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Kupuim (10KTOpJIMK AUCCEPTANMACH AHHOTALMSICH)

Jucceprauus MaB3yCHHUHI J0J3ap0uauru Ba 3apyparu. JKaxoHga xap
i metamapHuHr 10% arpod MyxuT OuilaH KUMEBUN E€KU AIEKTPOKUMEBUI
TabCUPJIALTYBU HATWKACHJA KOppo3usra y4dpald emMupmiaau, OyHUHT OKuOarwma
eTKA3UIAETTaH 3apap MUILTHAP/ CYMJIAPHH TAIIKUI KUIagu'. 3aMOHABUH TEXHHKA
Ba TEXHOJOTHUSJIADHUHT aCOCUW Marepuauiapu OyiraH TEeMUp acoCHUJaru
KOTHIIMAJdap HAMJIMK, XaBOJAru KHCIOPOJ, a30T, ONTHHTYTYPT OKCHIJIapu Ba
Oomka KuMEBMHN (aod MOAJATAPHUHT TAbCHUPU HATHKACHIA KOPPO3USIAHHILITA
yupanau.

PecnyOnukaMnu3 MyCTaKWUIMKKA SPHUINTaHUIAH OyEéH KUME caHOoaTuja SHTU
TypAard MaxCyJIOTJAapHA WINIIa0 YUKAPHUIIHU PUBOKIAHTUPHUIN HYHATUIIHAA
WIMHNA W3TAHUIIIAPHUA IOKOPH Japakaja TaIllKWI 3TUII Ba MaxXautmid 0030pHU
UMIIOPT YpHUHU Ooca oJaguraH KAMEBHN peareHTiIap OWiaH TabMHHIIAII
Oopacupa KEHI KaMpOBJIM 4YOpa-TaaOWpiap amaira OIIUpUiInO, MyalsH
HaTwKanapra spumuiad. by 6opaga opraHuk Ba onuromep OMpHKManap acocujia
unUiad YMKApWIraH WHTHOWUTOpNAp TYpJid CyB THU3MMIIApPU Ba CYB TabMHHOTH
TapMOKIapuaa, HepTHU KakWTa wunuiam Ba HedT kuME caHoariapuma, Oapdya
HHEPreTUK KypUJIMATapHU XUMOsUIall[a WIUIATHIAId Ba METAJJIApHHU HIIJIAII
TaBPUHU y3aUTHPUIIIMHA aTOXH/1a TABKUIAII MyMKHH.

Kaxon wmuku€cuma merainap cudaTHHU OIIUMPHUII Ba YlapAaH camapaliu
(doitnanaHuIl 103aCUaH MaKCa UM TAAKUKOTJIAPHU amMaJira OIUPHUII MyXUM OYiIuo,
Oy Oopana Kyiuaaru macajanapra ajoxuja dbTHOOp KapaTWIMOKIA: KyMJlajaH,
CyBlla OPyBYaH OJUTIOMEpP Ba MOJUMEP HHTUOUTOPIAPHUHT Ty3 XOCHJ KHIIMII



xKapa€Hilapura Kapii —Kypaljia KYJUIAaHWIUIIW, MeTaulap  KOPPO3USICHHU
WHTHOMpIANI XyCyCUsATHAa MakOyl IIapOWTIApHU aHWKJIAIl, TapKUOWaa asor,
dbochop TyTran OupHKMaTap acocujia Kopa Ba paHIIM METaUIApHU TYpiu
MyXHTIapJa XAMOSJIOBYM CyBJa dPyBYaH OPTaHUK Ba OJUTOMEP WHTHOMTOPIIAPHU
CUHTE3 KWJIHII, WHTUOMpIAIl MEXaHW3MHUHHUHT (PU3UK-KUMEBUM KOHYHHSTIAPUHU
WIMUHN KUXaTJaH acociani. MeTast Ouiian aficopOIIMOH TabCUPIIAITyB HATHKACK A
YHUHT XUMOSUTAIl XOCCajapu Typiu XapopaTiapaa KaHmaal HaMOoEH OYIuIM Ba
peaKkiysi MEXaHU3MJIAPUHY YPTaHWII HATHXKACUAA STHTH camapaop WHTHOUTOpIIap
UIU1a0 YuKapui OyryHru KyHaa 1oi3ap0 Bazudanapaad Oupu XxucobiaHau.
V36exucTon Pecnybmukacu Ilpesunentunmar 2010 #un 15 nexabpmaru
[IK-1442- con «2011-2015 jmnnapna V3bekucron Pecry6nukacu caHOATHHH
PHBOXTAHTHPHITHUHT YCTYBOP HYHAINILIAPH TYFPUCHAANTH KAPOPH, Y30EKHCTOH
Pecniybnukacu Bazupmap Maxkamacununr 1992 itun 9 nexabpmaru «Tabuarnu
Myxodaza xkuum tyrpucugantu, 2013 wiun 27 madigarn «2013-2017 immmapaa
V36exucron Pecny6nukacuma arpod MyxuT Myxodasacu Oyiimua Xapakariap
nacTypu TYFpucuaantu Kapopimapu WKpOCHMHM TabMHHIANIAA Xamaa Mas3Kyp
(daonuATra TETUILIN OOIIKAa MEBEPUN-XYKYKHH Xy XoKaTiaapaa Oeiruianran

Mononpuropa A.A. HccnenoBaHne KOPPO3HOHHOTO —pa3pylICHHs TIOBEPXHOCTEH HE(TENPOBOIOB MOCTE
JUTHTENIbHOM dKcInTyaranuu // Bectauk FOropckoro rocynapersensoro yuuepcurera. -2011. -Beim. 4 (23). - C.105-
112.

BaszudarapHA aMajra OIMPHUIIAA YO0y TUCCEPTAIUs TAJKUKOTA MyaisiH
Japaxazaa Xu3mar Kujaaiau.

TagKUKOTHUHT pecnyoJuKa dan Ba TEXHOJIOTUAJIapU
PMBOXJIAHUIIUHUHT YCTYBOP MyHAJIMILIAPUIa OOFTMKJIUIH. Ma3Kyp TaIKUKOT
pecniyonuka ¢an Ba TexHosorusmap puBoxkiaaHumMHUHT  VII.  «KuméBuit
TEXHOJIOTHS Ba HAHOTEXHOJIOTHS YCTYBOP MyHATUIINTa MyBO(DUK OakapuiraH.

JluccepTauMSIHUHT MaB3ycHM OyiiH4a XOPHKUI MIMHIA-TAAKHUKOTIAP
mapxu. ‘MHruGuTopnapHy Munuiab YMKApUIN OyiiMya HYHAITHPHITaH WIMHIA
U3JIAHUIUIAD JKaXOHHUHI €TaKyu WIMHM Mapka3jgapu Ba OJHUHA  TabiuM
Myaccacaiapuja xymiaaad, Institute for Technical and Macromolecular
Chemistry (I'epmanust), University of California, Max-Planck-Institute School of
Chemistry and Chemical Engineering, School of Chemistry, University of
Edinburgh (AKIII), Technical University of Cluj-Napoca (Pymunust), Mocksa
JaBiar myaT Ba KOTUILIMalap MHCTUTYT, MOCKOBCKast AKaJeMHUsl TOHKOM
xumMuueckor Texnonoruu (Poccust), YMymuii Ba HOOpraHuk KUME HHCTUTYTHA
(Y36exucTon) oaub 60puIMoKia.

Koppo3us sxapaéHuaa opraHuk OMpUKMaIapHu UHTHOUPIIAI XyCyCUsiTiapura
OMJT ’KaxXoHJa 010 OOpUiTaH TaIKUKOTIAp HaTHKacuaa Oup KaTop, )KyMilaJiaH,
KyHuJaru UMUK HaTHKaJlap OJMHTaH: (PaoJUTaHMIL SHEPTUICUHUHT
Xycycustinapunan y3rapuim anuktanrad (Institute for Technical and
Macromolecular Chemistry, ['epmanust; University of Edinburgh, AKII); meTtasn Ba
YHUHT KOTUIIMAJIapy MacCUBIAHUIINIA UHTUOUTOpIIap cudaThaa OpraHuk Ba



HOOPTaHHWK OMpUKMaIap KUPUTUITaH OYIn0, yIIapHUHT MEXaHU3MU aHUKJIaHTaH
(Technical University of Cluj-Napoca, Pymunus); opranvk MoJjieKyJlajgapHu Typiau
aHMOHJIAp aJIMAIIMHYBYH TypyXJjiap TabuaTura TabCUpH, KOPPO3Hsl HHTHOUTOpIapH
MeTaJuTap Ba KOTUIIIMaJIap/a CeKUHIaTyBumiap spatwirad (MockBa gaBiar mynaTt
Ba KOTHUIIIMaJIap UHCTUTYT, Poccus); MeTaiapHu KOPPO3HsIIaH XUMOsUIaIaa
doiinamanuIaAural OpraHuK OUpUKMaap CUHTE3 KIIMHTaH (JlepkaBUHCK JaBiar
TEeXHHUKAa YHUBEpCUTETH, Poccus).

JyHéna meTtaniapHu KOppo3UsIaH XUMOsIall Oyiinua Karop, )KyMJyajaH,
KyHuJard yCcTyBOp MyHanunuiapaa TaaKuKoOTIap oiaubd OOpUIMOKIa: aMUHO TYPyX
TYTraH OpraHuK OMpHUKMajap acoCUJard IKOPHU cU(aTin camapaiopiu
WHTUOUTOPIIAPHHM SIPATHUIIT; MTYJIATHWHT CYyBJIard KOPPO3USICUHU CYyCAUTHPHIIIIA
CUpTra MHTHOUTOPIAPHUHT TAhCUPUHH aHUKJIAIIT; XUMOSIJIAI XyCYCHUSITH,
OMpUKMaNApHUHT METAJT CHPTUTA aJCOPOIMSITAHUINN, KaTO Ba aHOJ
Kapa€HJIapHU CEKUHJIAIITUPHUIIT OUlaH OOFIMKIUTUHA NCOOTIAI;, KYJIJTaHWIaéTral
WHTHOHUTOpPJIapPTa MyXHUT Ba KOHIICHTPAMSHUHT TAbCUPUHU aHUKJIAII.

MyaMMOHUHI YpPraHwirahjuk aapaxacu. PecnyOnumkamMu3 Ba XOpHXK
oMUMJIApU TOMOHMJAH SIPAaTWITAaH KYNTHUHA TAJKUKOT WIUIAP KOPPO3HUS
WHTUOUTOpIApUHN HIIIA0 yuKapuiira OarunuiaHrad. ByryHru kyHaa Kopposus
WHTHOHUTOPIIAPH TaIKUKOTIapHaa GU3UK-KUMEBUH, JJIEKTPOKUMEBHH Ba OOIIIKa

*Jluccepranus MaB3ycu 6¥ifiua XopHKHil WIMHIA-TaIKMKOTIap mapxu www.dissercat.com,
http://www.fundamental-research.ru Ba Gomrka manbanap acocuaa UIIad YHKUITaH.
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TypIM yCymaap WILIA6 YMKWITaH', OMPOK TEXHOJOTHS PHUBONKIAHHINN OWIAH
KOppo3usl JKapa€éHuJia OpraHWK OWpUKMaJapHU HWHTHOUTOp cudaruma TabCcUp
KWIMII MEXaHW3MHM XaMJa MyJaT CUPTUIa TabCUPUHU YpraHuil OYViuda WIMHMA
TAJIKUKOT MIIJIapura ajoxujaa yTH00p KapatuiaMokaa. [1ynar cupTuHUHT opraHuk
Ba (docdar OupukMamap acocujard HHTUOUTOpIAp OWJIAH HMHTUOMPIAHUIIH
KU3UKapJIA Xamja YpraHwiMarad caBoji 0yiau6 koaMokaa. KoMmruieke TaaKkukoTiap
SHTU DKCIIEPUMEHTa] TEXHUKAa acocCuJa IOKOpHU camapajopiiv HHTHUOUPIOBUU
KOMIO3ULMSUTAPHUHT CUHTE3UHU amMara OIIUPUII UMKOHUHU sSipaTaju.

Anabuértnap mapxu IyHu kKypcaraauku, xyna kyn uuaviap (FO.P. Osanc, T.IIL.
Xop, N.JI. Pozendenna, R.P. Frankental, D. Brasher, K.Z. Schwabe, C.3. Jlepun,
1O. Kopounes, B. [1yTunoB) anekTpokUMEBHI yCyiap TaAKUKOTIapUra
Oarunuianran 0ynuo0, ynapaa uHruouropiap cudaruaa Typid Xujil MaTepuaiap
KyinaHuirad. Y36exucTon onmumiapy, xymiaagan P.C. Tumtaes, IA. 1lpiraHos,
®.K. Kyp6aunos, A.T. [Ixxanmios, B.I1. I'ypo, X.U. Akbapos, A. Ukpamos, JI.
KOcynos, 3.b. Tamxuxomkaes Ba OomiKagap METaUIApHU KOPPO3USIaH XUMOSIaI
MyaMMOCHHH XaJl KWIHIIJIA XaM/Jla UHTuOuTopiap cudaruia uiuiaTuiaurad
KUMEBHMM OMpUKMaJIapHU CUHTE3 KHJIMO OJIMHUIIKIA Y3 WIMHI TaIKUKOTIApH
OnlaH Karra Xucca K}"/mraHJIap4.

®docharnm HUHTHOUTOPIIAPHUHT IOKOPH CaMapaJopjiurd TYypJid MYXHUTIA



acocna® KypcaTwiran’, OMpOK ’Kyda KyN TaAKMKoTIapaa Toza ¢ocharim &xu
nonudocdaram oupukmanap KyiaaHuwiran 6yiano, opranuk gocdariv Ty3nap Kam
VYprauwiran €xku TYnMK €putwiMarad. Koppo3us uHruOuTopiapu KyJIJIaHWIMILIN
Oyiinya KyNnruHa HIIap MabiayM OYiauO, 3puUTMaza METAJIapHU TabCHUPJIAIIYB
KOOMIUATH KUMEBUH (aos rypyxjaap yUyHTHHA TaaJUTyKIUANDP.

ATpo(-MyXUTHH XuMosuTalura Oyiran TaniaOHUHT OPTUIIH OWJIaH,
MeTaJUTapHU KOPPO3UsaH cakjallia MHIUBUyall KUMEBUN OMpUKMaap
KYJUTAaHUJTMIIMHUHT KyWH caMapaJOpJIvKKa OJIM0 KeIUIIU MUKAOPHUH ycysutap
épaaMua OJAMHIaH MabIyM HHTMOUTOPIAPHUHT KYJUTAHWINII TOMPACUHU KECKUH
yerapanab kyiimMokaa. [IlyHuHT ydyH 5KOJOTHK XaBPCH3, KaM 3axapiiu
WHTUOUTOpIIap UIIa0 YMKWINIIN J10J13ap0 Macana 6yaub 6opMoKa.

Juccepranuss MaB3YCHHHHI JUCCEPTANMS 0a)KapUJIraH OJUH TabJIUM
MyacCcacaCHHMHI WIMHH—TAAKUKOT MLILIAPH OMIaH OOrIMKJIUIH. Jluccepranus
TaJAKUKOTHU V36ekucron  Mumumii YHUBEPCUTETH WIMHU-TAAKUKOT HIILIAPH
pexxacuauHr OT-®. 3-151 «llomumepnap Owuonoruk ¢aon Oupukmanap Ba
uHruouropnap cudaruna» (2007-2011 iiit.); ED-7-1 «Maxannuii xom amé acocua
MeTaJJ1ap KOPPO3USICU UHTUOUTOPIAPUHUHT sTHTH aBiogu» (2014-2015
iii.) MaB3ycuaaru GyHIaMeHTal Johuxanap Joupacuaa 0akapuiras.
TaaKHKOTHMHI MaKcaaM METAJNIApHU KOPPO3USAaH caMapaiy XUMOsIaiuran
SIHTY OJTMTOMEP UHTUOUTOPIIAPHU SIPATUII XaM/ia yJiap

*Baranos PX., Uromms P.B., Kysnenos 10.11., [lupronsaukosa H.B. IIpakTika NpOTHBOKOPPO3HOHHOM 3aIIUTEL. M.
2009. Ne3. (53).-C.19-26.

*Ocranos VI0., bexnaszapos X.C., xamunos A.T., Ak6apos X.M., Xomuxos A XK. IHruGupoBanue KOppo3HH
yrepoauctoii cranu gobaBkamu MAT'-1 u MAT'-2 B pa3nuuHbIX cpenax // DHIUKIONEUUECKUH CIIPaBOYHHK. -M.
2009. -Ne4. -C. 31-32.

3Jlopoxosa E.A., Kpenc U.b., Bypxur6aepa b.J]. Ancop6ums nonmudocharos Ha cTanbHOM smexrpose // BecTHuk
KazHY. Cep.xumus. 2002. -Ne5. -C.109-113.
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TabCUPUHUHT (PU3UK-KUMEBUIN XyCyCUSITIAPUHN aHUKIamad nbopar. Makcaara

APUILIUII YUYH KyHHIaru TAAKMKOT Ba3udanap Oenruianan: MeTaiap

KOppo3usicuja Tapkuouaa a3ort, Gocdop, ONTUHTYTYPT TyTTaH
OMpUKMaap acocuaa OJIUroMep HHIHOUTOPIAPHU CUHTE3 KUJIUIL, OMpUKMalapHU
KBaHT-KUMEBUI Ba MOJIEKYJISIP-AMHAMUK TaBCU(IIApUHU XHCOOIal;

MeTajulap KOppo3usICUIa CUHTE3 KMJIMHIaH OJIUTOMEpP OMpHUKMaapHH Typiu
¢doH spuTManapa HHrHOUpIIAIl MEXaHU3MIIAPUHU aHUKJIAI;

MeTajulap KOppo3usicuia 3JIEKTPOKMMEBHM, IPaBUMETPUK ycCyulapAa TYpJH
a30T TyTraH oOpraHuk Oupukmanap xamaa d¢ocdop KHUCIOTaCH acoCUIaru
aJIyKTJIap Ba OJIMTOMEPJIAPHU KYJUTallJa caMapajopiid UHTMOUTOPIIApHU SIpaTUI
Xam/Jla yJIapHH aJIcopOIHsl XOccaJapuHy aHUKJIAlll;

OJIMHT'aH MHTMOUTOPIIApHU J1a00paTopus IAPOUTHIA CUHOBIaH YTKa3uoO,
UIUT1a0 YMKAPUINJIA aMaTUETTa TAaTOUK KUITUIII.

TaankuKoTHUHT 00beKTH cudaruaa a3ot, pocdop, OATUHTYTYPT TyTraH
aanykmiap (TuomoueBrHa Gocdar, MoueBuHa Gpocdaru, meramuH Gocdari,
rekcameTwieHnuaMuH gocdarn), hocdar KUCIOTACH aCOCHIATH OTUTOMED



UHTHOUTOpPIAP (TUMETUIIOITeKCaMeTHIIeHIuaMuH hocdaru, IMMETHIION MOYEBUHA,
JUMETHIION MEJIaMUH, JUMETHIONMOYeBUHA Ghocdarn, TUMETHIIONIMETaMUH
dbocdarn) xamaa nynar Ba OOIIKAa METAJUT HAMyHalapy OJUHTaH.

TaankukoTHUHT mnpeaMeTu cudaruga opranuk Oupukmanap Ba docdop
KHUCIIOTAaCH aCOCHArd ajyIyKTjap, OJIMTOMEp TUIUAArd UHTUOUTOPIIApPHU CUHTE3U
Xam/ia UHruOMpIal MEXaHU3MUHUHT YMYMUN KOHYHUSITIIApU OJTUHIM.

Tankukor ycymaapu. Tankukorna KyTOJAHWI OSTPUJIapH, KyTOJAaHHUII
KApIIWIATH, XPOHOITOTCHIITMOMETPHK, TPABUMETPHUK, KPUOCKOITUK, KBAHT KUMEBUH,
MUKPOCKOTIHK, PEHTTEHOIYOPUCIIEHT criekTpoMmetpus Xxamaa MK crexTpockonuk
yCyJUIap KYJIJIAHWITaH.

TaagKMKOTHUHT WIMMIA IHTUJIMTH KyHugarmiapaad uoopar: uik 0op
TapkuOuaa a3ot, pocdop, ONTUHTYTYPT TYTraH aTyKTIap THOMOUYCBHHA,
MOUYEBHMHA, MEJIAMUH Ba TEKCAMETIJICHIMAMUH Xam/a OJIUTOMEp TUTTUIArU
uHrHOUTOpIap Pocdop KUCIOTACH aCOCHIa CUHTE3 KWIMHTaH, MeTaJUlapHU
KOpPO3UsIaH camapalid XMMOsJIAIIIa OJIMTOMEP MHTMOUTOPIAPHUHT XUMOSTIAaHUIIT
Ba TAhCUPJIAIIHUIIT MEXaHU3MHU TaKJIN(] dTUITAaH; FOKOPU CaMapaiv XUMOSITAHHIIA
KOPPO3Us TOKHU Ba TE3JTUTH, XUMOSIIAI Tapa)kacy, TOPMO3Jarl Kod)GUImeH THHIHT
Xapoparra XxamJia UHrHOUTOpIapHH KYJIIalia TypJid KOHIIEHTpalysuiapaaru
ONTHUMAJI MIAPOUTIIAPU aHUKJIAHTaH;, MeTaljlap KOPPO3UsCUIA HIIEKTPOKUMEBHIA,
IpPaBUMETPUK yCyJulap/ia TypJid a30T TyTraH OpraHuk oupukmanap xamaa pocdop
KHCIIOTaCH aCOCHJIaT! Q/ITyKTJIap Ba OJUTOMEPIAPHU HHTUOUPIIAHTaH
cucTemManapja ajcopOnusIaHUIT MyBO3aHAT KOHCTAHTACH Ba AJIEKTPOJJIAPHUHT
TYJ1a KOIJIAHUII JlapakaJlapy aHUKJIAHTaH;

CUHTE3 KWUIUO OJIMHTaH OJUTOMEPIAPHUHT IMYJIaT CUPTUIA TYypiH
MyXHTIapJa OONUTAaHFUY MOJJIAJIaH TApKUOM Ba CTPYKTypacuaaH (papk KujiaauraH
XUMOS KaBatiap XOCWJI KNI UCOOTIaHTaH.
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TaagKMKOTHMHI aMaJIuil HATHKAJIApH KyHuaaruiapaad uoopar: bupunum
MapTa MOYEBMHA Ba MEJIAMHUH aCOCH]Ia OPTaHUK Ba OJIMTOMEP MHTHOUTOPIAp OJIUII
yCyJUIapH UIIad YMKHUIITaH, camapaiop MHTHOUTOpIIap TUMETHIIOIMOYEBIHA
dbocharu (OUUKM-8), numerunonmenamut dhocdaru (OUUKM-9) taknud
KWIMHTaH. SIHru OuprkManap unuiad yuKapuiil mapouTiiapuia CHHOBIAH
VYTKa3WIUIM Ouiian Oupra bTUOOPIHU KUXATH KYJUIAHUIITA TaBCHsl TUITaH, Oapya
TaHJIAHTaH [apoUuTIapJa HHruOUTOpIap ¥3 XUMOSJIAII XOCCATAPUHU CaKJ1a0
KOJITaH.

TagKMKOT HATW/KAJAPDUHMHI MINOHWIWJIMIK. TaAKUKOTHUHI acOCHi
Ma3MyHH, XyJiocallap Ba TaBCHSUIAPHMHI AaCOCJIAHTAHJINTA X€4 KaHaail nryOxa
TYFIUPMAiIA, YyHKH yaap TaAKUKOTHUHT 3aMOHaBUN (DU3MK-KUMEBUN Ba KBAHT—
KUMEBUN yCyJUJIapu acocujaa makulaHTupuiarad. OJIMHTaH TaJAKUKOT HaTHKaJIapH
MHTUOUTOPIAPHU XUMOSUTAIl MEXaHU3MUHU TYIIYHTUPUO Oepaiu.

TagKUKOT HATHKAJAPUHUHT UJIMHH Ba aMaJIuil axaMusTH. TaaKuKOTIaH
OJIMHTAH HATWKAJTAPHUHT WIMHM aXaMUATH ITyH/IaH HOOpaTKU, CUHTE3 KHJIMHTaH
OJIUTOMEP UHTUOUTOPIIAP XUMOSI MEXaHU3MUHUHT aHUKJIAHUIIIA OMpUKMaTapHUHT
TYypJU TY3WJIUII CTPYKTYypajaapH, YIApHUHT (PU3UK-KUMEBUM XyCyCUATIapUTa



OOFJIMK/INTY OWJIaH acocCiIaHa Iu.

TaaKuKOT HaTWKaJapUHUHT aMaIui aXaMUATH LIYHU KypCcaTaauky,
oJIUroMep OMpHUKMasap Ba yJapHU KOMITO3ULIMSIIApU Hadakar To3a myjaar CUPTHAA,
OaJIKM KOPPO3HSUIaHTaH XOJIaTAa XaM Kapa€HHU CeKMHAAIITUpuO Oepaan. Opranuk
Ba OJIMTOMEP MHTUOUTOPIIAp aToMap BOAOPOJ aICOPOIIUSITAHHUIIT
KOHIICHTPALUSICHHU KaMalUTUpHIll OMiIaH Oupra, METaJUTHUHT MYPTIIMTUHU OJITUHU
OJIau.

TaakuKOT HATHKAJIAPUHUHT KOPUIi KWJIuHUIIM. Tapkudbuna azor, pocdop
TyTraH OJUTrOMepJiap MEeTaJIapHUA KOPPO3USAaH CaKJIalll/la UHTUOUTOpIap
cudaruaa KyJUIaHWITaHa OJMHTaH UMUK HaTKalap acocua:

onuromMep OupHKManap Ba yiaapHU kKommosunusuiapu «HaBowiiazor» AXKma
amamuérra Tatomk HSTwiaau («HaBowmitazor» AXKumar 2016 #wun 10 urongaru
Ne(02/3966-con mabymoTHOMacu). bynna ¢ocdop Tytran Oupukmanap HHTrHOUTOP
cubatuga alTaHMa WCUTHUIN CHCTEMallapuaa IYJIATHUHT XHUMOS KATJIAMHHH
TabMUHJIA0, KOPPO3UAIaH CaKJIalll UMKOHUHM OepraH;

UHTUOUTOPIIAPHU CHUHTE3 KWJIUII, TYpJId MYyXUTIapaa camapaJopiurvuHu
aHMKIAIl yCTHAA oau0G OOpMITaH MIMHUHA TagKMKOTIapAaH E®d-7-1 paxammu
«Maxamnmuii xoMail€ acocuaa MeTajiap KOPpPO3UsICU MUHTHOUTOPIAPUHUHT STHTH
apnoam» (Y3MY, 2014-2015 itit.) nimuii noiuxXacuaa oJUroMep HHIHOUTOpPIAp
omumiaa  ¢oipananunran  (PaH  Ba  TEXHOJOTHSUIAPHU  PUBOKIAHTUPHILHU
MyBopuKIamTHpuil KymMutacuHuHr 2016 inn 21 oxtsaopnarn OTK-0313/703-con
MabaymMOTHOMAacu). WnMuid TaaKUKOTIAp HAaTWXKAcHUlla METaJUlapHU XU3Mar
MYJJIATUHU y3aUTUPYBYM HHTUOUTOpIIAp SIpaTUIITaH.

TaagKuKOT HATHKAJAPUHMHI anpolaumsicu. [luccepTalUstHUHT acoCui
HaThWXxkajmapu OVimuya Kyiugarm Pecnybnuka Ba Xankapo wiMuii-amanuit
awxyMmannapga: «KoMImo3unMoH Marepuaiiap: CTPyKTypacH, Xoccajlapyu Ba
KYJUTAHWIHUIIN, V3MYVY kumé bakynbTeTH podeccop-YKUTYBUMIAPUHUHT UIMUN
Hazapuil amxymanu (Tomkent, 2008-2015 #.11.), «kKumé Ba KUME-TeXHOIOTUSTHUHT
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non3ap6 myammosnapu» (Ypranu, 2011), «[lonumepnap kumECHHUHAT 1073ap0
myammosnapu» (TomkeHt, 2011), «nuiad ynkapuin KOpXoHaJTapUHUHT J10713ap0
MyaMMOJIapUHU €UHUIIIJ]a MTHHOBAIIMOH TEXHOJIOTUSTIAPHUHT axamMusitiy, (Kapimy,
2013), «OKxomoruk MyBO3aHaTHU CakJIalll, YUKUHIUCU3 TEXHOJIOTHS UILITA0 YUKUIID)
(Hykyc, 2013), «Ananutuk kum€ haHuHUHT A013ap0 myammonapu» (Tepmus,
2014), «3736eKI/ICT0H11a KOJUJIONJ KUME Ba HAHOKUMEHUHT 3aMOHABUN XOJIaTH Ba
uctukOomnapw» (TomkeHt, 2014), «SHrM KOMIIO3ULIMOH MaTepuasiap OJUIl YUyH
MaxaJJTM{ Ba MKKWJIAMYY XOM aIénapian Tanépianrad HHTPEANCHTIap)
(Tomkent, 2012-2015), «V36ekncTona Tabuuii GUPUKMAaIap KHMECHHIHT PUBOKH
Ba kenaxxarn» (Toukent, 2016); Xankapo uaMuil TEXHUKaBUM aHXyMaHap:
«3aMOHaBUM TEXHUKA Ba TEXHOJIOTHUSJIAP, TOF METAJUTYPrUsiCH Ba YIapHU
puBoxuianu iynuna» (Hasowuit, 2010), «3enénas xumus» (Camapkann, 2012),
«AKTyanbHbIE POOIEMBI HAYKH U 00pa30BaHMs B 00JIACTH €CTECTBEHHBIX U
cenbcKkoxo3sicTBeHHbIX Hayk» ([lerponaBnoBck, 2012), 51-th International
Scientific conference (MHCK-2013), «Pecypc Ba aHeprus Te:;xaMKop, SKOJIOTUK



3apapcu3 koMno3unoH mMarepuamiapy» (Tomkent, 2013), «Kuméuii
TEXHOJIOTUSIIApHUHT A013ap0 myammoinapu» (byxopo, 2015) maB3ycuaaru
Mabpy3ajiap KUJIUHTaH.

TagkuKOT HATWKAJAPHUHMHI JbJOH KHIMHMIIM. Jlucceprauus maB3ycu
oOyiinua xamu 30 Ta WIMHA UWII YoM OTWITaH, IIyJap/aH, V36exucron
Pecniybnukacu Onuii arrecranyss KOMUCCHUSICHHUHT JTOKTOPJIMK AMCCEPTALMSIIapU
acoCUl WIMHUHN HAaTW>KAJIAPWHM YOIl STUII TaBCHsI STWJITaH WIMUAN Hampiapaa 15 ta
MakoJa, )xymiazaad, 13 tacu PecnyOnuka Ba 2 Tacu XOpMKUH KypHaJIapa HaIp
STHIITaH.

JuccepranMsiHUHT TY3WINIIM Ba XaxMHu. J{uccepranus TapkuOu KUpHIILL,
oemra 0600, xysnoca, ¢hoigananuiarad agadbuétiap pynxaru Ba uioBaitapaH noopar.
HucceprauustHUHT XXM 200 O€THU TaIIKWI KUJIA/IH.

JIUCCEPTAIIUSAHUHI ACOCUM MASMYHHU

Kupum xucMunga yTKazuiarad TaIKUKOTIAPHHUHT JIOJI3apOJNIMTH Ba 3apypaTH
acoCJIaHraH, TAJKUKOTHUHI Makcaaud Ba Basu(anapu, oOBEKT Ba MpeAMETIapu
TaBCH(JIaHraH, pecnyOyinKa (paH Ba TEXHOJOTUSIaApU PUBOKIAHUIIMHUHT YCTYBOP
WYHAIMIUIAPUTa MOCIWTA KYpPCaTWIITaH, TAAKMKOTHUHI WIMUWA SIHTWIWITH Ba
amanuil Hatwkanapu 0a€H KWIMHIaH, OJIMHTaH HATIKAJAPHUHT WIMHI Ba aMasuii
axaMmHsITH 04r0 OepuiraH, TaIKUKOT HaTHKaJTApUHUA aMaTuETra JKOpUi KUITUII,
HaIIp STWITAH UIUIAp Ba AUCCEpTalUs Ty3WIUIIH OYilnya MabiIyMOTIap
KEJITUPUIITAH.

Muccepranusinuar « AHruduTopaap €épaamMuaa MerTajiap KOpPpPO3HsICMHHM
KaAaMall THPUIIHUHT acocuii Hyjapmw» 1e6 HoMJIaHTaH OupruHYK 600M aaduéTiap
mapxura OarunuiaHrad OyiauO, yHAa MeTamuiap KOPPO3USCHUHHUHI 3aMOHAaBUMN
HA3apUsACH Ba XMMOsJIAll yCyJulapu TaBcu(paad KypcaTuiras.

Onuromep TUNWAArM WHTHOUTOPIAPHUHT KYJUIAHWIUIIM Ba HOUIA0 YHKAPHII
coxajapu, TapKUOWN TY3WIMIIN WIMUN-TEXHUK aaabuérmiap Ba MaTeHTIIapAaH
Vprauwirad. Het MaxcynoTIapuHUHT TaKCUMIIAHUIIM Ba TAPKUOUIaTH arpeccuB
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KOMITOHEHTIIAP, Ppakiusiapa KOppo3usiaaH MUKACTIAHUIIT HATHKACUIA
KyHuiaaaurad tajnadiaapu Kypcatwirad. AgaOuériap mapxuy UIIHUHT MaKCaIq,
Macajacu Ba OObEKTJIAPUHU TaHJIAHTAHJINK Japa’kacuHu acociabd Gepasu.

JluccepranusiHUHT «ANAYKTJIAPHUHT OJUHHUIIHN, OJTUTOMEP HHTUOUTOPJIap
CHHTEe3H Ba TAAKHUKOT yCy/jaapuw» ae0 HOMIIAaHTaH MKKHHYHM OO0HMIa OJIUroMep
WHTUOUTOPJIAPHUHT CUHTE3U Ba TAAKUKOT yCIIyOnapu, KYJUTaHUITaH KUX03/1apu Ba
MaTepruaIapy XaKu/1a MabIyMOTIap KeITHPHUIITAH.

TaakukoT 00bekTIapu cudaruaa a3ot Ba pocdop TyTran Ty3nap MeTal
kopposust uaruoutTopinapu (MKM) xamaa onuromep naruoutopiap (OMMKM) 1-
’KaJiBaaa KeJITHPUIITaH.

1->xaaBan
OpraHuk Ba OJUTOMEp WHTHOUTOpPIAPTa TaBCHU(]



Ne |  Wurubur Monekyn Nuruburopnap HOMIaHUIIIH
Op HOMHU p
Maccacu
1 NKM-1 174 THOMO4eBHUHA docdaru
2 NKM-2 158 MoueBuHa hocdaTu
3 NKM-3 224 MenamuH ¢ocdaru
4 NKM-4 213 reKkcaMeTwieHIuaMuH pocdaru
5 OUKM-5 2200 JTUMETHUIION FeKcaMeTuIeHAnaMuH Gpocdatu
6 OUKM-6 814 JUMETHIION MOYEBUHA
7 OUKM-7 1860 JTUMETHIION MEJIAaMUH
8 OUKM-8 1900 IUMETUII0IMOYEBMHA (hocdaru
9 OUNKM-9 3300 TUMETHIoNMeNaMuH pocdaru

Koppo3ust xapaéummaru Oapua Taakukomiap [Iymar 3 HamyHanmapu
MJIacTUHKanapuaa oaud 6opuinan. MTHruOUTOpIapHUHT caMapaJiopiiuru KyTOIaHuIIT
Kapuinuru  ycynuga P-5035U1  acboOupa, KyTONaHUWI HSrpujiapu  ycyluja
noteHuuoctar [1M-50.1.1, mporpammarop [1P-8 xamaa rpaBUMETpUK TEKIIUPYBIIAP
MAaCCaHUHI KaMalMIlM XWCOOWra aHMKJIAHTaH. TaJAKUKOTIAp KyWuaaru TapKuoiau
5%Na2S04+3%H2S04 (®-1) neitpan myxutaa (D-2) 3%NaCl+5%Na2CO3 (D-3)
(doH spuTmanapaa onubd 0opuiid. DpUTManap «K.T.»

MapKaJIl peaKTHBIAPAAH TUCTUIUIATIAApAA Tan€paanau. DIeKTpoaiap Kyruumaaru
tapkuonu mynar: (%): Fe=98,36; C=0,20; Mn=0,50; Si=0,15; P=0,04; S=0,05;
Cr=0,30; N1=0,20; Cu=0,20 namyHanapuaas Tai€pianu.

HumerunonmoueBrHa Gocdaru a3purmanapaa HeUTpail, Kyucus KUCIOTaIU Ba
Ky4CH3 HIIKOPUN MyXWTIapAa ONaTAard TeMmIeparypajiap/ia YU3UKIH TY3WIUIITa
sra Oynub, monuMmepiaHuIl Aapaxacu 8§ naH 13 rava, onuromepriap MOJEKYISP
maccacu 1400-2400 ra Tenr. JumerunonmoueBuHa ¢docdaru Ty3napu CUHTE3U
Kylnaaru cxema oyiinua €3unaau:

NCH,OHCOHNCH,0HC *"H3PO4  NCH,OHCOHNCH,OHC

HNCH.CO 0 HNCH,CO 0
NCH,HOH H © HZno H "o
NCHH  NCH,0H "2 NECH, N CH.O
n2 N=CH,OH 2 2
HO POHO O o)

HOPOHHOPOH
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Menamus, dhopmanbaerua acocuaa opropocdop Kucaoracu OUIIaH caMmapaiu



OJUTOMEP  HMHTUOUTOpIAp  CHUHTE3 KWIMHTaH. MenaMuHO-GOpMabIeTu
OJIMTOMEPU KHUCIIOTa OWIaH TYy3CMMOH KYPHUHUILIUJATH JUMETHJIOIMEIaMUH
dbocdarHu xocun Kuiaau, Oyiap cyBaa sIXIIU SPUNIH.

Cysna 3pyBuaH oprodocdop KucioTacu TyTraH AUMeTUIoIMenaMut gocdar
OJIUTOMEPH CUHTE3M KyHuaaru cxema Oyinua €3unau:

H H H H
H H H H N N
N NNNN «NH3PO, NNNN NNNN
NNNN CH, 2 cH
N CH2 n 2 CH2
n
++
NH, NH3 HOPOHO o
o NH, HOPOHO
NH,

n=6-11 na monekynsip maccacu 2650-4300 ra TeHr OyJraH oruroMepiuap
XHCOOJIaHaIu.

JuccepranyssHuHr «CHHTE3 KMJIIMHIAaH MHTHOUTOpJIap caMapagop/IuruHU
TYpPJM ycyJiapaa ypranuun» €0 HOMIIAHTaH YYUMHYM OOOMJACUHTE3 KWJIMHTaH
OPraHMK Ba OJUIroOMep OUpPUKMAapHU MOJEKYISIp-AUHAMUK, KBaHT-KUMEBUHN
taBcu(napu keatupwirad. OnuHraH wmabiayMoTiap (u3ukaBuil KUME HyKTau
HazapuJaH OMpPUKMATApPHUHT XOCCajJapy Ba TY3WJIMIIM XaKUJa MYCTaKWJI KU3UKUII
yiroragu. Iy Owian MoneKynagapHd TIE€OMETPUSACHUHHU OWIMIL, HCCUKIUK
@XpaNMIIY, HCCUKIUK 3(dexTnapu Ba peaxkuusi SHEPrusi aKTUBALMACH XaKuJa
TylryH4ya Oepajau. Yy MablIyMOTIapAaH Keaud 4ukuo, 1-kanBanaa KeATUPUITraH
OMpPUKMANAPHUHT  CTPYKTypacu 3JEKTPOH  3UUIMKIIAPH, 3apsAIapUHUHT
JKOWJIAIIYBH KBaHT-KUMEBUH, ibHU sApuM dMriepuk MNDO
yCyNHJia MPOrpaMMaialiTAPUIIAG, TEKITUPUINO YPraHWIIu.

Il\.'l "'--. i
il o
) el
O el
g N
g o - y

I-pacm. OUKM-9 monekynacuaru 3JeKTpOH 3UWINKIAPHU KOUIAITYBH Ba
1ap—CTEPIKEHIU MOJIEIIH.
Mucon tapukacuga OMKM-9 MOnEeKyJIaCHHUHI CTPYKTypacH, T€OMETPHUSACH
Ba AIEKTPOH TY3WIMIIH KEITUPWITaH. l-pacMaaH KYpuUHUO TypUOIUKHU, JIEKTPOH
SUWIMKJIAPUHY SKOUJIAITYBY UKKUTA MUPUMUJIUH XaJlKanap/a KeITUPWIrad. Yoy
MOJIEKYJIa 3JIEKTPOHOJIOHOP XOCCaJapHH HAaMOEH KHJIMO, 3JIEKTPOHOAKUENTOP
rypyxJjapu OmiaH TT-KOMITIEKCIApHUA XOCHIT KUJIa IH.
ByHnaa rupokcui rypyxJiapaara KUCIopo aToMu MaH(uii 3apsiapra
-0,487; -0,423; -0,427 Ba -0,472 sra. MaHa IIyHHHT XUCOOUTa TYPJIM METAJLT
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KaTUOHJIapu OuWJIaH aJMamub peakiusra KUPUIIMIIA MYMKHH. YOy Mojekysa
KHCJIOTAIM XOCCAaHW HaMOEH KWiIMO, IUCCOIMSUIAHMILI HATHXKAcula KOMIUIEKC
aHUOHJIap OujlaH MycOaT MOHJIM METaUl CHUpTUra OOFJIaHMIIM MYMKHUH (acocaH
TemMup aromyapu OuinaH). Karra monekynajgapHUHT XHcoOMra MeTajul CUPTUHU
OyTyHyai Koruiaimu MyMKuH. FOKopuaaru xynocanapiad MabiyM OYIuIImnya,

yi0y HHTHOUTOpIAp KUCIOTAIN MyXUT KOPPO3HUICH]IA METAILJI CUPTHIA
MHTUOUpIIaIll XoccatapuHu acociad oepaau.

Hucceprauusitnuar  «IIynmar  koppo3usicnaa  uMuwiad  YMKApWIraH
MHTHOUTOPJIAPHHM MOJeJ CHCTeMaJapAa caMapagoOpJIUIMHH JIEKTPOKMMEBHMI
Ba IpPaBUMETPHUK yCyJUlapaa MHIHOMPJAml MeXaHU3MHMHHM  VPraHuil
TaAKMKOTH» /10 HOMJIAHTaH YYMHYM OOOMHMHI MKKMHYM KHCMHJA MeTajiap
KOppO3UsICHJa MHTHOMpIIall MEXaHW3MH HaTWKajapu KeNTHpWiraH. Anabuériap
niapxJ1apuaH MabJlyMKH, THOMOYEBHHA Ba MOUYEBHMHA KHMCIIOTAJIM XaMJa HEHUTpal
MyXHUTIapJa WHTHOpiall camMapaJopiurd Kydcu3. YJapHU Kainud #oj OusaH
KYJUTAaHWIMIIKAA XAMOSUIAIl Japa)xacu Kucioranu myxutiaapaa 60%, HelTpan
Myxutaa 72% ra TeHr, XxapopaT OpTULIM OuiaH ymly OMpUKMaTApHUHT XUMOSIIAII
XyCYCHUSITIApHU KECKUH EMOHIIAITaH. ACOCHI bTHOOPIN canOuii XyCyCUsTH, Yoy
MHTUOUTOpNAD  KYJJIAaHWITAHJAa  METaJUIApHUHT  cudaTd  EMOHJIAIITAHIUTH
Ky3aTwirad. Anabuérnap mapxjapuiaH OJIMHIFaH MabIyMOTJIApHU COJUIITHpPraH
X0i/1a (TMOMOYEBMHA, MOYEBHUHA, TEeKCaMETWJICHANAMUH XaMmJla MEJIaMUH)
IrPaBUMETPUK YCyNJla HEWUTpall MyXUTAA TEKWUPWIAH XaMmJla HaTuKajlapu
2-)ajBanaa KeITUPUIIH.

2-KaIBaj
[Iynar 3 HamyHanapuaa MHrHoUTOpIAp camapagopauruHuHrd-2 pH=6,4
MyxuTaa xapopar 25°C na Koppo3usiiaH XUMOsUIAIIIa TAbCUP KU

JTABOMHUUJINTHU
Wuruburop Cunr, 360 coar 720 coar
MT/1T
K, r/(m*cyT) Z,% K, r/(m*cyT) Z,%
®on 20 34,50 - 56,67 -

TromoueBuHa 10,75 68,84 18,71 66,98
MoueBuHa 11,72 66,02 17,63 68,92
I'MIA 10,78 68,75 16,69 70,54
Menamus 10,54 69,44 17,01 69,98

borutanrny  Mommanap wHrHOUTOpnap cudaruga kymmanwmob, 15 Ba 30
KyHJIUK TEKIIMPYB HaTmwxkacuga xapopar 25°C nma HedTpald MyXuTiapAa yYHYaIUK
IOKOpU OyIMaran XuMosJaml Japakacura sra Xamja Oy HaTwkaiap Ky3aTHITaH
anabuérnap MabiaymMomiapu OwinaH Moc kenaau. Uy mMabiaymoTnapHu xucoOra



OJITaH XOJIJIa aJIyKTap Ba oJUroMmepiap cuHre3 KuiauHrad. Kopposus skapaéuuia
KaToj Ba aHOJ >KapaHIapuaaru MOTEHIMAIap IoMMHUNA Oyimaiinu, OyHaa
KyTOnaHum coaup OYnuO, moTeHuuamnap Oup Oupura HUCOATTaH CHIDKUIIA
Ky3aTWJIa/Id, aHOJT Ba KaTO1a 3ca KOpO3us TOKU KaMasiin. 2-pacmiapia (a,0)

MYJIaT SJIEKTPOIUHUHT TYPIIU XapopamiapAaru AJIeKTPo Kapa¢HIap KWHETUKACH,
IIYHUHT/ICK, OJIATOMEP WHTHOUTOPIIAP HINTHPOKUIATH KOPPO3HUS KapaEHU
HaTKaIapu Kentupuirad. Kypuauo TypuOauku, KOppO3USTHUHT CTAIlMOHAP
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noteHuuanu Ecr. HUHT KuiiMaTy (OH 3puTMaar HOpMall KyMyIll XJIOPUITU
anekTpozara Hucoaran goumuii Ba 50°C xapopatna-0,780 B Hu Talkuia KUIaau.
VYara UKM-4 kymunranjaa kKoppo3ust noteHuuanu kuitmaru -0,620 B raua opraau
Ba KyTOnanui srpunapunudr 160 MB ra cumpkuimm ky3arwiaau. OMMKM-9
WHTUOMTOPUHUHT KYIITWIHINY HaTmkacuaa 260 mB ra mycbar Tomonra kapad
CWDKHUIIUTIAP Ky3aTuiaaau, Oy 3ca aHOJ pEeaKIUsICHHUHT CeKUHIIAIIMIINIAH AaJI0IaT
oepanu. bynnait adpdext Mmerait cuptuga rekcameruiienauamMut gocdar,
JTUMETUIIONIMOYEBHHA Ba AUMETUII0NMeNaMuH docdariau onuromepnap OUiiaH ronKa
aJIcOpOIMsUTaHTaH KaBamiap XOCH KWWY Ba MYJIaT CHPTUHU KOPPO3HUSUTAHUIIIAH
CakJIalM XaM/ia KaMauTUpUII MyMKUH. Koppo3us MOTeHIIMaIMHUAT Y3rapuiiu
Owiad OMp BaKTHUHT Y3U]1a KOPPO3Us TOKUHUHT KaMaluIIM XaM Ky3aTuiaaau, Oy
ACa MHTMOUPIAIIHUAT apajall MeXxaHu3M 1a 00paéTraHIMTUHUA KYpcaTaiu.
Crarmonap noteHuuaaHuHr (Ecr) Ba koppo3us Toku ( I ), TOpMO3J1aIil
k03 dutieHTHHUHT (Y), XUMOSIIAI Japa)kacu (Z) Typiu xapopariapaari Xucoomanr
HaTIKaJlapu acocuaa 3-kajBana kentupurad. Oauromep UHrHOUTOPIApHU
OUKM-8 Ba OMKM-9 ypranunran KOHIICHTpaUMsIapuIa XUMOsJIAI Japakacu
99,56 nan 99,64% ra teur C=20 mr/n

xamaa C=30 mr/n Mukgopaapaa xuMosiaam aapaxacu 99,61 nan 99,76% .

. F =

2-pacMm. [1ynar snexkrpoauHuHr KyTOnanul srpunapu gon sputmacu O-1 (1), 20
Ba 30 Mr/n onuromep uaruOuropnap Kymwmirangaru MIKM-4 (2); OMKM 5 (3);
OUNKM-6 (4); OUKM-8 (5); OMKM-9 (6) xapopar 25°C (a) Ba 50°C (0).
OpTHOOpra ONMUII MyMKHHKH, TaJKUKOTIAp JaBOMU/IA XapOPATHUHT OPTUIIH
KOppO3Usl TE3MUTUHUHT OPTULINTa, OYyHUHT HAaTH)KACHa METAJUIAPHUHT CUPTH
aKTUBIAMMO Konaau, Jerad xXyjlocanu oepmaiiau. Kynruna xominapaa :oKopu
KOpPO3Us TE3JUTH IMACCUB XOJIaTIapAa Ky3aruiaaau. Kopposus TankukoTiapuaa
IyJIaT CUPTUAATH Y3rapuiljiap Ba MacCUBATOPIAPHUHI CaMapaJopiIuTy KOPPO3Us



TE3JIMTUHUHT MMACCUB XO0JIaTUTa YTUIKN Ounan 60rnuk. HamyHanapHUHT cUpTH Ba
XOJIaTH YIAPHHUHT 3JIEKTPOJI MOTSHIIMAJIIAPH Y3rapuIiura acoCIaHTaH.
Texkmupunran OupuKManapiad Oup MyH4Ya XUMOsUIalll caMapacy nacT Oyiraxn
uaruouTop OMKM-7 xucobnanu6, xapopar 80°C ma (d-1) spurmana 87,23 Ba
89,47% ra tewr, Oy xam O0ynca, 20 Ba 30 Mr/;1 KOHIICHTpaNHsUIaApAa AHUKTAHTaH.
Onuromep unruourop OMKM-7 tapkubuna dbochop UyK, TeKUH Xapopar OpTUIITU
OunaH MHrUOpIIAII X0ccacH, camapacy opTiO Oopaan XaMm/ia METaJll BA HHTHOUTOP

14
opacugaru xemocop6ouus xucooura kyyasau. Onuromep uHruoutopu OUKM-7
MHIHOHpIIAL XOCCACH YAAPHHUHT CTPYKTYpa Ty3WIUIIH OniaH OOFIUK. 3-)KaJBaj

WHruOuTOpIapHUHT TypJId KOHIICHTpAIUsIapAard TabCUPU XUMOSUTAII
napaxanapuauar y3rapumu (T=80°C), ®@-1 ¢on spurmanapaa (pH=5,3)
JIEKTPOKMMEBHH HaTHKAJIAPH

Nurubutopnap | Cuur, Mr/n | -Eer, B I o MA/cM? % Z,%
d-1 0 0,820 607,53 — —
NKM-1 20 0,740 75,76 8,02 87,53
NKM-2 0,730 61,12 9,94 89,94
NKM-3 0,730 63,91 9,51 89,48
NKM-4 0,610 26,00 23,36 95,72
OUKM-5 0,570 17,38 34,97 97,14
OHKM-6 0,580 13,24 45,87 97,82
OUKM-7 0,610 77,58 7,82 87,23
OUKM-8 0,520 2,67 227,27 99,56
OUKM-9 0,490 2,19 277,78 99,64
NKM-1 30 0,750 38,21 15,90 93,71
NKM-2 0,730 30,62 19,84 94,96
NKM-3 0,740 33,60 18,08 94,47
NKM-4 0,630 25,33 23,98 95,83
OHKM-5 0,560 15,07 40,32 97,52
OHKM-6 0,570 10,69 56,82 98,24




OUNKM-7 0,620 63,94 9,50 89,47

OUKM-8 0,530 2,37 256,41 99,61
OUKM-9 0,530 1,46 416,67 99,76
NALKO 20 0,530 52,44 7,73 87,06

OyHKIIMOHAJ TYPYXJaru MEeKTPOH 3UWIMKIApH peakius Mapkaziapu 0yiuo,
a0bCcOpOLMOH OOFIaHUIILIAP MYCTaXKaMJIMTUIa TAbCUP KU, XapopaT OPTHILN
OwraH OMPUKMaHUHT XUMOSJIAIT X0CCacu OpTHO, cakiIaHuO Konub, OyHIaH
MHTUOUTOP XEMOCOPOIIMOH MEXaHU3M/Ia TabCUP KHJIAU Ba MyCTaXKam
XUMOSJIOBUY KaBaTJIapHU XOCHUJI KUJIau, Ae0 Xynoca KWL MyMKHH.

Kopposusi >xapaéHuHM Vpranuniga ymoly TaIKUKOTIap OujaH Ouprajukia
XPOHOIMOTEHIIMOMETPUK YyCyIIap XaMm o0 Oopmian. DNeKTPO]l NOTCHIIUATUHUHT
Y3rapumu Typid GoH dpUTMaNIapaa Xap Xuil uonnapHunr Kymunumu POy, CO™ u
NH-, Harmwxkacuaa BakT YTUINM OWJIaH MYJATHUHT MOTEHIIMAIN O0HHUO OOpUIIMHM
kypcarau. (pacm.3 a, 0).

@®oH 3puTManapaa NEKTPOAHUHT MOTECHIMAIIIAPU Y3TApUIIN BAKT OPAIIUFU 5
MuHyTnadH 30 MUHYT JaBOMHUJIa AarpeccuB MyXUTIapAa  TEKIIUPHIJIH.
Tankukoraapaan 25°C xapopariaa S MUHYT JaBOMHUIAa HHTHOUTOpIIap UIITHPOKKIA
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yTKEBHJ’IF&H CHUHOBJIApP 3JICKTPOA IMOTCHUHUAJIMHWHI BAKTIa Ky/1a XaM KydCHu3

60FJ'II/IKJII/IFI/IHI/I Kypcariu.
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3-pacwm. IIynar sneKTpOAMHUHT XPOHONOTEHIUOMETPUK Arpuiapu -1 pou
sputmanapaaru (1) Ba uaruoutopnap ounan: UKM-4(2); OUKM-5 (3);01KM-8



(4); OUKM-9 (5); T=25°C (a) Ba 50°C (0): TankukoT yTKa3umn Bakta 30 MUH.;
C=20 mr/m.

[Myngait kumu6, (3-pacm. a) OUKM-8 Ba OUMKM-9 uHrnburopiapHUHT
uHrubupnai xoccanapu rokopu. MUKM-4 kymunranma, nynar CHpTUHU Ky4YCU3POK
(daonnamrupagy, ONKM-8 Ba ONKM-9 UHTUOUTOpJIApH  €HTUI
MaCCHUBJIAIITUPATH.

DNEeKTpOMJIApHUHT KOPPO3Usl MOTEHIMANM Ypranuiaétrad spurMmanapaa 30
MUHYT JaBOMUJIA y3rapMai KOJIHIIM Ky3aTHUTraH, XpOHOIOTCHIIMOMETPUK
Tagkukotiap 0,5 coar JaBoMuaa UHTMOMTOPIIAp UIITUPOKKIA YTKA3UITaH
CUHOBJIAp JIEKTPOJT MOTCHIIMATMHUHT BaKkTra E=f{(T) OoFmuKIurunm kypcaraun. DHT
axiy HHruouTopiuk xoccanap OMKM-8 Ba OMKM-9 tapkubnu Gupukmanap ied
tonwiad. XapopatHuar 50°C y3rapuiimia arpecCuB MyXHUTIa HHTHOUTOPITIAPHUHT
KYUIWINILIY HATHKAacKla KOppo3usl MOTEHIIMAIM OOLIUTaHFUY XOoJlaT/ia y3rapMai
Kojaau (3-pacM. 0). TagkukoTiap HaTuxkacuaa camapainu uaruouropiaap OMKM-8
Ba OMIKM-9 xucobnanau xamaa 30 MUHYT JaBOMU/JIA JIEKTPO]] OTEHIMAIapH
y3rapMaraniauru MabiayMm 0ynau. [Iynar kopposuscuia onuromep
WHTUOUTOPJIAPHUHT TAHCUPH Ba KOPPO3USI TEITUTUHUHT Y3rapHuIld KyTOJIaHUIII
KAPUIWIINTY yCYJIUJa aHUKIAHIH.

Mucon Tapukacuga 4-pacMiaa Kydcu3 kuciotanun myxutaa (P-1), mymar
AIIEKTPOJMHUHT KOPPO3Us TE3IUTMHU aHUKJIAIll/1a KyTOJaHUII KApUIUIUTH YCyJInu/ia
Typau uHruoutopiaapauar MUKM-2, MKM-3 Ba omuromep HMHTHOUTOPIIAPHUHT
OUKM-8, OMKM-9 Tabcupu ypranuiras.

4-pacmaaH KYpUHUO TypUOIUKH, TIYIAT JIEKTPOJUHUHT KOPPO3US TE3IUTUHU
aHukiamaa, ¢GOH dpUTMaNapAa  MOJIGKYJISIp MaccaCl KHYHK  OYyirad
WHTUOUTOPIAPHUHT  KYIIWJIUIIM  HaTWKacuaa KyTONAHUII — KapIIUIUTUHUHT
OPTUIIM Ky3aTWJIaJM, CUCTeMara OJUIOMEp WHTHOMTOpJIApHU KYIIraHja, sHajaa
KapIIWJIUKJIAPHUHT OPTUILH Ky3aTuiaau. byHmail Hatvkanap aneKTpoKUMEBUN
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KapaCHJIAPHUHT CEeKUHIANINIINTA, y €KUM Oy MHTUOUTOPIAPHUHT caMapaiopiIurH
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4-pacwm. IIynar snexrpogunu GoH sput™Manapaa (1) KyToiaHuil KapiIuInuKiIapu
20 Mr/n KOHUEHTpanusaa THruouTopiap KUpUTUiIraaaru Harmwxkanapu: MKM-2
(2); UKM-3 (3); OUKM-8(4); OUKM-9 (5); T=25°C; ®-1 (a) Ba ®-3 (0).

®on spurmanap ®-1 Ba @-3 na (4-pacm a, 6; 1-3rpu) Tagkukot BakTHaa 25°C
xapoparaa Kyronanum xapumaury 120 Ba 302 Om/cM” ra Tenr. ®oH spuTManapaa
omuromep wmHruOuTopimap OUKM-8 xymmmumm Ownan  25°C  xapoparia
KyTOnaHum Kapuuinkiaapu R=367 Om/cm” Ba R=493 Om/cm” TeHT GyraH.

Jlemak, TabKulall MYMKUHKH, NOYJaT 3JEKTPOAM CHPTHAA aJCOPOLMOH
KaBamiap XOCWI OYIuIIM, SbHU TapkuOu a3oT- Ba (ocdop TyTraH KOMILIEKC
TY3WIHILIA OMpUKMaliapra aljiaHUIIM Xamja TEeTUIIUT WHTHomTopiap cudaruma
KOppO3usl KapaCHuIa YPraHWIUIN HaTWKacuaa Oup MyHYa IOKOPU CaMapaopiu
KUXATIApUHU OJIJIMHJIaH aHUKJIa0 Oepaiu.

Cunepretuk >(¢eKkT alpuMm OpraHuK OUpPHUKMAIApHU MaXCyJIOTIApUHUHT
XOCHJI OYnuImM €KW TapyajaHWIIMHA OOFjad TYIIyHTHpaaw, Oy 3ca, yJapHUHT
OWpyu OpraHWK KAaTHOH Ba OONIKACH aHWOH JSKAHJIWTUHU KypcaTaau. Yoy
sbdekTHHHT ad3auTMK TOMOHH, MOJIeKylaga OuTTa €KW HMKKATA (QyHKIIMOHAT
rypyxJjap TrerepoaroMu OujlaH OOFIMKJINIY XaMJa 3apsajjiapu OenrucH, Yadamu
owran dapk kunamu. byHmail xomatiga OuTTa TYpyX KaTHOH, OOIIKACH aHUOH
cudaruma Kapaaumu MyMKUH. Mwucon Tapukacuaa OyHjail WHruOuUTOpJap
cubatuaa Kyhuaaru ¢yakinmonan rypyxiaap —NH2 Ba —OH; —NH2 Ba —H2POs3; —
NH2 Ba —COOH kenTtupumuMu3 MyMKHH. byHaail uWoHIapHM MeTasiapia
a7ICOPOIMSIIAHUINN YITApHUHT OUp KUCMH OWTTa (MacajlaH aMUHO-), OOIIIKa KUCMHU
(MacanaH, OKCHM TypyxJjap) XxucoOura Kyszarwiaaud. by 3ca WHTHOUTOpIAPHUHT
UTAPWINII KydjJapu xucoOura OMpMyHYa MycTaxKam KaBaTjiap XOCHWJI KUJIHUIIINTA
o6 kenaau. lynnait Mexanu3m Oyiinda MHTMOUTOP TUMETHIIOIMOUYEBUHA

17
docdaru Tabcup KUIaaH, FOKOPH caMapaJopiIurud HIKUMOJIEKYISIp CHHEPTU3M
OunaH TyIIyHTHPUIAIH.

HumerminonmoueBnHa  (ochatn  Meramur  cHpTHAA AHMOH — THIUJArd
uHruOuTOpNap cudaruaa Tabcup KWiaau. byHnaH Tamikapu, aHOA KapaéHaapura
TabCUP KWJINO, XUMOSUIOBUM KaBaTiJapHU XOCWJI KuiuO, OyHma Meramn OuiaH
KUAWH »pyBUaH OMpHUKMallapra aijlaHaad Ba HAaTWXKaJa XAMOSUIAII XyCYCHSITH
opraau. JumerunonmoueBrHa Gpocdaru aacopOuusiiaHuod, TEMUpP UOHIAPU OUIIaH
CUPT/a SKPaHJIOBUM KaTjJaMJIapHU XOCHJT KUJIaIu:

NCH,OHCHNCH,OH

o) Co
HNCH,CO

T+t
H, NCHj, H, NCH, ,OH
OH HNCH
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Koppo3usi kapa€HMHM TpaBUMETPHUK YCyJIJard TaaKUKOTH (4-xajBan)
craiimoHap 1mapoumiapga S0°C  ma  WKM-3  wmHrmOuropuman 20  wmr/a
KOHLIEHTpalMsa KYIIWIraijga KOppo3usl TE3NIUTMHUHT KaMaWWIIH, Ky4ucCH3
umkopuit myxutiapaa (P-3) 15,63 mapra Ba xumosinam gapaxacu 93,60% ra Tenr
Oymumm ky3arungu. Oputmara OUKM-9 kymumnumm Ounan mynar Koppo3usicH
tesmurn 107,53 maprara kamanumm xamaa xumosutam gapaxacu 99,07% ra tenr
oynmamu. Tamkukormap HaTwxkacu ImyHH Kypcaraauku OWMKM-8 Ba OHWKM-9
camapaJii  MHTUOUTOpiap  XHUCOONAHAAM, KOPPO3US  TE3JIMTMHU  arpeccuB
myxumiapga -2 pga IIymar 3 HamyHacunum 98-99% ra xumosmanau.
WHruburopaapHu Kyjulanaa, FOKOPH XUMOsSUTAIl Japakacura SpHUILULIAA ONTHMAI
koHneHTpanus 20 mr/n ged, Tomunau (4-xanBan). @ochop TyTraH opraHUK Ba
OJTUTOMEDP OUPHUKMAJAPHUHT aXaMHSITH METAJJT CHUPTHIA IONMKAa KaTiaM XOCHJI
KWIMIIM OWiaH TywyHTHpuiaau. WHruburopiap camapaJopiaurd xapopar Ba
tapkuOra kywin Oorynuk O0ynn6, OMKM-7 xumosutamn nmapaxacu 50 Ba 80°C
xapopariapaa 90,06 Ba 92,36% ra tenr. Metasun OuiiaH agcopOLMOH TabCUPIIAITYB
HaTWXKacuaa, YHUHT XUMOsUIall XOoccallapy I0KOpU Xapopatiapia sHala Ky€IHPOK
HaMO€H OYyaju Ba OyHJIa XeMOCOPOIIMOH MEXaHU3MJIa TabCUp KWIUO Oup MyHYa
MyCTaxkaM KaBaTjap XOCWJ1 Kwiaaud. Monekynanap XeMOoCOpOIUsSIaHUIIIMHUHT
xucodura cuHeprusM 3(PQEKTHHH KOBAJIEHT OOFJaHMII OWJIaH TYLIYHTHPHUII
MyMKHH. KaTHoOH Ba aHMOHIap aJcOpOLMSASAHUIIN HATHXKACHIA 3JIEKTPOCTATHK
Kywiap TabCUPHUAA yAAPHUHT TOPTUIIMIIKA XOCWJI KWJTaH KaBaTJapHH
MYyCTaxXKaMJIMTUHH OIIUPUO Oepaiu.
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4-)xanBai

Typau “HrMOUTOPIAPHUHT TPAaBUMETPUK YCYIJIary HaTHKajlapy mynaar 3
HaMyHacUHUHT xuMosutai Aapaxanapu (Cunr=20 mr/i1) KoHLIeHTpauusaaa GoH
sputma 3% NaCl + 5% Na2COs (pH=8,6) na Ba Typim Xapopartiapa

WNuruburopnap Xapopar, °C 360 coart 720 coart
K, Y Z,% K, Y Z,%
r/(M°cyT) r/(M°cyT)
®oH 50 131,73 - - 103,07 - -
NKM-1 8,81 14,95 | 93,31 3,92 26,32 | 96,20




HNKM-2 16,93 7,78 | 87,15 11,10 9,29 89,23
HNKM-3 9,55 13,79 | 92,75 6,60 15,63 | 93,60
NKM-4 6,28 20,96 | 95,23 4,14 24,88 | 95,98
OHUKM-5 4,24 31,06 | 96,78 3,09 33,33 | 97,00
OHNKM-6 3,65 36,10 | 97,23 1,52 68,03 [ 98,53
OUNKM-7 13,04 10,10 | 90,10 10,25 10,06 | 90,06
OUKM-8 5,01 26,32 | 96,20 2,44 42,19 | 97,63
OHNKM-9 1,53 86,21 | 98,84 0,96 107,53 | 99,07
NALKO 12,81 9,23 189,16 12,53 9,43 89,40
®on 80 272,43 - - 243,72 - -
NKM-1 14,98 18,18 | 94,50 13,31 18,32 | 94,54
HNKM-2 38,11 7,15 186,01 39,92 6,11 83,62
NKM-3 29,50 9,23 189,17 44,65 5,46 81,68
NKM-4 12,91 21,10 | 95,26 9,75 25,00 | 96,00
OUKM-5 5,97 45,66 | 97,81 4,27 57,14 | 98,25
OHKM-6 7,36 37,04 | 97,30 6,17 39,53 | 97,47
OHNKM-7 18,88 14,43 | 93,07 18,62 13,09 | 92,36
OHKM-8 3,51 77,52 | 98,71 2,27 107,53 | 99,07
OUKM-9 2,89 94,34 | 98,94 1,39 175,44 | 99,43
NALKO 38,93 6,99 |[85,71 30,27 8,05 87,58

HuccepranusHuar «MeTaaa CHPTHIA WHIHOMTOPJIAPHUHI aJCOPOLMOH
KOOMJIMSATHHM YPraHuuny 1e0 HOMJIAHTaH YYWHYU OOOHUHT YYMHYM KUCMUA
AIIEKTPOKUMEBUN  KOPpPO3USl HATWXKAcUJa MOJEKYIsp Maccacu KHYUK Ba
OJIUTOMEPJIM MHTUOUTOpPIAP KYJUIAHWITaHJa METAJI CUPTU OWJIaH TabCUPJIALIUIIN
XucoOura ajcopOupiaHTaH KaBariap CUpPTH MaHQUWA, WYKK KUCMH MycOaT
3apsUTaHUIIN XyCyCHIa MabiIyMoTiap Oepuiran. AjncopOupianran OWpuKMaap
cupT Oupnurura cywok (¢aszagaru xapopar, MyXUT XamJa KOHIEHTpalusra
Ooormuknurn anukiaaHrad. lyHmaan kennd 4yukuO, agcopOMpiaHTaH OpraHuK Ba
HOOPTaHWK MHTHOWUTOpIap KYJUIaHWITaHAa, aaabuér MabIymMoTiIapu OWjaH TYIUK
MOC kenub, ynap OupuHuyM OYnuO aHon >kapaéHiapuiard peaxkuusiaapra TabCUp
Kuinaau. by Mabiaymomiap OJIEKTPOKMMEBUM Kapa€Hiapia Tyjla KOIUJIaHUII
JapakajapuHu — XxucoOnmamaa — KyinaHwiaad.  OnuroMepnd — MHrHOMTOpIAp



KYJUTAaHWJTUIITNIA KOHIIEHTpaIUsra camapaid OOFJuK OYiu0, spuTMaa MmyaaTHUHT
1032 coXacua FKOpH AapaxkaJard KOIJIaHHII, aICOPOIUSHIHT TabCUPH,
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TYLIyHApIU Tap3ia aacopOuus u30TepMacuia MOHO KaBaTJIApHUHT XOCHIT OYIIUIIN
OWJIaH KeNTUPUJITaH.

5-pacmmapman  (a, ©0) xkypuruO TYpuOmMKH, uHrHOWTOpIap 20 wr/a
KOHIICHTpaNUsUIap/a KYJUIAaHWITAHJa, TYyJia KOTUIAHWIN Japa)xkacu Typiau (¢oH
sputMmanapaa O HUHr KuiimMatu Oup MyHYa OpTUO OOpraH, KeWWH OJUHTaH
HaTIKaJTapAaH 3Ca KOHIICHTPAIUS OPTHUINU Tyja KOIUTAHWIN Japa’kacura TabCHpP
KHUJIMaraH.

N3orepma KYpVHHILH oyiinua a7CcopOLUSTHU KaH1ai
OYIUIIN,MHTUOUTOPIIADHU  aJICOPOLMSTIAHUIIT  XapaKTePUCTUKAIApU  XaKHjza
duxpnam MyMkuH. YusmanapHuHr tekuciaaHumu Oyinda 0=f(Cunr) Terunum
GyHKIMOHAI TypyxJlap XucoOura OMpHHYM KOHIIEHTPALMOH coXajaa Oouka
KyIIMMYanap KUPUTWITAHAA, OJIUTOMEP HHTUOUTOpIap aacopOIusIcH H30TepMma

KypuHHIILIa €3unaau, Oy sca Oup Xui agcopOaT CUpTra MOC Keau.
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5-pacwm. [Iynar cuprunaru y3rapuiuiapHu Typjid HHTUOUTOpPIIAp
KOHIIEHTpAIIUSICH Ba TYJIa KOTUTaHUI Japaxkacura oornukyuru: OUKM-6 (1);
OUKM-8 (2); OUKM-9 (3); UKM-2 (4); UKM-1 (5); UKM-3 (6) myxut pH=6,4
(a) Ba pH=8,6 (0); T=80°C.

OnuHran MabiIymMOTIapJaH MeETaul CHUPTUHMHT HMHTHOUTOp Owiad Tyna
KOIUTAHUIII Japakacu, aJcopOIus MyBO3aHAT KOHCTAHTAaCU aHUKJIaHTaH, KaCUKH,
azicopOupiiaHral OMpHUKMaliap Xoccajapu TacHU(GU MabJIyMOTIap OJHIIra &épaam
Oepamu. S-xaaBangan kypuHuO Typuoauku, OMMKM-7 HHrHOUTOpH KUPUTHITAHAA
cupTHU Tyna Koranum gapaxkacu 0,90 man 0,92 ra optub Gopanu; amcopOmus
MyBo3aHatr koHcTaHtacu 0,45 nan 0,58 ra y3rapubd OGopran. AMUHO TypyX TyTTaH
OupuKManap ajcopOIUACH HATHXKACHAA UTAPWIIUIN Kyuyjlapu XHUCOOUra MyBO3aHAT
KOHCTAHTACMHUHT KaMaWWIIIMHUA KYPUIIMMH3 MYyMKWH, Oy HaTWXamap a3oT Ba
docdop Tyrran Oupukmanapra Kaparaiaa siKKoJj Ky3ra TanuiaHaau. byHnaHn KyTui



MYMKHUHKH, DJICKTPOHOJOHODP MOJICKYJTATAPHUHT KHYMK WOHJIAHUII TOTCHIUAIIH,
KapaMa-KapIy 3apsjyiapyd, a30T aTOMUHHUHT Mapka3u Ba OWp MyH4Ya MycOar
3apsATM BOJAOPOA ~ ATOMUHUHT — TMPOTOHJIAHTAH  XOJIaTH ~ METAT  CHPTH
OWITaH,KOOPAMHAIIMOH €KW BOAOPOA OOFIapu XHCOOWra SHI SXIIH HHTHOHUTOP
XHUCOOJIaHa H.
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S-kanBan
Typmu naruduropiaapauar (Cunr=20 mr/m) @-3 Gon spuTmanapaa Tyia
KOTUTAHHII Japaskacy Ba acopOIMOH MYBO3aHAT KOHCTAHTACH HATWXKaJapH

Wurubutop Xapopar, °C K S B
NKM-1 50 3,92 0,96 1,20
NKM-2 11,10 0,89 0,40
NKM-3 6,60 0,94 0,78
NKM-4 4,14 0,96 1,20
OHUKM-5 3,09 0,97 1,62
OUKM-6 1,52 0,99 4,95
OUKM-7 10,25 0,90 0,45
OUKM-8 2,44 0,98 2,45
OUKM-9 0,96 0,99 4,95

NKM-1 80 13,31 0,95 0,95

HNKM-2 39,92 0,84 0,26

NKM-3 44,65 0,82 0,23

HNKM-4 9,75 0,96 1,20
OUKM-5 4,27 0,98 2,45
OUKM-6 6,17 0,97 1,62
OUKM-7 18,62 0,92 0,58
OUKM-8 2,27 0,99 4,95
OUKM-9 1,39 0,99 4,95

['paBuMeTpUK TagKUKOTIApAaH, (xkaasan 4), myjar 3JeKTPOAUHUHTKOPPO3HUS
tesnmuru (K) azor, pocdop tyrran mHrubutopnap 20 Mr/m KoHUEHTpauusapiaa



KUPUTWITaHJla Oup MyHYa TACT HaTWXKanapra sra OYNraHJIMTUHU KYpPUITUMU3
MyMKHH. @ocdop TyTraH OIMroMep WHTHOMTOPJIAPHUHT CHPTHHU TYJa KOILJIAHHUIII
Japa)kacu, MOHOMOJIEKYJISIp KaBaTjap XOCWUJ Oynumu Oup MyHYa IOKOpH, Oy
HaTWXajaap ajacopOuMs MyBO3aHAaT KOHCTaHTacura Moc kenaau (B), Oy »aca
WHTUOUTOPIAPHUHT CTPYKTypacura Kapad OOIIKa OJMHraH KOHIIEHTpanusiapaa 3-
5 wMaprara KuiimariapHu oprtuamura oiaud kemaad. OJMroMepiapHu IOKOpU
XMMOSUTAIl XOCCACH CHUPTIA KHMHWH SpyBYaH OWMpHKMAnap XOCHUJ KWJIHUINU, SHHU
YBTHOOPIN OOCKUYM METaUT CUPTH/IA KaTTa XaKMIIA OJTUTOMEpP MOJIEKyJalapHUHT
ajcopOuvsuTaHuIIuaup. by HaTwkamap OMWHraH MHTMOUTOPIAPIAPHUHT siHA Oup
Oop IOKOopuZa KypcaTWiraH XHUMOsJIall —MeXaHu3MjJa Oopullura  Jaiauil
XUCOOIaHa H.

DpTHbOp Oepulll Kepak, YTKa3WiraH TaAKMKOTIIap TaHJIAHTaH coxajapa 6apya
uxTuépuil mapamerpiapiaa ypranwiranga onuromep uHruourop OMKM-8 HuaTr
XUMOSIJIANI X0ccacH OuMp MyHYa FOKOpHU. DHEPrusl aKTUBAIUSACU AJEKTPOJIAPHUHT
CUPTHU DKPAHJIOBUM Aapaxkajgapura OOriuK 0ynuo, Oy sca HHTHOUTOpIap XUMOSJIAII
TabCUP MEXaHU3MHU Ba KOPPO3HUs KapaCHWHU KUHETUKACU XaKHIa aHUK MabIyMOT
Ooepamu. OnmMHraH HaTWXaIap UIYyHH KypcaTaukw, Oy OWpUKMalapHUHT
a7IcCOpOLIMSICH peaKIus TE3TUK KOHCTaHTACUHU
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Ba y OpKanu cupt 3apamiapunu yiraprupaau. docdop Tyrran omnuromep
OWpUKMamap CHPTHUHT TyJa KOIUIAHWIN Japakacu (apKiapu KHUHETHK
XapaKTePUCTUKA MABJIYMOTIApHUIaH TYFPU YiIdanuiap opKaiu XucoOjJaHTaH Ba Oy
aacopommst  xkapa€Hu Owinan OofnuwK. byHman Tamkapu, KapuTuUiIaéTraH
OJTUTOMEPJIAPHUHT TOpMo3ail KodPQuieHTu y3rapuimra HadaxaT XapopaTr Ba
KOHIIEHTpaIusi, 0aJIKM HTHTMOUTOPIIAPHUHT TAPKUOUTA XaM OOFJIUK.
HucceprauussHuHT « Typsau MyxXuT/iapaa KOppo3usi HHTHOMTOPJIAPUHUHT
aJcopOLMOH KaBaT CTPYKTypacu» 1¢0 HOMJIaHTaH TYpPTUHYM O00ua,
THOMOYEBHHA Ba MOUeBHUHA (pocdariapu acocuaaru Ty3JIapHH OJIUTOMEP
OupukManap OWIaH CONUIITUPUITAH TAAKUKOT HaTHKaJapy KeJIITUPUIITaH,
WHTHOMpIIAII X0ccalapy, XuMosutail 3(GHEKTHBIIUTH METAJUT CUPTH/Ia aICOPOITMOH
KaBaTJIapHU X0Cu Oyiuim Owian kypcarwirad. Kam yrmepoaiu mynar
namyHanapuau UKM-1 Ba UKM-2 uarunburopnap Ousiad CyBiIu cucTemManiapaa
XUMOSIJIAIT KaBaTJIApHU XOCUJI KUJINO, yaap MEeTaJll KaTUOHJIapH OujiaH
KoMJIeKcapra ainanaan. MHruouropiap camapaaopiurura TabCUp KITYBYH
MyXHM OMUJUIAp/IaH Oupw - Oy ymapaaru MOJICKYJTaIapHUHT TApMOKJIaHTaH
KOH(UTYpAIUSICHHU METaJUT CUPTH OUJlaH MHTHOWPIIaHTaH MaiJIOH KUCMUHU
aHUK1a0 OepUIIHAND.
MerannapHu KOppo3usijiaH HHrHOUTOpap OMIIaH XUMOsLJIAIll, aCOCaH, KUMEBUHN
azcopOnmsi, OMpUKMaIApHUHT aJCOPOUPIAHTAHIUTH, 3aPSIAPUHUHT Y3rapHIIH
Ba Oup (azanan Oomkacura YTy Ouinad 00Faad TYUIyHTHUPUIITAH.
[IyHuHr y4yH acocaH WHTHOUTOPIAPHUHT MOJEKYJISp CTPYKTypacu
axammustra sraaup. UK — crektpockonuk ycynuaa a3or, Gpocop Ba ONTHHTYTYPT
TYTraH MOJIEKYJISIp MAacCacH KMUYMK Ba OJUTOMEpP MHTUOUTOpPIAp YpraHUiTaH.
VYrneBomopon Monekynanapu rufpodod xoccanmapHu HaMOEH KUITHO, arpeccuB



MYXHUT TOMOH HYHaNTUPWINO, METAJT CHPTUIAH KOPPO3UOH aKTUB 3appadajapHU
UTapub YWKapaau xamja KyliuMYa DSKPAaHJIAMTUPUO XUMOSHHU KydauTupau.
docdarnapHUHT TabCUPUHU CUPTAA onKa ¢ocdar KaBaraap XOCHJ KWJUIIU Ba
METaUl HWOHJAPWHU XHUMOS KWIWIIN OWjaH TYITyHTHPUIIAIH. Onuromep
docdarmap spumaiiuraH KOMIUIEKCIApPHU XOCWJI KWIMIIKA OWiaH OupmMyHUa
camapanop xucobOnanagu. CyBra OpraHuk Ba OJIUTOMEpP OWPUKMaTapHUHT
KYIIWIUIIN METAJJIApHU KOPPO3UsiAaH CakJjiad, OpTUKYA Ty3 XOCHJI KUJIUIITHUHT
ONnAWHU onanau. WHrubupnam XycycusTH aWpuM MeTaiapiaa (QyHKIHOHAT
rypyxaap -NHz, =NH, CN, N=O tyrran Oupukmanapaa Ky4WwIHPOK SKaHIIUTH
taxMuH KuiuHaau. WMuarubutop MKM-1tHomoueBunadocdaru amcopOiuscuaa
aMUHO TypyXJlard a30THUHT OYJIMHMAaraH sJICKTPOHM XpucoOura OYIuIIM MyMKHH.
Nurunbpnam  kapaéHuga — THOKapOaMujJ  MOJIEKYyJacHJard  TUKIaHMaraH
MOJIEKyJajap HIITHPOK 3TaaH, S’bHU OJTHHTYTYpT Ba TEMHp aromiaph opacuaa
OOFIaHUII XEcoOura ajacopOLMsUTAaHUII F03ara KeJaIu.

Mlynmat xkunub, ymly KOppo3usi HHTHOWUTOPIAPUHUHT CamMapagopiuTrd HKKA
a7cCOpOLIMOH-aKTUB MapKa3JapHUHT Ba afcOpOILMs MaxCyJIOTIaPUHUHT aXpaHIlIu
ownan Oormuk. UK crekrpnap Hartwkamapu mIyHH KYpCaTMOKIAKH, CTPYKTypa
OupUKManapAaru ajkul pajukan Y3yHJIUTH YHUHT MHTHOUpIAIl XyCYCHUSITIApUHU
OIIMPUIIITA CaMapajy TabCUp KWIAETTaHUHU KypcaTuod TypuOIu Ba CyroK (azana
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XUMOSI KaTIaMJIapHU XOCUJT OYIIUIIN aicopO1us XucoOura OupuKMaiapHUHT
APYBYAHIIUTUHU KaMaUTUPHIINA aCOCUN aXxaMUsT KacO dTaIu.

AillanMa CyB CHUCTEMajlapujia KOppO3USJIaH XUMOsJAIlga  OJUTOMED
WHTUOUTOPIAPHUKYIJIAII MYMKHH, yIap TYpJd KPHUCTALI TUICHKAJapHU XOCHII
KWIKO, spacCUMOH KOppo3usijaH cakiaiau. bynna pH kuiimatuau 6,5-7 opanuruia
€Kkl yHAAH MacTpoKAa yuuiad Typuil Jio3uMm. AljlaHMa CyB cucTeMalapujia
Ty3JIapHAHT MEKJIOPH opTHO KeThmu (akar arpeccus anuonnap smac CIO", SO,%,
OanKy Kalmuii, MarHui woHmapu OViTaHaa XaMm arpecCHB MyXUTIIapia MeTall
CUpPTHJA XHMMOS KaBaTJlapuHU XOCWJ KWIHIIMHHM OJWHIaH MablyMOTJIap
ucOoTnainau.

Nxku KOMITOHEHTJIA UHTHOUTOPIIAD OUNKM-7+KH2PO4 IOKOpH
camapagopiauruan —NH2 Ba —OH, —NH2 Ba —H2PO3, -NH2 Ba -COOH rypyxmnap
Oynran Oupukmanapaa cuHeprusMm 3pQexTu OuiaH TYUIyHTHPUIT MyMKUH. UKku
KOMIIOHEHTJIM WHTUOUTOPJAPHUHT FOKOPH CaMapaJopiiurd MeTajUlapHu Typiu
MyXUTJIapAard SpUIIN COJUINTUPUITAH HaTwxkanap kentupuiarad. LlyHuHr yuyn
onmuromep Oupukmanap aumetwionmenamuaan KH2PO40unan apanammacuau Ty3
XOCHJI KWJTYBYM MHTHOUTOP cudaTuaa KyurammMu3 MyMKuH. Koppo3usigan Kapim
XUMOSUTAMANTaH UKKU KOMITOHEHTJIM WHTHOUTOpPJIAp KaM ApyBYaH OMpPHUKMallapHU
XOCUJI KWJIUIIU, KaWCHKH, KOPPO3Usl KOJIJIUFU TapKuOugaru KOpPpO3HOH (aos
peareHTIIapHHA KaM YTKa3yBUAHJIMK Xoccajlapy OWiIaH KaBaTIapHU KaJdWHIAIIUIINTa
o6 kemanu. KelimHru skapaénnma ajacopOrus Kysartuiamad, docdaT KaBaTIapHH
YCUO KETUIIMHUHT OJIIMHHM OJIUO, yiap Oup MyHUa WHTHYKaJIamuO, FOBAKIAIINO
KOJIaJ1 Ba XUMOsUIAIIl Xoccaiapu opTud 6opaau.



6-xanaBan

[T¥nar 3 namynanapura OUKM-7+KH2PO4 nuaruéuropiapuHuHr

camapagopiuruau(®-1) ¢pon spurmanapaa pH=5,3; 25°C xapoparia Tabcup

KWJINII JaBPHUHUHI I[&BOMHIZHPIFH

Cnr, 360 coar 720 coar
MT/JT
K, r/(m*cyT) Z,% K, r/(M*cyT) Z,%

0 216,09 - 172,64 -
10 10,61 94,18 10,58 93,26
20 5,97 97,81 4,29 98,27
30 2,84 98,64 1,38 99,54
40 5,21 98,29 3,07 99,15
50 3,52 98,71 2,29 99,06

6-kanBangaH KypuHHO TypuOauku, aumerwinoamenamud KH2POs Ounan
Ky4CH3 KHCJIOTAIM MYyXUTIa XuMosiam aapaxacu 93,26 man 99,54% raua teHr
oynran. Konmenrtpamusi opTuim OWIaH WHTHOWTOP OMp MyHYa camapanu OYiunb
Koirad. bynpail xonmarma WHrHOMTOp MOJeKyjamapu aacopOupiananu, OyHHHT
HaTWKACHJIa METAJI CUPTHJArd MOJIEKyJajap OpacHAard HTAPWIHII Kydlaph
KaMaliuim xucoOura Oup MyHuYa 3UYPOK KaBariaap XOCUJ OYIUIIUra oiu0 Keaau.

[ysaait Kuaub, MeTam CHPTUHUHT UKKA KOMIIOHCHTIIM HHTUOUTOpIIap
OwiaH XMMOSJIAIIIA CyBIIM SPUTMaa XMMOsI KaBaTiiap ro3ara Kejauo, yaap TeMup
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OwiaH KOMIUIGKCTHM OWpuKMaiap Xocuin Kuwiaad. VKKW — KOMITOHEHTIH
uHTHOUTOpNap 6 >kanmBanmaH KypuHHO Typuomuku, OWKM-7+KH2POs 25°C
xapoparaa [1ynar 3 HamyHacu y4yH camapalid Ba Xumosuiail gapaxacu 99,54% ra
TEHT.

Nuruburop OUKM-7 TabCUpUMHHHT caMapaJoOpiurd Xapoparra Kydiu
oornmuk. Xapoparau 50 Ba 80°C roxopwura ommpwinmu Ba KH2PO4 Onnan ukku
KOMIOHEHTJIM MHTHOUTOp cudatuja KYUIAHWIMIIKAA XUMOSJIall X0ccacu OpTUO
Oopasu.

bup ™MyHua camapanu apanammanap ypraHwiran Oynu0, VYTka3uirad
TaJIKUKOTJIApJIaH MHTHOUTOPIAPHUHT OUPTaIUKAa TabCUP KWIMIIM AHUKJIAHTaH.
Nkxknnun komnoHeHT KH2POs uHruburtopm spumaiiuran OupHKManap XOCHI
Kwiaau, Oy OupuKManmap Kydcu3 KHCIOTalld Ba HEUTpan MyXHTAA OapIomnin
XUCOOJIaHaIM Ba TEKIIMPYBIAPHUHT JABOMUMIIUTH JaBpusia OUp MyHYa XUMOSIIAII
camapagopiauru  opraau. MkkuHum  kommoHeHT KH2POs wHunr Oomika
WHTUOUTOpJApAaH aB3a/UIMK TOMOHHM, YHUHI MAacT KOHIEHTpauusuiapja Ba Typid



arpeccuB MyXuTJIap/ia XUMOsIIAII X0occalapy y3rapMac CakjiaHuO KOTHIIN/IA.
Omuromep Oupukmanap KH2PO4 OunmaH WKKM KOMIIOHEHTIIM WHTHOWTOpIIAP
cudaTuaa TEKIUPWITaH Ba HEWTpas, KydCH3 KHUCIOTaJld, UIIKOPUNA MyXWTiapaa
caMapaiopjury aHUKJIaHTaH.

Huccepranusinuar « AHruduTopaap caMmapagopjiMruHy MIUIA0 YHKAPHUII
apouTAa TAAKUK KWIMHID» Je0 HomiaHraH OemmHYM 0Oo0uma bekobox
metamutyprust komounatu, AXK «Haowuitazor», OO0 «3OnexTp ycKyHa co3iain»
KOpXOHaJapuJaH CHHOB JajojaTHOMalapu OJMHraHiauru xamjaa «CyBOKOBa»
NUYIIIK Ba «®aprona HII3» pa wunua® yukapuira >KOpUM KUJWHTAHIUTH
kenTupuwirad. OJIMHraH HaTWXKajdap COBUTHIN CHUCTEMAJIapy, ailjaHMa cyBiapja
Typau Metaiap (mynar 3, MuUC, aJIOMUHMA Ba JIaTyH) KOppo3usicuia
OMpUKMaIapHU UHIMOUTOP cudarra Kyuiam Kypcarud YTUiaras.

AiinanaéTran MaxcysoTa Koppo3noH-($haoa MoJdalapHUHT MaBXYIJIUTH WYKH
KOppO3UsiAaH XUMOSUIAHUIII MyXHMM MyaMMO 3KaHWHM Kypcataau. TamunaérraH
MaxCyJIOTHM HWHTHOMTOpIAp OWJIaH KOppo3usra Kapiid WIUIOB Oepull Typiu
Makcajaja WIUIATWIAJWraH MyjJarT MeTald KyBYpJapHU MUK KOPPO3UsIaH
XUMosUIalla MyXuM BocuTa XucoOnaHamu. Jluccepramus wummaa docdop
KHCIIOTacH Ba OJIUTOMeEpiap acocuaa a3oT Ba ¢ochop TyTraH HHTHOUTOpIAp Xama
0ab3u hocop TyTraH aIayKTIAPHUHT XUMOS TabCUP MEXAHU3MHU TEKIIMPHUITaH
HaT>KaJIap KEITUPUIITaH.

®docdop TyTran onuromepiap MeTaIapHU KOPPO3UsI HHTUOUTOPIIapU
cudaTuaa Typiau arpecCuB MyXUTIap/ia caMapair XMMOSHU TabMUHIIANIN.
Kyzarumnap natmkacu gocdop Ba a30T TyTraH aiIyKTjiap Ba OJUTOMeEp Ty3j1ap
KUPUTUIIMAraH xoJaTiap/ia myJaTHU MabJiyM KUCMIIapH eMUPUIITAHUHY KYpCaTAH.
OpuTMara HamyHa TylMpwiIrasgad cysr, 20-24 coat YTud yH1a KOPPO3USTHUHT
alipuM JOF MapkasiapH ro3ara kenjau. CHHOB BaKTUAa JA0Fiap
KaTTajamud,Koppo3usi MaxcyJaoTH OuiaH Korianau. OnuromMmep HHrHOUTOpIAp
UIITUPOKHJIA TTYJIaT HAMYHA [03acujia 3ud Myxodasa KaBaTh XOCHJI OVIIraHu Kai
KWIHH]IN.
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7-xaaBai
Nnunab ynkapwiran MHrHOUTOPIIAPHUHT TYJNaT 3 HaMyHalapuaa HenTpa
cuctemanapja xapopar 80°C garu XuMosiIall JiapakaJJapuHUHT Y3TapUIu

Nurudutop Conr, MI/n K, (r/mM**cyT) Y Z,%
®-2 (pH=6,4) - 0,5500 - -
HNKM-1 10 0,0757 7,26 86,23
NKM-2 0,0851 6,46 84,52
NKM-3 0,0692 7,94 87,41
NKM-4 0,1310 4,20 76,18




OHNKM-5 0,1125 4,89 79,54
OUKM-6 0,1037 5,31 81,15
OUKM-7 0,0877 6,27 84,06
ONKM-8 0,0275 20,00 95,00
OUKM-9 0,0254 21,65 95,38
NKM-1 20 0,0326 16,86 94,07
NKM-2 0,0327 16,81 94,05
NKM-3 0,0327 16,81 94,05
NKM-4 0,0337 16,31 93,87
OUKM-5 0,0524 10,50 90,48
OHNKM-6 0,0541 10,16 90,16
ONKM-7 0,0686 8,02 87,53
OUKM-8 0,0273 20,12 95,03
ONUKM-9 0,0249 22,08 95,47

Texmupunaértran  uaruoutop  MKM-1 20 Mr/m  KOHIEHTpalusaa
KUPUTWITAHJa, YH O€lll KyHJIUK HATWKAacU IIyHU KYpPCaTAMKW, HEUTpad MyXHTa
oKopu xuMostnam jgapaxacu 94,07% ra, UKM-3 UHrHOMTOPUHUHT XHUMOSJIAIT
napaxacu tokopu 6ymu6 94,05% ra tenr (7-xanBain). [ paBUMETpUK TaIKUKOTIAP
Maxamuii  mapoutna OMKM-7  spurmMacMHM — KYIIMII — JAaBOMMAA  MyJar
KOPPO3USIIAHUII TE3JIMTMHUHT (pOHra HUcOaraH 6-8 MapTa KaMauTupuo,
xuMostsianui aapaxacu 84,06% nan 87,53% rauda y3rapraHuHu KypcaTiu.
AiilllanMa CyBJIapHUHT KUMEBHM TapKUOUTa OOFIUK KaTJIaMHH SHT MaKOyJl
WHTUOUTOP TApKUOMHU Xam/a JJabopaTopus MapoOUTHAA KaTTUK Ty3 XOCHJI KHJIHIII
*KapaHUHU MOJACIUIAIITHPUO peareHTIapHUHT XyCYCUSITUHUHT CaMapaiopiIuru
TaJKUK KAJIHH]IH.

Vrkasuiran TAIKUKOTJIAp HATHXKACH acoCHJia KOMIUIEKC XOCHJI KUJTyBYH
peareHTiiap Ba OJMIOMEpP KOMIIO3UIMSUIAPUHUHT  WIUIATWIWIIM ~ MakKcajra
MYBO(MUKIUTH acoclaHaud. AMaiaui >KMXaTJaH OJIMHTaH HaTWXXajap aHWK HIuiad
YUKAPUIIl [IAPOUTHJA alljlaHMa CYBJIAPHU KOMIUIEKC XUMOSI KWJIUII YYyH KaTjiam
XOCHJI KMJTyBYM MHTUOUTOP KOMIO3ULMSJIAPUHY MILTA0 YuKHIAa (oilanaHnuIaam.
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«Niton XL 3t 900» mapkanu ycKyHacuaa peHTIeH()IyopCLEHT CIIEKTPOMETPUS
ycynauaa onuHUO, 8-)ka/iBalijla KeITUPUIITaH aHAIU3 HaTWKallapu Typiu
MeTaJUTApHUHT KUMEBHM TapkuOu Tanadra »aBob Oepanu. 8-xaaBai
Typnu MeTamn TapKUOMHUHT KOPPO3HSIIaH OJITUHTH Ba KEHUHTH XOJaTH
uHruoutop OMKM-8 kymunranaaru peHTreHoIyOpHUCIIEHT CIIEKTPOMETP
€paMua OJMHIaH HaTHKaJIApU KEATUPUIITaH

OnemeHT Tapkudu, Macc. %

C Si Mn P Zn Ni Cu Fe Al
[Mynar 3 0,20 | 0,15 0,50 | 0,04 - 0,20 0,20 [ 98,60 -
[Tynar 3+OUKM-8 0,75 | 0,15 0,47 | 0,45 - 0,20 0,21 | 97,62 -
AnroMuHHAN - 6,8 0,12 - 0,04 0,01 2,30 [ 0,28 ]90,14

Amomunnii+OUKM-8 | 0,73 | 6,06 0,04 0,58 0,19 0,012 2,23 | 1,07 | 88,92

Muc - - 0,02 - - 0,03 99,51 | 0,08 -
Mruc + OUKM-8 0,28 - 0,02 0,18 - 0,03 99,24 | 0,06 -
Jlatyn - 0,78 - - 37,01 - 61,62 - -
Jlaryas+OUKM-8 - 0,52 - 17,54 | 25,22 - 55,69 | 0,06 -

Tankukotnap Harmxainapu OUKM-8 onuromep HHTrHOMTOPU UIITHPOKUIA
YCTKH KaTjaM aacopOuusicu XucoOura yprauuaaétrad MeTayl TapKuou
Y3rapumunu Kypcatad. Metamn tapkubu dhochop Ounan TyiinHaam €K1 MHC,
aJIOMUHUM Ba JIATYH XO0JIaTU/A SIHTUJAH to3ara kenaau. MHrubuTtop aacopouusicu
HATWXKAcK1a KOPPO3HsUIaHUII Te3nuru keckuH 30-40 maprara kaMasiiy.

[Mynaait kuuob, Gpocdop TyTran oauroMep HHTMOUTOPIAP, KyU4CHU3 KUCIOTAIN
Ba HEUTpanm MyxuTiapaa IMyiaT KOPPO3WSICH KApaCHUHWHT CEKUHJIAITUPHO,
caMapaJiopjiurd  IOKOpPH DJKaHUHU Kypcarnd. by onuromepnapHuHr dapkiu
XyCYCHUSTH ONTUMAJ KOHUEHTPAUSHUHT MAaCTIUTH,
ap30HJIUTH, YHUBEpCal Ba 3axapcu3iuru xucodmanaau. Pocdar Oupukmanapu
aliJlaHMa MCHUTHUII CHUCTEMAJIapujia MYJIAaTHUHT XUMOS KaTJaMHHHU Ba KOPPO3USIaH
XUMOSIJIAIT YUYH 3apyp OYJIraH UIIKOPUNA MyXUTHH CaKJIANIH.

HNuruburopnap xycycustmiapu OOO «DnekTp ycKyHa co3ainy KopXoHacuaa
TEeKIIUPWIAU. TaAKUKOTIAp YTKa3uianO, ONMHIaH HaTHXKajlap rpaBUMETPUK ycyiaa
takkocianau, OWUKM-6 Ba OWNKM-7 wuHrubutopiapu CcTaluoHap IIapoUTIA
KYIIWITaHa TYJIaTHU KOPPO3UsTa yupalll TE3JIUTH KaMainb, XUMosiyall Japaxacu
88,2 Ba 80,84% ra tyrpu kemau. 30 mr/in konneHTpanusaaru OMMKM-8 sa OMMKM 9
OJIUTOMEP UHTUOUTOPIIAPHUHT VH O€lll KyHJIMK TaAKuKoTiapu 92,66 Ba 98,61%



ra TS”FpI/I KeJIaaurad IOKOpHU XUMOs XyCYCUATHUHU HAMOEH KHWJIOH.
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9-xanBan
Niina6 yukapwirad uaruoutropiapaunr [1ynar 3 HamyHacuma xapopat 25°C
Jlary XMMOsUIAII Japaxkajiapu

WHruourop Chunr, MI/11 K, (r/mM**cyT) Y Z, %
Do (©-2) . 1,43 i i
OUKM-6 30 0,16 11,8 88,2
OUKM-7 0,27 19,16 80,84
ONKM-8 0,10 7,34 92,66
OUKM-9 0,02 1,39 98,61

Kentupunran TaIKMKOT HaTHXKalapy acoCUa IIyHU alTUIIl MyMKHHKH,
HucOaran camapaaopian nHruoutop OMKM-9 cyBnaru KOppo3HOH arpecCUBIUKHU
KaMaWTHpaay Ba METAJUTHU KOPPO3UOH EMHUPUIIUIIIAH XUMOS KWIaIu. YOy
WHTHOUTOpIAP YIYH MakOys KoHieHTparus 30 Mr/i 1e6 Tonuiiu.

Jlaboparopus tankukoTiapu «Paprona HII3» Ba «Cysoxosay MUK na
allllaHMa CcyB cucTeMaapu/ia TEKIIMPHIIU Xamaa pocop TyTraH OJTuromep
MHTUOHUTOpIIAp UITA0 YUKAPUIITa KOPUN KUITUHIM.

XVJIOCAJIAP

«Tapkubunga N, P, S Tytran OupukManap acocujiard OJUTOMEpP KOppO3us
WHTUOUTOPIAPUHUHT CHUHTE3M Ba (UBMK—KUMEBHA XOccallapu» MaB3yCHUIArd
JOKTOPJIMK Jauccepranuscu Oyimya onu® OopuiraH TaaKUKOTIap HaTHXKacuia
KyWuJaru xyuocanap TaKIuM 3THIIN:

1. A3ot-, pocop TyTran ammykTiap, THOMOYEBHHA, MOYCBHUHA, METIaMUH Ba
reKCaMeTUJICHIMAaMUH aCOCH/Ia Ba OJIMTOMEP THITUIATH MHTUOUTOpIAp a30T TyTraH
opraHuk Oupuxkmanap xamjaa (ochop KuUCIOTaCH acocuja CHUHTE3 KWJIMHTaH.
bupukmamapHUHT  MOJEKYNISp-IMHAMHK Ba  KBAaHT-KUMEBUU  XYCyCHSTIIApU
aHUKJIAHUO, OJMMTOMEp OMpPHKMAaJapHUHT WHTHOMpIAIl MEXaHU3MUHUHT YMyMUH
KOHYHUATIAPU YPHATHIUIIA Y3UTa XOC FOKOPU camapagopiii HHTHOWTOPIApHUHT
HYHANITHPWIITaH CHHTE3UTa KCHI UMKOHHATIAp 04rb Oepu.

2. HumetmnonmoueBuHa docdatu (OUKM-8) onuromep Oupukmanap Typiu
GYHKIIMOHAT TypyXJap MaBKYIJIUTH XHCOOWUTa HWYKH MOJICKYJSIp CHHEPTHU3M
sbdexkTn Ky3zaTwiran xamjaa OyHIail WHTHOUTOPJIAPHUHT METaJUl CHpPTUAA 3UY



KaBaTjiap XOCWJI KWIMILIY Ba MHTMOMpIIall CaMapaCUHUHT OPTHUILNIa OJINO KETUIN
KypCaTWiIraH.

3. KuHeTuk Ba TEpMOJAMHAMUK TAIKUKOTIIAP, KyWHUMOJIEKYIISIp Typ/iaru Ba
OJIUTOMEP UHTUOUTOpIIAap aJCOPOLMOH XyCyCHUATH OniaH GpapkiaHuo,
KyHHUMOJIEKYJISIp MHTHOUTOPIIAp aIcOPOIIMOH KOHCTAHTACH KUUMATHIaH TYPT
MapoTada KYIUIUTUHU, OJTMTOMEP MHTMOUTOPIAPHUHT aICOPOIIMOH MyBO3aHAT
KOHCTAHTACH Ba 3JIEKTPOJ] FO3ACUHUHT TYJIUIIU JAPAXKACUHUHT IOKOPH KUHMATHHU
TaCIUKIANIN.

4. Kanuit nuruapodocdar acocuaaru MKKM KOMIIOHEHTIIA HHTUOUTOpIIAp
CUCTEMATHK Tap3Aa TaXJIWI KWIMHIM Ba UKKUHYM KOMIOHEHTHUHT Ky IIWJIMILIN

27
UHTUOMpIAl  TabCUPUHUHT  OpTUINHMra, Oy 93ca HMKKH  KOMIIOHEHTIH
WHTUOUTOPJIApHU XUMOSIAIl MeXaHu3MH (Gocdop TyTraH OMpUKMaTapHU METasll
CUpTHJA IOMKa Karjaamiap XOCWI KWIMIIM OWIaH TYIIYHTUPWIraH Ba yiap
SPACUMOH KOPPO3HSIIaH CAKJIAIIHA TAbMUHIA0 OEpUIN KYpCaTHIITaH.

5. JluMeTunonMenaMuH HHTMOMTOPUHU caMapacH arpeccuB MyXHUT/Ia Xapopar
KYTapWwiIMIlld OWJIaH OpTHUIIM, KEWMH MabjiIyM Xapoparra eTraHja yHHUHT
caMapaJiopiuru y3rapMaciiurd aHUKJIaHTaH,0y 3ca UHTHOUTOPJIAp XeMOCOPOIIMOH
MEXaHU3MJIa TabCUp KWIMO, XOCWI OYIraH Kapariap MyCTaxXKaMJIWUTHHU OLIUPHUO
OepuIlra Xu3Mar KyIaiu.

6. lumeTunoamMoueBrHa Ba IUMETUIIONMENaMuH (ocdarinapu nyaaT cupTuaa
Typau pH Myxutaa OonutaHFUd MOJJAHUHT TapKUOM Ba CTPYKTypacuIaH OyTKyIl
bapK KuJaguraH XUMos KaBaTiap XOCHJ KWIMIIM XamJa JTMMETUIIOIMOYEBHHA Ba
TUMETHIIONMeNIaMuH (pocdatmapu aHMOH HHTHOUTOpH cudarua TabCUp Ko,
aHOJ1 Kapa€HJIapUHU CEKUHIAIITUPUIIN AaHUKJIAHIH.

7. FOxopu camapanopiu onuromep oupukmanap OMMKM-8, OUKM-9 BaynapHuHT
xoMmmno3unusuiapu bekoboa merammyprust komOunatuaa, AXK «Hasouitazor», OOO
«Onektp yckyHa coznann Ba «CyBokoBa» MUK xamaa «®aprona HII3» na
CHHOBJIaH YTKa3UIMO UIILJIA0 YUKAPHUIITA KOPUM dTHUIIIH.
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HAYYHBIA COBET 14.07.2016.K.01.02 IIO ITPUCYKJIEHUIO
YUYEHOW CTENNEHU JOKTOPA HAYK ITPY HAITMUOHAJBHOM
YHUBEPCUTETE Y3BEKUCTAHA

HAIIMOHAJIbHBIA YHUBEPCUTET Y3BEKUCTAHA

JIIMAMATOBA HOIUPA BAXPOMOBHA



CHUHTE3 1 ®U3UKO-XUMHUYECKHUE CBOMCTBA
OJJUTOMEPHBIX UHTMBUTOPOB KOPPO3UU HA OCHOBE
N, P, S COAEPKAILIMX COETUHEHUIA

02.00.04 - dusnyeckas XUMHS
(XMMHYecCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOIi JUCCEPTALIIM

Tamkenr—2016
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Tema JOKTOPCKOM JHCCEPTALMM 3aperucTpupoBaHa B Bbicuiedl arrecTalMOHHOM

komuccun mnpu  KaOumnere MunuctpoB PecmyOumkm Y30ekucTaH 3a HoOMepoM
30.09.2014/B2014.5.K63

JlokTOpCcKast Juccepranus BellojaHeHa B HannonansHOM yHUBepcuTeTe Y30eKucTaHa.

ABropedepar muccepranmu Ha TpeX s3blkaxX (y30eKCKWH, pycCKuii, aHTIMHCKUI) pa3MelleH Ha
BeO-cTpanuile 1o aapecy www.ik-kimyo.nuu.uz. u HHPOPMAIMOHHO-00PA30BATEIILHOM TIOPTAJIe
«ZiyoNET» no agpecy www.ziyonet.uz.

Hay4Hblii koHCy1bTaHT: AkOapoB Xamaam MkpaMoBHY JOKTOP XUMHUYECKHUX
HayK, podeccop

Od¢unuansubie Hlapunos Xacan TypaGoBuu
ONIOHEHTBI: JOKTOP XMMUYECKHUX HayK, Ipodeccop



I'ypo Buraumii IlaBnosuy4
JTIOKTOp XMMHUYECKUX HayK

CuaukoB A0ayxanon CuaukoBu4

JOKTOP XMMUYECKHUX HayK
CamapkaHJCKUI rocyapCTBEHHBII

Beaymasn YHUBEPCUTET
OpraHm3anus:
3amura IuccepTalnun COCTOUTCS « » 2016 1.B yacoB Ha 3acenanun HayuHoro cosera

14.07.2016.K.01.02 npu HanmonansHOM yHUBepcuTeTe Y36ekucrana. (Anpec: 100174,
TamkenT, yn. Yausepcurerckas 4, Ten.: (99871) 227-12-24; daxkc: (99824) 246-53-21;
246-02-24. e-mail: chem0102@mail.ru).

JlokTopckast quccepranus 3apeructupoBata B IHGpOpMalmoHHO-pECYpPCHOM IIEHTpe
HanmonaneHoro yHuBepcutera Y30ekucrana 3a Ne ¢ KoTOpoit MOXKHO 03HaKoMHThest B MIPLL.
(100174, Tamkent, BY3 roponok, ®ynnamenrtanpHas ouomuoreka HY V3. Ten.:(99871)
246-67-71).

ABTopedepar auccepTanry pa3ociaH « » 2016 rona.

(ipoToKoI pacchUTKH No oT 2016 rona).

A. C. Pajuxosn

IIpencenarens HayyHOTO COBETA 11O
MPUCYKICHUIO YUEHOU CTENIEHU JOKTOpa Hayk,
IL.X.H., Ipodeccop

Jd.A.T'agypoBa
VY4eHslil cekpeTapb Hay4yHOTO COBETA IO

MIPUCYXICHHUIO YUYEHOU CTENEHU JTOKTOpA HayK, J.X.H.

X.T.Illapunos

[peacenarens HAyYHOTO CEMUHAPA TIPU HAYYHOM

COBETE 110 MPUCYKICHUIO YUEHOH CTENICHHU JJOKTOpa HayK,
II.X.H., ipodeccop

30
BBE/IEHUE (anHOTAnIUs JOKTOPCKO AMCCEPTALIMHU)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbI JHMccepranmuu. B Mupe
exerogHo 10% wmertannoB paspyliaeTcs B pe3yabTare KOPPO3UH, BO3HHKAIOIIEH
P XUMHUYECKOM WA 3JIEKTPOXUMHUYECKOM B3aUMOJEHCTBHHM C OKpY>KAIOIIEH
Cpenoi, YTO MPUBOIUT K (PUHAHCOBBIM MOTEPSIM, UCUUCISIOUIUMUCS MUJUTHAPIaMU
cymoB'. OCHOBHOI MaTepuas [ COBPEMEHHOI TEXHUKH U TEXHOIOTHIl — CIIIABBI
Ha OCHOBE jkejie3a OOoJbIlie BCEro MOJIBEPraroTCs KOPPO3UOHHOMY BO3/IEHCTBHIO
NOJl BJIMSIHUEM KHUCJIOpOJa BO3/AyXa, BJark, OKCUAOB CEpPbI, a30Ta U APYTrHX
XUMHUYECKHA aKTUBHBIX BELIECTB.

3a rompl He3aBUCMMOCTM B PecnyOnuke ynaensercsa OOJpIIOE BHHMAaHHE
Pa3BUTHIO HAYYHBIX HCCJIEIOBAaHUN B OOJACTH XUMHUYECKOM MPOMBIILIEHHOCTH,



IIPOU3BOJICTBA HOBBIX BHJIOB MPOAYKIMH U UX PEATU3ALNN U IIPU 3TOM JIOCTUTHYTHI
ONpE/eNICHHbIE  Pe3ylbTaThl MO  YIOBIETBOPEHUID MECTHOTO  pbIHKA B
MMIIOPTO3aMELIAIOIINX XUMHUYECKUX peareHTax. B cBA3M ¢ 3TUM mpu 3amure
BOJIHBIX CHCTEM, B CETAX BOAOCHaOXeHUsS, HedrenepepadarbIBaOIei U
HE(PTEXUMUYECKOW MPOMBIIUIEHHOCTAX M JIOOBIX SHEPreTHUECKHX YCTaHOBKax
NPUMEHSIOTCSI  MHTUOUTOPHI HA OCHOBE OpPraHUYECKUX M OJUTOMEPHBIX
COEJIMHEHU, OHU 3HAUUTEIBHO YIJIMHIET CPOK CIY>KObI METAJIIOB.

[IpoBeneHre 1ENEBBIX MCCIECAOBAHUM 10 MOBBILICHUIO Ka4eCTBAa METAJUIOB U
3(pGEKTUBHOMY UX HCIIOJIB30BAHUIO SIBISETCS BAXKHBIM B MUpE, IIPH 3TOM, 0C000€
BHUMAHHME YHEJSIETCS CICAYIOIIMM 3ajadamM: B TOM YHCIE, IPUMEHEHHUIO
BOJIOPACTBOPUMBIX, OJUIOMEPHBIX W TOJIUMEPHBIX WHTHOUTOPOB ISl OOPBHOBI C
COJICOTJIIOKEHUEM, ONPENEICHUI0 ONTHMAJIbHBIX YCJIOBHM MPU HHIHOMPOBAHHMU
KOPpPO3UM METAJIJIOB, CHHTE3 BOJOPACTBOPUMBIX OPraHUYECKHX W OJUTOMEPHBIX
WHTUOUTOPOB Ha OCHOBE a30T M (pocdopcomaepkammx coearuHeHUu 3PGHEeKTUBHO
3alMIIAIONIME YEPHbIE U IIBETHBIE METAUIbl OT KOPPO3MM B PA3IMYHBIX Cpelax,
W3YYCHUI0 MEXaHU3MOB HWHIHOMPOBAHHMM, YCTAHOBJIEHUIO (PU3UKO-XUMHUYECKUX
3aKOHOMEpHOCTEH. BiMsiHME Ha MOBEPXHOCTh METAJIA, MPOSBICHHUE 3ALUTHBIX
CBOWCTB B pe3yabprare aJCOpPOIMOHHOIO B3aUMOJAEHUCTBUS MPU  PA3IUYHBIX
TeMIleparypax 1 M3y4eHHue MEXaHU3MOB UX JICUCTBHUS SIBISIETCS B HACTOALIEE BPEMS
aKTyaJbHOM 3aJa4ei.

JlaHHOE UCCEepPTAlMOHHOE HCCIIEN0BAHNE B ONPENCICHHON CTEIEHU CILYXKUT
BBHITIOJTHEHUIO 3aJ1a4, MPEyCMOTPEHHBIX TocTaHoBieHui [Ipesunenta Pecyonuku
V30ekucran III1-1442 ot 15 nekabps 2010 . «O mnpuopurerax pa3BUTHS
npoMmbliieHHocTH  Pecnyonuku  Y30ekuctan B 2011-2015 romax», a Takke
[Toctanosnennit Kabunera mMunuctpoB PecnyOnuku Y30ekuctan ot 9 ceHTIOps
1992 r «O6 oxpane mpupoasl», ot 27 mas 2013 r. «O nporpamme AeHCTBUHN 1O
oxpaHe okpyxkaromien cpenbl PecryOnuku VY30ekuctan na 2013-2017 romei», a
TaK)Xe B IPYTrUX HOPMATUBHO-IIPABOBBIX JTOKYMEHTAX, IPUHATHIX B TAHHOU cdepe.

CooTBeTcTBHE MCC/IEI0BAHUSA C IPUOPUTETHHIMHU HANIPABJIECHUSMH
Pa3BUTHS HAYKH U TEXHOJIOrMil pecny0iauku. /laHHOE Hcciie0BaHNe

TMonompuropa A.A. HccnenoBaHne KOPPO3HOHHOTO —pa3pylICHHs TIOBEPXHOCTEeH He(TENpoBOIOB MOCTE
JUINTENbHON 3KcIuTyaranun // Bectauk FOropckoro rocynapcrsensoro ynusepcutera. -2011. -Boim. 4 (23). - C.105-
112.
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BBITIOJTHEHO B COOTBETCTBUU C TPUOPUTETHBIM HAIIPABICHUEM Pa3BUTHUSI HAYKH U
TexHoioruu pecnyonuku VII. «Xumudeckas TEXHOJIOTUS U HAHOTEXHOJIOTUSD.
00630p 3apyGesKHBIX HAYYHBIX HCCICI0BAHMI 110 TeMe auccepTanun. “Hayunbie
UCCJIeI0BAaHUs, HAIIPABIIEHHBIE 10 Pa3pad0TKe HHTMOUTOPOB KOPPO3UH METAIIIIOB
OCYIIECTBIISIIOTCS B BEAYLINX HAYYHBIX HEHTPAx U BBICIIUX 00pa30BaTeNIbHbIX
YUIPEKJICHHUIX MUPa, B ToM yucie, Institute for Technical and Macromolecular
Chemistry (I'epmanust), University of California, Max-Planck Institute, School of
Chemistry and Chemical Engineering, School of Chemistry, University of
Edinburgh (CIIIA), Technical University of Cluj-Napoca (Pymbraus), MockoBckuii



rOCYapCTBEHHBIN MHCTUTYT CTaJld U CIUIaBOB, MOCKOBCKasi AKajieMHsi TOHKOM
xumudeckon TexHonoruu (Poccust), UHcTUTyT 00111€# U HEOPraHWYECKON XUMUU
(V30ekucran).

B pesynprare mNpOBEACHHBIX B MHUPE MWCCIEIOBAHMM 110 ONPEIEICHUE
MHTUOUpYIOUIe COCOOHOCTH OPraHMYECKUX COCTUHEHHM MONy4eH Psi HAyYHBIX
pE3yabTaToOB, B TOM YHUCIJE: OMPEIETICHbl OCOOEHHOCTH M3MEHEHUMN >PQPEeKTUBHON
sueprum aktuparuu (Institute for Technical and Macromolecular Chemistry,
I'epmanust; University of Edinburgh, CIIIA); onpenenen MexaHu3m pacTBOPEHHUS,
MaCCUBAIIAS METAJIJIOB M CIUIABOB B PACTBOPAX C T00aBKaMH HHTHOUTOPOB
opranudeckoro u Heopranumdeckoro TumnoB (Technical University of Cluj-Napoca,
PymbinMS); cO3MaHBI MHTUOUTOPHI JIJIs1 KOPPO3UH METAIIOB U CIIAaBOB Kak
ITIACCUBATOPBI U ONPEAEIIEH BIUSHUAE MPUPOJIBI aHUOHOB U 3AMECTUTEIIEH
OpraHu4ecKux MoJjekys (MOCKOBCKHI rOCY1apCTBEHHBIM HHCTUTYT CTAJIA U
cru1aBoB, Poccust); HCIIOIb30BaHbl OPraHUYECKUE COSAMHEHUS JITISl 3aIUThI
METAJJIOB OT Koppo3uu (Jlep:kaBUHCKUM TOCYIapCTBEHHBIN TEXHUUECKUN
yHuBepcuret, Poccus).

B wmupe mno 3ammTe METauioB OT KOPPO3HHM IO pANY MPUOPUTETHBIX
HaIlpaBJICHUW  TNPOBOAATCA  MCCIENOBAHMSA, B  TOM  4YHUCJIE:  CO3JaHUSA
BBICOKOKAUY€CTBEHHBIX, 3 (HEKTUBHBIX UHTHOUTOPOB Ha OCHOBE
AMUHOCOAEPKAIIUX  OPraHUYECKUX  COEAVUHEHUN;  OINpPEACIICHUE  BIUSHHE
YMEHBIIEHUS] KOPPO3UM Ha IMOBEPXHOCTU CTalM W JCHUCTBUIO MHTMOMTOPOB B
BOJHOM cpese; JO0Ka3aTh CBSI3bIBAHHE OCOOCHHOCTEH 3alllUThl COEIMHEHUSIMHU
a7IcOpOMPOBAHHBIMU Ha TOBEPXHOCTH METAJUIOB, 3aMEIJISIONINX KaTOIHbBIE H
AQHOJIHBIE IIPOLIECCHI; ONPENEICHUE BIHSHUSA CpPEAbl W KOHILEHTPALMU HAa
MPUMEHSIEMbIE UHTUOUTOPHI.

Crenenb U3y4eHHOCTH NMPo0JeMbl. Pa3paboTke HHITMOUTOPOB KOPPO3UHU OBLITU
MOCBSIIEHBI UCCIIEIOBAHMS KaK 3apyOeKHBIX, TAK U OTEYECTBEHHBIX yueHbIX. Ha
CETrOJIHAIIHUMN JIeHb Haubosee pa3paboTaHHBIMU SBIISIOTCS (PU3UKO XUMHUYECKUE,

MEKTPOXUMHYECKHUE U PyTHe METOIB! B UCCIEN0BAHHE HHTHOUTOPOB KOPPO3UL,
OJTHAKO, C PA3BUTUEM TEXHOJOTUM MOBBIIIAIOTCS TPEOOBAHUS K U3YUECHHIO
MEXaHH3Ma UHTHOUTOPHOTI'O IEMCTBUSI OPraHUYECKUX BEIIECTB HA IIPOLECCHI
KOPpO3MH U HABOJOPOXKMUBAHUA CcTainu. IHTepeCHBIM U

— 0O030p MEXAYHAPOINHBIX HAYYHBIX WCCIICOBAHHWN IO TEME MUCCEPTAlHU MPUTOTOBIECH m3www.dissercat.com,

3
http://www.fundamental-research.run  Apyrux HCTOYHHUKOB. Baranos PK., Uromumn PB., Kysmenos [0.U.,
Hupromsaukosa H.B. [Ipaktruka npoTnBokoppo3noHHoi 3amuTel. M. 2009. Ne3. (53).-C.19-26.
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HEU3yUYEeHHBIM OCTaeTCs BOMPOC OO0 WHTUOMPOBAHHM OPTaHUYECKHUMH U
dbochaTHEIMU  COENMHEHUSIMU Tpollecca HaBOAOpakuMBaHUS. KomriekcHbie
UCCIIEZIOBaHUSI J1aéT BO3MOXKHOCTH, OCHOBAaHHBIE Ha HOBBIX JIOCTHIKEHUSX
IKCTIEpUMEHTATBHON TEXHUKH, qTO TIO3BOJIUT CUHTE3UPOBATh
BBICOKOA()(DEKTUBHBIE HHTUOUPYIOIINE KOMITO3HUIIUH.

O030p nuTEpaTYpHBIX JaHHBIX MOKa3all, 4yTo MHOrue padotsl (FO.P. OBaHnc,
T.I1. Xop, N.JI. Pozendenna, R.P. Frankental, D. Brasher, K.Z. Schwabe, C.3.



Jleun, FO. Kopones, B. I1yTuioB) mocBsieHbl 3EKTPOXUMUYECKIUM METOAAM
HCCIIeIOBaHUS, T/Ie B KAU€CTBE MHIMOMTOPOB MCIIOIb30BaHbI Pa3IMUHbIE
Matepuaibl. YueHole Y30ekucrana, B ToM uucie, P. C. Tunnaes, I. A. [{piranos,
@.K. Kypbanos, A.T. Ixamunos, B.I1. I'ypo, X.1. Akbapos, A. Ukpamos, /JI.
KOcymog, 3.b. Tamxuxomkaes u Ipyrue, BHECTH OONBIION BKIIAJ CBOMMHU
HAYYHBIMU UCCIICIOBAHUSAMH B PEIIeHUE TPOOIEMBI 3alIUTH METAJIJIOB OT
KOPPO3HH, a TAKKE CUHTE3a XUMUYECKUX COCIMHEHUH, KOTOPhIE UCTIONB3YIOTCS B
KauecTBe HHTMOHTOPOB KOPPO3HH .

[Tokazano BBICOKOA(DPEKTUBHOCTD (hochaTHBIX HWHTHOMTOPOB B Pa3HBIX
cpenax’, HO GOJNBIIMHCTBO HMCCIEIOBAHUI IIPOBEICHO MPUMEHHTENHFHO K YHCTHIM
docharapimM wim nmonmudochaTHbIM COSAUMHEHHSM, a opraHudeckue QocdarHbie
COJTM MAaji0 M3Y4YeHbl WM MPEICTaBICHBI HEAOCTATOYHO. Pa3BuThl paboOThl 1O
WCIIOJIb30BAaHUI0 WHTHUOUTOPOB KOPPO3UH, JJii KOTOPBIX XapakTEpHO HaIUYUE
XUMUYECKU aKTUBHBIX TPYMI, CIIOCOOHBIX B3aMMOJCHCTBOBATH C HAXOSAIIUMHUCS B
pacTBOpe METaJlJIaMHU.

B cBs3u ¢ yxecToueHMeM TpeOOBAaHUU K OXpaHE OKPYXKAIOIIEH Cpesbl
KOJINYE€CTBEHHBIMU METOJIaMH MPOTHO3UPOBAHUS MOKa3aHa HU3Kas 3 (HEKTUBHOCTh
3aIUTHl METAJJIOB UHAUBUYAIbHBIMU XUMHUYECKUMHU COCIMHEHUSIMU, YTO PE3KUM
0o0pa3oM OTpaHUYMBACT KPYT PaHee M3BECTHBIX HHTHONTOPOB. [ToaTOMY BCe Oosnee
aKTyaJIbHOM CTAHOBUTCS pa3padOTKa IKOJIOTHUYECKH 0€30IaCHbBIX, MAaJTOTOKCHYHBIX
WHTUOUTOPOB.

CBsi3b TeMbI JUCCEPTALMHU ¢ HAYYHO-MCCJIEI0BATEILCKUMH padoTaMu
BBICIIIET0 00PA30BaTEJIbHOI0 YUYPeKIeHUSs, I71e BHINOJHEHA JUCCepTALNS.
JuccepranmronHas paboTa BEITIOJHEHA HA OCHOBE CIEAYIOMUX (QyHIaMEHTAIbHBIX
MPOEKTOB, BhIMONHEHHBIX B HanonansnoMm YauBepcurere Y30ekucrana: OT
®.3-151 «Ilonumepsl Kak HOCUTEIN OUOJIOTMYECKN aKTUBHBIX COETUHEHUHN U
uHrEouTOpE» (2007-2011 rT); E®.7-1 «HOBOE MOKONIEHE HHTHOUTOPOB KOPPO3UH
METaJJIOB Ha OCHOBE MECTHOTO ChIpbsi» (2014-2015 rT.).

Heabo wucciaenoBaHusi  SIBISETCS  CO3JaHUE  HOBBIX  OJUTOMEPHBIX
WHTUOUTOPOB 711 3(PGEKTUBHON 3alUTHl METAUIOB OT KOPPO3WUU M BBHISBIICHHE
(hUBUKO-XUMUYECKUX 0COOCHHOCTEN UX JEHCTBUS.

Jlist mocTrxkeHus 11esu cPOPMYITHUPOBAHBI CIEAYIOIMINE 3aa4i
HCCJICIOBAHNS:

4
= OcranoB Y.IO., beknazapos X.C., xammmo A.T., Axbapo X.U., XommkoB A.)K. NHrnObupoBanme Koppo3un
yrinepoaucToit cramm nodaskamu MAT'-1 u MAT-2 B pa3nuuHbIX cpenax // DHIMKIONEANIECKUH CHPaBOYHUK. -M.

5
2009. -Ne4. -C. 31-32.  JlopoxoBa E.A., Kpeuc U.b., bypkur6aesa b.JI. AncopOuust nommdocharoB Ha CTaIbHOM
anexrpone // Bectank KasHY. Cep.xumus. 2002. -Ne5. -C.109-113.
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CHHTE3 OJIATOMEPHBIX HHIMOUTOPOB KOPPO3UU METAIIIOB HA OCHOBE a30T,
dhocdop, cepoconepKanux COCTUHECHUI;
pacyeT MOJICKYJIAPHO-AMHAMUYCSCKHUX ¥ KBAHTOBO-XUMHUECKUX
XapaKTEPUCTUK COCTUHCHHUIA,
ONpeaeCHHEe  MEXaHW3Ma  HMHTHOMPOBAHHMS  KOPPO3HWH  METaJlIOB



CUHTE3UPOBAHHBIMH OJIMTOMEPHBIMH COCAMHEHUSIMU B Pa3TUYHBIX (OHOBBIX
pacTBoOpax;

co3nanne >PQPEKTUBHBIX WHTHOUTOPOB HAa OCHOBE AJAYKTOB M OJIUTOMEPOB
pPa3sIUYHBIMUA a30TCOJEPKAIMMHA OPraHWUYECKUMHU COEIMHEHHSIMU U (pochopHOI
KHUCJIOTBI, a TaKXe OIpe/elIeHHe HIEKTPOXUMUUYECKUMHU, TPaBUMETPUUYECKUMU
METOJIaMU aJICOPOIIMOHHBIE CBOMCTBA MPU KOPPO3UU METAIIOB;

poBe/ieHre J1a00PaTOPHBIX UCTIHITAHUN pa3pabOTaHHBIX HHTUOUTOPOB U
NPUMEHEHHUE B TPOMBIIIIICHHBIX YCIOBUSIX.

O0bexkTOM HCCJIeI0BaHUS SBISIOTCA a30T- U (ocdop, cepocoaep aiiue
annykthl (hocdar TnomoueBunbl, pocdar moueBuHbl, Pocdar Menamuna, Gocdar
reKCaMeTWJICH/IUAMUHA) W WHTHUOUTOPHI  OJMTOMEPHOIO THIMA HA OCHOBE
dochopHoii kucaorel (dochar AUMETHIIONTEKCAMETUICHANAMUHA, JUMETUIION
MOYEBMHA, JUMETWION MenamMuH, Qocdar auMeTHIIoNMoueBUHBL, (docdar
AVUMETUIIONIMENIaMIHA) a TAaKXKE CTallb U HEKOTOPHIE METAJLIBI.

IIpeamMer ucc/ie10BaHu - CHHTE3 aITyKTOB U HHTUOUTOPOB OJTUTOMEPHOTO
THUIIa HA OCHOBE OPTaHMYECKUX COSAMHEHUHN U POoCHOPHON KUCIIOTHI,
YCTaHOBJICHHE MEXaHU3Ma UHTMOUPOBAHUS U OOLINX 3aKOHOMEPHOCTEN.

Mertoabl uccienoBanus. B pabore ncnonb30BaHbl METOIBI
HOJISIPU3AIIMOHHBIX KPUBBIX, MOJIIPU3ALMOHHOTO CONIPOTUBIICHUS,
XPOHOMOTEHIIMOMETPUHU, TPABUMETPUH, KPUOCKOTIHH, a TAK)KE KBAHTOBO
XUMHYECKHE, MUKPOCKOITMYECKHE METO/IbI, peHTreHouryopuciienTHas u MK
CHEKTPOCKOIIHS.

Hay4ynasi HOBU3HA HcCJIeJ0OBAHUS 3aKIIOYAETCA B CIEAYIOIIEM: BIIEPBbHIE
CHUHTE3UPOBaHbI a30T-, pocdop-, cepocoaepKaliue aaTyKTbl THOMOYEBUHBI,
MOYEBUHBI, MEJIAMUHA ¥ TeKCAaMETHIICHANAMHHA, a TAK)Ke HHTHOUTOPOB
OJIUTOMEPHOTO TUIA HA OCHOBE (POCPOPHOIT KUCHOTHI; MPEAJIOKEHBI MEXaHU3MbI
B3aMMOJEUCTBUSA U YPPEKTUBHON 3aLTUTHI METAIIJIOB OT KOPPO3UH OJIUTOMEPHBIMH
WHTUOUTOPAMH;

OTIpENIETICHO ONTHUMAJIbHBIE YCIOBHSI, B IPUMEHEHNE HHTUOUTOPOB U BIMSIHUE
KOHIICHTPALIUU, TEMIIEPATypbl HA KOPPO3UOHHBIN TOK, CKOPOCTb KOPPO3UH, CTENEHb
3aIUTHI, KOAPOUIIMEHT TOPMOKEHHUS JJIsI BRBICOKOA(DPEKTUBHOIM 3alUTHI;

OIpE/EINICHbI CTENEHb 3alOIHEHUS JIEKTPOIOB U KOHCTAHTHI aICOPOLIMOHHOTO
paBHOBECHs] MpPHU KOPPO3UM METAJUIOB, Ha OCHOBE aJJyKTOB U OJUTOMEPHBIMU
WHTHOUTOpPAMH Pa3IMYHBIMH a30TCOACPKAIIUMU OPTraHUYECKUMHU COCTUHEHUSIMHU C
(bochopHOI KUCIOTON ANEKTPOXUMHUUECKUMHU U TPABUMETPUYECKUMHU METOAAMU;

JIOKa3aHO, YTO CHHTE3UPOBAHHBIC OJMIOMEPHI 00pa3yroT 3alIUTHBIC CIOW Ha
MIOBEPXHOCTU CTAJIM, CYIIECTBEHHO OTIMYAIOIIHMECS MO COCTaBYy M CTPYKTYpe OT
MCXOJTHBIX 00pa3IOB B pa3IMYHBIX CPEaX.

IIpakTH4yeckue pe3yJabTaThl MCCAECAOBAHMS 3aKIIIOYAIOTCA B CIEAYIOIIEM:
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BIIEpBBIE pa3paboTaH CcHocOO TMOJYy4YEHHUS] OPTaHUYECKHX U OJUTOMEPHBIX
WHTMOUTOPOB HAa OCHOBE MOUYEBMHBI U MeEJIaMUHA, MPEIIoXKeHbI 3((HEKTUBHbBIC
WHTUOUTOPBI docdar JTUMETUIIONIMOYEBUHA (OUKM-8), docdar
mumetunonMmenamuia  (OMKM-9).  HoBeie  coenvHEHUsS  WUCMBITaHBI B



IIPOMBIIIEHHBIX YCIOBUSAX, PEKOMEHJOBAaHbl K BHEAPEHUIO B IPOU3BOJACTBO H
ClIeyeT 3aMEeTUTh, YTO MpPH BCEX COYETAHUSIX M HM3MEHEHHUAX [apaMeTpoB B
BBIOpPaHHON 00JIACTU SKCIIEPUMEHTAa UHTMOMTOPBI COXPAHSIN BBICOKUE 3aIUTHBIE
CBOMCTBA.

JIOCTOBEPHOCTL Pe3yJIbTATOB Hcc/aeqoBaHuil. O0O0CHOBAHHOCTh HAy4YHBIX
MOJIOKEHUHM, BBIBOJBI TMOATBEPKAACTCS, TAK KAK OHHM YCTAHOBIIEHBI HAa OCHOBE
NPUMEHEHUS COBPEMEHHBIX (PU3UKO-XMMHUYECKMX H  KBAHTOBO-XHMMHYECKUX
METOJ0B HccienoBaHuil. [loaydyeHHble 3KCIepUMEHTAIbHBIE JaHHBIE MO3BOJIMIN
OOBSICHUTh MEXaHU3M 3alIUTHOTO IEHCTBUS HHTUOUTOPOB.

Hayunasi 1 npakTHYeCcKasi 3HAYMMOCTb Pe3yJIbTATOB HCCJIeI0BAHMS.
HayuHast 3Ha4MMOCTb pe3yJIbTaTOB UCCIEAOBAHUS 3aKII0YAETCS B TOM, UTO
OIpeeNICHHEe MEXaHNU3Ma 3alUThl CHHTE3UPOBAHHBIX OJIMTOMEPHBIX HHTUOUTOPOB
3aBHUCHT, OT PA3JIMYHOIO CTPOECHUE COETMHEHUI U (PU3UKO-XUMUYECKHUX
0COOEHHOCTEH.

Pe3ynbrarsl MccneAoBaHMs MOKa3ald, YTO OJMIOMEPHBIE COEIWHEHHS U UX
KOMITIO3ULIUHA 3aMEIJIAIOT KOPPO3MOHHOM IIPOLECC HE TOJBKO YUCTOM CTAJIbHOM
MOBEPXHOCTH, HO U MOKPBITOH KOPPO3UOHHBIMU OTIOKEHUSIMHU. OpraHnyeckue u
OJIMTOMEPHbIE HMHTHOUTOPHI MOMHUMO TPEIOTBpAILEHUS KOPPO3UU CHUXKAIOT
KOHIICHTPALIUIO  aJICOPOMPOBAHHOTO  CTajbl0  aTOMApHOTO  BOAOPOAQ, UTO
YMEHBIIAET KOPPO3UOHHYIO XPYIKOCTh METAJLJIA.

BHeapenue pe3yiabTaToB HccjeaqoBaHusa. Ha 0CHOBE HayyHBIX pe3ybTaroB
WCCJIEIOBAaHUsl MpU 3alIUTE METAUIOB OT KOPPO3HHM OJIMTOMEPHBIMH a30T H
dbochopcoaepkammuMu THTHOUTOPAMH

OJIMTOMEPHBIE COECIMHEHUS M UX KOMIIO3WLHH BHEIPEHBI B NPAKTUKY Ha AO
«HaBowutiazor» (crpaBka Ne02/3966 AO «Hagowuiiazor» ot 10 utonst 2016 r.). [1pu
stoM (docdopcoaepkaliie COEAUHEHUsS Jald  BO3MOXKHOCTH  OOECIEeUUTh
HEOOXOAMMYIO 3alUTy METAJUIOB OT KOPPO3UU U COXPAHSIOT 3aIUTHBIC CIOU Ha
CTajiv B MOAOTPEBATENBHBIX IUPKYISIIUOHHBIX CUCTEMAX;

pe3yabTarbl UCCIENOBAaHUN TI0 CHUHTE3y M ONpeAcieHuio 3((OEKTUBHBIX
MHTMOUTOPOB, MPUMEHSIEMBIX B Pa3HbIX CPEJlaX MCIOJIIb30BAHO B HAYYHOM IPOEKTE
no Teme E®.7-1 «HoBoe nokoeHne HHrHOUTOPOB KOPPO3HH METANIOB HA OCHOBE
MecTHOro coipbsi» (HYVY3, 2014-2015 rr) nanda mnodydeHUss OJMUTOMEPHBIX
unruouropos (cnpaBka DTK-0313/703 Komurera mo KOOpAWHALUU Pa3BUTHUS
Hayku M TexHojoruu oT 21 okrsa6pst 2016 roma). B pesynabrare mpoBeEeHHBIX
HAyYHBIX MCCIICOBAHUHN TMOJY4YEeHbl WHTHOWUTOPHI YUIMHSIONIINE CPOK CIYXOBI
METaJUIOB.

Anpodauus pe3yJbTaToB Hccjaeq0BaHusA. OCHOBHbBIE PE3YJIBTATHI
JTUCCEPTALIMOHHOMN pabOThl JOCTATOYHO MOJIHO M3JIOKEHBI B Marepuasax
PecnyObnukanckux u MexayHapoJHbIX HAyYHO-ITPAKTUUECKUX KOH(PEPEHIIHIA:
«KomMno3unmoHHble MaTepualibl: CTPYKTypa, CBOMCTBA U IPUMEHEHHE,
«Koudepenus nmpodeccopcko-npernoaBareabCKoro COCTaBa XMMUYECKOTO
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dakynereta HYVY3» (Tamkent, 2008-2015 rr.), «XuMust 1 aKTyalbHbIE TTPOOIEMbI
XUMHUYECKOW TexHoiorum» (Yprany, 2011), «AkTyanabHble NpOOJIEMBI XUMUU



MIOJIUMEPOB) (Tamkenr, 2011), «Pemenune AKTyaJIbHBIX npoOdsiem
MIPOU3BOICTBEHHBIX MPEANPUITHI U MHHOBAIIMOHHBIE TexHoJorumy (Kapiu,
2013), «CoxpaHeHre SKOJIOTHIECKOTO PAaBHOBECHS U pa3pabOTKa O€30TXOIHBIX
texnonoruit» (Hykyc, 2013), «AxTyanbHble po0JieMbl AHATUTUYECKON XUMUN
(Tepmus, 2014), «CoBpeMEeHHOE COCTOSHHUE W MEPCIEKTUBBI PA3BUTHS KOJJIOWTHOU
XUMUU U HAHOXUMUU B Y30ekuctane» (Tamkent, 2014), «arpenuenTs u3
MECTHOTO ¥ BTOPUYHOTO CBIPbSI JIJIs TOTYYEHUSI HOBBIX KOMIO3UIIMOHHBIX
marepuaioBy (Tamkent, 2012-2015 rr.), «Pa3Butre XumMun IpUPOAHBIX
coenuHeHui» (Tamkent, 2016); Mex1yHapoJHON HAYYHO PAKTUYECKON
KoH(pepeHun: « COBpeMEHHbIE TEXHUKA U TEXHOJIOTUU TOPHO METaJUTy prUueCcKoi
oTrpacnu u mytu ux pazsutus» (Hasou, 2010), «3eneHas Xumus», MexXIyHApOIHAS
koH(pepenuus (Camapkana, 2012), «AkTyanbHble IpoOJeMbl HAyKU U 00pa30BaHuUs
B 00J1aCTH €CTECTBEHHBIX U CENLCKOX03sHCTBEHHBIX Hayk» ([leTpomasnosck, 2012),
51-th International Scientific conference (MHCK-2013), «Pecypco- u
AHEprocoeperaroure, SK0JI0rnYecKy Oe3BpeIHbIE KOMITIO3UIIMOHHBIE MATEPHAIbI»
(Tamikent, 2013),
«AKTyanbpHbIe POOIEMBI OTpacielt xumudeckon Texnonorun» (byxapa, 2015).
Ony0JuKOBAHHOCTH Pe3yJbTAaTOB HccieqoBaHud. [1o Teme nuccepranuu
ormyonukoBaHo 30 HayuHbIX paboT. M3 Hux 15 HayuHbIX cTareid, B ToM yucie 13 B
pecImyOIMKAaHCKUX U 2 B 3apyOEKHBIX KypHAJIaX, PEKOMEHI0BaHHBIX Briciieit
AttectanmonHoi Komuccueit PecriyOnuku Y30ekucTan yis myOnuKamm
OCHOBHBIX HAyYHBIX PE3YJIBTaTOB JOKTOPCKUX IUCCEPTALUI.

CrpykTypa M 00beM auccepramum. Jlucceprauus COCTOUT W3 BBEACHUS,
MATH TJIaB, 3aKJIOYEHUsI, CIHMCKa HCIOJb30BAHHOW JIUTEPaTyphl, MPUIOKCHUH.
O6bveM nuccepranuu cocrasiser 200 cTpaHuil.

OCHOBHOE COJIEP)KAHUE JUCCEPTALIUU

Bo BBemeHMH O00OCHOBBIBAE€TCS AaKTyaJbHOCTb U  BOCTPEOOBAHHOCTb
IIPOBEACHHOTO HMCCJIEAOBAHUSA, LEAb W 3aJa4d MCCIEAOBAHUS, XapaKTEpU3YIOTCS
OOBEKT M TpPEeaMET, I0Ka3aHO COOTBETCTBUE UCCIIEAOBAHUS MPUOPUTETHBIM
HaMpaBJICHUSIM Pa3BUTHUS HAyKH U TEXHOJIOTMH pecnyONIMKH, U3J1aratoTcsl HaydHast
HOBU3HA M MPAKTUYECKUE PE3YNIbTaThl UCCIEIOBAHUS, PACKPHIBAIOTCS Hay4yHas U
MPaKTUYECKass 3HAYMMOCTh IMOJIYYEHHBIX DPE3YyJIbTaTOB, BHEAPEHHUE B MPAKTHKY
pe3ynbTaToOB MCCIEI0BaHUs, CBEACHUS IO OITyOIMKOBAaHHBIM paboTaM U CTPYKTYpe
JUCCEPTALIMH.

B nepBoil maBe auccepranuu NOCBsIlIeHa, 0030py auTeparypbl «OCHOBHBbIE
NYyTH YMeHbUIIEHUS] KOPPO3MH METAJLIOB C MOMOIIbI0 HMHIMOMTOPOB» B
KOTOPOM, pacCMOTPEHO COBPEMEHHOE COCTOSIHUE TEOPUU KOPPO3UU METAJUIOB U
TEHJEHUMU PA3BUTHA METOIOB IPOTHBOKOPPO3MOHHOW 3amuThl. Ha ocHOBe
JaHHBIX HAYyYHO-TEXHUYECKOW W TAaTeHTHOM HWHGOpMallUd MPOAHATU3UPOBAHO
CYILIECTBYIOLIEE COCTOSHHE B OOJACTH pa3paOOTKU U MPUMEHEHUS WHTHOUTOPOB
onuromepHoro tuna. [lokazan npuHIMN pacnpeneaeHus HeTenpoIyKToOB U
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CoZiepKalllUXCsd B HUX arpecCHBHBIX KOMIOHEHTOB IO (ppakuusM, BUABI U 30HBI
KOPPO3UMOHHBIX ~ pa3pylleHUH. AHaIM3 JUTEPATYpHBIX JAHHBIX IO3BOJIUII
000CHOBATH 11€JIM, 33J1a4l U BEIOOP OOBEKTOB UCCIIEAOBAHMS HACTOSIIEH pabOTHI.

B Broponn mmaBe guccepranuu «Ilosyyenue aaayKTOB, CHHTE3
OJIMTOMEPHBIX MHIMOMTOPOB M METOAbI MCCJICAOBAHMA», HU3YUYEHBI YCIOBUS
CHUHTE3a OJINTOMEPOB U METOIMKH IKCIEPUMEHTOB, PACCMaTPHUBAOTCS MPUBEIACHO
CBEZICHHUs 00 UCIOJIb30BAHHBIX O0OPYAOBAHUI U MaTEPHAJIOB.

OOBeKTaMu MCCIeI0BaHus SIBUINCH a30T- U (pochopcoaepKalinue coiu,
UHTHOUTOPHI Koppo3uu MeTauioB (MKM); onuroMmepHbie MTHTHOUTOPHI KOPPO3UHU
metauioB (OUMKM), npuBenenubie B Tadmuiie 1.

Ta0Omuma 1
XapaKTepUCTUKA OPTaHUUYECCKUX U OJTUTOMEPHBIX HHTHOUTOPOB
Ne | Muruburop Mouneky Ha3Banue HHruOuTOpoB
JspHas Macca
1 NKM-1 174 dbocdar THOMOUEBUHBI
2 NKM-2 158 (docdar MoueBUHBI
3 NKM-3 224 docdar menamuHa
4 NKM-4 213 dbocdar rekcameTUICHIUAMUHA
5 OUKM-5 2200 docdar gumeTHIIONTeKCaMeTHIICHIHaMUHA
6 OUKM-6 814 JTUMETHIION MOYEBUHEI
7 OUKM-7 1860 JUMETHIION MEJIAMUHA
8 OUKM-8 1900 docdar IMMETHIIONTMOYEBHUHBI
9 OUKM-9 3300 dbocdar tuMmeTuIOIMETaMUHA

UccnenoBanus koppo3noHHoro noeaeHus ctainu (Ct.3) mpoBoauiIn Ha
oOpasmax B ¢opme maactuH. IHHEKTUBHOCTH HHTHOUTOPOB ONPEICISITH METOTAMH
MOJIIPU3AIIMOHHOTO CONPOTUBIIEHU Ha nipubope P-5035U, nonspuzaninoHHbIX
KpUBBIX, UCTIONB3YA noreHiuocrar [11-50.1.1 ¢ nporpammaropom I1P-8 u
IPaBUMETPUH 11O YOBLIU MacChl 00pasiia mocjiae KOPPO3UOHHBIX UCTIBITAaHUH.
UccnenoBanus nmpoBeneHsl B ((OHOBBIX pacTBopax coctana 5% Na2SO4+ 3% H2SO4
(d-1), B HelirpanbHOit cpere (P-2),3% NaCl + 5% Na2CO3 (D-3). PactBopsr
TOTOBWJIM U3 PEAKTUBOB MAPKHU «X.4.» HA TUCTUIUIATE. DNEKTPOALl U3TOTOBIICHBI U3
C1.3 cocraBa, %: Fe=98,36; C=0,20; Mn=0,50; Si=0,15; P=0,04; S=0,05; Cr=0,30;
Ni=0,20; Cu=0,20.

docdaTsl TUMETHUIOIMOYEBUHBI B pa30aBICHHBIX PACTBOPAX B HEHTPAIHHOM,
CJIA00KUCTBIX U CJ1a00 MIETOYHBIX Cpellax MpU OOBIYHBIX TEMIIEPATYpax UMEIOT
JMHEWHYIO CTPYKTYPY CO CTENEHbIO MONIMMEPU3ALMH OT § 10 13, T.e. OHU ABIAIOTCSA



OJIUTOMEPAMH C MOJIEKYIIsIpHOM Maccoit okonio 1400-2400. Cunres coneit dpocdar
JTUMETUIIOJIMOYEBUHBI OMTMCHIBACTCS CIICIYIONIEH CXEMOM:
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OnuroMepHble HHTHOUTOPHI KOPPO3UU METAIIIIOB CHHTE3UPOBAHBI M HA OCHOBE
MenaMuHa ¥ popMmaibaeruaa ¢ opTohocPopHoil KUCIOTOM.
MenaMuHO(pOpPMAIIbIETUTHBIC OTUTOMEPHI C KUCIOTaMHU 00pa3yIoT CoJIe00pa3HbIe
coeMHeHud Tumna pocdar TMMETUIOIMENTAMUHA, KOTOPbIE XOPOLIO PACTBOPSIOTCS
B Bozie. CHHTE3 BOIOPACTBOPUMBIX MEJIaMUHO-(POPMaTbICTHIHBIX OJTUTOMEPOB,
cozepxkariero oprohocGopHyI0 KUCIOTY, OMMMCHIBACTCS CISAYIOIIEH CXEMOM:

H

H
H H N
H H H N
H
N NNNN +NHZPO, NNNN NNNN
NNNN CH, 2 oH
N CH2 n 2 CH2
n
NH, NH3 HOPOHO 0
0 NH, HOPOHO
NH,

rae: n=6-11,T.e. OHU ABJIAIOTCA OJIMTOMEPAMU C MOJIEKYJIIPHOU MacCON OKOJIO
2650-4300.

B tperperi miaBe guccepraumun  «HccaenoBanue 3P dexTuBHOCTH
CHHTE3UPOBAHHBIX  HMHIMOMTOPOB  PpPa3HbIMH  METOAAMHW»,  IIPUBEICHBI
MOJIEKYJSIPHO - JUHAMHYECKHE M KBAaHTOBO-XMMHUYECKHE XapaKTEPUCTHKHU
CUHTE3UPOBAHHBIX OPraHMYECKMX M  OJUIOMEPHBIX COECAMHEHUH, KOTOPBIE
MO3BOJISIIOT MOMYyYUTh MH(POPMAIUI0 00 MX CTPOECHHUU U MOATOMY IPEACTABISIOT
CaMOCTOSITENIbHBIM HHTEPEC € TOUKH 3peHus (puznueckoiixumuu. Kpome toro,
3HaHUE TEeOMETPUHU MOJIEKYJI HEOOXOAMMO JJIsi BEIUKMCICHHS TEIUIOT 00pa30BaHus,
TETIOBBIX 3P (HEKTOB U SHEPTU aKTUBALUK peakiuid. cxops, u3 3Toro ObUH
MCCIIE0BAHbI 3JIEKTPOHHBIE IIJIOTHOCTHU U PACTIPEETICHUE 3apsA0B B MOJIEKYJIaX
COEIMHEHM, TPUBEECHHBIX B Ta0JM. | 1 onpeneneHsl uX CTPYKTYphI
MOJIySMIIEPUYECKUM KBaHTOBO-XUMUYECKUM MeToioM MNDO.

B kauyecTtBe mpumepa MNpPUBEIEHBI pe3yJIbTaTbl HM3YYEHUs TIE€OMETPUH MU
DIIEKTPOHHOIO CTPOEHMS, a Takxke cTpykrypsl OMKM-9. U3 puc.l BugHO, 4TO



HaumOOJbINasl  DJEKTPOHHAS  IUIOTHOCTh  CKOHIIGHTpUpOBaHa  Ha  JIBYX
NMUPUMHUJMHOBBIX KOJblaxX. J[aHHas MoJyieKysia 3a CYET ITOr0 MOXET MPOSIBISATH
ANEKTPOHOAOHOPHBIE CBOMCTBA MPU B3aUMOJICUCTBUM C 3JIEKTPOHOAKIIENITOPHBIMU
rpyIIaMy WA UHTEPMEIUATOM, KOTOPbI 00pa3yeT TT-KOMILICKCHI.
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~ Puc.1.
Pacnipenenenue 351eKTpPOHHOM MIIOTHOCTH B MOJIEKYJIE
OUKM-9 u ee mapo-cTep>xHEBass MOACIb

[Tpu sTom HabmrOmaroTCs1, HanboJee OTpUIATENbHBIE 3apsbl, YTO Ha aToMax
KUCJI0poaa rujipokcriibHbIX rpynm: -0,487; -0,423; -0,427 u -0,472. 3a cuet 3T0T0
OHM MOTYT BCTYIATh B PEAKIIMU 3aMEILCHUS C PA3TUYHBIMU KaTUOHAMU METAJUIOB
WU TIOJIOKUTEIBHO 3apsKCHHBIMM — rpynnamu. JlaHHas Monekyjla HUMeeT
KHCJIOTHBIE CBOMCTBA W NPU JUCCOIMAIMU OOpa3yeT MPOTOHBI U KOMILJIEKCHBIC
AHUOHBI, KOTOPBIE TPH KOPPO3UH METALIMYECKOW TOBEPXHOCTH OOpa3yroT
COCIMHEHUS C TOJIOKUTENBHO 3apsiKEHHBIMU aTOMaMHM METaJJIOB (B OCHOBHOM C
aromamu >kesne3a). OHM Takke 3a cueT OOJBIIOro 0ObeMa MOJEKYIbl HAKPHIBAIOT
OTIpE/ICJICHHYIO0 TTOBEPXHOCTh MeTailia. BhillieckazaHHbIe sIBICHUS 00YyCIOBINBAIOT
WHTUOUPYIOIIME CBOMCTBA HJTHUX WHTHOMUTOPOB TIPU KUCIOTHOM KOPPO3UU
METALTNYECKUX TTOBEPXHOCTEH.

Bo Bropoit wactu Tpethel miaBkl auccepranuu «Mcesieropanue Mmexanusma
HHTUOMPOBAHUSA KOpPpo3uH cTaau M 3PPeKTUBHOCTH Pa3padOTAHHBIX
HHTUOMTOPOB 3JIEKTPOXMMUYECKUMH U TPABUMETPUYECKUM MeTOAaMH B
MOJeJILHBIX CHCTEMAX)» TMPUBEJCHBI pe3yiabTaTbl HUCCIEAOBAHUS MEXaHU3Ma
WHTHOMPOBAHUS KOPPO3UU METaUTOB. M3 nuTepaTypHBIX MAaHHBIX W3BECTHO, YTO
THOMOYEBMHA U MOYEBHMHA MMEIOT CJIa0blii MHTUOUpYyomuid 3QpheKkT B KUCION U
HeWTpanbHOU cpenax. [Ipu ux npuMeHeHUU ¢ HOAUCTHIM KaJMEM CTEIEeHb 3alUThI
yBEJIIMUMBAETCs B Kuciou cpeae a0 60%, B HelTpanmbHOU cpeae a0 72%, a c
MOBBIIIIEHUEM TEMIIEpaTyphl 3alllUTHbIE CBONCTBA HJTHUX COEAUHEHUM PE3KO
yxyamarTcs. HeoOxoaumo Takke OTMETUTh yXYAINICHHWE TUIACTHYHOCTH METaslia
MIPHU UCIIOJIb30BaHUH JTAHHBIX HHTUOUTOPOB.



JInst cpaBHEHMS ¢ TUTEPAaTyPHBIMU JaHHBIMU MCXOJIHBIEC BEIIECTBA!
TUOMOYEBHHA, MOYEBHHA, TEKCAMETHIICHIMAMUH U MEJIaMUH ObUIN HCCIIEOBAHbBI B
HEUTpaIbHOU CpeJie TPABUMETPUUECKUM METOJIOM U MOJTYYEHHBIE PE3YIIbTaThI
MPUBEJICHBI B Ta01.2.

VicxonHble BeliecTBa B HEUTpalibHOM cpene mpu 25°C mposBUIM B TeUeHue 15
1 30 CyTOYHBIX WCIBITAHUSX HEBBICOKHMI 3aIUTHBIN 3()QEKT, 4To cormacyercs C
JUTEPATYpHBIMU JaHHBIMU. B CBSI3M ¢ 3TUM ObUIM CHHTE3WPOBAHBI UX AJIYKTHI U
onuromepsl. McccneqoBanusi mokaszaiav, YTO B MPOLECCE KOPPO3UU MOTCHIUAIIBI
KAaTOJIHBIX W AaHOJHBIX YYaCTKOB HE OCTAIOTCSl TOCTOSHHBIMH, HAOIIOIAETCs
MOJISIpU3aLUsl, CIEICTBUEM KOTOPOH SIBISIETCA CONMMMXKEHUE MOTEHIMAIOB KaToja U
aHO/a U YMEHBILIEHNE KOPPO3UOHHOTI'O TOKA.
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Tabnuma 2
BrusHue npoaomKuTeIbHOCTH KOPPO3UOHHBIX UCTIBITAHUIN Ha
s¢dexTuBHOCTH 3aUThl CT.3 B hoHOBOM pactBope ®-2 npu pH=6,4 u

temmeparype 25°C
WNuruburop Cunr, 360 yacos 720 yacos
MT/71
K, r/(m*cyT) Z,% K, r/(m*cyT) Z,%
Ddon 20 34,50 - 56,67 -

TromoueBuHa 10,75 68.84 18,71 66,98
MoueBuHa 11,72 66,02 17,63 68,92
I'MJA 10,78 68,75 16,69 70,54
MenamuHa 10,54 69,44 17,01 69,98

Ha puc.2 (a, 0) mnpuBeaeHbl pe3yJabTaTbl HCCIAEAOBAHMS KHHETHKHU
AIIEKTPOMHBIX TMPOIECCOB M TMOISPHU3ANMOHHBIX M3MEPEHUHN TMpoliecca KOPPO3HH
CTaJIBHOTO AJIEKTPO/AA MPHU PANTMUHBIX TEMIlepaTypax, a TakKe B MPHUCYTCTBUU
OJIUTOMEPHBIX WHTHOUTOPOB M3 KOTOPOTO BHUAHO, YTO BEJIWYHMHA CTAIIMOHAPHOTO
MOTCHIIMAJIa  KOppo3urd  Eer  MOCTOSIHHA ~ OTHOCHTENHFHO  HOPMAJBLHOTO
XJIOpcepeOpsIHOTO AMeKTposaa B (poHOBOM pactBope M cocrammsaer -0,780 B mpu
temneparype S50°C. Ilpu noGaBnennun k Hemy MKM-4 3HadeHme moTeHIMANA
Koppo3un  yBenuuuBaercs  jgo  -0,620 B, HaOmromaercss  CMeEICHHE
MOJISIpU3alMOHHBIX KpUBbIX Ha 160 MB; a npu nobasnenuss OMUKM-9 na 260 mB B
CTOPOHY MEHEE OTPHUIATCIIbHBIX 3HAYCHHM, XapaKTepu3ys MPEUMYIICCTBEHHO
TOPMOXKEHHE CKOPOCTH aHOTHOM peaKIuu.

Takoit 3¢dexT MOXHO OOBSCHUTH O0pa30oBaHWEM HA TOBEPXHOCTH CTAIH
TOHKOTO aJICOPOIIMOHHOTO CcJ10s U3 (pocdara rekcameTwIeHAnaMuHa, coyieit ¢pocdar
TUMETHIIONTeKCaMeTHIIeHAnaMuHa, ¢ocdara JUMETHIONMOYCBUHBI H  COJIEH
dbochar  mMenamMuHGOPMATIETHIHBIX  OJUTOMEPOB,  KOTOpPHIE  OJOKHUPYIOT



ITIOBEPXHOCTH CTAIIM U TOPMO3AT CKOPOCTh €€ KOPPO3UMHOTO pa3pyLICHHUS.
OnHOBpEMEHHO ¢ U3MEHEHHEM IMOTEHIMalIa KOPPO3UU HAOII0AAETCS YMEHBIICHUE
TOKa KOPPO3HH, UTO YKA3bIBAECT HA CMEIIAaHHBIN MEXaHU3M JIEUCTBUS UHTUOUTOPOB.

(]
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Puc.2.ITonsipu3aiiioHHble KPUBBIE CTAIBHOTO 3JIeKTposaa B (hoHOBOM pacTBope D-1
(1), B mpucytctBuu 20 u 30 mr/n pactBopoB uarnOutopoB UKM-4 (2); OUKM-5 (3);
OUKM-6 (4); OUKM-8 (5); OUKM-9 (6) npu temneparypax 25(a) u 50°C (6).
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Pe3ynbrarel pacueToB 3HaueHUM cTranuoHapHOro mnoteHimana (Eer) U Toka
xoppo3uu ( I ), kodpdunmenra TopmokeHus (Y) ¥ CTeneHH 3aiiuthl (Z) mpu
temneparype 80°C mpuBencHB B TaOiuIe 3, W3 KOTOPOH BHUIHO, YTO PACTBOPHI
onmuroMepHbix uHrHOMTOpoB OUKM-8 m OUKM-9 npu Bcex HU3YUYEHHBIX
KOHIIEHTpanusiX 3PGEeKTUBHBI U MPUHUMAIOT 3HAYCHUS CTETICHH 3alfuThl OT 99,56
110 99,64% npu C=20 mr/n u ot 99,61 10 99,76% npu C=30 mr/1.

OTtMeTuM, 4TO camMoO MO ceOe MOBBIIMICHUE BEIUYMHBI CKOPOCTH KOPPO3UU C
POCTOM TEMIEpPATypbl HE MOXKET CIYXHUTh JOKA3aTelbCTBOM TOr0, YTO B XOJE
AKCIIEPUMEHTA  yBEIMYMBAJIach JIOJISI AKTHMBHOM  IMOBEPXHOCTU  METallIa.
JIoCTaTOYHO BBICOKHE CKOPOCTH KOPPO3MU MOTYT HAONIONAThCS B HEKOTOPBIX
CllydasX W W3 TACCHUBHOTO COCTOsHMS. Mexay Tem, UHPOpMAIUs O COCTOSSHUU
MOBEPXHOCTU CTaJdd B XOJI€ KOPPO3MOHHBIX HCMBITAHUN OYEHb BakKHA, TaK Kak
naccuBaTopbl 3(PQEKTUBHBI TOJBKO B CIydae HHU3KHUX CKOPOCTEH KOPPO3UH U3
MAacCUBHOTO cOCTOsIHUSA. OJIHO3HAYHO CYAUTH O COCTOSTHUU IMOBEPXHOCTH 00pa3IioB
MO>XKHO T10 BEJIMYMHE AJIEKTPOIHOTO MOTEHIIHAIA.

Tab6mnura 3

Pe3ynbTaThl AIEKTPOXUMHUUYECKOTO ONPEACIICHUS CTENEHU 3alUTHOTO
neiictust tHrHONTOPOB (T=80°C) B poHOBOM pactBOope @-1 (pH=5,3) mpu ux
pa3IMYHbIX KOHIEHTPALUIX

HNuruburopsr Cunr,, MI/J -Ecr, B l o A/ % Z,%
@-1 0 0,820 607,53 — —

HNKM-1 20 0,740 75,76 8,02 87,53

NKM-2 0,730 61,12 9,94 89,94




HNKM-3 0,730 63,91 9,51 89,48
NKM-4 0,610 26,00 23,36 95,72
OUKM-5 0,570 17,38 34,97 97,14
OHUKM-6 0,580 13,24 45,87 97,82
OHUKM-7 0,610 77,58 7,82 87,23
OUKM-8 0,520 2,67 227,27 99,56
OUKM-9 0,490 2,19 271,78 99,64
HNKM-1 30 0,750 38,21 15,90 93,71
HNKM-2 0,730 30,62 19,84 94,96
HNKM-3 0,740 33,60 18,08 94,47
NKM-4 0,630 25,33 23,98 95,83
OHUKM-5 0,560 15,07 40,32 97,52
OHUKM-6 0,570 10,69 56,82 98,24
OUKM-7 0,620 63,94 9,50 89,47
OUKM-8 0,530 2,37 256,41 99,61
OHKM-9 0,530 1,46 416,67 99,76
NALKO 20 0,530 52,44 7,73 87,06

W3 nccnenoBaHHBIX COEAMHEHUI HanOoIee HU3KUM 3alllUTHBIM 3((EKTOM B
dhonoBoM pactBope (P-1) obmamaer uarnourop OMKM-7, koTophiit paBeH 87,23 u
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89,47% mnpu kornentparuu 20 u 30mr/nm u temneparype 80°C. B cocraBe ero He
comepxkutcsa pocdopa, HO C TOBBIIICHUEM TEMIEPATypPhl HHTHOUPYIOMUMA P hEeKT
MOBBIIIAIOTCS M XEMOCOPOIIMOHHBIE CBSI3M MEXJIAY HHTHUOUTOPOM M METaJIJIOM
ycunuBaloTcs. MHrubOupyromye CBOICTBa 3TOr0  OJIUTOMEPHOTO HWHTUOUTOpA
CBSI3aHBI C €r0 CTPYKTYPHBIMH OCOOEHHOCTSIMHU. OJEKTPOHHAs IUIOTHOCTh Ha
aromax (yHKIIMOHAIbHBIX TPYIII, SBISIONIMXCS PEAKIIMOHHBIMU IIEHTPAMHU, BIIHSET
Ha TIPOYHOCTH OOpa3oBaBIIMecs a0COPOIMOHHBIX CBs3el. C MOBBIICHHEM
TEMIEPATypbl €ro 3alIUTHHIE CBOICTBA COXPAHSIOTCS, M3 YEro MOXHO CJIeNaTh
3aKJIFOUYCHHE, YTO WHTHOWTOP JCHCTBYET MO XEMOCOPOIIMOHHOMY MEXaHU3MYy M
o0OpasyeT 0COOCHHO MPOYHBINA 3aITUTHBIN CIIOH.

B cBmu ¢ 9TUM OBUTM  TPOBENEHBI  XPOHOMOTEHIIMOMETPUUYECKHE
uccnefoBaHus. V3aMepeHusl MOTEHIMANIa AJIEKTPOJa BO BPEMEHU B Pa3TUUYHBIX
(GOHOBBIX pacTBOpax B 3aBUCUMOCTH OT TEMIEPAaTypHBIX YCIOBUA U B



npucytcTBun A06aBok noHoB PO~ , CO u NH", mokazanu, uro 6e3 KaKux-I110o
BHEIIIHUX BO3JCHCTBHM CO BpPEMEHEM IIOTCHIIMANl CTajdd HMMEET TEHACHIIUI0 K
obnaropaxuBanuio (puc.3 a, 0).
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Puc.3. XpoHOMOTEHIIMOMETPUUECKHUE KPUBBIE CTATLHOTO AJIEKTPo/ia B (POHOBOM
pactBope @-1 (1); B mpucyrctBun uarudburopor: UKM-4(2); OUKM-5 (3);
OUNKM-8 (4); OUKM-9 (5); T=25°C (a) u 50°C (6): Bpems sxcriozunmu 30 MHH.;
C=20 mr/m.

B ¢onoBoM pacTtBOpe mpoBelEeHbl W3MEpPEHUs MOTEeHIMaNa 3JIEKTpoja BO
BPEMEHHU — 4epe3 Kaxable 5 MUHYT B TeueHue 30 MHUHYT 3KCcHoO3uIMil oOpasua B
arpeccuBHOU cpene. CoracHo SKCIIEpUMEHTAIbHBIM JaHHBIM, IPEICTABICHHBIM Ha
puc. 3 a, HauOONBIIMM OO0JIATOPAKUBAIOIIMM JCHCTBUEM Ha KOPPO3UOHHBIN
noreHiyan craiu npu 25°C BrepBble 5 MUHYT UCHBITAHUN 00J1a/1al0T HHTHOUTOPHI
OUKM-8 u OUKM-9. [To6aBka UKM-4 c1abo akTUBU3UPYET MOBEPXHOCTh CTAJIH,
a uaruoutopsl OMKM-8 1 OUKM-9 ee cnabo macCuBUpYIOT.

[TocrosiHHOE 3HAYEHUE KOPPO3HUOHHOIO MOTEHIMala  3JIEeKTpoja
ycTaHaBiIMBaeTcs yxe mocie 30 MUHYT SKCIO3UIIMH B UCCIIEIYEMOM PacTBOPE, YTO
CBUJICTEIILCTBYIOT O COXpPaHEHWHM OCHOBHBIX TEHJEHIMM 3aBucuMoctu E=f(1) B
TEUEHUE BCEro HKCIepuMeHTa. Jlydilue 3alluTHBIE CBOWCTBA MPOSBIISIOT
komrmo3uiuu u3 OUKM-8 u OMKM-9. C usmeHeHueM TeMmnepaTypbl arpeCcCUBHOM
cpenpl 10 S0°C xauecTBEHHAs KapTHUHA BIMSHUS J0OABOK HHTHOWTOPOB Ha
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3HAYCHUsI KOPPO3WOHHOTO TIOTEHIMANia B HAYaJIbHBIH MOMEHT BpEMEHU HE
mensietcs  (puc.3,0). Otmerum BecbMma cia0yr0 3aBHUCUMOCTb TMOTEHIIMAa



ANIEKTpoAa OT BpeMeHM B TedeHue 30 MUHYT MCIBITAaHWM, MpU 3TOM OoJjee
s dexTuBHBIMU HHTHOUTOpamu siBisitorcst OMKM-8 u OUKM-9.

BiusiHEE 0JIMTOMEPOB M MX KOMITO3HMIIMKM Ha CKOPOCTh KOPPO3UU CTaJIH
OIIPEAECIIIIA METOAOM IOJIAPU3ALMOHHOIO COIIPOTUBIICHHUS.

Ha puc. 4 B KauecTBe mnpumepa IPUBEICHBI PE3YJIbTAaThl W3MEPECHHU
HOJISIPU3AILIMOHHOTO COMPOTUBIICHUS CTAJILHOTO 30Ha B ciabokucioi cpene (P 1),
a TaKKe B MPUCYTCTBUU UHTUOUTOpOB Koppo3uu MKM-2, UKM-3 u onuromepHbIx
uHruouropos kopposun: OUKM-8, OUKM-9.

W3 puc. 4 BUIHO, YTO BBEJAEHUE B (POHOBBIM PacTBOP HHU3KOMOJIECKYISIPHBIX
MHTUOUTOPOB YBEIMYMBAET MOJSPU3ALUOHHOE CONPOTUBJICHHUE, a MPHU BBEICHUU
OJIMTOMEPHBIX ~ MHTUOUTOpPOB  HaOmiofaercst euie  OoJbllee  yBEJIUYEHHE
MOJIIPU3ALMOHHOTO COIPOTUBIICHUS CTAJIBHOTO 30Ha. Takoi pe3ysbTaT yKa3blBacT
HA PE3KOEC TOPMOXKEHUE INIEKTPOXMMHUYECKOIO INPOLECCa M MO3BOJAET IOIYYUTh

MpeBapUTENbHBIC PE3YAbTAThl 00 A3P(HEKTUBHOCTH TE€X WIJIM WHBIX HHTUOUTOPOB.
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Puc.4. KpuBbie NOaspU3allMOHHOTO COMPOTUBIIEHUS CTAIBHOTO 3JIEKTPoAa
dbonoBoM pactope (1); B mpucyrcTBun 20 mMr/in pactBopoB HHruOuTOpoB: MKM-2
(2); UKM-3 (3); OMKM-8(4); OMKM-9 (5); T=25°C; ®-1 (a) u ®-3 (0).

B ¢donoBeix pactBopax ®@-1 u ®-3 (puc.4 a u 6, kpusble 1) UHTETpaIbHAS
BEJTMYHMHA TOJIIPU3AIMOHHOTO COMTPOTUBIICHUS 32 BpeMsI SKCIIEPUMEHTA COCTaBUIa
120 1 302 Om/cM? pu Temmeparype 25°C. B pOHOBBIX pacTBOpax ¢ HHTUOHTOPOM
OUKM-8 R=367 Om/cm? 1 R=493 Om/cm® ipu Temmeparype 25°C.

Taxum oOpa3zom, MOKHO yTBEPK/IaTh, UTO 0Opa30BaHKE HA MOBEPXHOCTU CTATHLHOTO
AIIEKTPOIa aICOPOLIMOHHOTO CJI051, COCTOSAIIErOM3a30T- U pochopcoaepKaimux
KOMITJIEKCOB B MIPUCYTCTBUH YKa3aHHBIX HHTUOUTOPOB, MPOUCXOAUT TOJT BIUSHUEM
MPOTEKAIOIINX KOPPO3UOHHBIX MPOLIECCOB, UTO U MPEOIpeneisieT 00ee BHICOKYIO
3¢ (PEKTUBHOCTD yKa3aHHBIX UHTUOUTOPOB.

Cunepretuueckuii 3(HeKT HEKOTOPBIX OPTaHUYECKUX COSANHEHUIN
CBSI3BIBAIOT C 00Pa30BaHUEM MPOTYKTOB PA3JIOKEHHUS, OTHUM U3 KOTOPBIX
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ABIIAECTCS OPraHMYECKUW KaThoH, a ApyruM aHuoH. CymHocTh 3TOoro s¢ddexra
3aKJII0YAETCSA B TOM, YTO B MOJIEKYJly HWHTHOMTOpa BBOIAT OJHY WU JIBE



(YHKIMOHAIBHBIE TPYIIIBI C TETEPOATOMOM, OTIIMYAIOIIMXCS [0 BEIMYUHE U 3HAKY
3apsa OT UMEIOLIErocs B MoJyiekyne. B aToM ciiydae onHa rpynmna MOXKET BECTH
cebss mogoOHO KaTHMOHY, JApyrag — MoaoO0HO aHuoHy. IIpumepamu mMOTOOHBIX
WHTHOUTOPOB MOTYT SIBISITHCS BemiecTBa, coiepskamue —NH2 u —OH, —NH2 u —
H2PO3, -NH2 u —COOH rpymnmel. [Ipu amcopOunu Takoro BeniecTBa Ha MeETale,
4acTh €ro aJcopOupyeTcs Mo OAHOU Ipynie (HanpuMmep, o aMuHO — TpyTIe),
4acTh MO JIPYrod (Hampumep, Mo OKCH — TpyIie). ITO MPUBOAUT K YMEHBIIECHUIO
CWJI OTTAJKMBaHHUS M OOpa3oBaHUIO Oosee IUIOTHON MieHku uHruouropa. Ilo
TaKOMY MEXaHU3MY JEUCTBYET, HarpuMmep, UHTUOUTOP docdar
JUMETHIOIMOYEBUHBI, BbICOKash d3(PPEKTUBHOCTH KOTOPOTO CBsi3aHa U C
BHYTPUMOJIEKYJISPHBIM CUHEPTU3MOM.

docdarsl AMMETHIONIMOYEBUHBI JEHCTBYIOT KaK aHMOHHbIE MHTHOUTOPHI Ha
MOBEPXHOCTH MeTauia. KpoMe Toro, OHM TOpPMO3AT AHOAHBIA IPOLECC
pacTBOpeHMsI M3-3a 00pa30oBaHMs 3aLIUTHBIX IUICHOK, MPEACTAaBISIOMIUX cO00il
TPYAHOPACTBOPUMBIE  MPOAYKTHl  B3aUMOJCHCTBUA HWHTHMOUTOpa C HOHAMU
NEePEXOAIIEro B pacTBOp Metaia. Tak, Harpumep, pocdar TMMETUIOIMOYEBHHBI,
azicopOupysICh Ha MOBEPXHOCTHU CTaIH, 00pa3yeT C HOHAMH KeJle3a SKpaHUPYIOIIIe
IUICHKU:
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['paBuMeTpHUECKHE KOPPO3ZUOHHBIE UCCIIEIOBAaHUS NTOKa3anu (Tabdmn.4), 4To B
cTarroHapHbIX ycroBusax mpu 50°C mobasienue 20 mr/it pacrBopa UKM-3
MPUBOJUT K CHUKEHHUIO CKOPOCTH KOPPO3UH, CTAIU IO CpaBHEHHIO C oHOM (D 3)
B 15,63 paza, 4To cooTBeTCTBYET cTenenu 3amuthl 93,60%. [Ipu nobasnennn B
pactBop OMKM-9 ckopocTh Koppo3uu ctaiu yMeHbinaercs B 107,53 pasa,
cTerneHb 3auThl - 99,07%. B pe3ynbrare NpoBeIeHHBIX UCCIEA0OBAaHUN ObLIN
BEIsIBIICHBI HanOoee rddexruBHbie HHTHONTOPEI OMMKM-8 1 OUKM-9, BBenenue
KOTOPBIX MO3BOJIMIIO CHU3UTH KOPPO3UOHHYIO arpecCUBHOCTh D-2 U 3allIUTUTD
Ct.3 oT KOppO3UOHHOTO pazpyiuieHus Ha 98-99%. OnTumanbHasi KOHIIEHTpALUS
JAHHBIX UTHTUOUTOPOB, IPU KOTOPOU OBLIT JOCTUTHYT YAOBIETBOPUTEIbHBIN
3amuTHBIN 3 dekT, coctaBuna 20 mr/i (Tabdmn.4).

Ponb  ocdopconepxanux OpraHUYECKUX U OJUTOMEPHBIX COCTUHEHUI
MOKHO OOBSICHUTH T€M, YTO OHU OOpa3yloT Ha TOBEPXHOCTH MeETajlla TOHKHE
cion. DhHEeKTHBHOCTH IEHCTBUS WHTHOUTOPOB CHIIBHO 3aBHCHUT OT TEMIIEPATYPhI
u coctaBa, OMMKM-7 npu 50 u 80°C umeer crenenp 3amuthl 90,06 u 92,36%. Ero



44

3alMTHBIE CBOMCTBA MPOSBIISIOTCS €111 CUITHEE NP MOBBINMIEHHBIX TEMITepaTypax,
Onaromapst ancOpOIMOHHOMY B3aUMOJICHCTBHIO C METaUIaMA W TIPU ITOM OH
JIEUCTBYET IO XEMOCOPOIIMOHHOMY MEXaHHM3My U 00pa3yeT OCOOCHHO MPOYHbIC
3alUTHBIE CIIOH.

Mornekynbl  XeMOCOpOMpYIOTCS 32 CUET HECIapeHHOTo  3JIEKTpOoHa
rerepoatoma, 3PGEeKT CUHEpru3Ma MpU OSTOM OOBICHSETCS OoO0pa3oBaHHEM
KOBJICHTHBIX CBs3ed. [lpum amcopOnmu KaTMOHOB W aHWOHOB BO3HUKAIOT
AIIEKTPOCTATUYECKUE CHUJIBI TMPUTHKCHHUS MEXIy HUMH, YTO YIUIOTHSET
00pa3yroIIrecs CIIOH.

Tab6nura 4

PesynbraThl rpaBUMETPHUECKOTO OnpeiesieHnst crenenn 3amuThl CT.3
paznuuHbiMUA UHTUOUTOpaMu (Cunr=20 Mr/m) B hoHoBOM pactBope 3% NaCl + 5%
Na2COs3(pH=8,6) npu paznuaHbIX TeMIeparypax

HNuruburopsr Temmneparyp 360 yacos 720 yacos
% K, v | Z% K, y Z,%
r/(M°cyT) r/(M°cyT)

®oH 50 131,73 - - 103,07 - -
HNKM-1 8,81 14,95 | 93,31 3,92 26,32 | 96,20
HNKM-2 16,93 7,78 |87,15 11,10 9,29 189,23
NKM-3 9,55 13,79 | 92,75 6,60 15,63 | 93,60
NKM-4 6,28 20,96 | 95,23 4,14 24,88 | 95,98
OUKM-5 4,24 31,06 | 96,78 3,09 33,33 | 97,00
OUKM-6 3,65 36,10 | 97,23 1,52 68,03 | 98,53
OUKM-7 13,04 10,10 | 90,10 10,25 10,06 | 90,06
OUKM-8 5,01 26,32 | 96,20 2,44 42,19 | 97,63
OHKM-9 1,53 86,21 | 98,84 0,96 107,53 | 99,07
NALKO 12,81 9,23 | 89,16 12,53 9,43 89,40

®on 80 272,43 - - 243,72 - -
HNKM-1 14,98 18,18 | 94,50 13,31 18,32 | 94,54
NKM-2 38,11 7,15 186,01 39,92 6,11 83,62
NKM-3 29,50 9,23 189,17 44,65 546 | 81,68
NKM-4 12,91 21,10 | 95,26 9,75 25,00 | 96,00




OUKM-5 5,97 45,66 | 97,81 4,27 57,14 | 98,25
OHKM-6 7,36 37,04 | 97,30 6,17 39,53 | 97,47
OUKM-7 18,88 14,43 | 93,07 18,62 13,09 | 92,36
OHUKM-8 3,51 77,52 | 98,71 2,27 107,53 | 99,07
OHKM-9 2,89 94,34 | 98,94 1,39 175,44 | 99,43
NALKO 38,93 6,99 | 85,71 30,27 8,05 87,58

B Tperseni wyactu Tperber 1naBbl aucceprauuu  «McciexoBanue
aCOPOLIMOHHOM CIOCOOHOCTH M3Yy4YaeMbIX HHIMOMTOPOB Ha IOBEPXHOCTH
MeTaJII0B» II0Ka3aHO, YTO B IPOLECCE IEKTPOXUMUYECKON KOPPO3HH C
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YYaCTUEMHHU3KOMOJICKYISIPHBIX U OJUTOMEPHBIX HWHTHOUTOPOB B pPE3yiIbTare
B3aUMOJICHCTBHAS  C  TOBEPXHOCTHIO  METaJ/la  BHEHIHSAS  TOBEPXHOCTh
aJicOpOMPOBAaHHOTO  CJIOS  3apsDKaeTcs  OTPUIIATENIbHO, a  BHYTpEHSS -
noJiokuTenbHo. KomnyecTBo amcopOMpOBaHHOTO BEIMIECTBAa, OTHECEHHOE K
CIMHUIIE TIOBEPXHOCTHU, 3aBUCUT OT TEMIIEPATypbl CpEeAbl U KOHIEHTPAIUU
aacopOara B kuakoi ¢aze. [Ipu 3TOM HCXOmAT W3 TOTO, YTO aICOPOMPOBAHHBIC
OpPraHUYeCKUEe TaK XK€, KaK U HEOPraHWYECKHEe WHTHOWUTOPHI, PACCMOTPEHHBIC B
JUTEpaType, TOTHOCTHIO BBIBOAAT W3 Cepbl aHOMHOW PEAKIMU Ty 4YacTh
MOBEPXHOCTH, KOTOpas 3aHsATa MHTUOMTOPOM. DTHU COOOpa)KeHHs HCIOJIb30BAIU
IPU  paccyeTe CTENEHU 3alOJHCHHS TPH TMPOXOXKACHUHM 3JIEKTPOXUMHUYECKOTO
nporecca.
OnbITHBIE 3aBUCHMOCTH  aJICOPOIMHA  OJMTOMEPHBIX HMHTHOUTOPOB OT WX
KOHIICHTPAIIUHA B PACTBOPE HA CTAIX B 007IaCTH BBICOKHUX 3aITOJIHEHUN JTOCTATOYHO
XOPOIIIO OMUCBHIBAOTCS H30TEPMOM, XapaKTEpHOH 00pa30BaHNI0 MOHOCIIOA.

Ha pucynkax 5 g, 6 mnoka3zaHa 3aBHCHUMOCTh CTCIICHHU 3alOJHEHHS OT
KOHIICHTPAIIUM MHTUOUTOpA TIPH Pa3IUYHBIX (POHAX, OTKy/a BUAHO, YTO 3HAYCHUS
0 pe3xo Bo3pacTaroT 10 KOHIEHTpamuu 20 Mr/i, mocie KOTOpOW yBeTudeHHe
KOHIIEHTpAllUX UHTUOUTOPOB MPAKTUUYECKU HE BIUSAET HA CTETICHB 3allOJTHEHUS.
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Puc.5. 3aBucUMOCTb CTETIEHM 3aMOTHEHUS TOBEPXHOCTH CTAIM OT KOHIIEHTPAIUU
paznmuuHbx HHrHOUTOPOB: OMKM-6 (1); OMKM-8 (2); OUKM-9 (3); UKM-2
(4); UKM-1 (5); UKM-3 (6) npu pH=6,4 (a) u pH=8,6 (6); T=80°C.

[Io Buay wu30TEepMbI AACOPOIMU MOXKHO CYIAUTh 00 aJCOpPOIMOHHBIX
Xapakrepuctukax MHruOuTopoB. [lyrem BoinpsimieHus rpagukoB 0=f(Cuur) mpu
MOMOUIA COOTBETCTBYIOLIUX (YHKIMOHAIBHBIX CETOK B IMepBOH
KOHLIEHTPAIIMOHHOW 00J1acTH J00aBKHU YCTaHOBIIEHO, YTO aCOPOLIMS HHTMOUTOPOB
OJIANTOMEPHOI'O THUIIA OMNMUCHIBAETCS HM30TEPMOM, XAPAKTEPHOW ISl OAHOPOJHOMU
MOBEPXHOCTU ajacopbara (puc. 5). V3amepeHus MoKa3bpIBalOT, YTO MHTHOUPYIOIIHE
CBOICTBAa MCCJEIOBAaHHBIX OJIUIOMEPOB CBSI3aHbI C UX aJcOpOLMEN Ha CTaJIbHOU
MTOBEPXHOCTH.

Ha ocHOBe 1aHHBIX CTENEHU 3aMI0JIHEHUS TOBEPXHOCTUMETAIIA HHTUOUTOPOM

olpesiesieHa U30TepMa aicopOLH, XapaKTep KOTOPOH MO3BOJISIET MTOTYyYUTh
uH(pOpMaIIMIO O CBOMCTBAX ajicopOupoBaHHOrO BemlecTa. M3 tabn. 5 BuAHO, 4TO
CTEIEHb 3aMOJIHEHUS TOBepXHOCTU nHrnoutopom OUKM-7 pactet ot
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0,90 no 0,92; xoHcTaHTa aaCOPOIIMOHHOTO paBHOBecus u3MeHsieTcsa ot 0,45 1o
0,58. Ilpu amcopOuuu aMUHOCOIEPKAIIUX COCAUHEHUM TpeoOaagaloT CHUIIbI
OTTAJIKMBAaHMS, YTO TMPUBOAUT K  YMCHBIICHUIO 3HAYCHUH  KOHCTAHTHI
a7ICOpOIIMOHHOTO PAaBHOBECHIO MO CPaBHEHMIO C a30T- U (ochopcomepxraniumMu
COCTMHCHUSIMU.

B 1memomM MOXXHO OXKHJIaTh, YTO 3JIEKTPOHOJIOHOPHBIC MOJICKYJIbI C MEHBIIUM
MOTCHIIMAJIOM HOHHU3AIMH, OOJBIIUM OTPHIATCIIFHBIM 3apsaoM Ha aroMe a3oTa
aKTUBHOTO IIEHTpa M 0Oo0Jee TMOJOKUTEIbHBIM 3apsJoM Ha aroMe BOJOpoja B
MPOTOHUPOBAHHON (opMe JOMKHBI OBITh JIYUIIMMH HHTHOWTOpaMU OJyiarojaps
00pa30BaHUI0 CUJIBHBIX KOOPAMHAIMOHHBIX WM BOJOPOJHBIX CBSI3EM C
METAJTMYECKON TTOBEPXHOCTHIO.

Tabmuia 5
3HaueHUsI CTETICHHU 3aIOJTHEHUS K KOHCTAHTHI aJICOPOIIMOHHOTO PaBHOBECHSI
pa3IMYHBIX HHTHOUTOPOB B pacTBope poHad-3, (Cunr=20 Mr/11)

NHrudurop Temmeparypa, °C K Q] B
HNKM-1 50 3,92 0,96 1,20
HNKM-2 11,10 0,89 0,40
HNKM-3 6,60 0,94 0,78
HNKM-4 4,14 0,96 1,20

OHUKM-5 3,09 0,97 1,62
OUKM-6 1,52 0,99 4,95




OUKM-7 10,25 0,90 0,45
OUKM-8 2,44 0,98 2,45
OUKM-9 0,96 0,99 4,95
HNKM-1 80 13,31 0,95 0,95
HNKM-2 39,92 0,84 0,26
HNKM-3 44,65 0,82 0,23
NKM-4 9,75 0,96 1,20
OHUKM-5 4,27 0,98 2,45
OHNKM-6 6,17 0,97 1,62
OUKM-7 18,62 0,92 0,58
OUKM-8 2,27 0,99 4,95
OHUKM-9 1,39 0,99 4,95

['paBuMeTpHUEeCKHE WCCIICNIOBaHHUS IOKa3aiau (Tabi.4), dYTO CKOPOCTH
xoppo3un (K) crampHOro snmekrpoga NnpuHUMAaeT HaubOosiee HU3KUE 3HAYEHUS B
MPUCYTCTBUM a30T- U (pocopcoepkaiux THrHOUTOPOB MPHU UX KOHLIEHTpauun2(
Mr/a. Y docdopcoaepkalinx OJUTOMEPHBIX HHTHOUTOPOB 3HAUCHHSI CTEICHU
3allOJTHEHUS] TOBEPXHOCTU 3JIEKTPOJa MOHOMOJIEKYJSIPHBIM CJIOEM HauboJsee
BBICOKM, YTO NOATBEPKAAECTCI U pacuyeTaMd KOHCTAHTBl aJCOPOLIMOHHOIO
paBHOBecus (B) B 3aBUCHMOCTH OT XUMUYECKOU CTPYKTYPBhl HHTUOMTOPOB, KOTOpast
B 3-5 pa3a mIpeBbIIIAET €€3HAUCHHUS IOJYYEHHbIE MPHU JAPYTUX KOHLEHTPALUAX
UHTUOUTOPOB. BbICOKME 3alIUTHBIE CBOICTBA  OJMIOMEPOB  OOBSICHSAIOTCS
o0pa3oBaHWEM  TPYIHOPAaCTBOPUMBIX  COECOIUHEHHMM  Ha  KOpPpOAUpYIOLIEH
MOBEPXHOCTH, a MPEAIIECTBYIONIAs CTAaUsl — 3TO aACOpPOIUs 0OBEMHBIX MOJIEKYI
OJIUTOMEPA Ha MMOBEPXHOCTU METaJUIA. DTH PE3YJbTaThl
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SIBJISIFOTCSI €111€ OJTHUM TIOJITBEP>KICHUEM BBIIIEPACCMOTPEHHOTO MEXaHU3Ma
3aIUTHOTO JICUCTBUS JAHHBIX UHTUOUTOPOB.

CrnemyeT 3aMeTUTh, YTO TPH BCEX M3MEHEHUSX MapaMeTpPOB B BBHIOPAHHOU
oOmactu 3KcniepuMeHTa onuroMepHbiid uHruoOuTOp OMKM-8 coxpaHsn 10cTaTouHO
BBICOKHE 3allUTHBIE CBOMCTBA. ODHEPrHsl AaKTUBAllMU CBSI3aHA CO CTENEHBIO
HKPAHUPOBAHMS MMOBEPXHOCTU BJIEKTPOJIa U JAET ONpEAENICHHYI0 MH(OPMALIMIO O
MEXaHU3ME 3alIUTHOTO JEUCTBUA WHTUOUTOpAa U KUHETUKE KOPPO3MOHHOIO
nporecca. [lomydeHHble pe3yiabTarbl IMOKA3bIBAIOT, YTO aJCOpOLMS 3TUX
COCIMHEHUN W3MEHAET KOHCTAaHTYy CKOPOCTHM pEakUuu, a 4Yepe3 Hee 3apsij
MTOBEPXHOCTH. Paznuuus B CTEMEHX 3aroJTHEHUS MOBEPXHOCTHU
dbochopcoaepkalliuMi ~ OJIMTOMEPHBIMM ~ BEILIECTBAMM,  PACCUUTAHHBIE U3



KUHETUYECKUX XapaKTePUCTUK M MO JaHHBIM NPSIMbIX H3MEPEHUMH, CBA3aHBI C
npoueccamu aacopounu. Kpome toro, Ha ko3 UIEHT TOPMOKEHHSI OKa3bIBAET
BJIMSIHUE HE TOJBKO TeMIIeparypa U KOHILIEHTpalKs BBOAMMOIO OJIMTOMEpa, HO H
COCTaB MOCJIETHETO.

B uerBepToii maBe nuccepranuu npuseaeHbl «CTpPyKTypa aacopOHHOHHOIO
CJ101 HHTHOMTOPA KOPPO3UM B PA3JIMYHBIX CPedax», CPABHUTEIbHBIE PE3YJIbTaThI
UCCJIeI0BaHUsI MTHTHOMPYIOIIHUX CBOWCTB HA OCHOBE cojieil pocdar THOMOUYEBUHBI U
¢docdar MOUYEBUHBI C OJIUTOMEPHBIMH COEAMHEHHUSIMH, KOTOPBIE MOKA3aJIM, YTO UX
3ammTHBIA A PexT oO0ycioBaeH 00pa3oBaHUEM aJICOPOIIMOHHOTO CJIOS Ha
MOBEPXHOCTU MeTaia. Ha MmoBepXHOCTH HU3KOYIIIEAUCTON CTalld MPHU €€ 3aluTe
uaruoutopamun UKM-1 u UKM-2 B BonmHbIX cuctemax (hopMHUpyeTCs 3allUuTHAs
IJIEHKA, NPEUMMYILIECTBEHHO COCTOAIIAs M3 KOMIUIEKCOB C KAaTHOHAMH Kelle3a.
BaxxubiM (akTopoM, BIMSAOIUM Ha 3(P(EKTUBHOCTh MHTMOUTOPOB, SIBISETCA
IPOCTPAHCTBEHHAs] KOH(Urypamuss HMX MOJEKYJ, ONpeAessonas II0Maab
MHTUOMPOBAHHON TMOBEPXHOCTH METAIJIOB. 3alllUTa METAUIOB OT KOPPO3UHU
MHTUOUTOpAMH, Kak ObUIO MOKa3aHO, YacTO CBsi3aHA C XMMHUYECKOH ajicopOuue,
BKJIIOUAIOILEH U3MEHEHHUE 3apsiia acopOUPYIOLIErocs BEIIECTBA U MEPEHOC 3apsiaa
c onmHo# (a3el Ha npyryro. [ToaToMy ocoboe 3HaUEeHNE TPHOOPETACT MOJICKYIISIPHAS
cTpykrypa  uHruomropoB. MWK —  cnekrpockonmuueckud  HCCIIETOBAIHCH
CUHTE3UpPOBaHHBIE a30T-, Gochop-, U cepocoaepKalue HU3KOMOJICKYISPHbIE U
OJIUTOMEPHBIE UHTHOUTOPBI.

VYrieBoopoiHbIE paiuKalibl, 00agatonme rupoGoOHbIMI CBOMCTBAMH,
OpPUEHTUPOBAHHBIE B CTOPOHY arpeCCUBHOM CPEbl, OTTAIIKUBAIOT MOJIEKYJIbI BOJbI
U KOPPO3HMOHHO-aKTUBHBIE YACTUIIBI C TOBEPXHOCTH METAIJIA, a TAKKE
JOTIOJTHUTENIbHO SKPAHUPYIOT U TEM CaMbIM YCUJIMBAIOT €€ OJ0KUPOBKY. Posb
(dochaTHBIX COETMHEHUI MOKHO OOBSCHUTh 00pa30BaHUEM HA MOBEPXHOCTH
METaJula TOHKUX CJIOEB, B COCTAB KOTOPBIX BXOAAT HOHBI 3aIIMIAEMOI0 METAIA.
Omnuromepnsie docharabie coequuenns 6osee 3hOEKTUBHBI B CBSI3H C
00pa3oBaHMEM HEPaCTBOPUMBIX KOMIUIEKCOB. /lo0aBka B BOJy OpPraHMYECKUX U
OJIMTOMEPHBIX COETUHEHUN YMEHBIIIAET KOPPO3UIO METAJIJIOB M CKIIOHHOCTB BOJIBI K
HakuneoOpa3oBanuto. [Ipennonaraercs, 4To MHrHOUpYIOLEe AEWCTBUE CHIIbHEE IO
OTHONICHHUIO K HEKOTOPBIM METaJllIaM Y HHTUOUTOPOB, CONIEPIKAIIIUX
¢yukmonansubie Tpynnsl -NHz2, =NH, CN, N=0. B cnydae uaruouropa MKM-1
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agcopOuus ¢ocdar TnokapOaMu1a BO3MOXKHA Yepe3 a30T AMUHOTPYTIIIHI,
MMEIOIUI HETO/ICNICHHYIO TTapy AIEKTPOHOB. B mpornecce MHruonpoBaHus
MPUHUMAIOT YYacTHE U HEBOCCTAHOBJICHHBIE MOJIEKYJIbI THOKapOamMuga, KOTOpbIe
azicopoupyroTcs 6marogaps 00pa30BaHUIO CBSI3M MEKy aTOMaMHU CEphI U JKese3a.
Takum 06pazoM, 3(HEKTUBHOCTh ATUX MHTUOUTOPOB KOPPO3UU OOYCIIOBIICHA
HaJIMYUEM JBYX aJCOpPOIIMOHHO-aKTUBHBIX IIEHTPOB U acOPOIMEN MPOAYKTOB HX
paznoxenus. [lonyuennsie UK cnekTpsl mokasanu, 4to JUIMHA UENH aJKWUIBHOIO
pagukaia B CTPYKTYpE COEOMHEHHS OKa3blBa€T 3aMETHOE BIMUSHHUE HA €ro
MHTUOUPYIONTYI0 3(DPEKTUBHOCTh U UTPAIOT BaAXKHYIO pOJIb B CMauMBarolien Qasze
py 00pa30BaHUM 3aIUTHON MJIEHKH, YTO COMIACYETCsl C MPABUIIOM aJICOPOLIUU.



B 1mupKkynasuuMoHHBIX cHCTEMax AJii OOpbOBI C KOPPO3UEW MOXXHO NMPUMEHSTH
OJTUTOMEPHBIE HWHTHOUTOPHI, KOTOPBIE CHOCOOCTBYIOT OTJIOKEHUIO Pa3IUYHbIX
KPUCTAJUIMYECKUX CJIOEB M TMPENOTBPAIAlOT TOSABICHUE S3BEHHOM KOPPO3HH.
3nauenne pH cnenyer nmoanepxuBarbk Ha ypoBHE 6,5-7,0 mnu HeckosbKO HUke. Ha
OCHOBAaHUM TOJNYYEHHBIX JIaHHBIX KOPPO3UMOHHBIX OIBITOB YCTAHOBJIEHO, YTO B
Oo0OpOTHOM  BOA€ C  TIOBBIIMICEHHBIM  COJIECOACPKAHUEM  MPOUCXOTUT
KOHIIGHTPHPOBAHHE HE TONBKO arpeccuBHEIX aHmoHoB CIO", SO,” HO W MOHOB
KallbllMs, MAarHus CHOCOOCTBYIOIIMX OOpa30BaHUI0 HAa TMOBEPXHOCTH MeTaljia
3aIUTHBIX MJIEHOK U CHMXKEHHUIO KOPPO3HOHHOM arpeCcCUBHOCTH.

O¢ddexr cuneprusma u BbicoKas AGHEKTUBHOCTh JIBYyXKOMIIOHEHTHOTO
unruouropa OUKM-7+KH2PO4, moxHO 00BsicHUTH Hanmuuuem B HeM —NH2 u —
OH, —-NH2 u —H2PO3, -NH2 u —COOH rpynn. [IokazaHo, 4TO JByXKOMIIOHEHTHBIE
MHTUOUTOPBl  00MaaloT  BBICOKOM 3(P(EKTHUBHOCTBIO 3aMEIJIEHUs] Mpouecca
pacTBOpPEHHUs METAJJIOB B pa3flnWyHbIX cucTteMax. [[o3ToMy cMecu OJUTOMEpHBIX
coenuHeHui aumetuwinonMenamuHa ¢ KH2PO4 MOXHO mNpuUMEHSATh U Kak
MHTUOUTOPBI HakumneoOpa3zoBaHus. [[poTUBOKOPPO3MOHHAS 3aIUTa TAKMX COCTOUT
B 00pa3oBaHMM MaJOPaCTBOPUMBIX COEJIMHEHUN, KOTOpbIE BXOIAT B COCTaB
KOPPO3MOHHBIX  OTJIO)KEHUH, 4YTO MPUBOAUT K UX  YIUIOTHEHUIO U
MaJIONPOHMUIIAEMOCTA I  KOPPO3UOHHO-aKTHBHBIX  peareHTOB.  [lanee
HaOJIOAAIOTCS  aJICOPOIIMOHHBIE TPOIECChl, MPUBOIAIINE K 3aMEIJICHUIO pPOCTa
¢docdarHoro ciosi, BCAEACTBUE YErO OH CTAaHOBHUTCS MEHEE MOPUCTBIM, Ooiee
TOHKHM M €T0 3allUTHBIE CBOWCTBA MOBBIIIAKOTCS.

N3 tabn. 6 BugHo, uro auMmetrmwinonmernaMuH ¢ KH2POs B cima0o-KHCIBIX
cpegax HMeEEeT CcTeneHb 3amutbl oT 93,26 no 99,54%. C mnoBbllIeHUEM
KOHIIEHTpAIlUX UHTUOUTOp CTaHOBUTCS Oosiee dhdekTuBHBIMU. B 3TOM ciiydae ero
MOJIEKYJIBI aJICOPOUPYIOTCS, YTO MPUBOAMT K YMEHBIIEHUIO CHUJI OTTAJIKHBAHUS
MEXy MOJIEKyJaMH Ha MOBEPXHOCTH MeTajljla MU CIOCOOCTBYIOT OOPa30BaHHUIO
0oJee MIOTHBIX MJICHOK.

Takum  oOpa3oMm, Ha TOBEPXHOCTH MeTajla TMpPH  €ro  3aluTe
JIByXKOMIIOHEHTHBIMU ~WHTUOUTOpaMH B BOJHBIX pacTBopax (opmupyercs
3alllUTHAs TUIEHKA, MPEUMYILECTBEHHO COCTOSIIAs U3 KOMILIEKCOB C KaTHOHAMU
xene3a. Kak BugHO W3 Tabm. 6, pacTBOpHI JABYXKOMIIOHEHTHOTO HMHTHOUTOpa
OUKM-7+KH2POs nipu remnieparype 25°C apdexruBHbl as 3amuthl ctanud Cr.3
Y IPUHUMAIOT 3HAYE€HUSI CTENEHU 3aIUThI 10 99,54%.
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Tabnuua 6
Brustare mpomomKUTENhHOCTH KOPPO3UOHHBIX UCTIBITAHUI HA
s dextuBHOCTH 3anUThl CT.3 marHOouTopom ONMKM-7+KH2PO4 B hoHOBOM
pactBope ®@-1 pH=5,3 npu Temneparype 25°C

Chur, 360 yacos 720 yacoB
MI/I1

K, r/(m*cyT) Z,% K, r/(mM*cyT) Z,%




0 216,09 - 172,64 -
10 10,61 94,18 10,58 93,26
20 5,97 97,81 4,29 98,27
30 2,84 98,64 1,38 99,54
40 5,21 98,29 3,07 99,15
50 3,52 98,71 2,29 99,06

OddextuBHocTh aekcTBUss  UHTHOMTOPaOUKM-7 CHIIBHO 3aBUCUT OT
temneparypel. C poctom Temneparypel, ot 50 mo 80°C wucnonb3oBaHHE
uaruouropa B coyetaHun KH2POs kak [ByXKOMIOHEHTHOIO WHIHOMTOpa €ro
3alUTHBIE CBOWCTBA BO3PACTAIOT C YBEIMYEHUEM TEMIIEPATYPBHI.

[IpoBeneHbl HcCIENOBaHUA IO  OINPEACICHUI0 COBMECTHOIO JIEUCTBUSA
MHTUOUTOPOB M MOUCKY UX HambOosee 3pGeKTUBHBIX cMeceil. BTopoil KoMITOHEHT
KH2POs4 wuHruburop oOpa3yromuii HEpacTBOPUMBIE COEIMHEHHS, KOTOpHIE
o0JlalaloT yCTOMYHMBOCTBIO B €Ja00 KHUCIBIX W HEUTpaNbHBIX Cpelax M C
YBEJIMYEHUEM MPOAOJDKUTEIBHOCTH HCIBITAaHUNH Habmtonaercss 0osee BBICOKHI
3amuTHBIN 3¢ dexT. [IpeumymectBa Broporo komnonenta KH2PO4 nepen apyrumu
MHTUOUTOPAMH COCTOAT B TOM, 4YTO OH OOECIEeYMBaeT 3allUTy B MajbIX
KOHILICHTPALUSIX M CTAaOMJIBHO COXPAHSIET 3allUTHBIE CBOWCTBA MpPU KOPPO3UHU
METaJUIOB B PAa3HbIX arpecCUBHbIX cpefax. OIuUromMepHsle COCAVUHEHUS B
couetanuu ¢ KH2PO4 ucnpiTanbl Kak JBYXKOMIOHEHTHbIE WHTHOUTOPHI, U OHH
oKkazanch A(P(PEKTUBHBIMU B HEUTpaIbHOM, €1a00 KHUCIOW U CiaboIIeI0uHOoM
cpenax.

B marou taBe guccepramuu  «McceiaenoBanue  3PpdexTuBHOCTH
HHTMOMTOPOB B MPOU3BOACTBEHHBIX YCJIOBHSAX» I0Ka3aHa BO3MOXHOCTb MX
NPUMEHEHUSI B Kau€CTBE MHTMOMTOPOB KOPPO3UM PA3IMYHBIX METAIJIOB (CTasb 3,
MéeZlb, AFOMUHHUIA U JIATyHb) B LUPKYJIUPYIOLIUX OOOPOTHBIX BOJAX U B CHCTEMAX
OXJIAKJEHUS, TOATBEPKICHUEM YEro SBIIIOTCS aKThl UCIBITAHWUM, IOJYyYEHHBIE U3
bekabanckoro meramryprudaeckoro komounara, AO «Hapowuii azor», OO0 «DnexTp
yckyHa cosnan» ¥ BHeapenus «Cysokosa» [IKII, YVII «Pepranckuii HII3».

[IpucyTcTBHE B IEpEKAYNBAEMOM MPOAYKTE KOPPO3UOHHO-AKTUBHBIX BEIIECTB
CO3/1a€T aKTyaJIbHYI0 NPOOJEMYy 3alllUThl METAIJIOB OT BHYTPEHHEH KOPPO3HH.
AHTUKOppPO3MOHHAsT 00paboTKa TPAHCHIOPTUPYEMOTO MPOJAYKTa HHTHOUTOpaMU
ABIIIETCS] BAXKHBIM CPEJICTBOM 3AILUTHI CTATBHBIX METANIMYECKUX TPYOOIIPOBOIOB
pPa3IMYHOrO HAa3HAuY€HHUs OT BHYTpPEHHEH Koppo3uu. B muccepranuoHHoi pabote
NPUBEACHBI PE3YIbTATH N0 WU3YYEHHIO MEXAHM3Ma 3alllUTHOIO JEHCTBUSA a30T U
docdopcogepkanmx UHrHOUTOPOB Ha OCHOBEe (OChHOpPHONW KHUCIOTHI U
OJIUTOMEPOB, a TaK)Ke HEKOTOPBIX (pocdopconepkaiiux aaTyKkToB.
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docdopcoaepxaliue oIMroMepbl Kak ”HIMOUTOPBI KOPPO3UU METAIIIOB,
CIIOCOOHBI 00eCTIeUNTh MX IPPEKTUBHYIO 3AIIUTY B PA3TUYHBIX arpECCUBHBIX
cpenax. Pe3ynbraTsl BU3yalbHBIX HAOMIOMECHUH MOKA3alu, YTO MIPH OTCYTCTBUU
n06aBok (Gocdop 1 a30TCoAEPKANUX ATYKTOB M OJIMTOMEPHBIX COJICH CTajh B
pacTBOpe KOPPOAUPYET JOKAILHO.

Vxe uepe3 20-24 yacoB mociie MOrpyKeHHUs OoOpa3LioB B PAcTBOPHI Ha UX
MOBEPXHOCTH TOSIBISIUCH OTACIBHBIE OYard KOPPO3WW B BHUJE MATCH. 32 BpeMs
OTbITA OHU YBEIMYUBAIHNCH M MOKPHIBATHCH «IIANKOW» MPOAYKTOB KOppo3uu. B
MPUCYTCTBUH J00ABOK OJUTOMEPHBIX WHTHOMTOPOB HA IMOBEPXHOCTH OOPAa3IOB
CTaJId OTMEYAJIOCh 00pa30BaHUE TUIOTHBIX TUICHOK.

TaGnuma 7
Crenenb 3amuthl CT.3 pa3paO0TaHHBIMU UHTMOUTOPAMH B HEUTPAIbHBIX
cucreMax npu remieparype 80°C

Nuruburop Cunr, MI/11 K, (r/M**cyT) Y Z, %
®-2 (pH=6.4) ; 0,5500 i ;

NKM-1 10 0,0757 7,26 86,23
HNKM-2 0,0851 6,46 84,52
HNKM-3 0,0692 7,94 87,41
NKM-4 0,1310 4,20 76,18
OUKM-5 0,1125 4,89 79,54
OHUKM-6 0,1037 5,31 81,15
OUKM-7 0,0877 6,27 84,06
OUKM-8 0,0275 20,00 95,00
OUKM-9 0,0254 21,65 95,38
HNKM-1 20 0,0326 16,86 94,07
HNKM-2 0,0327 16,81 94,05
NKM-3 0,0327 16,81 94,05
NKM-4 0,0337 16,31 93,87
OUKM-5 0,0524 10,50 90,48
OUKM-6 0,0541 10,16 90,16
OUKM-7 0,0686 8,02 87,53
OUKM-8 0,0273 20,12 95,03
OHNKM-9 0,0249 22,08 95,47




Uccnenyemsplii uaruourop MKM-1 npu ero konuentpaumu 20 mr/m mno
JAHHBIM TSATHAALATA CYTOYHBIX HCIBITAHUM B HEUTpaJbHOW Cpene MpOsBIISLI
BbICOKHE 3amuTHBIE cBoicTBa 94,07%, a B cmyyae UKM-3 3ammuTHOE nelcTBUE
TaKKEBBICOKOE M COCTaBIIsLI0 10 94,05% (Tadsm. 7).

['paBuMeTpHUECKHE HCCIEAOBAHMS MTOKA3AIM, YTO B CTAIMOHAPHBIX YCIOBUSX
nobaenenue pactesopa OMKM-7 B cpeny HOpHUBOAUT K CHHXKEHUIO CKOPOCTH
KOPPO3UH, CTaJIU IO CpaBHEHHIO ¢ POHOM B 6-8 paza, UTO COOTBETCTBYET CTEIIECHU
3ammThl oT 84,06 1m0 87,53%.

HccnenoBana 3(pPpeKTUBHOCTh KOMILIEKCOOOPA3yIOIIMX CBOMCTB pEareHTOB
MyTEM MOJEIMPOBAHUS B JIaDOPATOPHBIX YCIOBHSIX MpoIecca 00pa3oBaHUs Coien
KECTKOCTH U ONTUMHU3AIUs COCTAaBOB MHTHMOUTOPOB HAKUIEOOpPa30BaHUS B
3aBHCHUMOCTH OT XUMHYECKOT0 cocTaBa o0OOpoTHON Bojapl. Ha ocHoOBanum
PE3yABTaTOB MIPOBEICHHBIX UCCIIEN0BaHNN 000CHOBaHA 11E€1€CO00Pa3HOCTh
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MCITOJIb30BAHMS KOMIIO3ULIMI KOMILIEKCOOOpa3yOUIMX PEareHTOB U OJIMroMepoB. B
IPAKTUYECKOM IUIaHE MOJyYEHHbIE PE3YJIbTaThl Oy1yT UCIIOIb30BaHBI ITPU

pa3paboTKe KOMITO3UIIMI HHTHOUTOPOB HAKUIIEOOPa30BaHMS 17151 KOMILJIEKCHOM

3alUTHl BOJOOOOPOTHBIX [IUKJIOB B KOHKPETHBIX IPOU3BOJICTBEHHBIX YCIOBUSX.

AHanu3 TaHHBIX Ta0Il. 8, MOIYYEHHBIX METOAOM PEHTTEHO(IYOPECLIEHTHON

cnekrpomerpuu Ha ipubdope mapku «Niton XL 3t 900», mokaspIBaeT, 4To

XUMHMUYECKHI COCTaB pPa3InYHbIX METAJUIOB COOTBETCTBYET TpeOoBaHUsAM. Tabnuia

8
Pesynbrarsl peHTreHOGUIyOPECLIEHTHOTO CIIEKTPOMETPUYECKOTO
ONPEAEIIEHNS XUMUYECKOTO COCTABA PA3JIMYHBIX METAJIJIOB JI0 U MTOCIIE
KOPPO3UOHHBIX UCIIBITAHUN B MPUCYTCTBUU MHTHOUTOpa OUKM-8
Coneprkanue 3IeMEHTOB, Mace. %

C Si Mn P Zn Ni Cu Fe Al

Cranb 3 0,20 | 0,15 0,50 0,04 - 0,20 0,20 | 98,60 -

Crane3+OUKM-8 0,75 | 0,15 0,47 0,45 - 0,20 0,21 | 97,62 -

AmroMuHMINA - 6,8 0,12 - 0,04 0,01 2,30 0,28 | 90,14

Amomunnii+tOMKM-8 | 0,73 | 6,06 | 0,04 | 0,58 0,19 0,012 2,23 | 1,07 | 88,92

Menb - - 0,02 - - 0,03 99,51 | 0,08 -
Mens + OUKM-8 0,28 - 0,02 | 0,18 - 0,03 99,24 | 0,06 -
Jlatyns - 0,78 - - 37,01 - 61,62 - -
Jlatyap+OMNKM-8 - 0,52 - 17,54 | 25,22 - 55,69 | 0,06 -

PGSYHBTaTLI HCIIbITAaHUN IIoKa3zajik, 4YTO B IMPUCYTCTBHHU OJIMI'OMCPHOI'O



naruouropa OMKM-8 cocraB ucciaeayemMoro MeTamia i3MEHSETCSl BCIICJCTBHE €T0
noBepXHOCTHOM ancopOuuu. CoctaB metamia oboramaercss Gpochopom WM OH
NOSIBIISIETCSL B Clydyae MeIu, allOMUHUS M JaryHu. B pesynprare aacopOuuu
WHTHOUTOPA CKOPOCTH KOPPO3UH pe3ko ymeHbiaeTcs B 30-40 pas.

Takum  oOpa3zom, wuccinegyembie  ¢ocdopconepxkanme  OIUTOMEPHBIC
MHTUOUTOPHl  MOKa3ajdu BBICOKYIO A(PQPEKTUBHOCTH 3aMEJICHUs Ipoliecca
pPacTBOpPEHHUS CTajlu B CIA0OKUCIBIX M HEUTPaNbHBIX cpenax. OTIuYuTeIbHBIMU
CBOMCTBAMM  JIaHHBIX  OJUTOMEPOB  SIBJIIETCS WX HU3Kasg ONTUMAaJIbHas
KOHIICHTpAIIUS, JCIICBU3HA, YHHUBEPCAIbHOCTh W HETOKCHYHOCTh. DocdarHbie
COCIMHEHUSA O0ECNeuYnBalOT MOJACPKAHUE MIEJIOYHOCTH, HEOOXOAMMOW s
3aIUTHI OT KOPPO3UH U COXPAHSIOT 3aIUTHBIE CJIIOM Ha CTAJIM B MOAOTPEBATEIbHBIX
HUPKYJISIIMOHHBIX CUCTEMAX.

XapakTepuCTUKU MHTHOMTOpPOB mpoBepeHbl Ha mpeanpustuu OO0 «Dnektp
yCKyHa co3iamny. VcnbiTaHusi MpoBEACHBI U TOJYUYEHHBIE PE3yJbTaThl CPABHEHBI
IPAaBUMETPUUECKUM METOJIOM, KOTOPBIE MOKa3ajy, YTO B CTAIIMOHAPHBIX YCIOBHUIX
no0aBiIeHUE pacTBOPOB OJIUTOMepHbIX HHTMOUTOpoB OUKM-6 1 OUKM-7
MPUBOJUT K CHUKCHHIO CKOPOCTH KOPPO3MM CTaJIM, YTO COOTBETCTBYET CTEICHH
3amuThl 88,2 1 80,84%. OnuromepHbie HHTUOUTOPHI KOppo3un MeTauioB OUKM 8
nu OMKM-9 npu ux xonreHtpanuu 30 Mr/1 mo JaHHBIM MATHAANATH CYTOYHBIX
UCIIBITAaHUI NPOSBIsUIM 00Jiee BEICOKUE 3alIUTHBIE cBOMcTBA 92,66 1 98,61%
COOTBETCTBEHHO.
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B pesynbrare mnNpoBEAEHHBIX MCCIEIOBaHUI ObUI BBISBIEH HaubOoiee
s exruBHBIi mHTHOUTOP OUKM-9, BBEIeHHE KOTOPOTO IO3BOJMIIO CHHU3UTH
KOPPO3HOHHYIO arpeCCHBHOCTH BOIOMPOBOJAHOM BOJBI M 3alIUTUTh METAI OT
KOPPO3UOHHOTO pa3pymieHuss. OnTuMalibHass KOHIIGHTPAIUsd JaHHOTO MHTHOUTOpa

IIPH KOTOPOU OBUT JIOCTUTHYT YAOBJICTBOPUTEIBHBINA 3aIIMTHBIN () ()EeKT cocTaBmIa
30 mr/m.

Tabnuua 9
Crenenb 3aumTsl CT.3 pa3paboTaHHBIMU HHIHOHTOpAaMH npH Temmepatype 25°C
WHruburop Chunr, MI/11 K, (r/mM**cyT) Y Z, %
Do (D-2) - 1,43 ; ;
OUKM-6 30 0,16 11,8 88,2
OUKM-7 0,27 19,16 80,84
OUKM-8 0,10 7,34 92,66
OUKM-9 0,02 1,39 98,61

JlaboparopHble HcCeA0BaHUS NMPOBEPEHBI U MOATBEPKeHbI B Depranckom



HII3 u na npeanpustuun «CyBokoBay» IIKII, a Takxke moiiydyeH akT BHEIPEHUS IO
pesyapTaraM UcHbITaHus  (ocdopcoaepkalux OJIUITOMEPHBIX HUHTUOMTOPOB
KOPPO3UU METAJJIOB B CUCTEMAax 00OPOTHOTO BOOCHAOKEHHS.

3AKIIOYEHHUE

Ha ocHoOBe MpoOBENEHHBIX MCCIENOBAHUI MO JTOKTOPCKOM AHMcCCepTanuy Ha
TeMy «CuHTEe3 M (PU3UKO-XUMUYECKHE CBOMCTBA OJUTOMEPHBIX HMHTHOUTOPOB
Kkoppo3un Ha ocHoBe N, P, S cogepxkamux COEOUHEHUN» NPEACTABICHBI
CJIETYIOLINE BBIBOJBI:

1. Cunte3upoBan psg a3oT- U docdopcoaepkamux agjaIyKTOB Ha OCHOBE
¢dochaToB THOMOYEBUHBI, MOYEBUHBI, MEJlaMHHA M TE€KCAMETUJICHIWAMUHA U
MHTUOUTOPHI OJMTOMEPHOTO THIA Ha OCHOBE a30TCONEPXKAIIUX OPraHUYEeCKUX
coenHeHur U pocPopHOil KUCIOTHL. OnpeaeneHsbl MOJAEKYAIPHO-TUHAMUYECKHUE U
KBAaHTOBO-XUMHUYECKUE XapAaKTEPUCTUKN CUHTE3UPOBAHHBIX COEAMHEHUI,
YCTAHOBJIIEH MEXaHU3M MHITUOUPOBAHUS OJUTOMEPHBIMU COCAUHEHUSIMU H
BBISIBJICHBI OOIME 3aKOHOMEPHOCTH, MPHUCYIUME TAKOTO poja MHTHOUTOpaM, 4YTO
OyIeT crocoOCTBOBaTh pa3pabOTKE HOBBIX MOJXO/A0B IEJICHANPABICHHOTO CUHTE3A
WHTUOUTOPOB.

2. TlokazaHo, 4YTO TakWe OJMIOMEpPHbIE COequHEHus1 Kak docdar
mumetmionMmodeBuHbl  (OMKM-8) mposBisaor 3)@exT BHYTPUMOIEKYISIPHOTO
CUHEPryu3Ma 3a CYET Pa3iuYHbIX (PYHKIIMOHAJIBHBIX TPYII, MEXaHU3M aJCOpPOINU
KOTOPBIXOTJIMYAETCS T€M, YTO MPUBOAUT K OOpa3oBaHUIO Oojiee IUIOTHOTO CIIOS
MHTMOUTOpa HAa MOBEPXHOCTM METAJIa W TOBBIIIEHUID MX WHTHOMPYIOLIETO
addekra.

3. KuHeTnyeckumMu U TEpMOAMHAMUYECKUMH UCCIEA0BAHUSIMH MOKA3aHO, YTO
a7IcCOpOLIMOHHBIE CBOMCTBA MHTHOMTOPOB OJIMTOMEPHOTO M HU3KOMOJIEKYJISPHOTO
TUIIOB OTJIMYAKOTCS, O YE€M CBHJETEIbCTBYIOT BBICOKME 3HAUEHHUS CTENECHU
3aIlOJTHEHUS TIOBEPXHOCTH JIEKTPO/Ia M KOHCTAHTHI aJICOPOIIMIOHHOTO PAaBHOBECHS
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OJIUTOMEPHBIX HHTHOUTOPOB, MPEBHIIAIONTUE O0JIee YEThIPEX pa3 3HAUYCHUS
KOHCTAHTHI HU3KOMOJIEKYJISIPHBIX HHTHOUTOPOB.

4. IlpoBeIeHO CUCTEMATUYECKOE U3YUCHHS IByXKOMIIOHCHTHBIX HHTHOUTOPOB
Ha oOcHoBe auruiapodocdara kamus W HAKUACHO, UYTO J00aBICHHUE BTOPOTO
KOMITOHCHTA yBEJIIMYMBACT WX WHTHOUpPYIOIIEEe JEeHCTBHE, W3 IOJYyYCHHBIX
pPE3yaBTATOB CHCIIaHBl BHIBOJBI O BO3MOKHOM MEXaHW3ME 3alUTHOTO JCHCTBUS
JIBYXKOMITOHEHTHBIX WHTHOWTOPOB, KOTOPHIM BKIIOYaeT B cebs oOpa3oBaHUE
TOHKUX 3alllUTHBIX CJIOEB BEChMa CIIO)KHOTO COCTaBa, KOTOPBIE MPEIOTBPAIIAIOT
MOSIBJICHHE SI3BEHHON KOPPO3HH.

5. O dexTBHOCTh MHTUOUTOPA TUMETUIIOIMETIAMUHA B arPECCUBHBIX Cpeiax
C TIOBBINICHWEM TEMIIEpaTyphl BHauyaje YBEIMYWUBACTCSA, a TMOCJE JOCTHKCHHUS
OTIpeZICICHHON TemmepaTypbl YO(PEKTUBHOCT, HE M3MEHSETCS, YTO YKa3bIBaeT Ha
XEMOCOPOIIMOHHBI MEXaHU3M JIEHCTBUSI JTaHHOTO WHTHOUTOpa, OOpPa3yIOIIETOo
MIPOYHBIC 3AMIUTHBIC CIIOM Ha MOBEPXHOCTH 3alMIAEMOT0 METalIa.



6. ®ocdarel AMMETUIOIMOYEBUHBI U TUMETUIIONIMETaMUHA B pa3nuuHbix pH
cpenax 00pasyroT Ha MOBEPXHOCTU CTAJIM 3alIUTHBIE CJIOU, KOTOPHIE CYIIECTBEHHO
OTJIMYAIOTCSI IO COCTaBy M CTPYKTYpE OT MCXOJHBIX OOpasIioB, BBIICHEHO, YTO
dbochar numerunonMoueBUHbl U (ocdar AUMETUIOIMEIaMUHA ACHCTBYIOT Kak
AHUOHHBIC MHTUOUTOPHI U TOPMO3SIT AaHOHBIN MPOIIECC.

7. Onuromepusie coenuHeHnss OMKM-8 u OMKM-9 1 ux KOMITO3UIIUM UMEIOT
HanOoJiee BBICOKYIO A (EKTUBHOCTh, U OHM UCIIBITAHbI U BHEAPECHBI HA
npennpusaTusax bekadanckom Metamnypruueckom komobunare, AO «HaBouitazor»,
00O «2nekTp yckyHa coznain U «CyBokoBay [IKII a raxxke YAIT «Depranckuii
HIT3».
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Actuality and demand of dissertation theme. Every year 10% of metals are
destructed in result of corrosion rising owing chemical and electrochemical
interactions with environment what has caned to financial waste amounting by
millions of sums'. The material for mordent technologies — alloys on the base of
iron in great degree undergo to corrosion under action of air’s oxygen, moisture
and exide’s of sulfur, nitrogen and other chemically- active compounds.

During years of Independence in Republic the great attention has been
devoted to development of scientifically investigation in field of chemical industry
production of new type of productions and their realization and at this some results
by satisfaction of local market in import substituted chemical products. From this
paint of view for protection of metal equipment working in water systems, in nets
of water-supplying, oil-pressuring and oil chemical industries and also
energetically installations problem is arised by using of new inhibitors obtained in
the base of organic and oligomeric compounds and grate degree prolonging time of
its explutations.

Carrying out of purpose investigation by increasing of quality of metals and
their effective using is important un all world at this special attention is devoted to
following tasks: using of water-soluble oligomeric and polymeric inhibitors
fighting with salt-deposits, determination of optimal conditions as of inhibition of
metals corrosion, synthesis of water-soluble inhibitors on the base of nitrogen and
phosphorous- containing compounds effectively protecting black and non-ferrous
metals from corrosion in deferent mediums, investigation of mechanisms of their
action, determination of different physic-chemical particulates. Investigation by
protection properties abovementioned inhibitors in results of their adsorption
interaction with surface of metallic equipment at different temperatures and
studying of mechanisms of their action are at presence time are actual tasks.

This dissertation work is oriented on realization of decision of president of
Republic Uzbekistan PP-1442 from 15 december 2010 year year «About priorities
of development of industry of Republic Uzbekistan in 2011-2015 years» and also
decisions of Cabinet Ministers of Republic Uzbekistan from 09.12.1992 year
«About protection of environment of Republic Uzbekistany», from 27.05.2013 year
«About program of additions by protections of environment of Republic
Uzbekistan on 2013-2017 years».

Conformity of research to priority directions of development of science
and technologies of the Republic.

This work has been carried out according to the priority directions of the
development of science and technology of the Republic of Uzbekistan under the
Program VII. «Chemical technology and nanotechnology».

Tononpuropa A.A. HccnenoBaHne KOPPO3MOHHOTO —paspylICHHs TIOBEPXHOCTEH HE(TENPOBOIOB MOCTE
JUTATENIBHOM dKcInTyaranuy // Bectauk FOropckoro rocynapersenHoro yauepcurera. -2011. - Beim. 4 (23). -C.105-
112.
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Review of international scientific researches by the dissertation theme.
*Scientifically investigation by elaboration of inhibition of metals corrosion have
carried out in such world centers as Germany (Institute for Technical and
Macromolecular Chemistry); USA (University of California, Max-Planck-Institute,
School of Chemistry and Chemical Engineering, School of Chemistry, University
of Edinburgh), Rumania (Technical University of Cluj-Napoca), Russia (Moscow
state institute of steel and alloys, Moscow Academy of thin chemical technology),
Institute of General and Inorganic Chemistry.

There are attempts to bound inhibition ability of organic compounds with
value of changing of effective energy of activation of corrosion process (Institute
for Technical and Macromolecular Chemistry, Germany; University of Edinburgh,
USA); now age of kinetics and mechanisms of solutions and passivation of metals
and alloys in solutions with additions of inhibitors of organic and inorganic types
has allowed to carry out purposeful synthesis of most effective structure (Technical
University of Cluj-Napoca, Rumania); qualitative value of influence of nature of
anions and in organic molecules with using of correlational ratios is base for
purposeful selection of passivators and inhibitors of metals corrosion and alloys
(Moscow State institute of steel and alloys, Russian); protection of metal from
corrosion synthesis of organic compounds (Derjavinsk Technical state university
Russian).

In world by protection of metals from corrosion by some prioritcal directions
investigations: have been carried out including construction high-qualities,
effective inhibitors on the base of amine-containing compounds; decreasing of
corrosion on steel surface and action of inhibitors in water medium; particulates of
protection by compounds adsorbited on surface of metals decreasing catodical,
anodic processes; influence of nature of medium and concentration of used
inhibitors.

Degree of study of the problem. To elaboration of inhibitors of corrosion are
devoted investigations both forming and native sciences. At present time the most
elaborated are physic- chemical, electro-chemical and some others method in
investigation of inhibitors of corrosion’, but with development of technologies
demands to study mechanism of inhibitoral action of organic compounds on
processes of corrosion and of steel have been increased. Question about inhibition
by organic and phosphate compounds of last process are remain interesting and
didn’t investigated. It is necessary to carried to carried out complexes investigation
based on new achievements of experimental technics what has allowed to synthesis
high-effective inhibitoral composition.

Review of literature data has shown that many works (Y.R. Ewans, T.P. Hor,
I.L Rozenfeld, R.P. Frankental, D. Brasher, K.Z. Schwabe, S.Z. Levin., Y. Korolev,
V. Putilov) are devoted to electro-chemical methods of investigations where
different materials were used as inhibitoral. Sciences of Uzbekistan such as



’Revew of foreign scientific research on the subject of the thesis is prepared www.dissercat.com,
http://www.fundamental-research.ruand other sources.

*Baranos PK. Urommun P.B., Kysuemos 0.1., [upronsaukosa H.B. ITpakTHka IpOTHBOKOPPO3HOHHOM 3amuTEL. M.
2009. Ne3. (53).-C.19-26.
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R.S. Tillaev, G.A. Siganov, F.K. Kurbanov, A.T. Djalilov, V.P. Guro, Kh.I.
Akbarov, A. Ikramov, D. Yusupov, Z.B. Tajikhodjacv and some others have
introduced a great contribution by their scientifically investigations in dissection
problem of protection of metals from corrosion and also synthesis of new chemical
compounds using as inhibitors of corrosion”.

In spite of new fact of high effectively of phosphate inhibitors in different
mediums’, the most investigation was carried out with pure phosphate or
polyphosphate compounds in particular organic phosphate salts have been
investigated but in insufficient degree. Works by using of inhibitors of corrosion
for which characteristically presence of chemically active groups able to interact
with ions of metals presenting in solvent have been developed.

In connection with toughening of demand to protection of environment by
quantitative method of prognozation it was show low effectively of metals
protection by individual chemical compounds what has limited circle of early
known inhibitors. By this reason elaboration of ecologically safety and low
toxically inhibitors is the most actual problem.

Connection of dissertation in vestigation with plans of science investigated
works of high educational institution. The doctoral dissertation has been
reflected in following projects: OT-F.3-151 «Polymers as bearers of biologically
active compounds and inhibitors» (2007-2011), EF.7-1 «New generation of
inhibitors of metals corrosion on the base of local raw materials» (2014-2015).

Aim of investigation. Construction inhibitors of oligomerical type which are
a new class of compounds of effective inhibitoral protection metals from corrosion
investigation and physic-chemical regulatory of different mediums by water soluble
oligomer inhibitors.

For achievement of aim following tasks of investigation were formulated:
synthesis of oligomer inhibitors of metals corrosion on the base of nitrogen,
phosphorous and sulfa-containing compounds;

calculation of molecular-dynamical and quanta-chemical characteristics of
above-mentioned compounds;

determination of mechanism of inhibition of metals corrosion by synthesized
oligomer compounds in different phone solution;

determination of effectively of adducts and oligomer inhibitors on the base of
different nitrogen-containing organic compounds and phosphorous acid by
adsorption properties;

carrying out laboratorial tests of elaborated inhibitors in condition
approximate to industrial and also industrial tests.

Objects investigation are nitrogen and phosphorous-containing adducts
(phosphate of thioures, phosphate of urea, phosphate of melamine, phosphate of



*Ocranos V.I0., Bexnazapos X.C., Jixanuno A.T., Ak6apos X.1., Xomuxos A.JK. MHrHGHpoBaH#e KOPPO3HH
yoepoaucToit craiau gobaskamu MAT'-1 1 MAT'-2 B pa3nuuHbIx cpenax//DHIUKIONCINICCKIIA CIPABOYHHK. -M.
2009. -Ne4. -C. 31-32.

’Tlopoxosa E.A., Kpeuc U.B., Bypkut6aesa B.JI. Ancop6uus nomdochaTos Ha cTaabHOM 3nektpone // BecTHHk
KasHY. Cep.xumus. 2002. -Ne5. -C.109-113.
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hexamethylendiamine) and inhibitors of oligomeric type on base nitrogen
containing organic compounds and phosphorous acid (phosphate of
dimethilolhexamethylendiamine, dimethilol of urea, dimethilol melamine,
phosphate of dimethilol urea, phosphate of dimethilol melamine) and also steel and
some metals.

Subject investigation - synthesis adducts and inhibitors of oligomerical type
on the base of organiccompounds and phosphorous acid, determination of
mechanism of inhibition and general regularities.

Methods of research. In work methods of polarization curves, polarization
resistance, chronopotentiometer, gravimetrical, criaskopiya and also quant
chemical, microscopically method and rentgenophlorencence and IR-spectroscopy
have been used.

Scientific novelty of dissertational research is concluded in following: for
the first time nitrogen, phosphorous and sulfur containing adducts of thiourea, urea
melamine and oligomerical type on the base of phosphorus acid have been
synthesized;

mechanisms interactions and protections of metals by oligomer inhibitors;
determination of optimal conditions of influence of concentration, temperature on
corrosion current velocity of corrosion, degree of protection, coefficient of
breaking, and also using of inhibitors for high effective protection; degree of filling
of electrodes and constants of adsorption equilibrium of metals corrosion by
different nitrogen containing, organic compounds and also by adducts on the base
phosphorous acid and oligomer inhibitors have been determined by
electrochemical and gravimetrical methods;

it was shown that synthesized oligomers have formed protective lowers on the
steel surface which in great degree have distinguished by composition and
structure from initial samples in different mediums.

Practical results of investigations are consisted in following: for the first
time the method of obtain organically and oligomerical inhibitors of metals
corrosion on the base of urea and methylamine has been elaborated; effective
inhibitors phosphate of dimethylolures (OIKM-8) and phosphate of
dimethylolmelamine (OIKM-9) were proposed. New compounds were tested in
industrial conditions and recommended to introduction in industry; it is necessary
to note that it all combination and changings of parameters at coring out of
experiments investigated inhibitors have preserved of high protection properties.
Reliability of obtained results. Validity of scientifically positions and concisions
didn’t excite doubts be course they were determined on the base of using of



modern physic-chemical and quant-chemical method of investigation. Obtained
experimental dates have allowed to explain mechanism of protection action of
inhibitors.

Scientifically and practical value of results of research. Scientifically
significance of obtained results of investigation has consisted in determination of
mechanism of protection action synthesized inhibitors oligomerical type has
promoted to further development of this scientifically trend.
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Results of investigation have shown that oligomerical compounds and their
composition have decreased corrosion process not only pure steel surface but and
covered by corrosion deposits. It is important that oligomerical inhibitors have
decreased of concentration of atomarical hydrogen adsorbited by steel what has
caused to decreasing of corrosion fragility of metals.

Realization of research results. Nitrogen and phosphorous containing
oligomers have been tested as inhibitors of metals corrosion and it was shown that
they have proved an effective protection of them in different aggressive mediums:

in was shown that oligomer compounds and their compositions have showed
on corrosion process not only of pure steel surface but also on surface covered by
corrosion deports (10 june 2016 year certificate Ne 02/3966 AJ «Navoiazoty).
Phosphorous-containing compounds have provided of protection of metals from
corrosion and have provided protection lowers on steel in heating circulating
systems.

by synthesis of inhibitors of corrosion and determination of their effectively
by defense of metals equipment in difference mediums have been carried at
accordance of project EF. 7-1 by theme «New generation of inhibitors of metals
corrosion on the base of local raw materials» (NUUz, 2014-2015) for obtaining
oligomeric of inhibitors (Committed on coordination of development of science
and technology the reference FTK-0313/703, on 21 october 2016 year).

Approbation of results of investigation. The base results of the dissertation
work are presented in materials of Republical and International scientifically
practical conferences: «Compositional materials: structure, properties and using»,
«conferences of professor-teaching content of chemical faculty NUUz (Tashkent,
2008-2015), «Chemistry and actual problems of chemical technology» (Urganch,
2011), «Actual problems of polymer chemistry» (Tashkent, 2011), «Decisions of
actual problems of industrial enterprises and innovational technologies», (Karshi,
2013), «Ecologically-safe production of safety technologies» (Nukus, 2013),
«Actual problems of analytical chemistry» (Termez, 2014), «Modern state and
perspective of development of colloidal chemistry and nana-chemistry in
Uzbekistan» (Tashkent, 2014), «Ingredients from local and secondary raw
materials for obtain new compositional materials», scientifically-tech conf.
«Composite» (Tashkent, 2012-2015), «Development of chemistry of natural
compounds» (Tashkent, 2016); International, scientifically-technical conferences:
«Modern technics and technologies of mining-metallurgical broach and ways of



their development» (Navoiy, 2010), International conferences «Green chemistry»
(Samarkand, 2012), «Actual problems of science and education in field of natural
and agricultural sciences» (Petropalovsk, 2012), 51-thInternational Scientific
conference (MHCK-2013), «Resource and energy-saving ecologically harmless
compositional materials», (Tashkent, 2013), «Actual problems of branches of
chemical technology» (Buhara, 2015).

Publishes of investigation results. 30 articles on Research results have been
published, 15 of them in journals recommended by the Higher Attestation
Commission of Uzbekistan, 2-in international journals of main scientifically results
of doctoral dissertation.
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Structure and volume of dissertation. Dissertation is consistent from

introduction, five chapters, conclusion, list of using literature and supplement.
Volume of dissertation is consisted from 200 pages.

THE BASE CONTENT OF DISSERTATION

In introduction actuality and claiming of dissertation theme are based; aim
and task are formulated; object and subject of investigation are reveal;
corresponding of investigation to priorities trends of development of science and
technologies of Republic of Uzbekistan is determined, scientifically novelty and
practical results of investigation and trust worthiness of obtained results are
presented, theoretical and practical value of obtained results is shown, list of
introductions of obtained results and also data by published works and structure of
dissertation are presented.

First chapter is devoted «Basic ways of decreasing of metals corrosion with
using of inhibitors» in which the modem state of theory of corrosion of metals and
tendency of development of methods of protection of metal against corrosion have
been shown. On the base of data of scientifically-technical and patent information
the state in field of elaboration and using of inhibitor of oligomerical type was
analyzed. Principle of distribution of oil-products and containing in them
aggressive compounds by fractions; types and zones corrosion destruction are
presented. Analysis of literature data has allowed to base aim, tasks and choice of
objects of investigation.

Data about used equipment and materials, description of conditions of
oligomers synthesis and methods of coring out experiments are shown in second
chapter «Obtain of adducts, synthesis of oligomerical ingibitors and methods of
investigation». Nitrogen and phosphorus-containing salts, inhibitor of metals
corrosion (IKM); oligomeric inhibitor of metals corrosion (OIKM) are objects of
this investigation which are presented in table-1.

Table-1
Characteristics of organically and oligomerical inhibitors

No Inhibitor Molecular mass Name of inhibitor




1 IKM-1 174 phosphate of thiourea

2 IKM-2 158 phosphate of urea

3 IKM-3 224 phosphate of melamine

4 IKM-4 213 phosphate of hexamethylendiamine

5 OIKM-5 2200 phosphate dimethilolhexamethylendiamine
6 OIKM-6 814 dimethilol urea

7 OIKM-7 1860 dimethilol melamine

8 OIKM-8 1900 phosphate of dimethilolurea

9 OIKM-9 3300 phosphate of dimethilolmelamin

Investigation of corrosion behavior of steel (St.3) were carried out on samples
in form of plates. Effectively of inhibitors was determined by methods of
polarization resistance on device P-5035 I, polarization curves using potenciastate
P1-50.1.1 with programator PR-8 and gravimetric by decreasing of sample mass
after corrosion tests. Investigation were carried out in phone solutions of
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composition  5%Na2S0s+3%H2S04 (Ph-1), in neutral medium (Ph-2),
3%NaCl+5%NaCOs3 (Ph-3). Solutions were prepared from reagents of mark «ch.p»
an distillate. Electrodes were prepared from St.3 of composition %: Fe=98,36;
C=0,20; Mn=0,50; Si=0,15; P=0,04; S=0,05; Cr=0,30; Ni=0,20; Cu=0,20.

New oligomer derivatives were synthesized on the base of urea and
formaldehyde with phosphoric acid phosphates dimethylolurea delute solutions in
neutral, weak-acid and weak-base mediums at usual temperatures have linear
structure with polymerization degree from 8 to 13; thus they are oligomers with
molecular mass 1400-2400. Synthesis of phosphates of dimethylolurea can be
presented by following sceme:

HNCH,CO NCH,0HCO © HNCH,CO NCH,OHCOHNCH,OHC
HNCH,oHC *MH3sPOu o)
+
NCHIHOH | oH 1, NLCH,OH N*CH, 42, 5 H HO
NCH,H 0 oN*CH,0
HO POHO O o

HOPOHHOPOH

Effective oligomeric inhibitors of metals corrosion were synthesized on the
base of melamine and phormaldehyde ortophosphoric acid. Melamine
formaldehyde oligomers with phosphoric acid have formed compounds of type
phosphate dimethylolamine which are soluble in water. Synthesis of water—soluble
melamine—formaldehyde oligomers, containing in there composition phosphoric

acid can be presented by following scheme:
H N H H



H H H H N H

N N
NN CH, NN CH, +NHzP O, NN CH, NN CH,
N N NN n
n NN NN
++
NH, NH3 HOPOHO (0]
NH, o) NH, HOPOHO

Where n=6-11; thus they are oligomers with molecular mass 2650-4300. The
third chapter of the dissertation titled «Investigation of effectively synthesized of
inhibitor by different methods» investigates the molecular - dynamical and
quant-chemical characteristics of synthesized organicand oligomeric compounds
have presented which have allowed to obtain information about their structures and
by this reason characteristic have a self — depended interest from the point of view
of physical chemistry. Also knowledge of geometry of molecules is necessary for
calculations the heats of formation, heat effects and energy of activation of
reactions. By this reason electronically densities and distribution of charges in
molecular of compounds presented in table 1 and also their structures were
determined by semiemperical quanta—chemical method MNDO.

As example results of investigation of and electronic structure and also
structure of inhibitor OIKM-9 (Fig.1.) from which it is shown that the most
electronic density has placed on two pyrimidine rings. This molecule owing to this
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can to manifact electrodoner properties according to electro accepter grapes or to
be intermediate which has formed n complexes.

LHH

Fig.1.
Distribution of electronic density in molecule OIKM-9 and its ball-pivotal
model.

It was shown that oxygen atoms of the hydroxyl groups have the most
negative charges:-0,487; -0,423; -0,427 and -0,472 owing to which they can
participate in reaction of substitution with different cations of metals or some
positive charged groups. These molecules have possessed by acid properties and at
dissociation have formed protons and complex anions which at corrosion on
metallic surface have formed compounds with positive charged atoms of metals (in
base with iron atoms). Also owing to large volume these molecules have covered
some surface of metallic constructions. Above-mentioned factors have caused



inhibition properties of this type of inhibitors at acid corrosion of metallic surfaces.

In second part of third chapter «Investigation of inhibition mechanism of
corrosion of steal and affectivity of elaborated inhibitors by electrochemical
and gravimetrical methods in model systems» results of investigation of
mechanism of corrosion inhibition of metals are presented. From literature it is
known that urea and thiourea have possessed by weak inhibition effect in acid and
neutral mediums. At their using jointly with KJ degree of protection has increased
in acid medium before 60% and in neutral medium before 72% but with increasing
of temperature protective properties of these compounds have decreased. Also it is
necessary to note deterioration of metal plasticity at using of these inhibitors.For
comparison  with  literature data initial compounds: thiourea, urea,
hexamethylendiamine and melamine have been investigated in neutral medium by
gravimetrical methods and obtained results are presented in table-2.

Inhibitors on neutral medium at 25°C and durations 360 and 720 hours of tests
have shown low protective effect what is conformed with literature data. In
accordance with this adducts and oligomers of above-mentioned inhibitors have
been synthesized. In process of corrosion potentials of cathode and anodic parts on
the steel surface aren’t constant; the polarization was appeared owing to which
approach of potentials of cathode and anodic parts was carried out and also the
corrosion current decreased.

On the fig. 2 (a,b) results of investigation of kinetics of electrode processes
and polarization of measurements of corrosion process of steel electrode at
different temperatures are presented from which it is results shown that value of
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stationary potential of corrosion. Is constant relatedly of normal electrode in the
phone solution and is equal -0,780 V at 50°C.
Table-2
Influence of duration of corrosion tests on effectively protection of St-3 in
phone solution Ph-2 at pH=6.4 and temperature 25°C

Inhibitor Cing, 360 hours 720 hours
mg/l
K, g/(m%/ Z,% K, g/(m%/ Z,%
24 hours) 24hours)
Phone 20 34,50 - 56,67 -
Thiourea 10,75 68,84 18,71 66,98
Urea 11,72 66,02 17,63 68,92
GMDA 10,78 68,75 16,69 70,54
Melamine 10,54 69,44 17,01 69,98

At addition of inhibitor IKM-4 in phone electrolyte the value of the corrosion



potential has increased to -0,620 V and also it was noted displacement of
polarization curves on 160 mV and in case of inhibitor OIKM-9 on 260 mV in side
of more positive values. Such effect can be explaining by formation on the surface
of steel of wine adsorption lager from phosphate of hexamethylendiamine, salts of
phosphate of dimethylol hexamethylendiamine, phosphate of dimethylol urea and
salts of phosphate-melaminformaldehyde oligomers which have blockade of steel
surface and have decreased of rate of its corrosion destruction. Simultaneously with
changing of corrosion current what has indicated on the missing mechanism of
action in inhibitors.

- el - e -2l “30 g a6
Fig. 2 Polarization curves of the steel electrode in phone solution ph-1 (1) and
also in the presence of solutions of oligomer inhibitors (Cinn=20; 30 mg/1.):
IKM-4 (2); OIKM-5 (3); OIKM-6 (4); OIKM-8 (5); OIKM-9 (6) at 25 (a) and
50°C (b).

Results of calculations of values of stationary potential (Est), corrosion current
( ), coefficient of braking (y), protection degree (Z) and relative stationary
deviation at different temperatures are presented in table 3. It is shown that
solutions of oligomeric inhibitors OIKM-8 and OIKM-9 at small investigated

65
concentration are effective and have the protection degree from 99,56 to 99,64%
and 99,61 to 99,76 %, C=20 and 30 mg/I.
Table 3

Results of electrochemical determination of degree of protective action of oligomer
inhibitors (T=80°C) in phone solution Ph-1 (pH=5,3) at their different

concentrations
Inhibitors Cinh , Mg/l -Es, B j o A/ y Z. %
Ph-1 0 0,820 607,53 _ _
IKM-1 20 0,740 75,76 8,02 87,53




IKM-2 0,730 61,12 9,94 89,94
IKM-3 0,730 63,91 9,51 89,48
IKM-4 0,610 26,00 23,36 95,72
OIKM-5 0,570 17,38 34,97 97,14
OIKM-6 0,580 13,24 45,87 97,82
OIKM-7 0,610 77,58 7,82 87,23
OIKM-8 0,520 2,67 227,27 99,56
OIKM-9 0,490 2,19 277,78 99,64
IKM-1 30 0,750 38,21 15,90 93,71
IKM-2 0,730 30,62 19,84 94,96
IKM-3 0,740 33,60 18,08 94,47
IKM-4 0,630 25,33 23,98 95,83
OIKM-5 0,560 15,07 40,32 97,52
OIKM-6 0,570 10,69 56,82 98,24
OIKM-7 0,620 63,94 9,50 89,47
OIKM-8 0,530 2,37 256,41 99,61
OIKM-9 0,530 1,46 416,67 99,76
NALKO 20 0,530 52,44 7,73 87,06

It is necessary to note that by him self increasing of corrosion rate with
increasing of temperature can’t be proof that during of experiments part of active
of metal surface was increased. High rates of corrosion have observed in some
cases also from passive state. Information about state of steel surface during
corrosion tests is very importance becource passivators are effective only in case of
low rates of corrosion from passive state. About state of surface of samples, it is
possible to judge by value of the electrode potential. From investigated compounds
inhibitors OIKM-7 has a bowers protection effect 87,23% and 89,47% at it’s
concentration 20 and 30 mg/l at temperature 80°C in phone solution Ph-1. With
increasing temperature its inhibition effect has increased and chemo sorption bonds
between its molecules and metal surface also were increased. Inhibition
proportional of this oligomerical inhibitor are corrected with it’s structural
particulates. Electronic density on atoms of functional groups which are reaction
centers has influenced of the strong of forming adsorption bonds. With increasing
of temperature it’s protection properties are preserved that is this inhibitor has
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actioner by chemisorption mechanism and has formed especially strong protection
lager. To corrosion tests some chronopotenciometrical determinations were carried
out. Measuring’s of electrodepotential in time in different phone solutions
depending on temperature in presence of ions POy, CO and NH2 have shown that
without onter influences the potential of steel with time has shown tendency to
ennoblement (fig.3 a, b).
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Fig.3. Chronophotenciometricial curves of steel electrode in phone solution Ph-1 (1)

and in the presence of inhibitors IKM-4 (2); OIKM-5 (3); OIKM-8 (4) and OIKM 9

(5) at 25 °C (a) and 50°C (b); exposition time 30 min and concentration on inhibitors
20 mg/1.

In phone solutions Ph-1 the measuring’s of electrode potential through every 5
min. during 30 minutes of sample exposition were carried out.
Accordingtoexperimentaldata fig. 3 a inhibitors OIKM-8 and OIKM-9 have the
most ennoblement action on the corrosion potentialof steel at 25°C during first 5
min. Additionsof IKM-4 have activated the steel surface in small degree and
additions of OIKM-8 and OIKM-9 passivity the steel surface.

The constantvalue of corrosion potential of electrode was achieved after 30
min exposition in investigated solution. Long chronophotenciometrical tests 0,5
hours have witnessed about preservation of base tendencies of depended E=f(t)
during of all experiment. Compositions on the base of OIKM-8 and OIKM-9 have
shown the best protective properties. With changing of temperature of aggressive
medium to 50°C the qualitative picture of influence of inhibitors additions on the
value of the corrosion potential in fist moment of time didn’t changed (fig.3,b). It is
necessary to note the weak dependence of electrode potential during 0,5 h. of tests
and thus are more effective inhibitors of OIKM-8 and OIKM-9.

Influence of oligomers and their compositions with some other inhibitors on



the rate of steel corrosion was determined by method of polarization resistance.
Results of measuring’s of the polarization resistance of steel zond in weak-acid
medium (Ph-1) and also in the presence of such inhibitors as IKM-2; IKM-3 and
oligomer inhibitors OIKM-8 and OIKM-9 are presented in fig.4 as example.

It 1s shown from the fig.4 that introduction in phone solution of individual
inhibitors has increased the polarization resistance and at introduction of oligomer
inhibitors it’s value has increased in more degree. Such results have indicated on
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the shape brack of the electro-chemical process and have allowed to obtain
prelimenag information about effectively of investigated inhibitors.
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Fig.4. Curves of the polarization resistance of steel electrode in phone solution (1)
and also in the presence of inhibitors (Cinh =20 mg/1): IKM-2 (2); IKM 3 (3);
OIKM-8 (4); OIKM-9 (5); at temperature 25°C; Ph-1 (a) and Ph-3 (b).

In solution of phone Ph-1 andPh-3 (Fig-4, curve 1, a andb) the integral value
of the polarization resistance (R) during experiment equaled 120 and 3020m/sm’.
In phone solution in the presence inhibitor OIKM-8 R=367 and 493 Om/sm” at
temperature 25°C correspondently.

Thus it is possible to affirm that participation on the steel surface the
protective film consisting from nitrogen- and phosphorous-containing complexes
in the presence of investigated inhibitors has carried out under action of corrosion
processes and has correlated with intensity of corrosion what has caused by higher
effectively of above-mentioned inhibitors.

Synergetic effect of some organic compounds is bounded with formation of
destruction products one of which is an organically cation and other-anion. Main
point of this effect is caused by introduction in inhibitor molecule one or two
functional groups with heteroatom differing by value and sigh of charge from atom
presented in inhibitor molecule. This one group can be considered as cation and
other - anions. Substances containing —NH2 and —OH; -NH2 and —H2PO3; —-NH2 and
—COOH groups can be examples of such type of inhibitors. At adsorption of these
inhibitors part of their molecules has adsorbited by one type of group (for example,
by amino - group) and other part —by other type of group (for example, by oxy-
group). Owing to this it is observed decreasing of farces of repulsion and formation



of more film of inhibitor on the surface of steel. By such mechanism inhibitor
phosphate dimethylolurea has acted and at this its high effectivity also is caused by
innemolecular synergism.

Phosphates of dimethylolurea are inhibitors and they have broken anodic
process of dissolution steel owing to formation of protective films consisting from
hard-soluble products formed owing to interaction of inhibitors molecules with
ions of metal passing in solution. The structure of such films can be presented by
following scheme:

68
HNCH,CO HNCH,OHC
NCH,O0HCOO
H, __NCHZOHZ NCH, HNCH,
H OH
(@] PO (0]
PO © n2 PO
0O Fe Fe
o 0
0]
00 Table 4
Results of the gravimetrical determination (St-3) of protective degree of
different inhibitors (Cinh.=20 mg/1) in phone solution 3%NaCl+5%Na2CO3
(pH=8,6) at different temperatures
Inhibitors Temperatur 360 hours 720 hours
& C K, v | 2% K, v | z%
g/(m?/ g/(m?/
24hour 24hour
s) s)
Phone 50 131,73 - - 103,07 - -
IKM-1 8,81 14,95 | 93,31 3,92 26,32 | 96,20
IKM-2 16,93 7,78 | 87,15 11,10 9,29 (89,23
IKM-3 9,55 13,79 | 92,75 6,60 15,63 | 93,60
IKM-4 6,28 20,96 | 95,23 4,14 24,88 | 95,98
OIKM-5 4,24 31,06 | 96,78 3,09 33,33 | 97,00
OIKM-6 3,65 36,10 | 97,23 1,52 68,03 [ 98,53
OIKM-7 13,04 10,10 | 90,10 10,25 10,06 | 90,06
OIKM-8 5,01 26,32 | 96,20 2,44 42,19 | 97,63
OIKM-9 1,53 86,21 | 98,84 0,96 107,53 | 99,07




NALKO 12,81 9,23 | 89,16 12,53 9,43 89,40
Phone 80 272,43 - - 243,72 - -
IKM-1 14,98 18,18 | 94,50 13,31 18,32 | 94,54
IKM-2 38,11 7,15 | 86,01 39,92 6,11 |[83,62
IKM-3 29,50 9,23 | 89,17 44,65 5,46 81,68
IKM-4 12,91 21,10 | 95,26 9,75 25,00 | 96,00
OIKM-5 5,97 45,66 | 97,81 4,27 57,14 | 98,25
OIKM-6 7,36 37,04 | 97,30 6,17 39,53 | 97,47
OIKM-7 18,88 14,43 | 93,07 18,62 13,09 | 92,36
OIKM-8 3,51 77,52 | 98,71 2,27 107,53 [ 99,07
OIKM-9 2,89 94,34 | 98,94 1,39 175,44 | 99,43

NALKO 38,93 6,99 | 85,71 30,27 8,05 87,58

Gravimetrical corrosion investigations have shown (table 4) that in stationary
conditions addition of solution of inhibitor IKM-3 with concentration 20 mg/l has
caused to decreasing of corrosion rate of steel in comparison with phone (Ph-3) in
15,63 time and has provided the degree of protection to 93,60%. At addition of
inhibitor OIKM-9 the rate of corrosion of steel has decreased in 107,53 time and at
this the degree of protection was 99,07%. In result of carrying out investigation the
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most effective inhibitors OIKM-8 and OIKM-9 were determined. Introduction of
them has allowed to decrease a corrosions aggressive of Ph-2 and to protect steel
St-3 from corrosion destruction on 98-99%. The optimal concentration of these
inhibitors was equaled 20 mg/1 (table-4).

Role of phosphor-containing organic and oligomer compounds can be
explained by fact that they have formed on surface of metal thin layers. Effectively
of action of inhibitors is depended in great degree on temperature and their
composition, for example inhibitor OIKM-7 at 50 and 80°C has a protection degree
90,06 and 92,36% correspondently. It’s protection properties are displayed more
degree at higher temperatures owing to adsorption interactions with metal and at
this it has acted by chemo sorption mechanism and has formed especially strength
protection lagers. Molecules of inhibitor chemosorbed owing to non-coupling
electrons of heteroatoms and effect of synergism at this is explained by formation
of covalent bonds. At adsorption of cations and anions electrostatic forces of
attraction between them are formed what has carried out to condense of forming
layers.



In third part of third chapter «Investigation of adsorption ability of
investigated inhibitors on the surface of metals» it was shown that in process of
electro chemical corrosion with participation low-molecular and oligomeric
inhibitors in result of interaction with metal surface the outer surface of adsorption
lager is charged negatively and inner surface-positively. Equinity of the adsorbed
compound dated to unit of surface has depended on temperature of medium and
concentration of adsorbate in liquid phase. At this it is counted that adsorbited
organic as also inorganic inhibitors according to literature data a fully are took out
from sphere of anodic reaction the part of surface of metal which is occupied by
inhibitor. These suppositions were used at calculation of degree of filling of metal
surface at caring out of electro-chemical process of corrosion. Obtained data by
dependent of adsorption oligomer inhibitors an their concentration in solution on
steel in range of high degree of filling are described by isotherm which is
characterized for formation of monolayer.On the figures 5 a, b dependence of
filling degree of steel surface from inhibitor concentration at different phones is
presented from which it is shown that values 0, obtained on the base of
volumetrically measuring’s at inhibitor concentration 20 mg/l are wery similar
between themselves, but values obtained at inhibitor concentration 10 mg/l have
differed in high degree.

By type of adsorption isotherm, it is possible to about adsorption
characteristics of inhibitors. By method of straightening of plots 6=f(Cinn) with
using corresponding functional nets in the first concentration range of additions it
was determined that adsorption of inhibitors has described by isotherm of typical
for homogeneous surface of adsorbent (fig. 5).
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Fig 5 Depends of the degree of fellness of steel surface on concentration of
different investigation inhibitors:OIKM-6 (1); OIKM-8 (2); OIKM-9 (3);
IKM-2 (4); IKM-1 (5); IKM-3 (6) at pH=6,4 (a) and pH=8,6 (b); T=80°C.

Table 5



Values for the filling degree and the constant of adsorption equilibrium of different
inhibitors in phone solution Ph-3 (Cinh.=20 mg/I)

Inhibitor Temperature, °C K Q) B
IKM-1 50 3,92 0,96 1,20
IKM-2 11,10 0,89 0,40
IKM-3 6,60 0,94 0,78
IKM-4 4,14 0,96 1,20
OIKM-5 3,09 0,97 1,62
OIKM-6 1,52 0,99 4,95
OIKM-7 10,25 0,90 0,45
OIKM-8 2,44 0,98 2,45
OIKM-9 0,96 0,99 4,95

IKM-1 80 13,31 0,95 0,95

IKM-2 39,92 0,84 0,26

IKM-3 44,65 0,82 0,23

IKM-4 9,75 0,96 1,20
OIKM-5 4,27 0,98 2,45
OIKM-6 6,17 0,97 1,62
OIKM-7 18,62 0,92 0,58
OIKM-8 2,27 0,99 4,95
OIKM-9 1,39 0,99 4,95

On the base of data by degree of filling of metallic surface by inhibitors
isotherm of adsorption was determined character of which has allowed to obtain
information about properties of adsorbited compounds. From table 5 it is shown
that degree of filling of metallic surface by inhibitor OIKM-7 has increased from
0,90 to 0,92; the constant of adsorptional equilibrium has champed from 0,45 to
0,58. At adsorption of amino-containing compounds the strangest of repulsion are
prevailed what has carried out to decreasing of values of the constant of the
adsorption equilibrium in comparison with nitrogen and phosphorous-containing
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inhibitors. As a whole it is possible to wait the electro-donoral molecules with law



potential of ionization high negative charge on nitrogen atom of active center and
more positive charge on hydrogen atom in puritanical form must be the best
inhibitors owing to formation of strength coordinated or hydrogen bonds with
metallic surface. Gravimetrical investigation have shown (table 4) that rate of
corrosion (K) of steel electrode has a lowest values in the presence of nitrogen and
phosphorous-containing oligomer inhibitors at their concentration 20 mg/l. At
phosphorous-containing oligomer inhibitors values of degree of filling of electrode
surface by monomolecular lager the highest what has been confirmed also by
calculations of the constant of adsorption equilibrium (B) in dependence on an
chemical structure of inhibitors which in 3-5 time has prevailed its value obtained
at other concentration of inhibitors. The high protection properties of oligomer
inhibitors can be explaining by formation of hard-soluble compounds on
corrosiated surface and preceding stage-adsorption of oligomeric molecules of
inhibitors on metallic surface. These results are conformation of above-shown
mechanism of protection action of these inhibitors.

It 1s necessary to note that at all changings of parameters in choose range of
experiments oligomeric inhibitor OIKM-8 has preserved high protection properties.
Energy of activation is connected with degree of screening of electrode surface and
has given information about mechanism of protection action of inhibitors and
kinetics of corrosion process. Obtained results have shown that adsorption of
oligomeric inhibitors has champed rate constant of reaction and also charge of
surface. Difference in degree of filling of surface by phosphorous
containing oligomeric inhibitors calculated from kinetics characteristics and by
data measures are connected with process of adsorption. Also on value of
coefficient of braking not only temperature and concentration of inhibitor are
influenced but also its composition.

The fourth chapter of the dissertation titled «Structure of adsorbtional
layers of inhibitors of corrosion in different mediums», comparative results of
investigation of inhibitors properties salts of phosphate tiourea and phosphate urea
with oligomeric compounds are presented which have shown that their protectional
effect has caused by formation of adsorption layers on surface of metal. On the
surface of steel samples at their protection by inhibitors IKM-1 and IKM-2 in water
systems the protective film has formed consisting from complexes with cations of
iron. Important factor influencing on the effectively of inhibitors is surface
configuration of inhibitors molecules determining the area of inhibited surface of
steel.

Protection of metals from corrosion by inhibitors is bonded by chemical
adsorption of their molecules including the changing of charge of adsorbing
compounds and also by transfer of it from one phase to other. By this reason the
special importance is an molecular structure of inhibitors molecules.IR
spectroscopic investigation was carried out of synthesized nitrogen and
phosphorous-containing low-molecular and oligomer inhibitors. Hydrocarbon
radical having by hydropholical properties are oriented in side of aggressive
medium have water molecules and corrosion-active particles from
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surface of metal and also in addition have scented and increased block of metal
surface. Role of phosphates can be explaining by formation on etal surface thin
lagers in composition of which there are ions of protective metal. Oligomer
phosphorous-containing inhibitors are more effective owing to formation of don’t
soluble complexes. Addition in water of organic inhibitors has decreased corrosion
of metals and tendency of water to scum-formation. It is proposed that inhibition
action by relation to some metals has the most degree for inhibitors containing such
functional groups as -NH2, =NH, CN, N=O0. In case inhibitor adsorption phosphate
thiocarbamide (IKM-1) is possible through amino-groups having no divided
electronic pairs. In process of inhibition also no reduced molecules of
thiocarbamide have participated forming adsorbed film on the surface of steel
owing to formation of bonds between atoms of sulfur and iron.

Thus activity of molecules of these inhibitors of corrosion is caused by
presence of two adsorption-active centers and also by adsorption of products of
their destruction. IR- spectrums have shown that length of chain of alkyl radical in
structure of inhibitor has an important influence on its protective action and
important role in phase at formation of protective film what has conformed with
rule of adsorption dissolution of compound in water is decreased with increasing of
its chain length.

In circulating systems for fight with corrosion it is possible to use oligomer
inhibitors, which have promoted to deposit of different crystalical lagers and have
averted appearance of ulcerous corrosion. Value of pH it is necessary to support on
level 6,5-7,0 or several lower. On the base of obtained data of corrosion tests it was
determined that in water with increasing salts containing not only concentration of
aggressive anions such as (CIO", SO,*) but also cations of Ca*" and Mg*" promoting
to formation on the surface of steel a protective films and decreasing of the
corrosion aggressively has carried out.

Inner-molecular synergism and high effectively of two component inhibitors
OIKM-7+KH2POscan be explain by presence of such functional groups as —NH>
and —OH, -NH2 and —H2PO3, -NH2 and —COOH. It was shown that two-component
inhibitors have a high effectively by breaking of process of dissolution of metals in
different systems. By this reason mixture of dimethylol-melamine with KH2POs
can be used also as inhibitors of scale formation. Anticorrosion protection by such
inhibitors consists in formation of low-soluble compounds which are entered in
composition of corrosion deposits what is caused to their condensation and low
permeability for corrosion active reagents. Then adsorption processes have carried
out which have caused to slowing of growing of phosphate layers owing to which
it became less porous, more thin and its protection properties were increased. From
table 6 it is shown that dimethilolmelamine with KH2PO4 weak acid mediums has a
degree of protection from 93,26m0 99,54%. With increasing of inhibitor
concentration, it became was effective. Its molecules have adsorbed on metal
surface what has carried out to decreasing of forces of repulsion between molecules
on surface and promote to formation of more density film from inhibitor



molecules.
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Table 6
Influence of duration of corrosion tests on the effectively of St-3 protection by
inhibitor OIKM-7+KH2PO4 in phone solution Ph-1 pH=5,3 temperature 25°C

Cinh, 360 hours 720 hours
mg/1
K, g/(m?*24 h) Z,% K, g/(m?*24 h) Z,%

0 216,09 - 172,64 -
10 10,61 94,18 10,58 93,26
20 5,97 97,81 4,29 98,27
30 2,84 98,64 1,38 99,54
40 5,21 98,29 3,07 99,15
50 3,52 98,71 2,29 99,06

Thus if metal surface at its protection by two-component inhibitors in water
solutions the protective film is formed consisting from complexes with cations of
Fe. As shown from table 6, solutions of two-components including OIKM
7+KH2POs at temperatures 25°C are effective for protection of St.3 and its degree
of protection equaled 99,54%.

Effectively of action by inhibitor OIKM-7 is depended on temperature. With
increasing temperature from 50 to 80°C using of this inhibitor in combination with
KH2POs4 that as two-component inhibitor it’s protection properties were increased
with increasing temperature in investigated change.

Investigations by determination of combined action inhibitors and finding of
their more effective mixtures. Second component of inhibitor KH2POs has
promoted to formation of insoluble compounds which are stable is weak acid and
neutral mediums and with increasing of tests duration more high protective effects
have been absorbed. Advanced of second component KH2POu consists in fact that it
has provided protection properties at corrosion of metals in different aggressive
mediums. Oligomer compounds in combination with KH2POswere tested as two
component inhibitors and they were founded very effective in neutral, weak-acid
and weak-base mediums.

In fifth chapter «Investigation of effective of inhibitor in industrial
conditions» possibility their using as inhibitors of corrosion of different metals
(steel-3, copper, aluminum, brass) in circulating waters and in systems of cooling



wecthnising of which are acts of tests obtained from Becabod metallurgical
combination; AJ «Navoiyazot», OOO «Elektr uskuna sozlash»and also by acts
introduction in «Suvoqova» PKP; UDP «Fergana NPZ».

Presence in products of corrosion-active compounds is created the actual
problem of protection of metals from inner corrosion. Anticorrosion treatment
transporting product by in inhibitors is important tasks of protection of steel and
metallic pipes of different purpose from inner corrosion. In Dissertation work
results by investigation of mechanism of protection action by nitrogen and
phosphorous inhibitors on the base of H3POs and also oligomers and also some
phosphorous-containing adducts.
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Table7
Degree of St.3 by elaborated inhibitors in neutral system at temperature 80°C
Inhibitor Cinh, mg/1 K, g/(m?24 h) Y Z, %
Phone (pH=6,4) - 0,5500 - -

IKM-1 10 0,0757 7,26 86,23
IKM-2 0,0851 6,46 84,52
IKM-3 0,0692 7,94 87,41
IKM-4 0,1310 4,20 76,18
OIKM-5 0,1125 4,89 79,54
OIKM-6 0,1037 5,31 81,15
OIKM-7 0,0877 6,27 84,06
OIKM-8 0,0275 20,00 | 95,00
OIKM-9 0,0254 21,65 95,38
IKM-1 20 0,0326 16,86 | 94,07
IKM-2 0,0327 16,81 94,05
IKM-3 0,0327 16,81 94,05
IKM-4 0,0337 16,31 93,87
OIKM-5 0,0524 10,50 | 90,48
OIKM-6 0,0541 10,16 | 90,16




OIKM-7 0,0686 8,02 87,53

OIKM-8 0,0273 20,12 95,03

OIKM-9 0,0249 22,08 95,47

Phosphorous-containing oligomers as inhibitors of metals corrosion have able
to provide effective protection in different aggressive mediums. Results of visual
observations have shown that at absence of nitrogen and phosphorous — containing
adducts and oligomeric salts steel has beenundergone to corrosion locally. Already
through 20-24 hours after placing samples of steel in solution in their surface
separate seats of corrosion as spots have been appended. In presence of additions of
oligomeric inhibitors on the surface of steel samples it was noted formation of
devise films. Investigated inhibitor IKM-1 at is concentration 20 mg/l by results
tests 15 sutoks in neutral medium has displayed the high protection properties
degree of protection 94,07% and in case of using inhibitor IKM-3 degree of
protection was equaled 94,05% (table 7). Gravimetrical investigation have shown
that in stationary conditions addition of solution OIKM-7 has carried out to
decreasing of corrosion rate of steal in comparison with phone in 68 times what
was corresponded to degree of protection from 84,06 to 87,53%.

Effectively of complex-formatting properties of reagent was investigated by
medelation in laboratorial conditions of process of salts formation hardness and
optimizing compositions of inhibitors of scum-formation in dependence on
chemical compositions circulating water. On the base of results of carrying out
investigations expediency of using compositions complex — formatting reagents
and oligomers was based. In practical aim obtained result will be used at
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elaboration compositions of inhibitors of scum—formation for complex protection
circulating waters in some concrete industrial conditions.

Analysis of data of table 8 obtained by method rentgenophluorescental
spectrometry on the device «Niton Xl 3t 900», has shown that chemical
composition of different metals has corresponded to demands.

Table 8
Results of rentgenophluorescental spectrometrical determination of chemical

composition of different metals before and after corrosion tests in the presence of
inhibitor OUKM-8

Content of elements, mass %

C Si Mn P Zn Ni Cu Fe Al

Steel-3 0,20 | 0,15 0,50 0,04 - 0,20 0,20 [ 98,60 -

Steel-3+OIKM-8 0,75 | 0,15 0,47 0,45 - 0,20 0,21 | 97,62 -




Aluminum - 6,8 0,12 - 0,04 0,01 2,30 0,28 [ 90,14

Aluminum+OIKM-8 | 0,73 6,06 | 0,04 0,58 0,19 0,012 2,23 1,07 | 88,92

Copper - - 0,02 - - 0,03 99,51 0,08 -

Copper+OIKM-8 0,28 - 0,02 | 0,18 - 0,03 99,24 | 0,06 -

Brass - 0,78 - - 37,01 - 61,62 - -

Brass+OIKM-8 - 0,52 - 17,5 | 25,22 - 55,69 | 0,06 -
4

Results of tests have shown that in the presence of oligomer inhibitor OIKM 8§
composition of investigated metals was changed owing to adsorption of this
inhibitor on their surface. Composition of metal is enriched by phosphorous. In
result of adsorption of inhibitor, the rate of corrosion has decreased in 30-40 times.
Such investigated phosphorous-containing oligomeric inhibitors have shown
high effectively of decreasing of progress of steel dissolution in weak—acid and
neutral mediums. Distinctive properties of these inhibitors are their low optimal
concentration, cheapeners, universal and albescence of toxically. They also have
provided maintenance of busicality which in necessary for protection of metals
from corrosion and have preserved of protected layers on steal in circulating
system.

Characteristics of inhibitors were on enterprises OOO «Elektr uskuna
sozlash». Tests were carried out and obtain results were comparison with data of
gravimetrical method which has shown that in stationary conditions addition of
solution of oligomerical inhibitors OIKM-6 and OIKM-7 was carried out to
decreasing of rate corrosion of steel what corresponded to degree of protection
88,2 and 80,84% oligomer inhibitors of corrosion OIKM-8 and OIKM-9 at their
concentration 30 mg/l have higher protective properties degree of protection 92,66
and 98,61% correspondently.

In result of carrying out investigation the most effective inhibitor OIKM-9 has
been revealed. With help of it has allowed to decrease corrosion aggressively of
water and to protect metal from corrosion destructions. Optimal concentration of
this inhibitor was equaled 30 mg/l and at this sufficient protective effect was
reached.
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Table 9
Degree of protection St-3 by elaborated inhibitors at temperature 25°C
Inhibitor Cinh, mg/1 K, g/(m*24 h) Y Z, %

Phone(Ph-2) - 1,43 - -




OIKM-6 30 0,16 11,8 88,2

OIKM-7 0,27 19,16 80,84
OIKM-8 0,10 7,34 92,66
OIKM-9 0,02 1,39 98,61

Laboratorial investigations of elaborated inhibitors were carried out in
«Fergana» NPZ and on outerprizes «Suvoqova» PKP and also act of introduction
by results of tests phosphorous-containing oligomer inhibitors of metals corrosion
in systems circulating water supply was obtaining.

CONCLUSIONS

The following conclusions on doctoral dissertation «Synthesis and physic
chemical properties of oligomeric inhibitors of corrosion on the base of N, P, S
containing compounds» are represented:

1. Number of nitrogen and phosphorous —containing adducts on the base of
phosphates of thiourea, urea, melamine andhexamethylendiamine and also
inhibitors of oligomeric type on thebase of nitrogen containing organic compounds
and phosphoric acid have been synthesized. Molecular dynamical and quantum
chemical characteristics of synthesized compounds were determined, mechanism
of inhibition by oligomeric compounds was established and general regularities
inheriting to such inhibitors were determined what mill promoted to elaboration of
new approaches of purposeful synthesis of inhibitors.

2. It was shown that such oligomeric compounds as phosphate of
dimethilourea (OIKM-8) have displayed effect of inner molecular synergism owing
to presence of different functional groups and mechanism of their adsorption is
differed by fact of formation of more compact layers of inhibitors on the surf are of
metal and correspondely increasing their inhibition effect.

3. By using kinetics and thermodynamically investigation it was shown that
adsorption properties of inhibitors of oligomeric and low-molecular type have
different about what high values of filling degree of electrode surface and constants
of adsorption equilibrium are witnessed. Constant of equilibrium in 4 time is higher
it’s value of low-molecular inhibitors.

4. Systematical studying of two component inhibitors on the base of
dihydrophosphate of potassium was carried out and it was found that addition of
second component has increased their inhibitional action, from obtained results
conclusion have been mode about passible mechanism of their protective action
which has included formation of thin layers of complex composition preventing
appearance of ulcerous corrosion.
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5. Effectively of inhibitor dimetilolmelamin in aggressive mediums with
increasing temperature has increased before achieving definite temperature after
which it didn’t changed what has indicated on chemo-sorption mechanisms of
action of this inhibitor forming strong protective layers on the surface of protective
metal.

6. Phosphates dimethilolurea and dimethilolmelamine in mediums with
different values of pH have formed on the steal surface protective layers which
differed by composition and structure from initial samples, it was determined that
their compounds were acted as anionical inhibitors with braking of anodic process.

7. Oligomeric inhibitors of OIKM-8 and OIKM-9 and composition on their
base have demonstratedthe highest effectively and they were tested Becabod
metallurgical combination, AJ «Navoiyazot», OOO «Elektr uskuna sozlash» and
«Suvoqova» of PKP and also UDP «Fergana» NPZ.
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