processes for concentration or
separation of target components, especially effective anionic exchange, if metal
ions are present as anionic complexes. Among these metals place molybdenum,
rhenium, tungsten, vanadium, and others take up an important place. It is known
that anion exchange resins containing triazine ring structure possessive selective
ability to molybdenum ions. Therefore, it was interest to study the sorption of
molybdenum resulting anion, FBG, which contains a triazine ring structure. The
study was conducted according to the ionic form of the anion exchanger, pH of the
medium, the presence of competing ions, and others. For comparison, a commercial
anion exchanger AN-2F recommended for the extraction of molybdenum from
industrial solutions and anion exchanger FA-C, selective to ions of molybdenum.
Sorption of molybdenum carried out in static conditions, anion exchangers were
tested in OH, SO,?, Cl-forms, initial solutions of ammonium molybdate had a
pH=4-5. Sorption molybdenum was performed as pure solutions of ammonium
molybdate (Cini=1g/l) and in the presence of competing sulfate ions
(Na2SO4=INg/l). Table 10 presents data on the sorption of molybdenum anion
exchangers. Comparison of the data on the sorption of molybdenum on the test
anion

Table 10
Molybdenum sorption by tested anion exchangers
Anion exchanger Amount of sorbed Coefficient Amount of
molybdenum from distribution, sorbed
cleaned solution, mg/l molybdenum in
mg/g presence 1N




solution Na2SO04,
mg/g

FBG OH-form 201 - 168
S04-form 285 374 252
Cl-form 230 - 195

FA-C OH-form 78 - 60
S04-form 115 212 60
Cl-form 68 - 60
AN-2F Cl-form 230 320 62

exchangers in C1, OH and S0,” forms shows that in the cases C1 and OH-forms
the sorption of molybdenum suppressed by sulfate ions, whereas in S0,?, this
phenomenon is absent. Analysis of Table 10 shows that the anion exchanger has a
higher FBG selective ability to molybdenum, which is almost the same as the pure
solutions of ammonium molybdate and in the presence of competing ions.
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Study of sorption, physical, chemical and mechanical properties of the

obtained cation allowed to develop a technological scheme for production of the
carboxyl cation (Fig. 6).

1-gage tank for acrylic acid, 2-gage tank for furfural, 3,4 — pumps, 5,6-pressure tanks, 7,8-
proportioner, 9- hopper for catalyst, 10,15- elevators, 11-feeder, 12-reactor, 13-cpccitor, 14-
rotary crystallizer, 16- roller crusher, 17-belt drier, 18-cyclone, 19- blower, 20- vibrating screen,

21-hopper for finished product, 22- packing machinery, 23-conveyor. Fig. 6. Technological



scheme for obtainment of cation exchanger.

The fifth chapter of the dissertation «Preparation and study of reagents on
the basis of Kungrad soda zavodi waste for the water treatment processes» is
dedicated to the development of the technology of reagents based on calcium
containing waste from JSC «Kungrad soda zavodi» and their application in the
processes of industrial wastewater treatment. With a view to identifying effective
means of treatment of industrial waters, by example of waste water Fergana CC
developed reagent and adsorption processes for their purification. Calcium
hydrosilicate obtained based on calcium waste of JSC «Kungrad soda zavodi» was
used as a reagent. When cleaning industrial waste water used reagents and
adsorbents combined with aluminum sulfate coagulant.

Purification of industrial wastewater with calcium silicate. We have proposed
calcium hydrosilicate reagent as adsorbent, but not in the final form, and at the time
of formation of the dilute solutions of sodium silicate and calcium chloride, when a
product has a dispersion colloidal degree to stages sol — gel transition. The
method for treating industrial waste water is performed as the following: in
industrial waste water containing various dyes introduced aqueous suspension of
calcium chloride, sodium silicate and aluminum sulphate and mixed. Coagulation
and flocculation slurry occurs. Maximum lighting solution comes almost instantly,
so that for 2-5 minutes, the slurry can be separated.

The advantage of this method over other solid adsorbents is possible to
separate the slurry by separate action. The resulting precipitate is added iteratively
to the new batch of dyed waste water and with a small amount of aluminum sulfate
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operates again. Thus, in the processing of coloured waste water of enterprise with
calcium silicate in an amount of 200-600 mg/l in combination with aluminum
sulfate, the waste water purification rate reaches 94-98%.

The sixth chapter of the thesis is «kExperimental-industrial tests of ion
exchange sorbents and reagents for cleaning and softening waste water». The
tested carboxyl cation exchange resin has a sufficiently high sorption capacity for
calcium and magnesium ions and effectively cleans the waste water, softening its
composition from the above ions and can be recommended for the demineralization
process waters of «Kungrad Soda zavodi», instead of expensive industrial KU-2-8,
that the factory buys 16 million sums per 1 ton. The carboxyl cation exchange resin
was used in conducting pilot tests on the demineralization process waters in JSC
«Bektemir spirt — experimental zavodi». According to the results of cation
exchanger in Na-form in the process of softening artesian and technical water,
reduces the water hardness from 0.05 to 4.5 meq/l, demineralizes up to 90%. Due
to the high sorption and operational properties cation is recommended for use in
enterprises instead used KU-2-8 sulfocationite. There have been carried out the
pilot tests in JSC «Uzmetkombinat» using ion exchange sorbents: sulfcationite
SKDF carboxyl cation KF, and the anion exchanger FBG. All the sorbents derived
from local furfural, KF cation exchanger based on the acrylic acid. Experiments



were carried out on samples of the closed circulating cycle of water of
oxygen-compressor shop (CCC) plant. Purification of water closed circulating
cycle CCC JSC «Uzmetkombinat» from pollution carried out un three-stage ion
exchange process in stages passed circulating water first through sulphocationite
SKDF, then the carboxyl cation exchanger KA, thus there is a removal of cations of
dissolved inorganic impurities (Na ¥, K ¥, Ca>", Mg” ") with simultaneous softening
water from 4.9 to 0.64 meq/l. When using the third purification step, water after
cationization passed through anionite - FBG, whereby the maximum water were
purified from CI, SO, *ions. The results are shown in Table 11.
Table 11
Results of a pilot plant for cleaning recycled water of CCC under the JSC
«Uzmetkombinaty by ionite

Title type of Unit Composition After After After
pollution mea water closed sulpho carboxyl anionit

su loop cationite cation e-

ring circulating SKDF exchanger FBG

oxygen (I stage) KF (II (I1I stage)
compressor shop stage)

Water hardness meq/1 4,9 2,1 0,7 0,64
Calcium meq/l 2.9 1,3 0,45 0,4

Magnesium meq/l 2,0 0,8 0,25 0,24
Total hardness meq/l 7.8 5,0 2,1 0,9

Chloride mg/1 201,7 190,3 160,8 35,45
Total salt content | mg/l 1200 560 320 130
pH - 8,6 7,5 7,3 7,2
Temperature °C 16 16 16 16
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As is seen from Table 11 that when using in the purification process of
circulating water of CCC from JSC «Uzmetkombinat» tested sulfo and carboxyl
cation and anion exchanger a degree of water purification reaches till standards
MPC. Approximate calculation of the expected economic effect from the
implementation of the proposed ion exchangers during the cleaning and softening
of the recycled water of CCC from JSC «Uzmetkombinat» is 330 mln. sums per
year. The tested cation exchange resins are resistant to abrasion, mechanical
strength that i1s 97,9%, sorption capacity is not changed practically when heated to
120 °C. Therefore obtained sorbents are recommended for use in the treatment of
industrial water treatment processes of «Uzmetkombinaty.
There have been conducted the laboratory and production tests for cleaning



industrial waste water from JSC «Fergana CC» using reagent method of
purification based on the use of calcium hydrosilicate obtained from JSC «Kungrad
Soda zavodi» in the laboratory of Chemical Engineering at Institute of General and
Inorganic Chemistry of the Academy of Sciences of Uzbekistan on collected pilot
test facility. It is found that in the case of the method of purification reagent (CaClz
+ Na2Si0O3 + Al2 (SO4)3) the degree of bleaching of colored waste water reaches -
95-98%, instead of the operational bulky adsorption recommended compact and
effective way based on the use calcium chloride, aluminum sulfate and a complex
mixture of sodium hydrosilicate.

CONCLUSION

1. It has been recommended that approach for the preparation of weakly
alkaline of polyfunctional anion sorbents with complex forming properties based
on furfural benzoguanin and diphenylguanidine.

2. There has been the way for producing monofunktsional carboxylic cation
exchanger - sorbents having selective sorption capacity to the non-ferrous metal
ions and uranyl by polycondensation of furfural with acrylic acid.

3. Based on kinetic studies polycondensation reaction of PEPA, furfural and
other monomers it has determined that rate constants, reaction activation energy. It
has been shown that dependence of sorbents production technology on the reaction
temperature, initial materials concentration, amount of catalyst and other factors.

4. It has been found that correlation dependences of the basic chemical,
physical and chemical (sorption of ions of calcium, magnesium, copper, nickel,
molybdenum and others., sorption capacity, monofunctionality, the degree of
dissociation of the functional groups, and others.) on the chemical composition,
physico-chemical and adsorption properties of the initial materials suitable for
import substitution sorbents.

5. For the first time there has been used the technology of using waste
Kungirat soda zavodi to produce calcium hydrosilicate different functionality with
predetermined properties to process industrial wastewater treatment.

6. For the first time there has been developed the novel approach for effective
purification of industrial wastewater. It has been found that the degree of
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purification of the wastewater reached up to 94-98% when used as a reagent of
200-600 mg/l of calcium hydrosilicate and 100-200 mg/l of aluminum sulphate
coagulant. The basic technological scheme has been proposed.

7. It has been determined that the field of using the sorbents on the basis of
chemical analyzes, physical-chemical and sorption properties. It has been
recommended that their use for cleaning and softening industrial wastewater such
as JSC « Kungrad Soda zavodi», JSC «Bektemir spirt-experimental zavodi» and
JSC «Uzmetkombinaty.
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