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Juccepranusi MaB3yCMHHMHI [10J13apOjauru Ba 3apyparu. byryHru kyHna
OyTyH nAyHENa TUIPOMETAILTYprusi, OKOBa CyBIap Ba UINUIA0 YUKAPUII
SPUTMAJIApUHUA TO3AJIalll, CyBHU TaWEpiaml >kapaCHIapuia HOH aJIMalluHYyBYU
noyiuMepiap KeHr KyJmaHuimokaa. CopOLMOH Ba CENEKTUBIIMK XOCcalapy IOKOPU
OyiaraH WOH aJMallMHYBYM TMOJMMEPIIApHU HWNUIA0 YWKUII Ba YyJIapHUHT
AKCIUTyaTallMOH XOCCAJapUHHU OOIIKAPUIHUHT 3aMOHABUN YCYJUIAPUHH SPATHIIL
nonm3ap6 MyaMMonapaaH oupH 6yam6 KomMoka'.

PecnyOnukamuzna mMycTakwuivk wwiapuna ¢ypdyposn, OeH30TyaHHIWH Ba
MOJIMATUJICHIIOIMAMUH  UIITHPOKHUIa TMOJUKOHJICHCAMSUIAIL Wynu OuWiaH MHuc,
MOJIMOIEH MOHJIapUra HUCOATaH TaHJIOBYAH XyCYCHUSTIIA KOMIUIEKC XOCUJ KUITYBYU
Ky4CH3 acoClid aHUOHUT spartuill; Gypdypon Ba apoMaTHK Xankauiap TyTraH
OupuKMaap acocujia SIHTU MOJUKOICHCAIIMOH TypJard MOHUTIIAP OJIUII, YJIapHUHT
KMMEBUH Ba TEPMUK TabCUPJIAPTa YUAAMIIUIUTUHN OLTUPUIL
HyHanuuuiapyuaa uaIMui uiuiap oaub OopuIira ajoxuaa bTUO0p KapaTuiau.
XKaxonna ctupon, IMBUHUIOEH30II, aKPHJT KUCIIOTACH, aKPHUIIOHUTPUII,
BUHWITTUPUIUH KaOU MOHOMEpJIAp acoCUa MOJUMEPU3ALIUOH TypAaru noH
aJIMalIMHYBYM MOJIMMEPIIAP OJIUII TEXHOJIOTHsIIApU ynra Kyuuiarad. Mon
aJMallMHYBYM MOJUMEpIIap UIUIa0 YMKULIAA KaTop, )KyMiIaJaH, KylWnaaru
WYHAIMIUIAPAA TETMIUIM UMUK €4MMITAPHU aCOCIIAlll 3apyp: IOKOPU Xapoparra Ba
KUMEBUH TabcUpiapra YujJaMiid, MEXaHUK MyCTaxKaM MOH aJIMalluHyBYU
MOJIMMEpIIap OJIMII YCYJUIAPUHM UIILIA0 YMKHIIL, COPOLIMOH, CEJIEKTUBIIMK Ba
AKCIUTyaTallMoOH XOCcajJapy I0OKOPHU OYJIraH UOH alMalllMHYBYU TOJTUMEpPIIap
OJIMITHUHT MAKOYJI IIapOWTIIAPUHU aHUKJIAIL; MaxaJInid XOM aménap acocuaa
MaBXyJl MOHOMepIIapaaH Qoiiananul, SHTH UOH aJIMAIIMHYBYX TTOJIMMEpIIap
OJIMII TEXHOJIOTHSUIAPUHU SAPATHUII J10J13ap0 MyamMMoJiapra Kaparuirad
TaIKUKOTIap 010 OOpUIMOKIA.

V36exucton Pecny6nukacu Ilpesumentunuur 2010 iun 15 nexaGpmaru
[IK-1442-con  «Y36exkucTton PecrnyGIUKaCHHMHT CAHOATUHHM PUBOXIIAHTHPHII
ycrynnapu tyrpucuniantu, 2009 #un 12 maptmaru [1K-1072 connmu «Muutad
YUKAPUIIHU MOJECPHM3ALMs KWINIL, TEXHUKABUI Ba TEXHOJOTHUK KAaWTa KUXO3JAI
OyiiMya 3HI MYXUM JIOMMXAJapHHU aMajra OLUMPHUII 4YOpa-Taa0upiapu HacTypH
tyrpucuaantu Ba 2015 vun 11 despangaru I1K-2298-con «Tait€p maxcyinor,
OyTJIOBUM MaxCyJOT Ba MaTepHayiap MIUIA0 YMKAPUIIHK MaxaUTHAIAIITHPHILL
JaCTypu TYFpUCHIA»TH Kapopiapuaa xamJa Ma3Kyp Qaonusrra TerHuuid OOIIKa
MEBEPUN-XYKYKHI XyxXOoKaTiapAa OenrwiiaHraH Bazv(alapHH amaira OLIMpPHINTra
ymly AuccepTanus TaAKUKOTH MyailsiH 1apakaja Xu3mMar Kujiaau.

TaagKMKOTHUHT pecny0JuKa (paH Ba TEXHOJIOTHUSVIAPH PUBOKIAHUIIN
HMHI YCTYBOP HyHAJIMILIAPUTa OOFJIMKIUTU. Ma3Kyp TaJKUKOT peciyOauka

'Pe3nnk .M. OnTuMu3amus HOHOOOMEHHOI TEXHOIOTHH BOJONOATOTOBKH: (GUIBTPOBAHUE C TPOTHBOTOUHON
perenepanueii // XK. // Axarepm. — 2003.- Ne 4. C. 42-44.



daHn Ba TexHONOTUsUIap pUBOAKIAHUITMHUHAT VII. « KumEBnii TexHOIOTHS Ba
HAHOTEXHOJIOTHS yCTYBOp MyHanuimra MmyBoduk Oaxapunras. Jluccepranus
MaB3ycH OViinya XopyMsKMii KIMHIA-TaAKUKOTIap mapxu’. SIHTH HoH
aJIMAIIMHYBYM MTOJMMEPIIAPHU OJIUILTA Ba KyJUIAIra, WyHAITUPUITaH WIMHUA
W3JIAHUIIUIAP KAXOHHUHT €TaK4d WIMHI MapKas3JIapy Ba OJUK TAbJIUM
Myaccacanapi, xkyminanas, The University of Maryland (AKIII), Ege University
(Typkwust), Maria Curie Sklodowska University (ITompma), University of
Kitakyushu (SImonus), National Academy of Science of Belarus (bemopyccus),
University of Melbourne (ABcTpanus), [Inactuk Maccanap uiMui-TaaAKuKOT
unctutytuaa (Poccus), Kozoructon dannap akagemusicu KUME daHaapu WIMUANA
TaIKUKOT HHCTUTYTUAA (Ko30FucToH) Ba TOIIKEHT KUME-TEXHOIOT S
MHCTUTYTHAA (Y36eKHCTOH) 0MG GOPHIMOKIA.

Kum€ caHoar YMKUHAM CYBJIApUHU TO3aJlalllla HWUUIATUIYBYM HOH
aJIMalIMHYBYM IOJIMMEPIIAP CHHTE3HM Ba YJIApPHUHI JKCIUTyaTallMOH XOCCAJIApPWHHU
ypranuira ouj >kaxoHAa oyiu0 OopwiraH TaJKUKOTIAp HaTHXKACHAA Karop,
KymIlaJaH, KyWHJard WIMUANA HaTwKajdap OJWHTAaH: CTHPOJ, JUBUHUIOCH3OII,
aKpUJI KUCJIOTACH, aKPUJIOHUTPWII, BUHUITUPUANH KaOu MOHOMEpIIap acocuaa Oup
XWJI TPaHYJOMETPUK TapKUOIM MOHWUTIAP OJMHraH Ba JKOPUM KWIMHIAH
(DowChemical Co AKII, Bayer AG I'epmanus, Purolite international Ltd Byrok
bputanus); 1oKopr MHUKIOpAA OJTHHTYTYPT TyTraH He(Th MaXCyJOTHUHH SIOKCH/T
cMoiia OunaH MoAu(UKaUsIad MOJUKOHACHCAIMOH TypJard MOH aJIMallluHyBYU
noJMMepiapHu onuin ycymwiapu sparwirad (Ko3orucTton ¢anmap akaaemusicu
KUME (paHIapyu WIMHI-TaIKUKOT WHCTUTYTH, KO30FMCTOH); monaucTHpon OuiaH
N-METUATITIOKaMUH acoCHJa MAaKpPOFOBAKIM HOH aJMAIIMHYBUMA TOJUMEpIap
CUHTE3 KUJIMHTaH Ba reoTepMall CyBiapJaH OOpHM WYKOTHIN YUYH KYJUITAaHWIITaH
(Ege University, Typkusi); ctupos Ba AUBUHIIOEH30J acocuaa (ocdop TyTran
WOHUTJIAp OJIMHTAaH Ba yjapHU WHIUIa0 uukapuiira TaBcus HdTwirad (Taejon
National University of Technology, XKanyouii Kopes).

JlyHéna voH anMaluHyBYY MOJIUMEPIApHU SpaTUIl Oyiinua KaTtop, *KyMJaaaH,
KyHuJard ycTyBop HyHaIHILIapaa TaAKUKOTIAp 0110 OOpUIMOK/IA: AXIITHIAHTaH
(bU3UK-KUMEBUM, COPOLIMOH Ba CEJIEKTUB XOCCAJIM MOH aJIMAIIMHYBYM TOJIUMEPIIAp
CUHTE3 KWIHILL, HOH aJIMAIlIMHYBYY NOJMMEPIIAP OJMII TEXHOJIOTHSUIAPUHA
TaKOMWLIAIITUPHIIL, TEPMO-KUMEBUM OapKapop MOHUTIIAPHU OJIUII Ba KYJUTAHHUII
COXQJIAPUHU KEHTAaUTHUPUIL, CAMAPATOPIIUTUHY SIXIIIHJIALLL

MyaMMOHUHI  ypraHuraljJiuk  gapaxacu. HMoH  anMammHyBYM
nonumepiapHuHr cuHTte3n Oyiinua YUmytoB K.B., CamconoB I'B., Kynun P.,
Maiiepc P., Cunsasckuii B.I., Canmagze K.M., I[lamkoB A.b., I'enbdepux D.,
I'puccoax P., Eproxun E.E., Jlackopun b.H., Ixannocosa K.JI., Kopmak B.B.,
Tenuna A.C., Tpoctsanckas E.b., JlaBanbkoB A.b., Jleiikun FO.A., KomnbuioBa
B./., bekrypos E.A., Puzaes H.V., Typo6:xxonos C.M., Mupkomuiios T.M.,

2
- JluccepTranus MaB3ycH OYiUYa XOPHKHA WIMHI-TaAKUKOTIap mapxu: http://dx.doi.org/10.1081/SS-200068451;

http://ebys.ege.edu.tr/ogrenci/ebp/course;https://www.researchgate.net/profile/Beata_Podkoscielna;
https://www.kitakyu-u.ac.jp; http://ifoch.bas-net.by Ba 6omka man6anap acocua umad YMKUITaH.
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JxamunoB A.T., MarpynoB @.M., Hazuposa P.A., Tamxuxomxaes 3.A. Ba
Oolkazap WIMUN W3JIaHUIILIAp OO OOpHIITaH.

Vimap monuMmepu3anioH Ba MOJIMKOHICHCAIMOH TYypAard WOH aMalluHyBUU
MOJIMMEPIAPHUHAT TEPMO-KUME-paTUaAIIiOH OapKapOPIUTHHH YPTaHUII MaKCaanusa
MOHUTJIAPDHUHT HWOHJIAHTHPYBUM HYPJIAHUIILIAPTa, IOKOPH TeMIleparypaiapra
YUAAMIIMIIATH KUMEBUM CTPYKTypacura, MOHOTEH TypyxJjap Tabuarura, TUKYBYU
areHTHUHT MHKJOPY Ba THKWIHMII Japa)kacura OOFJIMK DKAaHJIUTHHH KypcaTuo
oepumran. [y xymmanan, Gypdypon acocuma Oup kKarop cyab(hoKaTHOHUTIAP,
dbochopnr HOPIOH KATHOHUTIAP, AHHOHUTIAP Ba SPUM YTKAa3rHM4 MeMOpaHaap
ONIMIITa DJPUIIWITaH Ba HIUIA0 yukapumra #WyHantupuiarad. CeleKTUBIHK,
copOIMOH Ba GU3HK-KUMEBUI XOCCaIapu YpraHUIraH.

VYHuBepcan kypcaTkuuiapra 3ra Oyiarad, arpecCuB Myxumiap/a Y3MHUHT
06apua HU3HK-KUMEBUIN, COPOLIMOH, MEXaHUK MYCTaXKaMJIMK KaOu XOccallapuHH
nykormaiiauran gypdypoi acocuaa CUHTE3 KWIMHTaH UOH aJIMalllMHYBYU
MOJIMMEPJIAp OJIMII TEXHOJOTUICH UILT1ad uynukuil, hpypdyposinu Oolika Moaaaiap
OwiaH Oupra nonuMepaap CUHTE3 KWK, YIap TapKuOUra HOHU3UPIIOBYH MOJISIP
TYPyXJapHU KUPUTHII WYIM OUlaH MOH aJIMAIIMHYBYH TTOTUMEPIAPHHU OJTUIII
WIMUH-aMaJIUM aXaMUsTra ora.

Juccepranusi MaB3yCHHHMHI AUcCepTANMS Oa:kapwirad oOJIMH TabJIUM
MYacCaCACMHUHI WIMMH-TAAKUKOT MILJIApPU OuJIaH OOFJIMKIUTU. J[uccepranus
TaIKUKOTH TONIKEHT KUME-TEXHOJIOTUS HWHCTUTYTH WIMHU-TAIKUKOT HIILIAPU
pexxacuHUHT «CaHoaT OKOBa CYBJIAPMHU METAJUl MOHJIApHJIaH MOH aJIMAIIUMHMII
ycynu 6unas Tosanmamny (2012-2015 iit.) xamaa UT/-6. (EA 6-1) «TYKuMauniuk
cCaHOaTH OKOBa CyBIapuHU OYEK MoajanapJaH TO3aJalllHUHT caMapaju
TEXHOJOTUSACHHYN WNUIad uukui (2014-2015 iit.) MaB3ycumaru amManuii Joumnxa
oupacua oaxkapuira.

TaaKUKOTHHHI MaKCaAH TEPMO-KUME-PATUAMOH OapKapop MOJUKOHICHCA
[MOH TYpJard MOH aJIMAIIMHYBYH MOJIUMEPIIAP OJIUII TEXHOJOTUSICUHU
ApaTUIIIaH HOOpar.

TankukoTHUHT Ba3udaaapu:

nudenniaMut Ba GypdyposHU MONTUKOHECHCAIUSIA0 TePMO-KUMEBU I
OapkapopiIMKKa sra OYiIrad noiu(yHKIMOHAT Ky4CU3 aCOCIN AHUOHUTHH OJIMIIL;
mudeHuIToOKCUI Ba GypdypOTHH MOTMKOHICHCAMUTA0 KaTHOH aJIMAITiHYBYH
MOJINMEpJIap OJIMILL

mudennnokcuum — Gypdyposum nonumepuu cynabdupnari, Gochopuriiani
acocupa cynbdo — Ba ¢hochopir HOPIOH KAaTHOHUTIIAP OJIHIIL,

MaKpOFOBAKJIM KAaTHOH aJIMAIIMHYBYU TOJIMMEP OJIHUIII;

OJIMHTaH WOHUTIAPHU HATPHUH, KaJlbIMA, MarHUWA, MHC, HAKEJ XaMmJla OKOBa
CyBJIap TapKHOWJaru MHUHEpaa KUCIOoTajapra HUCOAaTaH COPOIMOH XOCCAaJlapUHH
AHUKJIAIT;

OJIMHTAaH WOHUTIAPHUHT TEPMO-KHUME-PATUAIIIOH YHUJAMIIUIUTHHA — MHC,
HUKEJ, KOOaJbT, ypaHWJ Ba OoOIllKa HOHJapra HucOaraH COPOIMOH, KOMILIEKC
XOCHJI KWJIHII XOCCATAPUHU aHUKJIAIT;

mueHnToKCH - GypdypoIIl MOIUMEP acoCH 1A MOIU(PYHKIIMOHAIIIN



CyHB(i)OKaTI/IOHI/IT OJINII TCXHOJIOTUSCUHUA SAPATHIL.
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TagkukoT 00bexkTH QypPypo, apoMaTHK XajaKajaap TyTraH - AUPEHUIOKCU
Ba qu(EeHUITaMUH.

TaakuKoOT npeaMeT TEPMO- KUMEBUHN OapKapop, KyuCH3 acoCiIy KOMILIEKC
XOCHJI KWITYBYH aHUOHUT, ITyHUHTTIEK MOMU(YHKIIMOHAT, MOHO(DYHKIIHOHAT
Cynb(OKaTHOHHUT, MAKPOFOBAKIIU CYTH(OKATHOHUT Ba PochopiIn HOPIOH
KaTUOHUTIIAP.

TagkukoT yCyJL1apH. HNuccepranmsiga  QU3UK-KUMEBUN  TaxXJIWI
yCyJulapuAaH: 3JE€MEHT TaxXJIW, aJIKaJIOMEeTpUK TuTpaaw, Knonn ycynuaa Opom
COHMHU aHUKJIAll, TPUIOHOMETpPHUS, WHOIOMETpUs, MOTCHLUUOMETPUK THUTpIAIL,
UK-cnekTpockomnus, pEHTreHorpamMma, muddepeHnnan-repMorpaBUMeTpUK
Tax I yCYJUIapU KYJUTAHUJITaH.

TaaKMKOTHHUHT WIMHIA SHTHJIMIH KyHuaaruiapaan noopar:

mupenwiaMuH Ba (GypdyposHUM TOJUKOHJCHCAIMSUIAIl HYIu OWIIaH OFHUp
MeTaJJl MOHJIapUra KOMIUIEKC XOCHJI KMITYBYM XOCCAJIM TEPMO-KUMEBHM OapKapop
Ky4CH3 aCOCJIM AaHHOHUT OJIUII YCYJIU MIUTa0 YUKUIITaH;

MOHOT'€H IpyHHaJlapHi KUPUTULI YUYH JTUGEHUIOKCUIHN QypPyporn Ounan
MOJTMKOHICHCAIUSTA0, STHTY MOTIMMEP MaTPHUIIACH SPATUIITaH;

nudeHnokcu ] Ba GyphypoHi MOJMKOHACHCAIUS PEAKIUICUHHA OOLUIaHFUY
MOHOMEpJIap, KaTaau3aTop TaduaTh Ba KOHUEHTPALUACH, peaKklus TeMIeparypacu
Ba OolKanapra OOFJIUKJINIY AHUKJIAHTaH;

OJIMHTaH MOJUMEPHHU Cynbpupiaml Ba hochopuiian peakuusiapuHu
TEXHOJIOTHK >KapaéHu UIuTad YMKUITaH;

cynb(hOKYyMup OWIIaH OJUMHTaH CYIb(POKATUOHUTHU HATPUU, KAJIbITUN, MarHUN
MOHJIapUra HucObaraH COpOLMOH XOCcanapy, UITYH UHTEPBAJINU, MEXaHUK
MyCTaXKaMJIUTHU aHUKJIAHTaH;

(dbocdopnu KaTHOHUT TapKUOUJa MUC MOHJIAPU TYTraH OKOBA CyBJIap/iaH MHC
WOHJIAPUHH TUHAMUK [IAPOUT/IA COPOIMSIIAIIN, KATHOHUTHUHT pereHepaus
TEXHOJIOTHSICH TaKOMUJUTAIITUPUIITAH.

TaaKNKOTHUHI aMaJINi HATUKACH:

TEPMO-KUMEBUI OapKapop KyUdCHU3 aCOCIU aHUOHUT OJIUII JU()EHUIIAMHUH Ba
GypdyponHN NOAMKOHICHCALMSUIAI YCYIIH APATUIITaH;

mudeHnokcuaIHu Qypypon OunaH MmoJMKOHAeHcauusIad, moJIumep
MaTpULIACH SIPATUIITaH;

OOLUTaHFUY MOHOMeEpJap, Karajln3arop, peakuus TeMIiepaTypacu Ba bocumra
mudeHunokcus Ba (QypPypoiHU TOJMKOHJCHCALMS PpPEAKIUsACH OOFJIUKIUTH
aHWKJIaHTaH;

NOJU(PYHKIIMOHAT CyAb()OKATUOHUT OJIMII TEXHOJOTHUSICH TaBCHsSl STUJITAaH;
aHUOHUT, CYJIb(QOKATHOHUT, (PoCchOpIH HOPAOH KATUOHHUT OJHII TEXHOJOTHUSICH
unuiad YMKWIraH Ba MIUIA0 YMKApHUII KOpPXOHajapJa OKOBa CyBJIapHU TO3ajalll
TEXHOJIOTUSCH TAKOMUJUIAIITUPHUIITaH.

TagkukoT  HATHKAJAPUHUHT  HmoHwmmaurn  MK-cnexrpockonus,
pentrerorpadus, auddepeHanT TEPMHUK aHAJIU3, IOTECHIIMOMETPHUS Kabu



3aMOHaBUH ycyiiap €pAaamMuaa 3KCHepUMEHTal HaTHKajlap OJIMHTaHJIUTH OWIiaH
ACOCJIAHTaH.

TagKMKOT HATHKAJAPUMHH WIMHA Ba aMaJuil axaMusTH. TagKukKoT
HaTWOKTAPUHUHT UMUK axaMUSATH TTOJMKOHCHCAIIMOH NOHUTIIAP-KYyUCH3 acOCIH
AHUOHHUT,  MOHO-Ba  MOJU(PYHKIIMOHAT  CyAb()OKATHOHUT,  MaKPOFOBAKIIHU
cynbGoKaTHOHUT Ba GHochopiin HOPAOH KATUOHUTHU CUHTE3U YCYIJIAPUHU HIILIA0
YUKWITAHIATY OnyIad OeruiiaHajii.

TankuKOT HaTWXKaJApUHUHT aMajui axamusaTH Qypdypos acocuaa OJIMHraH
UMIIOPT YpHUHH OOCYBYM SIHTM WOH aJIMAIIMHYBYH TIOJUMEpJIap CaHOaT OKOBa
CYBIIapUHU TO3aJallja, CyBHM Tal€pnaml xapa¢Hiiapuja CyBHU IOMIIATHUIIA,
bypdypon acocusia MOH aTMalIMHYBYM TMOJUMEpIAp OJUII TEXHOJOTHSIIAPUHUHT
KYJUTAaHUIIX OWJIaH U30XJIaHaIu.

TagKuKOT HATWKAJAPUHUHT JKopuid KuamHumu. CaHoaT CyBJIapHHH
TO3ajall Ba JEMUHEpaUIalll y4yH OJMHTaH HOH aJMAIlMHYBYH IOJIUMEpIIap,
yJIapHU CHHTE3 KWJIMO OJIMII TEXHOJIOTHSICM Ba KYJJIAHWIUIIM OYiHW4Ya OJMHTaH
WIMUN HaTWXKajap acocuaa:

dbypdypon Ba aUEHUTOKCHT acocuja OJMHTaH CYyIb(OKATUOHUTHUHT
TalKWIOT  cranaaptd  1514825224-02:2016 wnwiad yukwirad. Maskyp
CTaHJAPTHUHT TACAUKJIAHUIIN CYTh()OKATHOHUTHHU UIUTA0 YHMKAPUITHUHT MEBEPHIA
ACOCHHU TaKOMHJIJTAIITUPUIL UMKOHUHU Oepajy;

bypdypon Ba mudbeHUTOKCH acocuia CHUHTE3 KWIMHTaH sHru ¢ocdopiu
HOPJIOH KAaTHOHWTHH ONMII yCynura Y30ekuctoH PecryGmukacu MHTemTeKkTyan
MYJIK areHTJIMTUHUHAT uxtupora narentu onunrad (IAP 05133, 2015). Maskyp ycyn
IOKOpU paJuaiuoH OapKapopiMKKa 3ra OYyiraH KaTHUOHUT OJHII HMKOHHHH
oepanu;

CHHTe3 KWIMG OJNMHTaH HMOH AJIMAIIMHYBYHM TONMMEpIap «Y3KMMECAHOAT»
AX xopxoHanmapuia 0KOBa CyBJIapHHU TO3AJIAIl Ba CYBHU TaW€piiail x)apaHiapuia
IOMIIATHII Y4YH SKOpHil STHiraH («Yskumécamoar» AXuunr 2016 iimn 1
HosiOpparu  01/3-3527/U-con  mabiaymoTrHOMacHu). OnuHraH Cyiab()OKaTHOHUT
unutad YWUKApWIN IAapOWTHIA apTe3daH CYBHHHM FOMIIATHIN KapaSHiapuia
KYJUTaHTaHJla CyBHU KaTTUKIUTH 1,1 MT-dKB/J rada KaMalTHPWIHIINATA SPUTITHIIN,
cCaHoaT aljaHMa CyBJIapuHU To3ajamaa dca, To3anam uerapacu ['OCT
Tanabnapura xaBod Oepau. Onuuran ¢ocdopin HOPAOH KAaTUOHUT OKOBa CYB
TapKHOWUIaTd MHC MOHJIAPUHU COpONHMsIIaNIAa KyJUlamra TaBCUs dTUIT UMKOHUHHU
oepam.

TagKuKOT HATHXKAJAPUHUHT anpolOaumsicu. TaaKuKOT HaTXalapu
KyduJard WiMuH-amMaiauil awxyMmManiapaa, skymiaaad, «KuméEé TexHomorus Ba
atpod-myxut Mmyxodazacu npon3zap6 wmacananmapu» (HoBoueGokcapck, 2012);
«Pecypc Ba sHEprusi TEKOBUYM DKOJOTHUK 3apapCHu3 KOMIIO3UIIMOH MaTepualiap
(Tomkent, 2013); «Organic chemistry today» (Saint Petersburg, 2014); «Kumé,
HeT-ra3 Ba O3MK-OBKAT CAHOATH WHHOBAIIMOH TEXHOJOTHUSIIApU  J0J3ap0
myammonapu» (Tomkent, 2014, 2015); «Emmnap Ba XXI acp-2015» (Kypck, 2015);



«Kommo3unmon warepuamuiap yiaapaaH MaxCyJloTiaap OJHUIIMHUHT TPOTPECCUB
texHonorusapu» (Tomkent, 2015); «Mendeleev — 2015» (Saint Petersburg,
2015); «Actual problems of innovative technologies in the development of
chemical, petroleum — gas and the food — processing industries» (Tashkent, 2016)

MaB3yJapuJary pecnyOiivKa Ba XajJkapo WIMHIM KOH(epeHIus1apaa Mabpys3a
KypuHHIIKAA 0a€H STUITAaH Xama anpodanusaan yrkazwirad. TagKuKoT
HATHKAJTAPUHUHT YbJI0OH KWJIMHUIIN. J[uccepranus MaB3ycu Oyiinya skamu 32
Ta WMWK UII YOII STWITAH, LIyJIapAaH, V36ekucron Pecnybaukacu Onuit
arTecTauus KOMUCCHUSICU JOKTOPIJIMK AUCCEPTALMIIAPU ACOCUM UIMHI
HaTW>KAJIAPUHU YOIl 3TUII TaBCUA 3TraH WIMMI Hampiapaa 16 ta, skymiana, 12
Ta pecnyOnuka Ba 4 Ta XOpUKUHN )KypHaAUIapAa Halip THwirad. JuccepranussHMHr
TY3WIHIIM Ba Xa:kMM. Jluccepranus TapkuOu Kupui, Typrra 600, Xyroca,
dolinananunaran agabuémiap pyitxatu Ba wioBajiapjan ubopar. JuccepraiussHuHT
xaxkmu 190 OeTHHM TaIIKWII DTraH.

JIACCEPTAIIUSAHUHT ACOCUI MA3ZMYHHU

Kupum xucMmuna yTkazuiraH TaAKUKOTIAPHUHT JOJI3apOJIMIy Ba 3apyparu
acoCJIaHTaH, TAJKUKOTHUHT Makcajau Ba Bazudanapu, oObEKT Ba MNpeAMETIapU
TaBcuuIaHraH, pecnyonuka (paH Ba TEXHOJOTUSIIAPU PUBOXKIIAHUIIMHUHT YCTYBOP
HYyHaNUILIapUra MOCIUTH KYpCaTWIraH, TaJKUKOTHUHI WIMHH SIHTWIWTH Ba
amMaluil HaTvkanapu 0aéH KUJIMHTAH, OJIMHTaH HaTHOKaJapHUHT UJIMUN Ba amalluid
axamMusaTH o4yuO OepwiraH, TaIKUKOT HATIKaJApUHU aMaluérra »KOpUH KHUJIHIIL,
Hallp OTWITaH HWOUIAp Ba JAHMCCEepTalMs TY3WIHIIK Oyilnya MabliyMoTiIap
KEJITUPUIITaH.

Hucceprauussauar  «llosiuMepusanMon  xamMaa  NMOJUKOHACHCALUOH
KATHOHUTJIAP, YJIApPHM OJMII YCYyJUIapH Ba YJIApHUHI Xoccajapu» el
HOMJIAaHTaH OWpUHYM OO0OHWJa MOJMMEPHU3AIMOH Ba TOJIMKOHJIEHCAIIMOH Typlaru
Cylnb(OKATUOHUTIAP TAAKUKOTIApH OyiiMua YOI STWIraH HIUIAPHUHT TaXJIWJIU
kentupwirad. lemmum  Tyswmumparn  ¢ochopian  HOPAOH KATHOHHUTIAP Ba
CyIb()OKATHOHUTIAPHUHT CHHTE3M Ba TaJKUKOTHra OaFuIUIaHTaH amxabuétiap
mapxu oiaud Oopunrad. Typnu Xwijard FOBaK XOCWJI KWUJIYBUM MOJJAJIapHU
KYIIUII OpKaJdu CUHTE3 KWIMHIaH MaKpOFOBAKIM KATUOHUTIIAP, YIAPHUHT KUHETHK
xoccanmapu kypub uwmkwirad. Oypdypon acocuja ONWHTAH WOH aJMalIMHYBYU
nojnuMepiiap Kypcarwirad. KaTHOHUTIapHUHT TEpMHUK, KUMEBUU Ba paJUallMOH
OapKapOpJIMTMHU YpraHUll coxXacuja oaud OOpWIraH UMUK HaTWXKajdap TaXJIUil
KWJIMHTaH.

HuccepranusHuHr «boumuiaHrud Moazajgap Ba cyiab(o- Ba ¢ochopian
HOP/JAOH KATHOHMTJIAPHU CHHTE3 KWJIHII yCyJjapu» 1e0 HOMIIAHTaH UKKUHYHU
600upga  OONUIaHFUY  MOJJIAJIADHUHT  XapaKTepUCTUKACH  Ba  TaXJIWJINTa,
mudenunokcuy Ba  Qypdbypon acocuja TMOJUMEPIM MaTpPUIIAHM CHUHTE3U
ycyJulapura aHuoHMT, cyib(ho—Ba Qochopiau HOPAOH KATUOHUTIAPHU OJIMII
yCyJulapura, KUMEBMM Y3rapTUPUII PEAKUMUIADH KUHETUKACUHU  YPraHMII



yCyJulapura, xamja OJMHTaH KaTHOHUTIAPHUHI COpPOIMOH Ba (U3UK-KUMEBUUN
XOCCaJapyuHU YpraHuill ycyjulapura Oaruiuianras.

JuccepranussHuHT «IloxumMepHUHT CUHTE3H, cyabpupaan,
¢ochopuniamn Ba MAKpPOFOBaK/JIM HOHMTHH OJHID» 1¢0 HOMJIAHTaH YYHUHYH
600uaa nudennnokcur Ba pypdyposHU MOTUKOHACHCAIINS PEAKIIUICUHN OOPHIIT
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KOHYHUSTJIADUHU YPraHWIll, XamMJa KaTHOHUTIAP OJMII MaKcaauja CHUHTE3
KWIMHTaH  TOJUMEpPHU  cyiabdupiam  Ba  ¢dochopuiiam  peaxknusiiapu
TaJKUKOTIIApH HATHKaJlapy Ba MyXOKaMacH U30XJIaHTaH.

[TonukOHIEHCAIIMOH  WOHHUTIAp  MOJUKOHJEHCAIUS  JKapaHUHH  OJHO
OOpPUIITHUHT ONJUNINTA Ba OOIUIAHFUY MOJJIAJIAPHUHT MAaBXKYIUIUTH OuJiaH
dapknanagu. [loauKOHIEHCAIIMOH HOHUTIAP XOCCAJAPUHU  SAXUITWIAIIHUHT
HUCTUKOOJIM WyapuaaH OWpH, TapKuOWIa apoMaThK SIAPO Ba TETEPOIUKIHK
rpynmnupoBKajgapu 00p Oyiran OonIaHFUY MoAIaIapaan (HonmataHuII
xucobnmanaan, Oy  IOKOpM  TEpPMO-KUMEBHUU  OapKapoOpIMKKa,  MEXaHHK
MyCTaxKaMJIMKKa 3Tra OYJraH MOHHUTIApPHHU OJIMII MMKOHUSATUHU Oepaau. bynnai
Moaaanapaan oupu Gypdypos xucobiaHaau, y KUME CaHOATH YUyH 3apyp Oyiarax
TYypAU-TYMaH MOJJajiap OJIMII y4yH OOLIIaHFUY MOAJia XucoOnaHaau. TepMo
KUMEBHI Oapkapop Ba MEXaHMK MYCTaxkaM AaHHOHUT OJIMII MaKCcaaua
OonutanFuy Moasa cudaruaa: KYnpuk Xocui KwtyBun cudaruna ¢pypdyponian Ba
MOHOTeH TyTyBYM cudaruna audeHunamMuHgaH QonganaHuinbd, Kydcus acociu
AHUOHUT OJIMINTAa XapakaT Kuiauk. MWinma oJMHraH aHWOHUT Xoccalapura
bypdypon Ba mudeHunaMuH HUCOATH, pEaKIUs TEMIIEpaTypacHd Ba KaTajau3aTop
TabuaTu TabCUpU TAAKUK KuwinHraH. DOypdypon audenunamun Ounad ¥3apo
TabCHUpJIALTaHAa KOHJIEHCUPJIOBYM Ba TUKYBUYM areHT XMCOOJIAHA/IU, IIIYHUHT YUyH
PEaKIMOH MYXHTIArd YHUHT KOHIICHTPAIMSACHUTAa OJWMHTAaH aHWOHUTHHUHT (DHU3UK
KUMEBHIM  Xxoccamapu  Oormukmup.  Dypdyponr  Ba  audeHWIaMUHHU
TUMETUIhOpPMaMU]T SPUTYBYM MYXUTHAA TOJTHKOHCHCAIUSIIIAHUII PEAKIUIACH Y4
YII4amiIi CTPYKTYpPaHU XOCUJ1 Oyuiu Ousian Oopaiu.
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l-anMalmyHUII CUFUMHU, 2- OYKYBYaHIIUK 2-pacM. [HomkoHAeHCAUsS peaKIUsICH
1-pacm. Audennaamunau ¢pypdypoJra TyraJJIaHuIl gapaxacu (A)HU peakuusi
MOJUIM HMCOATHHU AHMOHHUT XOCCATAPUTa AABOMUMMJIMIUTa OOFJINKIUTT
TabCHPHU
1-90°C, 2-100°C, 3-110°C

Onuarad  aHWMOHUTHUHT Xoccalapu OJMHIaH ITOJIMMCPHHUHI THUKWJIXII



Japakacura S’bHU PEAKUMOH apajammaaard Qypdyposl KOHUEHTpauuscura
oornmukaup (l-pacM). AHHUOHUTHHHT OYKYBYAHJIWTH Ba aJIMAlIMHUII CUFUMU
peakiuoH apanammana ¢ypdypon MUKIOPUHA KaMaWWIIu OWIaH OpTaau, OyHUHT
XxyucoOWra WOHUTHUHI  MEXaHWK  MycTaxkamumrd — opraaud.  HOxopuna
KEeNTUPWIraHgaH KenuOd 4ukuO, audeHunamMuHHu G(ypdypoara HUCOATUHUHT
ontuManu 1e6 1:1,25 kaOyn KUIUHIN.

[TonukoHaeHCaNUs )KapaHUra TeMreparypa TabCUPUHU aHUKJIAIl MaKcaauaa
peakmusau - 90, 100, 110°C, ZnCl, karanu3aropu HIITAPOKUAA THPCHUITAMUHHN
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bypdypoinra nucobaru 1:1,25 na onubd copunau. dypdyponnu nudennaaMun
OWJTaH MOJTMKOHICHCAIIUSCH PEAKITUSICHHUHT JHT KYTI Japakaaa TyTaIaHUIH 6
coat maBomuaa 100°C Temneparypana Ky3aTwiaaa (2-pacMm).

Hudbenunamun Ba GypdypornHU TOIUKOHACHCAIUSACH PEAKIUS TE3JIUTUHU
HOpAoH Karamuzarop ZnCl, Hu dypdypomuunr orupmurugan  2,5,7,10%
KOHIIEHTpalusicu OuyaH Oowkapuirad. bounutanfud mopganap Mojib HHCOATH
1:1,25. Karanuzatop ZnCl, HUHT SHT KYN ONTUMAaJl KOHIEHTpanusicu Gypdypoin
orupiurugan  5-7%  Oynub, OyHma peakiusHu Oup TeKucaa OOopHuIn
TabMUHJIAHAH.

1-kaaBaJ

Judennnamun Ba pypdyporHu noIMKOHACHCANMAIAI YU OMJIaH OJIMHTAH
AHHOHUTHHMHI ACOCHI X0Ccajlapu

Kypcarkuunap Vir4oB 6Gupiuru
CouniyB4aH OFUpIIMK /M 0,56
Cysna OYKKaH aHHOHUTHHUHT COJTUIITHPMA XKMHU MII/T 2,1-1,9
0,1 1 3puT™Ma Oyitnva aTMaTUHUTIT CUFUMH: MT-3KB/T
HCI -//- 2,5-2,6
H,S0, -/1- 3,8-3,5
HNO, -//- 2,3-2,4
Tepmobapxapopauk 0,11 HCI sputma MT-9KB/T 2,48-2,46
Oyiinua aJMallMHHII CUFUMU
MexaHuk MyCTaxKaMJIUK % 99

OnuHraH aHUOHUTHHMHT aJIMAIIMHUII Xa)KMUHUHT 2,2-2,5 Mr-3KB/T IacT
OynIuIIM aMUHO TYPYXHUHT JOU(EeHUTaMUHAATd UKKUTa OEH30J XaJKajiapu
ypracuna >KOWJIAIITaHIuTH, IIYHUHTAEK GypyporHUHT HadakaT KyHIajdaHT
Oalku  acocud  3aHXKUpJAa UIITHUPOK  OTUIIM  HOHOTE€H  TypyXJapHUHT
XapaKaTYaHJIUTUHYU Ce3WjIapiu KaMaluiuura OOFJIMKJIWITMHU Kypcaraad. AMMO
OJMHTaH aHUOHUT CTPYKTypacujaa apoMaTHK xalkaiap Ba (Gypdypon



TeTePOLUKIMHUHT MaBKYUIUTH Ty(halan TEpMUK Tabcupiapra OapKapopiurd Ba
IOKOPH MEXaHUK MYCTaxXKaMJIUTH OWIaH axpanmud Typamau, Oy sca amabuériapna
KypcaTWirad MabIyMOTJIapra MOC KeJlaju.

CaHoaT TOJIMKOHJIEHCALIMOH KaTHOHUTIApPH, acocaH (eHonjaH, Ba
dbopmanpaerugnan onuHaau. dopmanpaerun Ypuura ¢QypdyposHu Ba QeHoN
VpHura AUQGEHWIOKCUAHA KYIJIAHWIAIIN UOHUTIAPHUHT TEPMO-KUME-paTuaIiion
OapKapopIMru Ba MEXaHMK MYCTaXKaMJIMTHHU OMIMPHUII MYaMOCHHH TyOJaH Xai
KWIMII UMKOHMHUHM Oepamu. Illy HykTam HazapiaH, HWOHOTEH TpynrnalapHU
KUPUTHUII YYyH MojuMep marpunacu cudaruna audeHwiokeua Ba ¢ypdyposHu
MOJIMKOHACHCAUACH  MaxcyJaoTunaH  Qoiinananunrad.  ®denon  ypHura
TU(GEHUIIOKCUIHN TaHJIAHUIKA KyWuaaruiap OujaH acociaHaauw: 1) apomaruk
AJIpOJIapHU OOPJIMTY Ba TUAPOKCHUII TPyIIAJapHU HYKIUTUIOKOPH TEPMO-KUMEBUMN
OapKapop MOJMMEPHU OJTUIIT UMKOHUSTUHM Oepain; 2) AudEeHMIOKCHI MOJIEKYIacu
6 Ta XapakaTyaH BOJOpOJ aTOMHra 3ra, Oy akTUB IpyNIaJlapd MUKIOPH Ky
Oynran mosuMepiIapHU OJIUII UMKOHHUHU Oepaju; 3) apoMaTuK IMKJUIAp opacuia
KHUCIIOPOJIA KYTIPUKHUHT OOpIUTH 0abh3u METaJl HOHJIapura
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TaHJIOBYAHJIMKHU OPTHUILIUTA ONKO Kenanu; 4) nueHmIoKkcu 1 HucOaTan KuMmar
smac Ba MaBxkyaaup. lynaait Kuiaub, nonuMep MaTpUIIaCUHU OJIMII MaKCcaIuaa
mudeHunokcuaHu pypdyponra HuUcOaTUHU, TEMIIEPATYPA Ba PEAKIIUS
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JABOMUUJIUTUHY OJIMHTaH MOHHUTIIAP XOCCAIAPUTA TAbCUPH YPTaHWIIH.
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3-pacMm. Peakuus TyrajuiaHMil Japaskacu
(A) HM TypJIH TeMIepa-TypaJjapaa
NOJTUKOHICHCALMSACH PeaKIUsCH

JABOMMIJIUTUTa OOFJINKJINTH

(ab)b
In
ab

1-60°C, 2-70°C, 3-80°C
4-pacm. Typau TemneparypaJsapaa
peakuusira KHpUIyBYH MOIAAJIap
KOHUEHTPAUMSAIAPH JIOTapuPMUHH
PeaKuus JaBOMHIAJINTH 0YiHMYA y3rapuiu
Texkmmpunran remneparypanapaa JudeHmiokcuaau Gypdypon ounan
MTOJIMKOHICHCAITUSACH PEAKIUSICUHN TyTaJUTAHUII JapakaCHHH BaKT Oyiirda

y3rapuiiy MabIyMOTJIapu  KeNTUPUIAH (3-pacm). 1

Ba JaBOMUIINK



(ax)a

Yypracugaru Yu3uKIu OOFTUKIUK MaBXKyl, Oy IIyHHU KYpcaTaJuKH, yIIOy peaKIus
UKKUHYY TapTUONIN peakius kabu 0opaau (4-pacm).

2-KaaBaJ
Judennnoxkcninu ¢pypdyposra HucOATHHHM OJMHIAH CY/JIb()POKATHOHUT X0CCATAPHUTa
TabLCUPH
Kypcarkuu Homu Viuos JnpeHNIOKCUTHUHT
OupIUrn bypdyponra HUCOATH, MOJTH
1:1,25 1: 1,5 1:2
CyBna 6VkkaH MII/T 6,5-7,5 6,35-7,1 3,8-3,6
KaTHOHUTHUHT
COJIUIIITUPMA XAKMHU
CouunnyB4aH OFUPIUK I/MII 0,2-0,19 2,0-2,2 0,15-0,16
Craruk anMmamuauim curumu 0,1 MTI-3KB/T
H 3puTMaap oynnya:
NaCl -//- 2,1-2,2 2,2 0,4-0,6
NaOH -//- 5,8-6,2 5,7-6,0 2,6
MexaHuk MycTaxKaMJIUK % 96-98 99,0 99,6

boranruy Momnmanap HUCOATHHM OJMHTAH CY/Ib(OKATHOHHUT XOcCcajiapura
TabCUPUHU  YPraHWII  HATWXKaJapu IIyHH  Kypcarauk,  QypdypOoTTHHHT
KOHIICHTPAIMACUHNA ~ KaMaWWIIM  KAaTHOHWUTHUHT  aJMAIllMHUII ~CHFUMH  Ba
OYKyBUAHJINTUHM Kamauummra onubd kenaau (2-xanBan). KYHoamaHT TUKAIUITHUA
OpTHIIN OWiaH cyiabGupiam Wynu OWiaH KUPUTWITAH HOHOTEH TpyHmaliapHH
moimMmep  Qaszacuma  TaKCHUMJIAHWIM — €MOHJAIlaaW, OYHUHT  HaTWKachuia
KaTHOHUTHUHT aJIMAITAHUII CUFUMH KHAMAaTH KaMasiJH.
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['panynanapHu EpWIMIIMHU OJIIMHU OJIMII XaMJla KUHETUK Ba MEXaHUK

XOCCaJlapuHU  SXIIWJIANIl Y4yH, HWOHUTHU CyIbQupiall oOJJAuJiaH Kyuujaaru

SPUTYBUYWIIAP: TOIYOJ, AUMETHI(POpMaMUJ, AUXJIOPITAH Ba cyidbdar KUciIoTaga
OYKUII y4yH KOJUUPUIIIH.



a: o
=8 = ] = 3 eehes
{J.I'IU‘I.
i 2 4 [ ]
Bakr, coar

1-60°C, 2 - 70 °C, 3 -80 °C
5-pacm. Iloammepun cyabdupiaannm gapaxacuan (F) peakuus
AABOMMHJIMIHUTa OOFJIUKJINTH

Cynbhar xucmotacuaad QoimanaHuNITaHAa SXIIH HaTWKara SPUIIAIIIN,
oynaa 0,11 NaOH sputmacu Oyitnya aJMamvHUIL CUFUMU KUAMaTH 5,7 MT-3KB/T
HU TaIUIKWI 3Tajy, 11y cabalnu yHU NOJMMEPHU OVKTUPHUII YUyH ONTUMAJI MYXHUT
ne6 tannabd onmuHau. CynbdupinoBun areHT cudarujia XJjIopcyabPoH KHUCIOTACH
(XCK), 5%mu oneym, xouuentpiaanran 70% Ba 92%nu cynbdar KucIoTagaH
doipananunau. CynbdupnoBun areHT cudaruga >HT MabkKynun 92%mu cynbdar
KHUCJIOTacu KalyJl KWJIMH]IU.

[Tomumeprn 70°C Ba 6 coar BakTaa Cylb(pHUpIaHTaHIa MaKCUMaJ Y3TapHIil
napaxxkacura etaau (5-pacm). OJIMHraH MOJIMMEPHH CYJIb(QUPIAHUIT MEXaHU3MUHU
aHUKJIaIm Makcaauaa cyibgupmanmmuan 1- 60°C, 2-70°C, 3-80°C pga om0
oopuwnau. OnuHraH Hatwxamap Ba Kedatupwiran F o (Y3rapum  pmapaxkacu)
KUMaTiaapu acocuja MaTeMaTHK MOJEUTAIITUPUIT YCYIu OWJiaH CyJIb(QUpPIaHUIIT
PEAKIMACU TE3JIUTH KOHCTAHTACH XUCOOIaHIH.

3-kaaBan
CyabdupjaaHuim Te3JIUrHH KOHCTAHTACHHY TeMIiepaTypara 00FJIuKJIUTa
Hamyna Ne Temmneparypa, °C Teznmuk §’3rapmn napaxacu, F%
KOHCTaHTacu, K,
1 60 6,313-107cex! 0,7
2 70 7,41-107cex’ 0,9
3 80 7,86-107cex’! 0,8

OnuHran KuHETHK 3rpuiapaat (6,7-pacm) oomnmnanruy 6ymuminapnaa —1g(1-F) au K
(peakiusi Te3JIMrd KOHCTAHTAacH) ra OOFIUKIUTH Xucoonanau. Cynbhupianuiil
*Kapa€HUHM JIUMUTIOBYM OOCKMYM peaKlus JaBOMUNIuru optuiiu F>0,6
(5-pacmza) F mu fNt GOFIMKIMKHI YM3HKIN XapakTepuaaH aanonar oepamd. Frn
f\T GOFIMKIMIMHIHT YH3HKIN XapAKTEPH CYIbGUPIAHHLI JKapaSHH TeIUTH
KMHETHUKACUHU TabCUP ITUIIUIAH Japak Oepaau. Kentupuiran rpadux



OOFTUKIMTUIaH AppeHUYC TeHIIamacuian goitnananuo, ETUK tgo OYitnua
14
19,35 kkan/momnbra TeHr Oyirad cyab(upliaHul KUMEBUN pEeaKIUsICH aKTHUBIIAHUII
SHEPrUsiCM aHUKJIAHJIU Ba XUCOONAaHIU. AKTUBIAHUII YHEPTUSCUHUHI KUMMATUHU
KAYUKJIUTH XUCOOMra MOJIMMEPHH CylTb(QHUpIaHUII XapaéHU eTapiu Japaxkaaa
OCOH Oopaju.
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Bakr,cont
1- 60°C, 2 - 70 °C, 3 -80 °C 7-pacm. F (¥3rapum qapakacu)Hu
6-pacm. —lg(1-F) nu audenniokcua Ba mudennaoxkcu] Ba pypdypou acocuaaru
dypdypoa acocuaaru noJTMMepHUHT MOJJUMEPHHMHT CYJIb(pUPIaAHNII PeaKIUICH
CYJb(HUPIAHUII PEAKIHSACH T I'a T ra OOFJIMKJIUTHU

OOFJIMKJIUTU
1- 60°C, 2 - 70 °C, 3 -80 °C

[ynnatt kO, GUKP KUAJIUIT MYMKHHKH, CYJIb(QUPIANTHUHT OOIIIaHFUY
naBpuaa (t-90MUHYT) MOJIUMEPHH CYJIb(QUPIAHUIT KUMEBUM peakius OuiaH
xapakrepiaHaau. Peakuus paBoMuiniuru optu® OOpHINM Ba Y3rapuill Japa)xacu
oprumn  (F>0,6) Ounan mnomumep goHacu wuura SO;H-rpynmacuam  wdku
mupdy3uoH skapa€HHU  CyabQUPIAHUII TE3MUTUra TabCUPH OPTaIH, SbHU
Cylb(pUpiIaHuIl KapaCHUHU JUMHUTIOBYM OOCKUYHU-TIONUMEp TpaHylajapura
MoHoreH rpynnanap auddy3uscu XxucoodaaHau.

MoHodyHKIIMOHAT CyAb(OKATHOHUT OJHII Makcaauaa JuGEeHUIOKCUIIN
bypdypoiin mOJIMMEPHU IOMIIOK Inapoutiapaa cyibupnanau. CyabdupiaaHuIil
6 coar maBomuma 45-50°C ma omu6 Oopunau. ONHMHTAH MONMMEPHUHT (a3oBHI
CTPYKTYpacH TY3WJIUIIMHHA YPTaHUII yUyH ONTHUMAJ IIapouTiap/aa peHrenodasanu
TaxJIua ~ YTKaswirad. PenTreHodaszanu  TaxJIwil  MablIyMOTIapud  OJIMHTaH
MOJIMMEPHUHT TYPJIM CTPYKTYpPAaCUHU TacAMKJIAWIM, YHIa MOHOMEpiap Oup-oupu
OwnaH KyHAandaHT KUMEBHU Oofylap OwiIaH yd4 Vyiadamiim TYp XOCHJI KUIIUO
OupukkaH. PeHreHorpamMmmana MakcuMmaia amopd ramo 24°kaidiTapuin Oypuarmia
KoWmaHaau, Oy CTaTMK KOHYHHSATIapra MOC paBHIIAa MOJUMEp THUKHUITAHJA
3aHXKUpJla MOHOMEpJIap MyHTa3aMJIIMTUHU OUIIAUPATIH.

4-xanBanga — gudenmwnokcnnx  Ba  Gypdyponr  acocuma  OJNIMHTAH
nonupynkuronan CKIAD cynbhokatnonutr Ba audenmnokcun Ba dypdypon
acocuaa onuHrad MoHoyHkiuonan CK/A®D-1 cynbdokarnoHuT (Pu3MK-KUMEBHIA



xoccamapunu KVY-1 canHoar KaTHOHUTH OWiIaH COJIMINTHPMA MabIyMOTIapH
KEJITUPUIITaH.

Onunran CK/JI® Ba CKIA®-1 katnoHUTIapy XU (PU3NK-KUMEBHIA
Kypcarkuuiapra araaup Ba canoar KY-1 karnonutuaan Konummaiiau (4-xaasai).

15
4-kanBaJ
KaTHOHMTIAPHUHI COJMIITHPMA KYPCATKMYJIApH
Ne Karnonutnap DyHKIL 3appada | CouwmiioB Connm 0,11 NaOH
HOMH WO HaI ya4yamu, YaH TUPMa Oyiinua
rpyrmrma MM Mmacca, XaXM, MJI/T CTaTHK
/M aJMaITUHHII
CUFUMHU
MT-9KB/T
1 | KY-1 ¢enon -SO;H 0,82 0,708 3,0 2,1
Ba -OH
dbopmanbaer
1201
acocuaru
oudyHkmona
b
CyNb(hOKaTHOH
UT
2 [ CKAD -SO;H 0,25 0,18 6,3 5,7
TG EHUITOKCU -COOH
Ba Qypdypor
acocuaru
oudyHkmona
b
CyNb(hOKaTHOH
UT
3 [ CKAD-1 -SO;H 0,25 0,29 5,4 3,2
JT(PEHUTIOKCU
Ba Qypdypor
acocuaru
MOHO(YHKITHOH
ai
CyJb(hOKaTHOHU
T

Anabuérna acocaH MOJMMEPHU3ALMOH TypJard MaKpOFOBaKIM HOHUTIAPHU
OJIMHMIIM XaKuja MabJIyMoTiIap 0op OYnub, MOJUKOHJEHCAIIMOHIAp amaiaa UK,
MOJINKOHAEHCAIMOH MaTpuliajiapia MaKpOFOBAaKIM CONOJMMEPIIAPHUA CHHTE3U Ba
TaJKUKOTH YCYJUIAPUHU YPTaHWII UIMHUN KU3UKHII YHFOTaau. TUGEHUIOKCU Ba
bypdyponHU FOBaK XOCWJI KWIYyBUMJIAp — H-TENTaH Ba KaM(apa HIITHPOKUIA
MOJIMKOH/IEHCAU1a0 MaKpOFOBAKIIM CTPYKTYPAJIU COIIOJIMMEPIIAp OJIMHTaH.
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l-renran 1:1,5; 2-kamdapa 1:1,5; I-renran 1:1,5; 2-kamdapa 1:1,5;
3-rentaH 1:2; kamdapa 1-2 3-rentaH 1:2; kamdapa 1-2
8-pacm. Indennioxena Ba pypdpypoann 9-pacm. Indenunnoxcnn Ba gpyppypoHUHT
TYPJIM MOJIb HUCOAT/Iap/ia COYMITYBYAH TYPJIM MOJIb HUCOAT/Iap/Aa COJIMIITHPMA
OFUPJIMKHH FOBAK XOCHJI KWJIYBYH Xa’KMHH FOBAK XOCWJI KHJIYBYH MUK/IOpHUIra
MHUK/JI0PUTa 0OFTUKJINUTH OOFJIMKJINTH
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[TonmukoHACHCAIINSA PEAKITMOH MYXHTH/Ia FOBAK XOCHJ KWUJIYBYHM MHUKIOPHUHU
OpTUIIN OWJIaH TOJUMEpJIap COYIIYBYAH 3UUWINTHA KaMasiiu, COTUIITHPMA XaKMHU
aca opragu (8,9-pacm). Kenrupunran OOFIHUKIMKIAP MIYHAAW XyJoca YUKAPHUIIL
UMKOHHUATHHU O€pavKu, Tellb XOJAaTHAAard CTPYKTypagaH MaKpOFOBAKIUKKA YTHII
COTIOJIMMEP/IaTH KPOCC-areHTTa XaM, PEaKIMOH MYXUTra KUPUTHITAH FOBAK XOCHII
KWJIYBYH MUKJOpUTA XaM OOFJIUK.

[Tonmumepnap CTPYKTypaBHi XyCyCHUSTIIADMHU AHUKJIANl y9yH KYMWHYA CyB
Oyryiapu copOUMACUHM TaAKUKH YTkazuiaaau. CyB OyFiapu KYNruHa MOJIUMED
Marepuasiapura HucOaraH akTHB copOaT xucoOnaHaau, Oy alHMKca TUAPOQPUIH
rpynmanyd Ba MablIyM Japa)kaJard FOBAKJIM MOJUMEpIIap/ia aHUK HaMOEH Oyiaau.
FoBak xocun kwinyBun tabuatuHu CKD-MII karnonuT OunaH cyB OyFiapuHU
copOnmsicura TabCUPHU YPTaHUJIJIH.
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1-reqm Ty3wnmnum katnoHuT CKI®D; 2-MaKkpOFOBaK KaTHOHUT (H-Te€NTaH



60%); 3-MaKpOFOBaK KaTHOHUT CKA®D; 2-MakpOoFOBaKIN KATHOHUT

(xamdapa 60%) CKID-MIT (a-rentan 60%); 3-MaKpOFOBAKIU KAaTUOHUT
10-pacm. Katuonutiap 6usian cyB Oyriaiapu (xamdapa 60%) CKID-MIT
COPOLMACU U30TEPMACUTA FOBAK XOCHJI 11-pacm. BIT Tenrmamacu
KHJIYBYM TAOMATHHU TabCUPH KOOpPAUHATAJIAPU/IA CYB OyFiIapu
l-requ Ty3WIMIUIM KATHOHUT agcopOuusicu M30TepMacu

60% kamdapa KymIwiraH FOBakKJId Ba TeJUIM KAaTHOHUT H30TEepMaiapu
WyHanumu Oup-OMpUJaH FOBAKIWIMIU OunaH KeckuH (apk kunagunap, 60%
H-TeNITaH KYIIWITaHJa 3ca MOJMMEpP CTPYKTypacHaa amaijaa ce3ujapiu cudar
Varapunuiapura onund kenmaiiau (10-pacm). CyB Oyrmapunu bOT Tenriamacu
KoopauHaTajnapuaa agacopoumsicu uzorepmanapu P/x(P,-P)uu P/P, ra 6ornukiuru
nact 0ocuM coxanapujia TYFpU YM3HKIN Xapakrepra sra (11-pacm). by onunran
MakporoBakin CKJI®-MII katnonutana cyB Oyfiiapu COpOIUSCH M30TEPMACHHU
xapakrepnaml yauyH bOT TeHmmamacMHM KyJulall MyMKWUHJIWTHHU TACIUKJIAWIU.
CopOuusi  m30TepMacH acocuja KAaTHOHUTHUHT FOBAKJIM XapaKTepUCTUKaJIapu
xuco0mad tomunau. FoBak XOCHII KUIYBYM TaOWATUHU MAaKPOFOBAKIM KAaTHUOHUT
CKA®-MIIaunr conumrtupMma to3acu (S.,,), FoBakiap cymmap xaxmu (W) Ba

FOBAKJIap paanycH (1) TAbCUPHU TAAKUK KUITUHIH.
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S-kaaBan
HamyHnajap kanuuisipJu-FOBaKJIM CTPYKTYPACUra FOBaK X0CHJI KUJIYBYH
Ta0MATHHU TAbLCUPH

Hamyna Fomak xocun kuimyBuUn
H-TeNTaH Kamdapa
MoHOKaTIaM XaxMH, X,,, I/T 0,0325 0,0420
Conumrupma 103a, Sy, M2/T 114,24 147,63
FoBakIapHUHT skaMu Xaxmu, W, cM°/T 0,17 0,25
CyOMHKPOCKOTHMK KalWJUTSIPHIHT 29,76 33,87
ypTaua paguycu, 1y

Tanymanran Typ FOBaK XOCWI KHWIIYBYM HIITHPOKHJIA IOJUMEP OJIMHTAH[IA
MaKpOFOBAaKJIM CTPyKTypara sra OyiraH KaTHOHUT XOCWJ Oynaau, y KaTTHK
COpOEHT CTpyKTypacura sikuniamaau (S-xaaBai), OyHJla YpraHwiraH HHTepBaiIa
FOBAaK XOCWJI KWJIyBYM MHUKJIOPH OPTULIM OWUJIAaH MaKpOFOBAKIMIIUK Japakacu
opraau. Onub OopuiraH TaAKUKOTIAp acoCUIa MAKPOFOBAKIU CYIb(OKUCIOTAIN
KaTUOHWUT OJIMII IIApOWTIapU MIIad YMKWITaH Ba YHHMHI XOCCAJIAPUHU
MaKpOFOBAKJIWIMK Japa)kacura OOFJIMKJINIY aHUKJIaH]IH.

HuccepratmsHuHr «OJMHIaH MOHMTIAP CTPYKTYpacu, (U3MK-KUMEBHUI
BAa KHHETHK XOCCAJIAPUHU TAAKUKW» €0 HOMIIAHTaH TYPTUHYM O00MJa CHHTE3
KWJIMHTaH WOHMUTIApHU KYJUIAaHWII CcOXalapH, a(3aulurd Ba KaMUYWIMKIApUHU



aHUKJIAIl WMKOHWHHM OCpyBYM HOH aJMalluHyBUMJIAPHWHT (PU3NK-KUMEBHUIN Ba
MEXaHUK XOCCAJapuHU TaakuK Kuiumra Oarunuianrad. Ly Hykram Hazappas,
OJIMHTaH WOHUTJIAPHUHT acOCHUU Xoccajapu Oatadcui TaAKUK KWJIMHTaH.
WNonuTiiapHuHr acocuii KUMEBUN XOccalapuJaH MOH aJIMaIllMHUII CUFUMHU MYXUM
aMalmuii axamusTra sra OynuO, yHM OSKCIUTyaTallMOH XOccaJlapuHU OaxoJiaill
MakcaJuaa WOHUTHH XapakTepiaiau. YHUHT KUWMaTH HWOHWTHHHT WOHOTEH
rpynmnajgapu COHH, YAAPHUHT JMCCOLMJIAHUII JapakacH, Xamjia aliMallnHa&éTraH
WOHIap TabuaTu Ba KOHIeHTpauusicura OofnukK. Judbenwnamun Ba dypdypor
acocuJla OJIMHTaH aHMOHUTHUHT cTaTuk anMammaum curumu (CAC) omatna
canoar ’putmanapuaa oymanuran 0,11 munepan kucnoranap (HCI, H,SO,, HNO;)
SpUTMANapuaH aHUKJIAHIW. |-)KajBan HaTWKaJapUHU TaXJIMIA AHUOHUTHHUHT
aJMAIIMHUII TIOTEHIMATN aHWOH TaOuaTura HucOaraH KYINPOK IOTHIAETTaH HOH
Tabuatura  OOFNUKIWIUHU  Kypcarau. AHUOH  BAJICHTIUTMHH  OPTHILHU
KyTHITAHHUJICK, THIPOKCWJI TPYITACHHHM QJIMAIIWHUAIINTA KYJIAWJIuK TYFIUPaIH,
OyHmaH cyab(dar-uoHIApU COPOIMACH XJIOpWI Ba HUTpAT HOHJIapura HucOaTaH
KYTIPOK Oymau.
Oty Mukopu 6yiinya TeKIUPUIAETraH MOHJIAPHU KyHHIaru KeTMa

KEeTJIMK/A )KOMIAIITUPUIT MyMKHUH:

~°80,2Cl 2 NO;

[IlyHUHTIEK OJMHTaH AaHWOHUT AaJIMAIIMHUIN curuMuHM pPH MyxuT Ba
MOHOTEH Tpynmamap Oonutanfud (opmacura OOFIHMKINTA TTOTEHIIMOMETPHUK
TUTPJIAITHYU KYJU1ad TaaKUK KUJIUHTaH (6-kaaBai).
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6-xanBag
OJIMHTaH AHMOHUT AJTMAITUHUII CUFUMU
[Tonumep HoMU 0,11 HC1 IToTeHIMOMETPUK TUTPIIALIT pK
dpUTMacHU srpuwiapu Oyilnya anMaluuHUII
oyiinua CUFUMH
CAC,
MI-DKB/T OH-¢opma SO,-hopma
AHHUOHHUT 2,6-2.4 2,2-2.1 2,0-1,8 9,6

Kywin xucinora rpynmnaigapu 6op noHutiaap yuyH pH KuilmMatu aamamvHuI
CUFUMHU KHIIMaTura amanja Tabcup Kypcarmaiau. OnuHraH nonu@yHKIHOHAI
CYJIb()OKaTHOHUT aJIMAIIMHUII CUFMMM XaM HEWTpal Ba XaM MIIKOPUH MyXHUTIa
Na'-HOHWHHM  IOTWJIHIIU Oyiinua aHukjaaHrad. OJWMHraH WOHUTHU TYJIUK
xapakrepiam yuyyH @.Ipuccbax Oyiinya MOTEHUMOMETPHUK THUTPJAIl YCYJIHJaH
doiinananmiagu. OTpd HMKKUTAa CHHUKIWMKKa 3ra OynuO, Oy IIyHAaH [napak
OepaJMKy, OJIMHIaH KAaTHOHUT MOJU(YHKIMOHAIIUP, Cylb(orpynmnaiapaan
TallIKapu IIYHUHTJAEK KapOOoKCwiI rpynmnaizapu xam 0op, ymap ¢bypdyposHUHT



KapOOHWII rpyNIaJapuHu OKCHUJUIAHUIIY HATHKACUIa XOCHII Oynaau.

7-xaaBan
OJIMHIraH KATHOHUTHHHT AJIMAITUHUII CHFUMH
AJIMAIIMHUII CHFUMH, MI-3KB/T
0,1u 0,1n OnTuHryr [TorenmomeTpuk K, pK,
NaCl NaOH pT TUTpJAl ATPUIIAPU
JpUTMAC SpUTMa MHKIOPH Oyitnua
u cu oyiinua, %
Oyiinua oyiinua
MTI-3KB/T SO;H COOH
rpyunraia T'pynmaia
pn pn
Oyitnya Oyitnya
1,85-2,0 5,7-6,0 1,6 1,58-1,6 4,0-3,8 2,2-24 | 7,4-7,6

pK (TyromyBum nucconmanys KOHCTAaHTaCH)HU XEHIEPCOH-Xeccenboax
TeHIIamMacu Oyiinya xuco0mad TOMMIIN:

a
pK pH
Ig
== a
Oy epaa: pK-akTuB rpymnnaJapHUHT TYIOJYBYH JUCCOIUAIIMS KOHCTAHTACH,
0- aKTUB Tpynnaiap JUCCOLMIAHUII JapakacH.

HNonoren rpynmnanap OOpJIUTMHU siHA OJMHraH KaTHOHUTHUHT WK-torumuin
criekTpiapu  Ttacaukianad. KarmonutHunr cnekrpugara  1200-1600 oM’
coxanapaaru otwiui ynsukiapu SO;H- rpynmacura tasaykauaup. 3200-3500
e , 2600-2800 cm'coxamapumaru rormmmm umsukaapy COOH-rpynmamapu
BAJICHTIMK TeOpaHMIIIapura Tyrpu kemamd. 1160, 860, 1020 cm'coxacumaru
BAJICHTIMK  TeOpaHumuiapy  amaduémiapaard  Mabiymomiapra  OMHOAH
muderunokcugauar C-O-C rpynmanmapura TyFpu Kemamd. 1670 cwm'coxacmma
IOTWINIT YU3UKJIAPUHU UYKIWTH MIyHW Oungupaauku, ¢Qypdyposa kapOoHMIT
rpynnacu xpucooura Tu(QpeHUI0KCH T OMIaH peakuusara KUpuaim.

Mynnai kunubd, KUMEBUI ycyiiap Onnan Taxyiuia MabiaymoTiaapu UK
CIEKTPOCKOTHK TaXJIHJI Ba MOTCHIIMOMETPUK TUTPJIAII OnjiaH Ouprainkia
OJIMHTaH CYJIb(OKATHOHUTHUHT TAXMUH KMJIMHTaH CTPYKTYPACUHH Kyiuaaruya
ndoanan UMKOHUSATUHU OEpaI.

19
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SO;H
0)
8-xkagBan
JAndennnoxcun Ba gypdypoa acocugaru cyabPoOKATHOHUTHUHT (PU3UK-KUMEBUIH
KYpCaTKu4wJiapu
Kypcarkuunap H-dbopma Na-dopma
Hammuk, % 15 18
CountyBYaH OFUPIMK, I/MIT 0,18 0,2
Conummtapma XaxMu, MJI/T 6,3 8,2
0,11 sputmanap 6yitnua CAC, mr-sks/r: NaCl 1,85-2,0 -
NaOH 5,7-6,0 -
CaCl, 1,6-1,8 3,2-3,8
MgClZ 1 )4 272-274
CuSO, 0,8-0,9 2,0-2,2

PO(OH), rpynmanmu dhocdopin HOpJOH KAaTHOHUTIAp TapKuoOuaa cyibgo-Ba

KapOOKCcWJI Tpynnaizapu Oop OyiraH KaTHOHUTIAP XoccajapuaaH (apKiaHyBYU
MOH aJIMAIIMHUII XOCCaJlapura ara.

9-;xanBaJ
OnTuMaJ mapoutaapaa oJuHrad ¢pocdopiu HOPAOH KATHOHUT X0CCAJIapH
Kypcarkuunap Vmuon H-popmagaru
Ooupnuru dbochopnan HOpAOH
KaTHOHUT
Hamnuk % 15-18
CouniyB4aH OFUPIIUK r/min 0,16

CyBna OVKKaH KAaTOMHUTHUHT COJUIIITHPMA XaKMHU MJI/T 5,6-5,8
0,1H spuTM™Ma O¥iinya CTaTUK aJIMAIIUHUII CUFUMU MT-9KB/T

NaCl -//- 0,8-1,2

NaOH -//- 5,8-6,2




MgSO, -//- 1,8-2,2
CaCl, -//- 1,6-1,8
CuSO, -//- 2,1-19
NiSO, -//- 1,2-1,6

MexaHuk MycTaxKaMIHK % 99,8
TepmokumEBuil OapKapopIuK MT-3KB/T 5,6-5,8

Cysaa 20 coar KallHaTUIATaHAaH KEMUHTH

CAC 51 HNO; sputmacua -30 MUHyT 4,9-5,2
51 NaOH sputmacua - 30 MUHYT 5,4-5,6
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Mmkopuil Ba KydcH3 HIIKOPUH MyXMUTIapAa KOMIUIEKC XOCWJI KWIyBYH
MeTajulap YK OVnranga Oy KaTMOHWTIAP YUYyH KAaTUOHJAp aJMalluHUIINA OujIaH
oMM JuccolManusl XapakTepauaup. KaTHOHUTHUHI CTaTHK —aJdMallHHMII
curumunu 0,1H HaTpUil UILIKOPH Ba HATPUM XJIOPUJT SpUTMACH OVHNYA aHUKIIAHIH.

MoHUTIapHUHT MOH aJMallMHUII CUFUMU OujlaH Oup KaropAa HOH
aJIMAlIMHUII OOPHIN TE3JIUTH Ba MOH aJIMALIMHUII MYBO3aHATHUHU YPHATUIIMILN —
*Kapa€H KUHETUKACH MYXHM aMaliuid axamusitra srajaup. CopOuus KHHETUKAaCUHU
ypranum copOIusi MEeXaHU3MUHU o4uil UMKOHUSATHHH Oepanu. CKIA®D remmu

karronutaa NaOH Ba CaCl, napuunr 0,11 spurmanapunan H ~Na'sa
Na"~Ca®" nonnmapu anMarIWHANI KapaéHUHN OOPHIN TE3IUTH TaAKUK KHITHHTAH.

H""Na'n Na"~ Ca’" nonnapy anMammHUII MEXaHU3MUHH aHUKIAI Y9YH MabIyM
OYIraH MOH aJIMAIIMHUII TE3IMIMHM BAaKITa OOFIMKJIUIHMIAH IJICHKAIM KUHETUKA
v lof1_F\=F7 B3 remmu KuHeTHKA yuyH F=k(Vt) ¢oiimamanmizm, OyHma

AU TapaKacu.

1.5 240 25

1) H" "Na"™2)Na" ~ Ca**
12-pacm. CK/I® KaTHOHMTH HOHJIAP aJMAIIMHUAIIUTA AU dy3usi TEHITIaMaCHHHI
KYJJIaHUWJINIIH.
CKA® xarmonutunuHr H-Ba Na-popmanapuna lg(1-F)uu t ra Oornmukiuru
rpa@uruHN KypHIga SKCTIEpUMEHTaNT HyKTajlap TYFpU YHM3WKIA >KOWJIAIIMaJIH.



bynu xympox TaxmuHiapra OWHOAH, COPOIUS TE3JIUTUra KUHETUKAHUHT WUYKHU
muhdy3noH MEXaHW3MH KYTPOK TabCUP ATUIM OWIaH TYIIMHTHPHUIIT MYMKHH.
Te/Uli KMHETHKAHY JTMMHUTIOBIM TabCUPH XaKua sHa F=k(\1) koopauHaramapuna
xkapa€HHUHT Oonutanrud Oockuuuga F<0,4 yuyH 4yusukian OOFNMMKIWTH OViinua
XyJloca YMKapui MyMKuH (12-pacm).

CKIA® KaTMOHUTHHHHI TepMOOAPKAPOPIUTMHU XaBOJAA, CYBJa, MILIKOpP Ba
KHCIIOTaNap CyBJIHM 3puUTMajapuaa xamaa auddepeHnmnan-TepMuK Taxiauil yCylu
ouan TaJIKUK KWJIHH]IH. KarrnoHuTHUHT IUCTUJIIAHTaH CyBIa
TepMOOAPKAPOPJIUTUHM Yypranuml yuyyH HOHMUTHUHT H-Ba Na-dopmanapmaru
HamyHamapu 10 coar maBommma 100°C ma wnmarwimu. Texkmmpunaérran
KaTUOHUTHUHT XaBOJAa TEPMHUK OapKapOpJIMIMHMU YpraHuiraHjga MOHUTHUHT H-Ba
Na-popmanapgaru  HamyHaidapu 180°C npga wmcutmimu. CyBoa Ba  XaBoja
TepMoOapkapopiauk xakugaa cratuk anMamuuauim  curumu  (CAC)  y3rapuim,
OFUPJINTUHU WYKOTWIMIIIM, TEPMOMUIIJIOB OepraHjaH KeHWHTH OYKyBUYAHIIUTH,
Xama 3JEMEHT TaxXJIUIU MabJIyMOTIapH OYViinya MyXokama IOpUTHIIIH.
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10-:xagBag
CKA® karnonuruauur 100°C 10 coar qaBoMuAa CyBIa TEPMOMILIOB GePUIMACIAH
aBBaJI Ba KeIMHI'U X0CCAJIapHu

CK® cynbpokaTHOHUTH Na monu Oyinga CyBna ®unerpar pH
CTaTHK aJIMAaIlIMHHUII OYKKaH
CUFUMH, MT JKB/T KaTHOHUTHH
HT
0,lu 0,1 u CONUIITHPMA
NaOH NacCl XaKMU, MJI/T
IaH Ia"
Bouanruu xoccanapu 5,7 1,85 6,3 7,0
Ucutunrangan cyHr 5.5 1,74 6,15 5,0-5,3
TepmoOGapkapopiuru oyiinua CUHTE3 KWJIMHTaH KaTHOHUT

MoJIMKOHIeHCaMoH Typaaru KY-1gan yctyHaup Ba TepMoOapKapopiauru Oyinda
nonumepusauol Typaaru KY-2ra skunnamanm.
11-:xanBan
Karuouur xoccanapunu 180°C Temneparypaaa XxaBoaa MIILIOB GepHii
JTABOMHHJINTHIA OOFTHKJIUTH

Karnonur typu 0,11 NaOH spurmacu Cysna CurumMHM HUCOUN
Oyiinya KaTHOHUTHUHT OYKKaH nykoTunumu, %,
aJIMALLIMHUII CUFUMH, KaTUOHUTHU

MT-3KB/T HT 6 coar 12 coar
COJIMLITUPM

a
XaKMH, MJI/T




KV-1 3,01 - 32,9 35,4

KV-2 4,67 - 6,8 10,3

CKIA® 5,7 6,3 1,10 7,8

[llynnait kunub, OMIMHTaH HOHMUTIAP CTPYKTypacuja apoMaTHK sapoJiap Ba
bypdypon reTepolrKIn OOpPIUTH XUCOOUTa IOKOPH TEPMUK, KUMEBHM, pagualiiion
Oapkapop/iMK Ba MEXaHUK MycTaxkamuiivkka sra Oymaau. Lllynunrmek, CKID
katnonuTHra Co°’y-Hypnapu OMIaH HypIaHWIT XOCCANapy TAAKWK KHITHHIN.
CKA® mnamyHamapud XaBOJHU-KypyK Ba OYKTHUpWITraH (JIUCTWJJIAaHTaH CYyBJa)
XOJIATJIApH/1a KATHOHUT HAaMyHaJIApUHU HypiaHTupuwiragaad cynr H-sa Na
dopmanapna  UK-cnektpmapu  onuHIu. Hypmantupunran  HamyHaiap
cynb(orpynmanapra Taenykam  1200-1600 cM,  coXamapumard  IOTHIIMII
YU3UKJIApU  XapaKTepid Ba WHTCHCHUBIWIY HYpJIAHTUpWIMAraH HaMyHasap
UK-cnexTpnapugaru IOTWIUII YU3UKJIApU OwiaH Oup Xunaup. Xyaau IIyHJIan
dypan xamkacura xoc Oymran 740, 810, 870 cm'coxamapHmaru FOTHIIMII
YM3UKJIapura Xam Tabiaykauaup. CHHTe3 KWIMHTaH —CyJIb(OKAaTHOHUTHUHT
paananuoH Oapkapopiuru HadakaT MMOJIMMEPHUHT KYHAalaHT, Oajkuh acocuid
3aHXKHUpUJA XaM Oupranukaa ¢GypaH MUKIDIApU Ba TU(OEHWIOKCUIHUHT apOMAaTHUK
apojiapy OOpiauru OWjaH acoCIaHAM, MOJEKYyJa WYUAArd SHEPTUSHU y3aTHIHILIN
XxyucoOura MakpoMoOJeKyJa UWYMAa Koilamrad (YHKOUMOHAN TpyNajJapHu
camapanu xuMmosi Kunaau. OnuHrad cyib()OKaTHOHUTHU HOHJIOBYM HYPJIAHUII
TabCHUpHUra JacTia0Ku onubd OopuiaraH TaJKUKOTIApD acoCHJa YHH IOKOPH
paauanusira sra Oyiarad coxajiapjaa KyJJIaHUIIM UMKOHUSITH aHUKIIaHIH.

Onu6 Oopwiaran maboparopusi TaIKUKOTIApU Ba TaxpubOa-madoparopus
TEXHOJIOTUK CXEMACHMHM WINUIa0 4YWKUII WUMKOHMHU Oepau (13-pacm). CKD
Cynb()OKATUOHUTHHHU  WIIIA0 YMKAPUII  TEXHOJOTHK  KapaCHH  MOXUSATHU
mudeHunokcu Ba GyphyposHH MOTUKOHISHCAIUSIIAI WY OWiIaH MmoauMep
22

OJIUIII CYHT KyPHUTHII Ba Maii1ajall, ITyHUHTICK TOTMMEPHU KEHUHTH
KOHIIEHTpaJIaHTaH CyJib(aT KUCI0Tacu OuiiaH cyab(upiaiigad uooparaup.
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1,2- GonutanFyuy XoM amé yayH omOopiap; 3-xaiigoBuu anmnapaniap; 4,5,6,11,13- ynuaruwiap;
7-nmonuMep OJIMLI YUYH peakTop; 8-Kyputrud; 9-maiinanaruy; 10-smak; 11- cynepomacca yuyH
uauir; 14-nonuMepHu cynbupiail yuayH peaktop; 15-puibTp-cuiakutruy; 16-10ByBUH
MuHOpanap; 17-racmanu Tpancnoprep; 18-raii€p maxcynor om6opu. 13-pacm. CKID
CyJb(OKATHOHUTHHH OJHII TEXHOJOTHK CXeMacH

Onunran CKJA® cynbpokaTHOHUTHU UILIA0 YUKAPUIL CYBIAPUHU FOMIIATHUII
xKapaCHUAa KYJUIAaHWIIM ~MYMKUHJIMITM —MakcaJuJa YHH uOuiad YuKapuiln
mapoumiapuaa cuHanau. CuaoB oobekTn cudaruaa «Kykoncynephochary OAXK
KO30HXOHA IIEXUJArd apTe3uaH CyBH, Y epia KaTMOHUT cudaruga cyabPoxymup
kymtanmwiagn  «Kykoncnupt»y OAX WM.ILT. mexm wunuia®d uukapuil CyBH Ba
«SARBON BARAKA BIZNES» MUX ko30oHXOHa CyBHJaH HILJIA0 YUKAPHUII
cyBu onuHrad. Cunanaérran CKIA® cynb()oKaTHOHUTH Ba caHOAT CyIb(POKYMUD
karnoHuTu H-Ba Na-dopmanapna orvinananunau. Taxpuba ycymu JJOCT 4151- 72
oyiinua (12-xanBain).

FOxopuna kenTupwiran kKopxoHanap/aa GonganaHmIaIurad cyibhoKyMup
V3UHUHT HapXH ap30HIUTUTa KapaMaidl, EeMOH MEXaHUK MYCTaXKaMJIUTH
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(bormananuin xapa€Huia MailalaHaAu Ba YaHITA aillaHaan) cabadmu Wui
JTaBOMHUJIA 6-7MapTa SIHTU CyTb(OKYMUP MOPILUSIIApU KYIIaHWIa I, Oy Xam yiily



KOpXOHaJIapJa OJIMHI'aH MaXCYJIOTHUHI TaHHApXWUTra TabCUP dTaAH. 12-xanBa
CKI® cynb(pOKATHOHMTHHH TYPJIH MILIA0 YNKAPHII KOPXOHAJIAPH apTe3HaH
CYBJIAPMHHU IOMIIATHIIA CHHAJIMIIH

Kopxona CuHoBIaH Ko30HX0Ha 1Iexu1a CHHaNTraHaaH
aBBaJITH KeWWHTH apTe3uaH CyBH, MI-DKB/J
CYBHHHT 3
KATTUKJIUTU Cynbpoxymup CKI®
MT-3KB/ Cynb()OKaTHOHUTH
H Na H Na
dhopma dbopma dbopma dbopma
«K¥yxoucynepdocd 3,0 - 0,5 - 0,4-0,5
am OAXK
«K¥ykoucnupr» OAX 4,2-5,0 3,0 2,2 2,2-2.3 1,1-13
«Sarbon Baraka 33-35 12,0-11,8 7,6-7,8 12,1-12,3 7,8-8,1
Biznesy MUX

Omunran CKIA® cynbdokarnonutu myHuHraek TomKTHaa dypdypon
acocuJa OJMHraH KapOOKCHMJUTM KaTHOHWUT Ba AaHUOHUT OwinaH Oupra
«Y3merkombunaty  AXK kucinopomm-komnpeccopian  mnexu (KKII) aitmanma
CYBJIApUHHU IOMILATHUII Ba To3ajaml apaéHiapuna (oigananunran (13-xaagsain).
«V3merkom6unary AXK KKI] aiinaHMa MK CyBIAapUHM IOMIIATHIN Ba TO3AJAII
xapaéunapuna cunanaétran CKI® cynbdokarmonutu, KO kapbokcumiu
katuoHUTH Ba DB’ aHHMOHWUTH KyJUIaHWITaHIa CYBHHM To3ajam jgapaxacu UMK
HOpMasapura eraju. Taknmd >THIaéTraH MOHMTIApHH «Y3MeTkoMOMHAT» AXK
KKI[ aimanma CyBHHM TO3aJall Ba IOMINATUII >Kapa€Hiapuia KyJulallgaH
KyTUJIa€TraH UKTUCOAUM caMapaaopiuK iunura 330 MIH.CYMHH TAILIKWII 3Taju.

_ 13-sxkaaBaj
«Y3merkomounar» AJK KKII aiiianma cyBUHHE To3aja1l Ta:xKpuba-caHoat
CHHOBJIAPH HATHKAJIAPH

Ndnocnuk Uem KKIJ €nux CKJ® Kd ObI
TypJiapu oupimn LKA cynbhoKaTh KapOOKCHILITU AHUOHHUTH
HOMH T aitmanMa OH UTHU KaTUOHUTHU Ounan

CyB Ownan Ounan TO3aJIaHT
TapKUOH TO3aJIaHTaH]T TO3aJlaH aH JIaH
aH CYHI raHjiad CyHr CYHT
(I 6ockuy) (IT 6ockuu) (IIT 6ockuy)
CyBHUHT MTI-9KB/JI 49 2,1 0,7 0,64
KATTUKJIUTH

Kanpumii MT-3KB/1 2.9 1.3 0,45 0.4
Marnuii MTI-3KB/1 2,0 0,8 0,25 0,24
Ymymuii MT-OKB/JI 7,8 5,0 2,1 0,9




UIIKOPUIIHK
Xnopuaiap MT/T 201,7 - - 35,45
Cynbdarnap MT/JT 180,7 - - 44,0
YMymuii MI/1 1200 560 320 130
TYy3
MUKJIOpU
pH - 8,6 7,5 7,3 7,2
Temneparypa °C 16 16 16 16
24

Omnunran  Qochopimu HopraoH karuoHutn «MAXAM CHIRCHIQ» AX
TEXHUK JabopaTopusicua KOHBEPCHOH Ta3HU MHCIM-aMMUAKIH YyCyl OujaH
To3ajaml kapaCHuaa XOCWJ OyiIajuraH MUCIH-aMMHUAKIW 3pUTMa CyBHHU MUC
MOHJIapUIaH To3aJalll xKapa¢Hliapua CHHOB/IAH YTKa3WIJIH.

14-xaaBan

Oumuran gocdopsiv HOPAOH KATHOHUT OMJIAH TEXHUK JA0OPATOPHUAIA MUCJIN OKOBA

CyBJapaAaH MUCHHHI' COpﬁHHHCI/I HaTHXKAJIapu

Kypcarknu Homu Hem bomnanrny bonutanrny
oupnuru KOHIIEHTPALIMS KOHIIEHTpALIHS
Cu*"'=90mr/n Cu®'=5,49 r/n
Karnonut Karnonut Karnonur Karnonut
HUHT HUHT HUHT HUHT
H-dbopmacu | Na-popmacu | H-popmacu | Na-hopmacu
Nuryn nunamMuk mol/m> 150 185 775 860
CUFUMU
(cakparmrava)
TYnuk TuHAMUK mol/m> 550 703 1350 1672
CUFUMU
Perenepanusiiana g/mol 1800 1650 2500 2134
€T raH
SPUTMAHUHT
dakTuk cappu

Onub Oopwiran CHHOBJIAP acoCHZla KypcaTWraH KOpXOHajllap TOMOHHUJIaH
OJIMHTAaH WOHHUTIAPHU UNUIA0 YUKAPUII Ba MaWIIUKA CYBIApPHU FOMIIIATHUII
Kapa&Hiapuaa KyJUTaHHUIITa TaBCHUS STUIIIH.

XVIIOCAJIAP
1. HMudenmnamuaHuHr ¢Gypdypon OuigaH MNOJUKOHIACHCAIMIA0 IOKOpHU



TepMO-KUME OapKapopiuKkKa sra OyiraH KydCH3 acoClid aHUOHWUT OJUII YCYIU
YpranwnuO, OJIMHTaH MOJMMEPHUHI XOCcallapura peakius TemIepaTypacH,
OonutaHFud  Mojajmaiap — HucOarmapw,  KaTalu3aTOPHUHT  Tabuaru  Ba
KOHIICHTPAILMSICH Ba OOIIKAJIap TAbCUPHU TAJAKUK KWJIMHTAH, YHUHT acOCHJa KyUuCcH3
acociM aHWOH AaJMAallMHYBYM TIOJNMMEpP CHHTE3WHUHT ONTHUMal IapOUTIapU
TaBCHUS STUIITaH.

2. Judenunoxcunuun Qypdypon Owmian Oupraaukga IMOJMKOHICHCANUATA0
SHTU TIOJIUMEP OJIMII JKapa€HW YpraHWwinO, MOJMMEpPHH Cylbpupiaad TepMo-KUME
OapKapopiMrd Ba MEXaHMK MYyCTaxKamyIMId OwuiaH (dapkiaHaguraH SHTU
nonudynkuonan CKJA® cynbpokaTHOHUT, MOHOPYHKIIMOHAN CYIb(O-KaTHOHHT,
MaKpOFOBaK CyJIb()OKATUOHUT TABCUS ATHIIIH.

3. SIaru pocdopau HOPJOH MOTUMEPHH OJIHII YIYH TU(DEHUITIOKCHITH
bypdyposu noaumepHu Gocdopuiiam peakuusicu ypranumimob, Gochopiu
HOPJIOH KaTHOHUT Xoccayiapura GochopriuioBYM areHT Tabuaru Ba
KOHIICHTpaIuscH, (pocopram peakuuscu JaBOMUNINTHY, KaTalnu3aTop
KOHIICHTPAIIMSCH Ba TAOMATH TAbCUPU aHUKJIAH]IH.

4. MonodyHKIIHOHAT, noauyHKIIMOHAT Ba MaKpOFOBAKIIH
cyiabdokarnoHuTIap, Xamaa Ghochopiu HOPAOH Tpymnnajapyd 00p KaTHOHUT OJIHII
UMKOHHUATH aHMUKJIaHIu. [[onMMepHUHT FOBaKIM CTPYKTYpPACHHH XHCOOJAIl y4yH
Bbpaynsp, Ommur, Temnep (bOT) Tenrmamanapuaan doiinanannd, KaTHOHUTHUHT
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FOBAKJIM XapaKTePUCTUKATIAPU XUCOOIAH/U, YIIAPHUHT KUMUMAaTH OJIMHTaH
MOHUTHUHT MaKpOFOBAKJIM KaTHOHUTIApra MaHcy0 kypcatu6d Oepwiau. 5. OnuHran
MOHUTJIAPHU CYBJIa, XaBOJa Ba UIIKOP, KUCIOTaJdap CyBIM 3pUTMajapuia TEPMUK,
KUMEBHI Tabcupiapra I0KOpH 0apKapopiauru OWiIaH XapakTepilaHUIIN aHUKIAHUO,
yaapHU cyB/a Ba Xasoaa Co®’y-HypmaHuImM TabCHPH OCTHA ACOCHI XOccaaapy Ba
cTpykTypacuHHHT Y3rapumm 500 pan/cek no3a Ounan 25°Cna HypIaHTHPHITaH/Ia
MOHUTIIAPHU paJihalius Tabcupura OapKapOpIUTH KYpPCATUIIH.

6. Onuarad monuQyHKIHOHAN cynbhokarnoanTuauar H' “Na'Ba Na™~ Ca®”

aIMAIIMHUIIIAIA mudPy3us TEeHITIaMacuJaH doiinananud KUHETHUK
XapaKTepUCTUKAIApY TAIKUK KWIMHHO, aHWK amajja KyJuiam oObeKTIapu
aHUKJIaHIU.

7. Taxpuba-caHoar mapoUTIaApUAa MOMUPYHKIUOHAT CYIb()OKATUOHUTUHU
OJIUIIl TPUHITUIIHAT TEXHOJOTHK cxemacu Takiud stungu. Cynb(poKaTHOHUTHU
OJIUII TEXHOJIOTHSICH SIXIIM HATWXajdap OWilaH WNLUIad YMKAPHII IapoUTIapuaa
«®aprona kumE 3aBogu» MUXKna cunammu Ba CKIAD cynbhoKaTHOHUTHHUHT
Taxxpuba mnaptuscu yukapuigu. Cynb()OKaTHOHUTHUHT OJIMHTAaH —Taxkpuoda
naptuscu unwiad yukapuin mapoutiapuaa «Kykoncymepdocdary  OAXK,
«Kyxouncnupr» N.I'T. OAK Ba «KS SARBON BARAKA BIZNES» MUYX ko30HX0Ha
LeXJIapHAa CYBHH IOMINATHIN >KapaSHIApHAa, LIYHHHIIEK «Y3MEeTKOMOMHAT
AXKna wmnma®d yuMkapuin aijaHMa CyBJIApUWHU To3ajall >Kapa€Hiapura TagOouK
stwinand. Kynmnampgan kyTuna€rrad uMKTUcoAud camapa wwiura 330 MIIH.CYMHH
TAIIKWI KWIJIH.
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HAYYHBINA COBET 14.07.2016.7.08.01 TPU TAIIKEHTCKOM
XUMHUKO-TEXHOJIOI'MYECKOM UHCTUTYTE 11O
NPUCYKJIEHUIO YYEHOU CTENNEHU JOKTOPA HAYK

TAIIKEHCTKU XUMHUKO-TEXHOJOIT MYECKUA UHCTUTYT

PAXUMOBA JJATOPAT COBUP’KOHOBHA

PASPABOTKA HAYYHbLIX ITPUHIUIIOB IIOJIYYEHUA TEPMO
XUMO-PAIUAIIMOHHOY CTOMYUBBIX HOHOOBMEHHBIX
HHOJIMMEPOB ITOJIMKOHAEHCAIIMOHHOI'O THUITA



02.00.14-TexHo10rus1 OPraHM4YeCcKUX BEIIECTB H MATEPHAJIOB HA HX OCHOBE

(TeXxHUYeCKUE HAYKH)

ABTOPE®EPAT JOKTOPCKOM IUCCEPTAIIUH ropon Tamxkent -2016
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TeMa TOKTOPCKOIi quccepTanum 3aperucTpupoBana nmoa Homepom 30.09.2014/B2014.3-4.T27
B Bricmieii arrectannonHoil komuccnu npu Kadunere Munncrpos Pecnybinku Y3oekucraH.

Jokropckas auccepranys BeINoJHeHa B TaIIKEHTCKOM XUMHUKO-TEXHOJIOTHYECKOM HHCTUTYTE.
ABTopedepar muccepTaiuy Ha Tpex s3bikax (Y30eKCKHid, pyCCKUH, aHTIIMHCKII) pa3MellieH Ha BeO
cTpaHulle o aapecy www.tkti.uz u Madopmarmonno-obpazoBareinsHoM nopraine «ZIYONET» mo

azpecy www.ziyonet.uz

Hayunblii koHcyabTanT: Typoo:xkonos Caapuaann MaxaMaJIHHOBHY JOKTOP TEXHHYECKHX HAyK,
npodeccop

OdunuanbHbie onmoHeHTHI: Marpynos ®@apxon AcagyiaeBH4 JOKTOP TEXHUYECKUX
HayK, Ipogeccop

KOnycoB Mupaxmar IlynaToBuy
JOKTOP TEXHUYECKUX HayK, nmpogeccop

Myxamenues Myxrap 'anueBu4
JOKTOp XMMHYECKUX HayK, mpodeccop

Benymast opranmzanus: UHCTHTYT 0011eii 1 HEOPraHU4eCKOH XUMHUH

3ammTa qUCCepTaii COCTOUTCS «  » 2016 T. B« » YacoB Ha 3acelaHU{ HAYIHOTO

coBera 14.07.2016.T.08.01 mpu TamkeHTCKOM XUMHUKO-TEXHOJIOTHYECKOM HHCTUTYTE 1o anpecy: 100011,
r. Tamkent, aiixonTaxypckuii paiion, yia. A.Hasowm, 32. Tem.: (99871) 244-79-21; cakc: (99871)



244-79-17; e-mail: tkti_info@edu.uz

JlokTopckas  amccepTanms — 3aperucTpupoBaHa B MH(DOpPMAlMOHHO-pECYpCHOM  IIEHTpE
TamkeHTCKOro XMMHUKO-TEXHOIOTHYECKOro HHCTUTYyTa 3a No | ¢ KOTOpoil MOXKHO 03HAaKOMHUThCS B MIPL]
(100011, r. Tamkent, HaiixonTaxypckwii paiion, ya. A.Hasown, 32. Ten.: (99871)244-79-21).

ABTopedepar quccepTanyy pa3ocian «_ » 2016 rona.

(mpoTokon pacchUIKH Ne oT«__ » 2016 ).

K.O./lonaeB
IIpencenarens HAy4HOTO COBETA MO MPUCYKACHUIO
y4€HOH CTeleHH TOKTOpa HayK, J.T.H., mpodeccop

A.C.h0onynnaes
YuéHblil ceKpeTapb HAyYHOTO COBETA IO MPUCYKICHUIO
yu€HOH CTeNeH! IOKTOpa HayK, J.T.H., pogeccop

I'P.PaxmoH0epamneB

[Ipencenarens HayuyHOro ceMuHapa npu HayuHom coBete 1o
MIPUCYXKJICHUIO YYEHOH CTETICHU JIOKTOpa

HayK, J1.X.H., Ipoeccop
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BBenenue (aHHOTALMS JOKTOPCKOM JUCCEPTALIMHN)

AKTYaJIbHOCTh M BOCTPEOOBAHHOCTH TeMbI AuccepTanuu. B HacTosiee
BpeMsl B MHpE HOHOOOMEHHBIE IOJIMMEPHhl HAXONAT IIMPOKOE IMPUMEHEHHE B
THAPOMETAIUTYPTUH, TIPU OYHCTKE PA3JIMYHBIX IPOU3BOICTBEHHBIX M COPOCHBIX
BO/, BojaonoaroroBke. OmHOW W3 aKTyallbHBIX 3a/a4 SIBISIETCS CO3JaHHE U
pa3paboTKa MPOIECCOB TMOMYyUYECHHUS] MOHOOOMEHHBIX IOJIMMEPOB, C BBICOKUMU
COpPOIIMOHHBIMH U CEJICKTUBHBIMH CBOMCTBAMHM, NaTbHEHIIINM U3yUYeHHUEM HAayYHBIX
OCHOB YIIPaBIICHHUS SKCIITyaTallHOHHBIMH CBOWCTBAMH MOTyYEHHBIX HOHHTOB' .

3a rompl HE3aBUCUMOCTH Hameld PecrnyOnuku ocoboe BHUMaHUE YACICHO
Hay4yHBIM paboTaMm, HaNpaBICHHBIM Ha TMOJIYYEeHHE KOMILIEKCOOOPa3yIOMIero
HU3KOOCHOBHOTO AaHMOHUTA C HM30MpATEIbHBIMH CBOWCTBAMH K WOHAM MeEIU M
MonubJieHa IMyTeM  MojdukoHAeHcanuu  dypdypona, OeH3oryaHUIUHA B
MIPUCYTCTBUHU MOJIMATUJICHIIOJINAMHHA, CHUHTE3Y HOBBIX HOHUTOB
MOJMKOHICHCAIIMOHHOTO THIIa Ha OCHOBE (hypdyporia, COeqUHEHHH coepKaux
apOMaTHUYE€CKHAE UKl ¥ TIOBBIIICHUE UX YCTOMYMBOCTH K XUMUICCKUM H
TEPMHUYECKUM BO3JICHCTBUSIM.

Bo Bcem wMmupe HamaKeHbl TEXHOJOTHH MPOW3BOACTBA HMOHOOOMEHHBIX
MaTepHAJIOB TOJUMEPU3ANMOHHOTO THIIA HA OCHOBE MOHOMEpPOB, TaKUX Kak
TUBUHUIIOCH30JI, AaKpWJOBas KHCIOTa, AaKPWIOHUTPWJ, BUHWIMUPUIANH U
MIPOBOISITCS HMCCIICIOBAaHUSI HANpABICHHBIE HA PEIICHUE aKTyaJdbHBIX 3a1ad. [Ipu



MPOU3BOJICTBE HOHOOOMEHHBIX MOJIMMEPOB HEOOXOJUMO YUUTHIBATH PSI/i PEIICHUI,
B YAaCTHOCTH, IO CJIEAYIOIIUM HAaNpaBICHUSIM: pa3pabOTKa METOI0B HOHOOOMEHBIX
MOJIUMEPOB C BBICOKOM TEPMHUYECKOM, XUMHUYECKON CTOMKOCTHIO U MEXAaHUYECKOU
NPOYHOCTHIO; TIOMCK ONTUMAJIbHBIX YCJIOBHM  MOJy4EeHUS HOHOOOMEHHBIX
MOJINMEPOB C BBICOKUMHU COPOLMOHHBIMH, CEJIEKTUBHBIMU U AKCILTyaTallMOHHBIMU
CBOMCTBaMH; CO3[JaHUE HOBBIX TEXHOJOTHA C WCIOJb30BAHUEM HMEIOIINXCS
MOHOMEPOB Ha OCHOBE MECTHOTI'O CBIPbS.

JlaHHOE NHCCEepTalOHHOE HMCCIIEJOBAHUE B OINPEACIICHHON CTEIEHU CITYKHUT
BBIIIOJIHEHUIO  3a/1a4, MPENyCMOTPEHHBIX B TMOCTaHOBIEHUAX Ilpe3maeHra
Pecnyonuku Y30ekucran Ne I1I1-1442 ot 15 nexadps 2010 roma «O npuopurerax
pa3BuTHs npoMblnieHHocTH Pecybnuku Y3oekuctan», Ne I1I1-1072 ot 12 mapra
2009 roma «O mporpaMMe Mep MO peaau3allid BaXHEWIIUX MPOEKTOB IO
MOJCPHU3ALIMK, TEXHUYECKOMY M  TEXHOJIOTMYECKOMY  IE€PEBOOPYKEHHUIO
npousBoactBa Ha 2009-2014 roxs» u Ne I1I1-2298 ot 11 ¢eBpansa 2015 romga «O
[porpamMme JIOKaJu3aluu MPOU3BOACTBA T'OTOBOW MPOMYKLIHMH, KOMIUIEKTYFOIIHX
m3nenuii u marepuanoB Ha 2015-2019 rome», a Takke APYrux HOPMAaTHBHO
MIPaBOBBIX JOKYMEHTAaX, MPUHATHIX B JaHHOH cdepe.

CooTBeTrcTBHE HCCICAOBAHUA OCHOBHBIM NPHOPUTETHHIM HANPABJIECHUAM
Pa3BUTHS HAYKH M TEXHOJIOTUH pecmy0auKu. J[aHHOE Hcciieq0OBaHUE BBITIOJHEHO

B COOTBETCTBUU C MPUOPUTETHHIM HAMPABICHUEM

'Pe3nnk .M. OnTuMu3anms HFOHOOOMEHHOI TEXHOIOTHH BOJONOATOTOBKH: (DMIBTPOBAHKE C POTHBOTOUHOM
perenepanueii // XK. // Axsarepm. — 2003.- Ne 4. C. 42-44,
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pa3BUTHA HayKu U TexHOoJorui: VII. « XuMuueckas TEXHOJIOTHUS U
HaHOTEXHOJIOTUS».

O0630p 3apy6eKHBIX HAYYHBIX HCCJEIOBAHWII 1O TeMe aMCCePTALMH’.
Hayunble wuccrnenoBaHusi, HANpaBiI€HHbIE HA IMOJYYEHUE M BHEAPEHHE HOBBIX
MOHOOOMEHHBIX MOJMMEPOB, OCYIIECTBISIIOTCA B BEIYIIMX HAyYHBIX LEHTpax M
BBICIIUX 00pa30BaTeNIbHBIX YUpEeKIEHUSX Mupa, B ToM uucie, The University of
Maryland (CIIIA), Ege University (Typuus), Maria Curie Sklodowska University
(ITonmpmra), University of Kitakyushu (SImonus), National Academy of Science of
Belarus (benopyccust) University of Melbourne (ABctpanust), Hayuno
HCCJIEIOBATEIbCKOM HMHCTUTYTEe IuiacTuueckux wmacc (Poccust), HWuctutyt
XUMUYecknx Hayk Axanemun Hayk Pecmy6nukum Kazaxcran (Kazaxcran) u B
TamkeHTCKOM XMMUKO-TEXHOJIOTUYECKOM UHCTUTYTE (Y30eKHuCTaH).

B pesynbrare wucclieloBaHMil, TPOBEICHHBIX B MHUpE, IO CHHTE3Y
MOHOOOMEHHBIX TOJUMEPOB, HCCIEAOBAHMIO HMX SKCIUTyaTallMOHHBIX CBOWCTB WU
MPUMEHEHUIO TPU OYKMCTKE CTOYHBIX BOJ XHUMHUYECKUX MPOU3BOACTB IMOITYUYCHBI
PSAl HAyYHBIX PE3YJIBTATOB, B TOM YHCIIE: MOJIYUYEHO U BHEAPEHO HOBOE MOKOJICHUE
MOHUTOB C OJHOPOJIHBIM TpaHyloMeTpudeckuM coctaBoM 3epeH (Dow Chemical
Co CIIA, Bayer AG I'epmanusa u Purolite international Ltd, BenukoOpuranus);
pa3paboTaHbl METOABI NOTYYEHUSI HOHOOOMEHHBIX MOJIUMEPOB



MOJIMKOHCHCAIIMOHHOTO THUIIA IMyTEM MOAU(PUKALUUA CEPOCOAEPKAIIETO MPOAYKTa
Heptr ¢ snokcugHOM cmonod (MHCTUTYT XuUMUYecKHMX Hayk uMmeHu  A.b.
bexryposa AHPK, Kazaxcran), cuHTe3UpoBaHbl HOBbIE HOHOOOMEHHBIE
MOJIMMEPHI MAKPOIIOPUCTOM CTPYKTYPBI HA OCHOBE MONUCTUPOJia U N
METUJITTIOKAMUHA W TPUMEHEHBI JUIsl YCTpaHEHHs Oopa W3 TeOTepMalIbHBIX BOJI
(Ege University, Typumsi); cuHTe3upoBaHbl (ocdopconepxaniie HOHUTH Ha
OCHOBE CTHpOJa M AUBHHHIOCH30J1a U PEKOMEHI0BaHbI /s ipousBojcTBa (Taejon
National University of Technology, Oxnas Kopes).

B mupe, no co3naHuio HOHOOOMEHHBIX MOJIUMEPOB, HO PSAAY MPUOPUTETHBIX
HaIpaBJIeHU MPOBOAATCS MCCIEIOBAaHUSA, B TOM YHUCIE: CUHTE3 MOHOOOMEHHBIX
MOJIMMEPOB €  YAYYIICHHBIMU  (DU3UKO-XUMUYECKUMH, COPOIMOHHBIMU U
CEJICKTUBHBIMU XapaKTEPUCTUKAMU; COBEPLICHCTBOBAHHUE CIOCOOOB MOIYYEHUS
MOHOOOMEHHBIX IOJIMMEPOB; MOJYyYEHUE MHUTOB C TEPMO -, XUMOCTOMKOCTBIO U
yaydiieHue 3()@PEeKTUBHOCTH NPUMEHEHUS] HMOHUTOB M yCOBEPIIEHCTBOBAHUE
TEXHOJIOTUH UX TIPOU3BOJICTBA.

Crenenb u3y4YeHHOCTH MNpoOJembl. HayuHble HccieoBaHUS MO CUHTE3Y
MOJINMEPHBIX MOHOOOMEeHHUKOB npoBeaeHsl UmyToBbiM K.B., CamconoBeim ['B.,
Kynunsim P., Maitepcom P., CunsiBckum B.I., Canganze K.M., IlamkoBsiM A.B.,
I'enbpepuxom @., ['puccobaxom P., Eproxunsim E.E., Jlackopunsim b.H., Ocpbopn
I., JxannocoBoit K.J., Kopmak B.B., Tepmunoit A.C., Tpoctsuckoii E.b.,
HaBankoBbiM A.b., JIeitkunbiM FO.A., KonbutioBoit B.JI., bektypoBsim E.A.,

2
- 0O030p 1o TeMe ArccepTany pa3padoTaH Ha OCHOBE 3apyOekHbIX: http://dx.doi.org/10.1081/SS-200068451;

http://ebys.ege.edu.tr/ogrenci/ebp/course; https://www.researchgate.net/profile/Beata_Podkoscielna;
https://www.kitakyu-u.ac.jp; http://ifoch.bas-net.by 1 apyrnx ucTouHHKOB.
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Puzaesbim H.V., Typo6xxonoBsiM C.M., MupkamunioBsim T.M., JlxxanunoBeim A.T.,
Marpynossim @.M., Hazuposoii P.A., TagxuxomxkaeBbeiM 3.A. u ap. M3yueHnem
TEPMO-XUMO-PATUAIIIOHHON YCTOWYMBOCTH HOHOOOMEHHBIX TMOIUMEPOB
MOKa3aHo, YTO YCTOMYMUBOCTh MOHUTOB K BO3JICHCTBUSAM HOHU3UPYIONIUX
U3IIy4eHUH, BBICOKMX TEMIIEpaTyp 3aBUCHUT OT UX XUMUUYECKON CTPYKTYpHI,
npUpoAbl GYHKIMOHATIBHBIX FPYII, KOJUYECTBA CIIMBAIOIIETO areHTa U CTETCHU
CIMMBKH. B 9acTHOCTH, TTOTyYEHBI 1 PEKOMEHIOBAHBI K TIPOU3BOJICTBY PST
CyJIb()OKaTHOHUTOB, POCHOPHOKUCIBIX KATHOHUTOB, AHUOHUTOB U
MOJIYITPOBOAHUKOBBIX MeMOpaH. M3yueHbl UX CeNeKTUBHOCTh, COPOIIMOHHBIE U
(U3UKO-XMMUYECKHIE CBOMCTBA.

Pa3zpaboTka  MOHOOOMEHHBIX  IMOJIUMEPOB Ha ocHOBe  (ypdypona,
o0NafalonMX YHUBEPCATBHBIMH IOKA3aTesIMH M CHOCOOHBIMU COXpPaHUTHh B
arpeccUBHBIX Cpelax CBOU (PU3UKO-XMMHUYECKHE, COpPOLMOHHBIE, MPOYHOCTHBIC
CBOMCTBa, CHHTE3 MOJMMEpPOB Ha ocHOBe Gypdyposa COBMECTHO C JPYrUMHU
COCTMHCHHSMHU, TOJIYYCHUE WOHUTOB BBEJICHHE B WX CTPYKTYPy HOHHU3HPYIOIINX
MOJISIPHBIX TPYII UMEET HayYHO-TTPAKTHUIECKOE 3HAUCHHE.

Cpsi3b TeMbl JHCCEPTALMHU € HAYYHO-HCCJIEN0BATEIbLCKMMH padoTamMu
BbICIIET0  Y4eOHOT0  y4Ype:KIeHHUsl, TIJe  BbINOJHEHa jJUccepTanus.



JluccepTallMOHHOE  KCCIIEJOBAHUE BBIMOJIHEHO B paMKax IJJaHA HAay4HO
UCCIIEIOBATEIbCKUX  PadOT  MPUKIATHBIX W MHHOBALIMOHHBIX  MPOEKTOB
TamkeHTCKOro XMMHUKO-TEXHOJIOTHYECKOTO HHCTUTYTa «OUHUCTKA MPOMBIIIIICHHBIX
CTOYHBIX BOJ OT MOHOB METAJIJIOB MOHOOOMEHHBbIM MeTomom» (2012-2015 rr) u
UTI-6. (EA 6-1) «Pa3paborka >p(peKTUBHON TEXHOIOIMH OYMCTKM CTOYHBIX BOJ
TEKCTWJIbHOM IPOMBIIUIEHHOCTH OT KpacWIbHbIX BeniecTB» (2014-2015 rr)

Heabio uccaenoBanus sBISIETCS pa3padOTKa TEXHOJIOTUU OTYUYEHHS] HOBBIX
TEPMO-, XUMO-, PAAUALMOHHOYCTONYHUBBIX MOHOOOMEHHBIX IMOJMMEPOB MOJIUKOH
JI€HCALIMOHHOTO THIIA.

3agauu uccJie10BaHuA:

MOJTy4YeHHUE TEPMO -, XUMOYCTOMIHBOTO MOTU(PYHKIIMOHATIFHOTO €1a00
OCHOBHOTO aHMOHHUTA ITyTEM TMOJIUKOHAeH AU AudeHunamuna u Gypdypona;
CUHTE3 KaTHOHOOOMEHHBIX MOJTUMEPOB MOJUKOHICHCAIIMEN TU(PEHUITOKCHIA C
dypdyporom;

NnoJiyueHue cepocogepkamux M (HOoCPOPHOKUCTBIX KATUOHUTOB IMyTEM
Cy/b(pupoBaHUs, dbochopunpoBaHus IU(pEeHMIOKCUAHO-DYPDYPOITHLHOTO
HOJIUMEDPA;

CHUHTE3 MaKpOIOPUCTOr0 KATHOHOOOMEHHOTO MOJIMMEPa;

oTpesieNicHNe COPOIMOHHBIX CBOMCTB IMOJYYEHHBIX HOHUTOB IO OTHOIIECHUIO
K MOHAM HaTpus, KalblUsl, MarHusi, HUKEJSI 1 MUHEPAIbHBIM KUCIOTaM B CTOYHBIX
BOJIAX;

OTpEJIEICHHE TEPMO-XUMO-PaJAUAIIMIOHHON YCTOMYMBOCTH, COPOLIMOHHBIX U
KOMILJIEKCOOOPa3yIOIUX CBOMCTB MOJYYEHHBIX MOHUTOB MO OTHOILIECHUIO K MOHAM
M€, HUKEJIsI, KoOalbTa, ypaHuia u JIp.;

CO3/1aHNE TEXHOJIOTUHU TOTYUYEHUS TOTU(PYHKIIHOHATHHOTO
Cynb(OKaTHOHHUTA Ha OCHOBE TU(DEHIIOKCUTHO-PYPDYPOIBHOTO MOJIUMEPA.
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O0beKTOM HCCIeOBAHNS SBIIAIOTCS AUPEHUIOKCH, TU(EHUITIAMUH
coJiepKaliyue apoMaTuieckue UKIbl U Gypdypo.

IIpeamer uccjie0BaHUs: TEPMO -, XUMOCTONKHH, CTA000CHOBHBIN KOMIT
JIeKCO00pasyIouii aHMOHUT, a TaKKe MOTU(YHKIIMOHATBHBIN CYJIb(OKATHOHUT,
MaKpOTOPHUCTHIN CYIb(POKATHOHUT U (HOCPOPHOKUCIIBIN KATUOHHUT.

Metoabl wucciaenoBanuil. B nmuccepranivoHHO paboTe UMCHOIB30BaHbBI
(UBHKO-XMMUYECKHE METOJbl AaHalM3a: »JJIEMEHTHBIA aHaldu3, OIpEICICHUE
OpoMHBIX  umcen  MerogoM  KHomma, — TpwioHOMETpHs,  HOIOMETpHS,
noTeHIoMeTpuyeckoe Tutpoanue, MK-cnexrpockonus, nuddepeHiumanbHo
TEPMOTPaBUMETPUUECKUN aHAIU3.

Hayynasi HOBH3Ha MCCJIeI0OBAHMS 3aKJIIOYAETCS B CIIEAYIONIEM: pa3paboTaH
CHOCO0 MOIyYEeHHs TEPMO -, XUMOCTOMWKOTO C1a000CHOBHOTO aHHOHUTA C
KOMITJIEKCOOOpa3yIoueil CltoCOOHOCTHIO K MOHAM TSKEJIBIX METAIIJIOB ITyTEM
noJIMKOHIeHcanuu Gypdypona ¢ qudeHuIaMuHoM;

CO3/1aHa HOBas MOJIMMEPHAs MaTpuUlla MMyTEM MOJUKOHICHC AU
muenunokcuaa u gypdyposia sl BBEAEHUS MOHOTEHHBIX FPYIIIT; ONpPEAEICHbI
3aKOHOMEPHOCTH 3aBUCUMOCTHU PEAKIIUU MOIUKOHACHCAIIMM AU(PEHIIOKCUAA U



dypdyposa OT HCXOTHBIX MOHOMEPOB, KaTaIM3aTopa, UCXOMAHOM TeMIepaTyphl U
Ap-;

pa3pabOoTaH TEXHOJOTUYECKUI PEKUM PEAKIUI CyIb(PUPOBAHUS U
dbochopunupoBaHus;

ompenenieHa MeXaHW4ecKasi MPOYHOCTh, pabounii MHTEpBaI U COPOIIMOHHBIC
CBOWCTBA TOJYYCHHOTO CYJIb()OKATHOHHTA B OTHOIICHHW K HOHAM HaTpus,
KaJIbIUs, MaTrHUS;

YCOBEPIIICHCTBOBaHA COPOIMS MOHOB MEIU W3 MEIbCOACPIKAIIMX CTOYHBIX
BOJl B JUHAMHUYECKUX YCIOBUAX (POCHOPHOKUCIBIM KAaTHOHUTOM W TEXHOJIOTHS
pereHepamnuy KaTHOHNTA.

IMpakTuyeckne pe3yabTaThbl HCCIETOBAHMS:

pa3paboTaH METO] MOIyYCHUS] TEPMO-XUMOYCTOHYUBOTO CIIA000CHOBHOTO
aHUOHMTA TIOJUKOHICH caIel nudenmnamuna u pypdypona;

CO3/1aHa HOBasl MOJIMMEPHAsT MATPHIIA ITyTEM TTOJUKOH ICHCAIIA
mudenmiokcuaa u Gypdypona a5 BBeIeHUSI HOHOTCHHBIX TPYTI;, HW3Y4YCHBI
3aKOHOMEPHOCTH 3aBUCUMOCTH PEaKIINU MOJIUKOHICHCAINN TU()EHUIOKCH A 1
dypdypoia OT HCXOTHBIX MOHOMEPOB, KaTaIM3aTopa, MUCXOMAHOHN TeMIepaTyphl U
Ap.;

PEKOMEHI0BaHA TEXHOJIOTHS MOTyYCHHUS TOTU(YHKITHOHATLHOTO
Cynb(OKaTUOHUTA;

pazpaboTaHa TEXHOJOTHS TIONYyYCHUS AHMOHUTA, CYIb(OKaTHOHUTA W
$hocHOpPHOKUCIOTO KATHOHUTA ¥ YCOBEPIIICHCTBOBAHA TEXHOJOTUS OYUCTKH
CTOUYHBIX BOJ Ha TIPOU3BOCTBE.

J10CTOBEPHOCTH MOJYYEHHBIX Pe3yJIbTaTOB 000CHOBBIBACTCS TEM, UTO
AKCTICPUMEHTAIbHBIE PE3Y/IbTaThl TIOJIYYCHBI C IPUMEHECHHEM COBPEMEHHBIX
METONOB HcciaenoBanus Takux kak UK - ciekrpockonust, peHTreHorpadus,
¢ hepeHIMATBEHBIA TEPMUYSCKUI aHATN3, TTOTSHIIMOMETPHS U T.1I.
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Hayynasi u npakTHYecKasi 3HAYUMOCTb Pe3yJbTAaTOB UCCJIeJOBAHUS.
Hay4nast 3Ha4uUMOCTh pe3yabTaTOB HCCIEAOBAHUS OMPEAEIETCS Pa3padoTKOi
METOZIOB CHHTE32a MOJIMKOH/ICHCAIIMOHHBIX HOHUTOB - CIA000CHOBHOTO aHUOHUTA,
MOHO- Y MOJIU(PYHKIIMOHAIBHOTO CYTh()OKaTHOHUTA, MAKPOIIOPUCTOTO
cyiabdokarrnonuTa u HochOpPHOKUCIOrO KAaTUOHUTA.

[IpakTryeckas 3HAUUMOCTh PE3YJABTATOB MCCJICIOBAHUS 3aKIIOYACTCS B TOM,
YTO TOJYYCHHbIE HOBBIE HWMIIOPTO3aMEIIAIONIUE HOHOOOMEHHBIE MOJIUMEPHI
INPUMEHSIIOTCS JUIsl OYUCTKHU IMPOU3BOACTBEHHBIX CTOYHBIX BOJI, B BOJIOMOATOTOBKE
B IIPOILIECCE YMSTYEHUE BOJI U B TEXHOJIOTUHU MOIYYEHUSI HOHOOOMEHHBIX
MOJIMMEPOB Ha OCHOBE (Ppypdypoa.

BHenpenne pesyabraToB ucciaegoBanus. Ha ocHOBe pe3ynbraroB
UCCIIEIOBAHUM 1O TMOJyYCHHUIO HOHOOOMEHHBIX MOJUMEPOB [UJISI OYUCTKHU
IIPOM3BOACTBEHHBIX BOJ U JEMHUHEPATIN3ALUU BOJ], UX TEXHOJOTUU CUHTE3A!

paspaboran craHgapT opranuzanuu 1s14825224-02:2016 mnoayd4eHHOTO
Cynb(OKaTUOHUTAa Ha OCHOBE JudeHwiokcuga u Qypdypona. YTBepxaeHUE
JAaHHOTO CTaHAapTa JAaeT BO3MOXKHOCTH COBEPLICHCTBOBATH HOPMATUBHBIE OCHOBBI



MIPOU3BOJICTBA;

MOJIy4eH MaTeHT ATEeHCTBa MHTEJUIEKTyaJlbHOU coOcTBeHHOCTH PecmyOnuku
V30ekncTan Ha HOBBIN (POCPOPHOKHUCIIBII KATHOHUT, CHHTE3UPOBAHHOTO HA OCHOBE
bypdypona u mudenmnokcuna (IAP 05133, 2015). Hauubiii cnoco0d maet
BO3MOXKHOCTb MOITYYUTh PAJAUALIMOHHOYCTONYUBBIN KATHOHUT;

CUHE3UPOBAHHbIE MOHOOOMEHHBIE MOJIMMEPHl BHEJIPEHBI Ha MPEANPUATUIX
AK «¥Y3kumécanoar» (cupaBka AK «Y3kumécanoar» Ne01/3-3527/1 ot 1 HOos1Ops
2016 1.). [Tomy4yeHHBIH CyIb(POKATHOHUT UCIOJIB30BAIM B IMPOIECCAX YMSATYCHUS
apTe3MaHCKON BOJABI, B pE3yJIbTaT€ YEro >KECTKOCTb BOJbI CHM3WIHCH 10 1,1
Mr-3kB/J1.  Cynb(OKaTHOHUT Takke ObLT MCOBITAH B MPOLECCAX OYUCTKU
MIPOU3BOJICTBEHHBIX O00OpPOTHBIX BoxA. Ilpu »3TOM Tpenen OYHMCTKH  BOJ
cootBerctByeT TpeOoBanusiM ['OCT. Cunre3upoBaHHbli  (POCHOPHOKHUCIIBIN
KaTHOHUT Ja€T BO3MOXXHOCTh PEKOMEHJIOBAaTh COpPOIMI0O HOHOB MEAH U3
MEbCOJIEPKAIINX CTOYHBIX BO/I.

Anpodanusi pe3yJbTaToB HCCJIeI0BaHUA. Pe3ynbrarel uccCleI0BaHUA
U3JIOKEHbl B BUJE JIEKIMH W TPOIUIM anpoOaluio Ha MEXKIYHapOOHOW U
peCIyOIMKaHCKOM, HAyYHO-TIPAKTHYECKUX KOH(PEPEeHIMSIX, B TOM YHCIE:
«AKTyaJlbHbIE BOIMPOCHI XUMHUYECKON TEXHOJOTMM U 3alUThl OKpYyKarouieh
cpenb» (HoBouebokcapck, 2012); «MenneneeB 2013» (Canxkr-IletepOypr, 2013);
«Pecypco -u sHeprocOeperaroiue, 3K0JIOTHYECKU Oe3BpeIHbIE KOMITO3UIIMOHHbBIE
matepuanb» (Tamkent, 2013); «Organic chemistry today» (Saint Petersburg,
2014); nayuyHO-TeXHUYECKUX KOHpepeHIUsIX TalKeHTCKOTO XUMUKO
texHonoruyeckoro uHctutyta (Tamkent, 2013-2015); «AkTyallbHbIE TPOOIEMBI
WHHOBAIIMOHHBIX ~ TEXHOJOTUWA  XUMHUYECKOH, HePTEera3zoBoil W  MHINEBOU
npombinieHHOCTH (Tamkent, 2014, 2015); «Mononexs u XXI Bek-2015»
(Kypck, 2015); «IIporpeccuBHble TEXHOJOTUM TMOJTYYEHHUS KOMIIO3UIIMOHHBIX
MatepuasioB uzaenuid u3 Hux» (TamkenTt-2015); MexnyHapogHoil koH(pepeHIun
CTYAEHTOB, aCIIUPAHTOB U MOJOJbIX YuéHbIX JIoMmoHOCOB (MockBa, 2015r); IX
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International conference of young scientists on chemistry «Mendeleev - 2015»
(Saint Petersburg, 2015); «Actual problems of innovative technologies in the
development of chemical, petroleum — gas and the food — processing industries»
(Tashkent, 2016).

Ony0auKoBaHHOCTHL pe3yiabraroB. [lo Teme nuccepranuu OMyOIMKOBAHBI
Bcero 32 HaydyHbIX pa0boT. M3 Hux 16 crareit, B Tom uncie 12 B pecnyOauKaHCKUX
u 4 B 3pyOeXHBIX J>XKypHalIaX, PEKOMEHJIOBAaHHBIX BEICIIEH arTecTarmoHHON
komuccueit PecmyOnmuku Y30ekuctan Aiig myONMKAallMM OCHOBHBIX HAyYHBIX
PE3YNBTATOB TOKTOPCKHUX JUCCEPTALUH.

Crpykrypa u 00bém auccepramun. CTpyKTypa AUCCEPTALUH COCTOUT U3
BBEJICHUA, YETBHIPEX TIJIaB, 3aKIIOUEHHUs, CIHCKA HUCIOJIb30BAHHOW JIUTEPaTyphl,
npuioxkenuit. Oobem nuccepranuu coctanisier 190 crpanui.

OCHOBHOE COAEP/KAHUE JUCCEPTAIIUN
Bo BBemeHum 0OOCHOBBIBAE€TCA AKTyaJbHOCTh U BOCTPEOOBAaHHOCTH



MIPOBEICHHOTO HKCCIEAOBAHMS, LEAb M 3a/ladydl MCCIIEIOBAHMS, XapaKTepu3yeTcs
O0OBEKT © NpPEeIMET, IOKa3aHO COOTBETCTBHUE MCCIEIOBAHUA NPUOPUTETHBIM
HaIpaBJICHUSAM Pa3BUTHS HAYKH M TEXHOJOTHUU PECIyOIMKU, U3JIaraloTcsl HaydHas
HOBHU3HA M TMPAKTUYECKHUE PE3yJbTaTbl UCCIEAOBAHUS, PACKPBHIBAIOTCA Hay4yHas U
MPaKTUYECKasl 3HAYUMOCTh TOJIYYEHHBIX PE3yJbTAaTOB, BHEAPEHHE B MPAKTUKY
pE3yABTaTOB MCCIEAOBAHUS, CBEJACHUS IO OMyOJIMKOBAaHHBIM paboTaM U CTPYKTYpe
JUCCepTaluu.

B IIepBOU rjaBe IuccepTanuu «Ilomumepu3anMoOHHbIE "
NOJMKOHAECHCAIMOHHHNE KATHOHUTBI, CIIOCOOBI UX MOJIYyYeHHUs U McC/IeJOBAHNE
HX CBOMCTB» JaeTcs aHalu3 ONyOJMKOBAaHHBIX pabdOT MO CHUHTE3y U
HCCJIEIOBAHHIO MOJIMMEPU3ALMOHHBIX u MOJIMKOHICHCAIIMOHHBIX
cynbhoKaTHOHUTOB. [IpoBeneH nuTepaTypHbIil 0030p MO CUHTE3Y U UCCIIEI0BAHUIO
bocPOpHOKUCTBIX U CYJIb(OKATHOHWUTOB TEJIEBON CTPYKTYphl. PaccMoTpeHbl
MaKpOIMOPUCTHIE KATHOHUTHI € J100ABICHUEM PA3IMYHBIX MOPOOOPO30BATENEH U UX
KHHETHYeCKUe CBoMcTBa. OmpeeneHsl MOHOOOMEHHBIC TOJMMEPHl Ha OCHOBE
bypdypona. IlpuBenensl pe3yabTarbl UCCIACAOBAHUNA MO0 N3YYEHHUIO TEPMUYECKOM,
XAMHUYECKOU U PaIMallMOHHOW YCTOMYUBOCTBI) KAaTUOHUTOB.

Bropas miaBa auccepranun «UcxomHble BelecTBa U METOAMKHU CHUHTE3a
HOHUTOB)» JUCCEpPTALMM TIOCBSIICHA XapAaKTEPUCTUKAM U aHaJM3y HCXOIHBIX
BEII[ECTB, METOJIMKAM CHHTE3a MOJIMMEPHON MaTpUIlbl HA OCHOBE TU(PEHUIOKCH A U
bypdypona, mMeToaukaMm IOIYyYCHHS aHMOHHTA Cylbho — U (POCHOPHOKHUCITBIX
KaTUOHUTOB, METOAMKAM HCCJICIOBAHUS KUHETUKH PEAKIUM XHUMHYECKHX
MIPEBPAIICHUH, a TAK)KE METOMKAM UCCIICIOBAHUS COPOIIMOHHBIX U (PU3UKO
XUMHUYECKHUX CBOWCTB MOJIYYEHHBIX KATUOHUTOB.

B TpEThEUN riaBe IUCCEPTALUU «Cunres, cyjib(pupoBanue,
¢ochopunupoBanne mnojuMepa M MNOJYyYeHHE MAKPONOPHCTOI0 HOHHUTAY
M3JIOKEHBl PE3ylbTaTbl U OOCYKIEHbI UCCIEIOBAaHUS 3aKOHOMEPHOCTEW TEYEHUS
peakuuu NOJUKOHAeH Ay TudeHnIokeuaa u pypdypona, a Takxe
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UCCJIeIOBaHUA peaKiuil cylbPpupoBanus U GochopruInpoBaHUs
CHHTE3UPOBAHHOIO MOJIMMEPA C LEIBIO OJTYUYECHUS KATUOHUTOB.
[TonuKOHIEHCAIIMOHHBIE HOHUTHI OTIIMYAOTCS MTPOCTOTOM OCYIIECTBICHUS
npolecca NOJUKOHEHCAIIUU U JOCTYITHOCThIO UCXOAHBIX BellecTB. OJTHUM U3
NEPCIEKTUBHBIX MyTEN YIyUYIIEHUs] CBOMCTB MOJUKOHICHCAIMOHHBIX HOHUTOB
SIBJISIETCSL UCTIOJIb30BAHME UCXOIHBIX BEUIECTB, COAEPKAMIUX apOMATUUECKUE SAIpa
Y TETEPOLHKIINYECKUE TPYIIITUPOBKU, KOTOPBIE NPUBOASAT K MOJIYUYCHUIO HOHUTOB
001a1ar0IIMX MOBBIIIIEHHOW TEPMO-XUMOCTONKOCTHIO, MEXaHHUUECKOU
IPOYHOCTHI0. OAHUM U3 TaKUX BEIIECTB, sABIsETC Qypypos, KOTOPHIH sSBIsSETCS
HCXOJHBIM ChIPhEM IS TIOJIYUEHHUS CaMbIX pa3HOOOpa3HBIX BEIIECTB
HEOOXOIUMBIX JJIsI XUMUYECKON MPOMBINLUIEHHOCTH. C 1ENIbIO MTOIYYEHUS TEPMO
XUMOCTOMKOTO U MEXAHUYECKHU IIPOYHOTO AHUOHHUTA HAMU C UCTIOJIb30BAHUEM
UCXOJIHBIX BellecTB: ¢pypdyporia B kauecTBE MOCTUKOOOpa3oBaTes U
nudeHnIaMrHa B Ka4€CTBE HOCUTEISI MOHOTEHHBIX TPYIII CJieJIaHa MOMbITKA
MOJTy4eHUs C1a000CHOBHOTO aHHOHUTA. B paboTe ObUI0 HCClIeIOBaHO BIHUSIHUE



cooTHoIeHus pypdypona u qudeHnIaMuaa, TEMIIEPaTypbl PEAKIIUU U IPUPOJIbI

KaTaJan3aropa Ha CBOMCTBA MOMy4YeHHOTo aHnoHuTa. Oypdypoin npu
B3aMMOJAECUCTBUU C AUPEHIIAMUHOM SIBIISETCSA KOHJICHCUPYIOLIUM U CIIUBAIOLIUM

areHTOM, MTO3TOMY OT €r0 KOHIICHTPAIIMK B PEAKIIMOHHOMN Cpejie 3aBUCAT (PU3UKO
XMMHYECKHE CBOMCTBA MOJIYYCHHOIO aHUOHNUTA. Peakiiys MOJIMKOHICHCAITUN
bypdypona u nudenmiaMuaa B Cpeie paCTBOPUTENS AUMETIIIPopMaMuIa

(AM®A) npotekaeT ¢ oOpazoBaHUEM TPEXMEPHOM CTPYKTYyphl. CBOMCTBA
MOJTyYEHHOTO aHWOHUTA 3aBUCST OT CTENEHU CIIMBKH MOJYYEHHOTO TOJIUMEpa, T.€.

oT KoHIIeHTparuu Gypdypona B peakiimoHHoi cMecu (puc.l). HaGyxaemocTs u
0OMEHHasI EeMKOCTh AHMOHHUTA YBEITMYUBAIOTCS C YMEHBIIIEHUEM KOJIMYECTBA

bypdypoia B peaKIIMOHHON CMECH, OTHAKO YBEIMUCHUE KOHIICHTPAIUU
bypdyposia yBeIHUNBACT CTEIICHD CIIMBKH IMOJIMMEPA, 3a CYET YEro MOBBIMIACTCS
MEXaHWYEeCKask IPOYHOCTh HOHKUTA. VICX0/1s M3 BBIIIE H3JI0KCHHOTO 32
ONTHMAJIbHOE COOTHOIIEHUE AudeHnnamuna K pypdypory 1:1,25.

A

1- HaOyxaeMOoCTb; 2- aHHOHHUTA
Pucynok.1. Bausinue MoJIbHOTO
COOTHOLICHUSI IM(PEHUIAMHH K

¢ypdyposry Ha 00MEHHYI0 €MKOCTh

1-90°C, 2-100°C, 3-110°C.
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Ml Ikmoe ConTRGmENNE

PucyHok.2. 3aBHCHMOCTD CTEIICHU
3aBepPUICHHOCTH MOJMKOHACHCAUHT
dbypdypoaa ¢ nndpennnamun or
NPOJOJIKUTETBbHOCTH PeaKIuu

CTeneib HalyCamam, %
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C LCJIbIO BLISABJICHHA BIWAHHA TCMIICPATYPbl HA IIPOLECCC IMOJIMKOHACHCAIINH

PEAKLMI0 TPOBOAWIN IPH

mudenunamuna K pypdypony 1:1,25 B npucyrctBun karanuzaropa ZnCl,
CrerneHb 3aBEpIIEHHOCTH pEaKIUU NOJUKOHAeH cauu pypdypona ¢

nudeHUIaMIH HaOIfogaeTes B TeueHue 6 yacoB npu temmeparype 100°C (puc.2).
CKopocCTh peakiuy MOJIUKOHACHCAUU AudeHmIaMrutaa u pypdypoia
perynupoBaju ¢ MOMOIIbIO KKciioro karainuzaropa ZnCl, ¢ KoHLeHTpauuen
2,5,7,10% ot Beca dhypdyporna. MonbHOE COOTHOIIEHUE UCXO/IHBIX BEIIECTB OBLIO
1:1,25. Hanbonee onTuManbHOI KOHLIEHTpauuen karanusaropa ZnCl, siBnsercs
5-7% ot Beca dhypdyporna, npu KOTOPOil 0OecrieunBaeTCsl pABHOMEPHBIE
npoTekaHue peaknuu. Ha ocHOBaHWYM IPOBEACHHBIX UCCIEIOBAaHUI HAMH TMOTy4YEH
c1a000CHOBHBIM aHHOHUT, CBOMCTBA KOTOPOTO MPUBE/EHBI B TabuIle 1. Tadmuna 1

OcHOBHBIE CBOIICTBA AHHOHUTA MOJYYEHHOT0 IyTeM MOJIUKOHAECHCAIIUN
audennaamnaa u pypdyposaa

Iloka3zarean

Enx.uzm.

90, 100, 110°C npu MOJBHOM COOTHOIICHUH



Hacrwimiaoit Bec T/MII 0,56

VYnensHbII 00beM HAOYXIIIEro B BOJIC aHHOHUTA MII/T 2,1-1,9
O6menHas eMkocTb 1o 0,1H pacTBOpy: MT-2KB/T

HCl -//- 2,2-2,5

H,S0, -//- 3,8-3,5

HNO; -//- 2,3-2,4

TepMOCTOMKOCTH MTI-9KB/T 2,1-2,2

Oobwmennas emkoctb 10 0,11 pactBopy HCl
1ocJie KUIEHUsl aHMOHUTa B TeueHue 30 yacos
B BOJIE

MexaHnndeckast IpOYHOCTh % 99

[TonyueHHBI AHUOHUT HWMEET HEBBICOKOE 3HAYCHHE OOMEHHOM EMKOCTH
2,2-2,5 Mr-3KB/T, 4TO MO-BUAUMOMY CBSI3aHO TE€M, YTO aMHUHO - TPYyMIa HAXOIUTCS
MEXay IBYMs O€H30JbHBIMU KOJIbLIaMU AU(PEHWIAMUHA, a TaKXKe MPHUCYTCTBUE
¢bypdypona He TOJIBKO B IONEPEUYHON, HO U OCHOBHOM II€NM, YTO 3HAYUTEIHHO
YMEHBIIAET MOABUKHOCTh MOHOTEHHBIX Ipymi. OmHako, HECMOTPS Ha HU3KOE
3HAYEHUE BEITMYMHBI OOMEHHON €MKOCTH, NOJyYEHHbI aHHOHUT W3-3a HAJUYMs B
CTPYKTYpE apoMaThyecKux saep H rerepouukia ¢ypdyposa OTIMYaEeTCS
YCTOWYUBOCTBIO K TEPMUYECKUM BO3JECHUCTBUSM M BBICOKOW MEXaHMYECKON
MPOYHOCTBIO, YTO TIOJHOCTBIO COINACYETCS C JUTEPaTypHbIMUA JaHHBIMH.
[IpoMbllIEHHBIE TTOJMKOHACHCAIMOHHBIE KAaTUOHUTHI, B OCHOBHOM, IOJYYalOT U3
¢denonoB u dopmanbaeryaa. llpumenenue Bmecto popmanpaeruga ¢pypdypona u
BMECTO (PeHOJIOB JU(EHUIIOKCHJA TO3BOJIUT KapAWHAJIBHO PELIMTh Mpoliemy
MOBBIICHUA  TEPMO-XMUMO-PAJIUALNUOHHON  YCTOMYMBOCTH U  MEXAHUYECKOU
MIPOYHOCTH HOHUTOB. C DTOM TOYKM 3pEHUS HAMH B KauyeCTBE IOJMMEPHOU
MaTpullbl 7S BBEJACHHUS HMOHOTEHHBIX TpyMI, OBLT HCHOJIb30BaH MPOLYKT
MoJIMKOHAeHcanuu audenuniokcuga u  ¢ypdypona. Bwidbop BmecTo ¢eHOIOB
mudeHuIokcuaa oO0yCIOBIEH TeM, 4To: 1) Hajauyue apoMaTUYeCKUX sJep u
OTCYTCTBHE THUAPOKCHIJIBHBIX TPYII I[O3BOJSET MOJIYYUThH MOJMMEPHI C BBICOKOMN
TEPMO-XUMOCTOMKOCTBIO; 2) MOJIEKY/a AU(PEHUIOKCHAA COACPKUT O MOABMKHBIX
aTOMOB BOJIOPOAA, YTO ITO3BOJIUT, IIOJYYUTh HOHUT C BBICOKUM COJIEPKAHUEM
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AKTUBHBIX TPYNIl; 3) HaJW4YUe KHUCIOPOAHOTO MOCTHKAa MEXAY apOMaTH4eCKHUMHU
UKJIAMU CIOCOOCTBYET MOBBIIICHUIO H30MPATENIbHOCTH K HMOHAM HEKOTOPBIX
MeTajuioB; 4) NU(PEHWIOKCUII- CPAaBHUTEIBHO HE JOpPOr M JOCTymneH. Takum
oOpa3oM, C LENIbI0 TMONYYEHHUsI TMOJNUMEPHOW MATPULbI HU3y4Yald BIIUSIHHE
COOTHOILICHHE I eHUIOKCHIa K bypdypomy, TEMIIEPaTyphbI U
IIPOJOJKUTENBHOCTH PEAKLIMU HA CBOMCTBA NOJyYEHHBIX HOHUTOB.



A A

$ypdypoia
1-60°C, 2-70°C, 3-80°C
Pucynok.4. U3menenue jorapugpma
KOHLEHTPALMU pearupyouux BenecTs
OT NPOIO/LKUTEIbHOCTH PeaKuu

1-60°C, 2-70°C, 3-80°C
PucyHnok.3. 3aBucuMoOCTb CTENeHH
3aBePILIEHHOCTH PeAKIUH OT
NPOIOJIAKUTETHHOCTH PeaKIIUH
NMOJMKOHACHCAIUM TN (eHNIOKCHIA U

[IpuBeneHbl JaHHbBIC 110 U3MEHEHUIO CTETICHU 3aBEPIIICHHOCTH PEaKIUU
NOJIMKOHAeH AU AudeHnIokcuaa ¢ pypdpyposiom B0 BpeMEHH MpU

UCCJIeIOBaHHBIX Temreparypax (puc.3). Mexay u
MPOJIOJKUTENBHOCTBIO  (T) CYIIECTBYET JIMHEMHAs 3aBUCHMOCTb, KOTOpas

yKa3bIBa€T Ha TO, YTO JaHHAs PEaKIUs MOXXET MPOTEKaTh KaK PEaKIus BTOPOTO
nopsiaka (puc.4).

Taoauna 2
Bausinue coorHomenus: AupeHmiokcu K pypPpyposry Ha cBOMCTBA MOJTYYEHHOTO
CcyJb(oKaTHOHHUTA
HaumeHnoBanue mokazareiei En. CootHomienne U eHnIokcuIa
U3M. K Qypdypoiy, MO
1:1,25 1: 1,5 1:2
VYnenpHbIN 00bEM HAOyXIIETO B MJI/T 6,5-7,5 6,35-7,1 3,8-3,6
BOJIC KaTHOHHTA
HacemHoit Bec r/mn | 0,15-0,16 0,18-0,20 0,19-0,20
Crarndeckast oOMeHHas MT
émkocth, 1o 0,1 H pacTBopam: 9KB/T
NaCl -//- 2,1-2,2 2,0-2,2 0,4-0,6
NaOH -//- 5,8-6,2 5,7-6,0 2,6
Mexanunueckasi IpOYHOCTh % 96-98 99,0 99,6

PCSy.]'IBTaTBI HN3YYCHUA BIMUAHUA COOTHOHICHHA NCXOAHBIX BCIICCTB HA




CBOMCTBA MOJYYEHHOTO CYIb(POKATMOHUTA MTOKA3aI1, YTO YMEHbIIICHUE

37
KOHIIeHTpauu (ypdyposia MNPUBOAUT K YBEIUYEHHUIO OOMEHHOW EMKOCTH H
HaOyxaeMoCTH KarhnoHuTa (Tabm.2). C yBeIWYEeHHUEM TIONEPEYHON CIIUBKH
yXyJllaeTcs: pacnpeaesieHue B ¢dasze nmojauMepa BBEICHHBIX TyTeM CYIb()UPOBAHUS
MOHOTEHHBIX TPy, BCIEACTBUE YETO YMEHBINACTCS BEIMUUHA OOMEHHOW €MKOCTH
KATHUOHHUTA.
Bo uzbexxanue pacTpecKUBaHUS TpaHyl, a TaKXKe YIYUYIICHUS KMHETUYECKHUX
U MEXaHWYECKUX CBOWMCTB, HOHUT MEpe]l CyJb(PUPOBAHUEM OCTAaBIIsIIA HaOyXaTh B
pactBopurensax: tomyos, JM®A, puxiopsTaH M cepHas kuciuora. Jlydmmi
pe3yabTar ObLI JOCTUTHYT MPU HMCIOJIb30BAHUM CEPHOW KHUCIOTHI, TJI€ BEIUYMHA
obmenno# emrxoct 1o 0,1 H pactBopy NaOH cocraBuna 5,7 Mr-3KkB/T, B CBSI3H, C
yeM W Obula BbIOpaHa ONTHUMaJIbLHOM cpenod st HaOyxaHus mnonumepa. B
Ka4eCTBE CYIb(UPYIOMMX AareHTOB OBLIM HCIIOJIB30BAaHBI  XJIOPCYIb(HOHOBAS
kuciora (XCK), 5% oneym, xonnentpupoBannas 70% u 92% cepHas Kuciora.
Haubonee mnpuemsieMbiM B KadecTBe cylb(upyroimiero areHta npussata 92%
cepHas KUCJIOoTa.

A

1-60°C, 2 - 70 °C, 3 -80 °C
Pucynok. 5. 3apucumoctsb crenenu cyibpuposanns noiaumepos (F) ot
NPOJOJIKUTETBHOCTH PeaKkluy (T) NpH pa3IH4YHbIX TeMIlepaTypax

C uenplo yCTaHOBJICHHS MEXaHU3Ma CyJIb()HpPOBaHUS MOTYYSHHOTO MOTUMEpPA
peaknuto cynbpupoBanus npoBomw npu 60, 70, 80°C. MakcumanbHas CTCIICHD
MPEBpAIICHUS JIOCTUTACTCS TMPHU CyIb(OHUPOBAHWUU TOJIMMEpPA TMPU TEMIIepaType
70°C u Bpemenu 6 dacoB (puc.5). Ha ocCHOBaHWW TMONYYCHHBIX JTaHHBIX U
MPUBEJACHHBIX 3HaueHU F (cTemeHb mpeBpalieHus) METOIaMH MaTeMaTHYeCKOTO
MOJICTTUPOBAHUS ~ ObUIM  PACCUMTAHbl  KOHCTAHTBI ~ CKOPOCTH  PEAKIUHU
cyab(upoBaHus.

Taoauna 3
3aBHCHMOCTh KOHCTAHTHI CKOPOCTH CYJb()HPOBAHUS OT TEMIEPATYPHI

Neo Temneparyp Koncranra ckopoct, K, Crenenb
00pasmoB a, °C npesparnieHusi, F,%




1 60 6,313 1107 cex™! 0,7

2 70 7,41-103¢cex’! 0,9

3 80 7,86-10cex! 0,8
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N3 nmony4eHHbIX KHHETUYECKUX KPUBBIX (pHc.6,7) Ha4YaJbHBIX YYacTKaX HaMuU
paccunTaHa, 3aBUCUMOCTb -Ig(I-F) or K (koHcTaHTa ckopoctH peakuuu). C
YBEJIMYECHUEM MPOJOJDKUTEIBHOCTH PEAKUUHA JTUMUTUPYIOIIYIO CTaIUIO Ipolecca

Cynb(HPOBAHMS CBUACTEIBCTBYET IMHEHHBIH Xapakrep 3aBucuMocTH F om f\T

npu F>0,6. JIuHelHbld XapakTep 3aBUCUMOCTH [ om f\/z' CBUJIETEIBCTBYET O
BIIUSTHUU T€JICBOM KMHETUKH MPOIIecca CyIb(HUPOBAHUS.

A A

1-60°C, 2-70°C, 3-80°C Pucynok.7. 3aBucumocts F (cTenenn
Pucynok.6. 3aBucumocts —lIg(1-F) ot © npeBpalieHns) oT vt peaxkuuu

pPeaKknuu cy_m,(])npm;aﬂnﬂ NoJIuMepa Ha cyﬂbq)I/IPOBaHI/Iﬂ noJimMepa Ha OCHOBE
ocHose audenuniokcuna u pypdypona nudenuaoxcuaa u pypdyposia

1-60°C, 2-70°C, 3-80°C

W3 npuBeneHHo#l rpaduyeckoil 3aBUCUMOCTH C MCIOJIb30BAHUEM YpPAaBHEHUS
Appenuyca 1o fgo yrja HAaKJIOHAa HaWJEHAa M pPAacCUMTaHA DHEPrUs aKTUBALUU
XUMHUYECKON peakuuu cynbupoBaHus pasHas 19,35 kkan/monbs. Hebicokoe
3HAYEHUE OHHEPrUM AaKTUBALlUU CBUACTEIBCTBYET O TOM, 4YTO Mpolece
Cylb(UPOBAHUS OJUMEPA IPOTEKAET JOCTATOYHO JIETKO.

Takum o0Opa3zom, MOXKHO CYAUTh, YTO B Ha4aJIbHbIA MEPHUOA CYIb(OUPOBAHUS
(7-90 mMuHYT) peakiusi cyab()pUpPOBaHUS TMOJUMEPA XaPAKTEPU3YETCS XUMHUYECKOM
peaknueil. [lo mepe yBenuyeHUs: MPOJOIKUTEIBLHOCTH PEAKIUU U YBEIMUYCHUS
crenenu npespamieHus (F>0,6) Ha ckopocTh Cyab(GUpPOBaHUS BO3PACTAET BIUSHUE
BHYTpU-IU(PHY3MOHHOTO TPOIECCa, KOTOPBIN XapaKTepU3yeTcsl MPOHUKHOBEHHUEM
SO;H-rpynn B miy0b 3epHa monumepa, T.€. JIUMUTUPYIOLIEH cTaiuei mporecca
Cylb(prpoBaHUs CTAHOBUTCA AU (Y31 HOHOTEHHBIX TPYIIIT B FPAaHYJIbI TOJIUMEpA.
C LEJbIO NOJTy4EeHUS MOHO(YHKITMOHAIEHOTO cynb(okaTHOHUTA
mudeHuIoKkCuIHO-GYypPypOIHBIA TTOIMMED CYJIb(PUPOBATU B MITKUX YCIOBHUSX.
[Tonmumep nepen cynbhrUpoBaHUEM NOABEPraid HAOYXaHUIO B KOHLIEHTPUPOBAHHOU



cepHoii kucnore. Cynb(hupoBaHue TPOBOAWIN B TEUEHUE

6 vacoB mipu 45-50°C. JIns u3ydeHHs CTPOCHHS MPOCTPAHCTBEHHOW CTPYKTYPHI
MOJyYeHHOTO0  MOJIMMEpa B  ONTHUMAJIbHBIX  YCJIOBHAX OBUT  MPOBENEH
peHTreHoda3oBblii aHanu3. /laHHbIE pPEeHTreHO(]A30BOr0 aHaliM3a IMOATBEPXKIAIOT
CETYaTyI0 CTPYKTYpY MOJYUEHHOTO MOJIUMEPA, Y KOTOPOrO0 MOHOMEPHI COECTMHEHBI
JPYT C IPYroM MONEPEYHBIMU XUMUYECKUMHU CBII3IMH 00pa3ys TPEXMEPHYIO CETKY.
B pentrenorpamme MakcumanbHas aMop(Hast Tajo HaXoAuTcs B 24°yriiom
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OTpaXXEHUs, 4TO OOBSICHSAET HAJTMYKE PETYISIPHOCTH MOHOMEDPOB B LIENH MPU

CIIMBKE MMOJMMEpa COIIaCHO CTaTUYCCKHUM 3aKOHOMEPHOCTSAM. Tabauua 4
CpaBHI/ITeJIbeIe MOKa3aTeJii KATHOHUTOB

No 0 IMoxa3zarenn
HaszBanue xaTHOHHUTOB
@yHKIL Pa3smep Hac Vnen Cratnueckas
1o Bl BITI bH oOMeHHast
HaJIbHa YaCTHII Hast Bl E€MKOCTb 10
' , Mmacca, o0be 0,11 NaOH,
rpymnmna MM /M M, MT-3KB/T
MJI/T
1 1 budyskroHaNbH -SO;H 0,82 0,708 3,0 2,1
BIM —OH
CY/Tb()OKATHOHUT
Ha
ocHOBe (heHoIIa U
dbopmanpaeruga KY-1
2 | 2budyHKroHaTBH -SO;H 0,25 0,18 6,3 5,7
BIM —-COOH
Cynb(OKaTHOHHUT
Ha
OCHOBE TU(PEHUIIOKCHIA
u ¢ypdypona CKID
3 | 3MonodyHKITMOHATTEH -SO;H 0,25 0,29 5.4 32
Bl CyIb(OKATHOHUT
Ha
OCHOBE JTU(PEHUIIOKCHIA
u ¢yppypona CKID-1

B Tabnmuiie 4 mnpuBeneHbI CpaBHUTEILHBIC MaHHBIE (DU3HKO-XUMHUYECKHUX
CBOMCTB TOJYyYEHHOTO MOIUGYHKIIMOHATBHOTO cyibhokatuonuta CK/ID Ha
ocHoBe  jaudeHusokcuna u pypbypora U MOHODYHKIIMOHAIBHOTO
cynbpokatnonura CKJ®D-1 Ha ocHoBe mudenmwnokcuna u ¢yphypona c
MOJMKOH/ICHCAIMOHHBIM ~ IIPOMBINUIEHHBIM ~ KatTuoHUTOM KVY-1. IlomyuyeHHbie
katnoHuThl CKJI® n CKJId-1 06mamar0T XOpouMy MoKazaTeIsMu (PU3UKO



XUMHUYECKUX CBOMCTB U HE YCTYMAIOT MPOMBINITIEHHOMY KaTnoHuTy KVY-1(Tab6m.4).
7

Haceinnoii Bec, r/m’!
1,00,90,80,70,6 0,5

1
0,40,3 g
12 4
3
2
1
01020 30 40 50 60 70 0
ITopoodpa3zoBaren, %
YaeabHslii 00nem, 10 20 30 40 50 60 70
/T ITopoodpazoBarein, %
l-renran 1:1,5; 2-xamdapa 1:1,5; 3-rentan 1:2; kamapa 1-2
1:2; xkamdapa 1-2 PucyHnok.9. 3aBucumMocTs yaeJbHOro
Pucynok.8. 3aBucHMOCTH HACHIITHOTO 00beMa 0T cojepKaHust HOPoodpasoBaTe.Is
Beca OT Co/lepKAHMs TIOPO0OPA30oBATEIs NMPHU Pa3TUYHBIX MOJIBHBIX COOTHOLIEHUAX
audpenunokcua u pypepypoaa nudennnoxena u gpyppypoia

INPpH PA3JINIHBIX MOJIBHBIX COOTHOIICHUAX

l-renran 1:1,5; 2-xamdapa 1:1,5; 3-rentan
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B nureparype umeroTcs JaHHBIE O MOJYYEHUM MAaKpOIMOPUCTHIX MOHUTOB, B
OCHOBHOM, TIOJMMEPU3AIMOHHOTO THIIA, & TOJUKOHICHCAIIMOHHOTO MPaKTHYECKU
OTCYTCTBYIOT, HM3yYCHHE METOJOB CHHTE3a W HCCIEAOBAHHUS MaKpPOIIOPHUCTHIX
COTOJMMEPOB HA TIOJUKOHJICHCAIIMOHHBIX MAaTPUIAX TPEICTABISACT HAYYHBIN
unrepec. [lonukonnencanuet audenunokcuaa u ¢ypdyposa B NpUCYTCTBUU
nmopooOpasoBareyiei — H-TenTaHa W KaMmdapbl, ObUIM IOJYYEHBI COIOJIUMEPHI
MaKpOMOpHUCTON CTPYKTYyphl. C yBeTWYCHHEM KOJWYECTBA IMOPOOOpazoBarens, B
PEaKIMOHHONW Cpefie TOJIMKOHJICHCAIMU, HACHIITHAS IJIOTHOCTHh IOJIMMEPOB
CHUKAETCS, a YIeNbHbIN 00beM yBennuuBaercs (puc. 8,9).

JlJist BBIACHEHHSI CTPYKTYPHBIX OCOOCHHOCTEH MOJUMEPOB HacTO MPOBOISTCA
MCCJICIOBaHUS COPOITMU TIapoB BOJBI. [lapbl BOABI SBISIOTCS aKTHUBHBIM COpPOATOM
M0 OTHONICHUI0O KO MHOTHM TIOJMMEPHBIM MaTepuajiaM, 4YTO, OCOOCHHO, SIPKO
MPOSBIIACTCS B TOJUMEpax C TUAPO(PHIBHBIMU TPYyNIaMu W, B OIPEACICHHOU
CTCTICHH, TOPUCTOCTU. BBUIO W3y4YeHO BIMSHUE MPHUPOABI MOpOOOpa3oBaTesst Ha
copOuumio nmapoB Boabl karnoHuToM CKJID-MIT.

6
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0,05 0,15 0,25 0,35 P/P,
I-katnonut CKZI® reneBoil CTpyKTyphbI;



2-MaKpOIMOPUCTHIN KaTUOHUT (H-renTaH 60%);
3-MakponopHcThIil KaTHOHUT (KaMpapa 60%)
CKI®D-MIT
Pucynok.10. Biusinue npupoabl
nopoodpaszoBareJisi Ha H30TEPMbI COPOLIUH

MaKpOMOPUCTHIN KaTHOHUT (H-renTaH 60%);
3-MakponopHcCThIil KaTHOHUT (KaMpapa 60%)
CKI®D-MIT
Pucynok.11. U3oTepmbl agcopoumnu
BO/ISIHOTO Napa B KOOPAUHATAX YPABHEHHS

BOT
MapoB BOJAbI KATHOHHUTAMHM

1-karuonurt reneBoit crpykrypsl CKAD; 2-

[IpuBeeHHBIE 3aBUCUMOCTH TO3BOJISIOT CIETIaTh BBIBOJ, UTO MEPEXO OT
reneo0pa3Hoi CTPYKTYPHI K MAKPOTIOPHUCTOM 3aBUCUT KaK OT COAEPKaHUs KPOCC
areHTa B COMOJIMMEPE, TaK U OT KOJIMYECTBA TOPOOOpa3oBaTelis BBEIEHHOTO B
PEaKLMOHHYIO Cpeny.

[TapameTpsl MOPUCTON CTPYKTYpHI OOPa3IOB PACCUUTHIBAIN 1O YPaBHEHUIO
BOT (bpynayspa, DOmmera, Temnepa) mo wuzorepMam copOmuu. Xoj H30TepM
copOUMU TrejIeBOro W MOPUCTOTO KAaTHOHUTa c joOaBkoil 60% kamdapsl pe3ko
OTJIIMYAIOTCS MEXKIY CO00M MOPUCTOCTHIO, a ¢ Jo0aBKor 60% H-TenTaHa, KOTOPHIH
(daKkTHUeCKH HE MPUBOAUT K 3aMETHBIM Kau€CTBEHHBIM MU3MEHEHHUSIM B CTPYKTYpE
nonumepa (puc.10). M3oTepmbl aicopOIiuy mapoB BOAbI B KOOPAUHATAX YpPaBHEHUS
BOT 3aBucumocts P/x(Py-P) ot P/ P, umeet npsimonmHeHBIN XapakTep B 00JacTh
HU3KHX JaBiieHuit (puc.11). 9To noaTBEepkKAaET TPUMEHUMOCTD
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ypaBHeHus BOT 11s XapakTepucTUKN U30TEpM COPOLIMU BOJISIHOTO Mapa
MOJIy4eHHOro Makpomnopuctoro karnonuta CKJd-MII.

Ha ocHoBanum wu3oTepM  copOUMM  ObUIM  pacCUMTaHbl  MOPOBBIC

XapaKTePUCTUKU KaTHOHUTA. VIcciaemoBaHO BIHMSHUE MPUPOJBI TOPOOOpa3oBaTEIs
Ha yAENbHYIO IOBEPXHOCTH (S,,), cymmapHblii 00beM 1op (W) u paauyc mop (ry)
makponopuctoro karuonuta CKID-IIM. B kauectBe copOupyemoro BeliecTBa
UCIIOJIb3YETCS TUCTUUIMPOBAHHAS BOJA.

Tabuauna S
BJiusinue NPUPOIBLI NOPO0GPA30BATEISI HA KANWJISIPHO-TIOPUCTYIO CTPYKTYPY 00pa3ioB
Ob6pazen [TopooGpa3zoBarenb
H-TETITaH Kamdapa
EmxocTs MoHOCTOS, X\, T/T 0,0325 0,0420
VienbHas MOBEPXHOCTD, Sy, M>/r 114,24 147,63
CymMapHbiit 065EM 10p, W, cM’/T 0,17 0,25
Payc cyOMHKPOCKOMTMYECKMX KAMUIIIAPOB, Iy, A 29,76 33,87

[Ipu monydyenuu nonuMepa B MPUCYTCTBUU MOPOOOpa30BaTEsei BHIOPAaHHOTO
TUTIa 00pa3yercss KaTUOHUT, OOJaJaronIuil MaKpOMOPUCTON CTPYKTYpOH, KOTOpas
NpUOIMKAETCA K CTPYKTYpe >KECTKUX COpPOEHTOB, MpUYEM B HCCIEAOBAHHOM



WHTEpBajJC C  YBEIWYCHHEM  KOJIMYECTBA  IOPOOOpA3oBaTeiii  CTEICHBb
MaKpOIMOPUCTOCTH yBeIMYMBaeTCs. Ha OoCHOBaHWMM TPOBEIEHHBIX HMCCIIECIOBAHUN
pa3paboTaHbl  YCJIOBHS  TOJYYEHHS  MAaKPOIOPHUCTOTO  CYJIb(OKHUCIOTHOTO
KaTHOHWUTAa W OMpeleleHa €ro 3aBUCUMOCTh WX CBOWCTB OT CTCICHH
MaKpOIIOPUCTOCTH.

YerBepras 1maBa auccepraiuu «UccienoBanue CTPYKTypbl, (GU3UKO
XUMHUYECKHX M KHHETHYECKHUX CBOMCTB MOJYYEeHHBIX MOHUTOB)» TOCBSIICHA
UCCJIEIOBaHNUIO (DU3UKO-XUMUYECKUX U MEXaHUYECKUX CBOMCTB MOHOOOMEHHMKOB,
MO3BOJISIONINX OMPEACTUTh 00IacTH MPUMEHEHUs, MPEUMYIIEeCTBO U HEAOCTATKU
CUHTE3WPOBAHHBIX MOHHUTOB. C 3TOH TOYKHM 3pEHUS HAMU IPOBEICHO MOAPOOHOE
HCCJICIOBAHUE OCHOBHBIX CBOWCTB TIOJYyYCHHBIX HWOHUTOB. I3 OCHOBHBIX
XUMUYECKUX CBOMCTB HMOHHUTOB Ba)XHOE IMPAKTUYECKOE 3HAYCHUE UMEET
HOHOOOMEHHAsi EMKOCTbh, KOTOpasi XapaKTepH3yeT HOHUT C IIENIbI0 OIIEHKHU €T0
AKCIUTyaTallMOHHBIX CBOMCTB. BenmndmHa ee 3aBUCHUT OT KOJMYECTBA MOHOTCHHBIX
TpyNI MOHWTA, CTETICHW WX JUCCOIMAITMHU, a TAaKXKe MPUPOILI U KOHICHTPAITUU
oOMeHuBaronuxcs noHoB. Crarnueckyro oomMeHHyr0 eMkocTh (COE) nmomyueHHoro
aHMOHHWTAa Ha OCHOBe nudenunamMud u Gypdypoia onpenensiim us 0,1 H pacTBopoB
munepaibHbix  kucior (HCIL, H,SO,, HNO;) o00bHO copepamuxcs B
MIPOMBITIUICHHBIX PAcTBOpaxX. AHaau3 pe3yJbTaToB TAaOMMIBI | TOKa3bIBAeT, YTO
OOMEHHBIN TIOTCHIIMAJ AHMOHWUTA OOJIBIE 3aBHUCUT OT MPHUPOABI MOTIONIAEMOTO
MOHA, YeM OT NpHUpoabl aHWOHA. [lOBbINIEHHE BAJICHTHOCTH aHWOHA, KaK U
CJICZIOBAJIO OXKWJaTh, OJAroOMpPHUATCTBYET 3aMEMICHUIO THUIPOKCHUIBHOW TpPYTIIIHI,
oTctofia copOuus cyab(ar-uOHOB BHIIIE, YEM XJIOPUA-U HUTpAT — HOHOB. Ilo
KOJIMYECTBY TIOTJIOMIEHUS MCCJICIYEMbIX HOHOB MOXKHO PACTOJOXKUTh WX B
CJIeTyIOIIEH TTOCIIeI0BATEIIbHOCTH

~ 80,2 Cl =2 NO;
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Taxxe rccienoBaHa 3aBUCHIMOCTh OOMEHHON €MKOCTH TIOJTyYeHHOTO aHUOHHUTA OT
pH cpenbl 1 ucxoaHOM GOPMBI HOHOTEHHBIX TPYTII C KCIOIH30BAHUEM

MOTEHIIMOMETPHUYECKOTO TUTPOBAHUS (Ta01.6). Tabauua 6
OOMeHHas1 EMKOCTh MOJIYYCHHOI'0O aHHOHHUTA

HaszBanue COE 1o 0,1n OOmMeHHast eMKOCTD 110 KPUBBIM pK
MoJINMEepa pactBopy MOTEHIIUOMETPUYECKOTO TUTPOBAHUS
HCI,
MT-3KB/T OH-¢opma SO,-bopma
AHHWOHUT 2,6-2,4 2,2-2,1 2,0-1,8 9,6

Jns KaTMOHUTOB, COIEpPKAIIMX CHIBHOKUCIOTHBIE Tpynmbl 3HadyeHue pH
MPAKTUYECKU HE BJIMSIET HAa BEJIUYMHY OOMEHHON eMKOCThIo. OOMEHHasi eMKOCTh
MOJIYYCHHOTO  MOJU(PYHKIIMOHATIBLHOTO  CyIh()OKaTHOHUTA  OMNpEAesyiach 10
noromenuo Na'- MoHa Kak B HEUTPAIBHOW, TaK U B IIEJIOYHOU cpenax. Jluist
MOJJHOM  XapaKTEPUCTUKHA  MOJYYEHHOTO  HMOHMTA  MCIOJb30Bajld  METOI



MOTCHITMOMETPHUYECKOTO TUTpoBaHus, 1o @D.Ipuccbaxy. KpumBas wnmeer naBa
nepern0a, 3TO CBUICTEIBCTBYET O TOM, 4YTO TOJYYEHHBIH KaTHOHUT
oMU YHKIIMOHAIBHBINA, KPOME CYJIb(OTPYII COASPKHUT TaKKe KapOOKCHIIbHBIC
TPYMIBI, KOTOpPBIE 0Opa3yloTCsi B pe3ylbTare OKHUCICHHUS KapOOHWIBHOW TPYIIIBI

bypdypona.

Tabuamuuna 7
O0MeHHasi eMKOCTb MOJY4Y€HHOI0 KATHOHUTA
OOMeHHast eMKOCTh, MT-3KB/T pK, pK,

nmo 0,1 v mo 0,1 v 10 COZEP 10 KPUBBIM IIOTEHIIMO

pacTBopy pacTBopy KAHUIO METPUYECKOTO TUTPOBAHUS

NaCl NaOH cepsl, %
no SO;H no COOH
MT-9KB/T rpynmnam rpynmnam
1,85-2,0 5,7-6,0 1,6 1,58-1,6 4,0-3,8 2,2-2.4 7,4-7,6

Pacuér pK (kaxyielncs KOHCTaHThI TUCCOUMALMN) OMPEAEISUIIH 110
ypaBHeHUI0 XeHaepcoHa-Xeccenp0axa:

pK pH
Ig
== a
rae: pK — kaxymas KOHCTaHTa AMCCOLUAIMK AKTUBHBIX TPYIIIL;
0- CTENIEHb IUCCOLMAIIMY aKTUBHBIX TPYIIII.

[IpucyTcTBME HMOHOTEHHBIX TIpynn Takxke mnoarsepxkaaoT WK-cnexrps
MOTJIONIEHUSI TIOJYyYeHHOTO KarroHuta. [lomockl mormomenust B obmactu 1200-
1600 cm'B crmekrpe KarmoHHMTa cooTBeTcTByeT - SO;H rpymmam. ITomocsr
nomomeHust B oOmactu 3200-3500 CM'l, 2600-2800 CM_ICOOTBGTCTB}/}OT
BajieHTHBIM KojieObanusim - COOH rpynn. Banentneie konebanust B obnactu 1160,
860, 1020 cm', cormacHo NUTEpaTypHBHIM IAHHBIM, CcOOTBETCTBYIOT C-O-C
rpyrmmaM gudeHnnokcnaa. OTCYTCTBUE TIONOC TOIOMEHHs B obmacta 1670 cv™
CBHUJICTEIILCTBYET, 4YTO (ypdypos BCTyHaeT B peakiyio ¢ AMGPESHUIOKCHIOM 3a CUéT
KapOOHUIBHOM Ipymmbl. Takum o0pa3oM, TaHHbIE XUMUUECKUX METOJOB aHaju3a B
couetannu ¢ UK-CiekTpoCKONMYEeCKUM aHAIU30M U TOTEHLINO-
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METPUYECKUM TUTPOBAHUEM JAIOT BO3MOKHOCTD MPEICTABUTH MPENOIAracMyto
CTPYKTYPY MOJIYYEHHOTO CyIb()HOKaTHOHUTA CIETYIONTUM 00pa3oM:



Taoauna 8

DOu3uKo-XUMHYECKHE TT0KAa3aTeIn Cy.]'lb(l)OKaTI/IOHHTa Ha OCHOB¢

audennaokcuaa u pypdypo.aa
[Toka3zarenu H-dopma Na-dopma

Braaxnocts, % 15 18
HacreinHoii Bec, /M 0,18 0,2
VnenbHbIH 00bEM, MII/T 6,3 8,2
COE 1o 0,11 pactBopam, mMr-3ks/t : NaCl 1,85-2,0 -

NaOH 5,7-6,0 -

CaCl, 1,6-1,8 3,2-3,8

MgCl, 1,4 2,2-2,4

CuSO, 0,8-0,9 2,0-2,2

Tadnuna 9

CpoiicTBa nogy4eHus (pochopHOKHCIOr0 KATHOHUTA B ONTHMAJBLHBIX YCJIOBHAX

Ilokazarenu

Enusm. | ®ochopHOKUCITBII KATHOHUT
B H-dpopme




BnaxnocTtsb % 15-18
Hacrimaoi Bec /M 0,16
VYnenbHbIN 00beM HAOYXIIIETO B BOJC KATHOHUTA MJI/T 5,6-5,8
Crarndeckast 0OMEHHAast eMKOCTh 110 MT
0,11 pactBOpy 9KB/T
NaCl -//- 0,8-1,2
NaOH -//- 5,8-6,2
MgSO, -//- 1,8-2,2
CaCl, -//- 1,6-1,8
CuSO, -//- 2,1-19
NiSO, -//- 1,2-1,6
MexaHnuueckasi IpOYHOCTb % 99,8
TepMOXUMOCTOHKOCTh MT 5,6-5,8
COE nociue xumstueHus B Boze B Teuenue 20 3KB/T
yac B SHpactBope HNO;-30 MunyT 4,9-5,2
B 5H pactsope NaOH - 30 MunyT 5,4-5,6

dochoprokucbie KaTHoHUTHI ¢ Tpynnamu PO(OH), o6namarot
MOHOOOMEHHBIMHU CBOMCTBAMH, OTITMYAFOIIIMMHUCS OT CBOMCTB KATHOHUTOB C
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cynbh0o- U KapOOKCHIBHBIMH TPyNIaMu. B MEI0YHBIX U CIa0OMEeT0uHbIX cpeaax
IIPH OTCYTCTBHMHU HMOHOB KOMILJIEKCOOOPA3yIONIUX METAJJIOB ISl ATUX KaTHOHHUTOB
XapakTepHa OOBbIYHAs JUCCONMansd ¢ OOMEHOM KaTHOHOB. CTaTHYECKYIO
O0OMEHHYI0 €MKOCTh KaTHOHHWTa ompenensumm mo 0,1H pacTBOpy €IKOro HaTrpus U
XJIOpUCTOro Hatpus (Tadmn.9).

Hapsimy ¢ WOHOOOMEHHOW €MKOCThIO HMOHHTOB TIPAKTUYECKH BAXKHOE
3HAQUCHHE HMEET CKOPOCTh IPOTEKAaHUs W YCTAHOBJICHHS HOHHOTO OOMEHHOTO
paBHOBeCcHS — KHWHETHKa Tpolecca. V3ydeHne KHHETHMKHA COpPOIMU IT03BOJISCT,
PacKphITh MEXaHU3M COpOIMH, BHIOPATh ONTHMAIbHBIC YCIOBHS BEICHUS
mpoiiecca. VcciemoBaHa CKOPOCTh MPOTEKAHUS HOHHOTO OOMEHa Ha TelIeBOM

karnonnte CKJI® o6mena nono H "Na'u Na*~ Ca’" u3 0,1 1 pactBopoB NaOH
u CaCl, coorBercTBeHHO. [/ BBISBIEHUS MexaHu3Ma obmeHa noHoB H'—Na'u
Na*—Ca’" ncronp3oBanm U3BeCTHBIE 3aBUCHMOCTH CKOPOCTH HOHHOTO OOMEHA OT

BpeMmeHu [g(1-F)=ft nns nieHo4uHoUu u F =K(\/r) JUI TeJIEBOM KWUHETHKH, Tae F-
CTEIEHb TOCTHXCHUSI PABHOBECHSI.



A

1)H" "Na®;2) Na"~ Ca**
Pucynok.12. Ilpunoxumocts ypaBHenusi 1MpPy3un k 00MeHy HOHOB HA KATHOHUTE
CK1®

[Ipu moctpoenun rpaduka 3aBUcCUMOCTH [g(1-F) OT T 3KCIEpUMEHTaIbHbIE
touku s katnonuta CK/I® B H- u Na- ¢opMmax He ykiaablBaIuCh HA NPAMOU
JUHUU. DTO MOXKHO OOBSCHUTH TEM, YTO, MO BCEH BEPOATHOCTU, HA CKOPOCTH
copOIMu JOMUHHUPYIOIIEE BIUSHHE OKa3biBaeT BHYTPUANUGD(Y3UOHHBIN MEXaHU3M
KUHETUKU. O JIMMUTUPYIOUIEM BIIMSIHUU TEJIE€BOM KHHETHUKH TAKKE, MOXKHO CYJIUTh
[0 JIMHEWHOM 3aBHUCHUMOCTH B KOOpAMHAaTrax F'= f\/r JUIS HAa4aJIbHOM CTaguu

nporiecca korna F' < 0,4(puc.12)
TepmocrorikocTh karnonuta CK/® nccneqoBanu Ha BO3IyX€E, B BOJE, B BOJHBIX
pacTBOpax IIEIOYEH U KUCIIOT, @ TaKXKe METOJOM U PpepeHIInaIbHO TEPMUIECKOTO
aHanu3a. J[J11 n3ydeHus: TepMOCTOMKOCTY KaTHOHHUTA B JUCTUIUIMPOBAHHOM BOJIE
o6pasubl nonuta B H- u Na-popmax Harpesanmu pu 100°C B Teuenun 10 ygac. [Ipu
M3YYECHUU TEPMUUYECKON YCTOMYMBOCTH HCCIIENYEMOr0 KATHOHUTA HA BO3/IYXE
o6pa3iel noruta B H- u Na-popmax HarpeBamm mpu 180°C. O TepMocTOiKOCTH B
BOJIC M HA BO3/IyX€ CYJIUJIU [0 U3MEHEHHUIO CTaTUYECKOW OOMEHHOW €MKOCTH
(COE), notepu Beca, HaOyXaeMOCTH I10CJIE TEPMOOOPAOOTKH, a TAKXKe IO JaHHBIM
AJIEMEHTHOTO aHanu3a (Tadnuma 10).
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Taoauma 10
CroiicTBa katuonuTa CKJA® 10 1 mocjie TepmoodopadoTku
B Bozie npu 100°C B Teuenue 10 yacos
Cynbdokarnonut CKID Craruueckas VnenbHbI pH dunbsrpara
OOMEHHAsI €MKOCTD 00BeM
110 HOHY Na+, Ha6yx1ner0
MTI-3KB/T KaTUOHUTA
B BOJIE
n3 0,1 1 30,1 1
NaOH NaCl
Hcxonnble cBOMCTBA 5,7 1,85 6,3 7,0
[Tocne narpeBanus 5.5 1,74 6,15 5,0-5,3




Kak BugHO m3 Tabn. 11, CMHTE3MpOBAHHBIM KATHOHHT II0 TEPMOCTOMKOCTH
npeBOCXOAUT KaTHOHUT KVY-1 MOJUKOHIAEHCAIIMOHHOTO THIA M MPHOIHUXKAIOTCS K
TEPMOCTOMKOCTH MOJMMEPHU3ALUOHHOTO KatTnoHuTa KY-2.

Tabauua 11
3aBMCHUMOCTB CBOICTB KATHOHUTA OT AJMTEJbLHOCTH TEPMOOOPAOGOTKH HA BO3AyXe NPHU

temmneparype 180°C

Tun xkatuonuTa OOMeHHas EMKOCTh VnennHBIN OTHOCHUTEIbHAA
karuonura 1o 0,11 o0beM oTepst eMKOCTH, %,
pactBopy NaOH, Ha0yXII1ero
MTI-9KB/T KaTHOHUTA B 6 qac 12 gac
BOIE, MII/T
KV-1 3,01 - 32,9 35,4
KVY-2 4,67 - 6.8 10,3
CKJ® 5,7 6,3 1,10 7,8

Takum 00pa3oMm, TOJy4YEHHbIE HAaMW MOHMUTHI Ojarojapsi HaJIUYUIO B
CTPYKTypEe apoOMaTHuecKux saep U reTreporukia Qypdypona, obramaroT
MOBBILIEHHOW TEPMUYECKOM, XUMHUYECKOW, pPAAUALMOHHOM YCTOWYHMBOCTBIO U
MEXaHUYECKOM MPOYHOCTHIO0. MccnmenoBaau TakXke CBOMCTBA CYJIb(POKATHOHUTA
CKJI® neiictus obmyuenus y-mydamu Co®. O6pasiml cynshokarnonnra CKAD,
obnygamuce  y-mydamum  Co® B BosgymHO-cyxoM m  Habyxmem (B
JUCTUJUIMPOBAHHOM BOZE) COCTOSIHMSIX € MOIIHOCTBhIO A03bl S00pen/cex mpu
temreparype 25°C. Tlocie oOiaydeHuss oOpas3IioB KaTHOHHWTA B BOJE OBLIM CHSTHI
UK-cniexktpsl B H- 1 Na- ¢popmax. THTEHCUBHOCTD U XapakTep MOJIOC MOTIOIIEHUH
B obmact 1200-1600 cM™', COOTBETCTBYIOMMX CYIb(GOrpyIIaM oOOTydeHHBIX
o0pa3loB HIEHTUYHBI TmosiocaMm mnoromeHuid B HK-cnekTpax HeoOmydeHHBIX
o6pasmoB. To ke Kacaercs W IOJNOC Toromenus B odmactu 740, 810, 870 cm™
COOTBETCTBYIOLIMX KojeOaHusiM (ypaHoBOoro kousblia. [lonocel momomieHus B
o6mactn 1480-1580, 1030-1004 cm™' 06ycnosnens! konebarnsmu -CH=CH
dbypanoBoro koiblla. Bpicokas paauanvoHHas YCTOMYMBOCTH CHHTE3UPOBAHHOTO
cyab(okaToHuTa OOYyCJIOBJIEHAa, IMO-BUAMMOMY, HaJW4YUEeM HE TOJIBKO B
MOTEPEYHO, HO M B OCHOBHOHM MOJMMEPHON IENH COMPSDKEHHBIX (ypaHOBBIX
IMKIOB ¥  apOMaTHYeCKHX sjaep JIU(PEeHWIOKCHIa, KOTOpPhIE 3a  CYeT
BHYTPHUMOJIEKYIISIPHOTO nepeHoca DHEPIUuU s¢dexTUBHO 3aIUIIAI0T
(GYHKIMOHAIBHBIE TPYIIIIBI, PACIOJIOKEHHBIE BHYTPU TOU K€ MakpoMoJieKyibsl. Ha
OCHOBAHUM TPEBAPUTEIHHBIX HCCICNOBAHUN TMONYYEHHOTO CYJIb(OKATHOHUTA K
NEHUCTBUIO MOHU3UPYIOLIETO U3JIyYEHHUs,  YCTAHOBJIEHO  BO3MOXHOCTH
HCIIOJIB30BaHUs €r0 B MOJIAX C BBICOKOHM paauanuent. [IpoBeneHHbIe 1abopaTopHbIe
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MCCJIEIOBAaHUS M U3YYECHHE DKCILUTyaTal[MOHHBIX CBOUCTB cyib(hokatnonuta CKd
MO3BOJIWIIA pa3padoTaTb CXEMY M OMNbBITHO - JIA0OPAaTOPHBINA TEXHOJOTUYECKUUN



PEIIIaMCHT JIA €10 IMOJIYUYCHUA.

1,2 — ckanabl 4719 UCXOAHOTO ChIPbs; 3 — eperoHHble anmnaparsl; 4, 5, 6, 11, 13 — Mmepuuku; 7 —
peaKTop IS OMyYeHHsI moJumepa; 8 — cymmika; 9 — apoowmika; 10 — cura; 11 — eMKoCTh s
cynbhomMacchl; 12 — eMKOCTb Il CEpHON KUCIOTHI; 14-peakTop A cyabpUpOBaHUs MOIUMEPA;
15- punsTp-BeTIXMBaTENb; 16 — MPOMBIBHBIE KOJIOHHBI; 16— JIEHTOUHBIN TpaHcnoprep; 17 —
CKJIaJl TOTOBOM NMPOLYKIUHU
Puc.13. Texnonornueckas cxema nojryuenus cyibpoxaruonnra CKIAP

C uenp0 BO3BMOXXHOCTH HCIIONB30BaHUSA, MOJYYEHHOIO CYJIb(OKATHOHUTA
CKA® B mporeccax yMSTYEHHS MPOU3BOJICTBEHHBIX BOJ €r0, HCIBITHIBAINA B
IIPOM3BOACTBEHHBIX  yCIOBUSX. B  kauecTBe 00BeKkTa uUCHBITaHUS ~OblIa
apre3naHckas Boga B koteiabHOM 1exe OAO «Kykoncynepdocdar» riae B kauecTBe
KAaTMOHUTA MCMOIb3YIOT CYJIb(Oyroib, Npou3BoAcTBeHHasd BoAa u3 uexa TI'C OAO
«KykoHCIUpT» M MpOU3BOACTBEHHAss BoAa W3 korenpHOro nexa OOO  «Sarbon
Baraka Biznes». Hcnwityemsbiii cynbdokarnonur CKIAD w  mpoMbIluieHHbBIH
KaTUOHUT CylbpOyroiap wucnoias3oBaii B H- u  Na-popmax. Metonuka
skcniepumenTa o 'OCTy 4151-72.

Hcnonb3yemblii Ha BBINIEYKA3aHHBIX MNPEANPUITUSIX CYIb(OYroiab HECMOTPS
Ha CBOI0 HH3KYI0 CTOMMOCTb, H3-3a IIJIOXOH MEXaHMYECKOH MpPOYHOCTH (B
IPOLIECCE UCIIONb30BAHUS KPOIIUTHCS U MPEBPAIAETCS B MbLJIb) B TEUCHHE roja 6-
7 pa3 UCHOJNB3YIOT HOBBIE MOPLUH CYIb(POYIVIs, UYTO TaKXKe BIHIET Ha
ce0eCTOMMOCTb MOJIYYEHHON NPOAYKIMU HA 3THX MPEANPUATHSIX.
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Taoauma 12



Ymsiryenue apre3uanckoii Boabl cyjibpokaruonurom CKAD

[Ipennpusitus KectkocTh Apre3naHckas BoJia B KOTEJIbHOM 1I€Xe
BOJIBI JIO MOCJIe MCTBITAHUS, MT-OKB/TI
UCTIBITAHUS
MI-3KB/II Cynsdoyromb CynbhOoKaTHOHUT
CKJ®
H Na H Na
dopma dhopma dopma dbopma
OAO 3,0 - 0,5 - 0,4-0,5
«Kyxoncynepdocdar»
OAO «KykoHciupt» 4,2-5,0 3,0 2,2 2,2-2,3 1,1-13
00O «Sarbon 33-35 12,0-11,8 | 7,6-7,8 12,1-12,3 7,8-8,1

Baraka Biznes»

Tadnuna 13
Pe3yibTaThl ONBITHO-NIPOMBIILIEHHBIX HCNIBITAHNN 04ucTKU 000opoTHOi Boabl KKII AO
«Y3MeTKOMOMHAT» HOHUTAMH

Haumenosan En. Cocrasn ITocne ITocne ITocne
He BHUIOB H3M. BOZBI OUHCTKH OUHCTKHA OUHCTKH
3arps3HEHUH 3aKPBITOTO cynbhokatu KapOOKCHITbHBI AHHOHHUTOM
000pOTHOTO OH UTOM M OBI
nukia KKI] CK® KaTHOHUTOM (III cramus)
(I cramus ) Ko (IT
CTaus)
KecTrkocTb BOABI MT 4.9 2,1 0,7 0,64
JKB/N
Kanpuuii MT 2.9 1,3 0,45 0,4
JKB/N
Marumi MT 2,0 0,8 0,25 0,24
JKB/N
OOmas MI 7.8 5,0 2,1 0,9
HIET0YHOCTD JKB/II
XITOpUIBI MI/J1 201,7 190,3 160.8 35,45
Cynbdarst MI/n 180,7 104,3 45,7 44,0
OoOmee MI/11 1200 560 320 130
coJecofiep-KaHue
pH - 8,6 7,5 7,3 7,2
Temmeparypa °C 16 16 16 16




[Tonyuyennstii cynbpokatnonuT CKID ObuT Takke UCIOIb30BaH COBMECTHO C
KapOOKCWJIbHBIM KaTHOHUTOM M aHUOHUTOM MosrydeHHbIMU B TamXTH Ha ocHOBE
bypdypona B mporieccax yMSTUYEHHS] U OYUCTKU OOOPOTHBIX BOJ KHUCIOPOIHO
kommpeccopHoro nexa (KKI) AO «VY3merkomOuHara». Ha ocHOoBaHMM JaHHBIX
Tabnuipl 13 ObUIO YCTAHOBJIEHO, YTO MPHU KCIOJNIB30BAHUU B MPOLECCE YMITYEHUs
u ounctku Boj oboporHoro mukina KKI[ AO «Y3mMeTKoMOMHATY» HCIBITYEMBIX
cynbpokatrnonnta CKID, xapOokcunbHoro katuonuta KO u anmonutra OBI’
CTENEHb OYMCTKH BOJBI JOCTUTIAET HOPM MPEIAEIBHO JOIYCTUMONW KOHIEHTPALUH.

[TomyueHHBIN POCHOPHOKUCIIBII KATUOHUT ObLT UCIIBITAH B TEXHUYECKOU
naboparopuu AO «MAXAM CHIRCHIQ» B nporieccax 04UCTKH BOABI MEJTHO
aMMHUA4HOIO PacTBOpPa 00pa3yrolIeics B MPOLECCE OUUCTKH KOHBEPCHOHHOTIO Ta3a
MEHO-aMMHUAaYHbIM CIIOCOOOM OT MOHOB MEJIH.
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Taoauma 14
Pe3yabTaThl COPOLMY HOHOB MeIH MOJTY4YeHHBIM (PocPOpPHOKUCIBIM KATHOHUTOM B
TEXHHYECKOI1 JJa00pATOPHH U3 MeALCOAEePKAIINX CTOYHBIX BOJ
HaumeHnoBaHue En.uzm. HUcxonnasa Hcxonnasa
[IOKa3aTean KOHIICHTPAIIHSI KOHIICHTPAIIHSI
Cu*"'=90mr/n Cu*'=5,49 r/n
H-dopma Na-dopma H-dbopma Na-hopma
KaTHOHHTA KaTHOHUTA KaTHOHHTA KaTHOHUTA
Pabouas mol/m> 150 185 775 860
TAHAMHYECKas
€MKOCTb (J10
MIPOCKOKA)
IMonnas mol/m> 550 703 1350 1672
ITAHAMHUYECKas
€MKOCTD
daxkTrnueckuii g/mol 1800 1650 2500 2134
pacxon
pereHepupyoie
ro pacTBopa

Ha ocHOBaHMM TPOBEACHHBIX MCIBITAHUNA PYKOBOJCTBOM TEXHUYECKOM
AO «MAXAM CHIRCHIQ»
(hochOpHOKHUCIBIN KaTUOHUT PEKOMEHIOBAH HCIIOJIB30BATh B Ipolleccax COpOLUU
MEIU W3 MEIHO-aMMHUAYHBIX PACTBOPOB C OOJBIIUM COJCP)KAaHUEM MEIU U3

naboparopuu

MPEeANPUATUS

MCIAHO-aMMHUAYHBIX CTOYHBIX BOA C MaJIbIM COACPKAHUCM MCIH.

3AK/IIOYEHHUE

MOJTyYEHHBIN




1. [Tonukouaencanuen nudenmiamuaa ¢ pypdyposiom pazpadoran crocod
NOJTy4€HUs CI1a000CHOBHOTO aHHOHUTA, 00J1a/1al0IEr0 BEICOKOM TEPMO
XUMOCTOMKOCTBIO. VcciienoBaHO BIMSIHUE TEMIIEPATYPHI peaKlUU, COOTHOIICHUS
VCXOJIHBIX BEIECTB, IPUPO/IbI M KOHLIEHTPALUX KaTallu3aTopa U Ip. Ha CBOMCTBA
[IOJIyYEHHOTO ITOJIMMEPA Ha OCHOBAHUHU YETO PEKOMEHIOBAHBI ONITUMAJIbHBIC
YCIJIOBUSI CUHTE3a aHUOHOOOMEHHOIO ITOJIMMEpa HU3KOH OCHOBHOCTH.

2. CoBMeCTHOI NONMKOHACHCAUEN qudeHmiokcuaa ¢ GypdyposioMm MmoiydyeH
HOBBIN MOJIMMEP, KOTOPBIA HCIOJIB30BAaH B KAaU€CTBE MOJIMMEPHOW MATPHUIbI JJIS
BBEJICHUSI MOHOTEHHBIX Tpymni. CyiabpupoBaHHEM MOJIMMEpPa MOIYUYEHbl HOBBIN
cynbpokatnonut  CKIAD,  MOHO(DYHKIMOHAIBHBINA CYJIb()OKATUOHHT,
MaKpOMOPUCTHIN CYIb(POKATUOHHUT.

3. Nzyuena peakuus pochopuanpoBaHus NOIYyUYEHHOTO AUPEHUIOKCUIHO
GypdypoaHOro noaumMepa ¢ LENbI0 MOITYYeHHs] HOBOTO (POCPOPHOKHUCIOTO
nonaumepa. M3ydueHo BIUsSHHUE MPUPOJIbI U KOHLIEHTPAUU (POCHOPUIHPYIOIIETO
areHTa, TEMIIEpaTypbl U MPOJOKUTEIBHOCTH peakunu (hpochopuiinpoBanus,
KOHIIEHTPAILIMHU U IPUPOJII KaTaau3zaropa Ha cBoMcTBa (oCPOPHOKUCITIOTO
KAaTUOHUTA.

4.  VYcraHOBIEHa  BO3MOXHOCTH  TOJYYEHHS  MOHO(YHKUIHOHAIBHOTO,
NOAU(PYHKIIMOHATIBHOTO M MakKpOIIOPUCTOIO  CyJb()OKaTUOHHUTOB, a TaKKe
KaTUOHUTA, cojepxkaiero G¢ocpopHokucabie Tpynnbl. FMcnons3ys ypaBHEHUs
Bbpynayspa, Ommuta u Temnepa (BOT) nns pacuera mopucToi CTPYKTYpPbI
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nojuMepa ObUTM PAacCUYUTaHbl TMOPOBBIE XAPAKTEPUCTHUKU KATHOHHUTA, 3HAUCHUE
KOTOPBIX  TOATBEPKIAET  NPHUHAMIEKHOCTh  IOIYYEHHOIO  HMOHUTAa K
MaKpOIIOPUCTHIM KAaTHOHUTAM.

5. HMccnenoBaHo U yCTaHOBIIEHO, YTO MOJIyYEHHbBIE HOHUTHI XapaKTepPU3YHOTCs
MOBBIIIEHHOW YCTOMYMBOCTBIO K TEPMHUYECKUM, XUMUYECKHUM BO3JCHCTBUAM B
BOJIE, Ha BO3AyXe M BOJHBIX pacTBopax wienodeil, kucior. HccimegoBaHo
M3MEHEHUE OCHOBHBIX CBOWCTB M CTPYKTYphl HOJYyYE€HHOro (ochOpHOKUCIOrO
KAaTHOHHUTA MOJ feiicTBueM y-m3myderns Co® B Bome u Ha Bo3myxe. YCTaHOBIEHO,
yro npu obmydenuu n030it 500 pen/cex npu 25°C pocHopHOKUCIBIN KATHOHUT
YCTOMYUB K JICMCTBUIO pAJUALIUU.

6./ ccnenoBanpl KWHETUYECKUE XaPAKTEPUCTUKH MOJTYYEHHOTO
o pyHKIMOHATBHOTO CYIb(GOKaTHOHHTA IpH oOMene noHoB H—Na n Na—Ca**
C MCTIOJIb30BAaHUEM ypaBHEHUN AU Dy3UH, ONPEEICHbl KOHKPETHBIX 00bEKTOB
IIPaKTUYECKOTO NPUMEHEHUS TIOJyYEHHBIX HOHUTOB.

7. IlpennoxeHa NpUHLMIIMAIbHAS TEXHOJIOTMUYECKAs CXeMa U perIaMEHT Ha
MOJTyYEHUe N0JIU(YHKIIMOHAIBHOTO CyJib(hOKaTHOHUTA B OIIBITHO
MIPOU3BOJICTBEHHBIX YCIOBHUSX. TEXHOJNOrUS MOJIY4YEHUS CyIb()OKaTHOHUTA C
MIOJIOKUTEJIbHBIMU pEe3yJIbTaTaMi OIPOOHUpPOBaHA B MPOU3BOACTBEHHBIX YCIOBUAX
Ha OOO «®epranckuii XMMHUYECKHWA 3aBOI» TAE BBINYIICHA ONBITHAS IMapTHS
cynbokarnonnta CKJID. IlomydeHHas omnbITHas TMapTus CyJb(POKaTHOHUTA
CKI® Obuna HampaBlieHAa [Js WCIBITAaHUS B IPOU3BOJICTBEHHBIX YCIOBUAX B
mpoueccax ymsrdeHuss Boabl B KoTenbHbIX Hexax OAO «Kyxoncymepdocdary,



TI'C OAO «Kykoucniupt» 1 OOO «Sarbon Baraka Biznes». CynbdokarnoHuT ObLa
TaK)Ke UCIBITaH B MPOIIECCaX OYMCTKH MPOM3BOACTBEHHBIX 000POTHBIX Bog HA AO
«Y3metkoMOuHaT). OXUmAaeMblii  SKOHOMHUYECKUUA dA(PPexkT OoT BHEAPECHHUS
MOJYYEHHOTO CYJIb(OKATHOHUTA TPH OUUCTKE W YMATYEHHUS CTOYHBIX Boa AO
«Y3MmeTkoMOUuHaT» coctaniseT 330 MITH.CyM B TO/I.
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INTRODUCTION (abstract of doctoral dissertation)

The actuality and relevance of dissertation theme. At present time in the
world of ion exchange polymers found the wide usage in hydrometallurgy, in the
purification of different productional and waste water, water treatment. One of the
actual tasks is the creation and development of processes of obtaining ion
exchange polymers, with high sorptional and selective properties, by further study
of scientific fundamentals of management by explotational properties of obtained
ion exchange polymers'.

During the years of independence, our Republic especial attention was paid
to the directed obtaining weakly basic complexing anion exchanger with selective
properties of ions of copper and molybdenum by polycondensation of furfural,
benzohuanidin in the presence of polyethylenepolyamine; synthesis of new
polycondensation type ion exchangepolymers based on furfural, compounds
containing aromatic rings and increasing their resistance to chemical and thermal
influences.

In the whole world the technology production of ion exchange materials of
polymerization type on the base of monomers were established, such as



divinylbenzene, acrylic acid, acrylonitrile, vinylpyridine and investigations
directed to the solution of actual tasks are being carried out. In the production of
ion exchange polymers, it is necessary to consider a number of decisions, in
particular, on the following areas: the development of methods of ion exchange
polymers with high thermal and chemical resistant and mechanical stability;
optimal conditions for obtaining the search of ion exchange polymers with high
sorptional, selective and exploitational properties; the creation of new technologies
with the usage of existing monomers on the base work of local raw materials.

The dissertational research adds the definite contributions to the realization
of tasks, arising from the resolutions of the President of the Republic of Uzbekistan
Ne PD-1442 from December 15, 2010 «About priorities of industrial development
of the Republic of Uzbekistan», Ne PD-1072 from March 12, 2009 «On program
measures of important projects realization on modernization, technical and
technological upgrading of production» and Ne PD-2298 from February 11, 2015
«On the Program of localization of production of ready products, complecting the
products and materials for 2015-2019 years» and other normative-legal acts.

Compliance of the research to the main priority directions of science
and technology are development of the Republic. The given research was
completed, in accordance with the prioritive directions of science and technology
development: VII. Chemical technology and nanotechnology.

Review of international scientific research on the theme of dissertation®.
Scientific investigations, directed to the obtaining and implementing of new ion

A Resnik Y.I. Optimisation ion exchanging technology in water treatment: filtrum regeneration //Journal.
/" Aqvatherm. — 2003.- Ne 4. P. 42-44.

?Review of foreign scientific research by the theme of dissertation was made on the bases:
http://dx.doi.org/10.1081/SS-200068451; http://ebys.ege.edu.tr/ogrenci/ebp/course;
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exchange polymers are being implemented in the leading scientific research
centers and higher educational institutions of the world, including, University of
Maryland (USA), Ege University (Turkey), Maria Curie Sklodowska University
(Poland), University of Kitakyushu (Japan), National Academy of Science of
Belarus (Belarus) University of Melbourne (Australia), the Research Institute of
plastics (Russia), Institute of Chemical Academy of Sciences of the Republic of
Kazakhstan (Kazakhstan) and Tashkent chemical technological institute
(Uzbekistan) are being conducted researchs on the synthesis and the study of
physical -chemical and exploitational characterizes of polymers.

As a result of researchs on synthesis of ion exchange polymers and the study
of exploitational properties were obtained, in particular, the following scientific
and practical results: a new generation of ion its with homogeneous granulometric
staff of grain were obtained and implemented (Dow Chemical Co USA, Bayer AG,
Germany, and Purolite international Ltd, Great Britain ); the methods for obtaining
ion exchange polymers of polycondensational types by the way of modifying
sulfur content products of oil with epoxy resin were developed (Institute of
Chemical Sciences named after A.B Bekturova AScRK, Kazakhstan), the new ion



exchange polymers of macroporous structure on the based of polystyrene and N
methylglucamine, and were used to remove boron from geothermal water were
synthesized (Ege University, Turkey); phosphorus content ionites on the base of
styrene and divinylbenzene were synthesized and are recommended for the
production (Taejon National University of Technology, South Korea) . At present
time in the whole world are being conducted a number of scientific research works
on a number of perspective areas in particular: the obtaining of ion exchange
polymers with the improved physical-chemical, sorptional characteristics;
realization methods of obtaining of ion exchange polymers; improvement the
efficiency of the usage of available ionites and perfectionment technologies of their
production.

Scientific study of the issue. The investigations on synthesis of polymeric
ion exchangers were arried out by Chmutov K.V, Samsonov G.V., Kunin R., Myers
R., Sinyavsky V.G., Saldadze K.M., Pashkov A.B., Helferich F., Grissbah., Ergojin
E.E., Laskorin B.N., Osrborn G., Djandosova K.D., Korshak V.V., Tevlina A.S.,
Trostyansky E.B., Davankov A.B., Leykin U.A., Kopylova V.D, Bekturova E.A.,
Rizaev N.U., Turobjonov S.M., Mirkamilov T.M., Jalilov A.T., Magrupov F.M.,
Nazirova R.A., Tadjihodjaev Z.A and etc.

By the study of thermal-chemical and radiation resistant of ion exchange
polymers shown that the resistance of ionites to the effects of ionizing radiation,
high temperatures, depend on their chemical structure, the nature of functional
groups, the amount of crosslinking agent and the degree of crosslinking. In
particular, for the production of a number of sulphcationites, phosphate canionites
and semiconductor membranes were obtained and recommended. Their selectivity,
sorptional and physical-chemical properties were stydied.

https://www.researchgate.net/profile/Beata Podkoscielna; https://www.kitakyu-u.ac.jp; http://ifoch.bas-net.by and
others issues.
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The development synthesis of ion exchange polymers on the base of furfural,

having universal indicators and capable to save in the aggressive environments
their physical-chemical, sorptional, mechanical properties, synthesis of polymers
of furfural in the conjunction with other compounds, the obtaining of ionites
introduction to their structure of ionizing polar groups has a scientific and practical
significance

Relation of dissertation theme with research work at higher educational
institution, where the dissertation is being done. The dissertational work was
completed at Tashkent Chemical Technological Institute, in accordance with the
plans of scientific - research works «Industrial wastewater treatment from metal
ions by ion exchange» (2012-2015.) and within the framework of practical
research project SRP -6. (AZ 6-1) «The development of effective technologies of
purification derinaige water of textile industry from colorific substances» (2014-
2015.)

The aim of research is the development of technology obtaining a new
thermical-chemical and radiation resiatant ion exchange polymers of



polycondensation type.

In accordance with the set aim the following tasks were solved: the obtaining
of thermal — chemical resistant polytifunctional weakly basic anionite by the way
of polycondensation of diphenylamine and furfural; synthesis of cation exchange
polymers by polycondensation of diphenyloxide with furfural;

the obtaining of sulfur content and phosphoric cationites by the way of
sulphonation, phosphorylation diphenyloxide furfural polymer; the synthesis of
macroporous cation exchange polymer;

determining the sorptional properties of obtained ionites in the rebation with
sodium ions, calcium, magnesium, nickel and mineral acids in derinaige water; the
definition of thermal — chemical - radiation resistant, sorptional and complexing
properties of obtaining ionites, in the ration to ions copper, nickel, cobalt, uranium,
and etc.;

the creation technology of obtaining for polyfunctional sulphocationites on
the base of diphenyloxide furfural polymer.

The object of the research is furfural, diphenyloxide and diphenylamine,
containing aromatic cycles.

The subject of the research: the new thermical- chemical resistant, weakly
basic anionite complex forming anionite, as well as polytifunctional
sulphocationite, macroporous sulphocationite and phosphate cationite.

The methods of research. The thesis used the physical-chemical methods of
analysis: elemental analysis, determination of bromine number by Knopp,
trilonometry, iodometry, potentiometric titration, IR- spectroscopy, differential
thermal gravimetric analysis.

The scientific novelty of the research is in the following:
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the method of obtaining the thermical-chemical resistant of weakly basic
anionites with complexing capacity to the ions of heavy metals by
polycondensation of furfural with diphenylamine was developed;

a new polymer matrix by the way of polycondensation of diphenyloxide and
furfural for introducing ionic groups was created;

the regularitions of dependence reaction polycondensation of diphenyloxide
and furfural from initialmonomers, catalyst initial, temperature and etc. Were
studied;

the technological regime of sulphonation and phosphorylation reactions was
developed;

determined mechanical resistant, working interval and sorptional properties of
the obtained sulphocationites in the relation with sodium ions, calcium and
magnesium were defined;

the sorption ions of copper from copper-containing derinaige water in
dynamic conditions of phosphorous cationites of the technology regeneration
caitionite was improved.



The practical results of the research.

the method of obtaining of thermical-chemical — resistant of weakly basic
anionites by polycondensation of diphenylamine and furfural was developed; a new
polymer matrix by the way of polycondensation of diphenyloxide and furfural for
introducing of ionic groups was created;

the regularitions of dependence of reaction polycondensation of
diphenyloxide and furfural from initial monomers, catalyst of initial temperature
and etc. were studied;

the technology of obtaining of multifunctional sulphocationites was
recommended; the technology of obtaining anionites, sulphocationite and
phosphate cation exchanger was worked out and the technology in purification of
derinaige water in the production was improved.

Realibity of obtained results the realibity of pbtained results was proved
that experimental results were obtained with the usage of modern methods of
investigation such as IR-spectroscopy, rentgenography, differential thermical
analysis, potensiometry and etc.

Theoretical and practical importance of research results. The theoretical
importance of scientific results of the research was determined by the development
of methods of synthesis polycondensation of ionites - weakly basic anionites,
mono- and multifunctional sulphocationite, macroporous sulphocationite and
phosphate cation exchanger.

Practical importance of the research work was in the fact that the obtained
new import-substituting ion exchange polymers were used for purification of
industrial derinaige water, in water treatment, in the process of softening water and
in technology of obtaining the ion exchange on the based of furfural.

Implementation of the research results. On the basis of the research
results on obtaining ion exchange polymers for purification of industrial water and
demineralisation water, their technology of synthesis were obtained:
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organization standard Ts14825224-02 2016 of the obtained sulphocationite

on the base of diphenyloxide and furfural. It gave the possibility the practical
application of sulphocationite in the production;

carried out the implementation as an Intellectual property of patent of the
Republic of Uzbekistan on obtaining new phosphate cation exchanger (IAP 05133)
was realized. The method gave the possiblility to obtain the radiation resistant
cationite;

the developed technologies of obtaining ion exchange polymers were
introduced at the enterprises of AC «Uzkimyosanoat» (reference AC
«Uzkimyosanoat» Ne(1/3-3527/1 from 01.11.2016 y.) The obtained sulphocationite
was testing in the processes of softening artesian water. Hardness of water was
decreased to 1,1 mg-eq/l. The obtained sulphocationite was also testified in the
process of purification of industrial circulating water. The obtained results of
paribation on responded the norm the standarts. The synthesized phosphate cation
exchanger gived recommend in sorption copper metal ions in copper containing



waste water.

Apribation of the work. The main results on materials of dissertation were
reported and discussed at: «Actual problems of chemical technology and
environmental protection» (Novocheboksarsk, 2012); «Mendeleev in 2013» (Saint
Petersburg, 2013); «Resource and energy saving, ecologically harmless
compositional materials» (Tashkent, 2013); «Organic chemistry today» (Saint
Petersburg, 2014); scientifictechnical conferences of Tashkent Chemical and
Technological Institute (Tashkent, 2013-2015); «Actual problems of innovative
technologies of chemical, petroleum and food industries» (Tashkent, 2014 - 2015);
«Youth and XXI century 2015» (Kursk,2015); «Progressive technologies of
obtaining compositional materials products from them« (Tashkent, 2015);
International conference of students, post graduate students and young scientists
Lomonosov (Moscow, 2015); «Mendeleev - 2015» (Saint Petersburg, 2015),
«Actual problems of innovative technologies in the development of chemical,
petroleum — gas and the food — processing industries» (Tashkent, 2016).

Publication of the research results. On the theme of the work were
published totally 32 publications, including 1 patent, 16 scientific articles in
journals, recommended at Suprime attestation comission of the Republic of
Uzbekistan, 12 of them in national journals and 4 in foreign journals.

The structure and the volume of the dissertation. The dissertain consist of
introduction and 4 chapters, conclusion, bibliography and applendix. The volume
of dissertation is 190 pages.

THE MAIN CONTENT OF THE WORK

In the introduction the actuality and demand of the study, the aim and objectives
of the study were characterized by the object and the subject, the relevance of the
research to the prioritive areas of science and technology development of the
Republic was shown, the scientific novelty and the practical
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results of the research, the scientific and practical importance of the received
results were revealed into the practice the results of the research, the information
on published works and the structure of dissertation were proved.

In the first chapter of the dissertation «Polymerisation and
polycondensational cationites, their obtaining methods and the study of their
properties» were given the analysis of published works on synthesis and the study
of polymerized cationites and polycondensation sulphocationites. The literatury
review on synthesis and study of phosphate cation exchanger was carried out. The
synthesized macroporous cationites with the addition of formation were studied, the
kinetic properties of ionites were also studied. Ion exchange polymers were on the
basis of furfural determined. The results of the research of thermal, chemical and
radiation- resistance cationites were shown.

The second chapter of the dissertation , «The starting initial substances and
methods of synthesis of ionites» devoted to the characteristics and analysis of raw



materials, the methods of synthesis of polymer matrix on the basis of diphenyl
oxide and furfural techniques of obtaining anionites sulphocationites and
phosphate cation exchanger, methods of studying the kinetics of chemical
transformations reactions, as well as the research methods of sorptional and
physical-chemical properties of the cationites.

In the third chapter of the dissertation «Synthesis, sulfonation,
phosphorylation of polymer and obtaining macroporous ionites» the results of
research were presented and current laws of polycondensational reaction of
diphenyloxide and furfural were discussed, as well as research of sulphonation
reactions and phosphorylation of the synthesized polymer for obtaining the
cationites.

Polycondensational anion exchange polymers were characterized by the
simplicity of polycondensational process and the availability of initial substance
materials. One of the perspective ways of improving the properties of
polycondensational ionites is usage of initial substances that contained aromatic
cycles and heterocyclic groups, which produced ionites, having the improved
thermical-chemical resistance, mechanical stability. One of these substances was
furfural, which was the raw material for a wide variety of substances, which was
necessary for the chemical industry. In order to obtain the thermical-chemical
resistance and mechanically stable anionites with the usage of initial substances:
furfural as fridge formation and diphenylamine as a carrier ionic groups was made
an attempt.

For obtaining a weakly basic anionites in the work was investigated the effect
of diphenylamine and furfural ratio, the reaction temperature and the nature of the
catalyst to the properties of anionites.

Furfural by intereaction with diphenylamine was condening with a
crosslinking agent, so its concentration in the reaction medium depended on the
physical and chemical properties of anionites. Polycondensational reaction of
furfural and diphenylamine in dimethylformamide solvent medium proceeded with
the formation of three-dimensional structure.
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A A

1-swelling, 2- anion exchanger exchange capacity
Figure 1. Effect of molar ratio of 1-90°C, 2-100°C, 3-110°C
diphenylamine to the furfural in the Figure 2. The dependence of the degree



of completion of polycondensation of reaction time
furfural with diphenylamine from the

The properties of anionites depended on the degree of crosslinking of the
obtained polymer, i.e. the concentration of furfural in the reaction mixture (Fig. 1).
However, the increase of concentration of furfural in the reaction mixture, but the
increase in the concentration of furfural increases the degree of crosslinking of the
polymer, thereby increasing the mechanical stability of the ionites. According to
the given above from the above for the optimal ratio of diphenylamine to furfural
was 1: 1,25. With the aim of revealing the effect of temperature to the process of
polycondensational reaction was carried out at 90, 100, 110°C at a molar ratio of
diphenylamine to furfural was 1: 1,25 in the presence of a catalyst ZnCl, degree of
completion of polycondensational reaction of furfural with diphenylamine was
observed within 6 hours at 100°C. (Fig, 2). Diphenylamine polycondensational
reaction rate and were controlled using furfural acidic catalyst ZnCl, with a
concentration of 2,5,7,10% by weight of furfural. The molar ratio of initial
substances was 1: 1,25. The optimum concentration of catalyst was ZnCl, 2-5% by
weight of furfural, which provided a uniform reaction.

Table 1.
The main properties of anionites obtained by polycondensation of diphenylamine and
furfural
Indicators Un. meas.
Weight by volume g/ml 0,56
Specific volume of swollen in water of anionites ml/g 2,1-1,9
Exchange capacity on 0,1 N solution: mg-eq./g
HC1 -//- 2,5-2,6
H,SO, -//- 3,8-3,5
HNO, -//- 2,3-2.4
Heat resistans mg-eq./g 2,48-2,46
Exchange capacity on 0,1 N solution HCI after boiling
of anionites for 30 hours in water
Mechanical stability % 99
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However, despite of the low value of the obtained anionites capacity value
due to the presence in the structure of heterocycle and aromatic nucleus furfural
was differed resistant to the thermal stresses and high mechanical stability, which
was consistent with literary data.

The resulting anion exchange resin has a low value of the exchange capacity
of 2,2-2,5 mg-eq / g, which was apparently related to the fact that the amino - group



between two benzene cycles of diphenylamine, as well as the presence of furfural
was not only in the transverse, but the main chain, which considerably reduced the
mobility of ionic groups.

The industrial polycondensational cationites mostly were obtained from
phenols and formaldehyde. The use of furfural instead of formaldehyde and
phenols instead of diphenyloxide allowed to fundamentally solve the problem of
increasing the thermal-radiation, chemical stability and mechanical stability of the
ioninites. From this standpoint, as a polymer matrix for the introduction of ionic
groups and diphenyloxide polycondensate of furfural were used.

A A

1-60°C, 2-70°C, 3-80°C Figure 4. Changes in the
Figure 3. The dependence of the reaction of the degree of completion logarithm of the

the reaction time and of reactants reaction concreation the polycondensation furfural
times diphenyloxide

1-60°C, 2-70°C, 3-80°C

Choosing instead phenols diphenyloxide due to the fact that: 1) the presence
of aromatic nuclei and the absence of hydroxyl groups allowed to obtain polymers
with high thermo-chemical resistance; 2) diphenyloxide molecule contained 6
mobile hydrogen atoms, that allowed to obtain ionites with high content of active
groups; 3) the presence of an oxygen bridge between the aromatic cycles
contributed to the selectivity of certain metal ions; 4) diphenileoxide- relatively
expensive and was not available. Thus, in order to obtain a polymer matrix
diphenyloxide studied the effect of ratio to furfural polymers, temperature and
reaction time on the properties of the obtained ion-exchange polymers were
studied.

From Fig. 4 showed that between and duration (7) is a linear

relationship, which indicated that the reaction might proceed as a second-order
reaction.
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Table 2
The influence of diphenyloxide ratio of furfural to the properties of the resulting
sulphocationite

Nominations of indicators Unit. rev. Value diphenyloxide to furfural mole




1:1,25 1: 1,5 1:2

The specific volume of water ml/g 6,5-7,5 6,35-7,1 3,8-3,6
swollen cation
Weight by volume g/ml 0,2-0,19 2,0-2,2 0,15-0,16
Static exchange capacity, mg-ekq./g
on 0,1 N solutions:
NaCl -//- 2,1-2,2 2,2 0,4-0,6
NaOH -//- 5,8-6,2 5,7-6,0 2,6
Mechanical stability % 96-98 99,0 99,6

The results of studying the effect of substances on the ratio to the initial
properties of the obtained sulphocationite showed that the reduction the

concentration of furfural increased the exchange capacity and swelling cation
(Table 2).

A

1-60°C, 2 - 70 °C, 3 -80 °C
Figure 5. The degree of sulfonation of polymers (F) of the reaction time (t) at various
temperatures

With the increase in crosslinking deteriorated phase distribution in polymer
were introduced by sulphonic groups, thereby reduced the value of the exchange
capacity of cationites. For prevent cracking of granules, as well as the improved
mechanical properties and kinetics, ionites before sulfonation it was allowed to
swell in solvents: toluene, dimethylformamide, dichloroethane and sulfuric acid.

Table 3
The dependence on sulfonation temperature rate constant

Number Temperature, °C The rate constant, Conversion rate, F%
Of Kc
samples




1 60 6,313-107sec’! 0,7

2 70 7,41-107sec™ 0,9

3 80 7,86-107sec™ 0,8
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From these kinetic curves (ris.6,7) primary areas were designed, -Ig
dependence (1-F) from K (reaction rate constant). With the increasing reaction the
duration limit stage of sulfonation process showed linear dependence of F on f at
F>0,6 (Figure 5).

A A

1-60°C (1),2 -70°C, 3 -80°C Figure 7. The dependence of F (degree of
Figure 6. Dependence -lg (1-F) of polymer conversion) of polymer sulfonation
sulfonation reaction t based on furfural and reaction \t based on furfural and
diphenyloxide diphenyloxide

1-60°C (1),2-70°C, 3-80°C

The linear dependence of F on f\t evidence of influence of kinetics to the
gel sulfonation process. From the above graphic dependence with the energy
activation of the chemical reaction by tga the angle of the Arrhenius equation was
found and intended sulfonation equal to 19,35 kcal / mol. Lowering the value of
activation energy indicated that the polymer sulfonation process was fairly easy.
Thus, it could be proved that the initial stage of sulfonation (t-90 minutes) the
reaction of sulfonation of the polymer was characterized by a chemical reaction.
With the increase of reactional time and the increase the degree of conversion
(F>0,6) on the rate of sulfonation increased the effect of inter-diffusion process,
which was characterized by infiltration SO;H-groups in the interior of the polymer
grains, limiting step sulfonation process became the diffusion of ionic groups in
the polymer granules.

For obtaining the monofunctional sulphocationite diphenyloxide-furfurol
polymer were sulfonated under mild conditions. The polymer was swelled before
sulfonation in concentrated sulfuric acid. Sulfonation was conducted for 6 hours at
45-50 °C. For studying the spatial structure of the polymer obtained X-ray
diffraction analysis structure were carried out in optimal conditions. X-ray data



confirmed the network structure of the obtained polymer, the monomers which are
interconnected by the transverse chemical bonds forming a three-dimensional grid.
In the X-ray amorphous halo was the maximum in the reflection angle of 24°,

which explained the regularity of monomers in the polymer chain with the
crosslinking according to the static laws.
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Table 4
Comparable figures cationites
No Name cationite The The Weight specific Static
functio | particle of volume exchange
nal sizes volume, capacity on
group g/ml 0,1 N NaOH,
mg-eq/g

1 Sulphocationite -SO;H 0,82 0,708 3.0 2,1
bifunctional based -OH
on phenol
formaldehyde
KU-1

2 Bifunctional -SO;H 0,25 0,18 6,3 5,7
sulphocationite —COOH
based on
diphenyloxide and
furfural SKDF

3 Monofunctional -SO;H 0,25 0,29 5.4 32
sulphocationite
based on furfural
and
diphenyloxide-1
SKDF

These cationiotes SKDF and SKDF-1 had good indicators of physical and
chemical properties and were not inferior to industrial KU-1.

A A



1- heptane 1:1,5; 2- camphor 1:1,5; heptane 1:2; camphor 1-2

3- heptane 1:2; camphor 1-2 Figure 9. The dependence of the specific
Figure 8. The dependence of the bulk volume of the content of the blowing agent
density of the content of blowing agent at at different molar ratios of diphenyl oxide
various mole ratios and furfural and furfural
diphenyloxide

1- heptane 1:1,5; 2- camphor 1:1,5; 3-

The literature data of obtaining macroporous ionites were mainly the
polymerizational type and polycondensations were practically absent, the study
methods of synthesis and investigations on macroporous copolymers of
polycondensational matrices were scientific interesting.

Diphenyloxide and furfural polycondensation in the presence of blowing
agents - n-heptane and camphor were obtained copolymers are macroporous
structure. With the increase amounts of blowing agent in the polycondensation
reaction medium, the bulk density of polymers was reduced, and the specific
volume was increased (Fig. 8,9).
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2 macroporous cation exchanger (n-heptane
60%); 3-macroporous cation exchange resin
(60% camphor) SKDF-MP
1 cationite SKDF gel structure; Figure 10. The impact on the nature of the



blowing agent sorption isotherms of water 60%); 3-macroporous cation exchange

vapor cationites polymers(60% camphor) SKDF-MP Figure
0,050,150,25 0,35 P/P, 11. The adsorption isotherms of water
1-cationites gel SKDF structure; 2 vapor in the coordinates of the BET
macroporous cationites (n-heptane equation

For clarify the structural features of polymers were often conducted studies
of water vapor sorption. Water vapor sorbate was active agent many polymeric
materials that, particularly evident in polymers with hydrophilic groups and, for a
certain degree of porosity. The effects of the nature of blowing agent in the
sorption of water vapor cation SKDF-MP. The influence of the nature of the
blowing agent to the specific surface (S,,), total pore volume (W,) and a pore
radius (r;) macroporous cation SKDF-PM. As a sorbed substance distilled water
was used. The parameters of the porous structure of samples were calculated by
BET equation (Brunauer, Emmett, Teller) adsorption isotherms. From Fig.10 it
was evident that the course of sorption isotherms and the porous gel cation
supplemented with 60% camphor sharply differ porosity, and supplemented with
60% n-heptane, which actually lead to a noticeable change in the quality of the
polymer structure. Fig. 11 also showed the dependence of P/x(P,-P) of P/P,
obtained for cationites in the presence of the blowing agents such as n-heptane, and
camphor. As seen in figure 11. adsorption isotherm of water vapor in the
dependence of coordinations of BET equation P/x (P,-P) from P/P, was rectilinear
in nature at low pressures. This confirmed the applicability of the BET equation to
describe the sorption isotherms of water vapor resulting macroporous cation
SKDF-MP. On the basis of sorptional isotherms were calculated pore
characteristics cations.

The preparation of the polymer in the presence of blowing agents was
selected form cationic type having a macroporous structure which was close to the
structure of rigid sorbents and in the investigated interval with increasing amounts
of a blowing agent increased the degree of macroporosity.
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Table 5
The impact on the nature of the blowing agent capillary-porous samples
Sample Blowing agent
n-heptane camphor
The capacity of the monolayer, Xm,y /y 0,0325 0,0420
The specific surface S m?/g 114,24 147,63
The total pore volume, W, cm’/g 0,17 0,25
Radius submicroscopic capillaries, rk,A 29,76 33,87




Based on the studies the developed conditions for obtaining macroporous
sulphocationite and it was defined by its dependence on their properties on
macroporosity degree.

The fourth chapter of the dissertation «Investigation the structure of
physico-chemical and Kinetic properties of the ion-exchange polymers» was
devoted to the study of physical, chemical and mechanical properties of ion
exchangers, allowing to define the scope, advantages and disadvantages of
synthetic ion exchangers. From this perspective, we have conducted a detailed
study of the basic properties of ionites. From the basic chemical properties of
ionites of practical importance it had ion-exchange capacity, which characterized
ion exchanger in order to assess its performance properties. Its value depended on
the number of ionic groups to the ion exchanger, the degree of dissociation and the
nature and concentration of the exchanging ions. Static exchange capacity (SEC)
obtained by anionites diphenylamine and furfural were determined from 0,IN
solutions of mineral acids (HCl, H,SO,, HNO;) typically contained in industrial
solutions. Physical-chemical properties of the synthesized anionites were shown in
table 1. Analysis of the results table 1 showed that the anionites capacity was more
dependent on the nature of the ion absorbed than the nature of anionite. Increasing
the valency of anionite, as it would be expected to favor substitution of hydroxyl
groups, hence, the adsorption of sulfate ions was higher than the nitrate and
chloride ions. By the number of absorption of ions could arrange them in the
following order:

$0,2CIl 2 NO,

Also, the dependence of the exchange capacity of anionites obtained from the pH

and the initial form ionic groups used potentiometric titration. Table 6
The exchange capacity of the anionite obtained.

Polymer name SEC on 0,IN Exchange capacity from the curves pK
HCl solution, of potentiometric titration
mg-eq/g
OH- form SO,- form
Anion 2,6-2,4 2,2-2,1 2,0-1,8 9,6
exchanger

For cationites containing strongly acidic groups of pH virtually didn’t effect
on the exchange capacity. The exchange capacity of the obtained polyfunctional
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sulphocationite was determined by the absorption of Na ‘- ion in neutral and

alkaline media. For a complete description of ionites obtained by using
potentiometric titration method for F. Grissbah. The curve had two inflections, that



indicated the resulting polyfunctional sulphocationite, but it also contained sulpho

and carboxyl groups which were formed by the oxidation of carbonyl group of
furfural.

Table 7
Cation exchange capacity obtained
The exchange capacity, mg-eq / yr
0,1N 0,IN for contain By curves pK, pK,
solution solution sulfur% potentiometer
of NaCl NaOH titration
mg-eq/g SO,H COOH
groups groups
1,85-2,0 5,7-6,0 1,6 1,58-1,6 4,0-3,8 2,2-2,4 | 7,4-7,6

Calculation of pK (apparent dissociation constant) was determined by the
equation of Henderson-Hesselbah:

a
pKpH
Ig
where: pK - the apparent dissociation constant active groups;
a- degree of dissociation of the active groups.

The presence of ionic groups also supported the absorption IR- spectra of the
resulting cation. The absorption bands in the 1200-1600 cm'in the spectrum
corresponded to the cation - SO;H groups. The absorption bands in the region
3200-3500 cm ', 2600-2800 cm ' correspond to the stretching vibrations of - COOH
groups. The stretching vibrations in the area in 1160, 860, 1020 cm™, according to
the literature, according to the O-C groups diphenyloxide. The absence of
absorption bands at 1670 cmindicated that furfural was reacted with
diphenyloxide due to a carbonyl group.
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Thus, these chemical methods of analysis in combination with IR
spectroscopic analysis and potentiomric titration was allowed to preset the
resulting sulphocationite expected structure as follows.

Table 8
Physical and chemical parameters sulphocationite based on
diphenyloxide and furfural
Indicators H-form Na-form

Humidity, % 15 18
Weight by volume, g/ml 0,18 0,2
The specific volume, ml/g 6,3 8,2
SEC for 0,1 N solution, mg-eq/g : NaCl 1,85-2.0 -

NaOH 5,7-6,0 -

CaCl, 1,6-1,8 3,2-3,8

MgCl, 1,4 2,2-2.4

CuSO, 0,8-0,9 2,0-2,2

Phosphoric acid cationite exchange groups with PO(OH), had ionites properties
were differed from the properties of cation with carboxyl groups and sulfo groups.

Table 9
Properties of phosphorus cationite in optimal conditions
Indicators Ind.un. The phosphate cation
exchanger in the H

form

Humidity % 15-18




Weight by volume g/ ml 0,16

The specific volume ml/g 5,6-5.8
SEC for 0,1 N solution mg-eq/g

NaCl -//- 0,8-1,2
NaOH -//- 5,8-6,2
MgSO, -//- 1,8-2,2
CaCl, -//- 1,6-1,8
CuSO, -//- 2,1-19
NiSO, -//- 1,2-1,6

Mechanical stability % 99,8
Thermal chemical resistant mg-eq/g 5,6-5,8

SEC after boiling in water for 20 h

in 5N solution HNO;-30 minutes 4,9-5,2
5N NaOH solution at - 30 minutes 5,4-5,6

In alkaline and weakly alkaline medium, in the absence of complexing metal
ions for these cationites were characterized by the usual dissociation with the
exchange cations. Static cation exchange capacity was determined by 0,1N sodium

hydroxide and sodium chloride.

In the addition to the ion-exchange capacity of ion exchangers was practically
important to establish the flow rate and ion exchange equilibrium - kinetics of the
process. Study of sorption kinetics allowed to reveal the mechanism of sorption,
chose the optimum conditions of the process. For detecting ion exchange
mechanism H — Na‘and Na"— Ca® " using the known dependence of the rate of

ion exchange of g of time (1-F) = ft for film and F = « (\1) for gel kinetics where

F- degree of equilibrium was reached.




A

H""Na'; 2) Na"~Ca**

Figure 12. The applicability of the diffusion equation for the exchange of ions on the
cationite SKDF

When plotting 1g (1-F) from the experimental point of © for SKDF cation
exchanger in the H and Na- forms did not fit in the straight line. It could be
explained by the fact that in all probability, the rate of sorption dominant
influenced the internal diffusion mechanism of kinetics. On the limiting effect of
kinetics, the gel also could be proved by the linear dependence of F = ft
coordinated for the initial stage of the process when F <04 (Fig. 12).

The heat resistance cation SKDF investigated in air, in water, in aqueous
solutions of alkalis and acids, as well as the method of differential thermal
analysis. For studying the thermal stability of cationites in distilled water samples
H and Na-form was heated at 100°C for 10 hours. In the study of thermal stability
of the investigated cation ion exchanger in air samples in H and Na-form was
heated at 180°C. in water and thermal resistance in air was determined by
measuring the static capacity of the exchange (SEC), weight loss, swelling after
heat treatment, as well as elemental analysis.

Table 10
Sulphocationite SKDF properties before and after heat treatment in
water at 100°C for 10 hours
Sulphocationite SKDF Static ion exchange Specific pH of filtrate
capacity for Na', volume of the
mg-eq/ g swollen
cation
0,1 1 0,1 u exchanger in
NaOH NaCl water, ml / g

JaH JaH
Initial properties 5,7 1,85 6,3 7,0
After heating 5.5 1,74 6,15 5,0-5,3




For the comparison, the data on the loss of exchange capacity of KU-1 and
KU-2 during the heat treatment in air.
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Table 11
The dependence on the properties of the cation from the heat treatment duration
in air at 180°C
Type cation Static exchange capacity Specific Relative capacity loss,%
on 0,1 N NaOH solution, volume of the
mg-eq/g swollen cation
exchanger in 6 hour 12 hour
water, ml/g
KU-1 3,01 - 32,9 35,4
KU-2 4,67 - 6,8 10,3
SKDF 5,7 6,3 1,10 7,8

The synthetic cation exchange polymer in heat resistance superior to the
cation exchanger KU-1 type polycondensation and closed to the thermal stability
of the polymerization of KU-2 (tab. 11). Thus, these polymers contacted the
structure due to the presence of aromatic nuclei and heterocyclic furfural, had
enhanced thermal, chemical, radiation resistance and mechanical strength. We
studied the properties of sulphocationite SKDF action irradiation y-rays from Co®.
Samples sulphocationite SKDF, irradiated with gamma-rays from Co® in air-dry
and swollen (in distilled water) conditions with a dose rate 500ren/s at 25°C. After
irradiation cation in water samples were taken in IR- spectra H- and Na- forms.
The intensity and nature of the absorption bands in the 1200-1600 cm™,
corresponding sulphonic group irradiated samples were identical absorption bands
in the infrared spectra of non-irradiated samples. The same applies to the
absorption bands inregion 740, 810, 870 cm™'corresponding to the vibrations of the
furan ring. The absorption bands in the 1480-1580, 1030-1004 cm’due to
variations-CH=CH furan ring. High radiation resistance of synthesized
sulphocationite caused apparently by the presence of not only in the transverse and
in the polymer backbone conjugated furan cycles and diphenyloxide aromatic
nuclei which through intramolecular energy transfered to the effectively protect of
functional groups located within the same macromolecule. Based on the
preliminary studies sulphocationite obtained to ionizing radiation, the possibility of
using it was set in high radiation fields.

The laboratory research and study of operational properties of sulphocationite
SKDF allowed to develop the scheme and experimental - laboratory processed
procedures for obtain it (Fig. 13).

With the view to the possibility of the usage the obtained sulphocationite
SKDF in the process of softening industrial water it was tested in the production



environment. As the test subjects were artesian water in the boiler room of JSC
«Qo’qonsuperfosfaty which was used as a cation sulfonated coal, industrial water
from the plant of HGS «Qo’qonspirt» and industrial water from the boiler
department LLC «Sarbon Baraka Biznes». Subject sulphocationite SKDF and
industrial sulfonated cation exchange polymer was used in the H- and Na-forms.
Methods in accordance with GOST 4151-72 experiment.
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1,2 - warehouses for raw material; 3 - stills; 4, 5, 6, 11, 13 - batchbox; 7 - reactor for producing
the polymer; 8 - dryer; 9 - crusher; 10 - sieve; 11 - container sulphomass; 12 - container for
sulfuric acid; 14 reactor for sulfonation of polymer; 15 -filter shaker; 16 - wash the column;

17- conveyor belt; 18 - finished products warehouse
Figure 13. The technological scheme of obtaining sulphocationite SKDF

It was used in the above plants sulfonated coal despite its lower cost, due to
poor mechanical strength (in use becomes crumble and dust) for 6-7 times, the use
of new portions sulfonated coal, which also affected the cost of the resulting
products in these facilities.

Table 12
The testing of sulphocationite in softening artesian water in different production
enterprises



Enterprise Water Artesian water in the boiler room after the
hardness test, mg-eq/l
mg-eq/l
Sulfonated coal sulphocationite SKDF
H- form Na- form H- form Na-form
JSC 3,0 - 0,5 - 0,4-0,5
«Qo’qonsuperfosfat
»
JSC «Qo’qonspirt» 4,2-5,0 3,0 2.2 2,2-2.3 1,1-13
«Sarbon Baraka 33-35 12,0-11,8 7,6-7.8 12,1-12,3 7,8-8.1
Biznes» LLC
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The resulting sulphocationite SKDF was also used in conjunction with the
carboxyl cation and anion exchanger obtained in TashChTI based on furfural in the

process of softening and purification of circulating water of oxygen-compressor
shop (CCC) of «Uzmetkombinaty.

Table 13

The results of pilot tests clean recycled water CCC JSC «Uzmetkombinat» by ionities

Name U rev The After After After

types of compositi cleaning the cleaning cleaning

pollution on of sulphocation carboxyl anion FBH

water ite SKDF cation (11T stage)
closed to (I stage) exchanger
circulating KB
loop CCC (IT stage)
Water mg-eq/l 49 2,1 0,7 0,64

hardness

Calcium mg-eq/l 2.9 1,3 0,45 0,4
Magnesium mg-eq/l 2,0 0,8 0,25 0,24

Total mg-eq/l 7,8 5,0 2,1 0,9

alkalinity

Chloride mg-eq/l 201,7 - - 35,45
Sulphates mg-eq/l 180,7 - - 44,0

The total mg-eq/l 1200 560 320 130
content of

solesoder

pH - 8,0 7,5 7,3 7,2




Temperature °C 16 16 16 16

It was found that, when used in the process of softening and purification of
water reverse cycle CCC JSC «Uzmetkombinat» subjects SKDF sulphocationite,
carboxyl cationite KF and anion exchanger FBH degree water treatment reaches
the maximum allowable concentration standards on the basis of the data in Table
13.

The resulting phosphate cation exchanger was tested in the technical
laboratory of JSC «MAXAM CHIRCHIQ» in the process of water purification
copper-ammonia solution generated in the process of clearing the gas conversion

of copper-ammonia method of copper ions.
Table 14
The results obtained by the sorption of copper ions phosphate cation exchanger in the
technical laboratory of copper-containing wastewater

Name of indicators Unit. The initial The initial
concentration
Cu2=90Mmr/n concentration
Cu*'=5,49 r/n
H-form Na-form H-form Na-form
Working mol/m> 150 185 775 860
dynamic
capacity (to
slip)
Full dynamic mol/m? 550 703 1350 1672
capacity
Actual g/mol 1800 1650 2500 2134
consumption of
regenerating
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On the basis of tests, it was carried out supervision the technical laboratory

of the enterprise JSC «MAHAM CHIRCHIQ» cation exchange resin was obtained

phosphate recommended use of copper sorption process of copper-ammonia

solutions with the high content of copper from copper-ammonia wastewater with
low copper content.

CONCLUSION

1. By polycondensational diphenylamine with furfural was developed the
method for obtaining a weakly basic anionite, having a high thermical-chemical



resistance. The effect of reaction temperature, the ratio of the initial substances, the
nature and concentration of the catalyst and others. On the properties of the
obtained polymer based on the optimum of the recommended conditions for the
synthesis of anion-exchange polymer of low basicity were investigated.

2. Joint polycondensational of diphenyloxide with furfural was obtained a
new polymer which was used as a polymer matrix for the introduction of ionic
groups. Sulfonation of the resulting polymer recommended new sulphocationite
SKDF, monofunctional sulphocationite, macroporous sulphocationite.

3. Investigated the reaction of phosphorylation obtained diphenyloxide
furfurol polymer in order to obtain new phosphate cationite. Investigated the
influence of the nature and concentration of the phosphorylating agent, the reaction
temperature and duration of phosphorylation, nature and concentration of the
catalyst on the properties of phosphate cationite.

4. Were studied the possibility of obtaining a monofunctional, polyfunctional
and macroporous sulphocationite and cationite containing phosphoric acid group.
Using the equation of Brunauer, Emmett and Teller (BET) for the calculation of
the porous structure of the polymer were calculated pore characteristics cation,
which confirms the value of belong to the polymer obtained macroporous cation
exchanger.

5. Investigated and found that the resulting polymers were characterized by
the high resistance to thermal, chemical resistance to water, air and aqueous
solutions of alkalis, acids. The change of the basic properties and structure of the
resulting phosphate cation exchanger under the influence of 60Co y-radiation in
water and in the air. It was found that irradiation dose of 500 rengen/s at 25°C
phosphate cation exchanger was resistant to radiation.

6. Kinetic data of the multifunctional sulfonic ion exchange with H" — Na"
and Na" — Ca”*"using diffusion equations were defined specific objects practical
application of ion exchangers.

7. The principal of technological and reglament on obtaining of polyfunctional

sulphocationite in expertly-productional conditions were suggested. Technology of
obtaining sulphocationite with the positive results was tested in the productional
conditions at «Fergana chemical factory» where produced the expering cationites
party of the pilot batch sulphonicationite SKDF. The obtained experimental of
sulphocationite SKDF it was sent for testing under production
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conditions 1in water softening processes in boiler shops of JSC
«Qo’qonsuperfosfaty, JSC «Qo’qonspirty and LLC «Sarbon Baraka Biznesy.
Sulphocationite was also tested in the process of purification of industrial
circulating water at JSC «Uzmetkombinat». The expected economic effect from
the implementation of obtained sulphocationite in purification and softening
drainage water JSC «Uzmetkombinat» showed 330 million soums per year.
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