TOLIKEHT BUJIOSTA YUPYUK JTABJIAT MEJATOTMKA
UHCTUTYTH XY3YPUJIATHU WIMHNH JAPAXKAJIAP BEPYBUU
DSc03/30.09.2020.K.82.02 PAKAMJIA NJIMU KEHT AL

V3BEKUCTOH MW ILJIM YHUBEPCUTETHU

XYIHIBAKTOB CYIOH IOCYII V¥JIN

IHVIACTUKAT NNOJUBUHUIXJIOPUI ACOCUIAT'Y AMHUHO- BA
CYJbOOI'YPYX TYTI'AH SIHI'M HOJTUKOMILIEKCOHJTAPHUHI
PU3NK-KUMEBHUU XOCCAJIAPH

02.00.06 - Okopu MoJieKyJIsIp OupuKMAaIap

KUME ®AHJIAPU BYINYA ®PAJICA®A TOKTOPH (PhD) JMCCEPTALIMSCH
ABTOPE®EPATH

Yupunk — 2021



VVT:544.3: 544.4: 544.723: 541.64:547.478:542.952:620.192.5

Kumé pannapu 0yitnua paacapa nokropu (PhD) nuccepranusicn
aBTopedepaTu MyHAAPUKACU

OruaBjienne aBTopedepara quccepranuu 1o0kropa ¢punocopuu (PhD)
M0 XUMHYE€CKHM HayKaM
Contents of dissertation abstract of doctor of philosophy (PhD)
on Chemical sciences

XymBakToB CyrwoH IOcyn y¥amn
[TnacTukat NOMMBUHMIXJIOPHUI aCOCUIar AMUHO- Ba CYJIb(OrypyX TyTraH
SIHT'Y TTIOJIMKOMITJIEKCOHJIAPHUHT (PU3UK-KUMEBUN XOCCATAPH. ..cvveeerienreeierenreenss 3

XymBakToB Cyron KOcyn yriam
DU3NKO-XUMUYECKHE CBONCTBA HOBBIX MOJMKOMILIEKCOHOB, COIEPIKAIIINX

aMUHO- U CYJIb(OTrpYyIIibl, HA OCHOBE IJIACTUKATA MOJIUBUHUIXIOPUIA. .. .......... 21
Khushvaktov Suyun

Physico-chemical properties of new polycomplexes containing amino- and

sulfo groups on the based plasticied polyvinyl chloride............................. 39

JbJIOH KMJIMHI'aH HILJIAp PYHXaTH
Cnucok onyOJIMKOBaHHBIX padoT
List Of pUDHISNEd WOIKS..........eoivieiiii e 42



TOLIKEHT BUJIOSTA YUPYUK JTABJIAT NEJATOTMKA
UHCTUTYTHU XY3YPUIATU HWIMHUH JIAPAKAJIAP BEPYBUU
DSc03/30.09.2020.K.82.02 PAKAMJIA UJIMUI KEHT AL

V3BEKUCTOH MW ILJIM YHUBEPCUTETHU

XYIHIBAKTOB CYIOH IOCYII V¥JIN

IHVIACTUKAT NNOJUBUHUIXJIOPUI ACOCUIAT'Y AMHUHO- BA
CYJAbOOI'YPYX TYTI'AH SIHI' HOJTUKOMILTEKCOHJTAPHUHT
PU3NK-KUMEBHUU XOCCAJIAPH

02.00.06 - Okopu MoJieKy.JasIp OUpHKMAIap

KUME ®AHJIAPU BYIHNYA ®AJICA®A TOKTOPH (PhD) JUCCEPTALUSICH
ABTOPE®EPATH

Yupunk — 2021



®ancada goxtopn (PhD) amcceprammsicn map3ycn Y3Gexncton Pecnmybamkacn Basupaap
Maxkamacu xy3ypuparn Oumii atrecramus kommccusicuga B2019.3.PhD/K235 pakam Omian
pyiixaTra oJIMHIaH.

Jluccepramus Y36ekucTon MUl yHUBEpCHTETHIA GaKapUIITaH.

Huccepranms aBropedepatn yu tunga (¥30ek, pyc, wHrim3 (pestome)) Mnmuii kenram BeO-
caxudacuma (Www.cspi.uz.ilmiy-kengash) Ba «Ziyonet» Ax6opor-tabium moptanuaa (WWw.ziyonet.uz)
YKOMIAIITUPUIITaH.

HNamuii paxdap: bexuanosB JlaBpon6ex ’KymazapoBuy
KuME (haHIapu TOKTOPH, TOLEHT

Pacmmuii onnoHeHTIap: Kapumos Maxmyn MypaToBu4
kuMéE (aHnapu JOKTOPH, JOLUEHT

Tpooos Xam3a TypcyHoBn4
KUME (aHmapu TOKTOPH, TOLEHT

ETak4yu TalmIKUWJIOT: TomKeHT KUME-TeXHOJIOTUs HHCTUTYTH

Huccepranmst xuMosich TOHIKEHT BHIOSATH UMPUMK JaBiaT MENaroruka WHCTHTYTH Xy3ypHIArd
DSc.03/30.09.2020.K.82.02 pakamnu Mnmuii kenrammauar 2021 i « » coar Jaru
Maxkmucuna 6ymmo yraau. (Mamsun: 111720, TomkenT Bunostu Ynpuuk maxpu, Amup Temyp kydacw,
104-yii. Ten.: (0370) 716-68-05, dhakc (0370) 716-68-11; e-mail: tvchdpi_k.kengash@umail.uz).

Hucceprauust O6unan TomkeHT BUIOATH UMpUMK AaBiaT MeJaroruka MHCTUTYTHHHHT AXO0poT-
pecypc Mapkasuia TaHWIIWIT MYMKHH ( pakamu OmnaH p¥iixarra onuwaras). (Mamswr: 111720,
Tomkent Buositd Yupuuk maxpu, Amup Temyp kydacu, 104-yit. Ten.: (0370) 716-68-05, daxc (0370)
716-68-11; e-mail: tvchdpi_k.kengash@umail.uz).

Huccepranus aBropedeparn 2021 i « » KYHH TapKaTHJIH.

(2021 #m « » Jlaru pakamii peectp 6aéHHOMACH).

0.2.3usanyninaes
WNnmuit mapaxanap 6epyBun
Wnmuii  KeHram  paucu
K.(.11., TOTIEHT

I'.'K.OramyxamenoBa
WNnvmuit napaxanap OepyBUH
Wnmuit  xeHram — unMuid
koTHOu K.(.¢.1. (PhD)

A.C.Padukos
Wnmuit napaxanap OepyBun
WnMuii keHram KoIuaaru
WIMHMHI CEMHUHAP PaucH,

K.(. 1., mpodeccop.


http://www.ziyonet.uz/

KHUPUII (pancada noxkropu (PhD)auccepranusicu AHHOTAIUSICH)

Juccepranms MaB3yCMHMHI 10/13ap0Juru Ba 3apypartu. JKaxoH MuUKECuaa
CUHTETUK HWOHAJIMAlIMHYBYM MaTepUAUIADHA MaxXaJUIMd XoMall€nap acocuia
unuiad YuKapuil, Xamja HKTUCOAMI camMapaJOpiWKHH OUIMPHII YYyH OJIUO
Oopwiaérran xapakariap yTraH YH vuira HucOataH Oup Heua Oapobap opTras.
Nmna® yukapuinaaurad MOHMUTIAp Xaxmu Oyinuya MJIX nmaBnatnapu kKaxoHja
MKKMHYM YpUHJA Typaaud Ba Oy HMOH aJMallMHYBYM MaTepuaiap €paamuia
udraocnaHral OKOBa CYBJIAp TO3aJlaHAJU, CYBHUHI KATTUKJWTH IOMINATUIAAH, Y
TOKCUK MeTaJUlapJaH TO3aJlaHa/ld, CAHOAT KOpXOHAaJapu YUYyH HILIaTUIaJAUraH
TabUMH OKOBa CyBJIap XamJa ymOy KOpXOHadapiaH YMKA€TraH YMKUHAM OKOBa
CyBlIap  Ty3cu3naHTupuiaau. HWoHWTIap  MIITUPOKUAA  KYJUIAaHWJIQJWTaH
TEXHOJIOTUANIAp (pakaT OKOBa Ba UYMKMHIM CYBHHM TO3aJlallllardHa 3Mac Oaiku
TUAPOMETALTYprusijla KUMMaTOoaxo Ba OOIIKAa PaHIIM METaUIapHU aXpaTHILIa
MYXHUM axaMUsTra ara XucoOJiaHa 1.

JKaxoHa CHUHTETHMK IIOJIMMEpJap acocuaa HOHUTIAp CHUHTE3 KWINILI
YCYJUIAPUHU aHMKJIAIl, HIUIad YMKApHIl TEXHOJOTHSUIADUHU KOPUM STHIL,
yIapHUHT (PU3UK-KUMEBUI XOCCaJapuHU YPTaHUIl, XyCyCHil TaBcu(iIapu, TEXHUK
mapTiapd Ba TajlabJapuHU HILIA0 YUKW OVHWYa WIMHME H3JIaHUILIAp OJUO0
oopwimokna. by Oopanma, xymiajgaH, HeT-ra3, TaOMUN YIJIEBOJOPOIJIAp Ba
UKKWIAMYM ~ CaHoaT  Maxcyloriapuaan  (doiganiannd  MOHAIMAIIMHYBYU
MaTepuajjiap OJIMII, YyIApHUHT (PU3MK-KUMEBUM MapaMeTpiiapu, TO3aJIMIH,
TapkuOM Ba TY3WIMIIMHM 3aMOHABMH yCyJlap/a aHukiaml, (U3nK, MeXaHUK,
DHEPIreTUK Ba KBAaHT-KUMEBUHI XOCCAJapUHU TaxJIWi KWIWII Ba CaHOATAAa KEHT
MacmTad1a uiiad YuKapuul yCyJUIapuHU TAKOMUWJUTAIITHPUINTA aI0XUaa YbTHOOD
KapaTUIMOK/A.

MamakaTuMu3aa TApMOKJIAPUHU PUBOKIAHTUPUIL YUYH 3aMOH Tasiadiaapura
MOC, 3KOJOTMK TO03a, MKTHCOAWN camapaid, pakoOarbéapaoil, WMIOPT YPHUHU
O0ocagural MaxcCyJoTJIap 4YWKapaJuraH KOpXOHajap spaTtuiMmokaa. byHnai
kopxoHanmapaan «Iypran-I'a3-Kumé», «Ycrropr-I'az-Kumé» maxkmyanapunan
Oup Heua TypJaru MOJUMeEpJap KaTTa MUKIOpAa HIUIa0 YHMKAPUIMOKJA.
PecnyOnukamuszna wmaxamnuid xomami€nap acocuja UNUIad YuKapuiaauraH
MOJIMMEP MAaTE€PUAUIAPUHUHT MIUIATWIMIL  COXAJIAPUHU KEHTaWTHpHUII, WOH
AIMAaIIMHYBYM MaTepuasliap OJUHUIIMHUHT MakOyJ MIapOUTIIApUHU aHUKJIAII Ba
VIIApHUHT KOPUW OATUII Oyinua OWUp KAaTop WIMHA TAAKUKOT HWIIUIApU OJIHO
GopHIHG, MyaifssH HATIKanapra >SpHIIMIMOKAA. Y30eKMCTOH Pecry6iamkacunu
AHala PUBOXKIAHTUPUIN Oyiimua Xapakarjaap CTpaTerMsACHza «MaXaJUIdid
XOMal€NapHu 4yKyp KaiTa HIUIAIIHA Ba yjJap acoCHla SIHI'M WUMIIOPT YpHUHU
00CYBUYM MaxCyJoTJap UIUIa0 YUKAPUIIHYU KY3/la TYTYBUM CAHOATHU SIHTU cudar
KUXATJIaH FOKOpHUra KyTapuil» ra HyHanTUpWIraH MyXuM Basudanap Oenrmnad
O6epuiran. by 6opaga Maxamiuid XoMm aménap acocuaa UCTUKOOIUTA COPOCHTIapHU
APATUIIHUHT MHHOBAllMOH Ba WKTUCOAMM KUXATHJIAaH caMapajop Hyiiapuaax

12017-2021 #iwnnapaa 3736eKHCTo§ PecniyOnukacuHy pUBOMKIAHTHPHLIHUHT O€lliTa YCTYBOp HYHAITUIIN
Oyiinua xapakaTiap crpareruscu/Y30ekucton Pecrryonmukacu Ipesunentuamar 2017 #iwn 7 deBpanmaru
[N®-4947-connn dapmoHm.
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Oupu Oy caHoaTga UNUIA0 YMKAPWIAJWTAaH KYI TOHHAXKIW MOJMMEpJIapHH
KAMEBUN y3rapTUpUIN >KapaéHUHU aHUKJIAI, WOHWUTIIAP OJUIITHUHT MaKOyIl
HIAPOUTIAPUHUA TOIMHILI, OJMHTAaH HWOHUTJIAPHUHT alpuM METaJJI HOHJIapura
HUCOATaH CEJNEKTUBJIIMTMHU aHUKIAIl Ba (U3UK-KUMEBUN XOCCalapuHU TaJIKUK
KWJIUII MyXUM aXxaMusiT KacO dTajau.

V36exucron Pecny6mukacu ITpesumentnruar 2020 i 2 mapraaru T1d-
5953-con «MnM, mabpudar Ba pakaMmiIu UKTHCOIUETHU PUBOAIIAHTUPHUII HATUN»]IA
amanra omwupumra oua [aBnat nmactypu Tyrpucuga»ru xamaa 2017 vumn 7
beBpanmaru [1D-4947-con «V36exucTon Pecnybnukacunu sAHaaa
PUBOXJIAHTUPHUIIHM Xapakariap cTpareruscu» Ttyrpucuaaru @apMoHiapu Ba
2019 #iun 3 anpengaru [1K-4265-con «KumE caHoaTWHM sHaJa WCJIOX, KUJIMII Ba
VHUHT  WHBECTHIUSIBUA  JKO3UOAOPIUTMHM  ONIMPHII  Yopa-TaaOoupiapu
TVrpucugarru Kapopu Xxamaa maskyp ¢aonuarra TEruiuiy OoliKa MebEpHii-
XYKYKAH XyxoKatiapjaa OenrwiaHrad Basu(aiapHd amanra olupuinga ymoy
JIYccepTaluus TAAKUKOTH MyailsiH Japaxaa Xu3Mar KHiaJiu.

TagKNKOTHUHT pecnydauka pan Ba TEXHOJIOTHAJIAPH
PUBOAJIAHUIIMHUHT YCTYBOP HYHAJIMILIAPUra MOCJAMIH. MasKkyp TaaKUKOT
pecriyonuka Gan  Ba  TexHosorusuiap — puBoxjaHummHUHT VI Kumé
TEXHOJIOTHSAJIApDM Ba HAHOTEXHOJOTHSUIAp YCTYBOp WYHANIMILIApUra MYBO(HK
OakapuIIras.

MyaMMOHMHI YPraHWIraHJIMK Japaxkacu. XO3Upru BakTAa Typiu
peareHTiap OWIaH TMOJUBUHUIXJIOPHIHA MOIM(DHKAIUSATIAII OpPKAIA HOH
alIMalIMHYyBYM Ba KOMIUIEKC XOCWJI KWJIYBUM MaTepHaiLiap ApaTWJIMOKAA. XyCycaH
oup Katop xopux onumiuapu V.V. Bayandin, R.G. Sultangare, N.S. Shaglaeva, K.
Toxomito, B. Bandbarum, R. Tataru-Farmus, R.P. Kusy, G. Martines, I.S. Ahmed,
A.K. Ghoniam, A.A. Abdel.,, M. A66ac,S. Suga, Y. Wakayama, A. R. Roudman,
R. P. Kusy, G. Martines, A.K. Ghoniam, A.A. Abdel Hakim nonuBuHWIXIOpUIHH
MoAU(UKALMAIAIT OPKAIM OJIMHIaH MaTepUaJUIapHUHT COpPOIMOH XOccajapu Ba
KYJUIAHUII COXAJapUHHM KEHI KamMpoBla YypraHumrad. MamjaakaTUMH3HUHT Oup
KaTop TaHUKIM onumiiapy M. A. Ackapos, Y. H. Mycae, A. T. Ixanuios,
T. M. bab6aes, M. I'. MyxameaueB, C. M. TypobGxonos, . A. T'adypona,
M. M. KapumoB Ba Gomikaiap Typiau XWI MOJIUMEpP MaTtepuasuiapaad ¢hoiigananuo,
MOHUTIIAD OJIMHUIIM Ba XOCCAJAPUHUHT (PUMK-KUMEBHUM >KUXATIAPUHU TATKUK
KWW OpKaJIM MOHAJIMAIYB MAaT€pHUaUIApHUA CHUHTE3 KWIMII Ba KyJuam Oyinda
WJIMHM U3JIaHUIIApra CaJIMOKIH YIIyLI KyIIrasiap.

[TonuBuHUIXTOPUL acocuia OJIMHTaH CyJIb()OKAaTHOHUTHHU
MOJIMATUIICHNIONMAMUAH OWIaH MoauuKausiam x)apa€HIapuHid TaAKUAK KUJIHII,
OJIUHTaH TOJUaM(OIUTHU KUMEBUN, TEPMUK OapKapoOpJUKIapu Ba COPOIMOH
XOCCaJapyHU TEKIIUPHILI KYWIH KHACIOTAIM XamJa acoCiu SHCU TypAard UMIOPT
YpHUHH 0OCYBUYH MOJIMKOMIUIEKCOH MaTEpUANTHU SPaTHILTa OJU0 Kelaau.

Juccepranus TAAKMKOTHUHUHI JHCCePTANUS 0a’KapPWIraH OJIMA TabJIUM
éKM WIMMH-TAIKMKOT MYACCACACHHUHI WIMMIA-TAAKMKOT HILJIAPH PeKaJIapu
ounan  GornmkaMru.  Jluccepraups  TagKMKOTH — Y30ekuctoH — Muimwmii

YHUBEPCUTETUHUHT WIMUN-TaIKUKOT UIUTAPH pexacura MYBOGUK
Nel13-20170925290+113-2017092965+113-20170927395  «Maxamnuit  xomaiué
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acocujia MOHUTIAP OJIMII Ba yJApHU PAHTIM Xamja KamMEO MeTallylapHU HIILIa0
YUKAPUIT YUKUHAWIApUIAAH axpatu® onum ydyH kymiamy (2018-2020 i)
amaiuii Toiuxacu oupacuia oaxapuiraH.

TagKMKOTHUHT MaKcaau MOJIMBUHUITXJIOPU/T acocuaa SIHTU
MOJIMKOMILUIEKCOH ~OJIMHMIN >Kapa€HWHU Ba (U3MK-KUMEBUM XOCCAJapUHUHT
KUXATIAPUHU aHUKJIAIl1aH noopar.

TagkMKOTHUHT Ba3udagapu:

NOJIMBUHWIXJIOPU aCOCUAArd CyJIb()OKATUOHUTHU MOJUITHIICHIIOTUAMUH
UIITUPOKHJIa MOJU(PUKALIMSIIAII OPKAJIA TapKUOMAa aMHUHO- Ba Cylb(Oorypyxjaapu
TYTTaH MOJIMMEP MaTeprajl OJUITHUHT (GU3UK-KUMEBUHN KUXATIIAPUHU YPraHuIll Ba
MakOyJI IIapOUTIAPUHU aHUKJIAIII;

MOJMBUHWIXJIOPU acocuja onuHran cyinbokatnonutau [IDITA Ounan
Mo (PUKALMATIANT KWHETUKACUHU aHUKJIAII,

noJInaM(OIUTHUHT FOBAKIIUK Japa)kacu, COJUIITUPMA XAKMHU Ba HAMJIIUTHUHU
AHUKJIAIII,

OJIMHTaH MOJUaM(POIUTHUHT (PUBUK-KUMEBUHN XOCCATAPUHU TAJAKUK KU,

nofuaM(OTUTHN MeTaT HWOHJapura HHUcOaTaH COPOITMOH XOCCAIapUHU
TaJKUK KUJIHILL,

MaxaJuTMil XoMaIl€ acocujiary stHru MoauaM@OIUTHY KYJIJIAaHUII COXalapuHU
AHUKJIALLL

TagkMKOTHUHI 00beKkTH cudaThaa MOTUBUHWIXIOPUI, CYJIb(HOKATHOHMT,
MOJIMATUIICHIIOIMAMUH, TTOJIMaM(OJIUT, TyPJIH XUJIIard METajul Ty3Japy OJWHTaH.

TagKMKOTHUHI TpeIMEeTMHU KUMEBHH Y3rapumuiap, MoaudHuKaIvsIall,
OKCUJIIAI, copOmus, JecopOIusi, pereHepauus, Kapa€Hiap KHUHETHUKACH,
U30TE€pMacH Ba TEPMOJMHAMUKACH TAILKWII 3TTaH.

TagkukoTHuHT ycysuiapu. Tagkukornap xkapaéauaa UK - crnekrpockornus,
TEPMOTPABUMETPHUK Taxwi, AuddepeHnnan TepMUK TaxJIWI, JIEMEHT TaxJIHl,
CKAHEPJIOBUM DJEKTPOH MHMKPOCKOIHUS, ONTHK SMHUCCUOH CIEKTPOCKOMUSs,
CIeKTpo(PoTOMETpHUsI, KOMIUIEKCOHOMETPHS, IOTWIHII Kapa€HIapUHU YpraHuiaa
Jlenrmiop Ba DpeliHpmux Hazapusiaapu, Xamja ICEBI0-OMPUHYHM Ba TICEBJO-
UKKWHYMA TapTUONM KWHETUK MoJe/lapu KaOu 3aMOHaBUM Hazapudl Ba
AKCHEPUMEHTAI TAJKUKOT yCYJUIapH KYJUIAHUIITaH.

TagKMKOTHUHT WIMHMIA SHTWJIMTY KyHugarwiapaan uoopar:

Wik OOp TpaHyNajJaHTaH IUIACTUKAT MOJMBUHWIXJIOPUI acOoCHAa OJIMHTaH
cynbpokatnonutHu [IDIIA Owran Momudukanmsuiad MOTUKOMIUIEKCOH —OJIMIII
*Kapa€HUHUHUHT KUHETUK MapaMeTpiiapd aHUKJAHTaH Ba MakOys IIapouTiapu
TOMWITAH;

OJIMHTaH TOJUAM(POIUTHUHT (UMK KUMEBUM XOCCaTapUHU TEKIIUPHIIL
OpKaJIM I0KOPH COPOIIMOH Xoccara, IOKOpU TEPMHUK Ba MEXaHUK OapKapOpJUKra sra
SKAHJINTY aHUKJIAHTaH;

OJIMHTaH MOJUaM(pOIUTHUHT COpPOLMOH Ba (PUUMK-KUMEBUN XOCCaTapUHU
TEKIIMPHUII OPKaJIud YHMHI XOccajapu caHoaT Mukécuia Kyyutanuwnaguran APFC-
45(4-VP+CF-5) nonuamboauTura Aesipjy TEHT SKaHIUTH KCOOTIaHTaH;



nonuamdponutra Cu (II), Ni (II), Co (II) Ba Cr (III) nonnapu HOTUIUITUHUHT
KMHETHMK Ba H30T€pMa KOHCTAaHTAJapU XamJa TEPMOJMHAMHK IapaMeTpiiapu
AHUKJIAHTaH.

TaagKMKOTHUHI aMaJIuil HATHKAJAPH Kyilluaaruinapaad uoopar:

rpaHyjiajJlaHral TOJIMBUHUWJIXJIOPU acOoCHJa OJMHIaH CyJIb(OKATHOHUTHU
aMUHJIAI OPKAJIM SIHTY MOJIMaM(OJIUT OJIMHTaH;

IpaHyJAJIaHraH  [UIaCTUKAaT  MOJMBUHWIXJOPHJ  acocuia  OJIMHIaH
noJauaM(OJIUTHU CaHOAT KOPXOHAJIApW YUYyH OKOBa CYBJApHJIaH OpaJIMK MeETasll
VOHJIAPUHU TO3aJAIa KYJUlalll MyMKUHIUTH AaHUKJIaHTaH;

OJIMHraH noiauamM@onutr «MyOopak Ta3HM KalWTa MIUIAIl 3aBOJM»Ia OKOBa
cyBsnapunu muc (II), remup (IlI), nuxens (II) Ba xpom (III) monnapugan roxopu
camapa OuJiaH TO3aJIallli AHUKJIAHTaH;

onuHraH  nonuamdonut  €prammia  TUAPOMETAJUTYpPTHs — caHOaTHja
TEXHOJIOTMK 3pUTMaJapHM KOHILIEHTpJAll Ba YylapAaH paHNId METaJulapHU
aXpaTuO OJUII UMKOHUSTIIAPY aHUKJIAHTaH.

Taagkukor HaTHKANAPUHUHT umoHwmaurn WK - cnoekrpockonus,
TEPMOTPAaBUMETPHUK TaxJwi, AuddepeHnnan TePMUK TaxXJIHI, JJIEMEHT TaXJIu,
CKAHEPJIOBYM DJIEKTPOH MHMKPOCKOIIHS, ONTHK SMHCCUOH CHEKTPOCKOMMUS,
CHEKTpOoPOoTOMETPUS], KOMIJIEKCOHOMETPHsI KaOW 3aMOHAaBUU ycyiuiap €paamuaa
HKCIIEPUMEHTAJ HaTWKallap NIYHUHTJIEK MOH MYBO3aHAT, aJlcOpOIus >KapaéHiapu
KMHETUKACH ICEeBJA0 OMPUHYM Ba ICEBIO0 MKKMHYM TApTUOIM KUHETHUK MOJeIap
xamaa Jlearmiop Ba @perHIMX U30TEPMA MOAECUIAPU Ba XaMJia METAJT HOHJIapH
copOIIusl TEPMOJMHAMUKACH XaKHJIard 3aMOHABUN Hazapusiiap/a UIUIaTHIAUTraH
TEHIJIaMaJlapHU KYJJIall OPKald OJIMHIaH HATHKaJapHU TaxXJIWI KWIHII OWIaH
XyJocanap YMKapuiraH Ba MaTeMaTUK CTATUCTUKA yCyJulapu OWiiaH Kaita unuiad
YUKUJITaH.

TaagKNKOT HATHKAJIAPUHUHI WJIMHHA Ba aMajJiMi axaMHusITH. TaJIKAKOT
HAaTWKQJIAPUHUHT WJIMUN axaMUSATH TETEepOreH IIAapOUTIA IMOJMBUHUIXIIOPU]
acocHJlard OJIMHTaH CYJNb(OKATUOHUTAAH TapKUOMAa OJTUHIYTYpT Ba a30T
TyTpran  mnojaM(oiauT  OnuIl  jkapaHU  KUHETHMKaCMHM  Ba  OJIMHTaH
NoJUaM@OTUTHUHT (PU3MK KUMEBUM XOCCATapUHU TAJIKUK KWIMII OPKalu >KapaéH
OopuIIMHA  OOIIKAPUIIT NIYHUHTICK CEJIEKTHUB Xoccara 3ra OyaraH MOHUT OJIWII
MYMKHUHJIUTUHU KYpCcaTHIll OMiIaH U30XJIaHaIH.

TankukoT HaTIKaTaApUHUHT aMalvii aXaMmuATH CYJIb()OKATHOHUT acocuia
oJNMHraH nonuamonur EpaamMuaa caHoaTAa KOpPXOHajapu YYyH CYBJIapHU
TY3CU3JIaHTUPUIL, YUKUHAN CYBJIAPUHU SKOJIOTHSIra caliOMi TabCcuUp KypcaTyBud
TYpAu XWI 3axapjid Ba OFUP METajul MOHJAPHJAaH TO3aJIall, THAPOMETAILTYprus
CaHOaTUJa TEXHOJIOTMK JpHUTMalapHU KOHIIEHTPJIAl Ba yJapJaH pPaHIIu
MeTaJJIapHU aXpaTud oauuaad uoopaTaup.

TagKNKOT HATWKAJAPHHHUHI SKOPUM KWIMHMIIM. [lonuBUHUIXIOpUI
IUTACTUKATU aCOCUAAru SHru noiauaM@onutr (u3nk-KUMEBUN xoccajlapu Oyiinua
OJIMHI'aH WIMHMH HaTHKajaap acocuia:

NOJMBUHWIXJIODU AacOCHAA OJIMHTAH OJTHHIYTYPT Ba a30T TyTraH
NONMAaM(OIUT CHUHTE3W YUyH TAINKIIOT CTAHAAPTH «Y3CTAHIApT» AareHTINIH
tomoHuaan Tacaukianran (Ts 02072392-002:2020). Harmxkanma, mommamdonut
8



épaMujia THAPOMETAILTYPrUsl CAaHOATH 1A TEXHOJIOTUK dPUTMAJIAPHU KOHIICHTPIIAII
Ba yJap/laH paHIIu MeTaJlJIapHU aXpaTUO OJUII UMKOHUHU OepraH;

CUHTE3 KWiuHTaH monuamdponut «MyOopak ra3Hu KaiTa WIUIAII 3aBOJM
AXKna amanuérra xopuit kuwiumHraH («MyOopak ra3Hu KalTa HIILIANl 3aBOIN
AXuunar 2020 #mn 23 HoaOpmaru  1682/GK-11-coH  MabIiyMOTHOMACH).
Hatwxkana, okoBa cyBnap tapkuOmmaru opanuk metamiap muc (II), Temup (I11),
Hukenb (II) Ba xpom (III) wmonnapununr muxkgopunu 10% nan 17% raua
KaMaTUPUII UMKOHUHU OepraH.

TaaKuKoT HATHKAJTAPUHUHT anpodanuscu. Maskyp TaAKUKOT
HaTHXanapu acocuaa 14 Ta, sxymnamad 3 ta xankapo Ba 11 Ta pecry6imka wiMmuii-
aMaJInil aHKyMaHJIapuia Mabpy3a KWJIMHTaH XaM/la MyXOoKaMaJiaH YTKa3WIraH.

TagkMKOT HATHKAJAPUHUHT JBJOH KHIMHraHauru. Jluccepramus
MaB3ycH Oyiimua skamu 19 Ta WIMMIT MII YOI STHIITAH, IydapiaH, Y30eKHCTOH
Pecniybnukacu Ounmii  atrectanusi kKomuccuscuHuHr ¢aincada gokropu (PhD)
JUCCEpTalMsIIapd aCOCUMM WIMHNM HATW)KAJIApUHU YON JSTUII TaBCHUS ATHITaH
WIMHH Hampiapaa 2 Ta Makoja pecrnyOsinka >KypHaIapuaa, 3 Ta MakoJia
XOPWKUM JKypHAUIApH]IA HALLIP STUJITAH.

JuccepTauMsiHUHT TY3WJIMIIM Ba XaxMu. [luccepranusicu TapKuOW KUPHIIL,
TyprTa 000, Xylnoca, amgabuérinap  pyiixatu, WioBajapiaH  uOopar.
HuccepramussHuHT Xaxmu 120 caxudanu Tamkut Tamn’.

JUCCEPTALUSIHUHT ACOCHII MABMYHHU

Kupuimn kucMmuga HIMHUHT J073apOJiMTH, MaB3YHUHI SIHTUJIWTH XamJa
3apypiuru acociad OepuiiraH, TaAKUKOT Makcaau Ba Bazudaiapu tabpudianra,
TaJKUKOTHUHT OOBEKT Ba NMpeAMETIapH aHHWKJIAHTaH, TaAKUKOTHHHT V36eKrcToH
PecniyGnukacu ¢aH Ba TEXHOJOTHSACH TapaKKUETUHUHI YCTYBOp HYyHaJIUIILIapuUra
MOC KEJNUWIIA KypCaTWIraH, TAaJKUKOTHUHI WJIMUW SHIWIMTA Ba aMallui
HaTWXanapu EpUTHITaH, OJWMHIaH HATWKAJIIAPHUHT WIIOHYWIMJIMIM aCOCJIaHIaH,
SPUINWITaH HATWKAJAPHUHT Ha3apuid Ba aMalluid axaMHsITH O4yu0 OepuiraH,
TAIKUKOT HATWXAJAPUHU SKOPUA KWIMHTAHJWTH, HaIIp OJTWIraH uIuiap,
IUccepTanys TY3WIUIINA Ba XaXKMH XaKH1a MabIyMOTJIap KEITUPUITAH.

JucceprauussHuHr «MOHUTIAPHUHI OJIMHUIIM Ba YJAPHUHI (PU3HK-
KUMEBUI xoccasapu (agaduériap mapxm)» 1e0 HoMJIaHraH OupuHUM 600U,
TapkuOHIa aMUHO Ba CYJbPOrypyX TyTTaH MNOJUMEPJAPHUHT (HU3UK-KUMEBUM
XoccallapH, yJapHH OJUHUIIMHUHT XO3UPTH XOJaTH, COpPOIMOH XOcCcaau
MOJIMMEPJIAp OJUHUIIKTA OJMO KeIyBUM MoJU(HUKAIUIAII >KapaCHIapHUHT
mapouTiaapu Kypub dukwian. XyCcycaH, MOJUBUHWIXJIOPUIHUA OJITHHTYTYpTJIall,
OJITUHTYTYpTJIalll HaTHKacHa OJIMHTaH CyJb(OKATHOHUTHU
MOJIMATUJICHNIONIMAMUH  €pJlaMuJla aMUHJIAIl PEAKUMUSIAPUHUHT TYpPJUd TallKU
oMWJUIapra OOFIMKIUKIApU MmapxjaHau. MiMmuii-TexHuka Ba MaTeHT axO0opoTu
Vpranminud,  Typiaud  COpPOLMOH  TEXHOJOTMSJIap  Y4yH  My’KaJUlaHTaH
MOHAJIMAIIMHYBYY MATEPHAILUIAPHU MAKCAUIM KyJIall TEHICHIMSJIAPU TaXJIWII

2 Myamumd auccepranys MIIMHM Oakapumiga OepraH WIMHMA MaclaxaTiapd ydyH KUME (anmapu
noktopu, npod. M.I".MyxameaneBra Y3MHUHT CAMUMHUA MUHHATIOPYMWINTUHE OUIIIAPATIH.
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KWIMHTaH. MaB:XyJ] Ha3apuil Ba aMaliuii HaTHXKaJlap TaXJIWIN acocua BasupaHuHT
Kyiunumu TaBcudaaradH. MaB3yHUHT MO73apOuTd Ba axaMUSITH acOCJaHTaH,
OepwiiraH xoccajgap MaXXKMyHra 3ra JOHAJ0p UOHUTIIAPHUHT 3apypUSITH TYFpUCUA
XyJocanap KENTUpWIraH. AWHM W1y TaxXJIWJI HaTWKacuAa MOJIUBUHWIXIOPUTL
acocujla OJMHTaH TypJId XWI XOccaldu copOeHTnap €paamMuaa SKOJIOTHUK
MyamMMoJiapHu Oaprapad Kwiniiga oaud OopuiaaéTran XOpuK Ba pecmyOIuKaMu3
OJTUMJIAPUHHHT M3JIAHUIIUIAPU XaM 11y 000/1a YpuH drajjiaras.

HMucceprauusHUHT  «I1OJIMBUHMIIXJIOPUA IUIACTUKATH ACOCHAATM SIHIHU
noJuaM@(OJIUT OJUHUIIMHUHI KOHYHUATJIAPW» 10 HOMJIAHTAaH HMKKHHYHU
0o0ua, JIOHAZA0pP I[IBX acocuaa OJIMHTaH CyIb()OKaTHOHUTHU
nommdTwieHnonuamud  (II9I1A) wmrupoknaa kuMmMEBMM  MoaupuUKaUsIa0
TapKuOWIa aMUHO Ba CYJIb(POTrypyX TyTraH MOJUAM(OIUT OJIUII >KAPAEHUHUHT
(U3HK-KUMEBUH XyCyCUSATIIapU EPUTHO OepuiIraH.

Iy xyHraua iopTuMU3 oOJuMIApU XycycaH Mup3o VYiyrOek HOMHIArU
V36ekucton Mumtmii YuuBepcuteru Ilomumepnap kumécu kadeapacHHUHT
oluMJIapH TOMOHHWJAH MaxXaulMii XxoMm aménapaaH Oup Karop sHru [TAH
acocusaru tonacumoH, ITAA acocuparu rencumon Ba IIBX acocuparu aoHaaop
MOHAJIMAIIMHYBYU COPOEHTIIAP CUHTE3 KUJIMHTaH.

Kadenpa onumnapuHuHr WiMHU TaxkpuOanapura CysHTaH XoJja, MaxaJTui
XOMall€nap acocujia JOHAJ0p IUIACTUKAT MOJUBUHWIXJIOPHU acocuaa OJWHTaH
CyTb()OKATUOHUTHU  TOJMATUIICHNIONMAMUH — MINTUPOKUAA MOIUPUKaIMsIAII
OpKaJIM STHTH ToJ1aMONUT OoauHau. Moaudukanusiam y49yH OJWHIaH IJIaCTUKAT
MOJIMBUHUIIXJIOPU]T  ACOCHJA  OJIMHTAH  CYJIb(DOKATUOHWUTHH  TYpJaH  XHI
koHteHTparusutn  [I9TIA  spurmamapugan  doipgamanunan. Onubd Oopuiran
peaKUUsIIADHUHT OOpuUIUTra TYypiAd XWUJI OMWUIAPHUHT TAabCUPUHU YPraHHII
HaTWKaJapu XapaKTePUHUHT VXIIail OYVIUIIN aHUKJIaHTaH.

Mopaudukanysiiam peaknusuiapy Iedja, Enuk uaumga xapopar 383, 393,
403, 413, 423, 433, 443K napna Ba 2, 3,4, 5, 6, 7, 8, 9, 10 coar BakT naBomuaa
VyTrazwirad. Cynbpokatuonurra [1911A Mmoaudukanusiam opkany noauaMmQpoauT
OJIMHUILINTA TabCHUP OTYBYM OMWUIAP OJMHTaH MOJUaM(OIUTHUHT CTAaTHK
aJIMAITUHUIIT CUFUMU (CACO) KUHAMaTHUra acocJIaHuo VpraHnwiiy.
NoHanMaminHyBYM  MaTEpUAJUIAaPHUHT Y4  ya4aMid  MakKpOMOJEKYJIAp
TY3WIMIIMHU XOCWJI KWJIUII YYyH MOJEKyJaga Kamuaa y4dta (yHTIHOHAN TYpyX
€K aTOMHHM VY3 MYWra OJIlaH OpraHuK MojJanap uunuiatuiaaau. Kynruxa
CHUHTE3JIap/la KyHuaaru KUMMEBUM Ty3uiuigaru nonudtuieHnoauamud (I1911TA)
UIUIaTUIaau:

NH; — (CH2 — CH; — NH ),— CH, — CHz — NH;

HNonanmamuayBun mMaTepuaiap XOCHJI OYIUITMHUHT OUpHHYU Oenrucu Oy
nojiuMepiapja MOHAIMAIIMHUII XYCYCUSTIAPUHUHT Tnaigo Oynumu. HMoHoren
TYPYXJAPHUHT MaBXYMJIUTMHA TEKIIUPUII y4yH MoAudUKanusiam HaTHXKacHIa
onunrad nonuamponutHuHr HCl Ba NaOH 6yiinua CAC xuiimMaTiapu aHUKJIaH/H.
[IBX acocuna onuHran cynbhokaruonutra I[I9TIA momudukanusanam ydyH
nactina® Typnu KoHueHtpauusim [IOITA spurmacupa ypranwnau. OnuHrax
HaTWXKajJap acocuja KeNTUPWIraH l-pacMla KYpUHAAUKA aMUHJIAIl PeaKIuscuia
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[I2ITA »spurMacuHUHT KOHUEHTpamuscu oK noauampomutauar CAC
KAMMaTHHU ONIUIINATA OJIMO KeJIaIu.

4
35

——HCl
-#-NaOH

CAC, Mr-3KB/T

0 20 40 60 80 100

C, % (II3MA)

1 — pacm. Hosmamdonurtanur CAC kuiimatunudr [IIITA
KOHUIeHTpauusicura ooraukauru (T=423 K).

Kentupunran 1-pacmpgan kypuHaguku peakinus 80% 1gaH  rOKopu
KOHIIEHTpAIMsIa aMalra OIIMPUJICA, aMUHJIAI PEAKIUsCH HaTW)Kacuaa OJIMHTaH
nonuamponutHuHr CAC KuiiMaTy nacaraniauru Ky3atuwiau. bynra cabad rokopu
koHueHtpariusgaru [19IIA Monekynamapy HWOHWT fo3acu OWJIaH peaknusara
KYIIPOK KHUPUIIUO MaKpoOMoJIeKyJiajgap TYPCUMOH TY3WIUII XOCWJ KWJIHIIN
okubOarnna IIDIIA Monekynanapu TrpaHyjJa HWYKW F03acurada TapKaJIUIIMHU
KUUMHIAIWIIUANP. Mabiaym Japaxkaja CyrITUPWIran sputMmanapaa sca [1OI1A
MOJIEKYJIAJJApUHUHT XapaKaTH OCOHJAIUTAHIUIA Ty(aillii MOJUMEPHUHT HWYKHU
103acuraya kupuO Oopran Oynumm mMyMmkuH. HlyHuHT y4yyH, Cymb(OKaTHOHHUT
aMUHJIAHUIII PEAKIUIACUHU amayira omupuil yuyH [IDTIAHMHT KOHIIEHTpanuscu
80% mu spurmacuaa nomuamponutHuHr HCl 6yiimua CAC xuilMatu rOKOpHU
kypcarruy Hamo€H Kwiau. ynunrnexk nomuamdonurauar NaOH (0,1 # nm
sputmacuna) Oyitmua CAC xkuiimatu [IOIIAHuHr konmeHTpamuscu 80% nu
spUTMacHUraya Jespiau Oup XHWI CakjIaHWO KOJTaHJIWTHUHU KYPUIIUMHU3 MYMKHH.
Cynb(pOKaTUOHUTHUHT TOJUATUICHIOIUAMUH OWJIaH peaklMsICH TeTeporeH
xapaCHaup. Mabiaymku, OyHaail xapa€Hiapaa peakuus Te3Nurd (akar Cyrook
dazagaru MoIaTapHUHT KOHIIGHTpAIUsAcUra OOFIuK Oyiaau.

bepunran rpapuknan ¢oigananud peakuus TapTUOH ymiOy 3rpu YM3UKHUHT
KUSUTMTH  acocuja TOMWIraH, yHHHT Kuiimatd 1,1 ra tenr. Illymmaii xumuo,
PEAKIUSIHUHT KOHBEPCHS JTapaKaCUHUHT KOHIIEHTpalusara OOFJUKINIU KyWHiaru
KYPVHHILTA 3Ta:

V=K-[II2I1A]*

Onunran kuiMar (n>1) rereporeH MWAapoOUTIa PEAKUHUSHUHT KJIACCHK
VTKa3WINIIN XaKAJard alabuéT MabIiyMOTIapura Moc Kenaau.

K — Oy Tenrmama OViimya XHMCOOJaHTraH peaklMsl TE3TUTHM KOHCTAaHTacH
3,15-10°2 cex 1/Monp KUfMATTa TEHT SKAHINTH aHUKIAHTIH.

[IBX acocumaru cyiab()OKaTUOHUTHH aMHHIIAI peaKIMsICUra Xapopar
tapcupuan ypranumzga 140°C pgan 150°C raga OysiraH XapopaTia OJHMHIaH
HamyHanuHr CACra Ba wMacca V3rapumudra acoclaHu® MoauduKanysian
KapaCHUHUHT MYKOOWJI XapopaTH TONWIIW. byHaa MONMBUHUIXIOPU] aCOCHIaru
Cynb()OKAaTHOHUT TapkuOWman xapopar optumu Owian HCl axpanu® gukwumm,
-SO3H rypyxJsiapu anmammHMaral XJjop aromyiapd VpHUHH aMUH TypyXJapH

11



Oornanuimy  xucobra onuHau. ONMHraH HaTwkanap Kydugaru 2-pacMjia
KEJITUPUJITaH.

ln @

4
oW

CAC Mr-3kB/I
o

|
!

=
o=

s

2 — pacm. Cyabpoxatuonntu [IIIA ounan moaudpukanusyiad oJTMHraH
n0JuaMPouTHUHT CAC KMAMATHHHU PEeaKIMOH MYXHUT XapopaTura
OOFTUKJINTH

Ymly 3-pacMaa Moau(UKAIMSUIaHUII pPEAKUUs TE3JUTHHUHT TECKapH
Xxapoparra  OOFIMKIMK  JIOTOPpUPMHUK  KUHMaTIapu  KeNTUpWIraH. AWHU
OOFJIMKJIMKHUHT Oypuak TaHreHcu tgo=8413 acocuga Moau@UKalMsIaHULI
peakuusCHHUHT (haosuiaHuiln dHeprusick ymoy ¢opmyna acocuaa E= -Retga (Oy
epna R — yHuBepcan raz goumuiicu) xuco6sad uukuian, E HuHr kuitmatu 69,94
K2K/MOJb SKaHIUTU aHUKJIaH/IH.

3,05

3

¥ =-8413,1x + 23,62
R*=0,9585

3+lgV

o 0,002 0,004 0,006 0,008 0,01

1/Te1073

3 — pacm. Cyabgokatuonut Ba [IIITA mogudukanus peakuusicu
Te3JMTHHHUHT TECKAPH Xapoparra jJorapupmux oorukauru (107)

Taxpubama xucoOmad 4YUKWIraH peaKNUSHUHT (HAOJUIAHUIT DSHEPTUSACH
KUAMaTH alHU TE€TEPOTreH )KapacHiuapra XoCaup.

Cynbdpokatnonut Ba [I9ITA peakuusicu MaxCyaOTHHH HIEHTU(PUKALIMIIALT
yuyH UK cnekrp taxiawnm ytkazungu. Kyiugaru 4-pacMaa HamyHanapHuHr MK
CIEKTPJIApU TAXJIWIA KEATUPUITAH.

2925

1480
650

1100
b 2550

1680

c 3400 1210
17‘23

1281

T%

d 3288
1650

4000 3600 3200 2800 2400 2000 1600 1200 800 400
cm?

4 - pacm. Osmnran HamyHanapauar UK cnexkrpu
a - [IBX, b - [IBX-S, ¢ - [IBX-SOzH, d - IBX-(SOsH)NH
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Kentupunran 4-pacm (b) HUHT MabiiyMOTIapAaH KYpUHAIUKU XOCWII OYiraH
nonumepnapauar MK-cnekrpaapuna 1680 cm! coxama roTwaMimn 4usMKIapu
Ky3atuinau, ymoy tortuiaunmap >C=C< OofJapHUHI BaJEHT TeOpaHUIILIapura
xocaup. Ymly UYM3MKIAPHUHT Maij0 OYIuIIM BUHWI TYPYXJIApUHUHT
JETUIPOXIIOpIaHuIN Omnan Gormukaup. 4 - pacm (b) muar 1100 cm? coxamarn
g3k THOH TypyXuHUHT (C=S) BameHT TeOpaHummmra Xoc. bapua YypraHwiraxn
HamMyHayap yuyH 4 - pacm (a) 1480 cm™ coxama FOTUIMII YM3UKIAPH Ky3aTHIINO,
ynap ckenerin C-C, nedbopmarmmon C-H Ba nedopmarnmon CH, teGpanummapura
xocmup. Hamymamapuuar WK-cnektpnapuna 4-pacm  (a) 650 cwmlrynkun
y3YHJIMKJIApH/Ia Kaaaid IOTWINIT YM3UKIapH aHUKTaHuo, yiaap y3 HaBOartuaa C-Cl
BaJICHT TeOpaHumIapu yuyH Xocaup. HHOpaKu3miI-cieKTpOCKONMUK KUECUN
aHAJIM3 TaAKMKOT Mabiaymoraapu 4 - pacum (¢), (d) 1723 cm? coxanapaa kaTuoHHT
Tapkubuaa Oup BaeHTIM -SOszH cymbdorypyx OopiauruHu  KypcaTaaw.
Ilyrunrnek 4 - pacm (d) ma 3288 cm? coxanaru rotmmum >N-H GornmaHumHuHr
nedopManuon TedpaHuILIapUHU XapakTepnaian. 1281 cm™? coxaga ukkunamun Ba
OupinaM4u aMWH TY3JapUHH XapaKTepiaauraH KEHT FOTWIHII COXaJIApUHUHT
Oopiury  TOMWKOMIUIEKCOHJIApAa WYKM Ty3 (Qopmacuga amMuHO- — Xamjaa
Cynb(hOrypyXJapuHUHT MaBXYJIATUHA KYpCcaTaIu.

Omunaran UK cnextp taxmwmapu acocuna [IBX acocumarm -SOsH rypyx
TYTTaH CyJIb(OKATHOHUTHHU TOJUATWICHIIONNAMUH OWIaH KHUMEBUU PEaKIns
TEHTJIAMACHHM Kyhuaaruda udoaagant MyMKUH:

§——8 H
¢ L 413K

-

FOxkopunarn peakuusgaH KYpUHUO TypuUOAMKH TOJUMEpP 3aHXUPUIATU
cyasdorypyxiaapu (-SOsH) ra anmammaMaran xJiop aTOMJIAPHHH YpPHHTA acoc
xocca amuHoOrypyxjapu (>NH) anMamMHraniurdHu Kypuill MYyMKUH. By
(GyHKIMOHAN TypyxJap OJMHIAaH HOHUTHU XaM KHCIOTAJUK XaM AacOCIIHK
XOCCACHHHU HOMOEH KWIMIIWHH KypcaTaay.

TankukoTnapaa KypuUHaAWKH — Kyurabd — agcopOeHT — MaTepuauIapHUHT
MOp(hONIOrMK Ba CHUPT TY3WIHIIMHM aHHKnamaa SEM  ycynuaan — keHr
¢oiinanannnanu. YyHKH coOpOEHTIApHUHT MOPQOJIOTUK TY3WIUIIN YIAPHUHT
(u3NK-KMMEBUI XOccajapura KeHr Tabcup Kypcataau. [IBX Ba yHuUHr
MOJU(pUKALMIIAHTaH MIAKIVIAPUHU MOP(OJIOTUK Ba CUPT TY3WJIUILH YPraHUuIH.

bynna  mactmabku  mnactukar  [IBX,  skcrpakumsianran — [IBX,
CyJAb()OKATHOHUT Ba MNOAMAM(OIUTIAPHUHT MHUKpodoTorpadusiiapu Kyluaaru
S - pacM/Jla KeJITUPUJITaH.
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5- pacm. SEM mukpodororpadusiapu.
a) maactukar [IBX, 0) sxcrpakuusiianran miactukar [IBX, )
cyiabpokatuonur [IBX-SOszH, x) mosmkommiaexe IMBX-(SOzH)NH

Oxopuna xentupuwiran SEM  wmmkpodororpadusiiapuga S-pacm  (a)ma
MJIaCTUKAT MOJIMBUHUIIXJIOPUL F03aCH  TEKHUC TY3WIHIILIA 0ynuo,
OKCTpaKIMsUIaHTaH 5 — pacMm (0) TOJMBUHUIXIIOPHUI OpKadu IIacTU(UKATOP
qUKapuO, cyIb(Qorypyxjrapu KUpUTHITAHAAH CYHT 5 — pacM (C) FOBAaK TY3WJIHILIH
nonumep xocun O6ynran. Keiinnru 00ockuya aMUHJIAaHTaH MOJIMMEpP 103acu S-pacM
(m) mam kypuHAAMKH OWp XWII TY3WIMILIH Oypmanap Xocui Kwirad. by aca [IBX
acocusia Xocwi OynraH cOpOEHT KaTTa CHPT to3ara sra OyiraHauru Ba OyHmai
MOP(OJOTHK TY3WIHIITA 3TAJUTH TYPJIA METAJI HOHJIApH OWUJIaH FOKOpH COPOIMOH
X0CCa HAMOEH KWINIIN MYMKWH.

JluccepTanssHUHT «IHoMBUHWIXJIOPUI acocuaa OJIMHI aH
nouaMGpouTHUHT (U3UK-KMMEBUH Xoccajapuw» 1e0 HOMIIAHTAH YYMHYH
000u/1a, TOMUBUHWIXJIOPHA Aacocuja OJIMHTaH MOJIHUaM(OJUTHUHT TEPMHUK
TaxJIMIM, KUMEBUU OapKapopiauru Ba MoAMaM@OIMTra TYypid XWI MeTall
HMOHJIAPUHUHT COPOIUACUHUHT (PU3UK-KUMEBUN KOHYHUSITIIAPU TAIKUK KUJIMHTaH.

busra MabiyMKu CaHOAQTHUHI TypJiu coxajlapuia KyJUIaHYyBUM COpPOEHTIIap
KaTtop Tajabyapra kaBo0 Oepullu Kepak, XycycaH TypJiu Merajjiapra HucOaTaH
IOKOPH COPOIIMOH CUFUMUTA dra OYJIUIIHN, CyBAa dPUMACIIUTH, KUMEBUN OapKapop
OYNUIIY, XapOpaTHUHT Y3rapuiiura O6apkapop OYiauiy Ba ap30H OYynuim OuiaH
Oupranukaa Ky MapTa KaiiTa UIUIaTUII XyCYCUsITUTa, CYBHH TO3aJalll kapaéHuaa
TEXHOJIOTHK, SKOJIOTUK Ba MKTUCOAMM Tanabnapra moc kenuiu kepak. IyHuHT
y4yH arpeccuB (U3MK-KUMEBMI Tabcupiiapra Oapkapop OYiraH, sSHICH HOH
AIMAIIMHYBYM HWOHUTJIAP CHUHTE3 KWIWII J073ap0 MacajanapujaH Oupumup.
[TonumepnapHUHT  XapopaTOAPJONUIMINTHHN YpraHUlga xapopaT TabCHUpUIa
Macca WyKoTHIIMra acociaHraH TtepmorpaBumerpuk (TI) TtaxaunupgaH KeHr
dbolinananuIagy.

bormmanruy maxcynot [1BX, IIBX acocuna onunran cynb(pOKaTHOHUT Xam/ia
onuurad nonuambomutHuHr TIT Ba nuddepeHnnan TepMOrpaBUMETPUK aHAIIN3
(UTT") srpunapu 6 - pacMia KEITUPHUITAH.
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6 - pacm. A) naacrukar [IBX, (b) SOsH rypyx tyrran I[1BX, (C) IIBX-
(SO3H)(NH) napHu TepMHuK TaXJIWJIH.
TG- tepmorpaBumerpuk 3rpu; DTG - auddepeniiman TepMorpaBUMETpUK aHATIN3
ATPUCH.

6-pacm (B) ma cynb(GOKATHOHWTHU JEpBATOrpaMMAacH KEITHPHITAaH.
MabiyMOTIap HaMyHaHUHT TapKUOWIa KPHCTAI CTPYKTypacH OOpJIMTHHU
tacsupiaiiau, 23-370°C xapopaT MHTEpBaIUAa MACCAHUHT HYKOTHJIMIIM UKKWTA
O6ocknyna coaup OVmaau, Oupunumcu 130-160°C wunTepBanga Oynud, ymly
uHTepBanga -6,07% MaccaHMHr HYKOTWIWINU OWJlaH HAMYHAHUHT TapKUOHWIaru
KPUCTANT TU3UMJIAPHUHT CcylokiaaHuimu coaup OYymanu. JCK HuHr arpu
ymsukiaapuaa -28,13 JDK/T SHEPrUsSHUHT FOTWIUIIM OWIaH SHIOTEPMHK IHK
Ky3aTmiaan  — Ly, =154,8°C. Osumnran tepmorpoBmerpuk (TI')  Taxymunu
HaTWXKajJapuaaH KypuHUO Typuoauku nactiaadku moana [1BX 245,5°C xapoparna
KU3AMpWITaH/la TEPMUK JECTpyKuus xoaucacu Kysatwiaau. [IBX acocuna
OJIMHTaH CyJb(GOKaTHOHHUTAA dca 254°C nmaH IOKOpU XapopaTda KU3JIUpUITaHa
TEPMHUK JCCTPYKIMSI XOAMCACH Ky3aTWIaad, y JacTyiadKu MaccalaH HaMyHa
MaccacuHUHT 32% rava wykorwmmmura Ba -130 /T MUKIOpAard SHEPrUSHUHT
(HIOTEPMHUK TUK) IOTHWIHIINTA 00 Kenaau. Yoy 6 — pacm (C) na KenTupuiran
NoaMaM(OJTUTHUHT TEPMOTPOBMETPUK aAHAIU3 MABIYMOTIApUIAH KypUHATUKH
224°C xapopaTaa Ku3IUWpWITaHIa NECTPYKIUS Xoaucacu KysaTwiaau. by aca
Cynb()OKaTHOHUTTa HHUCOATaH TEPMUK JUCTPYKIUATA YUAAMIMIUTHHU OUpPO3
IICTJIMTUHU KYpCaTaIu.

busra wmabayMKum caHoaT MHKECHIA WIUIATWIAAUTAH HWOHAIMAIIHHYBYA
MaTepUAUIAPHUHT FOBAKJIIUTH MHKIOPUN KUXATIAaH KaToOp IMapamMeTpiiap:
MOHOKABAaT CHFUMU (X, T/T), COMUIIITUPMA F03aCH (SSOLMZ/F), MHKPOFOBAK KUMMAaTH
(Wo, cm¥r), tyimamm raxmu (Vs), MesoroBak kuiimath (Wpe) Xampa
MOJIMMEPJIAPHUHT FOBAK Pauycu Kuimatiapu (rx, Ag) €pramMuiaa TaBcuQIIaHaIu.
AlHM wumga noiauMepiapra OeH3onl OyFllapuHM Xap Xuwi OocuMmaa copOrus
KuiiMaTiapuHu  XucoOnam  ycynunaaH —(Qovgananungu. CopOrusiianran  OyF
MUKJIOPHHHM CHHUPAJUIM Kyna ce3rup Tapo3nap (Mak BeHHUHT TOpTHIN YCyIiH)
épamMuza XamJia aBBaITM MabliyM JapaXkajllaHTaH XaxkmJa (XaKMul ycyn)
OyFHUHI KaMaiumu Yynyanau. OJNMHraH HaTWxkanap Kyiluaa OepwiraH rpadux
ycyJuiapaa aHUKJIaH .
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7 — pacm. Ben3zoa oyrununr IIBX, IIBX — SOzH, IIBX — (SOsH)(NH)xapra
coponuscu
Ymby 7-pacmma TIBX xamma TIBX acocumaru wmoHHWTIAp y4yH O€H307
OyFMHUHT copOuMs wu30TepMmacura acociaHu0 bpyHaysp, Owmmer, Temnep
TOMOHHUJAH TaKJM(} KWIraH TeHJIaMa éplaMuja MoJuMep MaTepraiap FOBaKIap
napamMerpiaapu xuco6a6 Tomwirad (bOT ycymn).
1-sxkaaBaa
IIBX acocunaru nosmamdosutra Cu?t, Ni?*, Co?" Ba Cr’" nonsiapu
COPOUMSICHHUHI KHHETHK KYPCATKUWIAPH Ba (aoJJIAHUII IHEPTHACH

= IIceBno-0upun4n TApTUO.IN IIceBno-uKKUHYM TAPTUOIH
e | & Z
= = = B MyBo3anat MyBo3aHaT
g | 3 g g y Ea
2 8 s 2 axcopouus ki 2 ajcopouus kz 2
5 5 = R R KK/
&) B J MHKI0pH (vun?) mukaopu  |(r mrlmma?)
= g Qe(Mr r-l) 1 MOJIb
= g Qe(Mr r-)
1 |2 3 4 5 6 7 8 9 10
0,0125 41,31 0,00241 0,777 41,67 0,0005378 0,987
0,025 47,21 0,00233 0,868 76,92 0,0003939 0,996
0,050 7375 |000233 | 0,791 100,0 00003571 | 0994 | .o,
N2 0,075 88,51 0,00233 0,811 125,0 0,0003678 | 0,996 '
0,100 97,35 0,00233 0,981 142,9 0,0003858 | 0,999
0,125 1445 0,00193 0,932 1786 0,0028409 | 0,999
0,250 159,3 0,00163 0,929 200,0 0,0002212 0,999
Vpraua K1 Ba k2 0,002222 0,0000736
0,010 35,60 0,00461 0,844 37,04 0,000497 0,989
0,0125 44,30 000461 | 0.737 50,00 0,000163 0,937
= 0,025 20,20 000691 | 0.714 58,82 0,000092 0848
-§- 0,050 77,90 000691 | 0,656 90,91 0,000076 0811 | o
g | Co* 0,075 97,40 000691 | 0731 1111 0,000055 0,852 '
é" 0,100 112,1 0,00921 | 0,958 1724 0,000002 0,826
0,125 1505 0,00691 0,775 208,3 0,000008 0,796
0,250 1771 0,00691 0,741 2222 0,000002 0,731
Vpraua ki Ba ko 0,006622 0,0001974
0,010 38,59 0,00461 0,843 41,67 0,000377 0,985
0,0125 48,00 0,00461 0,838 55,56 0,000158 0,96
0,025 54,41 0,0023 0,744 58,82 0,000115 0,884
0,050 84,48 0,0023 0,745 90,91 0,000093 0,903
” 0075 54,15
Cu , 105,6 0,00461 0,822 117,7 0,000029 0,946
0,100 1216 0,00231 0,957 1754 0,000022 0,888
0,125 163,2 0,00231 0,843 2127 0,000011 0,849
0,250 192,0 0,00231 0,749 263,2 0,000007 0,934
Vprauya ki Ba ko 0,01354 0,000010
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1-skaaBaJ 1aBOMHU

1 2 3 4 5 6 7 8 9 10
0,010 42,90 0,00461 0,802 45 45 0,000374 0,987
. 0,0125 68,80 0,00461 0,837 76,92 0,000219 0,993
s 0,025 88,40 0,00461 0,831 100,0 0,000145 0,990
8 0,050 1014 0,00461 0,849 125,0 0,000066 0,967 67 86
H cr¥ 0,075 137,8 0,00461 0,843 166,7 0,000051 0,979 ’
s 0,100 156,1 0,00461 0,816 200,0 0,000025 0,929
2 0,125 195,1 0,00461 0,795 250,0 0,000019 0,937
0,250 2236 0,00691 0,757 285,7 0,000003 0,815
Vpraua ki a kz 0,01267 0,000113

[IBX acocuparu mnonuaM@OIUTHUHT KYJUIall COXAJIApUHM aHUKJIAIl Y4yH
copbumoHn xycycustiaapu yprauwiau. Omunran nomramdoautauar Ni(I1l), Cu(Il),
Co(ll) Ba Cr(lll) nonmapu cakjaran 3puTMaliap TapKUOHMIaH MeTaJlsl HOHJIAPUHU
copOusIanl >kapaéHUHUHT PU3UK-KUMEBUI KOHYHUSTIIAPU YPraHWIraH.

Maskyp onub O6opuiaral KMHETUK Taakukotiapaa ruiactukar [IBX acocuma
TapKuOuaa aMMHO- Ba CyNb(POrypyxjap CakJOBYM SHIU MOJUaM(OIUTIa HUKEIb
(1), mu (II), xob6ansT (I1) Ba xpom (I1l) MoHmapu cakmaran CyHbBUEH 3pHUTManapia
copOIusicu Typiiu OOIIJTaHFUY KOHIEHTpALMs Ba Xapopariapja YpraHui yumoy
)KapaéH KUHETUK mnapameTpnap kuitmatmapu Ni2t  (R?=0,705-0,986), Co?*
(R?=0,844-0,989), Cu?* (R?=0,843-0,985) Ba Cr®* (R?=0,802-0,987) monmapusr
nonaMm@onuTra IOTWIHIIA WKKWUHYM TapTUOIM  aicopOlus KHHETHKACUra
KOHYHMSTJIApH acocuia OopuiummHuM Kypcaramd. by sca Cu?*, Ni?*, Co?* Ba Cr**
nonnapur [IBX acocuaa onuHran nonuamdonautra copOLMsIIaHUIIUAA METaJT
WOHJIapu OuiaH Oup KaTopjia COpOCHT TapKUOWJArd aMuHO Ba CyJb(orypyxjap
XaM TabCHp KypcarraHiaurujaan pamonar Oepamu. CopOrus >kapaéHuma MeTaul
WOHJIAPUHUHT (PaOJUTAHUII SHEPTUSICU HUKETh MOHU YuyH 49,52 kK/Moib, koOanbT
HOHU YuyH 51,96 xk/M0JIb, MUCHOHH YUYyH 54,15 KK/MOJIb Ba XpOM HOHHU y4YyH
67,86 k/Moib, Oy KuiiMaTiap acocuaa >kapa€H cOpOLMACUKYWHIIard KerMma -
ketmk Ni?*<C0?*<Cu?*<Cr®* acocuia (aoigaHMII DHEPrHsACH Y3rapuILIapu
aAHUKJIAH/IH.

2 — JKaaBaj
IBX acocuaaru nosmamdosutraNiZ*, Cu?*, Co?* pa Cr®* nonnapu
copOoumsicuaa Jlearmop Ba @peiiHIMX KOHCTAHTA KMHMATJIapH

Hounnap JIeHrMIop KOHCTaHTajIapu DpelHIIMX KOHCTaHTaJapu
Quax(MMOTTB/T) | KL RL R? n Kr R?
Ni(l1) 3,2 0,00044 0,931 0,994 2,26 57,94 0,984
Co(ll) 3,3 0,00041 0,931 0,996 2,29 64,65, 0,982
Cu(ll 3,4 0,00047 0,926 0,997 2,33 67,76 0,977
Cr(1) 3,9 0,00099 0,841 0,996 2,81 89,16 0,974

Ymby kentupwirad 2 - kajaBajga copOLMs U30TepMacUHUHT JIleHrmiop Ba
@peHIux TeHr1aManapu Oyiinda 6apya XMcoOJaHTaH HaTWKajdlapyu KEeJITUPUITaH.
®penuMX mapaMeTpiapu KuiMatiapura kypa moc pasummaa Ni2*, Cu?*, Co?* Ba
Cr® momnapu n=2,26; 2,29; 2,33 Ba 2,81 ra Tenr Oy 5ca TapkuOuga aMHUHO Ba
cylborypyxjapu TyTraH noauam@oiauTra MeTajl HWOHJIAPUHUHT COpOLUsicH
IOKOpY  Jlapaxkaga  OopramwnuruaadH — jpamonar — Oepagu.  Koppenauuon
ko> pummentiapu R? kuiimatnapu Ni?* yuyn 0,994; Cu®* yuyn 0,997; Co?" yuyn
0,994 Ba Cr** yuym 0,996 Ta TeHr Ba KOHLEHTpAlHUs Y3TapHIIM anCcopPOLHS
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xapaéuu JIeHrMop MOHOMOJIEKYJISIp afcopOuus Hazapuscura oyicyHummHu (R -
KyJai OYJIHIIN) KypcaTaam.

IIBX acocupga omunran mnonuamdonutra 303K mgan 323K xapopatiap
opanuknapuaa spurmaiapaan Ni2* (a), Cu®* (6), Co®* (c) Ba Cr®* (1) nonnapuaur
copOI1us xapa€Hiiapuaa TEpMOJMHAMUK MapaMeTpIIapHUHT Y3rapuiy 3->kaiBaiga
KEeNTUPUIITaH.

3-sKaaBaJ
Mommamdosmrra Ni(II), Cu(Il), Co(ll) Ba Cr(l11) nontapuHuHT CopoOIMs
MYBO3QHAT KOHCTAHTACH BAa TEPMOAUHAMUK PYHKIUAJTAPHUHT Y3rapuiu

Meraut o -AG, AH, AS,

MOHJIapr T.K N?F/F K, n/moms K/MOb K/MOIb *)/Monb K
303 142,3 14,4 6482,4

Ni(11) 313 156,1 14,6 74718 23495 4 98,94
323 166,6 258 8461,2
303 156,3 14,6 6914,8

Co(ll) 313 166,4 25,8 8070,4 28101,3 115,6
323 179,8 29,0 9226,5
303 167,5 14,8 6946,7

Cu(ln) 313 179,4 26,0 8125,6 28774,7 117.9
323 188,7 30,0 9304,5
303 170,4 34,2 89427

Cr(111) 313 181,6 43,6 9752,3 15588,7 80,96
323 189,1 50,2 10562,0

Kentupunran 3 - kagBaiBanjgaH KypuHajauku, JIeHrMop MyBoO3aHaT

KOHCTAHTaCH acocuja Xuco01ad TOMWIraH Quax KuiimMaTu 293, 303 Ba 313K
xapopatiapaa omud 6opraH. AiHu kajaBanjaa kentupwiran AH mycoat kuiimatra
ara Ba ajcopOmus xapa€Hu sHIOoTepMuKInru anukiaanau. lllyHuHraek cucrema
SHTPONMSICHHHUHT OPTHIIM COpOEHT ro3acuaard Na' uWoHiap OwiaH >SpuTMa
tapkuoumaru Ni(Il), Cu(Il), Co(ll) Ba Cr(lll) wonmapu ypracuma voHATIMAITHHUIII
peaknuscu OOpraHjuTHAAaH JajofiaT Oepaau. DPKUH HHEPTUSHUHT KaMalWIIu
Ni(Il), Cu(II), Co(ll) Ba Cr(lll) monnapuauaT MONMMaMdonuTra copommscu ¥3-
¥y3uua OOpPTaHIUTUHU KypcaTaiu.

JluHaMUK ~ aJMalluHyB CUFMMHHU Ba JIECOPOLMSHU VpraHuil y4yH
MOJIMBUHUJIXJIOPUT acocuaa ovHTad cyiabdokatuonutra [I13ITA monudukanusacu
HaTwkacuaa onvHrad noiauamponutHuHr HCl Oyitmua cTaTuk ajnMallivHMILI
curumu 4,5 wmr-oks r!, NaOH 6yimua 3,5 wmr-okB r! Gymram moHamop
noJnaM(OJTUT aKTUBJIAHTAH X0JIaT/Ia KaJOHHATa YKOWIAIITHPUIIIH.

006 - 0,06
s 4 = 3 nm » ] 005 =3 MJ1/MHH
| =

o | -8 1 o 4 | = 008 -2 MJ1/MHH
a 1 s - § ’ 1 ma/mMun .
T g d . = 003 (6) Co
i ¢ B (a) Cu? 2
s e YY)
=) # f

il ¥ 0,01

[ 1 [V Atantatantases
[} b 400 L] 1)
oo ] ) ool 200 400 600 800
Vormea ! V, M

8 - pacm. IIBX acocunaru noanamdosnurra (a) Cu?* Ba (6) Co’" nonnapu
AMHAMMK COPOUMS KUAMATHHUHT YyTUII Te3Jurura 0oraukauru. (Cy=0,05 moJb/i)
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FOxopunaru 8-pacMmiapaa KajlOHHQJAH YHMKAETraH »JPUTMAJard MeTal
MOHJIAPUHUHT KOHIICHTPAIIUSICHHUHT COPOCHTaH YTKA3WIaéTraH dPUTMA XaKMUTA
OOFJIMKJINTY KEeJITUPHUIITaH.

Ymoy kentupunras 8 - (a, 0) pacmiiapaad KypuHUO TypHUOIUKH, KOJTOHHAIaH
SPUTMAIAPUHUHT YTUII TE3JIUTH KamMalluimu OwWiaH MeTaul HOHJApPUHHUHT
nonuamponutra copOuusicu optud Ooprad. byHra ca®ad HMOH anMalIMHYBYU
copOeHT (YHKIIMOHAI TypyXJapu OWIaH Ty3 JIPUTMACHIATH METALT HOHJIAPHU
AIMAIIMHUII KyYasiau.

Tapkubunia aMMHO Ba CylbpOrypyxJiapu TyTTaH MOJIUaM(OIUTHU OKOBA CYB
TapKUOUAaH TYpJaH HWOHJApHU axparu0® omuin yuyH «MyOopak rasHu Kaiita
nnuiam 3aBogu» AX nunr «Texnuk Hazopat 6ynumu» (THB) Kommaaru kumépnii
TaxJIUJ OYyIMMUAA OKOBa CYBJIApHJIaH METAN MOHJAPWUHU OJUIIN AHWKJIAHTaH.
OkoBa CcyB TapkuOuaa MeTaul HOHJIIApPM HWOHMUTTa COpPOIUSIIAHTAHIUTUHU
CHEKTPOMETPUK ycyal €paamuna Muxponaanwemau pudep sucnupe Ilepkun smnep
(AKILl) cnextpo doromerpna anukianau. OKoBa CyBIapHU TO3aJaHUIIM Kepak
Oynran acocuil katuonnap 4 - sKaJBajja KeITHUpWIraH OynuO, acocaH ymoly
MOHJIAPHU OKOBA CyBJIap TapKUOMIary MUKJIOPUHU KaMaWTHUPHII Talad KUITMHAH.

4 - skanaBaJ
IIBX acocuaaru mojimaM oM THUHI OKOBA CYBJIApAAry UOHJIAPHU
copOums/Iad KaMauTHP MK

Magsxyj1 HOHIIap Cu® Ni%* cr* Co**
JlacTimaOku MUKIIOPH, Mr/mm° 1820 10,5 75 295

CopOuusiian KCI/II/II-311"I/I 314,2 1,33 75 10,4
MHKIOPH, MI/IM

Tapkubuna aMrHO Ba CyJNbPOrypyxJiapy TYTTaH MOJMBUHUIXIIOPU] aCOCHIA
OJIMHTaH MNoNuaM@pouTra TYpJAd OpaJIUK METaul HWOHJAPUHUHT Xap XWjl
KOHI[EHTPAIMSUTH CYHBUH JpUTMaliapAa CcOpOIMsICH YpraHwiad. ByHuHT yuyH
Ni2*, Cu?*, Co* Ba Cr* womnapunmar I[1BX acocumaru mnonuaMQOIHTHUHT
copOuusicura TabCUp 3TYBUYU Typiu omuiuiap: koHuentpauus (0,025; 0,05; 0,075;
0,1 M), xapopar (303K; 313K; Ba 323K), Bakrtra (2-24 coar) OOFIHUKJIHMKIApU
YPTraHWIIH.

Huccepranussauar  «llouam@oMT CHHTE3M Ba XOCCAJAPHUHHM TAAKUK
KHJIMII  ycyJuiapw» Je0 HOMJAHraH TYPTHHYM 000Maa KYJJIaHWITaH
pEaKTUBIAPHUHT TaBcu(H, ToIUMeEpiapAa KUMEBUN Y3rapumuiap oiaubd Oopwui
yCyJUIapy Ba TaJKUKOTIAp YCIyOaapu KeITUPUIITaH.

XVYJIOCAJIAP

1. [IBX acocuna onunran cynbdokatruonutau [I1DI1A umtupokuga aMuHIan
HATW)KAcUIa SHTUM TOJUaM(OIUT OJUII peaKkUMsICUra TYypiud XU OMUJUTAPHUHT
TAhCUPUHH YPTAHWII HATHXKACHAA >Kapa€HHUHT MakOyJ MIapOWTIApU TOMHIIIH.
OnuHran MOAJAHUHT HACHTU(PUKANUATA0 XOCWI OYNraH MOJIMMEp Marepual
TapkuOuaa S Ba N TyTTaHIUTH, XaMmja YJIapHUHT CyJb(pO Ba aMHUHO TypyXJapu
xocun kw6 [1BX 3amxkupura OupuKKaHaIuru GU3NK-KUMEBUN aHAIHU3 yCYJUIapu
épaamua ucOOTIIaHIH.
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2. IIBX acocupgaru SIHTM TOJUaM(POIUT OJIMII HMKOHUSTH KYpCaTWIIH,
MakOyJI MIApOUTIIAPY AHUKJIAH/IH, OJMHTAH TOJUMEPHU (PU3UK-KUMEBHM yCyruiap
OwnaH uWAeHTU(UKAIMUIANL — OpKAdM  TOJUBUHUIXJIOPHI 3aH)XHpPHIa HOH
JIMalIMHAII XyCYCHUSITHTa 3ra CyIb(Oorypyxjapu Xamaa aMHHOTYPYXJIapu XOCHI
Oynranmuru ucOoTiHaHAu. YOy TaAKUKOTIAp NOIMaMOIUT Y4yH KOpPXOHA
CTaHJAPTH TEXHUK IAPOUTIAPUHH UIIUTA0 YMKHII UMKOHUHH Oep/Iu.

3. OnuHraxn IIOJINMEPHU NK-cnekTpockonuk yCyi Ounan
UICHTU(PUKALIHSIIAIT OpKaJiu TapkuOujga  Xam KaTHOHAJIMAIIMHYBYU
cynbdorypyxjap XxaM aHHOHAJIMAIINHYBYH aMUHOTYpyXJIapy OOpJINTY aHUKJIAHIH
Xam/ia OJIMHTaH MOJMaM(pOIUTHU CKAHEPIOBYM IJIEKTPOH MUKpodoTorpadusiapu
TaXJWIA YHUHT cOpOUuMsyam >kapaéHUHU OCOHJIAIITHPYBYM FOBAK TY3WIWINITA
ATAIMTH TacAUKJIAIl UMKOHUHHU Oepau. [lommam@onuTHUHT ypraHuwirad (U3HK-
KUMEBUI XOccajgapu caHOaT MHUKECHIA CyBAAru MaBXKyJ HOHJIAPHU aXpaTuo
OJIMIIIJIA MIUIATHIN Talabiapura MoC KEUIIHHA KYpCaT/Iu.

4. Tlomuamdonurra kobamst (II), muc (II), mukens (1) Ba xpom (IlI)
WOHJIAPUHUHT IOTWJIMIN KWHETHKACH TaJKWK KWIMHTAM Xamaa copOuus
XKapaCHUHUHT aKTUBIAHUII >HEpruscu xucobnad Tomwnau. ONMHraH HaTHXKaIap
Ypranunaérran >kapa€H TCEBIO-UKKHMHYMA TapTUOIM peakluusuiap KOHYHUSTIapU
Oyiinya OOpHMIIMHM KypcaTHIl MMKOHMHM Oepau. KuHeTHK Taxjwiuiap acocuaa
Cu?* Ba Cr®* nonnapunu Ni?* Ba Co?* nonnapura HucOaTaH I0KOPH CEJIEKTHBIIUKTA
aTa HKAHJINTY aHUKJTaH[IH.

5. CopOuus >xapaHUHMHI TEPMOJMHAMHKACUHHU TAJKUK KWIHMII OpKaJId
Vpranwiaérran  kapaéH  JIGHTMIODHHMHT  MOHOMOJICKYJISIp  aJICOPOIUsACH
Hazapusicura OVHCyHMIIM Xamjaa copOuus KapaéHUHUHT  TEPMOJIMHAMMK
napamerpiapu - 3pkuH sSHeprus (AG), sHramenus (AH) Ba suTpomus (AS)
kuiimaTaapu ysrapumm Ni2*, Cu?', Co?* Ba Cr®" MOHIApMHMHT HOHUT OWIIAH
MOHAJIMAIIMHUII PEaKLUsACH OPKAJIU IOTHIMIINHYI KYpPCaTAH.

6. TapkubOuga amuHO Ba Cyiabporypyxjapu TyTraH HOJIUaM@pOIUT
UIITUPOKHJIA CAHOAT KOPXOHA CYBJApUHMU ToO3alall y4yyH OMp Hedya Maporada
JUHAMMK IIAapoOUTAa cOpOIMs, aecopOuus Kapa€Hiapu amaira OIIUPWIraHna,
YHHHT COpPOIIMOH XOccajlapW y3rapMmaclaH KOJraHW Ky3aTWIJAW Ba HaTWXKaja
noauaM@OIIMTHU CaHOAaT KOpPXOHAaJIapuaa CyBJIApHHM To3ajaliga Kym MmapoTtada
KYJUTall MyMKAHIUTHHA UMKOHUHU Oep/iu.

7. lomuamdonur épmamuna «MybOopak ra3Hu Kaita unutam 3aBogm» AXK
TEXHOJIOTMK >Kapa€Hiapuaa Xocui Oyiaguran CyBJIapUHU OpalluK MeTasll
WMOHJIApUJIaH To3ajalra MMKOH OepyBUM MOOWJI YCKyHa HIIA0 YUKWIIA Ba
caHoaT MHUKECHIA KOPUM KWIMHHUII YYyH TaBCHUS STWIAU Xamjaa MoauamMQpoiuT
«O’ZSTANDART AGENTLIGI» Standartlar Instituti tomoaungag Ts 02072392-
002:2020 pynxaTaaH yTKa3uiIgu.
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BBEJIEHUE (annoTamus quccepramun 1o0kropa ¢puiaocopun (PhD))

AKTYaJlbHOCTh M BOCTPe0OOBAHHOCTH TE€MbI JMCCEPTAllMM. 3a TOCJIEIHEE
JECATUIETHE B IJ100aIbHOM MaciiTade B HECKOJIBKO pa3 BO3POCIU YCHIIUS IO
MIPOU3BOJICTBY CUHTETHUYECKUX MOHOOOMEHHBIX MATEPUATIOB HA OCHOBE MECTHOI'O
CBIpbS, a TaKXK€ TMOBBIIIEHUIO SKOHOMUYECKON 3ddekTuBHOCTH. [lo 00BEMY
IPOU3BOAMMBIX MOHUTOB cTpanbl CHI' 3aHMMaroT BTOpOE MECTO B MHUpE, U C
MOMOIIBIO 3TUX MOHOOOMEHHBIX MaTepUAIOB OYHUIIAIOTCS 3arpsi3HEHHBIE CTOYHbBIC
BOJbI, CMSATYAETCS JKECTKOCTh BOJBI, OYMINAKOTCS OT TOKCHUYHBIX METAJLIOB,
o0ecconMBalOTCd  NPUPOAHBIE M CTOYHBIE  BOJABI, MCHOJb3yE€MbIE IS
IIPOMBIIUIEHHBIX NPEANPUATHN. TEXHOJIOrMuM, OCHOBAaHHBIE HA HCHOJIb30BAHUE
MOHHUTOB, UCTIONB3YIOTCA HE TOJIBKO ISl OTOSIMBAHUS U OUUCTKU CTOYHBIX BOJI, HO
TAaKX€ OYE€Hb BAXKHBI JUISI PA3JCICHUS APATOUEHHBIX U IPYTUX LBETHBIX METAJUIOB
B TUPOMETAILTYPTUH.

B Mupe mnpoBomsATcs HaydHbIE MCCIENOBAaHME II0 HAXOXKICHUIO METOIOB
CHUHTE3a MOHUTOB HA OCHOBE CHHTETHUYECKHUX MOJIMMEPOB, BHEAPEHUIO TEXHOJIOI MU
UX TPOU3BOJICTBA, HU3YYEHHIO HX (PUIUKO-XMMUYECKUX CBOMCTB, pa3paboOTKe
TEXHUYECKUN YCIOBUA U TpeOOBaHHUI, CBOMCTBEHHBIM UM XapaKTEPUCTUK.
VYuutsiBas 3T0, 0co00€ BHUMAHUE YIEISAETCA TMOJYYCHUI0 HOHOOOMEHHBIX
MaTepUaJIOB C HUCIHOJb30BAHUEM MPOAYKIIMM HEPTErazoBOl MPOMBIIIIIEHHOCTH,
OPUPOJHBIX  YIJIEBOAOPOAOB M BTOPUYHBIX IPOMBIIIJICHHBIX MaTEpUaJIOB,
ONPEJIETICHUIO C NPUMEHEHUEM COBPEMEHHBIX METOJIOB MX COCTaBa M CTPOCHMS,
YUCTOTHl U (U3UKO-XMMHUYECKHX TapaMeTpoOB, aHAIN3y KBAHTO-XUMHUYECKUX U
HHEPTreTUYECKUX, GPU3MUECKUX U MEXAaHUYECKUX CBOMCTB, YIYUIIEHHIO METOI0B HX
MIPOU3BO/ICTBA UCIIOJIB3YMBIX B OONBIIMX MaclITadax B MPOMBIIIIEHHOCTH.

Jlns  pasBuTus OTpaciied B HAallEd CTpaHe CO3MAKOTCA MPEANPUSATHS,
BBIMYCKAIOLIME  DKOJOTMYECKM  YUCTYI0, OKOHOMHYECKH  3(PPEKTHBHYIO,
KOHKYPEHTOCIIOCOOHYI0, MMITIOPTO3aMEIIAIONIYI0 TPOAYKIIHMIO B COOTBETCTBUU C
COBpeMEHHbIMU  TpeOoBaHusmu. M3 »stux npeanpusatuii  «lllypranckuii
ra30XUMUYECKUNA KOMIUIEKC», «YCTIOPTCKAM Ta30XMUMHUYECKUHA KOMIUIEKC» B
OOJBIINX KOJUYECTBAX MPOU3BOAST HECKOJIBKO BHJIOB MOJIUMEPOB. B Hamei
PecnyOnivke mnpoBOAWTCS psAJl UCCIENOBAHUW W JOCTUTHYTHI OINpEIEIEHHbIC
pEe3yNbTAaThl MO PACHIMPEHUI0 00JIACTEH MPUMEHEHHS TOJUMEPHBIX MAaTEPUANIOB,
IPOU3BOJMMBIX Ha OCHOBE MECTHOIO CBHIPbS, ONPENCIICHUI0 ONTHUMAJIbHBIX
YCIIOBUH MOJy4eHUs] HOHOOOMEHHBIX MaTepHaliOB U UX BHeApeHus. B crparerun
NEHCTBUI 10 JanbHelmeMy pasBuTuio Pecny6nukm Y30exucran! ompemencHsl
3a/layd, HamnpaBlIEHHbIE Ha «TJIyOOKYI0 1epepaboTKy MECTHOTO  ChIpb,
IIPEAyCMaTPUBAIOIINE NMPOU3BOICTBO HA €70 OCHOBE HOBBIX MMITOPT 3aMEIIAOIINX
IPOJYKTOB U MOJHATHE OTPACIN HA HOBBI KAUYECTBEHHBIN YPOBEHbB».

OnHUM W3 WHHOBAIMOHHBIX W SKOHOMHYECKH H()PEKTUBHBIX CIOCOOOB
CO3/IaHMS TMEPCIIEKTUBHBIX COPOEHTOB HAa OCHOBE MECTHOTO CHIPhSl B ITOW CBS3HU
SBJISIETCS ~ MPOBEJICHHE  XMUMHUYECKOW  MoAuduKamuss  TPOU3BOJICTBEHHBIX

1Vka3 npesunenra pecnyonukn Y3oexucran VI1-4947 ot 7 despanas 2017 roga “O cTpareruu qeicTBHiMA
0 TSITH IPUOPHUTETHBIM HanpaBlieHusM pa3BuTHs Pecnybnuku Y36ekucran Ha 2017-2021 rogsr”.
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MHOT'OTOHHQKBIX MOJUMEPOB. [Ipy 3TOM sABISIETCS BECbMa BaXKHBIM HAXOXKICHHE
ONITUMAJbHBIX YCIOBHM IIOJYYEHUS WOHMTOB, BBIABIICHE CEJIEKTUBHOCTH
MOJIYYEHHBIX HOHWUTOB MO OTHOWICHHWKD K HOHAM HEKOTOPhIX METauIOB U
UCCJIEIOBaHUE UX (PUBHKO-XUMHUYECKUX CBOWCTB.

JlanHast amcceprandoHHass paboTa CIYKUT B OINPEACICHHOW CTENeHU
BBINIOJIHEHUIO  3aJa4, MocTaBlieHHbIX B Yka3ze Ilpesunenra PecnyOnuku
V36ekucran YII-5953 ot 2 mapta 2020 roma «O I'ocyaapcTBEHHOU mporpamme 1o
peanu3alu CTpaTeruv JACUCTBUM MO TMATH NPUOPUTETHBIM HAIPABICHUSAM
pa3sutus PecniyOnuku Y36ekucran B 2017 - 2021 rogax» B «l'oa pa3BUTHUS HayKH,
npocBenieHus u nudpoBoit 3koHOMUKMY, [1I1-4265 ot 3 ampems 2019 roma «O
Mepax Mo JanbHeilemMy pedOpMUPOBAHHIO W TMOBBIIMIEHUIO WHBECTUIIMOHHOU
IIPUBJICKATEIIBHOCTH XUMHUYECKON IPOMBIIUIEHHOCTU» W APYIrUX HOPMAaTHBHO-
NPaBOBBIX aKTaX, CBSI3aHHBIX C ATOU JIEATEIIBHOCTHIO.

CooTBercTBHE HCCJIEJ0BAHMA ¢ NPHOPUTETHHIMH HAINPABJICHUAMH
Pa3BUTHS HAyKM M TexHoJoruii pecmyOgmku. J[aHHOe wuccienoBaHue
BBIIIOJIHEHO B COOTBETCTBUM C IIPUOPUTETHBIM HampabiieHUeM pas3Butus VIIL
XUMHUYECKUE TEXHOJIOTUU U HAHOTEXHOJIOTUH.

Crenenb M3y4yeHHOCTH mNpodJjembl. B HacTosimee Bpemss Moaudukanuein
nonuBrHWIXIOpUAa (IIBX) pa3nuuHbIMU peareHTaMu CO3Jat0TCsi HOHOOOMEHHBIE
U KOMIUIEKCOOoOpa3ylole maTepuaibl. B yacTHOCTH, psAoM 3apyOeKHBIX YUEHBIX
V.V. Bayandin, R.G. Sultangare, N.S. Shaglaeva, K. Toxomito, B. Bandbarum, R.
Tataru-Farmus, R.P. Kusy, G. Martines, 1.S. Ahmed, A.K. Ghoniam, A.A. Abdel.,
M. A606ac,S. Suga, Y. Wakayama, A. R. Roudman, R. P. Kusy, G. Martines, A.K.
Ghoniam, A.A. Abdel Hakim u3ydeH mmpokuil CieKTp COpOLIMOHHBIX CBOMCTB U
obOjacTe TPUMEHEHHS MaTepHalioB, MONydeHHbIX Momudukanuern [IBX. Psn
M3BECTHBIX yYEHBIX Hamen crpanbl AckapoB M.A., Mycaes Y .H., Ixanmunos A.T.,
babaes T.M., Myxamenues M.I., Typobxonos C.M., Tadpyposa JI.A.,
KapumoB M.M. u n1p. BHEC/IM 3HAYUTENBHBIN BKJIAJl B HAYYHbIE UCCIENOBAHUS T10
CUHTE€3y M NPUMEHEHHI0 MOHOOMEHHBIX MAaTe€pUaloB M HU3YYEHUIO UX (DU3UKO-
XUMHYECKUX CBOMCTB.

Uccnenoranue mporieccoB Moaudukaiuu cyib(okatnonnta Ha ocHoBe [IBX
HOJUATUIICHIIOTUAMUHOM, W3YYEHHE XUMHUYECKOU, TEPMUYECKON CTaOMIBHOCTH U
COpPOITMOHHBIX CBOMCTB MOJIYYEHHOIO MOIMamMQoINTa CIOCOOCTBOBAIO CO3/IaHUIO
HOBOI'O THIIA MMIIOPTO3aMELIAOIIETO IMOJIMKOMIIEKCHOTO MaTepuajia ¢ CHIBHO
KHUCJIOTHBIMA U OCHOBHBIMM CBOMCTBAMM.

CooTBeTcTBHE JHCCEPTALMOHHOIO MCCJIEAOBAHMS IUIAHAM HAay4YHO-
HCCJIEI0BATEbCKOM PaldoThl BBICHIET0 Y4YeOHOrO 3aBeleHHsl, B KOTOPOM
NPoOBOAMJIACH JaHuccepTanms. JluccepTalMOHHOE HCCIIEIOBAHUE BBIMOJHEHO B
paMKax IulaHa Hay4yHO-HCCIIE0BaTENbCKUX paboT HalnoHanbHOro yHHBEpCHTETA
V36ekucrana no npukiagHoMy mpoekty [13-20170925290+113-2017092965+113-
20170927395 «llonyyeHne HOHUTOB HA OCHOBE MECTHOI'O CBIpbS M HX
IIPUMEHEHUE Ul pPa3leieHUus LBETHBIX M PEOKUMX METAUIOB U3 OTXOJ0B
npou3sBozacTBay (2018-2020 rr.)

Leabio wucciaeqoBaHus SBISETCA MOMYyYCHHE HOBOTO monuaMm@onura Ha

OCHOBC ITOJIMBUHWIXJIOpHU A U UCCIICAOBAHUC €CTO (1)I/IBI/IKO-XI/IMI/I‘-IGCKI/IX CBOMCTB.
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3agayamMu ucciIe0BaHUA ABJIAIMUCH:

u3yueHue  (U3MKO-XMMHYECKUX  AaCHEeKTOB  IOJIYYCHHUS  IOJIMMEPHBIX
MaTepUalioB, COJAEpXkallMX aMUHO- U cyiabdorpynmsl, Moaudukanuen
cylbokatuoHuta Ha ocHoBe [IBX mnonusTUiIEHNOIMAaMHUHOM U OIpeieicHue
ONTUMAJbHBIX YCIOBUIA;

UCCJIeIOBAaHNE KMHETUKU MOJIU(DUKALMU CYIb()OKATHOHUTA, TIOJYYEHHOTO Ha
ocHoBe [IBX moau3TuiaeHNnoInaMuHOM;

oTpezieNieHHe MOPUCTOCTH, YIETbHOTO 00beMa U BIKHOCTU MOJIUaM(OIINTa;

UCCIIeZIOBaHNE (PU3UKO-XUMHYECKHX CBOMCTB MOIYYSHHOTO OTHaMQOIInTa;

UCCIIEJIOBAHUE COPOLMOHHBIX CBOMCTB MoauamM(ouTa MO OTHOLIEHUIO K
MOHAM METAJIJIOB;

orpeneneHre o0JacTel NPUMEHEHUsS HOBOTO MONIMaM(OiIUTa Ha OCHOBE
MECTHOTO CBIPBS.

O0BbexTOM HMcciae10BaHus SBISIIOTCS npousBoaHbie [IBX, cynbdokarnonur,
MOJTUATUIICHIIOTUAMUH, TTOIMaM(OJIUT, COJTU METAIITIOB.

IIpeanmerom mccieq0OBaHUsL  SIBIAIOTCS  XUMHUYECKas  MoaupuKanus,
OKHCJIEHUE, cOpOIMsl, AecopOLus, perenepanus, KHHeTHUKa Mpoliecca, U30TepMbl U
TEPMOJANHAMUKA.

Metoasl wucciaenoBanusi. B 1mpomecce ucCClenoBaHUsS HMCIOIb30BAIUCh
COBPEMEHHbBIE TEOPETUYECKUE M HKCIEPUMEHTAIbHBIE METOJIbl HCCIIEIOBAHUS
TAKHE Kak NK-cniekrpockonus, TEPMOTPaBUMETPUYECKUI aHasus,
muddepeHIManbHbI TEePMUUECKHN aHAIN3, DJIEMEHTHBIN aHaIW3, CKaHUPYIOIIas
ANIEKTPOHHAs  MUKPOCKOMNUS, ONTHYECKas HSMHCCHUOHHAsl  CIEKTPOCKOMUS,
CHEKTPOPOTOMETPUS, KOMIIEKCOHOMETPHS, COPOLMOHHBIE MPOLECCHI, TEOPUHU
Jlearmiopa u @peilHAINXa, a TakKKe KMHETUYECKHE MOJEIU IICEBIIO-TIEPBOrO H
IICEBI0-BTOPOTrO MOPSIAKA.

Hay4yHast HOBU3HA HCCJICA0BAHMS 3aK/JII0YaeTCs B CAeAYyOIIEeM:

BIIEPBbIE OMNpEEIeHbl KUHETUUECKHE MapameTpbl Ipolecca U HailjeHbl
ONTHMANbHBIE  YCIOBUS  TOMXYYCHHS  MOJUKOMIUIEKCOHA  MoJu(uUKauen
Cynb()OKATHOHNUTA HA OCHOBE TPAHYJIUPOBAHHOIO TUIACTUKATA MOJIMBUHUIXIIOPUIA
MOJIUATUICHIIOTUAMUHOM;

UCCIIEZIOBAHUEM (PU3UKO-XUMUYECKUX CBOMCTB MOJYyYEHHOrO MOIHaMQpoIuTa
YCTAHOBJIEHA €ro BBICOKAas COpPOLMOHHAs CIOCOOHOCTh, MEXaHWYECKas U
TepMUYECKask MPOYHOCTH;

UCCJIeIOBAHUEM COPOLIMOHHBIX U (PU3UKO-XUMUYECKUX CBOMCTB MOTYYEHHOT O
noauaM@oauTa YCTAHOBJIEHO, YTO €ro COpPOI[MOHHBIE CBOMCTBAa MPaKTUYECKU
onuHakoBbl ¢ monuambonurom APFC-45(4-VP+CF-5) wucnonb3yemMbiM B
IPOMBIIIIEHHBIX MacilTadax;

OINpEeeNIeHbl KMHETUYECKUE KOHCTAHThl M KOHCTaHTBl HM30TE€PM, a TaKKe
TepMoauHaMuueckue mnapamerpsl noriomenus uoHoB Cu(Il), Ni(Il), Co(Il) u
Cr(III) momuamdoautom.

IIpakTHYyecKHe pe3yabTaThl HCCIACAOBAHUA:

HOBBIM  MOAMaM(@ONUT TIOJY4YeH AaMUHUPOBAHMEM  CYJIb()OKATHOHMTA,
IIOJIY4EHHOI'0 Ha OCHOBE rpanynupoBaHHoro [I1BX;
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YCTaHOBJICHO, YTO nosuam@osur, NIOJIYYEHHBIN Ha OCHOBE
TpaHyJIHPOBAHHOTO TUIacTUKOBOTO [IBX, MOXeT ObITh MCTONIB30BaH MPU OYHCTKE
CTOYHBIX BOJ TPOMBIIUICHHBIX MPEANPUATAA OT HOHOB IPOMEKYTOUHBIX
METaJUIOB;

OBLJI0O OOHAPYKEHO, YTO TMOJYYCHHBIA MONHAMQOIUT HU3BIEKAET C BBICOKOU
adpdextuBHOCTRIO MOHBI Menu(ll), sxeneza(lll), wukems(Il) u xpoma(lll) wu3
CTOYHBIX BOJ «My0OapeKCKOro ra3o-nepepadaThIBarOIIeTro 3aBOIay;

C TIOMONIbIO TMOJYYEHHOTrO ToJinaM(oiauTa BBISBICHB BO3MOKHOCTH
KOHIICHTPUPOBAHUS TEXHOJIOTMYECKUX PACTBOPOB M  PA3JECICHUS IBETHBIX
METaJJIOB Ha MPEANPUATUAX TUAPOMETAIITYPTrUYECKON MPOMBIIUIEHHOCTH.

JlocTOBEpHOCTh Pe3yJIbTATOB HCCJACA0BAHMS OCHOBaHA HAa TOM, 4YTO
DKCIIEPUMEHTAIbHBIE ~ PE3yNbTAaThl  ObUIM  TOMYYEHBI C  HUCIOJb30BaHUEM
COBpEMEHHBIX MeToJI0B Takux kak MK- cmnekrpockomnusi, Tepmorpaguueckuii u
mudepeHInaIbHbId TEPMUUECKAN aHAIM3, 3JIEMEHTHBIN aHalu3, CKaHUPYIOIas
AIEKTPOHHAS  MHUKPOCKONUS, ONTHUYECKAasi OSMHCCUOHHAsA  CIEKTPOCKOMUS,
CHEKTPOPOTOMETPUS, KOMIUIEKCOHOMETpHs. BTN clenaHbl BBIBOABI HA OCHOBE
pEe3yJbTaTOB, IMOJYYEHHBIX OOpa0OTKOW  MaTeMaTH4eCKO-CTaTUCTUYECKUMHU
METO/IaMH ypaBHEHUI COBPEMEHHBIX TEOPUH 00 MOHHOM PAaBHOBECHM, KMHETHUKHU
MIPOLIECCOB aJCOPOIMKM, MOJAENU KHHETUKHU IICEBAO-TIEPBOTO M ICEBIO-BTOPOIO
nopsiika, a Takke wmozened wuszorepMm Jlenrmopa u  DOpenHgnuxa wu
TEPMOAUHAMUKHU.

Hay4nasi m npakTu4eckasi 3HAaYMMOCTDb Pe3yJIbTATOB HCCJIEI0BAHUSA.

HayyHnas 3HaYMMOCTH pE3yJbTAaTOB HMCCIEOBAHUS 3AKJIIOYAETCS B TOM, YTO
OblJIa MOKa3aHa BO3MOXHOCTb IOJYYEHUS CEJIEKTHBHOTO MOHUTA WU YINpPaBICHUS
3TUM  NPOLECCOM MYTEM  HCCIeNOBaHUEM  (PU3MKO-XMMUYECKHX  CBOWCTB
MOJIYYEHHOr0 MonamM@poIuTa U U3YyYEHUEM KUHETHUKH MOJTYy4YeHHUs MonuamgoyinTa
cofiepkaimero cyinbGpo U aMUHOTPYMIBI, aMUHUPOBAaHUEM CYyIb()OKATHOHWUTA Ha
ocHoBe iactukara [IBX B rereporeHHbIX yCI0BHUsIX.

IIpakTnyeckass 3HAYMMOCTH pPE3YyJIbTATOB MCCIENOBAHUM 3aKIIOYAETCS B
0o0eccoNMBaHUU  CTOYHBIX  BOJl,  HMCIOJB3YEMBIX B  IPOMBIIUICHHOCTH,
NoJUaM@OIUTOM, MOJIYYEHHOT O aMUHHUPOBAHUEM CyJb(POKATUOHHUTA,
MOJIy4EeHHOr0 Ha OCHOBe MecTHOro IIBX wu ceppl, OYMCTKM OT pas3IM4YHBIX
TOKCHUYHBIX MOHOB TSKEIBIX METAJLIOB, OTPULIATENHHO BIMUSIOIIMX HA JKOJIOTHIO
CTOYHBIX BOJI, KOHIEHTPUPOBAHHS U PA3JCICHUS TEXHOJIOTMYECKUX PACTBOPOB B
TUAPOMETAILTYPTrUYECKON NPOMBIIIIIEHHOCTH.

BHeapenue pe3ybTaToB Hccaen0BaHusA. Ha OCHOBE MOTyYEHHBIX HAyYHBIX
pe3yNbTaTOB O (PU3UKO-XMMUYECKHX CBOMCTBaX HOBOTO MOJMaM(oIuTa Ha OCHOBE
IIBX muiacTUKOB:

JUTSI CHHTE3a MoJIMaM(oJIuTa MOYYeHHOTO Ha OCHOBE MOJMBUHUIXJIOPHIA U
COZIEpKALIEr0 Cepy M a30T YTBEPKAEH CTaHAAPT NPEANPUITUS aAreHTCTBOM
«Y3craggapt» (Ts 02073392-002: 2020). PesynabpTarel Jaad BO3MOXKHOCTH
KOHILICHTPUPOBATh  TEXHOJOTMYECKHE  PACTBOPHl  THUIPOMETAILIYPrUYECKON
MIPOMBINIJICHHOCTH U BBIJICTSATh U3 HUX I[BETHHIC METAJLIHI,
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CUHTE3UPOBAHHBIN monuamdonut Obul ampoOupoBaH B mpakTuke AQO
«My06apeKkcKoro razonepepadaThIBaIOIIEr0 3aBOJIa» (CrpaBka OAO
«My60apekckuii rasomnepepadatbiBaroniuii 3aBojg» Nel682/T'K-11 ot 23 Hosa0ps
2020 roma). PesynmbTarhl namyd BO3MOXKHOCTh CHHUKEHUIO KOJIMYECTBA HMOHOB
nepexonubix MetamoB meau(ll), xxenesa(Ill), nukens(Il) u xpoma(Ill) no 10%,
coJiepKalluecsi B CTOYHBIX BOJIAX.

AnpobGanus pe3yJbTaTOB UCCIeI0BaAHNS. Pe3ynbTarel nccnenoBanus ObUTH
oOcyxnenbl Ha 14, B Tom uucine 3 mexayHapomaueix u 11 PecmyGnmkanckux
HAYYHO-TIPAKTUYECKUX KOH(PEPECHIIUIX.

Ony01MKOBAaHHOCTH pe3yJabTaToB HcciaenoBanus. [lo Teme nuccepranuu
ormy0aukoBaHO 19 Hay4yHbIX pabOTHl, U3 HUX B M3JAHUAX, PEKOMEHIOBAHHBIX
Bricieii arrecranimonHoit komuccuen PecryOinuku Y30ekuctan st myOauKanuu
HAyYHBIX PE3YJIBTaTOB JOKTOPCKHX JWCCEPTAIlUii 2 MECTHBIX M 3 B 3apyOe)KHBIX
W31aHUsIX.

Ctpykrypa m o0bem aucceprauum. Jluccepranusi COCTOUT U3 BBEACHUS,
YeThIpex TriiaB, pe3loMe, CIUCKa JIUTepaTyphl, npuioxkennit. OobeM nuccepranuu
cocrasuser 120 crpanun?,

OCHOBHOE COIEPKAHUE JUCCEPTALIUN

Bo BBejgeHMH JaeTcsi aKTyalbHOCTh pabOThl, OOOCHOBaHA HOBHM3HA U
HEOOXOJIMMOCTh TEMbl JMCCEPTAllMM, OMHMCAHBI II€JIb W 3aJa4d HCCIEIOBAHMS,
ONpEAeNeHbl €ro OOBEKThl W MPEIMEThl IOKa3aHO COOTBETCTBUE TEMBI
WCCIICIOBAHNsI TPUOPUTETHBIM HANPABIEHUSAM PAa3BUTHS HAyKW U TEXHOJIOTHUH
PecnnyOniukn Y30ekucTaH, HaydyHass HOBHM3HA M NPAKTUYECKUE PE3YJIbTAThI
UCCIIEIOBaHMsI, 00OCHOBAHA JIOCTOBEPHOCTDH MOJYYEHHBIX PE3YJIbTATOB, PACKPHITHI
TEOPETUYEKOE U IPAKTUYECKOE 3HAYCHUS IOJYYEHHBIX PE3YyJIbTaTOB, IIPUBEICHBI
JaHHBIE O BHEJAPEHUHM PE3yJbTAaTOB  HCCIENOBAaHMS, OMYyOJIMKOBAHHOCTU
pE3yNbTaTOB, CTPYKTYpE U 00BEME JUCCEPTALIUH.

B mnepBoii rnaBe nucceprauuu, o3arjaBieHHOW «CuHTe3 M (U3HMKO-
XHMHYECKHE CBOIICTBA HOHUTOB (0030p JUTEPATYPHI)», PACCMOTPEHBI (PU3UKO-
XUMHUYECKUE CBOWCTBA MOJHMMEPOB, COAEpPKAIIUX aMUHO- U CYIb(Orpynibl,
COBPEMEHHOE COCTOSHHE WX IMIOJIYYCHHUS, YCJIOBUS MPOIECCOB MOAM(PHUKAINH,
OPUBOJSAIIMX K TOJIYYEHHIO TOJIMMEPOB C COPOLMOHHBIMH CBOMCTBaMu. B
YaCTHOCTH, ObUIO OXapaKTEpU30BAHO BIUSHUE BHEIIHUX (PAaKTOPOB HAa peaKlUU
aMUHHMPOBAHUSA CyJb()OKaTHOHHUTA, IIOJIy4YEHHOI'O MonupuKkamuen
NOJIMBUHUJIXJIOPUIA CEPOM, MTOTUITUIICHITOITUAMUHOM.

N3yyeHbl HAay4HO-TEXHUYECKHME W TATEHTHBIE JAHHBIC, IPOAHATIU3UPOBAHBI
TEHJCHIMU 1IEJIEBOr0 NMPUMEHEHHUS] MOHOOMEHHBIX MaTEpHaJIOB IJIS Pa3IMYHBIX
COpOIIMOHHBIX TexHoJoruil. Ha ocHOBe aHanm3a MMEIOUIUMXCS TEOPETUYECKHX U
IIPAKTUYECKUX PE3YJIbTATOB OXapaKTEPU30BaHA ITOCTAHOBKA 3amaudd. Mcxonms w3
AKTYaJIbHOCTH M 3HAUYE€HHUS TEMbl CAEJIaHbl BBIBOJABI O HEOOXOAMMOCTH CHHTE3a
IpaHyJMPOBaHHBIX MOHUTOB C 3aJaHHBIM HAOOpOM CBOMCTB. B TO ke Bpems B
JaHHOM TJIaBe Tak)Ke IMPUBENICHBI TaHHBIC aHAJIN3a MCCIIEJOBAaHUM 3apyOeKHBIX U

2ABTOD BBIP@XKAET UCKPEHHIOK 0J1ar01apHOCTh JOKTOPY XMMHUECKHX Hayk, pod. M. I'. Myxamenuesy

3a HAy4YHBIC COBCThI, KOTOPBHIC OH JaJI IPH BBINTOJHCHUN IlHCCGpTaHHOHHOﬁ pa60TI:I.
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OTEUECTBEHHBIX  YYEHBIX IO YCTPAaHEHHUIO JKOJOTHYECKUX TPoOIeM ¢
MCIOJIb30BAaHUEM PA3JIMYHBIX COPOCHTOB, MOJIy4eHHBIX Ha ocHOBe [I1BX.

Bo BrTOpoli rnaBe jauccepranuu, 03arjaBICHHON «3aKOHOMEPHOCTH
MOJIyYeHHsT HOBOr0 IMOJHaM@OJUTA Ha OCHOBEe MNOJMBHUHUJIXJIOPUIA
IUIACTHUKATA)»,  OCBEUIEHbl  (U3UKO-XUMUYECKHUE OCOOEHHOCTH  IMpollecca
nojydeHuss mommamdonuta ¢ Ccyiabdo- W aMHHOTPYIIIAMU XUMHYECKOU
MomuduKamue Cyab()OKaTHOHWTa Ha OCHOBE TpaHyiupoBanHoro [IBX
MTOJIUATUIICHIIOJIMAMUHOM.

[To ceit neHb yuyeHBIMH Halllel CTpaHbl, 0OCOOCHHO yueHbIMU HarmoHansHOTO
yHUBepcuTeTa Y30ekuctaHa uMeHn Mup3o YiyrOeka, CHHTE3UpPOBaH Psijl HOBBIX
BOJIOKOH Ha ocHOBe ITAH, reneobpasusie Ha ocHOBe [TAA u rpanynrpoBaHHbIE Ha
ocHoBe [IBX nonoodMeHHbI€ COPOCHTHI U3 MECTHOT'O CBIPBA.

Onupasich Ha Hay4YHbIA OMBIT MOJYYEH HOBBIM MONIMAMQPOIUT MOAU(DUKALUN
CyJb(POKATUOHUTA, TOJYYEHHOI'0O HAa OCHOBE TPaHyJMPOBAHHOTO IUIACTUKOBOIO
[IBX ¢ ydactMeM MOJIMATUICHIIOIMAMAHA Ha OCHOBE MECTHOIO ChIpbA. Jlis
MonupUKaIUKA CyTb()OKATHOHUTA, HCTONB30Baau pacTBopbl [IDIIA paznumunoi
KOHIIGHTpAI[MU. Y CTAHOBJICHO, BIMSHUE pPa3IUYHBIX (PAKTOPOB HA TEUEHUE
MPOBEJICHHBIX PEAKIIUH.

Mopaudukanus poBoauiIach B mevyax, B 3aKpbITOM KOHTeHHepe npu 383, 393,
403, 413, 423, 433, 443K u B TeueHue 2-10 yacoB. DaKTOPHI, BIUAIOLIAEC HA
nojiyueHue noauaMdonuToB moaudukauuen cynbpokatnonuta I[19IIA, Obum
M3Yy4YEHbl Ha OCHOBE 3Ha4eHUusl ero crarudeckoi oomennou émkoctu (COE). [ns
dbopMupoBaHUsS TPEXMEPHOM MAKPOMOJEKYJISIPHOW CTPYKTYpbl HOHOOOMEHHBIX
MAaTEPUATIOB HUCHOJIB3YIOTCS MOJIEKYJIbl OPraHMYECKUX BELIECTB, COACPKALIME HE
MeHee TpeX (DYHKIIMOHANBHBIX TPYINI WIK aToMOB. BO MHOrMX CHHTE3ax
ucnonb3yercs [IIITA co cneayromiei XuMU4eCKOn CTPYKTYpOU:

NH; — (CH, — CH, — NH ), — CH; — CH; — NH>

[lepBriM mpu3HAKOM OOpa3OBaHUS HMOHOOOMEHHBIX MaTEpPHUAJIOB SIBISETCS
MOSIBJICHUE Y TIOJIMMEPOB MOHOOOMEHHBIX CBOMCTB. JlJIsi MPOBEpKU HAITUYMS
HOHOTeHHBIX Tpymn Obutu ompenencHbl 3HaueHus COE mommamdonura. Jlns
MoauduKanmuu cyiab(okaTnoHHnTa, ToirydeHHoro Ha ocHoBe IIBX, IIDIIA ero
IepBOHAYAJIbHO HccaemoBann B pactBope I[IDIIA pa3auuHbIX KOHIIEHTPAIHM.
HMcxonss w3 TOJNYUYEHHBIX pe3ynbTaToB, (puc. 1) BHUIHO YTO YBEJIMYCHUE
KoHIleHTpauuu pactBopa I[IDITA B peakiuu aMHUPOBaHUS MPUBOAUT K
yBenuueHuto 3HaueHus: COE nonuamdonura.
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Puc. 1. 3aBucumoctsb 3Havyenusi COE nosuam@oura 0T KOHIEHTPaIuU
M[DIIA (T=423 K).
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Kak BugHO u3 puc.l, npu npoBoJeHNH peakuuu mpu KoHieHTpauuu [1D9ITA
Bhitie 80% Habmonaercs cHuxenue 3HaueHus COE nonydyenHoro noiunamgonuTa.
OTO CBA3aHO € TeM, 4TO MOneKyisl IIDITA ¢ BbICOKOM KOHIIEHTpalne BCTyNalT B
pEaKLMI0 C MOBEPXHOCTHIO MOHUTA, C OOpPAa30BAHMSIM CETYATOM CTPYKTYPBI, YTO
3aTpynHsieT pacnpocTpaHeHne Moisiekydl [IDOIIA Ha BHYTPEHHIO NOBEPXHOCTh
rpanyn. I B pactBopax, pa30aBieHHBIX 10 OINpPENEICHHOW CTENEHH, BO3MOXKHO,
4710 MOJeKybl [IDITA NpoHUKaOT HAa BHYTPEHHIO TOBEPXHOCTH MOJIMMEPA U3-32
UX JierTkocTu nepeMmennenus. [loaToMy npu npoBeAeHUN peaklnk aMHUHUPOBAHUS
cynbokarnonuta ¢ korentpamueit [I19I1A 80%, snauenne COE monuamdonura
no HCI 6s110 BeicokuM. Peaknius cynbhokatuonuta ¢ [IDITA npeacrasisier coboit
rereporeHHbid npomecc. Kak M3BeCTHO, CKOPOCTh peaklMi B TaKUX Ipolieccax
3aBUCHUT TOJIBKO OT KOHIICHTPAIIUU BEIIECTB B KUJIKOU (haze.

Wcnonb3yst AgaHHbIA rpaduK, TNOPSAIOK PEaKIMH OMNPEEiseTcss Ha OCHOBE
HAaKJIOHA 3TOM KpWBOM, ero 3HaueHue paBHo 1,1. Takum oOpa3zoMm, 3aBUCUMOCTD
CTENEHU KOHBEPCUU PEAKI[UU OT KOHILIEHTPALIMU UMEET CIEIYIOUUN BU/I;

V=K-[TIDITA]*

[TonyyenHoe 3HaueHue (n>1) COOTBETCTBYET JIMTEPATYypHbIM JaHHBIM O
KJIACCUYECKOM MPOTSKEHUH PEAKIIMH B T€TEPOr€HHBIX YCIOBHSIX.

OnpeneneHo, 4ro KoHCTaHTa ckopoctu peakumu- (K), paccumranHas no
3TOMY ypaBHeHHI0, pasHa 3,15-107 ¢-1/MoJb.

Ha ocuoge IIBX, cepbl 1 aMHHOB OBLT MOTYYeH MOMHAMQOINT, COACPKAITUI
B cocTtaBe cepy W a3oT. Jlmsg storo mepBoHadanbHO mactukar [IBX Obur
MOIU(UIIIPOBAH CEPOH, a Ha CIEAYIOIIEM 3Talle OKUCIEHUEM Cephbl B TIOJTUMEPHOI
[eNU OKCUWJIMTENISIMHU, ObUI MOJyYeH KaTMOHOOOMEHHBIH MOJUMEpP COAep Kaluil
CyJIb(OrpyIIIbI.

Jlnst BBeeHHMsSI aMHHOTPYIIT BMECTO HE3aMEHEHHBIX aTOMOB XJIOpa ObLIN
npoBelleHbl peakuud Moaudukanuu onuromepom IIOIIA. B pesynbraTte
UCCJIEIOBAHUS BO3JCUCTBUS PAa3IMYHBIX (PAKTOPOB HA MPOIECCHl MOIU(DUKAIINY,
OCHOBBIBasICh Ha ctarudeckoil ooMeHHou emkoctu (COE) nmonmmamdonura, Obutn
HalJIeHbl ONTUMAJIbHBIE YCIOBHS MPOLECCa.

[Ipn wucciaenoBaHMM BIUSHUS TEMIEPATYPbl HA PEAKLUUIO aMUHHUPOBAHUS
cynb(okarrnonnta Ha ocHoBe [IBX Obputa HaiiieHa OoNTHMalIbHAS TeMIeparypa
Monudukamuu, ocHoBaHHas Ha m3meHeHnn COE u Macchl 00pasiia, moayd4eHHOTO
mpu Temneparype ot 140 mo 150°C. beino yureno Boeigenenne HCI ¢ moBwimennem
TEMIepaTyphl U3 COCTaBa CyIb()OKaTHOHUTA COCAMHEHHE aMUHOTPYII B MECTaXx,
rJie aroMbl XJiopa He 3amenieHsl cynbdorpymmamu -SOzH. Tlomydennsie
pe3yJIbTaThl MOKa3aHbl HA PUC. 2 U3 KOTOPOTo ObLIO, YTO
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Puc. 2. 3apucumoctsb Besimuunbl COE nosmamonura, nojry4eHHoro
Moaupukanuein cyabdoxkaruonura ¢ [IIIIA, or TemnepaTypbl peakiMOHHOM
cpeabl

Ha puc. 3 npuBenena norapupmudeckasi 3aBUCUMOCTb CKOPOCTH PEAKIIUN OT
oOpaTHOM Temmepatypbl Moaudukammu. Ha ocHOBe TaHreHca yriaa 3TOM
3aBUCUMOCTH tga=8413 Obl1a paccuuTaHa SHEPryus aKTHBALUMU MOAU(DUKAIIUU T10
dbopmynel E=-Retga (rne R-yHuBepcanbHas ra3zoBas mocTtossHHas), paBHoe 69,945
KJ>K/MOJIb.

y =-8413,1x + 23,62
R? = 10,9585

3Hg V

0 0,002 0,004 0,006 0,008 0,01

1/T+1073

Puc. 3. Jlorapudmuyeckasi 3aBUCUMOCTb CKOPOCTH pPeaKIIuu
moaupukanuu cyabdokarnonnra u IIDIIA ot o6paTHoii Temneparypbi (107)

PaccuntaHHOE B SKCHEPUMEHTE 3HAYEHHE SHEPIMM aKTUBALUU pPEaKLUUu
XapaKTEPHO JJIsl TETEPOre€HHbIX MPOLECCOB.

Jnia uaeHTHQUKAUMU TpOoAYyKTa peakuuu cyiabdokatnonura u [IDITA Ob1d
nposezeH aHanu3 UK-cnekrpos. Ha puc. 4 npencrasnenst UK-criektpsl 00pa3ios.
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Puc. 4. UK-cneKTpbl 10J1y4eHHBIX 00pa3LoB.
a - [IBX, b - [IBX-S, ¢ - [IBX-SOzH, d - IBX-(SOsH)NH
Kax Bumno w3 puc. 4 (b), B UK- cmekrpax o00pa3oBaHHBIX MOJIUMEPOB
HaOJII01aIMCh TI0JI0CH ToromeHus B oonactu 1680 cm™, KOTOPOE OTHOCSTCS K
BaJIeHTHBIM KosieOaHusM cBszeil >C=C<. [losiBlieHHE S3THUX IOJIOC CBSI3aHO C
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JETUAPOXJIOPUPOBAHUEM BUHMIOBBIX Tpymni. Ilomoca B obmactu 1100 cm? ma
pucyske 4 (b) OTHOCSTCS K BaJIGHTHBIM KOJIEOaHUSIM TUOHOBOM rpytibl (C=S).

Jl1st Bcex MCCleIoBaHHBIX 00pa3loB HAOIIOJAIOTCS MOJIOCH IMOTJIOMICHUS B
oomactu 1480 cm?, koTopble XapakTepHbl I CKeleTHbIX konebanuii C-C,
nedopmanmonHbix koneOanmii C-N  u  gedopmanmonHbix koneOanuii CH
MHTEHCUBHBIE MOJIOCHI mornomenus npu 650 cm™! xapakTepHBI 1/ BaleHTHBIX
xonebanuii C-Cl. [lannabie MK-CcrieKTpOCKOMMYECKOrO CPaBHUTEIBHOIO aHaln3a
TIOKa3BIBAIOT YTO B KATHOHMTA B 00nacTsax 1723 cm™ npucyrcreyer cynbdorpymnma
-SO3H mornomenne B obmactu 3288 cm! xapakrepmsyer medopMaluOHHBIE
koinebanus cBs3m  >N-H. Hamuume mumpokoit mornomiarome  o0JacTu,
XapaKTEPU3YIOIUH BTOPUYHBIE U MEPBUYHBIE COIM aMMHOB B obmactu 1281 cm
YKa3bIBa€T HA MPUCYTCTBHE AMHHO-U CYJIb(OrPYII B MOJIUKOMIUIEKCOHE B BHUJIE
BHYTPEHHEW COJIN.

Ha ocnoBe anamm3a UK-cmektpoB, XuMudeckyro  MOAU(DUKAIMIO
cynabdpokaTrnonuta Ha ocHoBe [IBX ¢ rpymnamu -SO3H nonmstuneHnoanaMuHoOM
MOJKHO MPEACTaBUTh CIEIYIOIIMM 00pa3oM:

S—S

+ 413K

e R
Cl1 SO:H S0:H

Kak BHIHO W3 TpUBENEHHOW BBIIIE PEAKIMHM, BMECTO HE3aMEUICHHBIX Ha
cynsdorpynsl (-SO3H) aromoB xyopa B TOJTUMEPHOM IEMH MPOUCXOIUT O0OMEH
Ha aMUHOTPYMIbI ¢ OCHOBHbIMH cBoicTBamu (> NH). DTo mnokasbiBaer, 4TO
MOJYyYEHHBIH HMOHUT C OSTUMU (GYHKIUOHAIBHBIMH TpyIHIaMu oOJaJaeT Kak
KUCJIOTHBIMHU, TaK U OCHOBHBIMU CBOMCTBAMH.

XopoIo u3BeCTHO, 9YTO MeTo SEM mIHpOoKO UCTIONB3YeTCs ISl ONpeIeTICHHIS
MOP(OJOTUYECKOH U TOBEPXHOCTHOM CTPYKTYp MHOTHMX aJCOpOMPYIOIIMX
MaTepuajoB TOCKOIBKY Mop¢oiornueckas CTPYKTypa COpPOCHTOB OKa3bIBaeT
Oonplioe  BAMSIHME HAa HMX  (PU3UMKO-XMMHUYEecKue cBoiictBa. M3yuena
Mopdomoruyeckas U moBepxHocTHasi cTpykrypa [IBX u ero MmoauduiimpoBaHHBIX
dhopwm.

8

WO 15em SgwATSEl D SAg2
Yag e 100KX EXT e 20004 Phombe 103 Tme 1300

1m WOs Jhem SqruAeSEl Owe Al
— Mag e 100KX B2 200N Prtobo s 152 Trse 1200

Puc. 5. Mmcpocbomrpaqwm SEM
a) mnactukar IIBX, 0) sxcrparupoBannslii macrukar IIBX, c¢)
cyabdokatuonut I[IBX-SOzH, 1) nosmmkommieke [IBX-(SOsH)NH

Iz
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Muxkpodotorpapun HauvanbHoro miactukara IIBX, »skcrparupoBaHHoro
[1BX, cynbdhokaTnoHuTa ¥ moauamM@OIUTOB IMOKa3aHbl HA PUC. 5.

W3  BelmenpencraBieHHbIX — Mukpodororpadgusx SEM  BugHO, 4TO
noBepxHOCTh MiactTugunuposanHoro IIBX (puc. 5 (a)) miockas, u npu
skctpakimu rpanyi [I1BX ynansercs nmnactudukarop (puc. 5 (0)), mocie BBeaeHUs
cynsdorpynn B [IBX (puc. 5 (¢)) dbopmupyrorcs rpaHysibl HOPUCTOU CTPYKTYPHI.
Ha crnemyromeid cragum Ha MOBEPXHOCTM aMUHHPOBAHHOIO  IOJIMMEpa
00pa30oBaIUCh CKJIAJIKU TOM K€ CTPYKTYpbI, YTO U Ha puc. 5 (). DTO CBSA3AHO C
TEM, 4TO COpOEHT, cpopmMupoBaHHbId Ha ocHOBE [IBX, nMeer OObIIYIO MIOMIATL
MOBEPXHOCTH, M OOJIaJlaHne Takod MOP(OIOTUYECKON CTPYKTYPOH MOXKET
MPOSBIISTH BBICOKHE COPOLIMOHHBIE CBOMCTBA C pa3IMuHBIMU HOHAMH METAJLJIOB.

B Tperbeit rmaBe nuccepranuu 1o Ha3zBaHUEM «DHU3MKO-XMMUYECKHE
cBoiictBa mojMaMQoJIuTa, MOJYYEHHOr0 HAa OCHOBE NOJUBHHMJIXJIOPHIA»
IIPEICTABIICHBI PE3YyJbTAaThl TEPMUYECKOI0 aHaIW3a MOJIMAM(POINUTA, XUMHUYECKas
CTaOMIBHOCTh U (UBMKO-XUMUYECKHE 3aKOHOMEPHOCTH COPOIMH Pa3TUIHBIX
MOHOB METAJIJIOB.

N3BecTHO, YTO COpOEHTHI, HCIOJb3yEMbIE B Pa3IMYHBIX OTPaCIsIX
MIPOMBIIIIEHHOCTH, JOJKHBI OTBEUaTh psAy TpeOOBaHUM, B YaCTHOCTH, 00JagaTh
BBICOKOW COpPOIMOHHOM CHOCOOHOCTHIO MO CPABHEHUIO C PA3JIMYHBIX METAJLIOB,
ObITh HEPACTBOPUMBIMH B BOJAEC M XMUMHYECKH CTAOWIHHBIMU, YCTOWYMBBIMH K
nepenaaaM TeMIeparyp M ObITh JIEHIEBBIMH, B COYETAHHMM C MHOTOKPATHOTO
MOBTOPHBIM UCIIOJIb30BAHUEM, COOTBETCTBOBATH TEXHOJIOTHYECKHM,
HKOJIOTUYECKUM M IKOHOMHYECKUM TPEOOBAHUSAM B MPOIECCE OYUCTKH CTOUHBIX
BOJ NpOU3BOACTB. [103TOMYy OJHHMM M3 aKTyaJIbHBIX BOIIPOCOB SIBISIETCS CHUHTE3
HOBBIX HOHOOOMEHHBIX HWOHHUTOB, YCTOWYUBBIX K AarpecCUBHBIM  (PHU3UKO-
XUMHYECKUM BO3JIeUCTBUSIM. [103TOMY COCTaB M CTpYKTypa MOJY4EHHOIO MOHUTA
ObUIM M3YYEeHBI C HUCMOJIb30BAaHHUEM COBPEMEHHBIX METOA0B. OJHUM M3 CaMbIX
OCHOBHBIX TpPEOOBaHUH, NPEIbABISAEMbIX K Pa3IMYHBIM HOHUTAaM, UCIOJIb3yEMbIX B
MPOMBIIVIEHHOCTH, SBJISIETCS UX TEPMHUYECKas W XUMHYECKas CTaOWJIbHOCTb.
TermIocTONKOCTh MOJITMMEPOB ONPEAEIACTCA HA TPAHUIIEC TEMIIEPATYP, IIPU KOTOPOM
HAaYMHAETCsl TEepMUYECKass M TEPMOOKHUCIHTENbHAA JECTPYKIUS, IPOUCXOJUT
OTJEIICHNE HU3KOMOJEKYJISIPHBIX COE€IMHEHHU. [Ipyn H3ydeHuHn TepMOCTOMKOCTH
MOJIUMEPOB  LIUPOKO Hcmoib3yerca TepMorpaBuMmerpudeckuit (TI) awnanwms,
OCHOBAHHBIM Ha MIOTEPE MACChI PU BO3JIEHCTBUH TEMIIEPATYPHI.

Kpusbie TI' u nuddepennmanrbHOro TEpPMOrpaBUMETPUUECKOTO aHaIu3a
(UTT") ucxomnoro npoaykra-IIBX, cynbpokaTHOHHTA HA €ro OCHOBE a TaKkKe
MOJTYYCHHBIX TTOTUaM(OIUTOB MPUBEIECHBI Ha pUC. 6.

Ha puc. 6(b) mpexacraBiena nepuBatorpamMma cynbhokaTnoHuTa. JlaHHbIe
CBUJETEIBCTBYIOT O HAaJUYUM KPUCTAJUIMYECKON CTPYKTYphl B COCTaBe oOpasla,
notepss Macchl B auamnaszone Temneparyp 230-370°C mpoucxomut B JABa JTarna,
nepBbli npoucxoauT B quanazone 130-160 °C npu norepe maccel -6,07% u B 3TOM
WHTEpBAJIE IPOUCXOANUT PA3KIKEHUE KPUCTAJUIMYECKUMX CUCTEM B COCTaBE
oOpasria.
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Tompersiue 1

Puc. 6. Tepmuueckuii anaau3 A) niaacrukara [IBX, (b) SOz:H coaep:xainero
IBX (C) - IBX-(SOsH)(NH).
TG- TepmorpaBumerpuueckas kpuas; DTG — kpusas nuddepeHnnansHoro
TEPMOTPaBUMETPUUECKOT O aHAJIN3A.

Ha kpubix JICK nHaOmromaercs sHAOTEPMUYECKUMU MUK C MOIJIOLIEHUEM
sHeprum  -28,13 Jbx/r mpum —Tnk=154,8°C. Kak BuaHO U3 pe3yiabTaTOB
TEPMOrpaUUYecKOro aHaiuza, TepMUYecKas JeCTPYKIUs HabOIomaerca IMpu
HarpeBaHuu ucxonHoro [IBX no temneparypsl 245,5°C. B cynbpokatuoHuTe Ha
ocHoBe [IBX mnpu nHarpeBanuum 1m0 TtemmepaTypbl Bbiie 254°C nHabmromaercs
TepMHUYECKasi AECTPYKIIHsI, KOTOpasi IPUBOAUT K motepe 10 32% maccsl 00pasia ot
MCXOJITHOM Y TIOTJIONIEHUIO dHEPTruu (IHIOTEPMHUUECKUI MUK) B KoiumdecTtBe -130
JIx/T.

W3 pganHbIX TepMorpadpuveckoro aHainsa moauamgoinTa, MpercTaBICHHBIX
Ha puc. 6(C), BUIHO, YTO MPU HArpeBaHUM J0 Temmeparypsl 224°C Habmromaercs
JOECTPYKLHS. DTO TOBOPUT O TOM, YTO YCTOMYMBOCTh K TEPMUUYECKON ECTPYKIIUU
HECKOJIBKO BBIIIE 110 CPABHEHUIO C CylIb(PoKaTHOHUTOM. [IpuunHOil 3TOr0 MoXer
OBITH TOT (aKT, YTO MOJTYYEHHBIN MOJIUAM(POIUT COAEPKUT aMUHOrpyMIbl. O0beM
COpOMPOBAHHOIO Mapa U3MEPSUIM Ha CIHUPAIbHBIX BBICOKOUYBCTBUTEIBHBIX BECAX
(meton B3BemmBaHus Mak bena), a Takke ompenesisiiM yMEHbIIEHUE Iapa B
npeabayel W3BECTHOM cTemneHu oObema (o0beMHbld MeTon). [lomyueHHble
pe3yabTaThl ObLIN OMpPEAEIeHbI TpadUueCKUM METOI0OM U MPUBEIACHHbI HIKE.

1,8
—-IBX

IBX sxcrpakums
=e-IIBX - SO3H
1,2 —o—TBX - (SO3IH)(NH)

1,6
14

1
0.8

a MOJIB/KT

0,6

04 /
0,2 —
0 —t

0,2 0,4 0,6 0,8 1 1,2
P/Pg

Puc. 7. Copouust napoB 6en3ona Ha [1BX, IIBX — SOzH, IIBX —
(SOsH)(NH).

Ha pucynke 7 mnapameTpbl MOPHUCTOCTH MOJIUMEPHOIO Marepuana ObUId
paccuuTaHbl ¢ UCIOJIB30BAHUEM METO/1a, IPETIOKEHHOr0 bpyHayspom, OMMeTOM,
Tennepom Ha ocHOBe M30TepM copOumu napoB Oenzosia [IBX u nonutom Ha ero
ocHoBe (meton BOT).

Jlns ompeneneHuss obnacTed npuMeHeHus nojuamdonuta Ha ocHoBe [IBX
ObUTM M3Yy4E€HBl €ro COpOIMOHHBIE CBOWMCTBA. M3yueHbl (PUBUKO-XUMUYECKHUE
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3akoHoMepHOcTH copOumu monoB merauioB Ni (1), Cu (1), Co (II) u Cr (IlI)
MOJTYICHHBIM MOTMaM(POIIUTOM.

Pe3ynpTaThl  KMHETHYECKUX  KMCCIIENOBAaHUNW  HOBOro  moivamoiauTa
nokasbiBaeT,uto copbuus noHo Hukens (II), menu (II), kobansTa (II) U xpoma
(III) ma copbent ©Ha ocHoBe I[IBX mmactukara, copepxamiero aMHHO-U
CyIb(OTrPYIIIbI, U3 UCKYCCTBEHHBIX PACTBOPOB IMPOBOJIST B PA3TMUHBIX HaYaTbHBIX
KOHIICHTPAIUSAX W TEMIIepaTypax MpU 3HAYCHHUSIX KUHETUYECKHX IapaMeTpOB
cop6uuu Ni%* (R?=0,705-0,986), Co?* (R?=0,844-0,989), Cu®* (R?=0,843-0,985) u
Cr¥* (R?=0,802-0,987) mnpoTekaeT Ha OCHOBE 3aKOHOMEPHOCTEH KHHETHUKH
aJIcopOIIK BTOPOTO TapaMmeTpa.

Taoauna 1

Kunernka u Heprus aktupanuu copouum uonos Cu®*, Ni?*, Co?* u Cr**

HA nouaMdoJut, noay4eHubid Ha ocHose I1BX

= IceBmo-nepBoOro mNopsiaKa IceBmo-BTOPOro MopsAKa
[~ = &8
E 5 g3 Kousi-Bo ki R? Kousi-Bo ko R? Ea
|| 8 gE paBHOBecHO¥i (vumn?) paBHoBecHo# | (r Mrlmuna?) KK/
S = E = aacopoumu agcopouuu MOJTb
= 5 Qe(mr ) Qe(mr )
0,010 32,45 0,00253 0,705 33,33 0,0007866 0,986
0,0125 41,31 0,00241 0,777 41,67 0,0005378 0,987
0,025 47,21 0,00233 0,868 76,92 0,0003939 0,996
0,050 73,75 0,00233 0,791 100,0 0,0003571 0,994 4952
Ni?* 0,075 88,51 0,00233 0,811 125,0 0,0003678 0,996 ’
0,100 97,35 0,00233 0,981 1429 0,0003858 0,999
0,125 1445 0,00193 0,932 178,6 0,0028409 0,999
0,250 159,3 0,00163 0,929 200,0 0,0002212 0,999
Cpennee ki Ba k2 0,002222 0,0000736
0,010 35,60 0,00461 | 0,844 37,04 0,000497 0,989
0,0125 44,30 0,00461 0,737 50,00 0,000163 0,937
0,025 50,20 0,00691 | 0,714 58,82 0,000092 0,848
0,050 77,90 0,00691 | 0,656 90,91 0,000076 0,871 5106
Co** 0,075 97,40 0,00691 | 0731 111,1 0,000055 0,852 '
5 0,100 1121 000921 | 0,958 1724 0,000002 0,826
E 0,125 150,5 0,00691 | 0,775 2083 0,000008 0,796
< 0,250 1771 0,00691 | 0,741 2222 0,000002 0,731
s Cpennee ki Ba k2 0,006622 0,0001974
=
S 0,010 38,59 000461 | 0,843 41,67 0,000377 0,985
0,0125 48,00 0,00461 0,838 55,56 0,000158 0,96
0,025 54,41 0,0023 0,744 58,82 0,000115 0,884
0,050 84,48 0,0023 0,745 90,91 0,000093 0,903
ot 0075 54,15
Cu ) 105,6 0,00461 0,822 117,7 0,000029 0,946
0,100 121,6 0,00231 0,957 175,4 0,000022 0,888
0,125 163,2 0,00231 0,843 212,7 0,000011 0,849
0,250 192,0 0,00231 0,749 263,2 0,000007 0,934
Cpennee kia ko 0,01354 0,000010
0,010 42,90 0,00461 0,802 45,45 0,000374 0,987
0,0125 68,80 0,00461 0,837 76,92 0,000219 0,993
0,025 88,40 0,00461 0,831 100,0 0,000145 0,990
0,050 1014 0,00461 0,849 125,0 0,000066 0,967 6786
cr¥* 0,075 137,8 0,00461 0,843 166,7 0,000051 0,979 ’
0,100 156,1 0,00461 0,816 200,0 0,000025 0,929
0,125 195,1 0,00461 0,795 250,0 0,000019 0,937
0,250 223,6 0,00691 0,757 285,7 0,000003 0,815
Cpennee kiu k2 0,01267 0,000113
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O6 >TOM CBHIETENLCTBYET TOT (akT, uTo mpu copbuum mono Cu?*, Ni%*,
Co** u Cr** ma mommamdonure, NoaydeHHOro Ha ocHose [IBX, Hapsamy ¢ monamu
METaJUIOB TaKXe BIUSIOT aMHUHO-HM CYIb(OTrPYIIIbI, cojiepxkaiiiecs B copoerte. B
npoiecce COopOLMU HHEPrHsl aKTUBAllMM HOHOB METAJUIOB cocTaBiisia 49,52
k/>k/Mone st moHoB Hukens, 51,96 kJlx/monb g woHOB kKoOanbra, 54,15
kJ>x/Monb st mucuona u 67,86 kJ[>K/MOJb ISt HOHOB XpOMa, Ha OCHOBE ATHUX
3HAaYEHU ObLIa OIpEIEeNeHa MOCIeN0BaTENbLHOCTE copouy noHoB NiZ*<Co%**< Cu
2*<Cr3,

Taoauna 2
3HayeHuss KOHCTAHT JleHrmwopa u @peitHINXA 1JI COPOLMN HOHOB NiZ*,
Cu?*, Co?" u Cr®" ma nosmmamdouut na ocuose IIBX

Honst KoncranTs! Jlenrmiopa Koncrantel @peitnannxa
Quax(MMOTB/T) | K. RL R? N Kr R?
Ni(ll) 3,2 0,00044 0,931 0,994 2,26 57,94 0,984
Co(ll) 3,3 0,00041 0,931 0,996 2,29 64,65, 0,982
Cu(ll 3,4 0,00047 0,926 0,997 2,33 67,76 0,977
Cr(l1n 3,9 0,00099 0,841 0,996 2,81 89,16 0,974

B mnpencraBneHHo# Tabnuile 2 mpencTaBiICHBI BCE PE3yJbTaThl pacyeTa
U30TepMbI copOuuu 1o ypaBHeHusiM Jlenrmiopa u @penpnuxa. [lo 3HaueHUsIM
napamerpoB DpeHIMXa COOTBETCTBEHHO s moHoB Ni?*, Cu?*, Co?*" u Cr®
paBHBI N=2,26; 2,29; 2,33 u 2,81, 4TO CBUJIETEIBCTBYET O TOM, YTO COPOITUS HOHOB
METAJJIOB Ha NOJUaM(OIUT, COJEpkKaluid aMHUHO-U CYIb(Orpymnmbl, HUIET B
BBICOKOH cCTeneHHW. 3HaueHus Kod(pduuuenra xoppensuuu R? maa Ni?* pasen
0,994; mma Cu®=0,997; g Co?*=0,994, mma Cr’*=0,996, a u3MeHEHHUE
KOHIICHTPAIIMU YKa3bIBAET Ha TO, YTO MPOIECC aJACOPOLUU MOJUUHSAETCS TEOPUU
MOHOMOJIEKYJIsIpHOU ajicopoiuu Jlearmiopa (R -mpoTekaer jerko).

N3MeHeHus: TepMOJMHAMUYECKUX MMapaMeTpPoB B Ipolleccax COpOLMH HOHOB
Ni%*(a), Cu®* (6), Co?*(c) u Cr¥*(n) B monyuennslii monuamonur Ha ocHose [IBX
B untepBaie remneparyp 303K no 323K, npencrasnensl B Tabauue 3.

Taduauuna 3

Kouncrantsl copounonnoro pasaosecusi uoHoB Ni (II), Cu (IT), Co(II) u Cr(I1I)

K 0JTUaM(pOIUTY U U3MEHEHHUS TEPMOAMHAMUYECKUX PyHKIMI

Honust T.K Ges K. 1/mos -AG, AH, AS,
METaJJIOB MI/T JUK/MOJIIb JK/MOJTB IoK/Mop K

303 142,3 14,4 6482,4

313 156,1 14,6 7471,8 23495,4 98,94
Ni(l1) 323 166,6 25,8 8461,2

303 156,3 14,6 6914,8

313 166,4 25,8 8070,4 28101,3 115,6
Co(ll) 323 179,8 29,0 9226,5

303 167,5 14,8 6946,7

313 179,4 26,0 8125,6 287747 117,9
Cu(ll 323 188,7 30,0 9304,5

303 170,4 34,2 89427

313 181,6 43,6 9752,3 15588,7 80,96
Cr(111) 323 189,1 50,2 10562,0

Kak BumHO M3 mpencraBieHHOW TaOd. 3, 3HAUYEHUE (max, PACCUMTAHHOE Ha
OCHOBE KOHCTaHThI paBHOBeCHS JIEHIMIOpa, YBEIMUMIIOCH MPU TemIiiepaTypax 293,
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303 u 313K. Benuuuna AH, uMeeT MNOJOXUTEIBHOE 3HAYCHUE M IPOIECC
a7IcopOIMH SBISIETCS SHAOTEPMUUYECKUM. Takke yBEIHMUEeHUE SHTPOIUU CUCTEMBbI
CBHJICTCIILCTBYET O HAJIUYMU PEaKIMd HOHOOOMEeHa MEXAy uoHamu Na' Ha
noBepxHocTH copOenta u monamu Ni(Il), Cu(Il), Co(Il) u Cr(Ill). YmensbiieHue
CBOOO/IHOM »HEPrMM YKa3blBa€T Ha TO, 4YTO COpPOIMS YyKa3aHHBIX HOHOB B
nojsuaM@osuTe ABISETCS CaMOIPOU3BOJIbHOM.

Jlns  umcciemoBaHUsS JUHAMHYECKOH OOMEHHOM €MKOCTH W JeCcOopOIuu
noivaM@oiuTa, TMOMEHIAIM B KOJOHKY B aKTUBUPOBAaHHOM  COCTOSTHUU
IPaHyJIMPOBAHHBIN MONMAaM(POIUT cO cTatThuecko oOMeHHoM emkocTio mo HCl
4,5 mr-sks/r, mo NaOH 3,5 mr-sks/r. PactBopsl conepxarune nonsl Cu?* n Co?*
pa3NMYHBIX KOHLEHTpalMi, MNpOIyCKadu Yepe3 COpOeHT [0 TeX IMop, IOoKa
KOHIICHTPAIIUSI pacTBOPA, BBIXOMASIIETO U3 KOJOHKH HE CPaBHSUIACH C HayaJbHOMU
KOHIIeHTpale. PacTBopbl, cojepxamiue HccleqyeMble HOHbl  METaJIOB,
BBIBOJIMJIM U3 KOJIOHKH CO CKOPOCTHIO 1,2,3 MII/MUH METOJJOM 0OpaTHOTO MOTOKA.

M3mMeHeHne KOHILIEHTPAallMW pPacTBOPA, BBIXOMSIIETO W3 KOJOHKH IIOCIIE
npolecca HOHOOOMEHa, T. €. COpOIUU OBLIO MCCIIEOBAHO Ha CHEKTPOPOTOMETpE
Microplanshet rider Enspire Perkin emler (CIIIA) (miuHa BomHBI 760 HM Is
Cu?*, 514 am s Co?*).

Ha puc. 8 mnpuBeaeHa 3aBUCMMOCTh KOHIIEHTPAalMM HOHOB METAJUIOB B
pacTBOpE, BBIXOMAIIETO M3 KOJOHKH, OT 00beMa pacTBOpa, MPOTEKAIOLIETO Yyepe3
COpOEHT.

0,06 - 0,06
0,05 -| =3 Mj1/MuH 0,05 =3 Ma/MuH
~#-2 MJI/MHH = -2 ma/mMun
0,04 - 2 0,04
E 1 ma/mun 5 ! 1 ma/mMun
<) 4 2+
0,03 2 003 0) Co
§ (a) Cu?* ~ (0)
o 0021 O 02
©
0,01 - 0,01
0 ' T ) Q | 2 i :
001 200 400 600 800 200 400 600 800
YL T -0,01
V, ma V, M

Puc. 8. 3aBUCMMOCTb CKOPOCTH MPOXO:KAEHNS OT 3HAYEHHS] JUHAMHYECKOMH
cop6uuun noHos (a) Cu?" u (6) Co?" na nosmamdosur na ocuose IBX.

Kax BugHo u3 puc. 8 (a,0), C yMEHBIIEHHEM CKOPOCTH TIPOXOKICHUS
pacTBOPOB  4Yepe3  KOJOHKM  TIOBBIIAETCS  COpOLMS  HOHOB  METaJIOB
noJnaM@oIUTOM. ITO CBSI3aHO C OOMEHOM MOHOB METAJIJIOB B pPACTBOPE COJIHU C €TO
byHKUMOHANBHBIMU ~ Tpynmamu. Jlisg  aHanm3a  COPOIIMOHHBIX  CBOMCTB
noauaMm@onuTa, coAepKallero amuHO- U Cylb(Orpynmbl, ObUIM MPOBEAECHBI
ombIThl B «OTHEIeHHH TEeXHHYeckoro KoHTpoist» OAO «MybapeKkcKoro
razonepepadaThIBAIOIIEr0 3aBO/Ia U ONPEAEIeHbl ero MOTJIONIAlIINe CBOMCTBA
MOHOB METAJIJIOB U3 CTOYHBIX BOJI.

CopO1uio MOHOB METAJUIOB HA HMOHUTE OMNPEACNSUIA CIEKTPOMETPHUUECKUM
MeToJoM ¢ Tomoribio cnekrpodoromerpa Microplanshet rider Enspire Perkin
emler (CILIA). OcHOBHBIE KaTHOHBI, OT KOTOPBHIX IIPOTOYHAsS BOAA JOJKHA OBITh
OUHUIIICHA, TIEPEYUCIICHBI B Ta0JI 4, B OCHOBHOM ATH MOHBI HEOOXOJUMO U3BJIEKAThH
Y YMEHBIIIATh UX KOJUYECTBO B COCTaBE CTOYHBIX BOJI.
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Tabauua 4
YMeHblIeHNEe KOJIUYeCTBA HOHOB METAJJIOB B CTOYHBIX BOJAAX
NMPOU3BO/CTA Mocje 00padoTkn moauamMmdoaurTom Ha ocHoe [IBX

CylIecTBYONINE HOHBI Cu* Ni%* Cr* Co**
HavanpHast KoHIICHTpaIus, mr/am® 1820 10,5 75 295
Konnentpanus mocie copomum, mr/ame 314,2 1,33 75 10,4

HccnenoBana copOlMsi MOHOB TMEPEXOJHBIX METAUIOB B HUCKYCCTBEHHBIX
pacTBoOpax pa3IMYHBIX KOHIICHTPAIIUK Ha MOJUaM(OIIUTE, IMOJTyICHHOTO Ha OCHOBE
I[IBX u comepxarmiero amMmuHo- u cyiabdorpynmnsl. C 3TOi LEabi0 ObUTM HU3YyYEHbI
pasnuunble (akTOphl, BIusdomue Ha copouuro uonos NiZ*, Cu?*, Co?* u Cr* B
nonuamdponute konueHtpamus (0,025; 0,05; 0,075; 0,1 M), temneparypa (303 K;
313 K u 323 K), Bpemst (2-24 gaca). Ha ocHOBe monmydeHHOT0 mToimaMQonTa Obiia
pa3paboTaHa ajcopOIMOHHAss MHUHU - KOJOHKA JJII OYHMCTKH CTOYHBIX BOJ OT
COEP>KUMBIX MOHOB.

HNonut mnoMemann B KOJIOHKY H NPOMYCKAIA MOPOTOYHYK)  BOIY.
KonTponupoBanu CKOPOCTh MOCTYNAIONIEH M BBIXOJAIICH W3 KOJOHKU BOJBI.
[Ipomecc amcopOIMKM KOHTPOJIUPYETCS CPAaBHEHUEM KOJIMYECTBA MOHOB BOJE U
BXOJI€ U BBIXOJIE.

B d4erBeproi riaBe aucceprauuMv noja HazBaHueMm «MeTroabl H3Yy4eHUs
CHMHTE3a U CBOMCTB MOJMAMQOJUTOB» IPUBOJUTCS OIMMUCAHUE HCIOJIb3yEMBIX
pEareHToB, METOJAbl IMPOBEICHUS XUMUUYECKMX IIPEBpAICHUNA B TOJUMEpax |
METO/Ibl UCCIIEIOBAHUM.

BbIBO/IbI

1. B pe3ynbrare u3ydeHUs BIMSHUS Pa3IMYHBIX (DAKTOPOB Ha IMOITY4YEHUE
HOBOTO moiauaM(}oiuTa, MOTYYEHHOTO aMUHUPOBAHHEM CYyIb()OKATHOHHWTA Ha
ocHoe [IBX, c¢ yuacrmem IIDIIA Oblin HaiiicHBI ONTHUMAJIbHBIC YCIIOBHS
nporecca. Mnentudukamueil moJydeHHOro BellecTBAa OBUIO HAWIEHO, 4YTO B
COCTaB€ IMOJMMEPHOIO0 MaTephaja HMMETCS aTtoMbl S W N, a Takke HX
npucoenarHenue k mnensM [IBX myrem oOpazoBanus cyiab(o-u aMUHOTPYIIT ObLIN
JI0Ka3aHbl METOJIaMH (PH3UKO-XUMHUYECKOTO aHATHN3A.

2. Ilokazana BO3MOXXHOCTb IOJYYEHHUSI HOBOrO mojuamM@onuTra Ha OCHOBE
[1BX, ompeneneHbl €ro ONTUMAJIbHBIC YCIIOBUS, MOMYYEHHs] HICHTU(UKALUEH
MOJyYEHHOTO  mojuMmepa  (QU3UKO-XMMHUYECKUMU  METOAaMH,  JOKa3aHO
oOpa3zoBaHue Cyiab()o- U aMHUHOTPYNI C MOHOOOMEHHBIMU CBOWCTBAMU B IIENU
I[IBX. JlaHHO€ wHCCIe0BaHHE TO3BOJUIIO pa3padboTaTh THUIIOBBIE TEXHUYECKHE
yCIIOBUSA NMPEANPUATHS Ha MOJTy4eHUe noauaM@ouTa.

3. B pesynbrare wuaeHTu(uKanmu mnonydyeHHoro mnonumepa HK-
CHEKTPOCKOMMYECKUM METOJOM OBLIO YCTaHOBJIEHO, YTO B €r0 COCTAaBE TaKkKe
OPUCYTCTBYIOT ~ KaTUOHOOMEHHbIE  Cynb(QOrpynmnsl ¥ aHHUOHOOOMEHHBIE
AMUHOTYPOHBI, a aHaju3 CKAHUPYIOUIUX DJIEKTPOHHBIX MHUKpodoTorpaduit
MOJYYEHHOT'0 ToJMaM(ouTa MO3BOJIMI MOATBEPIUTh €r0 MOPUCTYIO CTPYKTYPY,
KoTopasi oOjerdaer mpouecc copbuun. MccnemoBanume mokaszano, 4To (U3HKO-
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XAMHYECKHE  CBOWCTBa  monuaMmdonnra  COOTBETCTBYIOT  TpPeOOBaHUSM,
OPEIBSIBISIEMBIM K €r0 UCTIOIb30BAHUIO MIPH Pa3/IeICHUH CYIIECTBYIOLUIUX HOHOB B
BOJI€ B IPOMBIIIJIEHHBIX MacIITabax.

4. HUccnenoBana kuHeTuka mnorjomieHuss uoHoB kobanbTa(ll), memu(ll),
nukemsi(ll) u xpoma(lll) mommamdonuTom u paccuntaHa HSHEPrusi aKTHUBAIUU
nporiecca copOruu. [lomydeHHble pe3ynbTaThl TMO3BOJMIM TOKa3aTh, YTO
UCCIIETyEeMbIil MPoLIecC MPOTEKal M0 3aKOHAM PEeakiuil ICEeBI0-BTOPOTO MOPSIKA.
Ha oCHOBE KMHETMYECKOrO aHaiu3a ObLIO yCTaHOBIEHO, 4To moHbl Cu?* u Cr¥*
0011a1ar0T 60JIEe BHICOKOM CENEKTHBHOCTBIO 10 CpaBHEHUIO ¢ MoHamu NiZ* u Co?*,

5. V3yueHnue TepMOAUMHAMHMKHU IMpolecca COpOLMM MOKa3ajao, 4TO IPOLECC
MOTYUHSICTCS TEOPUHM MOHOMOJEKYISIpHOU ancopoumm JleHrMiopa, a Taxke
paccuuTaHbl U3MEHEHUS] TEPMOJIMHAMUYECKUX MapaMeTpoB Ipolecca copOuuu —
ceooonnor sHeprun (AG), osuramemuu (AH) wu suTpomum (AS) peakiuii
noHooOmena noHoB Ni?*, Cu?*, Co?* u Cr®* moHuToM.

6. OmnpezneneHo, 4yTO MpPU NPOBEJECHUM HEOJHOKPATHBIX B JIMHAMUYECKUX
YCIOBUSIX TIPOIIECCOB COPOIMM W JecopOuuy JUisi OYUCTKH CTOYHBIX BOJ
NPOMBIIUICHHBIX ~ OPEANPUATHA HMX COpPOLMOHHAs CHOCOOHOCTh — OCTalach
HEU3MEHEHHOW W B HTOTe NOJUaM(POIUT MOXKHO HCIONb3BAaTh [JIsI OYUCTKHU
CTOYHBIX BOJ] MPOMBIIINIEHHBIX TPEANPUATUNA HECKOJIBKO pa3s.

7. Ha ocHoBe nonuamdonura pazpadboTaHo MOOMIBHOE YCTPOMCTBO, KOTOPOE
MO3BOJISIET OUMILATH BOJIbI, oOpasyroluecss B TexHojorndeckux mnpoueccax OAO
«MyOapekckoro rasomnepepadaTbIBaIOIIET0 3aBOJa», OT HOHOB TMEPEXOIHBIX
META/NIOB M OHO PEKOMEHJOBAHO K MPOMBIIUICHHOMY IPUMEHEHUIO, a

nonuamdonut 3apeructpupoBan Mucturyrom crannaptoB «O’ZSTANDART
AGENTLIGI» Ts 02073392-002:2020.
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INTRODUCTION (abstract of doctor of philosophy (PhD) thesis)

The aim of investigation: is the definition of the process of obtaining a new
polyampholyte based on polyvinyl chloride and complex aspects of its physical
and chemical properties.

Objects of investigation as used are derivatives of polyvinyl chloride,
sulfonic cation exchanger, polyethylene polyamine, polyampholyte, metal salts.

The scientific novelty of the research is as follows: The kinetic parameters
of the process of obtaining polycomplexone by modifying sulfocationite on the
basis of granulated plasticate polyvinyl chloride with PEPA for the first time were
determined and optimal conditions were found,;

By examining the physicochemical properties of the obtained polyampholyte,
it was found that it has high sorption properties, high thermal and mechanical
stability;

By examining the sorption and physicochemical properties of the obtained
polyampholyte, it was proved that its properties are almost equal to the APFC-45
(4-VP + CF-5) polyampholyte used on an industrial scale;

Kinetic and isothermal constants and thermodynamic parameters of
absorption of Cu (I1), Ni (1I), Co (1) and Cr (l1I) ions into polyampholyte were
determined.

Implementation of research results. Based on scientific results on the
physicochemical properties of the new polyampholyte based on polyvinyl chloride
plastic:

The organizational standard for the synthesis of polyampholite containing
sulfur and nitrogen obtained on the basis of polyvinyl chloride was approved by
the Agency "Uzstandard" (Ts 02072392-002: 2020). As a result, the use of
polyampholite allowed to concentrate technological solutions in the
hydrometallurgical industry and to extract non-ferrous metals from them;

The synthesized polyampholyte was introduced into the practice of JSC
"Mubarak Gas Processing Plant" (reference of JSC "Mubarek Gas Processing
Plant" dated November 23, 2020, No. 1682 / GK-11). As a result, the intermediate
metals in the wastewater allowed to reduce the content of copper (II), iron (111),
nickel (11) and chromium (I11) ions from 10% to 17%.

The structure and volume of the thesis. The composition of the thesis
consists of an introduction, four chapters, a summary, a list of references, and
annexes. The volume of the thesis is 120 pages.
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