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Kupui (10KTOPJIMK IHcCepPTANUACH AHHOTAIUSICH)

JuccepTranus MaB3yCHHHUHT J0J3apOsauru Ba 3apypatu. KaxoHma xap
M MetamtapHudr 10% atpod MyxuT OunaH KUMEBHMM €KM DIIEKTPOKUMEBUN
TabCUPJIAIIYBU HATHXKACKUJA KOppo3usra yupad emMupuiaaud, OyHUHT OKuOaTHaa
eTKa3WIa&TraH 3apap MULIMAP/ CYMIAPHU TAIKWI KMIaau'. 3aMOHaBUM TEXHHMKA
Ba TEXHOJOTUSJIADHUHT acOCHMW MaTepuayyiapu OyiraH TeMHUp acocuaaru
KOTUIIMANIap HaMJIMK, XaBOJArd KHUCJIOPOJ, a30T, OJTHUHTYTYpT OKCHIUIapu Ba
Oomka KUMEBUHM (aosl MOAJATAPHUHT TabCUPU HATHKACUAA KOPPO3USIIAHUINTa
yupaniu.

PecnyOnnkamMu3 MyCTaKWIJUTMKKA SpUIITaHUIaH OyEéH KUME caHOoaTUAa SHTU
Typllard MaxCyJOTJIapHU WIUIA0 YWKAPUIITHU PUBOXIAHTHUPUIN WYHATUIINIA
WIMHUN W3JIaHUIIAPHU OKOPH Japakaja TallKWi JTHUII Ba MaxXauiMid 0O30pHU
UMIIOPT YpHUHU Ooca oJaguraH KUMEBUW pearcHTIap OWiaH TabMUHIIAII
Oopacuza KEHI KaMpOBJIM 4Yopa-TaAOWpiap aMmajra OWUpWwIHO, MyailsiH
HaTWXanapra s3pumiiid. by 6opaga opranuk Ba osMromep OMpUKManap acocuia
unuiad YMKapuiraH MHTHOWTOpIAp TYpJIM CYB TH3UMIIAPH Ba CYB TabMHUHOTHU
TapMOKJapujia, HeQTHM KailTa uuuiaml Ba HEPT KUME caHoaTiapuja, Oapua
HHEPreTUK KypuJMajapHU XUMOsJalljla WUIUIaTWIagd Ba METaJUIapHU HIUIall
JABPUHU y3aUTUPHUIIMHY aJIOXU]Ia TABKUJIAIl MyMKHH.

Kaxon mMuku€écuaa meramuiap cu(paTUHU OUIMPHIN Ba YyJapliaH camapalu
doiimananuim ro3acuiaH MaKCaaiu TAAKUKOTIAPHU amajira OUIMPHIIL MYyXUM
O6ynu6, Oy Oopajma KyWmmard Macajaiapra ajoxuja IbTHOOpP KapaTUIMOKIA:
KyMJIaJlaH, CyBJla 3pyBYaH OJIMTOMEpP Ba MOJMMEP UHTHOUTOPIAPHUHT TY3 XOCHII
KWIKII Kapa€Hiapura Kapiiyd Kypaimjga KyJJTaHWIUIIA, METauiap KOPPO3UsICUHU
WHTUOMpIAII XyCYCHUSTHAAa MakKOyJ IIAPOWTIIAPHU aHUKJIAI, TapKuOWma asor,
dbochop TyTran OupuKManIap acocuja KOpa Ba paHTIM METAJUIAPHU TYypJid
MYyXHTIIap/Ia XUMOSUTOBYM CYyBJla 3pyBYaH OPTaHUK Ba OJIATOMEDP WHTHOUTOPIIAPHU
CUHTE3 KWJIUII, WHTHOUpIIANl MEXaHU3MUHUHT (U3UK-KUMEBUN KOHYHHUSTIAPUHU
WIMUNA KUXaTAaH acociaml. Mertamn OuiaH — aJcopOlMOH  TabCUPJIAIIYB
HaTW)KaCHUa YHUHI XUMOsJIAIl XOCCAJIIApU TYpJM Xapopariapia KaHIal HaMOEH
OynmuIu Ba peakiusi MEXaHW3MJIAPUHU YPraHWI HATHXKACHIA SHTU camapazop
WHTUOUTOpJIap UILIa0d yukapuil OyryHTH KyHJa noi3ap0 BasudanapiaaH Oupu
XUCOOJIaHaIN.

V36ekucTon Pecnybnukacu Ilpesuaentununr 2010 wwmn 15 nekaOpnparu
[IK-1442- con «2011-2015 immnapna Y3bekucTon Pecrny6Ginmkack caHOATHHH
PUBOXJIAHTUPHUILIHUHT YCTYBOP WYHAIMIUIAPH TYFPUCUIANTH KapOpH, V36exucron
Pecniy6onukacu Bazupmap Maxkamacununr 1992 imn 9 nexkabpnaru «TabuatHu
Myxodaza kuum Tyrpucugantu, 2013 #un 27 maiigarn «2013-2017 #iunnapnaa
V36ekucron PecryGmukacuna atpod MyxuT Myxodasach Oyiimua Xapakatiap
nactypu TyFpucuaa»tu Kapoprapum MKpOCHHM TabMHHJIAIIAA XaMJa MasKyp
daomusaTra TerMNUIM OOIMKAa MEBEPUA-XYKYKHNA XyXoKaTiapia OenTuiaHraH

Tomompuropa  A.A. HccnemoBanne KOPPO3MOHHOTO —DA3pylIEHHs [OBEPXHOCTEH He(TENpPOBOAOB MOCIE
JUINTENbHON 3KcIutyaranuy // Bectauk FOropckoro rocynapcrsensoro ynusepeurera. -2011. -Bem. 4 (23). - C.105-
112.
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BazudaIapHu amaira OIIUPHINIa YOy JuccepTanus TaIKUKOTH MYyausH
Japakasia Xu3Mat KHjiaau.

TaaKUKOTHUHT pecny0Jnka han Ba TEXHOJIOTUSIJIapH
PMBOAKJIAHUIIMHUHT  YCTYBOp HyHaJuMILIApUra OOFJIMKJIMIH. Maskyp
TaJIKUKOT peciyosiuka ¢aH Ba TexHosorusiap puBoxuiaHumHuHr VII. «Kuménii
TEXHOJIOTHSI BA HAHOTEXHOJIOTHS YCTYBOp HyHaIMIIMra MyBoQuK Oakapuira.

J{uccepTauMsHUHI MaB3ycH OyiM4Ya XOPWKUHM WIMHMH-TAAKHKOT/IAp
mapxu. “VIHruOUTOpNapHU HMIIIA0 uYMKapuIl Oyiinua HYHANTUPUITAH HIMMUIA
U3JIAHUIUIAD JKaXOHHUHT €Takyd WJIMHNA Mapkaszjlapy Ba OJMHA  TabliuM
Myaccacanmapuna oSkymiuanaH, 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 (Pymunus), Mocksa
JaBjaT MyJaT Ba KOTHUIIMajgap HMHCTUTYT, MockoBckas AkxaaeMus TOHKOU
xuMuueckoil texnosnoruu (Poccus), YMyMuil Ba HOOpraHuK KUME WHCTUTYTH]IA
(V36ekncToH) 01 GOpHIMOK/IA.

Koppo3ust xapaéHuia opraHuk OMpUKMaIapHU UHTHOUPIIAIT XYCYCUSITIIapUra
oMJ1 JKaxoHJa oJau0 OopuiaraH TaAKUKOTIIAp HATHWXKacuaa Oup KaTtop, >KyMiiaJaH,
KyWugaru  WIMHUR ~ HaTwkajgap  OJIMHraH:  (aojulaHWIl  DHEPTUSCHUHHUHT
XycycusiTapuau  y3rapuimu — aHukjianrad  (Institute  for Technical and
Macromolecular Chemistry, I'epmanus; University of Edinburgh, AKI); meTamn
Ba YHHHT KOTHIIMAaJIapU MMACCHBJIAHUINNIA WHTUOUTOpIap cudaruma OpraHuk Ba
HOOPraHWK OWpHUKManap KUPUTWITAH OYIuO, yIapHUHT MEXaHH3MU aHUKJIAHTaH
(Technical University of Cluj-Napoca, Pymunus); opranuk MojeKyiagapHu Typiau
aHWOHJIAD  AJIMAIIMHYBYM  Typyxjap  TaOuatura  TabCHUPHU,  KOPPO3HS
WHTHOWTOPJIApM MeETajulap Ba KOTUIIMajap/a CEKWHJIATyBUWIAD SpaTHUITaH
(MockBa JjaBjmaT mynaT Ba KOTMIIMalap WHCTUTYT, Poccus); MmeTtamiapHu
KOppO3WsiIaH xuMosutamiaa GoigalaHuIaIural OpraHuK OWpUKMaliap CHHTE3
KWIMHTaH (/lepaBUHCK J1aBJIaT TEXHUKA YHUBEPCUTETH, Poccus).

JyHéna meTayylapHU KOppO3MsAaH XuMosulaml Oyiuya KaTop, >KymulaJiaH,
KyWHaru yCcTyBop HyHalIUIUIapJa TaAKUKOTIAp oJru0 OOpPUIMOK/IA: aMUHO TYPYyX
TyTTaH OpraHuK OWpUKMaNap acocuJard Kopu cudariv camapaaopiiu
WHTUOUTOPJIAPHU ApATUII; MYJIATHUHT CYBJArd KOPPO3HUSICUHU CyCaWTUPHILIA
CUpTTa WHTUOUTOPJIIAPHUHT TAbCUPUHU AHUKJIAIL; XUMOSUIAIl XYCYCHSITH,
OMpUKMAJTApHUHT METAJUT CUPTUra aJACOpPOIMSUIAHWINM, KAaToJ Ba aHOJ
KapaCHIIapHU CEKUHJIAITUPUIL OMIaH OOFIIUKJIUTUHU UCOOTIIAI; KyJUTaHUIaETran
WHTHOUTOpIIApPTa MyXUT Ba KOHIIEHTPAIMSIHUHT TAhCUPUHU aHUKJIAII.

MyaMMOHMHI YpraHuiranjuk jaapaxkacu. PecrnyOnmkamus Ba XOpHXK
OJIUMJIADU TOMOHMJAH SApaTWIraH KYNruHA TAAKUKOT MIUIAp KOPPO3us
WHTMOUTOpPJIApUHUA MIUIa0 YuKapuilra OarulllJlaHraH. ByryHru KyHJa KOppo3us
WHTHOUTOPJIApU TAIKUKOTIapuaa (DU3UK-KUMEBUN, SIECKTPOKUMEBHI Ba OOIIKa

2 [luccepranus MaB3ycH Oyitnua XOPHKHUI UIMUI-TaJKUKOTIap mapxu www.dissercat.com,
http://www.fundamental-research.ru Ba Gormika Mman6anap acocuja UnuIad YHKUITaH.
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TYpIH yCyllap HILIA0 YMKWIraH’, OMPOK TEXHOIOTUS PHUBOXIAHWIIK OWIAH
KOppo3usl ’kapa€HuJa OpraHukK OWpPUKMaJIapHU HMHCUOUTOp cudartuga TabCHP
KWIMII MEXaHU3MM XamJa NyJaT CUPTUIra TabCUPUHHU YpraHuil Oyinya UIMUNA
TAaJKUKOT HIIJIApUra aloXujia 3bTUO0p KapaTuiamMokaa. [1ynar cCupTHHUHT OpraHuK
Ba (Qocdar Oupukmanap acocuaaru HHruOUTOpiap OWslaH HMHTUOUPJIAHUIIN
KM3UKAPJIM XaMm/ia ypranuiamMarad caBos 0yinub konaMokaa. KoMmieke TaikukoTiap
SHTM JKCIIEPUMEHTAN TEXHUKA acocujia IOKOPH camapajopiid WHTHOUPIIOBUYU
KOMIMO3UUUSUIAPHUHT CUHTE3WHH aMalira OIIMPUII UMKOHUHU sipaTay.

Anabuérnap mapxy IyHH Kypcataauku, kyaa kym unuiap (FO.P. Dpanc,
T.II. Xop, N.JI. Pozendensa, R.P. Frankental, D. Brasher, K.Z. Schwabe, C.3.
Jlerun, 1O. Kopoine, B. IlyTuioB) 31eKTpOKMMEBHI ycCysuiap TaaKUKOTIapura
Oarunuranran 6ynu6, ynapaa uHruOuTopiap cudaruga Typiad XWiI MaTepuaiap
KyJIaHMITaH. Y30eKHCToH onumiapy, xymnanad P.C. Tumaes, I'.A. IpiraHos,
®.K. Kyp6anos, A.T. xamunos, B.II. I'ypo, X.1U. Axbapos, A. Hkpamos, /.
FOcymnos, 3.b. Tamkuxomkaes Ba OOMIKaNap MeTaUIApHU KOPPO3HIaH XHUMOSIAII
MyaMMOCHHHM XaJl KWIHIIZAA XamJa HHruouTopiap cudaTuia HILUIATUIaJAUraH
KUMEBUM OWPUKMAJIapHU CHUHTE3 KWIMO OJUMHUIINAA Y3 WUIMUN TaJKUKOTIApU
OWIIaH KaTTa XUcca Kymrannap®,

®docharivi HUHTUOUTOPIAPHUHT FOKOPU CaAMapaZOpiUTU TYypiid MYyXHUTHa
acocnab kypcaruiran’, GMPOK >Kyla Kyl TaJKuKoTiapaa To3a ¢ocdarin Exu
nonudocdariu Oupukmanap KyulaHwirad 0ynub, opranuk docdatim Ty3nap kam
yprauuwnran €ku TYnuK Eputunmarad. Koppo3us MHruOuTOpiapu KyJIaHWIHIIN
Oyiinua KyNruHa WIUIAp MabJIyM OYnuO, spuTMaga METaulapHU TabCUPJIAIIYB
KOOWIHATH KUMEBHH (Paoil TypyXJjiap YUyHTHHA Taa LTy KIUAMP.

ATpod-MyXuTHH XHUMOsJAIIra OYAraH TaJaOHUHT OPTHINA  OWIIAH,
METaJUIApHU  KOPPO3MSIaH  CaKjallja HWHAMBUAYa]l KUMEBUU OHpUKMaap
KYJUTAHWIWITUHUHT KyHU caMapaJopiiuKKa OJHO KEeNWIM MHKIOPUN yCyJuiap
épaamMuza OJMHJAH MAabJiyM WHTUOUTOPIAPHUHT KYJUIAHWIUIL JOUPACUHU
KeCKUH uerapanad kyimoxna. [IIyHUHr ydyH 3KOJOTHK XaB(cH3, KaM 3axapiu
WHTUOUTOpJIap UIUIad YUKUIUIIHN A0J3ap0 Macaia 0Viud 6opMoKIa.

Juccepranus MAaB3YCMHHHI JUCCEPTAllUfA Oa’KapWIraH OJMHA TAbJIUM
MYacCaCACHHMHI  MJIMMH-TAAKHKOT  HILIApW  OWJaH  OOFJIMKJIUIH.
Jlnccepranyst TaAKUKOTH Y30eKMCTOH MWIIH YHUBEPCHTETH HIMHI-TaIKHKOT
uniapu peskacuHuHr OT-®. 3-151 «Ilonumepnap 6uonoruk (aos Oupukmaiap Ba
uaruouropnap cudaruga» (2007-2011 ifit.); ED-7-1 «Maxamauii xXoM amé
acocujia MeTayiap KOPPO3USICH WHTHOUTOPJIApUHUHT sHTH aBinoam» (2014-2015
1iii.) MmaB3ycuaaru GpyHIaMeHTAIl JoMuXaiap Joupacuaa OakapuiraH.

TagKNMKOTHHHrT  MaKcaaM  METaJUIApHU  KOpPPO3UsiJaH  camapaiu
XUMOSUTAUIUTal  SIHTU ~ OJIUTOMEpP HMHTHOWTOpJapHU spaTUIl Xamja yiap

3Baranos P K., Urommn P.B., Kysmenor [0.U., Lupronsaukosa H.B. IlpakTrka IpOTHBOKOPPO3MOHHON 3aIIHTEHL.
M. 2009. Ne3. (53).-C.19-26.

*Ocranos VY.IO., Beknaszapos X.C., [xamunos A.T., Ax6apos X.U., Xomikos A. K. UHrubuposanue Koppo3uu
yriepoauctoii cranu gobaskamu MAI-1 u MAT'-2 B pa3nuuHbIX cpepax / DHUMKIONEANYECKUI CIIpaBOYHHK. -M.
2009. -Ne4. -C. 31-32.

Sllopoxosa E.A., Kpeuc U.B., Bypkur6aesa B.JI. Ancop0ims nonudocaroB Ha cTaibHOM 3jekTpoje // BecThuk
KasHY. Cep.xumus. 2002. -Ne5. -C.109-113.
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TabCUPUHUHT (PU3UK-KUMEBUN XyCyCUSTIAPUHU aHUKJIAIIJaH nOopar.

Makcanra 3puininl yuyyH Kyiuaara TaIKMKOT Ba3uganap Oenrwianau:

MeTajuiap KOoppo3usicuaa Tapkuouaa aszor, (ocdop, OATUHTYTYypT TyTraH
OMpUKMaap acoCuaa OJIMIrOMEP UHTMOUTOPIAPHU CUHTE3 KUJIUILI,

OMpUKMalapHU KBaHT-KUMEBUM Ba MOJIEKYJIAp-AMHAMUK TaBcU]IapuHu
XHACO0IalIl;

MeTajulap KOPpO3HUsICUAA CUHTE3 KUJIMHTAH OJIMIroMep OMpPUKMAaJIapHU TypJu
b oH spuTManapa MHrHOUpIAI MEXaHU3MIIAPUHH aHUKJIAI,

MeTajiap KOppo3usiCHAa DJIEKTPOKUMEBUHM, TPAaBUMETPUK ycCyJulapia Typiu
a30T TyTraH OpraHuk Oupukmanap Xamuaa ¢Gochop KHCIOTaCH AacoCHlaru
aaIyKTJIap Ba OJIMTOMEpJIapHU KYJUIallia caMapagopiid HHTMOUTOPJIapHU SpaTHIL
XamJla yJIapHU afcopOuus XoccalapuHu aHUKJIAI;

OJIMHTaH HMHTUOUTOpIAapHH JabopaTopus IIApOUTHIA CHUHOBAAH YTKa3uo,
UIUIad YUKapUIIga aMananéTra TaTOMK KUJIHILL.

TankukoTHUHT 00bekTH cudatuaa azoT, (pochop, OATHHTYTYPT TYTraH
aanykriaap (tuomoueBuHa ¢ocdatu, mMoueBuHa ¢ocdaTu, mMenamuH ¢ocdatu,
rekcametuiaeHauaMud  ¢ocdartu), dochar kuciaoracu acocujgard OJIUTOMEp
UHrUOuTOpJIap  (IAUMETWIOJreKcaMeTuiaeHauaMud  gocdatu,  AUMETUIION
MOYEBHHA, JTUMETHUIION MeJIaMuH, JTUMETUIIOIMOYEBUHA docdaru,
quMmeTtuionMenamMul gocdarn) xamaa mynar Ba OoOmIKa MeTal HaMyHalapu
OJIMHTaH.

TaaKuKOTHUHT npeaMeTH cudaTuga OpraHuk OupuKkMaiap Ba ¢ocdop
KHCJIOTAaCH aCOCHJIArH aJiTyKTJIap, OJUroMep THUIWJArd UHFMOUTOPIApHUA CUHTE3U
XamJla THruOupsIa MeXaHu3MUHUHT YMYMUN KOHYHUSATIapU OJUHM.

Taakukor ycynapu. TagkukoTaa KyTOJaHWII STpuiapH, KyTOJIaHHUIIT
KapIIMJIUTH, XPOHOMOTCHIIMOMETPUK, TPAaBUMETPUK, KPHUOCKOMHUK, KBAHT-
KUMEBUH, MHUKPOCKONMK, PEHTIeHO(IyOopuCLUEHT crekTpomerpus xamaa WK
CHEKTPOCKONUK yCyJulap KyJUIaHWIITaH.

TaagKMKOTHUHT WIMMI SIHTWJINTHM Kyiuaaruiaap/iad noopar:

Wik Oop Tapkubuga a3or, ¢ocdop, OJTUHTYTYPT TYTraH aaayKrjiap
THUOMOYEBHHA, MOYEBHHA, MEJAMUH Ba TEKCAMETWJICHIWAMHH XaMJla OJIUTOMED
TUNIUIAry MHruouTopiap gocdop Kucioracu acocua CUHTE3 KUIIMHTaH;

MeTalIapHU KOppO3UsiIaH camapaliu XUMOsIIIaIIga OJIUTOMEP
WHTUOUTOPJIAPHUHT XUMOSIJIAHUIIT Ba TAbCUPJIAIIMII MEXaHU3MH TAKJIU( dTUIITaH;

IOKOpH caMapaid XMMOSUIAHUIIIA KOPPO3Us TOKU Ba TE3JIUTH, XUMOSUIIAII
Japakacu, TOpMO3Jiaml Kod()PUIMEHTHHUHT XapopaTra Xamjaa WHTHOUTOpIIapHU
KYJ1amia TypJid KOHIEHTpauusiaparu onTuMall apouTiapy aHUKJIaHTaH;

MeTalljIap KOppo3uscuaa 3JIeKTPOKUMEBUN, TpaBUMETPUK yCyJulapaa Typiu
a30T TyTraH OpraHuk OupukMamap xamaa ¢ochop KHUCIOTACH acoCHAAru
aaIyKT/Iap Ba OJUTOMEpJapHU MHTHOUpIIaHTaH cHCcTeMajapia aacopOIusIaHUIn
MyBO3aHAaT KOHCTAaHTACH Ba 3JIEKTPOUIAPHUHI TYJa KOIUIAHMILI Japa)kanapu
aHUKJIAHTaH;

CUHTE3 KWIMO OJIMHTaH OJIMTOMEPJApHUHI MyJaT CHUPTUAA TYpPJH
MyXHTIapaa OOUUTAHFUY MOJIa/IaH TapKUOM Ba CTPyKTypacuaaH ¢apK KujlaJaural
XUMOSI KaBatTjap XOCHJI KWJIHIIY UCOOTIIaHTaH.
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TagKNKOTHHHT aMaJInil HATHKAJIAPH KyHugaruiapaad uoopar:

bupuHun mapra MOUeBMHAa Ba MEJAMUH AacOCH/Ia OPraHUK Ba OJIMTOMEpP
WHTUOUTOpJIap OJIMIN YCyJUlapu HUILIA0 YWMKWITaH, caMapajop HMHruOuTopiap
nuMetwionmoueBuHa  (ocpatu  (OUKM-8), aumerunonmenamun docdaru
(OUKM-9) taknud KwirHTaH. SIHru OupuKkMaiap Uiiad YMKapuil mapouTiapuia
CUHOBJAH YTKA3UJIWIIM OWIaH Oupra bTUOOPIM >KMXATH KYJUIAHUIITa TaBCHUS
STWITaH, Oapya TaHJaHTaH IIApOWTIapAa UWHTHOUTOpIAap V3 XuUMoslall
XOccajJapyuHy cakjiad KoJraH.

TagKuKOT HATWKAJAPDUHMHI MINOHWIWIMIKA. TagKMKOTHUHI acocHuil
Ma3MyHH, XyJocallap Ba TaBCUSJIAPHUHI ACOCIAHTAHJIMTH Xe4 KaHmal mryoxa
TYFIUPMaNIN, YyHKUA yJIap TAAKUKOTHUHT 3aMOHABHM (PU3UK-KUMEBHI Ba KBaHT—
KUMEBHI yCyJUIapy acocuja Iak/aHTupuiarad. OJuHraH TaJKUKOT HaTHKallapu
WHTUOUTOPIIAPHU XUMOSIIAI MEXaHU3MUHU TYIITYHTUPHUO Oepain.

TaaKUKOT HATHKAJIADUMHUHT WIMHMHA Ba aMaJIMid aXaMUATH.

TaakuKOTIaH OJIMHTAH HATYIKATAPHUHT WMWK axaMUATH ITyHAaH HOOpaTKH,
CUHTE3 KWJIMHIaH OJUTOMEpP MHTHOUTOpIap XUMOSI MEXaHU3MUHUHI aHUKJIAHUIIN
OMpPUKMAJIADHUHT TYPJIU TY3WIHI CTPYKTypajlapu, yJIapHUHT (U3UK-KUMEBUN
XycycusiTiaapura OOFIMKINTYA OulaH acocaaHaau.

TagKMKOT HaTWKaNapUHUHT aMalMil axaMuATH UIyHU KypcaTaJuKH,
ofluroMep OWpUKManap Ba YyJIapHU KOMIO3UIMsiIapu Hadakar To3a MyJaT
cupTHlia, OalKuM KOPPO3HMSUIAHTAaH XOJIaTJa XaM JKapa€HHH CEKUHJIAIITHPUO
O6epaau. Oprasuk Ba OJIMTOMEP MHTHOUTOpIIAP aToMap BOJAOPO]T aICOPOIUSIIAHUIIT
KOHIICHTPAIUSICHHN KaMaWTUPUI OusiaH Oupra, METAJUTHUHT MYPTIUTHHU OJIJIMHA
OJIaJIu.

TaagKuKOT HATWKAJAPUHMHI SKOpPU KuaumHumu. TapkuOujga azor,
dbocdop TyTran oauroMepiap MEeTaUIApHA KOPPO3USIAH CaKJIaliga HHruHOUTOpIIap
cudaryaa KyJUIaHWITaHJ1a OJIMHTaH WIMHUN HaTWKalap acocuia:

oJiuromMep OupHKManap Ba yiapHu Kommnosunusuiapu «Hasowiiazor» AXKna
amanmuérra Ttatouk Htunau («HaBowmitazor» AXKuuuar 2016 wwmn 10 wuronmaru
No02/3966-con  mMabnymoTHomacu). bynaa ¢ochop TyTtran Oupukmanap
MHruouTOp cudaruaa ailaHMa HCHUTHIN CUCTEMallapuja MYJIaTHUHT XUMOS
KATJIaMUHU TabMUHIa0, KOPPO3UAaH caKiall MMKOHUHH OepraH;

UHTUOUTOPJIADHU CHUHTE3 KWIHIL, Typjd MyXHUTIapAa camapajopiiuruHu
aHMKJIAIl ycTUAa ONub OopuiaraH uiaMuil TaakukorTiapiaan Ed-7-1 pakamiu
«Maxammii xoMamé acocuaa MeTaiap KOPPO3HSICH WHTHOUTOPIIAPUHUHT SIHTU
apnommy (Y3MYV, 2014-2015 ifii.) niamuii JoinXacHaa oJIUroMep HHrHOUTOPIAp
omumaa Qoiigananwiran (PaH Ba TEXHOJOTHSJIAPHH  PUBOXJIAHTHPUIITHU
myBodukamtupui KymutacuHuHr 2016 #iun 21 okrsopaarn ®TK-0313/703-con
MabiayMOTHOMacu). WnMuil TagkKuKOT/Iap HaTUXKAcula METaJUIapHU XHU3Mat
MyJAaTUHU Y3aUTUPYBUYU UHTUOUTOPIIAD SIPATUIITAH.

TaagkuKoT HATHKAJAPUHUHI anpodaumsicu. JluccepTalUssHUHT acocuil
HaTwkamapu Oyitmya kKyhupmarn PecnyOnmuka Ba Xankapo wWiMH-aManuid
amkyMmannapaa: «KoMno3unumoH Marepuamiap: CTPYyKTypacHw, Xoccajiapu Ba
KYIIaHIHIT», Y3MY Kkumé paxynbTeTH npodeccop-yKUTyBUHIAPHHIHT HIMHH-
Hazapuit amxymanu (Tomkent, 2008-2015 i1.i1.), «kKumé Ba KUME-TEXHOJIOTUSHUHT
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nom3apd Myammonapuw» (Ypranu, 2011), «Iloaumepnap KUMECHMHUHT 11013ap0
myammodiapu» (Tomikent, 2011), «Mmmad yukapuill KOpXOHATAPUHUHT J0J13ap0
MyaMMOJIApUHU €YMIIJIa MHHOBALMOH TEXHOJOTHSUIApHUHI axamusithy, (Kapiiu,
2013), «DOxoJOrMK MYBO3aHATHM CakJjall, YUKUHIAUCU3 TEXHOJIOTHS HWILIa0
gyukuin»y (Hykye, 2013), «AHanmutuk kumé ¢aHUHUHT J1013ap0 MyamMoiapu»
(Tepmus, 2014), «YV30eKUCTOHAA KOIOWI KHME Ba HAHOKMMEHHHT 3aMOHABHIA
xonaTtu Ba uctukoosuapm» (Tomkent, 2014), «SIHrM KOMIIO3UIIMOH MaTepuasliap
OJIMII YYYH MaxaUlMid Ba MKKWIAMYM XOM aménapJadH TauépilaHraH
nurpeauentiaapy (Tomkent, 2012-2015), «Y36exkucronna Tadumii GUpUKMAaap
KUMECUHUHT puBOXkH Ba Kenaxarn» (Tomkent, 2016); Xankapo wuiaMwuii-
TEXHUKAaBUM aHXyMaHjlap: «3aMOHaBUI TEXHHUKAa Ba TEXHOJIOTUSJIAp, TOF-
METAJUTypruscy Ba yiapHW puBoxjaHull wynuna» (Hasowuit, 2010), «3enénas
xumusy (Camapkang, 2012), «AxryanbHble mpoOjemMbl HayKu U 0Opa3oBaHUS B
00J1aCTH €CTECTBEHHBIX M CEIbCKOX035AMCTBEHHbIX Hayk» (IleTponaBnosck, 2012),
51-th International Scientific conference (MHCK-2013), «Pecypc Ba sneprus
TEXaMKOp, SKOJOTHMK 3apapcu3 KoMmmno3uiuoH Marepuamiapy (Towmkent, 2013),
«KumEBuii  TeXHONOTUSUIApHUHT  fom3apd  myammonapu»  (byxopo, 2015)
MaB3yCHJIard Mabpy3ajap KUJIUHTaH.

TagKuKOT HATHKAJAPMHUHI IBJOH KUIMHMIIM. Jlucceprauus maB3ycu
6yitnua sxamu 30 Ta WIMMH MII 9ON STWIraH, IIyJapaaH, Y30eKHCTOH
Pecniy6nukacu Onuit aTTecTanus KOMUCCUSICHHUHT JOKTOPJIMK JUCCepTalusiapu
acoCuil MIMHUN HaTWKaJTapUHU YOIl 3TUIL TABCUS STUJITAH WIMUN Hampiapaa 15 ta
Makona, xymianaH, 13 tacu PecyOnuka Ba 2 Tacu XOPYIKUA KypHaAUIapAa HaIip
STWIITaH.

JluccepTauMsIHUHT TY3WJIMIIM Ba Xa:kKMH. /[uccepramusi TapkuOu KUPUII,
oemra 000, Xynoca, (oimamanunraH anabuérnap pynWxaTd Ba WIOBaJaplaH
noopat. Jluccepramusauar Xxaxxmu 200 OSTHY TAIIKIIT KU TH.

JUCCEPTALIUSIHUHI ACOCUM MA3MYHHU

Kupum xucMmuna yTkaswirad TaAKUKOTIAPHUHT J0J3apOJIUTU Ba 3apypartu
acocjlaHraH, TaJAKUKOTHUHI Makcaaud Ba Baszudanapu, oObEKT Ba MpeaMeTiiapu
TaBcu(IIaHraH, pecnyOiauKa aH Ba TEXHOJOTUSIApU PUBOXKIAHUIIIMHUHT YCTYBOP
WYHAIMIUIADUTA MOCIWTA KYpCaTWIraH, TAaJAKUKOTHUHI WIMHW SIHTWIWITH Ba
amMauil HaTHXKanapu 0aéH KUJIMHTAH, OJMHTaH HATHKAJTAPHUHT UMUK Ba aMauil
axaMusATu ounO OepwiraH, TaJKUKOT HATM)KAJAPUHU aMaduETra »KOpUM KUJIMIL,
Halllp STWIraH WILIap Ba JAMCCEpTalMs Ty3WIMIIM OYiuda MabIyMoOTiIap
KEJITUPUJITAH.

HucceprauussHuar «AHruouropaap épaamMuaa mMeranjiap KOPPO3WSICMHHU
KAMAWTHPHIIHMHT acocuil iygumapw» 1e0 HomuaHran OupuHuM 000U
anabuétnap mapxura OarvnuIaHraH OynubO, yHIa MeTamaap KOPPO3USICHHHHT
3aMOHAaBUM HaA3apUsICH Ba XUMOSUIAll ycyJulapu TaBcU(uad KypcaTWITaH.
Onuromep TUNUIATH WHTUOMTOPIAPHUHI KYJUIAHWIMIIM Ba MIUIA0 YMKApHIL
coxajlapu, TapKHUOWM TY3WIUIIM WIMUNA-TEXHUK aqaOuETiap Ba MaTEeHTIApJaH
Yyprauuwirad. Het MaxcynoTIapuHUHT TaKCUMIJIAHMILK Ba TapKUOUJAru arpeccun
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KOMITOHEHTJIAp, (Qpaknusiiapaa KOpPpO3WsJAaH [IUKACTIAHUII  HATHKACHIA
KyWWUJIaauran Tanadiapu KypcaTwiran. AmaOuériap miapxy WITHUHT MaKCalu,
Macajiaci Ba OOBbEKTIapUHU TaHJIaHTaHJIMK JapaKacuHU acociiab oepaau.

JluccepTalUsiHUHT «AJAYKTJIAPHUHT OJUHHUIIM, OJIMTOMeEP HHTHOUTOpIap
CHHTE3HW Ba TAAKUKOT yCy/LIapw» /€0 HOMJAHTaH MKKUHYM O00uaa oiauromep
MHTUOUTOPIIAPHUHT CUHTE3W Ba TAJKUKOT YCIyOaapu, KYJUTAaHWITaH KUX03J1apu Ba
MaTepHaIapy XaKuaa MabIyMOTIap KEITUPUIITaH.

TankukoT oObekTnapu cudartuga a3or Ba (ocdop TyTran Tysnap MeTayl
koppo3us uHruouropiapu (MKM) xampma onuromep wunruodbutopiap (OMKM)
1- >xaaBanmIa KEATUPHUIITAH.

1->xaaBan
OpraHuk Ba OJJMTOMEp WHTHOUTOpIIapra TaBcud

No Murudutop | Monexy.p Nuruburopnap HOMIaHUIIINA
HOMU MaccacH
1 NKM-1 174 THoOMoYeBHHA dochaTu
2 NKM-2 158 Mo4eBUHA QocdaTu
3 NKM-3 224 MenaMmuH docdaru
4 NKM-4 213 rekcaMeTuaeHanamMuH docdatu
5 OHKM-5 2200 JUMETHIION TeKcaMeTHiIeHAnaMuH (ocdaTu
6 OUKM-6 814 JUMETHUII0] MOYEBHHA
7 OUKM-7 1860 JTUMETHII0JI MEJIaMUH
8 OUKM-8 1900 JTUMETHIIONMOYeBHUHA PocdaTu
9 OUKM-9 3300 JUMETHIIONMeIaMuH Gocdartu

Koppo3ust xapaéammarn Oapua Ttaakukomiap IIymatr 3 wHamyHanapu
miacTUHKajmapuaa  onud  Oopwigu.  MHrUOWTOpiapHUHT  caMapajopiiuru
KyTOmanum Kapmwiuru yceynuna P-5035U1 ac6oOupa, KyTOnmaHumn asrpuiapu
ycymuaa noreHnuocrar [IM-50.1.1, mporpammarop IIP-8 xampma rpaBumeTpuk
TEKIIMPYBJIAp MACCAHUHI KaMmMaWuIlKd XucoOWra aHukiIaHrad. TaaKukoTiIap
kynaaru Tapkubiu 5%NaxSOs+3%H>SOs (P-1) weittpan myxutaa (D-2)
3%NaCIl+5%Na,CO3 (D-3) dhoH spuT™Manapaa oaud O0pUIau. DpUTMAIAp «K.T.)»
MapKajy peakTUBJApJaH AUCTWLIATIApAA TaW€piianAau. DIEKTPOoJJap KyHUIaru
tapku6bnu nynar: (%): 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 namyHanapuaaH Tanépiasim.

HumetunonmoueBrna ¢ocdatu spuTMmanap/ia HeuTpai, Kyucu3 KUCJIOTalu Ba
Ky4YCHU3 UIIKOPUN MyXHUTIapjAa oJaTAard Temreparypaiapia YU3UKIU Ty3WUIUINra
sra OynuO, moauMepiaHuil gapaxkacu 8§ maad 13 raua, oguroMepriap MOJIEKYJISP
maccacu 1400-2400 ra tenr. JlumermimonmoueBuHa (ocdaTu TysIapd CHHTE3U
Kylnaaru cxema Oyinda €3uaiu:

HN-— CH2 N= CH,0H HN— CHZOH HN— CHz N CH20H HN— CHZOH
+N H3PO4 E—
N
HN— CH,OH HN— CH, N CH,OH HzN CHon HzN CH2 Hal CHZOH
D
o on o ﬁ’
O o)
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Menamun, hopmanbaeru acocuaa oprohochop KUCIOTacH OWIaH camapaid
OJIUTOMEp  WHTHOWUTOpJIAp CHHTE3 KWIMHTaH. MenamuHo-(popmatbaeru
OJINTOMEPU KHUCJIOTa OWJIaH TY3CMMOH KYpUHUIIUAArHM JUMETUIIONIMETaMUH
dbocharau xocut Kuiaau, Oynap cyBla sIXIUA SPUNIH.

CyBna 3pyBuas optodocdop KUCIOTaCH TYyTraH AUMETUI0IMEeNIaMuH pocdar
OJINTOMEPH CUHTE3U Kyhujaru cxema Oyinya &3unaau:

H H H H H H H H

| N | | N | \ N \ | N \

N{ \‘TN—CHZ—NT/ YN*CHZ + 2nHPO; —> % N7 N CH N7 N CH
N N N N

No N Ne N
n
1 T ! )
NH3 NH;3
NH, NH, o o
\ \
HO—P—OH HO—P—OH
0] 0]

n=6-11 nma momekynsap maccacu 2650-4300 ra TeHr OyyiraH oJuromepiiap
XUCOOJIaHaIN.

HuccepraistHUHT «CHHTe3 KWJIMHIAH HHTHOUTOpJIap caMapaaopIurHHH
TYpJHU ycy/ulapaa Ypranuuny 1e0 HOMJIAHTaH y4YuHYM O0OMTAaCHHTE3 KWJIMHTaH
OPraHMK Ba OJUromMep OWpPUKMajIapHU MOJEKYJSp-IMHAMUK, KBaHT-KUMEBUUN
taBcu(aapu kentupwirad. ONMHraH MabIyMoTiap (QU3MKABUM KUME HyKTau
HazapuJaH OMpUKMaJapHUHI XOCCAJIapy Ba TY3WINIIN XaKUa MyCTaKUI KU3UKHILI
yitrotanu. Ily Owiran MonekynamapHM TEOMETPHSICHHHM OWIMII, WCCUKIUK
QKpaJUIIN, UCCUKIUK 3(PQeKTiapyu Ba peaklus SHEPrus akTUBALMICH XaKuIa
TymryHda Oepaau. Ymly MabaymoriapaaH kemuO uukuO, 1-kxanBanma
KeJITUPWITaH  OUpPUKMAaJapHUHI  CTPYKTypach  3JEKTPOH  3UWIHMKIAPH,
3apsUIApUHUAHT KOWJIAIIYBH  KBAHT-KUMEBUW, SbHH spuM smuepuk MNDO
yCyJinJa NporpaMMalIaliTUPUIAG, TEKITUPUINO YpraHWIIu.

waky g P £ 3 et s + .
ragz el -

I-pacm. OMKM-9 mosnekynacuaaru 3JeKTpOH 3UWIMKIAPHU KOMTAITyBHU Ba
HIap—CTEPKEHIIU MOJIETH.

Mucon tapukacuna OMUKM-9 MonekynacMHUHI CTPYKTypacu, T€OMETPUSICU
Ba AJIEKTPOH TY3WIHMIIM KEJITUPWITaH. l-pacMaaH KYpUHUO TypUOIUKH, FIEKTPOH
3UWIMKJIAPUHY KOWJIAIlyBU UKKUTA MUPUMHUINH XajJKaiapia KeATUpUiIrad. Yoy
MOJIEKYJIa 3JEKTPOHOJOHOP XOCCAJapHM HaMOEH KWIMO, 3JIEKTPOHOAKLENTOP
rypyxJiapu OujiaH m-KOMIUIEKCIIaApHU XOCHUIT KUJIa Iu.

byHna ruzapokcui rypyxJjapaard KUCJIOpoJ aroMu MaHGhuil 3apsiapra
-0,487; -0,423; -0,427 Ba -0,472 sra. MaHa HIyHUHT XucoOOWra TypJid METalll
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KaTHOHJapu OWjlaH aiaMamu0 peakuusra KUpUIIWIIA MyMKHH. YOy MoJIeKyJa
KHCJIOTAIM XOCCAaHW HaMOEH KHWIMO, IUCCOLMSUIAHMII HAaTHXKACHIA KOMIUIEKC
aHUOHJIap OmiaH MycOaT MOHJIM METaul cupThra OOFJIAaHWIIM MYMKHUH (acocaH
TeMup aromijapu Ouial). Karra mMonexynamapHUHT XucoOura MeETajlsl CUPTUHU
OyTyHsail Kormjnamu MyMKuH. FOKopuaaru xynocaiapiaH MabiyM OYiauIIMuya,
ymidy HMHTCUOMTOpJAp KUCIOTAIM MYXUT KOPpO3MSACHAA METaul CHUPTHAA
WHTUOWpIIall xoccajJapuHu acociaad o6epau.

HMucceprauusinuar  «Ilyaar  koppo3usicuaa HMNLUIA0  YMKAPUWJITaH
UHTHOUTOPJAPHU MO/ CHCTeMAaJIap/ia caMapaJopJIUIrMH 3JIeKTPOKMMEBUM
Ba TIpPaBUMETPHUK YCY/JUIapAa MHIMOMPJIAll MEXaHM3MHUHHM  YpraHuul
TAAKUKOTH» 10 HOMJIAHTaH YYHHYM OOOMHHUHI MKKMHYM KHUCMHJIAa MeTajuiap
KOppO3UsiCHAa MHTHOUpIAIl MEXaHU3MH HaTKajapu KelTupuwirad. Anabuériap
mapxJjapyuaH MabIyMKH, THOMOYEBMHA Ba MOYEBHMHA KUCIIOTAIM XaMJla HEUTpal
MyXUTJIapAa HMHTHOpIANl camMapaJopiurd Kydcu3. YJIapHM Kaluid Hox Owiiax
KYJUIAaHWIMIIKAA XUMOsUIAIl Japa)kacu KHUciIoTanu Myxuriaapaa 60%, HedTpai
myxutna 72% ra TEHr, Xapopar OpTUIIM OwinaH ymly OupHUKMaTapHUHT
XUMOSUIAIl XYCYCUSTIApU KECKHH €EMOHJamrad. Acocuid 3bTUOOpAM canlOuid
XyCyCusiTH, YOy HHruOUTOpjap KYJUIAHWITaHAa METaUIapHUHT  cudatu
E€MOHJIAIUTAaHJINTH  Ky3aTWJITaH. AnaOuérnap  mapxjapujaH  OJMHIaH
MabJIyMOTJIapHU COJIMIITHUPraH X071/ (THOMOYEBUHA, MOYEBHHA,
reKcaMeTWJIEHANAMHUH XaMm/a MeJaMHH) IPaBUMETPUK yCyJla HEHUTpaldl MyXUTHAa
TEKIIUPUIIN XaM/1a HaTHKajlapy 2->KaBajijia KeITUPUIIIH.

2-KaIBajl
[T¥nar 3 Hamynanapuaa uHruOuTOpIap camapanopauruauard-2 pH=6,4
Myxutaa xapopar 25°C 1a Koppo3usaaH XUMOSIJIAIIA TaAbCUP KM

JTABOMUIIINTU

Nurudurop Cunr, 360 coar 720 coar

MT/JT K, r/(m%cyT) Z,% K, r/(mM%cyT) Z,%
don 20 34,50 - 56,67 -

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

bormmanruu Mopmamap uHruOutopmap cudatuaa Kymutanunuo, 15 Ba 30
KYHJIMK TEKIIMPYB HaTwxkacuaa xapopar 25°C na HeWTpan MyXHTiapAa yHYaIuK
IOKOpY OyJMaraH XMMOsJIall Japa)kacura sra Xxamja Oy HaTwkajgap Ky3aTHIraH
anabuérnap mabiiymoTiiapu Owinan moc kenaau. Ly mabiaymoTiapHu xucoOra
OJIraH XOJAa aJlyKTiap Ba oJMromMepiap cuure3 KuiauHrad. Kopposus sxapaénuna
KaToJl Ba aHOJA >kapaCHiapuaard NOTEHIUAIap JOUMHUN OynMmaiinau, OyHIa
KyTOJaHuI coaup OYnuO, moTeHuamuiap Oup Oupura HUCOATTaH CHIDKUIIN
Ky3aTWJaJgu, aHOJ Ba KaTojja 3ca KOpOo3usi TOKM Kamasau. 2-pacmiapna (a,0)
IyJIaT 3JIEKTPOJAUHUHT TYPJIU XapopaTiapAaru 3JeKTpoJ kKapacHiaap KHHETHKACH,
IIYHUHTJIEK, OJIUIOMEP HWHTHUOUTOpJap HIITHUPOKUAATH KOPPO3Hs Kapa€Hu
HaTKajmapu kentupwirad. KypunHu® TypuOAMKH, KOPPO3USHUHI CTallMOHAp
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noteHUUanu Ec HUHT KuliMaTd (OH SpUTMAJArd HOpMall KyMyIl XJIOPHIJIA
anekTpoara HucOaran noumuit Ba 50°C xapoparna-0,780 B Hu Tamkun Kuiiajau.
VYura HWKM-4 xymunranga kopposus noreHuuanu kuitmatu -0,620 B raua
opTaau Ba KytOnaHuil srpwiapuauHr 160 MB ra cumxuim ky3atunagu. OMMKM-9
MHTUOMTOPUHUHT KYIIMIWMIIM HaTwxkacuaa 260 mB ra mycbar tomoHra kapal
CWDKHUIIUTIAP Ky3aTuiaaau, Oy 3ca aHOJ PEaKIUSICUHUHT CEKUHJIAIUIINIAH J1aJ0JaT
Ooepamu. bynmaii sddexkT Metam cupTHIA TEeKcaMeTWIeHAnamMuH ¢ocdar,
JTUMETUIONMOYEBMHA Ba JHUMETUIIONIMENaMuH (ocdariau oiauromepriap OuiiaH
IONKA aJCOopOIMsIaHTaH  KaBaTiap XOCWJ KWJIWIIM Ba MYJIAaT CHPTUHU
KOPpO3WSJIAaHMILJIAaH ~ CaKJalM Xamja Kamautupuimim MyMKuH. Kopposus
MOTCHIIMAIMHUHAT Y3rapuiid OwiaH OWp BaKTHUHT V3uJla KOPPO3US TOKUHHUHT
KaMaluimm Xam Ky3aTwiaad, Oy 5ca MHTHOWpPIAIIHUHT apajail MeXaHU3MJa
Oopaérrannurunu kypcaraau. Ctauuronap noteHuuanHuur (Ec;.) Ba koppo3ust Toku

(i.), topmosmam kod(pduuentunuar (y), xumosyam papaxacu (Z) Typiu
Xapopariapaard XucoOnaml HaTWXKaJlapyd acocujia 3-kKaaBaija KeJITHPHUTaH.

Omnuromep UHTHOUTOPIIApHU ONKM-8 Ba  OHUKM-9 YpraHwIran
KOHIICHTpaIusIapu1a XuMosant gapaxacu 99,56 nan 99,64% ra tear C=20 mr/n

xamaa C=30 mr/m Mukaopiapaa xumosuiam gapaxkacu 99,61 nan 99,76% .
-E

0:2
0.4
0.8 |

02

1.0 F

2-pacwm. [1ynar snexTpoauHuHr KyToaanu srpuwiapu ¢hou sputmacu O-1 (1),
20 Ba 30 mr/n onuromep nuruOutopaap kymmiarangaru UKM-4 (2); OMKM-
5 (3); OUKM-6 (4); OUKM-8 (5); OUKM-9 (6) xapopat 25°C (a) Ba 50°C (0).
OpTHOOpPra OJUII MyMKHHKH, TAAKUKOTIAP JaBOMHUAA XapOPATHUHT OPTHUIIH
KOppO3Usl TE3IUTHHUHT OPTHUINUTa, OyHUHT HATIXKACHAAa METAUIAPHUHT CUPTHU
aKTUBJIAIIMO KOJIaaM, JeraH XyjgocaHu Oepmaiau. KynruHa xoimapaa OKOpU
KOppO3Usl TE3JMUTU MAacCUB XoJaTiapAa Ky3aTwiagu. Koppos3us TaakukoTiapuia
nynaT CUPTUIATH Y3rapuiluiap Ba MacCUBATOPIAPHUHT caMapagopiIurd KOPpO3us
TE3JIMTUHUHT TACCUB XoJIaTura yTuiu OuiaH OofnukK. HamyHamapHUHT cUpTH Ba
XOJIaTH YIAPHUHT 3JEKTPO]I MOTEHIMAIIAPH Y3TapuIINTra acoCIaHraH.
Texmmpuiiran 6upukmanapad Oup MyHUa XUMOSUIAIll caMapacy nact Oyirax
uaruourop OUKM-7 xucobmanu6b, xapopar 80°C nma (P-1) sputmana 87,23 Ba
89,47% ra Tenr, Oy xam Oyinca, 20 Ba 30 Mr/1 KOHIEHTpaIMsUIapa aHUKJIaHTaH.
Onuromep unruoburop OUKM-7 tapkubuna Gocdop Wyk, JTeKUH XapopaT OPTUIITH
OunaH MHrUOpIaIl X0ccacu, camapacu opTud 6opaan Xxamaa MeTal Ba HHTUOUTOP
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opacuaara xemocop6mus xucobura kyuasau. Omuromep maruOutopu OUKM-7
MHTUOMPIIAII X0CCACH YIAPHUHT CTPYKTYpa TY3WIUIIN OMiIaH OOFIIHK.
3-xaaBai

NHrubuTOpIapHUHT TYPIIM KOHIICHTpaUsIapAaru TabCUPH XUMOSIIAII
napaxanapuauHr y3rapumu (T=80°C), ®-1 dou spurmanapaa (pH=5,3)
AIEKTPOKUMEBUM HATHXKaJIapH

Wuruburopnap | Cuur, Mr/n | -Ecr, B I ¢, MA/cM? Y Z,%
®-1 0 0,820 607,53 — —
VIKM-1 0,740 75,76 8,02 87,53
IKM-2 0,730 61,12 9,94 89,94
VIKM-3 0,730 63,91 9,51 89,48
KM-4 0,610 26,00 2336 | 95,72
OUKM-5 20 0,570 17,38 3497 | 97,14
OUKM-6 0,580 13,24 4587 | 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
VKM-1 0,750 38,21 1590 | 93,71
KM-2 0,730 30,62 19,84 | 94,96
VKM-3 0,740 33,60 18,08 | 94,47
IKM-4 0,630 25,33 23,98 | 95,83
OUKM-5 0,560 15,07 40,32 | 97,52
OUKM-6 30 0,570 10,69 56,82 | 9824
OUKM-7 0,620 63,94 9,50 89,47
OUKM-8 0,530 2,37 256,41 | 99,61
ONKM-9 0,530 1,46 416,67 | 99,76
NALKO 20 0,530 52,44 7,73 87,06

OyHKIMOHAN TYPYXJaru JIEKTPOH 3UWIMKIApU peakuus Mapkasiapu 0yiuo,
a0bCcopOIMOH OOFIaHUIILIAP MYCTaXKaMJIUTUIa TabCUp KUJIAIu. XapopaT OPTUIIU
OwiaH OWPUKMAHUHI XHUMOSUIAIl XOCCacu OPTHO, cakimaHuO Koaud, OyHIaH
UHTUOUTOP XEeMOCOPOLIMOH MeEXaHu3MJla TabCUp KWJIaAu Ba MyCTaxkKam
XUMOSIJIOBYH KaBaTIapHU XOCHIJ KUJIaau, €0 XyJioca KUITUIT MyMKHH.

Koppo3us sxapaéuumnu ypranuniga ymolOy TaaKuKOTIap OwiaH Oupraivkaa
XPOHOTIOTEHIIMOMETPHUK yCYJUIap XaM 00 O0pmianu. DJIEKTPO i MOTCHIIMAITMHUHAT
y3rapuiu Typau (GoH dpUTMaliapAa Xap Xuia nonnapHudr kymuiuimu PO;, CO u
NH; natmxacuaa BakT YTUIIM OWJIaH MYJIATHUHT MOTEHIUAIH O0HNO OOpHUIIHHU
kypcatau. (pacm.3 a, 0).

®oH spuTManapaa SACKTPOIHUHT MOTSHIIMAIUIAPU Y3TapuIi BaKT OPAIAFH 5
MuHyTAaH 30 MUHYT [1aBOMHJA arpeccuB MyXHUTJIap/a TEKIIUPUIIH.
Taaxukornapaan 25°C xapoparia S MUHYT JaBOMUJA HUHTHOUTOPIIAD UIITUPOKUIA
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YTKAa3WiIraH CHUHOBJIAP DJEKTPOJ NOTCHUMAJWHHUHI BaKIra JKyJda XaMm Ky4dCH3
OOFJIMKJIUTUHU KYpPCATAHU.

-EE

3-pacm. II¥nat 3neKTpOAMHUHT XPOHOMOTEHIIUOMETPUK ATPUIIApU

®-1 ¢don spurmanapnaaru (1) Ba uaruduropmap o6wian: UKM-4(2); OUKM-5

(3);OUKM-8 (4); OUKM-9 (5); T=25°C (a) Ba 50°C (0): TanKUKOT YTKA3MUIIl BaKTH
30 mun.; C=20 mr/m.

Mynaait kuamd, (3-pacm. a) OMKM-8 Ba OUKM-9 wuHrnbutopiaapHuHr
uHrubupnam xoccanapu okopu. MKM-4 kymunranaa, nynar CApTUHU Ky4CU3POK
baomtamrupau, OUKM-8 Ba OUKM-9 UHTUOUTOpIIApU EHIUJI
MacCUBJIAIITUPAIHN.

DIEKTPOJIAPHUHT KOPPO3Usl MOTEHUMANM ypraHujaérraH sputMmanapaa 30
MUHYT JaBOMHUJA y3rapMail KOJMIIM Ky3aTWUJraH, XPOHOMOTEHIIMOMETPUK
tagkukornap 0,5 coaT [naBoMuJa HMHTHOUTOpPJApD MWINTUPOKUAA YTKAa3WIraH
CHUHOBJIAP DJIEKTPOJ TMOTEHIMATUHUHT BakTra E=f(t) OOFNMMKIMIruHU KypcaTiau.
OHr sxmm uHruouTopauK xoccaiap OUKM-8 Ba OMUKM-9 Tapkubim Oupukmanap
ne6  rTomwiau.  XapopatHuHr — 50°C  y3rapuiimaa  arpeccuB  MYyXHTHAA
WHTUOUTOPJIAPHUHT KYIIMIIUIIA HATUXKACKUJA KOPPO3Hsl MOTEHUUATU OONUIaHFUY
xojlatna y3rapMail komaau (3-pacM. 0). TaakukoTiap HaTwXacuja caMmapaiu
unruoutopiap OVMUKM-8 Ba OMKM-9 xucobnanau xamua 30 MUHYT JaBOMH]IA
ANEKTPOJ MOTEHLIMAIIApU Y3rapMaranjiura mabiiym oynau. [1ynar koppo3susicuna
OJINTOMEP HMHTUOUTOPIAPHUHT TabCUPU Ba KOPPO3US TE3JIUTMHUHT Y3Trapuilu
KyTOJIAaHMIII KAPUIWIIMTY yCYJUIa aHUKIaHIH.

Mucon Tapukacuna 4-pacmaa kydcu3 kucioranu myxutaa (Pd-1), mymar
ANEKTPOJUHUHT KOPPO3Usl TE3NMUTMHU aHMKJAlla KyTOJAHWII KAPUIWJIUIY
ycynmuna  Typau  uarubutopnapauHr  MKM-2, HWKM-3 Ba  onuromep
uaruouropiaapauar OMKM-8, OMUKM-9 tabcupu ypranuiras.

4-pacMaaH KYpUHUO TypUOINKH, MTYIAT SJIEKTPOAUHUHT KOPPO3HUs T€3NUTUHU
aHuKianaa, (GoH dpuUTMaIapaa  MOJEKYJIsIp Maccach KHYHMK  OynraH
WHTUOWTOPJIADHUHT ~ KYNIWIHMINA HATWKAcHIa KyTOJAHWUII  KApUIWINTUHUHT
OpPTHUILIA Ky3aTWUJIaJ{, CUCTeMara OJUroMep HHTHMOUTOpJIapHU KylraHja, siHaja
KapIIWIMKIIADHUHT OPTUINM Ky3aTwiaaud. byHIan HaTvxkamap 3J€KTPOKMMEBUHU
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)KapaCHIIApHUHT CEKUHJIAMUINNTA, y €KU Oy MHTHOWTOPIApHUHT CcaMapaiopiiuru
XaKuaa MabIyMOT Oepajiu.
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4-pacwm. [1ynar sanekrponunu ¢pon spurmanapa (1) Kyroranuin
Kapurmukiapu 20 Mr/a KOHIEHTpaLMsIAa UHTHOUTOpAap KUPUTUIITaHAaru
Hatwkanapu: UKM-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-pacwm a, 6; 1-arpu) TagKukoT BakTuaa 25°C
xapopataa Kyronanum Kaprmmura 120 Ba 302 Om/cm? ra tenr. don spuTManapaa
omuromep wuHruoOuropaap OUWKM-8 kymumnumm Ounan  25°C  xapopatna
KyTOnanui Kapmuiankiaapu R=367 Om/cm? Ba R=493 Om/cm? TeHr GyiraH.

Jlemak, TabKuUIalll MYMKWHKH, IYJIAT JJIEKTPOIUM CHUPTHUIA aJCOPOIMOH
KaBaTjap XOCHJI OYNIWINH, S’bHU TapkuOu a3oT- Ba (ochop TyTraHn KOMILIEKC
TY3WIUIUIA OMpUKMaiapra aujJaHUIIM Xamja TEeTUIUI UHTuoOuTopiap cudaruma
KOppOo3wusl Jkapa€Huja YPraHWINIY HaTKacuaa Oup MyHYa IOKOPU camapaaopiiu
KUXATJIAPUHU OJIIUHAAH aHUKIa0 Oepaau.

Cunepretuk >(dekT alipuM OpraHuK OUPUKMATAPHU MaxCyJOTIAPUHUHT
Xocusl Oynuiy €KkM napyajaHUIIUMHU O0fyad TyulyHTUpaau, Oy 3ca, yJIapHHUHT
OWpyu OpraHWK KaTHOH Ba OOIIKACHM AaHWOH DJKAHJIIMUTUHU Kypcaragu. Yoy
s PexTHUHT ad3aTIMK TOMOHH, MOJICKYyJaja OuTTa €KM HKKHTa (PYyHKIIMOHAI
rypyxJjap rerepoaroMu OujiaH OOFJIMKIWIU Xamja 3apsjjiapu Oeilrucu, yirdamu
Oowran ¢dapk Kwiaau. byHmail Xonatna OuUTTa TypyX KaTWOH, OOIIKAcHM aHHUOH
cubatuga Kapanuimu MyMKHH. Mucon Tapukacuga OyHnmaii WHTHOUTOpIIAp
cubaruna Kyunnaru Qynkiuonan rypyxiap —NH> Ba —OH; —-NH; Ba —H,POs; —
NH; Ba —COOH kentupumimmMu3 MyMKUH. bByHzaail uoHnapHu MeTtaiapaa
aJICOPOIMSUTAHUINY yJIAPHUHT OMp KHUCMH OuTTa (MacajaH aMHHO-), OOIIKa KUCMHU
(MacanmaH, OKCH TypyxJiap) Xucobwra Kyszatuinaau. by sca HHTHOUTOpIapHHHT
UTAPWINI KydJapu XHCOOWUTa OMpPMyHYA MyCTaxKaM KaBatjap XOCHJI KUJIHMIIINTA
onmu0 kenamu. Illynmait Mexanuszm OYiiMya WHTHOUTOP JAUMETUIIOIMOYEBHHA
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docharu Tabcup KuIaAHM, OKOPH CaMapagopIurd WIKAMOJIEKYJSIp CHHEPIH3M
OunaH TyHIyHTHPUJIAIH.

HumerunonmoueBuHa Qocdatu MeTamn  cUpPTHAA AHMOH  TUOUAArd
uHruouropiap cudaruna Tabcup Kuiaaau. byHnaHn tamkapu, aHoA kapaéHiapura
TabCUp KWUIMO, XMMOSJIOBUM KaBaTJIapHU XOCWJI KuinbO, OyHaa MeTtai OuliaH
KUMMH 3pyBuYaH OMpHKManapra aijlaHaayd Ba HaTHXKaJa XUMOSJIAII XYCYCHSTH
opranu. JlumerunonmoueBuHa docdatu agacopOusiiannd, TeMUp MOHIApH OUJIaH
CUPT/Ia KPAHJIOBYU KaTJIaMJIAPHU XOCHJ KUJIa/IH:

HN CH2 N CHQOH HN CHzOH
H2N CHZOH H2N CH2 HN CHzOH

\
PO
/o

Koppo3ust xapa€HMHM TpaBUMETPUK YyCyJJard TAaAKUKOTH (4->KajaBai)
craimonap mmapoutiapaa S50°C ma WUKM-3  uarubutopuman 20  wmr/n
KOHLEHTpauusaga KYIIWIraHaa KOppO3Wsl TE3JIUTMHUHI KaMalMIlW, Ky4CH3
umkopuid myxutiapaa (@-3) 15,63 mapra Ba xumosinam aapaxacu 93,60% ra Tenr
Oymumm Ky3atunau. Oputmara OMMKM-9 xynmummum Ounad myjaaT KOppo3HsCH
te3nuru 107,53 maprara kamauimm xamja xumosiam gapasxkacu 99,07% ra tenr
oynaau. TankukotTnap Hatuxacu wwyHH kypcaraguku OHNKM-8 Ba OUWKM-9
camapajii  MHruOuUTOpjap XucoOJaHaAW, KOPpPO3Us TE3JIUTMHU  arpeccuB
myxutinapaa @-2 npa Ilynatr 3 HamyHacunu 98-99% ra xuMosannu.
NHruburopiapHu KyJjamnaa, 0OKOpH XUMOSUIAI JIapa)kacura dpUIIUIIIA ONTUMA
koHneHTparus 20 mr/n ne6, tonunau (4-xanan). docop TyTraH opraHuK Ba
OJIUTOMEp OMpPHKMAJApHUHT axaMHUSATH METaul CHpPTUJA IONKa KarjaM XOCHJI
KWIMITK OWiaH TymyHTHpuiaaau. MHruOuropnap camapagopiurd xapopaTr Ba
tapkubra kyuwin Oornmuk Oymu06, OUMKM-7 xumosimam napaxkacu 50 Ba 80°C
xapoparnapaa 90,06 Ba 92,36% ra Tenr. Meramn OunaH aacopOIMOH
TabCUPJIAIIYB HATH)KACHUJA, YHUHI XUMOSUIAIl XOCcajapu FOKOPU Xapopariapiaa
sHaJa KyWwIMpOK HamMo&H Oynanu Ba OyHZa XeMOCOPOLMOH MeXaHU3MIa TabCUD
KWIMO Oup MyHYa MycTaxkKaMm KaBaTjlap XOCWJI Kuiaaau. Modekynanap
XeMOCOPOLMSUTAHUILIMHUHT XUCOOUra CHHEPru3M 3(P(HEKTUHU KOBAJICHT OOFIAHMIL
OwlaH TyWyHTHpUII MyMKUH. KaThoH Ba aHuOHJIAp aacopOUMsIIAHUIIN
HaTWXKAacuJa BJIEKTPOCTATHK Kywlap TabCUpUAA YJIAPHUHI TOPTULIMIIM XOCHII
KWITaH KaBaTJIapHU MYCTaXKaMJIUTUHU OomUpuo Oepaau.
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4-aBal

Typau “HTHOUTOPIAPHUHT TPABUMETPHK YCYJIard HaTHXKalapy mynar 3
HaMyHacHHUHT xumosutan gapaxkanapy (Cuur =20 Mr/1) KOHLIEHTpauusaa Gox
sputrma 3% NaCl + 5% Na,CO3 (pH=8,6) na Ba Typau xapopariapaa

360 coar 720 coar
Nuruburopna Xapopar, °C K, K,

P PP r/(M’cyT) i Z, % r/(M?cyT) i Z, %
®doH 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
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
OUNKM-5 50 4,24 31,06 | 96,78 3,09 33,33 | 97,00
OHKM-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
OHKM-8 5,01 26,32 | 96,20 2,44 42,19 | 97,63
ONKM-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
®doH 272,43 - - 243,72 - -
NKM-1 14,98 18,18 | 94,50 13,31 18,32 | 94,54
NKM-2 38,11 7,15 | 86,01 39,92 6,11 83,62
NKM-3 29,50 9,23 | 89,17 44,65 5,46 | 81,68
HNKM-4 12,91 21,10 | 95,26 9,75 25,00 | 96,00
OUNKM-5 80 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
OUNKM-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
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

HucceprauustHuHar «MeTtana CHMpPTHAAa MHIHOMTOPJIAPHMHI aCOPOLMOH
KOOMJMSATHHN YpraHumn 1e0 HOMJIAHTaH YYMHYM OOOHMHT YYMHYU KUCMHUJA
IEKTPOKUMEBUN  KOPpO3Msl HATHXKACHAa MOJIEKYJSIp Maccacu KHYMK Ba
OJIMTOMEPIIN MHTMOUTOpPIIAp KYJUIAaHWITaHJa METaul CUPTH OUJIaH TabCUPJIALLINIIN
Xucobura aacopOupiiaHTaH KaBarjap CHPTH MaH(UH, WYKHM KUCMHU MycOar
3apsSAJIAaHUIIA XYCyCHla MabiIyMoTnap Oepuiran. AncopOupiaHran OupukManap
cupT Oupnurura CyroK @a3zagard Xapopar, MyXUT XamJla KOHILIEHTpauusara
oornmuknuru anukjaanrad. llynnan xenn® 4yukuO, agcopOupiiaHraH OpraHuk Ba
HOOPraHUK MHTHOUTOpIIAp KYJUIAHWITaHa, aaabu€T MabayMOTiIapyu OWIaH TYIUK
MOC Kenauo, ynap OupuHuM OYynuO aHOM Kapa€HIapuIaru peakuusuiapra TabCHP
Kuinaau. by MabiymoTiap 3JIEKTPOKMMEBHHM Kapa€Hjapja TyJia KOIUIAHUII
JapaxanapuHu — xucoOnamga — Ky/ulanunaad.  OnuroMepiv — MHTHOMTOpIIAp
KYJJIaHWIMIINIA KOHLIEHTpaLuusara caMapainy OOFiIuK OYino, spurMaza myJaTHUHT
1032 COXacuJa IOKOpH Japakajard KOIUIAHUIL, aJCOPOLUSHUHT TabCUPH,
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TYLIyHapJY Tap3/a ajcopOuus U30TEpMacKia MOHO KaBaTJIApHUHT XOCHJI OYIHILIN
OWJIaH KENTUPUJITaH.

S5-pacmnapnan  (a, ©0) kypuHu®O TypuOauku, wuHruOuropaap 20 wmr/a
KOHLEHTpauusiiap/ia KyJUIaHWIraHaa, TYyJa KOIUIAaHWII Japaxacu Typiau (oH
spurMasiapaa 6 HHUHr KuiimMatu Oup MyH4Ya OpTMO OoOpraH, KEeWHH OJIMHTaH
HaTIKajJapJaH 3ca KOHLEHTpALUs OPTUIIM TYJa KOIUIAHWLI Jlapa)kacura TabCUp
KHUJIMaras.

N3otepma KYPUHUIIN oyitnua a7IcCOpOLIUSIHU KaHJ1an
OYNUIIM,MHTUOUTOPJIApHU  aJCOPOLMSUIAHUII  XapaKTEepUCTUKAapy  XakKuja
dukpiam MyMkuH. Ym3manapHuUHT Tekuciaanumu Oyinda 0=f(Cuwr) TErumum
GyHKIIMOHAN TypyXJap Xucoowra OWpHHUM KOHIIEHTPAllMOH coxaja OoIKa
KYyIIUMYanap KUPUTWITaHAa, OJIMIOMEp HHTUOMTOpJAp aacopOuuscu U30TepMa

KypuHHIIAa &3unaan, Oy aca Oup Xui agcopdat cupTra Moc Kena/u.

5] ]
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S-pacwm. [IynaT cuptunaru y3rapunuiapHu Typiaud HHTHOUTOpIIAp
KOHIIEHTPAIUSICH Ba TYJa KOIIaHUII napaxacura oornukauru: 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 (6); T=80°C.

OnuHran MabJiyMOTJIapJaH MeETalyl CUPTUHHUHT HMHTHOWTOp OujlaH Tyja
KOIUIaHUII JapakacH, afcopOnusi MyBO3aHAT KOHCTAHTACU aHUKJIAHTaH, KallCUKH,
azcopOupianral OupuKMaIap xoccajaapu TaCHU(pU MabIyMOTIap ojuiira épaam
Oepanau. S-xanBangad KypuHuoO Typubanku, OMKM-7 uHruOuropu KUpUTHUIraHaa
cupTHU TYyna Korutanuin aapaxkacu 0,90 man 0,92 ra optu® Oopanu; amcopOIus
MyBo3aHaT koHcTtaHTacu 0,45 nan 0,58 ra y3rapu6d Oopran. AMUHO TYypyX TYTraH
OupuKManap ajcopOLMsICH HATHXKACHIa UTAPWIKII KydJapy XucoOura MyBo3aHaT
KOHCTAHTACHHUHT KaMaWWIIMHU KYpUITUMU3 MyMKHH, Oy HaTKajiap a3oT Ba
dochop TyTrran OupuKMaiapra KaparaHja SKKOJ Ky3ra TtamnuiaHaiau. byHmoax
KyTUIII MYMKHHKH, 5JIEKTPOHOJOHOP MOJICKYJAJAPHUHT KUYUK HWOHJIAHHMIII
MOTEHIIUAJIM, KapamMa-Kapily 3apsajiapy, a30T aTOMUHUHT Mapka3u Ba OMp MyHUa
MycOaT 3apsjid BOJIOPOJI ATOMHUHHUHI MPOTOHJAHTaH XOJaTh METaJl CUPTHU
OunaH,KOOpAMHAIIMOH EKU BOAOPOA OOfiapu XucoOura HSHT SXIIA HHTUOUTOP
XUCOOIaHaIN.
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S-KazBai
Typau uarudutopnapHuHr (Cuur =20 Mr/n) ®-3 ¢on sputmanapaa tyua
KOTUTAaHUIII JTapa’kacu Ba aJIcCOPOIIMOH MyBO3aHAT KOHCTAHTACH HAaTHXKaJlapH

Nuruburop Xapopar, °C K O B
NKM-1 3,92 0,96 1,20
NKM-2 11,10 0,89 0,40
NKM-3 6,60 0,94 0,78
NKM-4 50 4,14 0,96 1,20
OUKM-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
ONKM-9 0,96 0,99 4,95

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

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

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

NKM-4 9,75 0,96 1,20
OUKM-5 4,27 0,98 2,45
OUKM-6 80 6,17 0,97 1,62
OUKM-7 18,62 0,92 0,58
OUKM-8 2,27 0,99 4,95
ONKM-9 1,39 0,99 4,95

['paBuUMeTpUK TaaKUKOTIApAaH, (3kajaBai 4), myJaaT 3JIeKTPOAUHUHTKOPPO3Us
tesnmuru (K) azot, dochop tyrran marudutopnap 20 mMr/i KOHUEHTpauusiapaa
KUPUTWIITaH/Ia OWp MyHYa MAacT HaTWXanapra dsra OYITaHIUTUHU KYPHUIIUMH3
myMmkuH. Dochop TyTran onuromep MHrHOMTOPIAPHUHT CHPTHU TYJia KOTUTAHMIII
Japakacu, MOHOMOJIEKYJISIp KaBaTiiap XOCWUJ Oynumu Oup MyHYa IOKOpH, Oy
HaTWXKalap ajcopOIus MyBO3aHaT KOHcCTaHTacura moc kemaau (B), Oy sca
MHTUOUTOPIAPHUHT CTPYKTypacura Kapad OoIlKa OJMHTaH KOHIEHTpauusiapaa 3-
5 wMaprara KuiiMaTIapHu oOpTUIIHMra onud kenaau. OnMromepiiapHud HOKOPH
XUMOSUIAIl XOCCACH CUPTJA KUHUH 3pyBUaH OMpPUKMallap XOCHJ KWIMILHU, SbHU
bTHOOPIIM OOCKHYM METAJLJI CUPTUAA KATTa XaXXMJIU OJIMTOMEDP MOJIEKYJIaTapHUHT
aacopOuMsUIaHuIIUanp. By HaTwXanap OJMMHIaH MHTUOUTOpPIIAPIAPHUHT siHA Oup
Oop IOKOpuAa KypcaTWiraH XuMOsJIall —MeXaHu3Mmaa Oopuiura Jajiui
XUCOOJIaHaIN.

OpTHOOp Oepulll Kepak, YTKa3WwiIraH TaJKUKOTJIAp TaHJaHTaH coxaitap/a
Oapua uxTUEpU MapaMmeTpiapaa ypranuwiaranga ojuromep uHruoutop OMKM-8
HUHT XUMOsUIall XOccacu OHp MyHYa IOKOpU. OHEprusi akKkTHUBALUACU
AJIEKTPOJUTIAPHUHT CUPTH DKPAHJIOBYM Japaxanapura Oornuk Oymmb, Oy oca
WHTUOUTOpJIAp XUMOSJIAIl TabCHUP MEXaHW3MH Ba KOPPO3UsS JKapaéHWHU
KUHETUKACH XaKuJa aHuK MabayMoT Oepanu. OnuHraH HaTWKajgap IIyHU
KypcaTauky, 0y OMpUKMaTapHUHT aICOPOIUSICH PEAKIUs Te3IHK KOHCTAaHTACHHU
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Ba Yy OpKaJdW CHUPT 3apsanapuau y3raptupagu. Docdop TyTran oamromep
OWpuvKMamap CHUPTHHHT TYyJa KOIUIAHWIN Japaxxacu Qapkiapu KHHETHK
XapaKTepUCTUKA MAabIyMOTIApUAaH TYFpH yIdamap opKajlu XucobJaHTaH Ba Oy
aacopOuus xapaéHu OwiaH OofnuK. bByHaan Tamikapu, KUpPUTHIAETTaH
OJUTOMEPIIAPHUHT TOpMoO3Jam KodpduienTu y3rapumura HadakaT xapopaT Ba
KOHIICHTpAIUsl, 0K UHTHOUTOPJIAPHUHT TapKUOUTa XaM OOFIIHK.

HucceprauussHuHr « Typaun mMyxuTiaapaa KOppo3usi HHIHOUTOPJIAPUHUHT
aJcopOIMOH KAaBaT CTPYKTypacu» Je0 HOMJIaHraH TYPTUHYM Oo0u1a,
THOMOYEBMHA Ba MoYeBMHA (ocdarmapu acocuaard TYy3JIapHU OJIUTOMED
Oupukmanap OwiaH COJUINTUPWITAH TAIKUKOT HaTWKajlapu KEJITUPUITaH,
WHTUOMpIIAIT X0occaiapy, XUMosa 3QGEeKTUBINTA METaUl CUPTUIA aJCOPOIMOH
KaBaTJIapHU XOocwJl Oynumum Ownan kypcatunrad. Kam yrimepomnu  mynat
HamyHanapuau MKM-1 Ba UKM-2 wunruOuropnap OunaH cyBiM cucTemaiapia
XUMOSAJAIl KaBaTJapHU XOCWI KWinO, yJap MeTalul KaTUOHJIapH OuWiaH
KOMJIEKCIapra ainaHanu. WuruOuTopnap camapalopiurura TabCUp KUIYBUU
MyXUM OMWUTapAaH Oupu - Oy ynapaard MOJEKyJaJIapHUHT TapMOKJIaHTaH
KOH(DHUTYypalMsICHHU METAJII CHPTH OWJIaH WHTHOWMpJIaHTaH MaWJI0H KUCMUHU
aHUKJ1a0 Oepuruaup.

MetannapHu KOpPpO3UsIaH WHruOUTOpiap OWIaH XHUMOSJIAIl, acoCaH,
KUMEBUH aicopOI1vsi, OMPUKMATAPHUHT aJICOPOUPIAHTaAHIUTH, 3apsIapUHUHT
y3rapuiu Ba 6up (azaman Oomkacura yTuiy 6uiaad 60faad TyITyHTHPUITAH.

lyHuHr y4YyH acocaH WHTHOMTOPJIAPHUHT MOJICKYJSAp CTPYKTypacu
axamusTra sraaup. MK — crekTpockonuk ycynunaa a3ot, pocdop Ba OITUHTYTYPT
TyTTaH MOJIEKYJIP MAacCacu KMUMK Ba OJUTOMEP MHTHOUTOPIIAp YpraHWITaH.

VYrneBogopon Moisiekynajgapu TujapodoO xXoccallapHu  HaMOEH KWiIHO,
arpeccMB MYXUT TOMOH HWYHANTUPWIHO, METaI CUPTHIAH KOPPO3WOH aKTHB
3appavanapHd WUTapuO YMKapagu Xamjaa KymiuMYa SKPaHIATHPUO XUMOSHU
Kydaiitupaau. DocdaTiapHUHT TAbCUPUHU CHPTAA IONKa (ocdaT KaBaTiaap XOCHII
KAJTUIIA Ba METAUI HWOHJIAPUHH XUMOS KWJIUINKA OWiaH TYUIyHTHPUIIAIH.
Omnuromep ¢ocdarinap spuUMalduraH KOMIUIEKCIApPHA XOCWJI KWIWIIKA OuJiaH
OupMyH4ya camapagop xucoOmanangu. CyBra OpraHuKk Ba  OJUIOMEP
OMpPUKMATAPHUHT KYIIMJIUIIN METAJUIapHU KOPPO3UsAaH cakjiald, OpTHUKYa TY3
XOCUJT KWIUIIHUHT OJITMHU oJjiaau. MIHruOupnam XycycusiTd ailpum MeTtaiapa
dbyukuonan rypyxjaap -NH», =NH, CN, N=0O Ttytran Oupukmanapja Ky4JIupoK
SKaHIUTH  TaxmMuH KwinHaau. HWuruburop UKM-1tuomoueBunadochdaru
ajcopOnmsICcua aMHHO TYpPyXJaru a30THUHT OYIMHMAaraH 3JEKTPOHHM XucoOura
Oymumm MymkuH. MWuaruOpmam sxkapaéHupga TUOKapOaMu MOJEKYJIacHIaru
TUKJIAaHMaralH MOJIeKyJiajap HWIITUPOK OTajau, SIbHU ONTHHTYTYPT Ba TEMHD
aToMmJapu opacuna OOFJIaHUII XucoOura aacopOLMSUIaHWII fo3ara Kejaju.
Mynnait kunmuO, ymoly KOppO3usi MHTHOUTOPIAPUHUHT CaMapaJopiurd HMKKA
ancopOIMOH-aKTUB MapKa3JapHUHT Ba aJcOpPOLNS MaXCyIOTIIApUHUHT aXKPaTHUILIN
owran Oornmuk. UK cnekrpiap Hatwkanapu IIYHU KYpcaTMOKIAKd, CTPYKTypa
OupuKManapaaru ajuKuwil paauKal Y3YHJIUTH YHUHT MHTHOMpPIAII XyCYCUSATIapUHU
OIIMPUIIITA caMapalid TabCUP KWJIAETTaHUHU KypcatuOd TypuOau Ba cyrok (aszana
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XUMOSI KaTJIaMJIapHU XOCWJ Oynwmm ajcopOrust XucoOura OupUKMaapHUHT
APYBUAHJIMTUHU KaMaUTUPUIIM aCOCUI axaMusT KacO 3Taju.

AlimanMa CyB CHCTeMaJapuja KOpPpO3WsAIaH XHUMOSJIAIIAA OJIUTOMED
WHTHOMTOPIIAPHUKYJUTAIl MYMKHH, yjap Typiad KPHUCTALI IUICHKAJApHU XOCHII
KWIKO, ipacMOH Koppo3usijian cakiaiau. bynna pH kuiimatunu 6,5-7 opanuruia
€KM YHJIaH TacTpoKaa yuuiad Typuil JIo3uM. AMlaHMa CyB cHUCTeMalapuja
Ty3IIApHUHT MUKIOpH OpTU6 KeTuiu Qakar arpeccus anuornap smac CIO7, SO4%,
Oaky KaJlMii, MarHuil HOHJapu OYNraHAa XaMm arpeccuB MyXHUTJIapja MeTall
CUpPTHJIa XHUMOS KaBaTJapUHU XOCHJI KWIMIIMHM OJIMHTAH MabllyMOTJIap
ucOoTIanIu.

Nkku KOMIIOHEHTJIH ~ MHTHOUTOpIIAp OUKM-7+KH,POs  rokopu
camapagopiuruan —NH> Ba —OH, —NH; Ba —H>PO3;, —-NH; Ba —COOH rypyxJap
Oynran Oupukmanapaa cuHeprusM 3pQexTn ounaH TyIIyHTUPUII MyMKUH. Kku
KOMITOHEHTJII WHTHOUTOPJIADHUHT FOKOPU CaMapajopiurd MeETaUIapHUu TypIid
MYXHTIIApAard 3pUIITN CONUINTUPUITAH HaTwxkamap kentupuiarad. [lyHuHT yayH
onmuromep Ooupukmanap numeruinonmenamuaan KHoPO40mman apanammacuau Ty3
XOCHJT KWITyBYHM HHTHOUTOP cudarnaa Kyuramumu3 MyMKuH. Kopposusiian Kapim
XUMOSUTAWITaH UKKU KOMITOHEHTJIM HHTHOUTOpJIap KaM dpyBYaH OMpPUKMaIapHU
XOCHUJT KHWJIMIIHM, KAMCHKH, KOPPO3UsS KOJAUFU TApKUOMIArd KOPPO3UOH (aoil
peareHTJIapHd ~ KaM  YTKa3yBUaHJIMK  Xoccajapu  OwiaH  KaBaTJIapHU
Kanuuiamumura onu6 kenaau. Keitmnaru >xkapaénpa ancopOumst Ky3aTWiIaiu,
docdhar KaBarmapHu VYCUO KETUIIMHWHT OJJIUHU OJub, ynap Oup MyHYa
MHTUYKaJIamn0, FOBAKIamMO KOJayu Ba XUMOsIJIAI Xoccaiapu opTuo 6opau.

6-xaaBai
[Iynar 3 namynanapura OMKM-7+KH>PO4 naruburopiapuaunr
camapagopiuruau(®P-1) ¢bon spurmanapna pH=>5,3; 25°C xapopataa tascup
KNI TaBPUHUHT JTaBOMUNITUTH

Cr, 360 coart 720 coat

mr/n | K, r/(m*cyT) Z, % K, r/(m%cyr) 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-kxanBangaH KypuHuO TypuOauku, aumeruioamenamuH KHoPOs Ounan
KYUCH3 KHUCJIOTald MyXHMTAa XuMosuiaml jgapaxacu 93,26 nan 99,54% raua TeHr
oynran. KonueHnrpauus opTuiy OWiaH MHTHOUTOp OMp MyHYa camapaiu O0yiud
Koiran. byHnmail xonatga MHrHOUTOp MoJIEKyJanapu ajacopOupliiaHaau, OYHHHT
HATHKAcUJa METAJI CHPTUIArH MOJEKylalap Opacuiard WTAPWIHI Kyw€iapu
KaMmaiuimm xucobura 6up MyHYa 3UYPOK KaBaTiIap XOCHI OYIuIIMra oiub Kemnasu.

Mysgat KwimO, MeTall CUPTUHUHT HMKKU KOMIIOHEHTJIM WHTHOWTOpPIIAp
OwslaH XUMOsUTAIIa CyBJIM dPUTMaJla XUMOs KaBatiap to3ara KenuO, yiap TeMup
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OWJIaH KOMIUIEKCIM OupUKManap XOcWil Kwiaad. VKKM  KOMIOHEHTIU
uHTUOUTOpMap 6 >xamBannan KypuHuO Typubauku, OUKM-7+KH.PO4 25°C
xapoparaa [Iynar 3 HamyHacu ydyH camapaiid Ba Xumosiai aapaxacu 99,54% ra
TEHT.

Nuruburop OUKM-7 TabCUpPUHUHT caMapaJopJiMrd Xapoparra KydJiu
ooriuk. Xapoparau 50 Ba 80°C rokopura omupunuiu Ba KHoPOs Ounan mkku
KOMITOHEHTJIM MHTUOUTOp cudaruia KyUIaHWIMIIHAA XUMOSUIAIl X0ccacu OpTHO
oopasu.

bup wmyHua camapanu apanammanap YypraHwiaraH Oynu0, YTKa3wiraH
TaIKUKOTIAPAaH WHTHOUTOPIAPHUHT OWPTAMKAa TabCUP KWIWIIN aHWKJIAHTaH.
Nkxkunun kommoHeHT KH>POs4 murnburopu spumaiinuran OupuKMaiap XOCHII
Kiwiaau, Oy OupHKManap KyuCH3 KHCJIOTalM Ba HEUTpan MyXHUTAa Oapomuiv
Xuco0IaHa M Ba TEKIIUPYBIAPHUHT TaBOMUIUINTH AaBpua OUp MyHUA XHUMOSJIAII
camapagopiaurn  opraau. HWkkunum komnoHeHt KHoPOs Hunr Oomika
MHTUOUTOpIApAAH aB3aJUIMK TOMOHU, YHMHT MAacT KOHLEHTpauusaapaa Ba Typid
arpeccMB MyXHUTJap/ia XUMOsJall Xoccalapu y3rapMac CakjiIaHUO KOJIMILK[A.
Onuromep Oupukmanap KH>POs OuwiaH MKKM KOMIOHEHTIM HWHIHOUTOpIIAP
cudaTtua TEKIIMPUITaH Ba HEUTpas, KyucH3 KHUCJIOTalIM, UIIKOPUN MyXuTiapia
caMapaJopJIury aHUKJIaHTaH.

HucceprauussHuHr « AHru0uTOpIap caMapaaopjMruHi MUILIa0 YMKapuIl
APOUTAA TAAKMK KWJINID 7e0 HomjiaHraH OemmHun OoOuma bekxobon
metamutyprus komOouHati, AX «HaBouiiazot», OO0 «DnekTp yCKyHa CO3JaIn
KOPXOHAJIApUJIaH CUHOB JIaJOJIATHOMAJIAPU OJUHraHiauru xamjaa «CyBOKOBa»
NYIIK Ba «®aprona HII3» nga wmmad yukapuiira KOpUA KWJIMHTAHIATH
kentupuirad. ONMHraH HaTWXKajlap COBUTHUII CHCTEMAajapH, ailllaHma cyBiapia
Typau Mertawiap (mynat 3, MHC, aJIOMHHMM Ba JIAaTyH) KOpPpO3UACHA
OupuKMaIapHu UHTHOUTOpP cudaTuia Kyaam KypcaTud YTuiraH.

AlinanaéTraHn MaxcyJoTAa KOpPpO3HOH-(Paod MOJAANapHUHT MAaBXKYJIUTH
WYKA KOppO3MSJaH XHMMOSJIAHMII MYyXMM MyaMMO DSKaHUHHM KypcaTaju.
Tammnaérran MaxcyJOTHM HWHTHOUTOpJIap OWJIaH KOPpO3Usira Kapuid HIIJIOB
Oepull Typjid Makcaaja HWIUIATWIAJUraH MyJaT MeTaldu KyBYpJIApHU HYKHU
KOPpPO3UsIIaH XUMOSsUIalllJla MyXUM BOCHTa XucoOsiaHaau. Jlucceprauus HIIUa
dbochop kucimoTack Ba onuroMmepiap acocuaa a3oT Ba ¢ochop TyTraH
uHruoutopiap xamjaa Oab3u (ocdop TyTran agAyKTJIAPHUHT XUMOSI TabCHUP
MEXaHU3MHU TEKIIUPWITaH HaTHXKalap KEJITUPUIITaH.

®ochop TyTraH oJuroMepiap METAUIAPHU KOPPO3US HHTUOUTOpPIIApH
cubatua TYpAM arpeccuB MyXHUTIapAa camapaid XUMOSHH TabMHHIIANIH.
Kyzarummap Hatmkacu dochop Ba a30T TyTraH aJayKTjiap Ba OJMUTOMEP Ty3Jap
KHUPUTUIIMAraH Xojarjapaa MyJaTHU MabiIyM KUCMJIapH eMUPUITaHUHU KYpCaTIH.
Oputmara HamyHa Tymupuiarasgad cyHr, 20-24 coatr yTul yHOa KOPPO3USHUHT
aipuM  JIOF  Mapkasnapu  ro3ara  kengu. CuHOB — BakTHOa — JOFIIAp
KaTTaJalmo,Koppo3usi MaxcysnoTu OuiaH KomnaHau. Onuromep HMHrHOMTOpPIIAP
UIITUPOKKJIA TYJIaT HAaMyHa ro3acujia 3ud Myxodasza KaBaTu XOCuJl OYiranu Kain
KWIAH]Y.
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7-)anBai
Nmab yukapuiiradH MHFTHOUTOPJIAPHUHT ITyJIaT 3 HaMyHalIapuaa HeHTpas
cucremanapaa xapopat 80°C maru xuMosiiall JapakKaJIApUHUHT Y3rapyiln

Huruéurop Cunr, MI/1 K, (r/m**cyr) y Z, %
®-2 (pH=6,4) i 0,5500 i i

HNKM-1 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
OUKM-5 10 0,1125 4,89 79,54
OHUKM-6 0,1037 5,31 81,15
OUKM-7 0,0877 6,27 84,06
OHKM-8 0,0275 20,00 95,00
OUKM-9 0,0254 21,65 95,38
NKM-1 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 20 0,0524 10,50 90,48
OHUKM-6 0,0541 10,16 90,16
OUKM-7 0,0686 8,02 87,53
OHUKM-8 0,0273 20,12 95,03
OUKM-9 0,0249 22,08 95,47

Texmmpunaérran  uwaruOutop MKM-1 20 wMr/nm  koHIEHTpanusaa
KUPUTWITAH/1a, YH O€lll KyHJIUK HAaTWXKAacH IIYHW KYpCaTIUKH, HEUTpaJl MyXHUTa
oKopy xumosutam japaxacu 94,07% ra, UKM-3 UHrUOMTOPUHUHT XHUMOSLIIAIL
napaxacu okopu 6yau6 94,05% ra tenr (7-xaaBan). ['paBUMETpUK TaIKUKOTIAp
Maxaimii  mapoutna OHWKM-7  spurmacuHu  KyIIMII — JaBOMHUJA  MYJaT
KOPPO3MSUTAHMIIl TE3JIMTMHUHT (oHra Hucbatan 6-8 Mapra KamailTupuoO,
xuMosiaHui gapaxacu 84,06% nan 87,53% rava y3rapranvuHu KypcaTau.

AlinanmMa CyBIApHUHT KUMEBUM TapkuOura OOFJIMK KATJIAMHU HI MakOyll
WHTUOUTOP TapKUOWHM XaMm/ia JJabopaTopHs MAPOUTHIA KATTUK TY3 XOCHII KHJIHIII
KapaCHUHU MOJICJUTAIITUPUO pPeareHTIAPHUHT XYCYCHUATUHHUHT CaMapajopiiuru
TaJKUK KUIUHIN.

VTKasuiraH TajgKUKOTIIAD HATH)KACH AacOCHJAa KOMILIEKC XOCHI KHIyBUH
peareHTiIap Ba OJUIOMEP KOMMO3ULMSUIAPUHUHT UIUIATWIMIIA ~ Makcajira
MYBO(DUKIUTY acoCiaHAu. AMaHil KUXAT/laH OJIMHTaH HaTWXajap aHuK Uiuiad
YUKAPUII [IAPOUTHJIA aillaHMa CYBJIAPHM KOMIUIEKC XMMOSI KWJIMII YYyH KaTjaMm
XOCWJI  KWIYBYM  MHTHOUTOp  KOMMO3WLMSUIADUHM  MIUIA0  YUKHIILIA
dbolnananunagu.
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«Niton XL 3t 900» wMapkamu YyCKyHacuaa pPEHTTEH(IyOpCIEHT
CHEKTPOMETPHUS YCYJIHIa OJIMHUO, 8-KajBayjla KeJITUPWITaH aHAIU3 HaTHKaJlapu
TypJid METaJNIApHUHT KUMEBMI TapkuOu Tanadra sxaBoO Gepaau.

8->xanBai
Typau metania TApKUOMHUHT KOPPO3USIIaH OJIIMHTY Ba KEMMHIU XOJaTH
unruourop OMKM-8 kymmnranaaru peHTreHo(IyOpUCIEHT CIEKTPOMETP
épaamMua OJIMHIaH HaTHXKAJIApU KEITUPUITaH

OnemeHT Tapkubu, Macc. %

C Si Mn | P Zn Ni Cu Fe Al
Iynar 3 0,20 | 0,15 | 050 | 0,04 - 0,20 020 | 98,60 | -
ITynar 3-+OUKM-8 0,75 | 0,15 | 047 | 045 - 0,20 021 | 9762 | -
AJIOMUHH - 6,8 | 0,12 - 0,04 0,01 2,30 | 028 | 90,14

Amomuauii+OUKM-8 | 0,73 | 6,06 | 0,04 | 058 | 0,19 | 0,012 2,23 | 1,07 | 88,92

Muc ] - 0,02 ] ] 0,03 | 99,51 | 0,08 -
Muc + OUKM-8 028 | - 0,02 | 0,18 - 0,03 99,24 | 0,06 -
Jlatyn - | 078 - - 37,01 - 61,62 - -
Jlaryn+OUKM-8 - ] 052 - 17,54 | 25,22 - 55,69 | 0,06 -

Tankukotnap nHatmwkamapu OUKM-8 omuromep MHrHOUTOPH HINTHPOKUIA
YCTKHA KarjaM ajcopOIusick Xucobura VypraHuna€TraH MeTaul TapKuOu
y3rapumuHan Kypcatau. Mertamn tapkubu ¢ocdop Ownan TyWnHAmU €KUM MHC,
AIIOMUHUI Ba JIATYH XOJaTHAA SHCUJAH ro3ara kenaau. MHrubutop aacopOuusicu
HAaTH>KaCH1a KOPPO3UsUIAaHUII Te31uru KeckuH 30-40 mapTara kamasau.

Mynaait  kunub, ¢ochop TyTraH OJMIOMEP HMHIHOUTOpPJIAp, KyUCH3
KHCIOTAJIA Ba HEWTpajn MyxuTiapjia [yJaT KOpPpO3HICH >Kapa€HUHHUHT
CEeKUHJIAIITUPUO, camapaopJIiuru IOKOpH DKaHUHHU KypcaTau. by
OJIMTOMEPJIAPHUHT (apKIM XYCYCHUSATH ONTHMaJl KOHIIEHTPALUMUSHUHI MacCTJIUTH,
ap30HJIMTH, YHUBEpCall Ba 3axapcu3iauru xucooOmanaau. docdar OupuxManapu
all;laHMa MCUTHII CHCTEMallapuaa MyJIaTHUHT XUMOSI KaTJaMUHU Ba KOPPO3UsIaH
XUMOSIIAI YYyH 3apyp OYIraH UIIKOPUI MYXUTHU CaKJIaniIu.

Nuruburopnap xycycusitiapu OO0 «3neKTp yCcKyHa co3Jall» KOpXOHacHaa
TEeKIMUPWIANA. TaIKUKOTIAp YTKA3UIuO, OJTMHTaH HATHXKAJAp TPABUMETPHUK YCyIiia
takkociannu, OUKM-6 Ba OHWKM-7 uHruburopmapu crandoHap IIapoOUTAA
KYIIWITaH/a MYJIaTHA KOPPO3UsTa yupall Te3JIUru KaMainu0, XUMOosIIall Japakacu
88,2 Ba 80,84% ra tyrpu kenau. 30 mr/n kounentparusgaru OMMKM-8 sa OUKM-
9 onvromep MHrHOMTOPIAPHUHT YH O€ll KyHJIUK TaakukoTiaapu 92,66 Ba 98,61%
ra TYFpy KeJlaJurad I0KOPU XUMOS XyCYCUSITUHA HAMOEH KHJIIH.
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9-)xanBain
Nuuna® ynkapuiran naruonropiapuudr Iynar 3 HamyHnacuna xapopar 25°C
Jarv XMMosUIalll Japakajapu

Nurudurop Cunr, MI/11 K, (r/M**cyT) Y Z,%
®on (D-2) - 1,43 - -
OUKM-6 0,16 11,8 88,2
OUKM-7 30 0,27 19,16 80,84
OHKM-8 0,10 7,34 92,66
OHKM-9 0,02 1,39 98,61

Kentupuiran TagkMKOT HATWXKaJIapW acoCHIa IIYHM AaWTUII MYMKHHKH,
Hucbaran camapanopiau uaruoutop OMKM-9 cyBnarm Koppo3uoH arpecCUBINKHU
KaMalThpaau Ba METAUIHU KOPPO3HMOH EMHUPWIMIIJIAH XUMOS Kuiaau. Yoy
MHTHOUTOpIIap YuyH MakOyJ KoHueHTpauus 30 Mr/a 1ed Tonuiau.

Jlaboparopusi TankukoTiapu «®Paprona HII3» Ba «CyBokoa» HMUYIIK na
ailllanMa CyB cucTeMaiapuia TEKIIHPWIIM Xamaa ¢ocdop TyTraH OJIMTOMEp
MHTUOUTOpIIap UILIa0 YMKApUILTra XKOPUN KUIMH]IU.

XYJIOCAJIAP

«Tapkubunga N, P, S Tyrran Oupukmanap acocujard OJMIOMEP KOPPO3Us
WHTUOUTOPIAPUHUHT CHHTE3M Ba (U3NK—KUMEBUI Xoccaiapw» MaB3yCcUIaru
JOKTOPJIUK JAHMccepTauusacu Oyinya oiaud OopwiraH TaJAKUKOTIAp HaTHXKacuaa
Kyluaaru xyJjocajiap TakJauM dTHIIU:

1. A3ot-, pocdop TyTran agaykriap, THOMOYEBHHA, MOYEBUHA, MEJIaMUH Ba
reKCaMeTUJICHAMaMUH aCOCH/Ia Ba OJIMTOMEp TUIUAArd MHTHOUTOPIap a30T TyTraH
opranuk Oupukmanap xamzaa ¢ochop KHUCIOTaCH acoCHlla CHHTE3 KHJIMHTaH.
bupukmanmapHUHT  MOJIEKYNAp-AMHAMUK Ba KBAHT-KUMEBHM  XyCyCHUSTIapU
aHUKJIAHUO, OMUTOMEp OMPHKMAaJapHUHT WHTHOMpIIAN MEXaHU3MUHHHT YMyMHUUI
KOHYHUSITIApU YPHATWIHIIN Y3UTa XOC FOKOPHU camapaaopiii WHTHOUTOPIApHUHT
WYHANTUPWIraH CHHTE3Ura KEHI UMKOHUSITIIAp 04n0 Oep/iu.

2. NumetunonmoueBuna ¢ocdatn (OUKM-8) onuromep dupukmanap Typiau
GyHKIIMOHAN TypyXJap MaBXYIJIUTH XUCOOMTa HMYKHA MOJIEKYJAp CHHEPTU3M
abdextn Ky3aTwiran xamjaa OyHAAW WHTUOUTOPJIAPHUHI METaUl CUPTHAA 3UY
KaBaTjap XOCWI KWIHIIK Ba HHTHOUpIIAIl caMapaCUHUHT OPTUIIUTA OJIMO KEJUIIN
KYpCaTHUJITaH.

3. KuHetuk Ba TEepMOJMHAMUK TAJIKUKOTIAP, KyHUMOJIEKYJSIp TypAard Ba
OJIUTOMEp  MHTrUOUTOpIap  AJACOPOLMOH  XycycusaTH OuiaH  ¢apkiaHuO,
KyWUMOJICKYJIIp HMHTHOUTOpIAp aACOpPOIIMOH KOHCTaHTaCH KUHUMaTHAaH TYpT
MapoTada KYIUIMTUHU, OJUTOMEpP HMHTUOUTOPJApPHHUHT aJCOPOIIMOH MYyBO3aHAT
KOHCTaHTaCH Ba 3JIEKTPOJI I03aCHHUHT TYJIHUIIN JapaKaCHHUHT I0KOPU KUHMATUHU
TaCAUKJIANIH.

4. Kamuit muruapodocdar acocwmard MKKH KOMIIOHEHTIM WHTHOWTOpPIIAP
CUCTEMATHK Tap3[a TaXJIWI KWIMHIA Ba WKKUHYM KOMIIOHCHTHHUHT KYIIVIIUAIIN
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UHTUOWpIAIl ~ TAabCUPUHUHT  OpTHIIMTra, Oy 95ca HMKKA  KOMIIOHEHTJIH
MHTUOUTOPIAPHU XUMOSJIAIl MeXaHu3Mu Gocdop TyTran OMpUKMaIapHU METasll
CUPTHA IOMKA KaTjiamjap XOCWJI KHIWIIM OWIaH TYIIyHTUPWITAaH Ba yiap
SPaCMOH KOPPO3UsAaH CaKJIaITHU TAabMUHIA0 OepHUIIN KYpCaTUITaH.

5. JlumMeTunonmMenaMiuH HHTHOUTOPUHU caMapacy arpecCUB MyXUTAa Xapopar
KyTapuiauiid OWilaH OpTHUILM, KEWHH MabiIyM Xapoparra eTrasja yHHHT
camapaJlOpJINTy Y3rapMaciiur aHUKJIaHTaH,0y 3ca UHTHOUTOpIIap XeMOCOPOLIMOH
MEXaHU3M/1a TabCUp KWIMO, XOCW OYIraH KaBaTjap MyCTaXKaMJIMIMHU OLIUPHO
Oepuira Xxu3mar KUiaiau.

6. lumeTniioIMo4eBHHA Ba TUMETUIIONIMENaMuH (ocdaTiiapu nyaaT cCUpTuaa
Typau pH myxuTaa OoliaHFUY MOJAAHUHT TapKUOU Ba CTPYKTypacujaaH OyTKyJl
bapk Kuiagurad XUMOosl KaBaTjap XOCWI KWIMIIM Xamaa JUMETUI0IMOUYEBHHA Ba
JUMeTHIIoNMeIaMuH Gocdatiapu aHHOH MHTUOMTOPH cudaTHaa TabCUpP KHIUO,
aHoJ1 JKapaCHIAPUHN CEKUHIIAIITHPHUINY aHUKIaH/IH.

7. KOkopu camapanopiu onuromep Oupukmanap OWMKM-8, ONUKM-9
BayJIapHUHT KoMmmo3unusiapu bekobony Merammypruss komOmHatuma, AX
«HaBowumiazor», OO0 «2nektp yckyHa co3znam» Ba «CyBokoBay MYIIK xamma
«®aprona HII3» na cuHoBaan yTkazuaub vILIiad YUKapUILTa >KOPUH STHIIIN.
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"HAY"{HI)II./JI COBET 14.07.2016.K.01.02 I1O ITPUCYKJAEHHUTO
YYEHOMU CTEIIEHU JOKTOPA HAYK P HAITMOHAJIBHOM
YHUBEPCUTETE Y3BEKUCTAHA

HAIIMOHAJIbHBIA YHUBEPCUTET Y3EEKUCTAHA

JIIIMAMATOBA HOJIUPA BAXPOMOBHA

CUHTE3 U ®U3UKO-XUMUYECKUE CBOHCTBA
OJIMTOMEPHBIX MHTUBUTOPOB KOPPO3MU HA OCHOBE
N, P, S COJIEPJKAILLIUX COEJUHEHUI

02.00.04 - dusnueckas XuUMHusd
(XMMH4YecKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOM JUCCEPTALIUM

TamkenT—2016
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Tema IOKTOpPCKOIl auccepTanMU 3aperucTpUMpoBaHa B Beicmieil aTrecTallHOHHOM
komuccnu npu  KaOunere MunuctpoB PecnyOumkm VY30ekucran 3a HOMepoM
30.09.2014/B2014.5.K63

JIoKkTOpCKas iuccepTanys BelnoyiHeHa B HaronansHOM yHUBepcuTeTe Y30eKuCcTaHa.

ABtopedepar amccepTanuu Ha TpexX s3bIKax (y30€KCKHH, PYCCKHH, aHTIMHCKUN) pa3MelleH Ha
BeO-cTpaHulle 1o azapecy www.ik-kimyo.nuu.uz. u uHPOpPMaHOHHO-00pa30BaTENFHOM IOPTAaJe
«ZiyoNET» mmo anpecy www.ziyonet.uz.

Hay4Hblii KOHCYJbTAHT: Axb6apoB Xamaam UkpamoBuy
JIOKTOp XUMHUYECKHX HayK, podeccop

OdunuanbHbie HIapunos Xacan TypadoBuu
ONMOHEHTHI: JIOKTOP XUMHUECKUX HayK, nmpodeccop

I'ypo Buranuii IlaBioBuy
JIOKTOp XMMUYECKUX HAYK

CuaukoB Ao0ay:kanoa CHIMKOBUY
JIOKTOP XMMHYECKUX HAYK

Benymas CamapkaHJICKUI TOCYJapCTBEHHBII
OpraHu3anus: YHUBEPCUTET
3anmTa JuccepTaiu COCTOUTCSA « » 2016r.B JacoB Ha 3aceIaHuu

Hayuynoro cosera 14.07.2016.K.01.02 npu HamuonaieHOM yHHBepcUTeTe Y30€KHCTaHA.
(Anpec: 100174, Tamkent, yiu. YauBepcuterckas 4, Ten.: (99871) 227-12-24; dakc: (99824)
246-53-21; 246-02-24. e-mail: chem0102@mail.ru).

JlokTopckas AmccepTanusi 3aperucThupoBaHa B HMHGOpMaIMOHHO-PECYpPCHOM IICHTPE
HanmonansHoro yHmBepcuteTa Y30ekucrtana 3a Ne | ¢ KOTOpOH MOXXHO O3HAKOMHTHCS B
WPLI. (100174, Tamxkent, BY3 ropogok, ®yngamenransHas oubmunoreka HYVY3. Ten.:(99871)
246-67-71).

ABtopedepar quccepTanuu pa3ociaH « » 2016 rona.

(IpoTOKOIT pacchUTKH Ne oT 2016 rona).

A. C. Pajuxos

IIpencenarens HaAyYHOTO COBETA I10
NPUCYXKIECHHUIO yUEHOH CTeeH! JOKTOpa HayK,
I.X.H., Ipodheccop

Jd.A.T'agpypoBa
VYdeHbIi cekpeTapb HAyYHOTO COBETA IO

HNPUCYKICHUIO YUEHON CTENEHH TOKTOPA HAayK, J.X.H.

X.T.lllapunos

IIpencenarens Hay4HOTO CEMHUHApa IIPH HAYYHOM

COBETE MO MPUCYKICHUIO YYEHOHN CTENIEHH JOKTOPA HayK,
II.X.H., ipogheccop
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BBEJIEHUE (aHHOTAIMSA TOKTOPCKOM TUCCEPTALIMN)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbI auccepranuu. B Mupe
exeronHo 10% wmetamioB pa3pyliaeTcsi B pe3yjibTaTe KOPPO3UH, BO3ZHUKAOLIEH
IIPU XMMHYECKOM WJIM 3JIEKTPOXMMHYECKOM B3aWMOJIECHCTBUU C OKpPYKarOIIEH
Cpelloi, UTO MPUBOJUT K PUHAHCOBBIM MOTEPSIM, UCUUCIISIOIIMMUCS MUJLIHAPIAMU
cymoB!. OCHOBHOM MaTepuai Ajisg COBPEMEHHOM TEXHUKHU M TEXHOJIOTUM — CILIABEI
Ha OCHOBE jKeljie3a OOJIbIIE BCEro MOJBEPraroTCs KOPPO3UOHHOMY BO3JIEUCTBUIO
MO/l BJIMSIHUEM KHCIOPOJA BO3/yXa, BJAard, OKCHJIOB CEphbl, a30Ta M APYIHX
XUMUYECKU aKTUBHBIX BEIIECTB.

3a roamsl He3aBUCHUMOCTH B PecnyOnuke ynensiercss OOJbIIO€ BHUMAaHUE
Pa3BUTHIO HAYYHBIX HCCIEAOBAHMI B 00JIACTHU XMMHUYECKON MPOMBIIIJIEHHOCTH,
MIPOU3BOJICTBA HOBBIX BHUJOB MPOAYKUMH M HUX pealu3alud W IpU 3TOM
JIOCTUTHYTBI OINPENECIEHHBIE PE3YIbTAThl MO YIOBJIETBOPEHUIO MECTHOTO PBIHKA B
MMIIOPTO3aMEIIAIIMX XUMHUYECKUX pearcHTax. B CBA3M C 3TUM IIpU 3aluTe
BOJAHBIX CHCTEM, B CETSIX BOJOCHaOkeHUs, HedremepepabaTpiBaOnIei U
HEPTEXUMHUYECKON MPOMBIIIJICHHOCTAX U JIIOOBIX HEPreTUYECKUX YCTaHOBKaxX
OPUMEHSAIOTCSI HMHTUOMTOPHl HAa OCHOBE OPraHMYEeCKUX M OJMIOMEPHBIX
COEMHEHUM, OHU 3HAUYUTENIBHO Y/UIMHSAET CPOK CIYKObI METAILJIOB.

[IpoBeneHue 1EeNEBBIX UCCIEIOBAHUN 110 MOBBIIICHUIO KAYECTBA METAUIOB U
3 (HEKTUBHOMY HX MCHOJB30BAHMIO SIBISIETCS BAXHBIM B MUpE, [IPU 3TOM, 0C000€
BHUMAHHME YJEJSeTCS CIEAYIOIIMM 3aJadyaM: B TOM 4YHUCJE, NPUMEHEHHUIO
BOJOPACTBOPUMBIX, OJMTOMEPHBIX M MOJHUMEPHBIX MHTHOUTOPOB Uisi OOpHOBI C
COJICOTJIOXKEHUEM, OIPEACIICHUIO ONTUMAJIbHBIX YCIOBUW MPU HHTHUOMPOBAHUU
KOPPO3HHM METAJUIOB, CUHTE3 BOJAOPACTBOPUMBIX OPTraHUYECKUX U OJIUTOMEPHBIX
WHTUOMTOPOB HA OCHOBE a30T M (¢ochopcoaepKamux coequHeHU 3PHEeKTUBHO
3AIIMILAKOIIME YEPHBIE U LBETHBIE METAIBI OT KOPPO3UHM B PA3IUYHBIX Cpeaax,
W3YYEHUI0O MEXaHU3MOB HWHTHMOUPOBAHUHU, YCTAHOBJICHHUIO (U3HKO-XUMUYECKHUX
3aKOHOMEpHOCTEN. BilMsHME Ha NMOBEPXHOCTh METAJIA, MPOSBICHUE 3aLIUTHBIX
CBOMCTB B pe3yjbTare aAcOpOLMOHHOTO B3aUMOACUCTBUS NPU PA3ITUYHBIX
TEMIIEpaTypax MW HM3y4YEHHE MEXAaHU3MOB HX JEHCTBHS SIBIISICTCSA B HACTOSILEE
BpEMsI aKTyaJIbHOM 3a/1auei.

JlaHHO€ IHCCEepTaMOHHOE MCCIIEJOBAHUE B ONPEACIICHHON CTENEHU CITY>KHUT
BBIIIOJIHEHHUIO 33]1a4, IPEAyCMOTPEHHBIX ocTaHoBiieHui [Ipesunenra PecyOnuku
V36ekuctan [111-1442 ot 15 pmexabps 2010 r. «O mnpuopurterax pa3BUTHA
npoMbinuieHHOCTH PecnyOnukn Y30ekuctan B 2011-2015 romax», a Takxke
[Toctanosnennit Kabunera munuctpos PecnyOnuku Y30ekuctan ot 9 ceHtsOps
1992 r «O6 oxpane npupoab», oT 27 mas 2013 r. «O nporpamme AeHCTBUI 1O
oxpaHe okpyxkaromiei cpenbl Pecnyonuku Y36ekuctan Ha 2013-2017 ronb», a
TaK)Xe B IPyTUX HOPMATUBHO-IIPABOBBIX JOKYMEHTAX, IPUHATHIX B JaHHOU cepe.

CooTBeTcTBHE HCCJIEI0BAHUA ¢ TNPHOPUTETHHIMH HANPaBJIEHUSIMHA
Pa3sBUTHS HAYKM M TexXHOJoruii pecmyOamku. JlaHHOE wuccienoBaHue

Tomompuropa A.A. HccnemoBanne KOPPOSMOHHOTO —pA3pylIEHHs [OBEPXHOCTEH He(TENpPOBOAOB MOCIE
JUINTENbHON 3KcIutyaranuy // Bectauk FOropckoro rocynapcrsensoro ynusepeurera. -2011. -Bem. 4 (23). - C.105-
112.
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BEHITIOJTHEHO B COOTBETCTBHUM C NMPUOPUTECTHBHIM HAMPABICHUEM pPa3BUTHS HAYKU U
texHosornu pecnyonuku VII. « Xumudeckast TEXHOIOTHUS U HAHOTEXHOJIOTHS.

O030p 3apy0eKHBIX HAYYHBIX HCCJACJI0OBAHUN 10 TeMe IMCCePTALMH.
’HayuHble UcCIeZIOBaHUs, HAaNpaBJIeHHbIE M0 Pa3paboTKe MHIMOUTOPOB KOPPO3HU
METa/UIOB  OCYIISCTBJSIOTCS B BEIYIIMX HAyYHBIX IIEHTpaX W  BBICIIAX
00pa30BaTeIbLHBIX YUPEKICHUAX MHUpa, B ToM yucie, Institute for Technical and
Macromolecular Chemistry (I'epmanus), University of California, Max-Planck-
Institute, School of Chemistry and Chemical Engineering, School of Chemistry,
University of Edinburgh (CIIIA), Technical University of Cluj-Napoca
(PymbiHusi), MOCKOBCKMH TOCYJAapCTBEHHBIM HWHCTUTYT CTajld M CIUIABOB,
MockoBckass Akaaemuss TOHKOM xumuyecko texHonoruu (Poccust), MHcTUTyT
oO1ieit u Heopranndeckor xuMuu (Y30eKHucTaH).

B pesynpraTe TPOBEACHHBIX B MHPE HCCIACAOBAHWM TIO OIpEAeiiCHUe
WHTHOMPYIONIEH CTIOCOOHOCTH OPTaHWYECKUX COCTWHEHUN TOIYYCH PsJl HAYUHBIX
pE3yNbTaTOB, B TOM YHCJIC: OMPEICICHBl 0COOCHHOCTH M3MeHeHUH A PeKTUBHON
sHeprun aktuBanuu (Institute for Technical and Macromolecular Chemistry,
['epmanus; University of Edinburgh, CIIIA); onpeaeneH MexaHu3M pacTBOPEHUS,
MAacCUBAIMsl METAJIOB M CIUIABOB B pacTBOpax ¢ J00aBKaMH HMHTHOUTOPOB
opranuueckoro u Heopranndeckoro tumoB (Technical University of Cluj-Napoca,
PyMbIHMS); CO3MaHBl MHTHOUTOPBI IS KOPPO3WHM METAUIOB U CIIAaBOB Kak
MACCUBATOPHl W OMNpEJEIeH BIMSHUE TMPUPOJIBI AHUOHOB W 3aMECTHUTElNeh
opraHnyeckux Mosekya (MOCKOBCKUI TOCydapCTBEHHbId HMHCTUTYT CTajld U
cruiaBoB, Poccusi); HMCHONb30BaHbl OPTaHMYECKHE COCIUHEHUS ISl 3alllUThl
METAJJIOB  OT Koppo3uu (JlepKaBUHCKUII TOCYJapCTBEHHBIM TEXHUYECKUU
yHUBEpcUTET, Poccust).

B wmupe mo 3amuTe METAIIIOB OT KOPPO3WH TIO PSAy MPUOPUTETHHIX
HAlpaBJICHUN  TPOBOJSATCS  WCCIAEAOBAHHWS, B TOM  YHCIE.  CO3JAHUSA
BBICOKOKAQYECTBEHHBIX, 3¢ (HEeKTUBHBIX UHTUOUTOPOB Ha OCHOBE
aMUHOCOJICP)KAIIUX ~ OPraHWYECKHX  COCAUHEHUH;  OMNpEACIICHUE  BIIMSHUE
YMEHBIIICHUSI KOPPO3MHM Ha IOBEPXHOCTH CTAIM WU JCHCTBUIO MHTHOUTOPOB B
BOJHOM Cpene; J0Ka3aTh CBS3bIBAHWE OCOOCHHOCTEW 3alllUThl COCAMHEHUSMU
aJIcOpOMPOBAHHBIMU Ha TOBEPXHOCTH METAJUIOB, 3aMEIJISIOIIUX KAaTOAHBIE U
aHOJIHBIE TMIPOILIECCHI; OMNPEJCICHUE BIUSHUA CpPEIbl W KOHIEHTpAMK Ha
MpUMEHSIEMbIE HHTUOUTOPHI.

Crenenb HM3yYeHHOCTH NpoOJeMbl. Pa3paboTke WHTHOMTOPOB KOPPO3UU
OBLITN TIOCBSIIICHBI UCCIIEIOBAHMS KaK 3apyOCKHBIX, TAK U OTEYECTBEHHBIX YUCHBIX.
Ha cerognsmiauii JeHp HamOosiee pa3paOOTaHHBIMH  SIBISIOTCS  (DH3UKO-
XUMUYECKUE, DJIEKTPOXMMHYECKHE ¢ JIpyrue METOAbl B  HMCCIEIOBAHUU
MHTHOUTOPOB KOPPO3MK>, OJHAKO, C PAa3BUTHEM TEXHOJOTHH IIOBBIIIAKOTCS
TpeOOBaHMS K HM3YyUYCHHUIO MEXaHW3Ma WHTHOUTOPHOTO JEHCTBUS OPTaHHMYECKHUX
BCII[ECTB Ha MPOIECChl KOPPO3UU W HABOJOPOKMBAHUS cTainu. MHTEpecHBIM

2 0030p MEXKIYHAPOAHBIX HAYYHBIX MCCIENOBAHMH MO TEME JMCCEPTALMU MPUrOTOBIEH m3www.dissercat.com,
http://www.fundamental-research.run 1pyrux HCTOUHUKOB.

3 Baranos P.K., Uroumn P.B., Kysuenos I0.U., llupronsaukosa H.B. TIpakTika MpOTHBOKOPPO3UOHHOM 3alIUTHL.
M. 2009. Ne3. (53).-C.19-26.
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HEM3YYCHHBIM OCTA€TCsI BONMPOC 00 WHTHOMPOBAHWM OPTAaHWUYECKUMHU U
dbochaTHEIMH COCIMHEHHMSIMH TIpollecca HaBoJIOpakuBaHHWs. KoMIIeKCHBIE
UCCleIOBaHUsl J1TaéT BO3MOXXHOCTH, OCHOBAaHHBIE Ha HOBBIX JOCTHKEHUSIX
AKCIEPUMEHTATbHON TEXHUKH, 4TO MTO3BOJIUT CHUHTE3UPOBATh
BBICOKO3()()EKTHUBHBIE UHTUOUPYIOIINE KOMITO3HULIMH.

O0630p IUTEpaTypHBIX JAHHBIX IMMOKa3aj, 4ro MHorue padotsl (FO.P. DBanc,
T.II. Xop, N.JI. Pozendensa, R.P. Frankental, D. Brasher, K.Z. Schwabe, C.3.
JleBun, FO. Kopones, B. IlyTunoB) mocBsiIleHbl 3JEKTPOXUMHYECKUM METOJIaM
UCCJIEIOBaHMS, TJ€ B KauyecTBE WHIMOUTOPOB KCHOJIB30BAHBI Pa3IUYHbIC
Marepualbl. YueHble Y30ekucrana, B ToMm uucie, P. C. Tumnaes, I'. A. Ilpiranos,
®.K. Kypb6anoB, A.T. Ixamunos, B.II. I'ypo, X.M. AxGapos, A. Hkpamos,
. KOcymnos, 3.b. TamkuxomkaeB U Apyrue, BHECIH OONBIION BKJIAJ CBOMMHU
HAay4YHBIMU HCCIEJOBAHUSIMU B pEIICHUE MPOOJEMbl 3allUThl METAUIOB OT
KOPpO3HUH, a TAK)KE CUHTE3a XUMHUYECKUX COEJUHEHHM, KOTOPhIE UCIIOIBb3YIOTCS B
KaueCTBE MHTHOUTOPOB KOppo3uu®.

[TokazaHo BbICOKOA((PEKTUBHOCTD (PochaTHBIX HHTHOUTOPOB B Pa3HbIX
cpenax’, Ho OOJBIIMHCTBO UCCIEAOBAHUN MPOBEIEHO NPUMEHUTENBHO K YUCTBIM
dbocharapiM wim noaudocaTHEIM COSAUMHEHUSIM, a OpraHudeckue QocdarHbie
COJIM MaJI0 M3y4YEHbl WM TMPEJICTABIECHbl HENOCTaTOYHO. Pa3BuThl pabOThHI MO
MCIIOJIb30BAHUIO HHTUOUTOPOB KOPPO3UHU, JUIsl KOTOPBIX XapaKTepHO HAIHYUE
XUMHUYECKU aKTUBHBIX TPYIII, CIIOCOOHBIX B3aUMOICMCTBOBAThH C HAXOAAIIMMUCS B
pacTBOpe METAJIJIaMHU.

B cBs3u c yxkectoueHueM TpeOOBaHMU K OXpaHE OKPYKAIOIICH Ccpeibl
KOJIMYE€CTBEHHBIMH METO/IaMH IPOTHO3UPOBAHUS MoKa3zaHa HU3Kas
3G ()EKTUBHOCTh  3aIUTHl  METAUIOB  HHAMBUAYAJIbHBIMH  XUMHUYECKUMU
COCIMHEHUSAMH, YTO PE3KUM 00pa3oM OrpaHUYMBAET KPYI paHee H3BECTHBIX
uarubutopoB. IlosTomy Bce Oosee axkTyaldbHOM CTAaHOBUTCA pa3pabOTKa
AKOJIOTUUYECKHU O€30MaCHBIX, MATIOTOKCUYHBIX HHTHOUTOPOB.

CBs3b TeMBbI JUCCEPTAIMM € HAYYHO-HCCJIEI0BATEILCKUMH pPadoTamu
BbICIIET0 00Pa30BATEJLHOI0 YYPeKJIeHHUsl, Ie BbINOJHEHA JUCCEPTALMS.
HuccepranronHas pa0oTa BBINOJIHEHA HA OCHOBE CIEAYIOMMX (PyHIaMEeHTaIbHbIX
MIPOEKTOB, BBIMOJHEHHbIX B HanmonansHom YHuBepcutere Y30ekucrtana: OT-
®.3-151 «llonumepbl Kak HOCUTENH OWOJOTMYECKHM AKTHUBHBIX COCIUHEHUN U
uHrHouTOpE»  (2007-2011 1r.); E®.7-1 «HOBOE TOKOJEHHE HHIUOMTOPOB
KOPPO3UU METAJIOB HA OCHOBE MECTHOTO ChIpbsi» (2014-2015 rr.).

Heabo mcciaenoBaHUsA  SBISIETCS  CO3JAaHUE  HOBBIX  OJUMTOMEPHBIX
UHTUOUTOPOB i dPGEKTUBHON 3alUTHI METAUIOB OT KOPPO3WH U BBHISBICHUE
(U3UKO-XUMHUECKHUX OCOOCHHOCTEH MX JICHCTBUAI.

Jus  goctwkeHus  1enw  chOpMyIHMpOBaHBI  CICAYIOMKME  3aJa4dM
HCCIIeIOBAHUSA:

4 Ocranos V.10., Beknasapos X.C., xamnos A.T., Ak6apos X.U., Xomukos A. K. UaruGuposanue Koppo3uu
yriepoauctoii cranu gobaBkamu MAI-1 u MAT'-2 B pa3nuuHbIX cpepax / DHUMKIONEANYECKUH CIIpaBOYHHK. -M.
2009. -Ne4. -C. 31-32.

5> Nopoxosa E.A., Kpeuc U.B., Bypkur6aesa B.JI. Ancopbuus noandocharos Ha cTaibHOM daekTpoe // BecTHuk
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CHUHTE3 OJHMTOMEPHBIX MHTMOMTOPOB KOPPO3MHM METAJIOB Ha OCHOBE a30T,
dbocdop, cepocoaepxkanux COeTMHEHUH;

pacuer MOJIEKYJISIPHO-THHAMUIECKIX u KBAaHTOBO-XUMHUYECKIX
XapaKTEPUCTUK COCAUHEHNM;

OmpeAeNieHue  MEXaHW3Ma  HMHTHOMPOBAHUS  KOPPO3MHM  METAJIOB
CUHTE3UPOBAHHBIMU OJUTOMEPHBIMU COCJUHEHUSMHU B Pa3IWYHBIX (HOHOBBIX
pacTBoOpax;

co3ganue >PQGEeKTUBHBIX WHTHOUTOPOB HA OCHOBE AJAYKTOB M OJUTOMEPOB
Pa3TUYHBIMU A30TCOJICPKAIIMMHU OPraHUYECKUMH COEAMHEHHUsIMU U (ochopHOU
KHUCJIOTBI, a TaK)Xe OINpeJeNIeHue 3JIEKTPOXUMHUUYECKUMH, I'PaBUMETPUUECKUMU
METOJIaMH a/ICOpPOLIMOHHBIE CBOWCTBA IIPU KOPPO3UU METAILJIOB;

MpOBEICHHE J1abOpPaTOPHBIX MCHBITAHWA pa3pabOTaHHBIX WHTHOWTOPOB U
NPUMEHEHNE B IPOMBIIUICHHBIX YCIOBUSX.

O0beKTOM MHcCIe0BAHUSA SBISIOTCS a30T- U (ocdop, cepocoaepkaline
anaykThl (pocdat TnomoueBuHsbl, pochat MoueBuHbI, hocdaT menamuna, Gocdar
reKCaMeTHJICHANAMUHA) W WHTUOUTOPHI OJUTOMEPHOTO THUIa Ha OCHOBE
dochopHoit kucnoTHl (PochaT AUMETHIONTEKCAMETHICHINAMHUHA, JUMETUIION
MOYEBMHA, JUMETUJION MenaMuH, Qocdar gumeTunoamMoueBuHsbl, ¢docdar
JUMETUIIONMEIaMUHA) a TAK)KE CTallb U HEKOTOPHIE METAILIBI.

IIpeamer ucciienoBaHmii - CUHTE3 aJITyKTOB U1 MHTHOUTOPOB OJIMTOMEPHOTO
TUMIa HAa OCHOBE OPraHMYeCKUX coeauHeHuid u  (GochOpHOM  KHUCIOTHI,
YCTaHOBJICHHE MEXaHU3Ma UHTMOMPOBAHUS U OOIIKX 3aKOHOMEPHOCTEH.

MeToabl HCCIeJOBAHUSA. B pabote HUCIIOJIb30BaHBbI METOIbI
HOJISIPU3ALMOHHBIX KPUBBIX, HOJISIPU3ALIOHHOTO COIIPOTHUBIICHMUS,
XPOHOIMOTEHLIUOMETPUHN, TPABUMETPUH, KPUOCKONHH, a TaKkKe KBAHTOBO-
XUMHYECKHE, MHUKPOCKOIUYECKHE METOAbl, peHTrenoduyopucuentHas u UK
CHEKTPOCKOTIHSL.

Hayunasi HOBH3HA MCC/IeI0BAHUS 3aKIIIOYACTCS B CIICTYIOIIEM:

BIIEPBBIE CHUHTE3UPOBAHbI a30T-, ¢ochop-, cepocojepx anue aaIyKThl
THOMOYECBUHBI, MOYEBHHBI, MEJIAMHHA M TEeKCAaMETWJICHAMAMHUHA, a TaKKe
MHTUOUTOPOB OJIUTOMEPHOTr0 THIA Ha OCHOBE (hOCHOPHON KUCIIOTHI;

NPEIJIOKEHbl MEXaHU3Mbl B3aUMOJCHCTBUA M A((EKTUBHON  3alIUTHI
METaJVIOB OT KOPPO3UHU OJIMTOMEPHBIMU UHTUOUTOPaMU;

OTIPEJIEIICHO ONTUMAJIbHBIE YCIIOBUSA, B IPUMEHEHNE UHTUOUTOPOB U BIUSHUE
KOHIICHTpAllMU, TEMIIEpaTypbl Ha KOPPO3HOHHBIM TOK, CKOPOCTb KOPPO3HH,
CTETICHb 3alTUThI, KOADPUITUEHT TOPMOXKESHHUS 1J151 BHICOKOI(P(HEKTUBHOM 3aIUTHI;

ONpe/AeNieHbl  CTENEHb  3allOJIHEHUs  DJEKTPOJOB U KOHCTAHTHI
a7IcOpOLIMOHHOTO PaBHOBECHS NPU KOPPO3UM METANIOB, HA OCHOBE aJJyKTOB U
OJIUTOMEPHBIMU MHTUOUTOPAMH Pa3IHMYHBIMH a30TCOAEPIKAIUMHU OPTaHUYECKUMU
coemuHeHUSIMH ¢ (ochopHO  KHUCIOTOH  IJICKTPOXUMUYECKHUMH U
IpPaBUMETPUUECKUMU METOJIaMU;

J0Ka3aHO, YTO CHHTE3WPOBAHHBIE OJUTOMEPHI 00Pa3yroT 3allUTHHIE CIOW Ha
MOBEPXHOCTH CTalld, CYIIECTBEHHO OTJIMYAIOIIMECS MO COCTaBYy M CTPYKTYpe OT
UCXOIHBIX 00pa3IloB B PA3IUYHBIX Cpeax.

IIpakTH4yeckue pe3ybTaThl HCCJIEI0BAHUSA 3aKIIOUAIOTCS B CIEIYIOLIEM:
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BIIEPBBIE Pa3pabOTaH CHOCOO MOJyYEHHUS OPTaHMYECKUX M OJIMTOMEPHBIX
MHTUOMTOPOB HA OCHOBE MOYEBUHBI W MEJaMHHA, MpenyiokeHbl 3((eKTHBHBIC
UHTUOUTOPBI docdar JTUMETUII0IMOYEBUHA (OUKM-8), docdar
numetwionmenamuna  (OMMKM-9).  HoBble  coenuHeHHsT  UCHBITAaHBI B
IMPOMBIIUICHHBIX YCIOBUSAX, PEKOMEHJOBAHbl K BHEIPEHHUIO B MPOU3BOJICTBO U
CIeAyeT 3aMETUTh, YTO MPU BCEX COUYETAHMSAX M HU3MEHEHHUSX IapaMETPOB B
BBIOpaHHON 00JIACTH HKCIIEPUMEHTAa MHTUOMTOPHI COXPAHSUIA BBICOKHME 3aIUTHBIC
CBOMCTBA.

JloCTOBEPHOCTH pe3yJbTaTOB HccaenoBaHMi. OOOCHOBAHHOCTh HAyUYHBIX
IIOJIOXKEHUH, BBIBOJBI IOATBEP)KIAETCS, TaK KAK OHM YCTAHOBJIEHBI HA OCHOBE
OPUMEHEHHS COBPEMEHHBIX (PU3UKO-XUMHUYECKUX U KBAHTOBO-XMMHYECKHX
METO/I0B HccienoBaHui. [loaydeHHbIE SKCIIEpUMEHTAIBHBIE JaHHBIE O3BOJIMIIN
OOBSICHUTh MEXaHU3M 3alIUTHOTO ACHCTBHUS HHTUOUTOPOB.

HayuyHnasi m npakTHyeckasi 3HAYMMOCTD Pe3yJIbTATOB HCCJIeI0BAHMA.

HayuHast 3HaUMMOCTb pe3yJbTaTOB HMCCIEAOBAHUS 3aKIIOYAETCS B TOM, YTO
OIpeJIeIeHNe MEXaHU3Ma 3aIUThl CHHTE3UPOBAHHBIX OJINTOMEPHBIX MHTUOUTOPOB
3aBUCST, OT PAa3jIM4YHOrO0 CTPOCHHE COEAUHEHUH U  (PU3HKO-XUMHYECKHX
0COOEHHOCTEM.

Pe3ynbTaThl HccienoBaHus MOKa3ald, YTO OJUTCOMEPHBIE COCAMHEHUS U HX
KOMIIO3ULUH 3aMEIJISIIOT KOPPO3MOHHOM MpPOLECC HE TOJBKO YHUCTOM CTajJbHOMU
MMOBEPXHOCTH, HO U MOKPBITOM KOPPO3UOHHBIMU OTIOKEHUAMHU. OpraHuyeckue u
OJIUTOMEPHBIE HMHTUOUTOPHI MOMUMO MPEAOTBPAILEHUS KOPPO3UM CHUXKAIOT
KOHIICHTPALMIO  aJCOPOMPOBAHHOIO  CTAJIbl0  aTOMAapHOTO  BOAOPOAA, 4YTO
YMEHBLIAET KOPPO3UOHHYIO XPYIIKOCTh METALIA.

Buenpenne pesyabTaToB ucciaenoBanus. Ha ocHOBe HaydHBIX pPe3yJIbTaTOB
UCCJIEIOBAHMS TPU 3alUTE METALUIOB OT KOPPO3UH OJUTOMEPHBIMH a30T U
dbocdopcoaepKanuMu HHTHOUTOPAMHU:

OJIMTOMEPHBIE COEIMHEHUS U UX KOMIIO3ULIMM BHEAPEHbI B NPAKTUKY Ha AO
«Hagowuiiazot» (cpaBka Ne02/3966 AO «Hagowuiiazot» ot 10 utonst 2016 r.). [Ipu
stoM dochopcoaepKaliue COCIUHEHUS Jald BO3MOXHOCTh 00ECHEYuTh
HEOOXOAMMYIO 3alUTy METANIOB OT KOPPO3HHM M COXPAHSIOT 3aUIUTHBIE CJIOM Ha
CTaJM B IOAOTPEBATENIbHBIX HUPKYJIALMOHHBIX CUCTEMAX;

pe3ynbTaThl MCCIEJOBAaHUN IO CHUHTE3Y U OIpeAesieHu0 3P HEKTUBHBIX
MHTHOUTOPOB, PUMEHSCMBIX B PAa3HBIX CPEaX HCIIOIb30BAHO B HAYYHOM HPOCKTE
no Teme E®.7-1 «HoBoe noKkoneHne HHTHOUTOPOB KOPPO3UH METAIIIOB Ha OCHOBE
MectHOoro coipbs» (HYVY3, 2014-2015 rr.) mnd m0OJIy4YEeHHS OJUTOMEPHBIX
unruoutropoB (crmpaBka ®TK-0313/703 Komurera mo KOOpAWHAIIMU Pa3BUTHUS
HayKd U TexHoyoruu oT 21 oxTsa6ps 2016 roma). B pesynpTaTe mpoBeIeHHBIX
HAYYHBIX HMCCIICJOBAHUNA TMOJIy4€Hbl MHTHOUTOPHI YUIMHSIONIME CPOK CIY>KOBI
METaJIOB.

Anpobauuss  pe3yJbTaToB  HcciaenoBaHuss. OCHOBHbIE  pe3yJIBTATHI
JUCCEPTALIMOHHOM pabOThl JOCTATOYHO IMOJHO M3JIOKEHbl B Marepuanax
PecniyOnukanckux u  MexXIyHApOAHBIX HAayYHO-NPAKTUYECKUX KOH(pEpEeHIUN:
«Komno3umoHHele  Marepuanbl: CTPYKTypa, CBOICTBA U  INPUMEHEHHE,
«Kondepenmuss  npodeccopcKko-npenoaaBaTesibckoro  cocTaBa  XMMHYECKOTO
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daxynbreta HYY3» (Tamkent, 2008-2015 rr.), « Xumusi U akTyaiabHble TpoOIeMbl
xumuueckor TtexHonorum» (Ypranu, 2011), «AxTyanbHble TpOOJIEMbl XUMHU
MIOJIMMEPOBY (Tamxent,  2011), «Pemenne  aKkTyallbHBIX — IpoOJjeM
MPOU3BOJICTBEHHBIX TMPEANPUATAN W HWHHOBALMOHHBIE TexHosorun» (Kapiu,
2013), «CoxpaHeHHEe HKOJOTMYECKOTO PABHOBECHS U pa3pabOTKa OE30TXOJHBIX
texnonorui» (Hykyc, 2013), «AkTyanbHbie MPOOJIeMbl AHATUTUYECKON XUMHH
(Tepmuz, 2014), «CoBpeMeHHOE COCTOSSHUE€ M TEPCHEKTHBBI  Pa3BUTHUS
KOJUIOWJIHOM XUMHUM W HaHOXMMUU B Y30ekucrtane» (Tamkent, 2014),
«HrpeaAueHTsl U3 MECTHOTO W BTOPUYHOIO CHIPbSl JUISI TOJYYEHHS] HOBBIX
KOMIO3UIHUOHHBIX MarepuanioB» (Tamkent, 2012-2015 rr.), «Pa3Butue xumuu
npupoanbix  coequHenui» (Tamkent, 2016); MexayHapogHoil Hay4HO-
npakTudeckor kKoHpepeHiuu: «CoBpEeMEHHbIE TEXHHMKAa M TEXHOJOTHU TOPHO-
METaJUlyprudeckoi orpaciad v nytd ux pasutus» (Hasoum, 2010), «3enenas
XUMHs», MexayHaponHas KoHgpepenuus (Camapkann, 2012), «AxTyanpHbIC
npoOiemMbl  HaykM W oOpa3oBaHWsi B 00JIaCTH  €CTECTBEHHBIX U
cenbcKkoxo3siicTBeHHbIX Hayk» (IlerpomamnoBck, 2012), 51-th International
Scientific conference (MHCK-2013), «Pecypco- u sHeprocOeperarouue,
AKOJIOTUUECKU O€3BpeaHbIe KOMMO3UIMOHHBbIE Matepuanb» (Tamkent, 2013),
«AKTyallbHbIE TPOOJIEMBI OTpacielt xumuaeckoit Texnonorum» (byxapa, 2015).

Ony0nKOBaAaHHOCTHL pe3yJbTAaTOB HcciaeaoBanus. [lo teme nuccepranuu
onyoaukoBano 30 Hay4yHbIX paboT. 3 HUX 15 HayudHBIX cTarei, B ToM 4ucie 13 B
pecnyOIuMKaHCKUX W 2 B 3apyOeXHBIX KXypHajaX, PEKOMEHJIOBaHHBIX Bricmiei
Arttecrarmonnoit  Komuccueit PecniyOnmuku  Y30ekucran i IyOJIMKAIUM
OCHOBHBIX HAYUYHBIX P€3yJIbTATOB JOKTOPCKUX JAUCCEPTALUN.

Crpykrypa m o0bem amccepramum. Juccepranusi COCTOMT W3 BBEICHUS,
MATH [J1aB, 3aKIIOYEHHUS], CIHCKA HCIOJb30BAaHHOM JIUTEPATYphl, MPUITIOKEHUH.
O0bem nuccepranuu cocrasisier 200 cTpaHuL.

OCHOBHOE COAEP KAHUE IMCCEPTALIMHU

Bo BBegeHum O0OOCHOBBIBA€TCS aKTYaJbHOCTh M  BOCTPEOOBAHHOCTH
IIPOBEJICHHOI'O0 UCCIENOBAHUs, LEIb M 3a1a4d UCCIEAOBAHUS, XAPAKTEPU3YIOTCS
OOBEKT U TMpPEeAMET, IMOKa3aHO COOTBETCTBHE KCCIIEIOBAHUS MPUOPUTETHHIM
HaIpaBJICHUSM Pa3BUTUS HAYKU M TEXHOJOTUM pecryOInKHU, U3JIaratoTcsi HayqHas
HOBH3HA U MPAKTUYECKHUE PE3YyJIbTaThl UCCIEIOBAaHUS, PACKPBIBAIOTCS HAay4yHas U
IIPAaKTUYECKass 3HAYMMOCTB IOJYYEHHBIX PE3YJIbTATOB, BHEAPEHHE B NPAKTUKY
pe3yJIbTaTOB UCCIIEI0BAHUS, CBEACHUS 10 OMyOJIMKOBAaHHBIM pabOTaM U CTPYKTYpe
JICCEpPTALAH.

B mepBoii riase mucceprainuu nocBsiieHa, 0030py nurepatypbl «OCHOBHBIE
NYyTH YMEHbUICHHS KOPPO3MH META/LUIOB C IOMOIIbK) HMHIMOMTOPOB» B
KOTOPOM, PACCMOTPEHO COBPEMEHHOE COCTOSHHE TEOPUU KOPPO3HHM METAIUIOB U
TEHJEHUMU pa3BUTUS METOJOB NPOTUBOKOPPO3MOHHOM 3amuThl. Ha ocHoBe
JAHHBIX HAyYHO-TEXHUYECKOM M NATEHTHON HH(OpManuu MNpoaHAIU3UPOBAHO
CYILLECTBYIOILIEE COCTOSHHE B 00JIacTU pa3pabOTKU M MPUMEHEHUS UHTUOMTOPOB
ofmromepHoro tuna. lIlokasaH npuHUMI pacrpenesieHus HEePTEnpPOIyKTOB U
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COJEPIKAIINXCSA B HUX arpeCCHUBHBIX KOMIIOHEHTOB MO (PpakuusM, BUIBI U 30HBI
KOPPO3HOHHBIX  pa3pylIeHUd. AHaIU3 JIMTEPATypHbIX JAHHBIX IO3BOJIMII
000CHOBATh 1I€JIH, 3a/1a4U U BBIOOP OOBEKTOB MCCIIEAOBAHMS HACTOALLEH PaOOTHI.

B Bropoir r1maBe guccepramuu  «Ilosiyyenme agayKTOB, CHHTE3
OJIMTOMEPHBIX MHIHOUTOPOB M MeETOAbI MCCJICAOBAHUS», HU3YUYEHbI YCIOBHS
CHUHTE3a OJIMTOMEPOB M METOAMKHU 3KCIEPUMEHTOB, PACCMATPUBAIOTCS IIPUBEICHO
CBEICHUS 00 HCII0JIb30BAHHBIX 000PYAOBaHUN U MaTEpUAJIOB.

OObeKkTaMH HCCIIEOBaHUS SIBUIUCH a30T- U (Qochopcoaepixaiinue coi,
uHruouTOpHl Koppo3uu mMetaniao (MMIKM); onuromMepHbsle MHTUOMTOPBI KOPPO3UU
metamuioB (OUKM), npuBenennsie B Tabmuie 1.

Tabmauma 1
XapakTepuCcTUKAa OPTaHUYECKUX U OJINTOMEPHBIX HHTHOUTOPOB
Ne | Huruburop Momnexky- Haspanne uHrHOMTOpOB
JsipHAas Macca
1 NKM-1 174 dbochaT THOMOYEBUHBI
2 NKM-2 158 dbochar MoOUEBHUHBI
3 NKM-3 224 dbocdhar menamuHa
4 NKM-4 213 docdaT rekcameTUICHIMAMIHA
5 OUKM-5 2200 docdar qumeTHIONTeKCaMETHIICHIHaMIHA
6 OUKM-6 814 JAMETHUIION MOYEBHUHBI
7 OUKM-7 1860 JUMETHION MEJaMHUHA
8 OUKM-8 1900 dbochar TUMETHIOIMOYEBUHBI
9 OUKM-9 3300 docdar nuMeTHIOIMETaMUHA

UccnenoBanust koppo3uoHHOro mnoBenenus crtanu (Ct.3) npoBoauiau Ha
oOpasuiax B Qopme tuacTuH. O(PPEKTUBHOCTH WHTHOUTOPOB  OIPEACIISIN
METOJaMM  MOJSPU3ALUOHHOTO  CONpPOTUBIEHUs Ha  npubope P-5035U,
MOJISIPU3ALIMOHHBIX ~ KPUBBIX,  HMcnonb3ys  noreHnuocrar  IIM-50.1.1 ¢
nporpammatopom [IP-8 u rpaBumerpum mo yObuTM Macchl oOpasila mocie
KOPPO3UMOHHBIX HcHbITaHui. MccnenoBaHusi npoBelieHbl B (DOHOBBIX pPacTBOpax
coctaBa 5% NaxSOs + 3% HoSO4 (®-1), B HeltTpanbHOM cpene (P-2),3% NaCl +
5% NaxCO; (®-3). PactBopbl roTOBWJIM M3 PEAKTUBOB MapKH «X.4.» Ha
JUCTWILIATE. DNEKTpoabl u3rotoBieHsl U3 Crt.3 cocrtaBa, %: Fe=98,36; C=0,20;
Mn=0,50; S1=0,15; P=0,04; S=0,05; Cr=0,30; Ni=0,20; Cu=0,20.

docdaTbl TUMETUIIOIIMOYEBUHBI B pa30aBICHHBIX PACTBOPAX B HEHTPAIbHOM,
CITA0OKUCIBIX U CJIa00 IIETOYHBIX CpellaX NP OOBIYHBIX TeMIIEpaTypax HMEIOT
JUHEWHYIO CTPYKTYpPy CO CTENEHbIO MojauMepuzauumu oT 8 1o 13, T.e. oHH
ABJISIIOTCSL OJIMTOMEpPaMU € MOJeKyJsipHol Maccor okoio 1400-2400. Cunres
conieit hochat AMMETUIIOIMOUYECBUHBI OMTUCHIBACTCS CIIETYIONIEH CXEMOM:
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OnuromepHble HHTUOUTOPBHI KOPPO3UM METAJUIOB CHHTE3MpPOBaHBl M Ha
OCHOBE MeJlaMuHa u  (Qopmanbaeruga ¢ opToPoc@opHOl  KUCIOTOM.
MenaMuHO(pOpMabAErUAHBIE OJIMTOMEPBI ¢ KUCIOTaMU 00pa3yroT cojeo0pa3Hble
coenrHeHus Tuna ¢ocdar TMMETUIIONIMEIaMUHA, KOTOPBIE XOPOILIO PACTBOPSIOTCS
B Boje. CHMHTE3 BOJIOPACTBOPUMBIX MEIAMHHO-(OPMANBICTHIHBIX OJUTOMEPOB,
cozeprkaiiero opropocPopHyro KUCIOTY, ONUCHIBAETCS CAEAYIOLIEH CXEMOM:

H H H H H H H H
| N | | N | \ N \ \ N \
N7 NG N7 N—CH e 20HiPO, ——> {N% NG NN CH
No N No. N
NYN NYN n \( \( n
NHs NHs
NH, NH, ? e
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rae: n=6-11,T.e. OHU SABISAIOTCS OJIMTOMEPAMH C MOJIEKYJISIPHOM Maccoil OKOJIO
2650-4300.

B tperper rmaBe guccepraunn «McciaenoBanue 3¢ PeKTHUBHOCTH
CHHTE3HUPOBAHHBIX HHIMOMTOPOB  Pa3sHBIMH  METOAAMM», IIPUBEJICHBI
MOJIEKYJIIDHO - JUHAMUYECKHE M KBAHTOBO-XMMHUYECKHE XapaKTEPUCTUKU
CUHTE3UPOBAHHBIX OPraHUYECKUX M OJMIOMEPHBIX COEAMHEHHWH, KOTOpbIE
MO3BOJIAIOT MOJYYUTh MHPOPMAIUIO 00 MX CTPOCHHH U TOATOMY IPEACTABISIOT
CaMOCTOATEIbHBII HMHTEpPEC C TOYKH 3peHus (¢usndeckoiixumuu. Kpome Toro,
3HaHKME FeOMETPHUM MOJIEKYJ HEOOXOIUMO JJisi BBIYMCIICHUS TEIJIOT 00pa3oBaHus,
TEIUIOBBIX 3(P(PEKTOB M 3HEpPruil akTuBauuu peakuuil. Mcxoxas, u3z storo Obun
MCCJIEI0BAHbl JJIEKTPOHHBIE IUIOTHOCTH W paclpeleleHue 3apsgoB B MOJEKyIax
COCIMHEHUM, TpHUBEACHHBIX B Ta0a. 1 © ompeneneHbl HUX CTPYKTYpbI
MOJIyOMIIEPUYECKUM KBAHTOBO-XUMHUYECKUM MeTo10M MNDO.

B kauecTBe mnpumepa MNpPUBEAECHBI PE3YJbTAaThl H3YUYEHUS TE€OMETPUH U
AJIEKTPOHHOTO CTPOEHMs, a Takxke CTpykrypel OMKM-9. U3 puc.l BuUaHO, 4TO
HauOonbllas  BJEKTPOHHAs  IUIOTHOCTh  CKOHLEHTPUpOBaHa  Ha  JBYX
NUPUMUAMHOBBIX KOJbLAX. J[aHHAs MOJIEKyJla 3a CYET 3TOrO0 MOYKET IPOSBIATH
AJIEKTPOHOAOHOPHBIE CBOMCTBA IIPU B3aWMOJEHCTBUU C 3JIEKTPOHOAKLENTOPHBIMU
rpynnamMu Wikl MHTEpMEIUaTOM, KOTOPBI 00pa3yeT m-KOMILIEKCHI.
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Puc.1. Pacnpenenenne 3eKTpPOHHON INIOTHOCTH B MOJIEKYJIE
OUNKM-9 u ee mapo-crepKHEBASI MOJECIIb

[Tpu sToM HabmonaroTcs, HanboJiee OTPUIATENIbHBIE 3apsiabl, UTO HA aTOMax
KUCJI0pOJ1a TUAPOKCHWIbHBIX rpynit: -0,487; -0,423; -0,427 u -0,472. 3a cuer 3T0r0
OHM MOTYT BCTyIIaTh B PEAKIIMHU 3aMEIICHUSA C PAa3IMYHBIMU KaTUOHAMH METAJIOB
WM TIOJIOKUTENBHO 3apsDKEHHBIMM rpynnamMu. J[aHHas MOJIEKyJla HMMeEeT
KHCJIOTHBIE CBOMCTBAa M IPHU JUCCOLMAIMU 0Opa3yeT MPOTOHBI M KOMILIEKCHbBIE
AHUOHBI, KOTOpBIE NPU KOPPO3UM METAUIMYECKOM MMOBEPXHOCTH OO0pa3yroT
COEJIMHEHHUS C TOJOKUTEIBHO 3aPSYKEHHBIMU aTOMaMU METAJIOB (B OCHOBHOM C
aToMamH >kenie3a). OHM TakKe 3a cYeT OOJBIIOr0 00beMa MOJIEKYJIbl HAKPBHIBAIOT
OTIPEJICIICHHYIO TTOBEPXHOCTh MeTajlia. BrlieckazanHbie siBJIeHUST 00YCIOBIUBAIOT
MHTUOMPYIOLIME CBOMCTBA JTHUX WHTHOMTOPOB TIPU KHUCJIOTHOM KOPpPO3UHU
METAJUIMYECKUX TTOBEPXHOCTEM.

Bo BTOpo# yactu Tperbel riiaBbl quccepranun « UcciiemoBanue MexaHu3mMa
HHrUOMpPOBaHUS Koppo3uu cTaau #u 3PPeKTHBHOCTH Ppa3padoOTaHHBIX
HHTUOMTOPOB 3JIEKTPOXHUMHYECKHMMH MW TPABHUMETPHYECKMM METOJAMH B
MOJEJBHBIX CHCTEMax» IPUBEIACHBlI PE3yJbTAaThl HCCICAOBAHHUS MEXaHU3Ma
MHTUOMPOBAHUS KOPPO3UU METAUIOB. M3 nuTepaTypHBIX NaHHBIX M3BECTHO, YTO
THOMOYEBUHA U MOYEBHHA MMEIOT CIIa0bld MHTUOMpYIOmuid 3((GeKT B KUCION U
HEUTpaJIbHOM cpenax. [Ipu ux npuMeHeHun ¢ HOAUCTHIM KAIUEM CTEIECHD 3aIUThI
YBEJIIMYUBACTCA B Kuciou cpeae Ao 60%, B HeuTpanbHOU cpene no 72%, a c
MOBBIIIEHUEM TEMIIEPATypbl 3alllUTHBIE CBOWCTBA JTHUX COCIWHEHUN PE3KO
yxyamatorcs. Heobxoaumo Takke OTMETUTh YXYJIUIEHUE TUIACTUYHOCTH MeTasuia
[IPU UCTOJIB30BAHUH JIAHHBIX UHTUOUTOPOB.

JIns  cpaBHEHHs C JIMTEPATYPHBIMU JAaHHBIMA HMCXOJHbBIE BEILECTBA!
THOMOYEBHHA, MOYEBHHA, T€KCAMETHJICHIMAMUH W MEJIaMHUH OBLIIM UCCIICIOBAHbI B
HEUTPAJIbHOM CpeAe TPAaBUMETPUYECKMM METOAOM M IIOJYyYECHHBIE PE3YJIbTAThI
MIPUBEICHBI B Ta0J.2.

Hcexonnpie BemecTBa B HEUTpaIbHOU cpene npu 25°C NposSBWIM B TEUEHUE
15 1 30 CyTOYHBIX UCTIBITAHUSX HEBBICOKHM 3aIUTHBIA 3PPEKT, UTO COraacyercs
C JINTEPAaTypHbIMU JAHHBIMU. B CBSI3U ¢ 3TUM OBUIM CUHTE3UPOBAHBI UX aJJIYKThI U
osmromepsl. MccecnenoBanns mokasanu, 4To B IPOLIECCE KOPPO3UU IMOTECHIUAIIBI
KAaTOAHBIX W AHOJHBIX YYAcCTKOB HE OCTAlOTCA IOCTOSHHBIMM, HaOJII0JaeTcs
NoJIIpU3alus, CIEJCTBUEM KOTOPOU SABIIAETCS COMMKEHHE MOTEHLUUAIOB KaToaa U
aHOJAa U YMEHBLIEHNE KOPPO3HUOHHOIO TOKA.
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Tabmuua 2
BiusHMe POOIKUTENIBHOCTH KOPPO3UOHHBIX UCIIBITAHUI HA
s¢dpextuBHOCTD 32Tl CT.3 B poHOBOM pactBope D-2 nipu pH=6,4 u

temneparype 25°C

Wurubutop Cur, 360 yacos 720 yacoB

MI/1 K, r/(mM*cyT) Z, % K, r/(mM*cyT) Z,%
®on 20 34,50 - 56,67 -

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

Ha puc.2 (a, 0) mnpuBeaeHsl pe3yibTaTbl MCCIACAOBAHUS KUHETHKU
ANEKTPOJHBIX MPOLECCOB M MOJSIPHU3ALMOHHBIX M3MEPEHUN Mpouecca KOppo3uu
CTAJILHOTO AJIEKTPO/A NPU Pa3IMYHbIX TEMIEpaTypax, a TAakKe B MPUCYTCTBUU
OJIMTOMEPHBIX MHIMOUTOPOB U3 KOTOPOTO BHUJIHO, YTO BEIMYMHA CTALlMOHAPHOTO
NOTEHIMAJIa  Koppo3uu  Ecr.  IOCTOSHHA ~ OTHOCUTENIIBHO  HOPMAJIBHOTO
XJiopcepeOpssHOro 3ekTpoaa B (GoHoBOM pactBope u coctamiseT -0,780 B mpu
temneparype 50°C. Ilpu nob6aBnenun k Hemy HMKM-4 3HaueHue moTeHIHMAa
Koppo3uu  yBenmmumBaercs g0 -0,620 B, HaOmomaeTcs — cMmelieHUE
NOJIApU3AallMOHHBIX KpUBbIX HAa 160 MB; a npu nodasnenus OMKM-9 na 260 mB B
CTOPOHY MEHEE OTPULIATEIIbHBIX 3HAYECHHH, XapakTepHu3ys MNPEUMYLIECTBEHHO
TOPMOYXEHUE CKOPOCTH aHOJHOW PEaKLUU.

Takoit 3pdekT MOXKHO OOBSICHUTH 00pa30BaHMEM Ha IMOBEPXHOCTU CTaU
TOHKOTO aJCcOpOIMOHHOTO cJioss W3 ¢ocdara rekcaMeTWICHIUaMUHA, COJIeH
docdhar puMeTHIIONreKcaMeTWIeHInaMuHa, (¢ocdara AUMETHUIOIMOYEBUHBI U
coneil ¢ochar MenaMHUHPOPMAIIETUIHBIX OJUIOMEPOB, KOTOpbIE OJOKUPYIOT
INOBEPXHOCTh CTAJIM M TOPMO3AT CKOPOCTb €€ KOPPO3UIHOIO pa3pylIeHHUs.
OIHOBPEMEHHO C U3MEHEHHUEM MOTEHIMAA KOPPO3UH HAOII0OJACTCSl yMEHbILIEHUE

TOKa KOpPpPO3WH, YTO YKA3bIBACT HA CMEIIAHHBIA MEXaHMU3M ILGﬁCTBI/IiI

WHTUOUTOPOB.
-E

0:2
0.4
0.6 |

02

1.0 F ¥ 1.0 b

- 5.0 - 40 - 3.0 “20 |gi - 520 - 4.0 -3-0 - 20

Puc.2 Ilonsspu3anmoHHble KpUBbIE CTAIBHOIO AJIEKTpoJia B GoHOBOM pacTBope D-1
(1), B mpucytctBuu 20 u 30 mr/n pactBopoB unrudburopo UKM-4 (2); OUKM-5 (3);
OUKM-6 (4); OUKM-8 (5); OUKM-9 (6) npu Temnepatypax 25(a) u 50°C (0).
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Pe3ynbraThl pacueroB 3HaueHHi ctanumoHapHoro noreHuuana (Ec:) m Toka

xopposun (I, ), koddpumuenta TopMokeHUs (Y) W CTENEHH 3ammMTHl (Z) mpu

temneparype 80°C mpuBeneHbl B TaOiuie 3, U3 KOTOPOMl BUIHO, YTO PacCTBOPHI
omuromepubix uHrHOuTopoB OUKM-8 m OUMKM-9 mnpu Bcex H3ydeHHBIX
KOHIIEHTparusax 3(p(HEeKTUBHBI  MPUHUMAIOT 3HAYEHUS CTETIEHHU 3aIlIUThI OT 99,56
110 99,64% npu C=20 mr/n u ot 99,61 10 99,76% nipu C=30 mr/.

OTtMmeTuM, 4TO caMoO MO ceOe MOBBIINIEHHE BEIMYUHBI CKOPOCTH KOPPO3HH C
pPOCTOM TeMIEepaTypbl HE MOXET CIYKUThb JOKAa3aTelbCTBOM TOr0, YTO B XOJ€
HKCIIEPUMEHTA  YBEJIMYMBAJach JOJII AKTUBHOW TOBEPXHOCTH  MeETaslia.
JlocTaTOYHO BBICOKME CKOPOCTH KOPPO3UM MOTYT HaOIIOAAaThCs B HEKOTOPBIX
cllydasX W W3 IacCUBHOI'O COCTOSIHMSA. Mexay TeM, mHpopMalus O COCTOSHUU
IIOBEPXHOCTU CTaJX B XOJI€ KOPPO3HOHHBIX WMCIBITAHWWA OYEHb BaXKHA, TaK KaK
naccuBaTopbl 3()(PEKTUBHBI TOJBKO B Clydyae HU3KMX CKOPOCTEH KOPpO3UHU U3
MACCUBHOTO COCTOAHUA. OHO3HAYHO CYAUTh O COCTOSTHUM MOBEPXHOCTH 00pa3lioB
MO>KHO I10 BEJIMYHUHE 3JIEKTPOIHOIO MTOTEHIHAIIA.

Tabmuua 3

Pe3ynbTarhl 37eKTPOXUMHUYECKOTO OMPEACIICHUS CTETICHN 3alTUTHOTO
nevicteust uHruouTopoB (T=80°C) B honoBoM pactBope D-1 (pH=5,3) npu ux
Pa3TUYHBIX KOHIIEHTPAIHIX

HNuruburtopsr Chunr., M/ -Ecr, B l o, MA/cM? Y Z,%
®-1 0 0,820 607,53 - -
UKM-1 0,740 75,76 8,02 87,53
UKM-2 0,730 61,12 9,94 89,94
UKM-3 0,730 63,91 9,51 89,48
UKM-4 0,610 26,00 23.36 95,72
OUKM-5 20 0,570 17,38 34,97 97,14
OMKM-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
ONKM-9 0,490 2,19 277,78 99,64
UKM-1 0,750 38,21 15,90 93,71
UKM-2 0,730 30,62 19,84 94,96
UKM-3 0,740 33,60 18,08 94,47
UKM-4 0,630 25,33 23,98 95,83
ONKM-5 30 0,560 15,07 40,32 97,52
ONKM-6 0,570 10,69 56,82 98,24
OUKM-7 0,620 63,94 9,50 89,47
OHKM-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

W3 uccnenoBaHHbIX COeIMHEHNUN HanOoJiee HU3KUM 3alUTHBIM 3G(HEKTOM B
¢donoBom pactBope (P-1) obmanaer uaru6urop OMUKM-7, koTopslii paBen 87,23 u
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89,47% mipu xounentparuu 20 u 30mr/n u temnepatype 80°C. B cocraBe ero He
conepxkutcs Gochopa, HO C MOBBIICHUEM TEMIEPATYPbl UHTUOUPYIOMUN 3P PeKT
MOBBIIIAIOTCS M XEMOCOPOLIMOHHBIE CBSI3M MEXAY HHTHOUTOPOM U METAIJIOM
ycunuBaloTca. VHruOupyromme CBOWCTBA A3TOTO OJMTOMEPHOTO HMHTHOWTOpPA
CBSI3aHBI C €r0 CTPYKTYPHBIMH OCOOCHHOCTSIMH. OJEKTPOHHAs TUIOTHOCTh Ha
aToMax (PYHKIMOHAIBHBIX TPYMI, SBISIONIMXCA pPEAKIMOHHBIMH IIEHTPaMH,
BJIMSICT HAa IPOYHOCTH 00pa3oBaBIIHecs aOCOPOIMOHHBIX cBsi3eil. C MOBHIIICHUEM
TEMIEPATypbl €ro 3allMTHHIC CBONCTBA COXPAHSIOTCS, W3 YEr0 MOXKHO CIeNaTh
3aKJIIOUYEHUE, YTO MHTUOUTOP ICHCTBYET MO XEMOCOPOIIMOHHOMY MEXaHU3MYy WU
oOpaszyeT 0COOCHHO IIPOYHBIN 3aIUTHBIN CIIOH.

B cBa3u ¢ a3TuM ObUIM  MPOBENEHBl  XPOHONOTEHLUUOMETPUUECKHE
uccienoBanus. V3mepenus moreHIuana 3JEKTpoJa BO BPEMEHHM B Pa3iIMYHBIX
(GOHOBBIX pacTBOpax B 3aBUCHMOCTH OT TEMIIEpaTypHBIX YCIOBUH U B
npucytctBu 106aBok moHoB PO;, COwu NH;mnoka3anu, uyro 0e3 Kakux-audo

BHEIITHUX BO3JCHCTBUH CO BpPEMEHEM IIOTEHIIMAT CTald MMEET TCHICHIMIO K
obnaropaxkuBaHuio (puc.3 a, 0).

1.1

1

-E,B
-E,B

0,9
0,8 4
0,7 4
0,6

0,54

044

0,3

. T, MUH 0 5 10 6 15 20 25 30 —
Puc.3. XpoHONOTEHIHOMETPUYECKUE KPUBBIE CTAIIBHOTO 3JIEKTPOJIa B
dbonoBoM pactBope D-1 (1); B npucyrcTBun HHruOMTOpoB: MKM-4(2); ONKM-5
(3); OMKM-8 (4); OUKM-9 (5); T=25°C (a) u 50°C (6): BpeMs SKCIIO3HUIIUU
30 mun.; C=20 mr/mn.

B ¢onoBoM pacTBOpe mpoBeneHbI M3MEPEHHs MOTEHIMala 3JIEKTpoda BO
BPEMEHHU — 4epe3 Kaxkaple 5 MUHYT B TeueHue 30 MUHYT SKCIO3UIMI oOpasma B
arpeccuBHoi cpeae. CorjaacHO 3KCHEPUMEHTAIBHBIM JTAHHBIM, IPEICTABIECHHBIM
Ha puc. 3 a, HauOOJBIIUM OO0JATOPAKUBAIOIIUM JIEHCTBUEM HA KOPPO3UOHHBIN
noTeHuan crainy npu 25°C BnepBbie S MUHYT UCHIBITAHUI 001a1at0T UHTUOUTOPBI
OUKM-8 u OMKM-9. lo6aBka UKM-4 c1ab0 akTUBU3HPYET MOBEPXHOCTH CTAJH,
a uaruoutopsl OMKM-8 u OUKM-9 ee cnabo naccuBUpyIoT.

[locTosiHHOE ~ 3HAaYe€HUWE  KOPPO3MOHHOTO  MOTEHLHMajga  3JIEKTPoja
yCcTaHaBiIMBaeTcs yxe nocie 30 MUHYT 3KCIO3ULMU B UCCIEAYEMOM PacTBOPE, YTO
CBUJICTEJILCTBYIOT O COXPAHEHHHM OCHOBHBIX TeHJeHIMH 3aBucumoctu E=f(t) B
TEYEHUE BCEro JIKCIepuMeHTa. JlydiiMe 3aluTHBIE CBOWCTBA MPOSBISIOT
komno3uiuu u3 OMKM-8 u OMKM-9. C usMeHeHuem temMieparypbl arpeCCUBHOM
cpenbl 10 50°C kayecTBEHHas KapTWHA BIUSHUA J00aBOK HMHITHOMTOPOB Ha
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3HAQUYEHUSI KOPPO3MOHHOI'O TMOTEHIMala B HAYaJdbHbII MOMEHT BpPEMEHU HE
mensiercss  (puc.3,0). OtrmeTruM BechbMa cna0yl0 3aBUCUMOCTh IOTEHIIMAJIA
ANIEKTpPOJa OT BpeMeHUW B TeueHue 30 MUHYT UCHBITaHWM, Opu 3TOM Ooliee
s dexTuBHbIMU HTHOUTOpamu sBist0TCsE OMMKM-8 1 OMMKM-9.

BnugHue oauroMepoB M MX KOMIIO3MIMH Ha CKOPOCTh KOPPO3UH CTalld
OTIPEIEIISIIA METOAOM MOJISIPU3ALUOHHOTO COITPOTUBIICHHUS.

Ha puc. 4 B kauecTBe mpuMepa NPUBEACHBI PE3YJIbTaThl U3MEPEHUN
MOJIAPU3AIIMOHHOTO COMPOTUBJIEHUSI CTAIILHOTO 30HJa B cinabokucion cpene (-
1), a Takxke B NOPUCYTCTBUU HHTHOUTOPOB Kopposun WMKM-2, UKM-3 wu
OJIMTOMEPHBIX UHTUONTOPOB Kopposun: OMMKM-8, OMKM-9.

U3 puc. 4 BuaHO, 4TO BBEJCHUE B (POHOBBIA PACTBOP HU3KOMOJIEKYJISPHBIX
WHTUOUTOPOB YBEIWYUBACT MOJSIPU3AIMOHHOE COMPOTUBIICHUE, & TIPU BBEICHUU
OJIMTOMEPHBIX ~ WHTHOMTOPOB  HaOmomaercs emie  OoJbIlee  yBEITUUYCHUE
NOJIAPU3AIMOHHOIO  CONPOTUBJIEHUS CTAJIBHOIO 30HAA. Takod pe3yJbTar
YKa3bIBa€T HA PE3KOE TOPMOMKEHUE 3JIEKTPOXMMHYECKOro IMpolecca U MO3BOJIAET
MOJIyYUTh TpPeABApPUTEIbHbIE Pe3yJbTaThl 00 A(P(HEKTUBHOCTH TEX WU HHBIX
WHTUOUTOPOB.

R, Om R, Om
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Puc.4. KpI/IBLIC IMOJIAPU3AIMOHHOT'O COITPOTHUBIICHHUA CTAJIBHOI'O JJICKTPOJa

dbonoBoM pactBope (1); B npucyrctBun 20 mMr/i pactBopoB HHruoutTopon: MKM-2
(2); UKM-3 (3); OMKM-8(4); OUKM-9 (5); T=25°C; ®-1 (a) u ®-3 (6).

B ¢donoBeix pactBopax ®@-1 u ®-3 (puc.4 a u 6, kpuBbie 1) UHTErpagbHAs
BEJIMUYMHA MOJIIPU3ALMOHHOTO COMPOTHUBIICHHUS 32 BPeMsl HIKCIIEPUMEHTa COCTaBHJIa
120 u 302 Om/cm? mipu Temmneparype 25°C. B pOHOBBIX pacTBOpax ¢ HHIHOUTOPOM
OHKM-8 R=367 Om/cm?> u R=493 Om/cm? ipu Temueparype 25°C.

Takum o0Opa3zom, MOXHO YTBEp)KIaTh, 4TO OOpa30oBaHHE HAa MOBEPXHOCTH
CTaJIbHOTO  DJIGKTPOJAA  aJCOPOIMOHHOTO  CJOS,  COCTOAIIETOM3a30T- U
dochopcoaepkaux KOMIUIEKCOB B NPHUCYTCTBUM YKa3aHHBIX HMHTUOUTOPOB,
IPOUCXOAUT TOJ BIMSHUEM MPOTEKAIOIUX KOPPO3MOHHBIX MPOIECCOB, YTO U
npegonpenenset 0osee BEICOKYI0 3PGEeKTUBHOCTh YKa3aHHBIX UHTUOUTOPOB.

Cunepretudeckuii  3QQPeKT HEKOTOPBIX OPraHWMYECKUX  COCTUHCHHIMA
CBSI3BIBAIOT C OOpa3oBaHWEM TMPOIYKTOB pa3NIOKEHHUS, OJHUM M3 KOTOPBIX
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SBJISICTCSI OPTAaHMYECKUN KAaTHOH, a ApyruM aHuoH. CymHOCTh 3Toro 3ddekra
3aKJTI0YaeTCsl B TOM, YTO B MOJICKYJy HWHTHOWTOpA BBOMST OJHY WU JBE
(yHKIIMOHATBHBIE TPYIIIIBI C TETEPOATOMOM, OTIUYAIOIIUXCS MO BEJIMYMHE U 3HAKY
3apsiia OT UMEIOIIErocsi B MoJjieKyse. B aTom ciydae ofHa rpymmna MOXET BECTH
cedst moJoOHO KAaTHOHY, Jpyras — MoJ00HO aHuoHy. [IpuMepamu mnom0O0HBIX
WHTUOUTOPOB MOTYT SIBJISATHCS BeriecTBa, cojaepkamue —NH> u —OH, -NH> u —
H>PO3, -NH; u —COOH rpynmnsl. [Ipu agcopOuuu Takoro BEIIECTBa Ha METalIe,
4acTh €ro ajacopOupyercss Mo OJHOM rpynme (Hampumep, MO0 aMHHO — TPYIIIeE),
4acTh MO JAPYroi (Hampumep, Mo OKCU — rPyIe). ITO NPUBOJUT K YMEHBIICHUIO
CWJI OTTAJKMBAaHUS W 0O0pa3oBaHUIO OoJjiee TUIOTHOW TMieHkKu uHrHOHTOpa. Ilo
TaKoMy MEXaHU3My JIEHCTBYET, HarpuMmep, UHTHOUTOD docdar
JTUMETUIIONIMOYECBUHBI, BBICOKAa dA(PPEKTUBHOCTH KOTOPOTO CBSI3aHA H  C
BHYTPUMOJIEKYJISIPHBIM CHHEPTH3MOM.

dochaTel TUMETHIIOIMOYEBUHBI JEHCTBYIOT KaK aHUOHHBIC MHTHOUTOPHI Ha
MOBEPXHOCTH MeTauia. Kpome TOoro, OHU TOPMO3SIT aHOJHBIA MPOIECC
pacTBOpeHHUs] u3-3a 00pa30BaHUs 3AIIUTHBIX IUJICHOK, MPEACTABISIONIMX COOOM
TPYAHOPACTBOPUMBIC MPOIYKTHl B3aUMOJCUCTBUS HMHTHOUTOpAa C HOHAMHU
MePEXOISIIEeTO B pPacTBOp MeTallia. Tak, HarpuMmep, dbocdar
JTUMETUIIOIMOYEBUHBI, aJICOPOUPYSICh HAa MMOBEPXHOCTU CTANIM, 00pa3yeT ¢ MOHAMU
’KeJe3a SKPaHUPYIOIINE MIICHKH:

HN-— CH2 N CHZOH HN-—CHoOH
c=0
H2N CHZOH H2N CH2 HN*-CH,OH
n—-2 .
\
PO P PO
VRN O\ \
g O o/ o o/ o

['paBuMeTpUYECKHEe KOPPO3HMOHHBIE UCCIEAOBaHMS MMOKa3anu (Tabn.4), 4Tto B
crarmoHapHbix ycioBusx npu 50°C mob6asnenme 20 mr/m pactBopa MKM-3
MPUBOJUT K CHUKEHHUIO CKOPOCTH KOPPO3HH, CTAIM MO cpaBHEHUIO ¢ poHOM (D-
3) B 15,63 paza, uto cooTBeTCTBYET cTeneHu 3amuThl 93,60%. IIpu noGaBnenun B
pactBop OMKM-9 ckopocte koppo3um cranu yMmenbmiaercs B 107,53 pasa,
creneHb 3amuThl - 99,07%. B pesynbTate MpOBENEHHBIX HCCIEIOBAHUM OBLIU
BbIsIBJICHBI HauOosiee dddektuBHpie uHrHONTOpEl OWKM-8 u  OUWKM-9,
BBEJICHHE KOTOPBIX MO3BOJIMJIO CHU3UTH KOPPO3HOHHYIO arpeccuBHOCTh D-2 u
3aiuTUTh CT.3 OT KOPPO3HMOHHOro paspyuieHus Ha 98-99%. OnrumanbHas
KOHIIGHTpAIUsi  JIaHHBIX WHTHUOWTOPOB, TP KOTOPOHM OBUI  JOCTUTHYT
YIOBJIETBOPUTENBHBIN 3aIUTHBIN 3D dekT, coctaBmna 20 Mr/i (Tabdin.4).

Ponb  dochopcoaepkaimiux OpraHUYeCKUX M OJIMTOMEPHBIX COCIMHEHHIM
MOXXHO OOBSICHUTH TE€M, UYTO OHM OOpa3ylOT Ha MOBEPXHOCTH MeTajljla TOHKHE
ciou. DPGhHEeKTUBHOCTH JEHCTBUS MHTMOUTOPOB CHIIBHO 3aBUCUT OT TEMIIEPATYPhl
u coctaBa, OMKM-7 nipu 50 u 80°C umeet crenenp 3amutbl 90,06 u 92,36%. Ero
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3alllUTHBIE CBOWMCTBA

Monexynsl

QJICKTPOCTATHYCCKHC

XEMOCOPOHPYIOTCS
rerepoatromMa, S(Q(GEKT CHUHEepru3Ma IpH OSTOM OOBICHSETCS 00pa3oBaHUEM
KOBaJCHTHBIX CBsi3ed. [lpm ajcopOnmMM KaTHOHOB M aHWOHOB BO3HUKAIOT
NPUTSDKECHUST  MEXKAY HHMH,

oOpazyroniuecs Clou.

CHIJIBI

MIPOSIBISIFOTCS  elIe

3a CUCT

CHIIHEC

npu

HCCIIApCHHOI'O

TTOBBINIICHHBIX
TeMmreparypax, Onarojgapsi ajicopOIMOHHOMY B3aUMOJICUCTBUIO C METaUIaMU U
IpyU 3TOM OH JCHCTBYET IO XEMOCOPOIIMOHHOMY MEXaHH3My U 00pa3yer
0COOCHHO MPOYHBIE 3AIIUTHBIE CIIOU.

IIEKTPOHA

4TO YIUIOTHACT

Tabmauma 4

Pe3ynbTarhl rpaBUMETPUICCKOTO ONPE/ISIICHNs CTeneH: 3amuThl CT.3
paznuyHbiMU UHTUOUTOPAMU (Cunr =20 Mr/m) B hoHOBOM pactBope 3% NaCl + 5%
NaxCOs3(pH=8,6) mipu pa3iuuHbIX TeMIlepaTypax

Wuruburoper | Temmneparypa, 360 yacos 720 yacoB
°C K, v | Z,% K, v | Z.%
r/(M%cyT) r/(M*cyT)

don 131,73 - - 103,07 - -
VKM-1 8,81 14,95 | 93,31 3,92 26,32 | 96,20
VIKM-2 1693 | 7,78 | 8715 | 11,10 9,29 | 89,23
VKM-3 9,55 13,79 | 9275 | 6,60 15,63 | 93,60
MKM-4 50 628 2096|9523 | 4,14 24,88 | 95,98
OMKM-5 424 | 31,06 | 96,78 | 3,09 33,33 | 97,00
OMKM-6 3,65 | 36,10 | 97,23 1,52 68,03 | 98,53
OMKM-7 13,04 | 10,10 | 90,10 | 10,25 10,06 | 90,06
OMKM-8 501 | 2632|9620 | 244 42,19 | 97,63
OWKM-9 1,53 86,21 | 9884 | 096 107,53 | 99,07
NALKO 12,81 923 |8%16 | 1253 943 | 8940

don 272,43 - - 243,72 - -
VKM-1 14,98 | 18,18 | 9450 | 1331 18,32 | 94,54
VIKM-2 38,11 7,15 | 86,01 | 3992 6,11 | 83,62
VIKM-3 29,50 | 923 | 8917 | 4465 546 | 81,68
VMKM-4 1291 | 21,10 | 9526 | 975 25,00 | 96,00
OUKM-5 80 597 | 45066 | 9781 | 427 57,14 | 98,25
OMKM-6 7,36 | 37,04 | 9730 | 6,17 39,53 | 9747
OUKM-7 18,88 | 14,43 | 93.07 | 18,62 13,09 | 92,36
OVKM-8 3,51 | 77,52 | 9871 | 227 107,53 | 99,07
OMKM-9 2,80 | 9434 | 9894 | 139 175,44 | 9943
NALKO 3893 | 6,99 | 8571 | 30,27 8,05 | 87,58
B Tperbenn wactm Tperbe TiaBbl auccepraunn  «McciienoBanue

aJCOPOIIMOHHOM CIMOCOOHOCTH H3Y4YaeMbIX HHTHOMTOPOB HAa MOBEPXHOCTH
META/UIOB» TI0Ka3aHO, 4YTO B IMIPOILIECCE AIEKTPOXUMUYECKON KOPPO3UU C
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YYaCTUEMHHU3KOMOJICKYJISIPHBIX U OJIMTOMEPHBIX MHTHOUTOPOB B pe3yJibTaTe
B3aUMOJICUCTBUSI C  TMOBEPXHOCTbIO  METajula  BHEIIHSS  [OBEPXHOCTH
aJCOpOMPOBAHHOIO  CJOS  3apsbKAaeTcsl  OTPULATeNIbHO, a BHYTPEHAS -
noJIOkKUTENbHO. KonnuecTBO aAcOpOMpPOBAHHOIO BEIIECTBA, OTHECEHHOE K
€UHUIIC TOBEPXHOCTU, 3aBUCUT OT TEeMIIEpaTypbl Cpellbl U KOHIICHTpaIuu
aacopbara B xuakoil ¢aze. I[Ipum 3TOM HCXOAAT U3 TOTO, YTO AACOPOMPOBAHHBIC
OpraHMyeckhe TaK e, KaK M HEOpPraHMYeCKue WHIMOWUTOPBI, PACCMOTPEHHBIC B
JIMTEpaType, TOJHOCTHIO BBIBOASAT M3 CQepbl aHOJHOM peaKkIUuud Ty YacTb
MOBEPXHOCTH, KOTOPAsl 3aHATa UHTMOUTOPOM. ITH COOOPaKEHHUS UCIIOJIL30BAIN TIPH
paccuere CTENEeHN 3al0JIHEHHSI IPU ITPOXO0KIEHUHU AIEKTPOXUMHUYECKOr0 MpoLEecca.
OnbITHBIE 3aBUCUMOCTH  aJCOPOIMHM  OJIMTOMEPHBIX HMHTUOMTOPOB OT HX
KOHIIEHTPAIIMH B PACTBOPE Ha CTAJIM B 00JIACTU BBICOKUX 3aIIOJIHEHUN IOCTATOYHO
XOPOIIO OMHUCHIBAIOTCS U30TEPMOIL, XapaKTepHOIH 00pa30BaHUIO0 MOHOCIIOS.

Ha pucynkax 5 @, 6 moka3aHa 3aBUCHMOCTH CTEIEHU 3aloOJIHEHUS OT
KOHIIEHTPAIlMU MHTUOUTOpA TIPU PA3IUYHBIX (DOHAX, OTKYAa BUIHO, YTO 3HAYCHUS
0 pesko Bo3pacTaroT 10 KOHIEHTparuu 20 Mr/J, mociie KOTOPOW YBETWYeHHUE
KOHIIEHTPAI[M¥ MHTMOUTOPOB MPAKTUUECKH HE BIIUSET HA CTEIICHb 3all0JHEHUS.
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Puc.5. 3aBUCHUMOCTb CTENEHH 3aM0JIHEHUS IOBEPXHOCTH CTaIU OT
KOHLEHTpaluu pa3inuuHbix UHruouTopoB: OUKM-6 (1); OMKM-8 (2); OMKM-9
(3); UKM-2 (4); UKM-1 (5); UKM-3 (6) npu pH=6,4 (a) u pH=8,6 (6); T=80°C.

[To Bumy wu30TepMBI aaCOPOIMU MOXKHO CYIUTh 00 aacopOIMOHHBIX
XapakTepucTHuKax WHrHOUTOpOB. Ilyrem BbmpsmiieHus: rpadukoB 0=f(Cuwr) npu
MTOMOIIIN COOTBETCTBYIOIIHNX byHKIIMOHATBHBIX CETOK B nepBoi
KOHIICHTPAIMOHHOW 00J1acTH TOOABKH YCTAHOBJICHO, YTO aJICOPOIIUS HHTHOUTOPOB
OJIMTOMEPHOTO THIA OMMUCHIBACTCA H30TEPMOM, XAPAKTEPHOM UIsi OJHOPOJHOU
noBepxHOCTH azcopbara (puc. 5). 3mMepeHus mokas3plBalOT, YTO UHTHOUPYIOIINE
CBOMCTBA WCCJICOBAHHBIX OJUTOMEPOB CBS3aHBI C UX aJCOPONMEH Ha CTabHOMN
TTOBEPXHOCTH.

Ha ocHOBe maHHBIX CTENEHU  3aMOJHEHUS  IMMOBEPXHOCTHMETAJIA
MHTUOUTOPOM OIpe/iesieHa U30TepMa ajacopOIuu, XapakTep KOTOPOW IMO3BOJISET
MOJIYYUTh MH(POPMALIUIO O CBOMCTBaxX ajacopOupoBaHHOrO BemiectBa. M3 tabm. 5
BUJTHO, YTO CTEIEHb 3aMO0JIHeHUs oBepXHOCTH uHruouropom OUKM-7 pacrer ot
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0,90 mo 0,92; xoHcTaHTa aJCOPOIMOHHOIO paBHOBecusi uamensercs ot 0,45 no
0,58. Tlpm aacopOIMM aMHUHOCOAEPXKAIINX COCAUHEHUN TPeoOsIajaloT CHITBI
OTTAJIKUBAaHUS, UYTO TMPUBOJAUT K YMEHBIICHUIO 3HAYCHWH  KOHCTAHTHI
aJICOPOLIMOHHOIO PAaBHOBECHUIO MO CPAaBHEHHUIO C a30T- U (ocdopcoaepx aiumMu
COCTMHEHUSIMH.

B 1enoM MOXXHO OKUAATh, YTO AJIEKTPOHOJOHOPHBIE MOJIEKYJIbl ¢ MEHBLINM
NOTEHLMAJIOM HMOHU3allMu, OOJBIIMM OTPHULATENbHBIM 3apsiiOM Ha aToMeé a3oTa
aKTUBHOIO LEHTpa U OoJiee IMOJIOKUTEIbHBIM 3apsiioM Ha aTOME BOJOpPOJA B
IPOTOHUPOBAHHON (hOpME MOJIKHBI OBITH JyUIIMMH HHTUOMTOpamu Ojaropaps
00pa30BaHMIO CHJBHBIX KOODAMHALIMOHHBIX WM BOJOPOAHBIX CBSI3e€H C
METAJTINYECKON TOBEPXHOCTHIO.

Tabauma 5
3HaueHUs CTETICHHU 3all0JIHEHUS U KOHCTAHTHI aICOPOIIMOHHOTO PAaBHOBECHS
pa3nuuHbIX THrUOUTOpPOB B pacTBope poHad-3, (Cuur =20 mr/m)

NHrnéurop Temmnepatypa, °C K ©] B
HKM-1 3,92 0,96 1,20
HKM-2 11,10 0,89 0,40
HKM-3 6,60 0,94 0,78
HKM-4 50 4,14 0,96 1,20
OUKM-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 13,31 0,95 0,95

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

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

HKM-4 9,75 0,96 1,20
OUKM-5 4,27 0,98 2,45
OUKM-6 80 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

['paBuMeTpuyeckre uccienoBaHus Tnokazaiu (Tabdn.4), dYTO CKOPOCTh
koppo3uu (K) crampHOro snexktpoia mpuHUMAaeT HauOolee HU3KHE 3HAYCHUS B
OpUCYTCTBUM  a30T- ®  (ocdopcomepkalx  HUHTHOMTOPOB  TpU  HX
KoHeHTpauuu20 wmr/n. Y ¢docdopcomepkammx OIMIOMEPHBIX HHTHOUTOPOB
3HAYEHMs] CTENEHU 3alOoJHEHUs IOBEPXHOCTH 3JIEKTPOAa MOHOMOJEKYJISPHBIM
clloeM HauOojee BBICOKH, YTO IMOATBEPKIAETCS M pacyeTaMH KOHCTAHTbI
ancopOuuMoHHOro paBHoBecHs: (B) B 3aBUCMMOCTH OT XMMHUYECKOH CTPYKTYpbI
UHTUOUTOPOB, KOTOpass B 3-5 pas3a MpeBBIIACT €€3HAYCHHs] MOJyYEHHBbIE MpU
JPYTUX KOHIIEHTPAIUSIX MHTHOUTOPOB. BBICOKHE 3aIIUTHBIE CBOMCTBA OJIUTOMEPOB
OOBSCHSIOTCS ~ OOpa3oBaHWEM  TPYAHOPACTBOPUMBIX  COCIWHEHUH  Ha
KOPPOAMPYIOLIE MOBEPXHOCTH, a MPEALIECTBYIOUIAs CTaaus — 3TO aacopouus
O0OBEMHBIX MOJIEKYJI OJIUTOMEpa Ha MOBEPXHOCTH MeTajuia. OTH pPEe3yJIbTaThl
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SBIISAIOTCA €€ OJHUM TOATBEPKACHUEM BBIIIEPACCMOTPEHHOTO MEXaHU3Ma
3aIATHOTO ACHCTBUS JAaHHBIX HHTHOUTOPOB.

CrnenmyeT 3aMeTuTh, YTO TMPU BCEX H3MEHEHHUSIX MapaMeTpPOB B BBHIOPAHHOM
o0nacT  3KcriepuMeHTa  osuromepHblii  umHruourop OHNKM-8  coxpansn
JIOCTaTOYHO BBICOKHE 3alllUTHBIC CBOWCTBA. DHEPrUsl aKTHBAIIMHM CBs3aHA CO
CTENEHBIO SKPAHUPOBAHUS IMOBEPXHOCTU DJJIEKTpPOJa U JAET ONPEIeICHHYIO
uHOPMAIIMI0O O MEXaHU3ME 3alIUTHOrO JCHCTBUS HHTHOMTOpPAa W KHHETHKE
KOPPO3HOHHOTO Tpoiiecca. [lonyueHnnbie pe3yabTaThl MOKA3bIBAIOT, YTO aCOPOIUs
ATUX COEIMHEHUA M3MEHSIET KOHCTAaHTYy CKOPOCTH DPEAKIMHU, a uepe3 Hee 3apsl
MTOBEPXHOCTH. Paznmuuus B CTETICHSIX 3amoJHEHUS MTOBEPXHOCTH
docdopconepkaliuMu ~ OJTUTOMEPHBIMU ~ BEILIECTBAMHU,  pacCUMTaHHblE U3
KMHETHYECKNX XapaKTePUCTUK U IO JAHHBIM MPSMBIX H3MEPEHUH, CBSI3aHBI C
nporeccamu ancop6uuu. Kpome toro, Ha K03QQPHUIECHT TOPMOKEHHUS OKa3bIBAET
BJIMSIHUE HE TOJBKO TEMIIEpaTypa M KOHIICHTpAIUs BBOJUMOTO OJUTOMEpPA, HO U
COCTaB MOCJIEAHETO.

B uetBeproii rnaBe nuccepranuu npuBeneHbl « CTPYKTypa acopoIIHOHHOTO
CJ10s1 HMHIUOMTOpPa KOPPO3MH B PAa3JIMYHBIX CpeAax», CpPaBHUTEIbHbBIE
pe3yabTaThl MCCIEAOBAaHUS WHTHOMPYIOIIMX CBOMCTB HAa OCHOBE cosieil ¢ocdar
THOMOYEBHUHBI U (ochaT MOUEBUHBI C OJUTOMEPHBIMU COEIMHEHUSIMH, KOTOPHIE
MoKa3ajau, YTO MX 3amuTHBIA  3ddexkt oOyciaoBiaeH  oOpa3oBaHUEM
aJCOpOIIMOHHOTO  CJIOSI  HAa  TOBEPXHOCTHM  MeTayia. Ha  moBepxHOCTH
HU3KOYTJIENUCTON cTanu mpu ee 3ammure uHruouropamu MKM-1 u MUKM-2 B
BOJAHBIX cHUCTeMax (OPMHUpPYETCS 3alluTHAsE TUIEHKA, MPEUMYIIECTBEHHO
cocTosilasi M3 KOMIUIGKCOB C KaTHOHaMH kene3a. BaxaeiM (dakTopowm,
BIUSIOMIUM Ha A(P(PEKTUBHOCTH MHTUOUTOPOB, SIBISIETCS MPOCTPAHCTBEHHAS
KOH(MUTYpanusi WX MOJIEKYJ, ONpEAeNsIonias IUIOmaab WHTHOUPOBAHHOU
MOBEPXHOCTH METAJUIOB. 3alllUTa METAIOB OT KOPPO3UHM WHTUOUTOpaMH, Kak
ObLIO TMOKAa3aHO, 4YacTO CBsi3aHAa C XUMHUYECKOW ajcopOiuel, BKIIOYArOLIEH
U3MEHEHHUE 3apsja aJcopOMpYIOIIErocsl BEUIECTBA W IMEPEHOC 3apsja C OJHOMU
da3el Ha apyryro. I[loaToMy ocoboe 3HaueHue mnpuoOpeTaeT MOJICKYIspHas
CTpykTypa  wuHruomrtopoB. WK —  CHEKTPOCKONHUYECKHM  HMCCIEAOBAIUCH
CUHTE3UpOBaHHBIE a30T-, Pocdop-, U cepoconepkale HU3KOMOJIEKYJSIPHbIE U
OJIMTOMEPHBIE HTHTUOUTOPBI.

VYrieBogopoaHble paauKaibl, obiagaroume TUIAPOPOOHBIMU CBONCTBAMU,
OpPUEHTHUPOBAHHBIE B CTOPOHY arpeCCUBHOM CPEJIbl, OTTAIIKMBAIOT MOJIEKYJIbI BOJIBI
U KOPPO3MOHHO-aKTHBHBIE YACTHIIBI C TIOBEPXHOCTH MeETaula, a TakKKe
JOTIOJTHUTENBHO SKPAHUPYIOT U TEM CaMbIM YCUJIUBAIOT €€ OJOKUPOBKY. Poib
dbochaTHBIX COCIUHEHHH MOXHO OOBSACHUTH OOpa30BaHHEM Ha TOBEPXHOCTH
MeTaJljla TOHKUX CJIOEB, B COCTAaB KOTOPBIX BXOSAT MOHBI 3aIUINAEMOT0 METaJlIa.
Onuromepusie (ocdatHsie coenuHeHuss Oonee dS(PPEKTUBHBI B CBI3U C
0o0pa3oBaHMEM HEPACTBOPUMBIX KOMILIEKCOB. J[0OaBka B BOIYy OpPraHMYECKUX U
OJTUTOMEPHBIX COEIMHEHUN YMEHBIIAeT KOPPO3UI0 METANIOB M CKIIOHHOCTH BOJBI
K HakureoOpa3zoBanuto. [Ipeanonaraercs, 4To HHrHOUpPYIOIIEe ACWCTBUE CHUIIbHEE
0 OTHOIICHHWI0O K HEKOTOPHIM METaulaM Yy HWHTUOUTOPOB, COJEPIKAIINX
dbynkunonansaeie rpynmsl -NHz, =NH, CN, N=0. B cinyyae unaru6utopa MKM-1
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aacopOuust Qocdar THOKapOaMHIa BO3MOXKHA Yepe3 a30T AaMUHOIPYIIIbI,
UMEIOIINI HETMOJENeHHYI0 TMapy OJJIeKTpoHOB. B mporecce uHruOupoBaHus
NPUHUMAIOT YYaCTHE U HEBOCCTAHOBJICHHBIE MOJIEKYJbl THOKapOaMuja, KOTOpbIe
azgcopOupytoTcs Oiaroaapsi 00pa30BaHUIO CBSI3M MEXKIY aTOMaMU CEphI U JKeJie3a.

Takum o6pa3zoM, 3p(HEKTUBHOCTh ITUX UHTMOUTOPOB KOPPO3UU OOYCIOBJICHA
HAJIMYMEM JIBYX aJCOPOIIMOHHO-aKTUBHBIX IIEHTPOB M acOpOLME MPOAYKTOB HX
paznoxxenus. [lonydennsie UK cnekTpbl mokasanu, 4To JJIMHA LEMU alKHUIBHOTO
paaukaiga B CTPYKTYpE COEAMHEHHUS OKa3blBae€T 3aMETHOE BIHUSHHUE Ha €ro
UHTUOUPYIOUTYI0 3((HEKTUBHOCTh U UTPAIOT BAXKHYIO POJb B CMauyMBarolIe Qaze
py 00pa30BaHUU 3aIUTHOM MIEHKH, YTO COTJIACYETCS C IPABUIIOM aJICOPOIIUH.

B nupkynsimoHHBIX cucTeMax Jjisi 60phObI ¢ KOppO3Uel MOKHO MPUMEHSThH
OJIMTOMEPHBIE HWHTUOUTOPHI, KOTOPHIE CIOCOOCTBYIOT OTJIOKEHHUIO Pa3TUYHBIX
KPUCTANIMYECKUX CJIOEB W MPEJOTBPAILAIOT MOSIBJICHUE $3BEHHOW KOPPO3UHU.
3nauyenue pH crnenyer noanepxxuBaTth Ha ypoBHE 6,5-7,0 ninm HeCKOJIbKO HUke. Ha
OCHOBAaHHMH TIOJYYCHHBIX JTaHHBIX KOPPO3WOHHBIX OMBITOB YCTAaHOBJICHO, YTO B
00OpOTHOII ~ BOJE C  TOBBIILEHHBIM  COJECOAEPNKAHUEM  MPOUCXOJUT
KOHLIEHTPMPOBAHHME HE TOJILKO arpeccuBHbIX aHnoHoB CIO", SO4* HO U HMOHOB
KaJIbIUSI, MarHus CIOCOOCTBYIOIIMX OOpa30BaHUIO Ha TMOBEPXHOCTH MeTajlia
3aIUTHBIX [JICHOK U CHUKEHUIO KOPPO3UOHHON arpecCUBHOCTH.

Oddexr cuHepruaMa U BbICOKas A(YPEKTUBHOCTH JIBYXKOMIIOHEHTHOTO
uaruouropa OMUKM-7+KH2PO4, MO)XHO 00BSICHUTH HamuuueMm B HeM —NH; u —
OH, -NH>2 u —H>PO3, -NH>; u —COOH rpynn. [loka3zaHo, 4T0 AByXKOMIIOHEHTHbIE
UHTHOUTOPBHI 007aat0T BBICOKOM A((PEKTUBHOCTHIO 3aMemJieHus Mpolecca
PACTBOPEHHSI METAUIOB B Pa3lIMYHBIX cHUCTeMax. [[oaToMy cMmecu OJMTOMEpHBIX
coenuHeHud guMmerwionmenamuHa ¢ KH;PO4 MOXHO MpUMEHSATh W Kak
UHTUOUTOPHI HaKUIeoOpa3oBanus. [IpoTUBOKOPPO3MOHHAS 3AIUTA TAKMX COCTOUT
B 00pa30BaHUM MAaJOpPaCTBOPUMBIX COEIMHEHMI, KOTOpbIE BXOAST B COCTaB
KOPPO3WOHHBIX  OTJIIOXEHHWH, 9YTO TNPUBOJUT K WX  YIUIOTHCHHIO U
MaJONpPOHUIIAEMOCTH  JJI1  KOPpPO3UOHHO-aKTUBHBIX  peareHToB.  Jlanee
HaOJIIOAAOTCS aICOPOLIMOHHBIE TPOLIECCHl, MPUBOAAIIME K 3aMENJIEHUI0 pPOCTa
dbocdaTHOrO C€nosi, BCIAEACTBUE YEro OH CTAHOBHUTCS MEHEE MOPHUCTBhIM, Oojee
TOHKUM U €0 3alllUTHbIE CBOMCTBA MOBBIILIAIOTCS.

N3 Tabn. 6 BumHo, yro aumetrwnonmenamuH ¢ KH:POs4 B cnabo-kucibix
cpemax HuMeeT CcTeneHb 3amuThl oT 93,26 1mo 99,54%. C mnoBblllIeHUEM
KOHIIEHTPAIlUU UHTUOUTOP CTaHOBUTCS Oosiee apdexTuBHbIMU. B 3TOM cityuae ero
MOJIEKYJIBI aICOPOUPYIOTCSA, YTO MPHUBOAUT K YMEHBIIECHUIO CHJI OTTAJIKHUBAHUS
MEXIY MOJICKYJIaMH Ha TMOBEPXHOCTH MeETaljla U CIHOCOOCTBYIOT 0OOpa30BaHUIO
0o0Jiee MIOTHBIX TJICHOK.

Takum  oOpa3oM, Ha TOBEPXHOCTH MeTala TMpPH  €ro  3alfuTe
JBYXKOMIIOHCHTHBIMA ~WHTHOWTOPAaMHW B BOJHBIX pacTBOpax (opMupyercs
3alMTHAs IUIEHKA, MPEMMYIIECTBEHHO COCTOSUIAasi M3 KOMIUIEKCOB C KaTHOHAaMU
xene3a. Kak BugHO u3 Tabn. 6, pacTBOpbI JIBYXKOMIIOHEHTHOTO HHIHOUTOpA
OUKM-7+KH>PO4 npu temnepatype 25°C saddextuBnbl s 3amutsl cranu Cr.3
Y IPUHUMAIOT 3HAYEHUS CTENEHU 3aUThI 10 99,54%.
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Tabnuua 6

Bimsinue nmpoaomKUTEIbHOCTH KOPPO3UOHHBIX UCIIBITAHUN Ha

s dextuBHOCTh 3aUTHl CT.3 nHrnOUTOpoM OMKM-7+KH2PO4 B poHOBOM
pactBope @-1 pH=5,3 npu tremneparype 25°C

Crr, 360 gacos 720 gyacos

M/ 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

DOddextuBHOCTh AckicTBUS  HMHrHOUTOpaOUKM-7 CHIBHO 3aBHCHUT OT
temneparypel. C poctom temnepatypsl, oT 50 go 80°C wucnonab3oBaHuE
uaruouropa B codyetanun KH>;PO4 xak IBYXKOMIOHEHTHOTO HMHTHOUTOpPA €ro
3aILMTHBIE CBOMCTBA BO3PACTAIOT C YBEIIMYEHUEM TEMIIEPATYPHI.

IIpoBeneHbl HCCIIENOBAHUSA 110  OINPEAEICHUIO COBMECTHOTO JEHUCTBUSA
UHTUOUTOPOB M MOHUCKY UX Hauboisee 3PPeKTUBHBIX cMeceil. BTopoii KoMIOHEHT
KH2PO4 wunrnburop oOpasyrommii HEpacTBOPUMBIE COEAMHEHHUS, KOTOpHIC
00Ja1al0T YCTOMYMBOCTBIO B CJIa00 KHUCIBIX M HEUTPAIbHBIX Cpefax U C
YBEJIMYECHUEM TMPOJOJKUTEIBHOCTH MCNbITAHUNA HaOmrogaeTcss 0oJjiee BBICOKUMN
3amuTHBI 3¢ ¢ekt. IlpenmymectBa BTrOoporo kommnonenta KH>PO4 mnepen
JPYTUMU UHTHOMTOPAMHU COCTOSIT B TOM, YTO OH OOECHeuMBaeT 3alluTy B MaJbIX
KOHLIEHTpAlUsAX M CTaOMJIbHO COXpaHSET 3alllMTHBIE CBOMCTBA MpPH KOPPO3UHU
METAJJIOB B PAa3HbIX arpeccuBHbIX cpeaax. OIHMroMepHbIE COEOUHEHHS B
couetanun ¢ KH>POs ucnbiTanbsl kKak JIBYXKOMIIOHEHTHBIE WHTHOMTOPBI, U OHU
oKa3anuch 3(PGEKTUBHBIMU B HEHUTPAIbHOW, CIa00 KUCIOW W CIaboIenouyHon
cpenax.

B nmaroii rmaBe  gumccepraumu  «MccienoBanne 3¢ ¢deKTHUBHOCTH
HHIMOMTOPOB B NPOHU3BOACTBEHHBIX YCJOBHAX» IOKa3aHAa BO3MOJKHOCTb HX
IPUMEHEHUSI B KAUECTBE MHIMOUTOPOB KOPPO3UHU PA3IUUYHBIX METALIOB (CTasb 3,
Me€/lb, ATFOMUHUM U JIATyHb) B LUPKYJIUPYIOMIHMX OOOPOTHBIX BOJAX U B CHUCTEMAX
OXJIQXKIEHNUS, OATBEPKICHUEM YETO SABIIAIOTCA aKThl UCIIBITAHUM, ITOJyYECHHBIE U3
bekabaackoro Meramrypruyeckoro komounHarta, AO «Haouit azor», OOO
«2nekTp yckyHa coznam» u BHeAapeHus «CyBokoBa» [IKII, VIII «®Depranckuii
HII3».

[IpucyTcTBHE B NEPEKAUYMBAEMOM  MPOAYKTE KOPPO3MOHHO-AKTHUBHBIX
BEILIECTB CO3/Ia€T aKTyalbHYIO0 MpOOJEMYy 3alllUThl METaUIOB OT BHYTpPEHHEU
KOpPpO3UHU. AHTHUKOPpPO3HMOHHAs 00paboTKa TPaHCIOPTHUPYEMOIO MPOAYKTa
UHTUOUTOpPaMU SIBJISIETCSI BAXKHBIM CPEJICTBOM 3aIIMUTHI CTAJIBHBIX METAITTMYECKUX
TpyOOIIPOBOJOB  PA3JIMYHOIO HAa3HAUYEHUs OT BHYTpeHHeH Koppo3uu. B
JUCCEPTALIMOHHONM paboTe NpPHUBEACHBI PE3YyJbTaThbl MO H3YUYEHUIO MEXaHU3Ma
3alUTHOTO JAEWCTBHUS a30T H (ocdopcoaepKamux HUHTHOUTOPOB HA OCHOBE
dbocopHON KHCIOTHI U OJUTOMEPOB, a TaKXKE HEKOTOPHIX (ochopcomepxammx
aaayKTOB.
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docdopconepxkamme OJIUTOMEPHl KaK WHTHOUTOPHI KOPPO3UHU METAIIIOB,
criocoOHBI obecmeunTh MX AGHEKTUBHYIO 3allUTy B PA3THYHBIX arpeCCHUBHBIX
cpenax. Pe3ynbrarhl BU3yalIbHBIX HAOJIOJEHUN TMOKa3aid, YTO MPU OTCYTCTBUU
n00aBoK pocdop U azoTcoaepKaluX aAAyKTOB U OJIMTOMEPHBIX COJieH CTallb B
pacTBOpPE KOPPOAUPYET JOKAIBHO.

VYxe depe3 20-24 4dacoB mocie MOTPY)KEHHs 00pas3lloB B PacTBOPHI Ha HX
MOBEPXHOCTH MOSIBJSUIMCH OT/AENIbHBIE OYard KOPpPO3WW B BUJE MSATEH. 3a BpeMs
OTbITa OHU YBEJIMYMUBAINUCH U TOKPHIBAIUCH «ILANKOW» MPOIYKTOB KOppo3uu. B
MPUCYTCTBUM J100aBOK OJIMTOMEPHBIX WHTHOUTOPOB Ha MOBEPXHOCTH OOpPa3loB
CTaJIM OTMEYAIOCh 00pa30BaHKE IIOTHBIX TUICHOK.

Tabnuua 7
Crenens 3amuTthl Ct.3 pa3paboTaHHBIMH HHTHOUTOPAMU B HEUTPATIbHBIX
cucreMax rnpu temneparype 80°C

Uurudurop Cusr, MI/1T K, (r/M**cyT) y Z, %
®-2 (pH=6,4) - 0,5500 - -

NUKM-1 0,0757 7,26 86,23
UKM-2 0,0851 6,46 84,52
UKM-3 0,0692 7,94 87,41
NKM-4 0,1310 4,20 76,18
OUKM-5 10 0,1125 4,89 79,54
OUKM-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
UKM-1 0,0326 16,86 94,07
NKM-2 0,0327 16,81 94,05
UKM-3 0,0327 16,81 94,05
NKM-4 0,0337 16,31 93,87
OUKM-5 20 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
OUKM-9 0,0249 22,08 95,47

Uccnenyemprii uaruoutop MKM-1 npu ero konmedtparuu 20 Mr/a mo
JAHHBIM TMSATHAALATH CYTOYHBIX HMCIBITAHUW B HEUTpPaJIbHON cpele MpOsBIISII
BbICOKHE 3aluTHbIe cBoWcTBa 94,07%, a B ciydyae MKM-3 3ammuTHOE nelicTBUE
TaKKEBBICOKOE U cocTaBIisIo 10 94,05% (Ttadi. 7).

['paBuMeTprUecKue UCCIIEIOBAHUS MTOKA3aJd, YTO B CTAIMOHAPHBIX YCIOBUAX
no0asiienne pacrBopa OMKM-7 B cpeny NpPUBOOUT K CHUXKEHUIO CKOPOCTH
KOpPPO3HUH, CTAJIM MO CPaBHEHUIO ¢ (OHOM B 6-8 pa3a, 4UTO COOTBETCTBYET CTEIEHU
3amuThl oT 84,06 10 87,53%.

Uccnenoana 3g(heKTUBHOCTh KOMILIEKCOOOPA3YIOIIMX CBOMCTB pPEarcHTOB
MyTEM MOJICITMPOBAHUS B J1JAOOPATOPHBIX YCIOBUSIX IMpollecca 0Opa3oBaHusl cojieh
JKECTKOCTM M ONTUMH3AlUSI COCTAaBOB MHTHMOUTOPOB HaKUeoOpa3oBaHUS B
3aBUCUMOCTH OT XHUMHMYECKOrO0 COCTaBa 00OpoTHOM Bojabl. Ha ocHOBaHuu
pe3yiabTaTOB MPOBEICHHBIX HUCCIENOBaHM OOOCHOBaHa I€1€CO00pPa3HOCTD
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WCITIOJIb30BAaHUSI KOMITO3ULIUA KOMILJIEKCOOOPA3YIOIIUX PEareHTOB U OJINTOMEPOB.
B mpakTudeckoMm TUTaHE TOMYYEHHBIE PE3yJbTaThl OYIyT HCIOJB30BaHBI TMPHU
pa3paboTKe KOMIIO3ULIMM MHTMOUTOPOB HAKUIIEOOpa30BaHUS ISl KOMILIEKCHOU
3aIUThl BOJIOOOOPOTHBIX LUKIOB B KOHKPETHBIX MPOU3BOJICTBEHHBIX YCIOBUSX.
AHanu3 JaHHBIX TaOJ. &8, MOJYYEHHBIX METOAOM PEHTTEeHO(MIYyOPECUEHTHOM
cnektpoMerpun Ha npuoope Mapku «Niton XL 3t 900», mokaspiBaeT, 4TO
XUMHUYECKUN COCTAB PAa3IMUHBIX METAIIJIOB COOTBETCTBYET TPEOOBAHUSIM.
TabOmuma 8
Pe3ynbTaThl peHTreHO(IIyOPECIIEHTHOTO CIIEKTPOMETPHUUECKOTO
ONpeaeIeHUs] XUMUYECKOr0 COCTaBa Pa3IMYHbIX METAIOB JI0 U I1OCIIE
KOPPO3HOHHBIX UCTIBITAHUHN B TpUCyTCcTBUHM MHrnOuTopa ONKM-8

CopeprxaHue dJIEMEHTOB, Macc. %o

C Si Mn P Zn Ni Cu Fe Al
Cransb 3 0,20 | 0,15 0,50 0,04 - 0,20 0,20 | 98,60 -
Cranps3+OUKM-8 0,75 | 0,15 0,47 0,45 0,20 0,21 97,62 -

AnmtoMuHNN - 6,8 0,12 - 0,04 0,01 2,30 0,28 | 90,14
Anmromununii+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 -
Jlatyan - 0,78 - - 37,01 - 61,62 - -
Jlaryup+ONKM-8 - 0,52 - 17,54 | 25,22 - 55,69 | 0,06 -

Pe3ynbpraTel HCHOBITAHUN [OKa3aldd, 4YTO B HPUCYTCTBUHU OJIUTOMEPHOIO
unruouropa OMMKM-8 coctas ucciieryeMoro MeTaia U3BMEHSIETCS BCICACTBUE €TO
noBepxHOcTHOM ancopOuuu. CoctaB mertamia oboramaercs (pochopom unu oH
HOSIBJISIETCA B CIy4yae MeJH, alIOMUHHUS W JaTyHU. B pesynbraTe ancopouuu
MHTUOUTOpA CKOPOCTh KOPPO3UH pe3ko yMeHbinaercsa B 30-40 pas.

Takum  obOpazom, wuccienyemsle Qochopcoaepxame OIUTOMEPHBIC
UHTUOUTOPBI TOKa3adu BBICOKYIO 3((EKTHUBHOCTh 3aMEUICHUs Ipolecca
pPacTBOPEHHMS CTAIU B CIAOOKHUCIBIX U HEUTpajbHBIX cpeAax. OTIUYUTENbHBIMU
CBOICTBaMU JaHHBIX OJUIOMEpPOB  SBJISETCA MX HHU3Kasg ONTUMAalbHas
KOHLIEHTpanusi, JeUIeBU3HA, YHHBEPCAIBHOCTh M HETOKCMYHOCTb. dDocdaTHbie
COCIIMHEHUSI 00€CleunBalOT MOJJACpKaHue IIEIOYHOCTH, HEOOXOIUMON st
3alUTBl  OT KOPPO3UM UM COXPaHSIOT 3alllUTHBIE CJIIOM Ha CTalu B
MOJIOTPEBATENIbHBIX LIMPKYJISLIUOHHBIX CUCTEMAX.

XapakTepucTUKU HHrUOUTOPOB mpoBepeHsl Ha npeanpustuu OO0 «DnekTp
yCKyHa cosyiam. VcnbpITaHusl MPOBEAEHBI U MOJTYUYEHHBIE PE3YJIbTAThl CPABHEHBI
I'PaBUMETPUYECKUM METOJ0M, KOTOPBIE MOKAa3ajy, YTO B CTALIMOHAPHBIX YCIOBHSIX
no0aBiieHHe pacTBOPOB onuromepHbix uHrHOuTopoB OUKM-6 u OUKM-7
IMPUBOJNUT K CHUKEHUIO CKOPOCTH KOPPO3MM CTajH, YTO COOTBETCTBYET CTEIECHU
3amuthl 88,2 u 80,84%. OnuromepHbie THTHOUTOPHI KOppo3uu MetaimioB OMKM-
8 1 OUKM-9 nipu ux xonnentpanuu 30 MIr/a Mo JaHHBIM TSTHAANATH CYTOYHBIX
UCIIBITAHUI TPOSBIsUIA OOJee BBICOKME 3alIUTHBIE cBoiicTBa 92,66 m 98,61%
COOTBETCTBEHHO.
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B pesynbrare mNpoBENEHHBIX MCCIEIOBAaHUN ObUI BBISIBJIEH HauOoliee
s¢dextuBHbll MHrHOUTOp OUKM-9, BBEnEeHHME KOTOPOIrO MO3BOJIMIIO CHHU3UTH
KOPPO3HOHHYIO arpecCMBHOCTh BOJIOIPOBOJHOM BOJABI M 3aIIUTUTH METAl OT
KOPPO3HOHHOTO pa3pylueHus. OnTumManabHas KOHUEHTpalUs JAHHOIO MHTMOUTOpa
IIPU KOTOPOM ObLT IOCTUTHYT yAOBIETBOPUTENbHBIN 3aIUTHBIN 3PdEeKT cocTaBuiia
30 mr/m.

Tabmuna 9
Crenens 3amutsl C1.3 pa3paboTaHHBIMU HHTHOMTOpaMH IIpH Temreparype 25°C
NHrubuTop Cour, MI/1T K, (r/mM**cyT) y Z, %
Don (D-2) - 1,43 - -
OMKM-6 30 0,16 11.8 88,2
OUKM-7 0,27 19,16 80,84
ONKM-8 0,10 7,34 92,66
ONKM-9 0,02 1,39 98,61

JlabGopaTopHbIe MCCIIEI0BaHMs MTPOBEPEHBI M MOATBEPKIEHB B DepraHcKkoM
HII3 u na npennpusarun «CyBokoBa» IIKII, a Takxke moixyyeH akT BHEIPEHUS MO
pesynbTaTaM HcHbITaHus  (Qocdopcopepkammx OJIUTOMEPHBIX HHTHOUTOPOB
KOPPO3UH METAJIOB B CHCTEMax 000POTHOTO BOJOCHAOKCHUS.

3AK/IIOYEHUE

Ha ocHoBe mnpoBeAEHHBIX HCCIENOBAaHUNW MO JOKTOPCKOW IHMCCEpPTAalUU Ha
TeMy «CuHTE€3 U (UBHKO-XMMHUUYECKHE CBOWCTBA OJUTOMEPHBIX WHTHOUTOPOB
Koppo3uu Ha ocHoBe N, P, S copepxammx coeiuHEHUN» MPEACTABICHbI
CJIEIYIOLLME BBIBOBL:

1. CunTesupoBan psg a3or- u (ochopcoaepkamux aaayKTOB Ha OCHOBE
dbochatoB THOMOUEBUHBI, MOUYEBUHBI, MEJIaMHWHA M TE€KCAMETWICHIMAMUHA U
UHTUOUTOPBHI OJUTOMEPHOTO THUIAa HAa OCHOBE Aa30TCOACPKAIIMX OpPraHMYEeCKHX
coenruHeHU U GocPopHoil KUCIOTHL. OnpeneneHbl MONIEKYISIPHO-TMHAMUYECKUE
M KBAaHTOBO-XMMUYECKHE XapaKTEPUCTUKW CHUHTE3UPOBAHHBIX COCIUHEHUM,
YCTAHOBJIEH MEXaHW3M WHTUOUPOBAHUS OJUTOMEPHBIMH COCAUMHEHUSMHU U
BBISIBJICHBI OOIIME 3aKOHOMEPHOCTH, MPUCYIIME TAKOr0 POJia MHTHOUTOpaM, 4TO
OyzeT cnocoOCTBOBATH pa3pabOTKe HOBBIX MOJIXO0/I0B LI€JICHANIPABICHHOTO CUHTE3a
WHTUOUTOPOB.

2. TlokazaHo, 4YTO TaKue OJIMTOMEpPHBIE coeauHeHus Kak (docdar
numetuionMoueBuHbl (OMKM-8) mnposBistoT 3¢G¢deKkT BHYTPUMOIEKYISPHOTO
CHUHEpPru3Ma 3a CUeT Pa3IuYHbIX (DYHKIIMOHAIBHBIX TPYIIN, MEXaHU3M aJCOpPOIUU
KOTOPBIXOTIMYAETCA TEM, YTO MPUBOAUT K 00pa3oBaHHUIO 00jee IIOTHOTO CJOA
WHTHOWTOpPa HA TIOBEPXHOCTH META/VIa W TOBBINICHUIO WX WHTHOUPYIOIIETO
addexkra.

3. KuneTnueckuM# ¥ TEPMOJAMHAMUYECKUMHU UCCIICIOBAHUSIMU MOKA3aHO, YTO
a7ICOPOLIMOHHBIE CBOMCTBA MHIMOUTOPOB OJMIOMEPHOTO M HHU3KOMOJIEKYJIIPHOTO
TUIIOB OTJIMYAIOTCS, O YE€M CBUICTEIbCTBYIOT BBICOKME 3HAY€HUs CTENEHU
3aMOJHEHUS! TOBEPXHOCTHU AJIEKTPOJA U KOHCTAHThI aICOPOLIMOHHOTO PaBHOBECHS

53



OJIMTOMEPHBIX WHTHOWTOPOB, MPEBBIMIAIOIIME Oo0Jiee UYEThIpeX pa3 3HAYCHUS
KOHCTAHThl HU3KOMOJIEKYJISIPHBIX HUHTUOUTOPOB.

4. TlpoBeneHo CHUCTEMAaTHUYECKOe W3YUYCHUS JIBYXKOMITOHEHTHBIX
MHTMOUTOPOB Ha OCHOBE auruapodocdarta Kaauss U HaWIEHO, YTO A0OaBlieHUE
BTOPOT'O KOMIIOHEHTA YBEIMYMBAET UX UHTUOUPYIOIIEE NEUCTBUE, U3 MOTYyYEHHBIX
pE3yNbTATOB CHENaHbl BBIBOJABI O BO3MOXKHOM MEXaHU3ME 3alIUTHOTO ACHCTBUS
JIBYXKOMIIOHEHTHBIX HMHTHOUTOPOB, KOTOPBIM BKIIOYaeT B cedsi oOpa3oBaHUE
TOHKUX 3aIIMTHBIX CJIOEB BECbMa CII0)KHOTO COCTaBa, KOTOPbIE MPEAOTBPAIAIOT
MOSIBJICHUE SI3BEHHOUM KOPPO3UH.

5. DpheKTUBHOCTh HHTHOUTOPA TUMETHUIIONMETIAMUHA B arPECCUBHBIX Cpeliax
C TOBBIIICHUEM TEMIIEPATYpPbl BHAYaJ€ YBEJIMYMBACTCS, a IOCIE JOCTHXKEHUS
OTIpEICTICHHON TeMInepaTrypsl dPGHEeKTUBHOCTh HE MU3MEHSETCS, YTO yKa3bIBaeT Ha
XEMOCOPOITMOHHBI MEXaHW3M JEHCTBHUS JAaHHOTO HWHTHOHWTOpa, O00pa3yromero
MIPOYHbIC 3AIIUTHBIE CJIOW HA MOBEPXHOCTH 3aIUIIAEMOT0 METAJLIA.

6. docdaThl TUMETHIIOJIMOYEBHUHBI U TUMETHUIIOIMEIaMUHA B pa3IndHbIX pH-
cpenax o0pa3yroT Ha MOBEPXHOCTH CTaIM 3aLUTHBIE CIOU, KOTOPbIE CYIIECTBEHHO
OTJIMYAIOTCSL TI0 COCTAaBY U CTPYKTYpE OT HUCXOIHBIX 00pas3IOB, BBISICHEHO, YTO
dbocdhar numeTwnoaModeBUHBI U (ocdaT AUMETUIIONIMETAMUHA JEHCTBYIOT Kak
AHUOHHBIE UHTUOUTOPBI U TOPMO3SIT AaHOHBIN MPOIIeCC.

7. Onuromepubie coeauHeHuss OUKM-8 u OMKM-9 u ux KOMIO3ULIMHU
UMEIOT HauboJjee BBICOKYIO 3(PPEKTUBHOCTb, U OHM HMCIBITAHBI U BHEAPEHBI Ha
npeanpuaTusx bekabanckom Mmeramnyprudeckom komOunare, AO «HaBownitazor»,
00O «DnekTtp yckyHa coznaun u «CyBokoBay ITKII a taxxe Y /I «Depranckuii
HIT3».
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INTRODUCTION (annotation of doctoral dissertation)

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».

Tlomonpuropa A.A. WccnenoBanue KOPPO3HOHHOTO —pa3pyINEHUs TIOBEPXHOCTEH HE(TENMPOBOMOB MOCHE
JUTATENIbHOM dKcIuTyartaruu // Bectauk FOropckoro rocyaapcrBensoro yuusepeuterta. -2011. - Boim. 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

2Revew of foreign scientific research on the subject of the thesis is prepared www.dissercat.com,
http://www.fundamental-research.ruand other sources.

3Baranos P.K. Uromun P.B., Kysuenos [0.1., [upronsaukosa H.B. TIpakTika NpoTHBOKOPPO3UOHHOM 3aIuThL. 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. Tajikhodjaev 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 VY.IO., Beknaszapos X.C., [xamunos A.T., Ax6apos X.U., Xomikos A. K. UHrubuposanue Koppo3uu
yriepoauctoi cramu godaskamu MAI'-1 u MATD-2 B pa3nuuHbIX cpefax//DHIUKIONEANYECKUA CIIPaBOYHUK. -M.
2009. -Ne4. -C. 31-32.

Sllopoxosa E.A., Kpeuc U.B., Bypkur6aesa B.JI. Ancop0ims nonudocaroB Ha cTaibHOM 3jekTpoje // BecThuk
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 wurea, 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 «Navoiazot»).
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 materialsy (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
Ne 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%NaS04+3%H>SO4 (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:

HN-— CH2 N CH,OH HN-— CHZOH HN CH2 N CHZOH HN CHon
+nH3POy, —
HN— CH,0H HN— CH, N CH,OH H2N CH20H H2N CH2 HzN CHon
~P—OH HO— ﬁ OH ﬁ
o} 0
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:

LEN*(\(YN CHp— N{YYN cH%n . 20HPO, —> %Nj/\r\fN CHy N{YYN CH%H

NH2 NH> NH3 NH3
4 2
HO—P—OH HO—P—OH
o) o]

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.
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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/Il K, g/(m?/ 24 Z, % K, g/(m?*/ Z, %
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.
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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 (Es), corrosion current

(i.), 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
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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/I1.
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 -E«, B 1 o, MA/SM2 y Z, %

Ph-1 0 0,820 607,53 - -
IKM-1 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 20 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 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 30 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 PO;, COand NH> 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 is 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 (Cinn =20 mg/l): 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 -NH, and —OH; —NH; and —H,PO3; —NH>
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:
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Table 4

Results of the gravimetrical determination (St-3) of protective degree of
different inhibitors (Cinn.=20 mg/l) in phone solution 3%NaCl+5%Na>COs
(pH=8,6) at different temperatures

Inhibitors | Temperature, 360 hours 720 hours
°C K, g/(m?/ y Z,% | K, g/(m?% y Z, %
24hours) 24hours)

Phone 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 | 11,10 929 | 89,23
IKM-3 9,55 13,79 | 92,75 6,60 15,63 | 93,60
IKM-4 S0 6,28 | 20,96 | 9523 | 4,14 24,88 | 9598
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 | 1025 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 12,81 923 | 89,16 12,53 943 | 89,40

Phone 272,43 - - 243,72 - -
IKM-1 14,98 | 18,18 | 9450 | 1331 18,32 | 94,54
IKM-2 38,11 | 7,15 | 86,01 | 39,92 6,11 | 83,62
IKM-3 29,50 | 9,23 | 8%17 | 44,65 546 | 81,68
IKM-4 1291 | 21,10 | 9326 | 9,75 25,00 | 96,00
OIKM-5 80 597 | 45,66 | 9781 | 427 57,14 | 98,25
OIKM-6 736 137,04 | 9730 | 617 39,53 | 9747
OIKM-7 18,88 | 14,43 | 93.07 | 18,62 13,09 | 92,36
OIKM-8 3,51 | 77,52 | 9871 | 227 107,53 | 99,07
OIKM-9 2,80 | 9434 | 9894 | 139 175,44 | 9943
NALKO 3893 | 6,99 | 8571 | 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/1 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 0=f(Ciumn) 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 (Cinn=20 mg/I)

Inhibitor Temperature, °C K ® B
[KM-1 3,92 0,96 1,20
[KM-2 11,10 0,89 0,40
IKM-3 6,60 0,94 0,78
[KM-4 50 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 13,31 0,95 0,95

[KM-2 39,92 0,84 0,26

IKM-3 44.65 0,82 0,23

[KM-4 9,75 0,96 1,20
OIKM-5 4,27 0,98 2,45
OIKM-6 80 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 is 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 -NH>, =NH, CN, N=O. 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-, SO4*) 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+KH>PO4can be explain by presence of such functional groups as —NH>
and —OH, -NH; and —H,POs3, -NH> 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 KH>PO4
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 KH,POs 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+KH,PO4 in phone solution Ph-1 pH=5,3 temperature 25°C

Cinn, 360 hours 720 hours

mg/l | 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+KH2PO4 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
KH>POs 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 KH>POs has
promoted to formation of insoluble compounds which are stable i1s weak acid and
neutral mediums and with increasing of tests duration more high protective effects
have been absorbed. Advanced of second component KH>POj4 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 H3PO4 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 Cinn, mg/1 K, g/(m*24 h) y Z,%
Phone (pH=6,4) - 0,5500 - -
IKM-1 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 10 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 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 20 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 6—8 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 XI 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 OMKM-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 - 17,54 | 25,22 - 55,69 | 0,06 -

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 Cinn, mg/1 K, g/(m?24 h) y Z, %
Phone(Ph-2) - 1,43 - -
OIKM-6 0,16 11,8 88,2
OIKM-7 30 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 «Navoiyazoty, OOO «Elektr uskuna sozlash» and
«Suvoqova» of PKP and also UDP «Fergana» NPZ.
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