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Kupum (10KTOpJIMK quccepTanMsiCH AHHOTANMUSCH)

Jucceprauuss MaB3yCHHUHI A0J3ap0aurun Ba 3apyparu. Hedrts Ba ras
3aXUpaJIApUHUHT JOUMMM KaMaWWIlIW, HIYHMHTJEK, >KaXOoH 0030pHuaa yJIapHHHT
HAPXMHUHT OUIMIIH Ty(ailin Y30eKHCTOH SKMIFU-SHEPIeTHK OanaHCHIa KATTHK
KYMUp EKUIFUCUHUHT poJid OpTUO OOpMOKIa. AMMO, KATTUK KYMHUp EKWIFU
KYJUIAaHWITAH/IAa BYXKYyAra Kejaaaurad SKOJOTMK Ba TEXHOJIOTMK MyaMMOJap, KYMHUpP
acocuia SKOJIOTMK JKMXATAaH 3apapcu3 CKWIFWIAP OJIMII TEXHOJIOTUSAJIapUHU
UIU1a0 YMKUII Ba YJIAPHU aMalIUETra >KOPUN KWIHII 3apYypUITH KeJIUO YMKMOKIA.
Xo3upru KyHja 0y kabu uluIaHManapaan Oupu — KYMUPHH CYBIU-KYMUDP EKWIFU
cycnensus (CKEC) kypuHumIMAa umuiaTUIIra acociaHTaH AyHE aMaluéTHaaru
MIIa0 YMKWITaH TEXHOJIOTUACH HCTHKOOIIM XucoOnanaau. Kymmpuu CKEC
KYpUHMIIMAA €KWLl YaHICUMOH, aWHUKCA, KATJIAMJIM KYpUHHMILAA EKMILTa
HUCOaTaH MKTUCOAMM, SKOJOTMK Ba (oWJaTaHWIMII KUXATUJIAH Oup KaHya
apsammuknapra osragup. CKECHu amanuétna Kyagam  KYMUPHUHT — EHHMII
caMapaJIoOpJIMTUHU  OIIMPHUII, KYMUPJIW KOJJUKIapAaH KaiTta ¢oiigaianui,
DHEPreTUK KO30HJIApJa MaWWH JUCIEpPCId KyMHpP YaHIJIADUHHUHT [OPTJIALI
XaBOUHU MacalTUpPUII XaMJa a30T Ba OJTUHIYTYPT OKCHUIJIApU MHKIOPUHU
aTMocepara YMKUIIMHU KaMmalTupuil MMKOHMHM Oepaau. Tannapxu Oyiinua
HucOaran ap3oH éxkuarn — CKECHuM amanuérra »kopuii KuIuml MOAAUH Ba
DHEPreTUK pEeCypClapHH TeXall, aTpoP-MyXuT HQPIOCTAHUIIUHUHT OJIUHU
onuira €épaam oepaau.

CKECnapausr 3aMoHaBuil EKMIIFUIAp OUIaH CONMINTUPraHaa ad3aIuruHu,
IIYHUHTACK, yJIapHU uWOulad 4YWKMILAA ap30H OyiaraH Maxaliud  KyMuUp
xoMamécuHu (GoiallaHulll MYMKUHIUTUHYU, s’bHU AHrpeH kynrup Ba [lapryn
TOIIKYMHUpPJIApH aCOCH 1A IOKOPU TYpPFYHIIMKKA 5ra 6yiran saru typaaru CKECnap
OJIMII YCYJMHU XMCOOTra ONraHja, YHJAH TalllKapu yJapHU Ma3yT Ba TaOuui ras
YpHMAA Xap KaHAall TypAard Y4YOK KypwiMalapuaa camapand EHAUPWINALINA
pecnyOiMKka OJHEpreTMka Ba KYMHpP CaHOATH PHUBOKJIAHUIINAA HCTUKOOIIN
HyHanuunuiapaan 6upu 0ynud xu3mat KUiaau.

V36exucron Pecny6mukacu Ipesupentunnnar 2010 fimn 15 nexaGpparu
[IK-1442-con «2011-2015 iinnnapna VY3GekuctoH Pecrny6nmkack CaHOATHHH
PUBOXJIAHTUPUIIHUHT  YCTYBOp HYHaluIIApyu TYFPUCHAATW», LIYHUHTIEK,
V36ekucTon Pecny6nukacu Bazupnap Maxkamacuaunr 2013 iiun 30 okts6paaru
292-con «Kymup caHoaTd WKTHCOAUETH Ba MILUIA0 YUKAPUIIWHUA OOIIKApHILL,
KYMUpP MaxCyJOTJIAPUHUHT SHTU TYypJIapUHU HIIa0 YMKApHII COXacuJa JoMHnxa-
KUIMPYB MIUIAPUHUA Ba WIMHNM TaAKUKOTJIApHM amaira omwmpuun» Ba 2013 iun 6
utoHaaru 161-con «2013-2018 iwwtap gaBoMuga KYMHpP CaHOAQTUHUHI axOJu
KYMUp MaxcyjoTiapura OYyiraH »5SXTUEKUHU KOHAMPHUILNTA HYHaITUPHUITaH
YCTYBOp  MHBECTHUUMOH JIOMHXaJapHU amaira OUIMPUID»  TYFPUCHUIATU
KapopjapuaaH Keaud 4YHMKKAH XOJ/]a, CaHoaT TapMOKJapuaa 3aMOHaBHil ¢aH
IOTYKJIApUHN Ba Y30EKHCTOH KYMHPJIApH acOCHAA CaMapajiop SKHIFHIAp MIad
YUKAPUIIHUHT WIFOP TEXHOJIOTHSUIAPUHHU KOpUM KWK Oopacuaa OenruiiaHraHl
BazudaIapHu Xai 3TUIITa YOy AUccepTalus UK XU3MaT KUJIaau.



TankuKOTHUHT pecnmyOjuka ¢aH Ba TEXHOJOTHUSJIAPH PHUBOKJIAHUIIN-
HHMHI aCOCHIl yCTyBOp HyHaduuuiapura oornukauru. ucceprauus vnmm UT/I-
13 «Exunry MUHEpan XoM amé pecypciaapHHu KOMILIEKC KaiiTa WA, YpraHull,
0axo Oepuill, TOF-KOH CaHOATH UHUKUHIWIApUIAH caMapaiu (oHgamaHuIy
V36ekucron PecnyGmukacn (aH Ba TEXHONOTMSNAPHH PHBOXKIAHTHPUIIHHHT
YCTYBOp WYHAUIIIApUTra MOC paBHIia OakapuiraH.

Juccepranus MaB3ycu 0yn4a XOpHKUN MIMHMI TaAAKHUKOTJIAP MIAPXH.

CKECHH onMII TeXHONOTMSACHUHM HILIab uukum OVyitmua Department of
Aerospace Engineering and Mechanics, University of Minnesota, Minneapolis,
Minnesota and Department of Mechanical and Aerospace Engineering, University
of California, Irvine (AKII), School of Chemistry and Chemical Engineering,
Guangdong Provincial Laboratory of Green Chemical Technology, South China
University of Technology (XwuToii), Canada coal inc (Kanana), Center for Mineral
and Coal Technology (Munonesus), Chemical Engineering Department University
of Rome, Commission of the European Communities (Mranus), Institute of
Applied Energy (Slnonus) kabu wiMuil MapKkasiiap Ba OJIUil TabJIMM Myaccacallapu
TOMOHUJIAH 0JIMO OOPHIMOK/IA.

CyHrru innnapaa AyHE MUKECHIA, CYIOK KYMHUpP EKWIFUCUHU OJIMII Ba YHU
KyJutam Oyinda Oup KaTop WIMHM I0TYKJIapra 3pulliuiraH, kymiaaas, Institute of
Applied Energy Ba School of Chemistry and Chemical Engineering, Guangdong
Provincial Laboratory of Green Chemical Technology, South China University of
Technology mnmuii Mapkasnapuia EKWIFH CYCICH3HWSICH TYPFYHJIIMTH Ba KYyMUD
3appadajapy CEIMMEHTAllMOH Xoccajapura MoAW(UKALUAIAHTaH JIMTHUH Ba
HadTamuH Tabcupu  YpraHwimO, cyBiau-kymup-cycnensusapuaa (CKC)
KYMUpAAH TYIUK QoiianaHuil MYMKHHIWTH aHukKianrad; Department of
Aerospace Engineering Ba Mechanics, University of Minnesota, Minneapolis,
Minnesota Ba Department of Mechanical Ba Aerospace Engineering, University of
California, Irvine Ba Canada coal inc wiIMuii Mapkasnapujga CyBIU
CycCIlleH3usIap/ia KyMUp 3appadaiapuHu 15 MHKpoHradya maijanaml OpKajid SHTH
typaaru  CKEC  onumHuMHr  XaB)cu3 TEXHONOTMACH  ApaTWiIuO, yHIa
OJITUHTYTYPTIN EKWIFUHU EKUIIIA aXXpajaJurad OJTUHTYTYPT Ba a30T OKCUAJIApU
XOCUJI OYyNMIIMHU Kamaituiu, Oy 3ca ¥3 HaBOaTuaa aTpod-MyXHUT SKOJIOTHSICUHU
AXIIMIIANITA OJIU0 KENHUIU NCOOTIaHTaH.

Kyurup Ba TOmIKYMHpiap acocuaa Xap TOMOHJIaMa TaKOMUJUIAIITHPHITaH
IOKOpHU Japakajdl HCCUKJIUK, CHJDKYBUAHJIMK Ba TYPFYHJIMK XYCyCHsTJIapura sra
oymran CKECHM omum ycyalapuHu MIIIad uYukum — Oyiimua  ycTyBop
nynanmunuiapaa $Gaon WIMAR-TAAKUKOT UILTapU 0JIUO OOpUIMOKAA.

MyaMMOHMHI YpraHwiranjauk gapaxkacu. Mnmuii-rexuuk agabuérnapuaa
JUCHEPC CHUCTEMANIapHHU SPaTUI, YJIApPHUHT KOJUIOMJ-KUMEBHUI XOCcallapuHU
Ypranum Ba OOIIKapuIl Macajajapd KeHI Kyjnamjaa KypuO YUKUIMOKIA.
V36ekucronna akagemuk K.C.AxMmenos paxOapiauruga KoOuiouJ KUME MakTaOu
apaTtwiradn 0ynu0, yHunr Bakuwuiapu J.A.Apunos, @.JlL.I'nekens, C.C.Xampaes,
C.H.AMmuHOB, A.A.Ar3aMxoKacs, V.K.AxmenoB, I'.V.PaxmaTkapues,
C.3.MymunoB, N.K.CaraeB, O.K.belicen6aeB Ba Oomikanap koysioua (aHUHUHT
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PUBOXHK YUYyH CaJIMOKJIU Xucca Kymranmap, etakun onumiap JI.T.3aGpamuwii,
A.T.Tamxues, C.H.Hacpuramnos, P.X.I'ymapos Ba Gomkamap Y36eKHCTOH
KYMUPJIADUHUA KEHI MHUKECAa YpraHumrad. TabKuajiam JO3UMKH, XO3UpPru
KyHradya IOKOpUJa KEATUPWITaH OJUMIIAPHUHT WJIMHNA-TAJKUKOT HIUIapuaa
V36eKHCTOH KYMHUpIApH CYBIH JIMCIEPCHUANAPH aCOCHIA SHTH TYpAAard EKWIFH
OJIMII TEXHOJIOTHSICUHU UIIA0 YUKW OYiinya u3JaHuIIIap YTKa3uiaMara.

Xopwx onumnapu (densrun I'.H., bapanosa M.II., Kynarun B.A., JIynenko
C.B., IlerpakoB A.Il., I'onosun I'.C., T'opsiios E.I'., 3exoB B.M., Xonakos I'.C.,
Hetkos C.II., bop3zoB A.W., Mypko B. WU., 3aiinenBapr B.E., Mopo3oB A.l.,
Mocun C.U., bopyk C./., Seong Y.K., Usui H. Ymasaki, Sunggyu Lee., James G.
S., Sudarshan K. L., Hashimoto N., Mamrymoro Ocamy, Llypyu Macau, Ercolani
D., Grinzi F., Nagata K. 1., Yano N., Nagamori S. Ba Oomikanaap) TOMOHUIaH
TypAM Xul KYHFUP Ba TOIKYyMHp KoHmapu acocuga CKECHu omum
TEXHOJIOTUSAJIAPUHU SpaTHILl Ba XOCCAJTApUHM aHMKJIAIl XaMJa yJapHU caHoaTna
KyJutam WyHanmuIuaa skafan uigap oiaubd OopuiaMokiaa. AMMo, AHIpeH Ba
HlapryH KyMupiapu CyBIH JUCIEPCUSIAPU ACOCUA SHTH TypAaru €KWIFU OJUII
TEXHOJIOTUSICUHU UIUTA0 YUKW OYiinya UIMHA-TaIKUKOTIap ou0d OopriiMaras.

Maskyp AHCCepTALMs MIIMAA MWIK Maporaba Y30eKHCTOH KyMHpIapH
acocHsia SKOJOTMK XaB(CHU3 Ba DHEPrusi KUXATHJIAH CaMapaop CYBIH KYMHUPIU
EKUIFMHM OJIMII, YpraHuIl Ba KYyJJIall MyaMMOJIapu >KyJa XaMm Y3 BaKTuIa
euMJITaH, HaTWXKajap Ha3apuil Ba aMaJluii HyKTau Ha3apJaH axaMHUsITra MOJUKIUD.

Jucceprauuss MaB3yCMHHHI JHMccepTanusi OakapwjiaéTraHn WIMMIi-
TAAKMKOT MYacCACACHHMHI WJIMHUI-TAAKHKOT HILIAPH OMJIaH OOFJIMKJIUIH.
Hucceprannsa i OA-A13-T159 pakamnu «TexHOreH YMKUTIAp Ba TEXHOJIOTHK
SpUTMATIApAaH PAHIIM Ba HOAMP METAIApHU aXXpaThO OJUII TEXHOJOTHUSCH
Map3ycunaru [laBnat unmuii-amanu rpanta (2012-2014 i.ii.) Ba 2DA-0O-73747
paKaMiH «Y30eKHCTOH KYMUPJIApH CYBIIH AMCIEPCHSUIAPH aCOCHAA SHIHM TYpAArd
EKWIIFM OJIUIN Ba amanuéTaa Kywiamn (2014-2015 #.i1.) ”HHOBALMOH JoMuXacura
MOC paBHIIJIa Oakapuiras.

TaIKMKOTHHHI MakKcaam Y30exuctoH kymupiapu acocuma CKECnapuu
OJIMII Ba YJIApHU CaHOAT KOPXOHAJAPUHUHT YYOKIM KypuiManapuja KYyIJiam
TEXHOJIOTUACUHU MIILJIA0 YUKHILJIaH noopar.

Makcaara >puiuiln yayH Kyduaaru TaAKUKOT Basugajiapu KyHWIras:

UIUIATUIAAUTaH KYMUPIAPHUHT (PU3UK-KUMEBUN XOCCa Ba TapKUOJIAPUHUHT
(HaMJIMK, KyJ MUKJIOPH, y4yBYaH MOJJallap MUKAOPH, KapOOKCUI Ba THIPOKCHUII
rypyxjJap, MCCHKIMK uYuKapuin KoOumusatu) onuHaétran CKECnapaunr
TEXHOJIOTUK KypcaTKuuiapu OuiiaH y3apo OOFIMKIUTMHY aHUKJIAIIL;

KYMUpJIApHU ~ MaljaJalmHUHT MakOysn  JapakaCMHM Ba  JIUCIIEPCUOH
MYXUTHUHT pH uHU aHUKAIT;

CKECnapaunr Mak0yn TapKMOUHH: KYMHpP Ba CyB KOMIIOHEHTJIAPUHUHT,
IIYHUHTACK, TYPFYHJAIITUPYBYM Ba IOMINAaTyBuM Kymmmyaanap - Ca(OH),,
NaOH, cuprt-daon mognanap (COM) Ba Ma3yT MUKIOpJIAPUHUA aHUKJIAII;

omiaran  CKECnapHuHr  peonmoruk  xoccanapy, TypFYHIUTM  Ba
OKYBYAHJIMTUHU aHUKJIAIII;



CKECHH oIl TeXHOJOTUACHHUHT PAllMOHAN IApOMTIApHHM (KaTTUK (aza
MUKJIOPH, PEOJIOTHK XOccajap, TYpFYHIIMK Ba OKYBYaHJIMK) aHUKJIAILL;

V36eKHCTOH KYHFMp Ba TONIKYMHUpPIAPHAAH GKWIFH  CYCIICH3HACHHH
Tal€pran TEXHOJOTHICUHU HUIILIA0 YUKHIII,

omuaran CKEC HaMyHanapMHUHT TEXHOJIOTHK TaBCH(IapHHM aHUKIAII Ba
yJIapHU TETHIUIM WIUIA0 YUKApUII YUOK KypuiMmanapuja €KUIl MYMKHUHJIUTHHU
TaJKUK KUJIHILI,

CKECHM nmna® 4YuKapuiga KyJIANIHMHT MKTUCOAUN caMapajopiuruHU
OaxoJarll.

TaakKuKOTHUHI 00beKTH cudaTuaa Maxamiuid AHrpen Kynrup Ba lllapryn
Tomkymupnapu,  yaap  acocumarun  omuaran  CKECmap,  CKECuun
TYpFyHJAWITUPYBUM Ba tommiatyBun Kymumuanap - NaOH, Ca(OH),, COM Ba
Ma3yT XMCOOJIaHAIH.

TagKUKOTHUHI NpPeAMeTH MaxaulMd KYHFUP Ba TOLIKYMHpPJIAp acocHUiaa
Typrynnukka sra CKEC HaMyHanapuHU ONMII KapaéHHUHU, YJIApHUHT PEOIOTHK
Xoccajgapy Ba €KUII KapaéHUHU TAAKUK 3TUILIAH HOOpaT.

TaagkukoTHUHr ycyaaapu. Mmpga Qu3Mk Ba KOUIOMI-KUMEBHM TaxJIMI
yCyJulapyu Ma)XXMyacHu — peOoJIOTHK, aIcCOPOLIMOH, aHAIMTUK Ba TEPMUK yCyJulapJaH
dbolnanaHuiITaH.

TagKNKOTHUHT MIIMHUI SHTWIMTY KyWuaarmiapaan uoopar:

Awnrpen kyurup Ba lllapryH TomkyMupiapuHuHT GU3MK-KUMEBUN Xoccallapu
(HaMJIMK, KyJ MUKJIOPH, y4yBYaH MOJAallap MUKAOPH, KapOOKCUI Ba THIPOKCHUII
rypyxJjap, UCCUKIUK YUKAPUII KOOWIMATH) aHUKJIAHTaH, yJlap acocujia OJIMHTaH
CKECnapHuHT KOILIOMA-KMMEBUH — PEONIOTUK XyCYCHATIAapH aHMKIAHTaH Xamza
I0KOpY Ba macT Kyt Anrped Ba Illapryn Tomxymupnapu acocuga CKECnap
OJIMHTaH;

CKECra KYILIWJIaquraH TYPFYHJIALITUPYBYU Ba OMIIIATyBYH
kymmmuanapauar (NaOH, Ca(OH), COM) makOyn MUKIOpiapu TONMJITaH.
Exumrura NaOH Ba Ca(OH), TypryHIAITUPYBUMIAD MHKIOPUHH YHHHT
maccacuaad 0,5-2,0% opamurunaa kymranaa, CKECHUHT KOBYIIKOKINTH OpTraH,
CHUDKUIIHUHT JUHAMHUK KyWIAHHIIM 3ca KaMmaiirad, xapopar 20°C man 60°C raua
omupunraaga CKEC xosymxkoxmuru 1,5-2,0 6apobap KaMairaH, CHIKMITHHHT
JUHAMUK Ky4IaHHIIU 3ca 2 0apobap opTras;

Kyurup kymMup acocuza onuarad CKEC KOBYIIKOKIMIY TOLIKYMUp acocHia
omuaran CKEC koBymkokiurura nuc6atan GMpMyHYa IOKOPUIMIY aHUKJIAHTaH,
Macanas, arapaa ymoy kuitmat 2BIIK mapkagaru KyHFUp KYMUp acocuja OJIMHTaH
CKEC yuyn 2,52 Ila'c vu Tamkun strad Oynca, yuaa 1CCKOM wmapkanaru
TOLIKYMUP aCOCUIAru CKEC yuyH 1,84 [Ia-c ra TEHT SKaHIUTU aHUKJIAHTaH;

CKEC tapkubuaaru kymup 3appauanapu yirdamu 50 MxM raga 6yaran (80%)
bpakuusnapiadH TallKWI TONraH EKWIFMHUHT CTPYKTYpPaBUM KOBYIIKOKIIHK,
TYPFYHJIUK, OKYBYAaHJIMK Ba €HYBUAHJIMKra Tabcupu aHukiIaHrad. 2BIIK,
2BOMCIII-b1, 2BOMCII-B2 Ba 1CCKOM wMapkanapgara KyMHpJap acocuja
omuaran CKECnap yuyH KaTTuk ¢asamap MUKIOpH Moc pasuinga 38-40%, 44-
46%, 49-51% Ba 52-55% HU TaIlIKWII TraH;
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2bIIK, 2BbOMCUI-bl, 2BOMCIII-B2 wmapkanapaaru AHIPEH KYHFUP
KYMUpJIapuHU Ma3yT OwiaH Moaubukanusuiam (Ekuinru Maccacunan 4-16%)
OpKaly TYpPFyH Ba IOKODM HCCHUKIMK uMKapum Koounusrura sra CKECnap
omuuran. 2BIIK wmapkagaru kymup acocupa onunran CKEC yuyn makGyn
mapouTAa EKUIFMHUHT HCCUKIUK 4YuKapuil KoOumustd 2900 Kkaji/Kr TauIkuil
ATHUIIN KYpCaTUIITaH;

EHaMpUII VYOKIapuaa EKWIFU XaMm/la XaBOHHW OJIIMHJAH MCUTHO OepaauraH
sHru (aken ropenkacuny Kymiam acocuga CKECHMHT MybTaqui Ba TYIMK EHUII
TE€XHOJOTUACUHUHT ONTUMAJ PeKUMIapU aHUKJIaHTaH.

TaagKNKOTHUHT aMaJInil HATHXKAJIAPH KyHuaaruiapaad noopar:

HOpMall peoloruk xoccanapra sra o6yaran CKEC nmamyHamapuau onumiia
HadakaT KATTUKJIUTK 2,5 Mr-d3KB/J OYJaraH WYUMIIMK CyBU, Oajlkd ap30H Ba
UKTUCOAMI KUXAT/aH MaKcaara MyBopuk pyxcar stuirad koHueHntpamus (POK)
Mebépaapura xaBod Oepanuran (4,4 Mr-skB/JI) wUIIa0 YUKApUIIL OKaBa
cyBiapuaaH GoianaHu MyMKUH;

omuaran CKEC namyHanapyHM SIHTH alaHTa ropeikacHHU MILIATHII OpKaju
Y4OK KypuiaManapuja KMl MyMKUHIIUTY aHUKJIAHW Ba YJIapHU EKUII jKapaéHua
KYMUPHUHT TYIUK EHuin (98,0+99,7%) kypcatunnu;

macT Ba Ky MHUKIOpAa Kyl TyrraH AHrpeH Kywrup Ba [lapryn
tomkymupnapu acocuga CKECnap onuHAM Ba SHTM alaHra TOpeIKaCHHU
UIUIATAII acocuaa EKWIFM CYCHEH3UsUIapUHU OuUp Mapomja Ba TYIUK EKUII
TEXHOJOTUSACUHUHT MaKOyJ pexuMiIapy UIIad YUKUIIH.

Omuaran CKECnap anbrepHaTup &Kumru cudatuaa pecrnyOIMKaHHHT OHp
KAaTOp MCCUKJIMK Ba YHEPreTUK arperaryiapuia, KUIUIOK XV KaJUTd Ba KOMMYHall
coxajapuja KeHr Kyaamaa GpoiijamaHuIira TaBcus dSTUIIH.

TaagKuKOT HATHKATAPUHHUHT HWINOHYJIWJMIUra TaJKUKOTHUHT acocuit
Ma3MyHH, XyJocajlap Ba TaBCUSJIAPHMHI ACOCJIAHTAHJIUTU Xe4 KaHaa mrydxa
TYFAUpPMalAN, YyHKH ylap TaJAKAKOTHUHI 3aMOHAaBUN KOJUIOUJ-KUMEBHUI Ba
GU3UK-KUMEBUI yCyIlapu acocHa IMIAKUIAHTUPWITaH, YHIAH TallKapy HIIao
ypkuiran CKECnapHaun EKuIml  TeXHONOTHACH — Takpuba-caHoaT —CHHOBJAH
YyTKa3uiaraH Ba UILIA0 YMKAPUILTA 5KOPUH THIL YUYH TaBCUS STUJITaH.

TagKUKOT HATH/KAJIAPMHUHI WIMHHA Ba aMajJuMd axaMUATH. TagKukoT
HATWKAJIAPUHUHT WIMHUN aXaMUsATH IIyHAaH HOOPATKU, ACOCUN KOJIJIOUI-KUMEBU I
napametpnap — CKECHMHI peonoruk TaBCU(DUHMHI KYMHUPIAPHUHT (DH3HUK-
KUMEBUN xoccanmapura (KyJd MHUKIOPH, HAMJIMK CUFMMH, WCCUKIUK YHKApWIL,
ydyBYaH MOJJajiap MHUKIOPH, KapOOKCHJI Ba THAPOKCUI TypyXJap), YJIapHUHT
EKUIIFU CYCIICH3UsICUAa MUKIOPUN TapKuOuU, KYMUP 3appadaiapUHUHT JUCTIEPCIUK
JapaxxacH, TypFyHJAIITUpyBuYM Ba toMmaTyBuu Kymmmyanap (NaOH, Ca(OH),,
COM) mukIopu Ba AUCHEPCUOH MYXUTHHHI pH ura KoppensiiuoH OOFIUKINUTH
aHUKJIAHTaH.

TankukoT HaTWXKATApPUHUHT aMaIMid aXxaMHUSATH IIyHIaH UOOpaTKu, UIK O00p
V36exucronnarn Aurpen kyurup Ba lapryn Tomkymupnapu acocuna CKECnap
onuHra. EKuIFy Ba CUKUIraH XaBOHM OJMHJIAH KU3IUPULIHK aMaJlra OIIMpPHILITa
MMKOH OepyBuM SIHIU aJaHTa TopelKacMHM uiuiatum Hatwkacuaa CKEC
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HAbMyHAJIApUHU YYOK KypuiaMmanapujga Oup wMapoMja Ba TYIHMK EKUII
TEXHOJOTUACUHUHT MaKOYJ peKUMHU UILTA0 YUKUIITaH.

TagKUKOT HATHIKATAPUHUHT KOPUHA KUJIMHUIIHU. V36exucron KYHFUD Ba
tomkymupaapu acocuaa CKEC onum Ba yHu ékum sxapaéHuia aHbaHABUH CYIOK
HepThr EKWIFUCH VYpHHUTa Kyjam Oyiudya wunuiad YUKWITaH TEXHOJOTHK
pernameHT OJIMaNUK KOH-METaJUTyprus KOMOMHATH TOMOHMJIAH TaCAMKJIAHTaH.
CKECHM onum Ba EKUII TEXHONOTHANApH caHOaT MHKEcuaa ONMaluK KOH-
Metamutyprus komOounatuaa 2013-2014 innnapaa taxxpuba-caHOAT CUHOBIAPUIAH
YTKa3unuoO, YYOKHM PEKOHCTPYKLMSIIAII acocua aMajuérTra >KOpuil KWIMHTaH
(Onmanuk koH-MeTayuyprus komouHaTuHUHT 2013 #wn 21 urons Ba 2014 #iun 20
HosiOpujarn panonarHoManapu xamuaa 2015 #iun 24 wmaptnarm  1818-con
MabIyMoTHOMacH). MasyT VpHura TaBcus stunran CKEC ékunranpma, Hummmk
UKTHCOIMM camapa 291,6 MIIH. CYMHU TallIKWJI STalu.

TagKuKOT HATWKAJAPDUHMHI anpodamuscu. TaaKUKOT HaTWXKaJapu
Kyhinnarn Xankapo Ba Pecnybnmka wiamuii-amanuii amxymannapaa: Kumésuit
TexHojorusa Xankapo amwkymanuna, XT12 (Tomkent, 2012); «Hossie
KOMIIO3ULIMOHHBIE MaTEpUalbl HAa OCHOBE OPraHUYECKUX M HEOPTaHUYECKHX
UHTpenueHToB» PecryOnuka unmuii-rexuuk amxymanuna(Tomkent, 2012); V, VI
Ba VII PecnyOnuka WHHOBAIMOH FoOsJIap, TEXHOJIOTHSJIAp Ba JoMUXaiap
apMmapkanapuna (Tomkent, 2012, 2013, 2014); «CoBpeMeHHBIE TMPOOJIEMBI
BBICIIET0 OOpa3oBaHUS M HAYKHM B oOjacTh xumum» Xankapo Cummnoznymujaa
(Anmaru, 2013); «Katanutuueckue npouecchl HedTenepepaboTku, HePTeXUuMHUH U
skosnorun»  Xankapo — amwkymanuna  (Tomkent, 2013); «Pecypco- wu
AHEprocOeperarone KOJIOrHIecKd O0e3BpeIHbIE KOMIIO3UIIMOHHBIE MaTepUaIb»
Xankapo wiMmuii-texuukaBuil amkymanuna (Tomkent, 2013); «MHrpenuentsr u3
MECTHOTO M BTOPUYHOIO CBIpbSl JUISI TOJYYEHUS HOBBIX KOMIO3UIIMOHHBIX
MarepuanoB» Pecnybnuka wiMmuii-texHukaBuii amxymanuna (Tomkent, 2014);
«CoCTOosiIHME M TEpCNEKTUBA pa3BUTHS KOJUIOMAHOM XUMHHM W HAHOXMMHUHU B
V30ekucrane» PecnyOnuka wnmuii-texnukaBuil amwxymanuaa (Tomkent, 2014);
International scientific conference «European Conference on Innovations in
Technical and Natural Sciences. 4™ Xankapo uimuit amkxymanuna (Vienna, 2014);
«IIpobyieMbl yTHIM3aLMU OTXOJOB ObITa M MPOMBIIUIEHHOT'O MPOU3BOACTBa» [V-
Xankapo skojoruk uinmuii amwxymanuaa (Kpacnomap, 2015); «IIporpeccuBhbie
TEXHOJIOTUH TIOJIYYEHHsS] KOMIIO3MIIMOHHBIX MAaTE€pUaOB W U3JEIHA W3 HUX»
Pecniybniuka wnmuil-rexnukaBuil amwxkymanuga (Tomkent, 2015); «Xumus u
skosorus - 2015» Xankapo wimuii-amanuii amxymanuaa (Canasar, 2015); ®dan
JTOKTOpH WIMHK papaxacunu OepyBunm 16.07.2013. K/T.14.01 pakammum Oup
MapTasiuk Wnmuit keHram komuaaru oup mapranuk Mnmuii cemunapaa (22 mai
2015i1.) MyxokaMacHuiaH YTraH.

TagKUKOT HATHKAJAPUHUHT JbJOH KHIMHranauru. [ucceprauus
Map3ycu Oyinua 43 Ta unmMui um, kymiaanaH, 1 ta moHorpadwus, 17 ta unmui
MakoJja XOpHXHil Ba pecnyOiiMKka WIMHMA KypHauiapuaa, 24 Ta Makoja Ba TE3UC
MaTepuaylapyd XaJKapo Ba pecnyOJidka amXKyMaHJIapu TyIjaamjiapujia 4ol
STHITaH Ba Y3P nmaTeHTHHHM onum ydyH | Ta TanaGHOMa OJIMHIaH.
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JluccepTanMsIHUHT XAKMH Ba Ty3wjammu. Jlyccepraiysi WIIW KUPWUIILL,
TyprTa 600, Xynoca, 255 Hompmaru oiinanaHuiaran anabuériap pyiixatu Ba
uioBanapaad Tamkui Tonrad. Mm 174 Ger caxuda matHuaa 6aéH kunuuuo, 41 ta
aJBas Ba 29 Ta pacMHU y3 MUMTa OJIAJIH.

JucceprauMIHUHT ACOCUN KUCM U

Kupum kKucMuga MyaMMOHUHT J0J13apOJUTM Ba MaB3yCHHMHI 3apypaTu
acocllaHraH, TaJKUKOTHUHI Makcaj Ba Basudaiapu aHUKIAHTaH, AUCCEPTaLIMs
WIIMHUHT WMWK SHTWIATY Ba aMaIuil aXaMUSTH IIAKUIAHTUPUIITaH.

HucceprauusHuar  OupuHun  600u  «CyBam  KyMHp  EKWJIFHM
CYCHCH3MSUIADUHM OJIMII YCYJLUIAPH, XOCCAJAPH Ba CaMapaju EKUIIHUHT
3aMOHABHH X0JIaTH XaKWAa» MaB3ycura OaruIllIaHTaH afabuérnap mapxu
6ymu6, yuna CKECnap onum TexHoJOrusIapH Ba yIapHM YYOK KypuIManapuaa
EKUII MyMKUHJIUTHHUHT 3aMOHABUi XonaTu kypub unkuiran. CKECnap Tapku6u,
yJIApHUHT PEOJIOTMK XOccajapu Ba €EKUII YCyJUIapu, UIYHWHIAEK, YJIapHU
nabopaTopusi Ba caHOAT IIAPOUTIApUAA EKHILI YUYH KYJJIall MYMKUHIUTH KYpHO
yUKWIraH. Anabuér MaHOajmapvHM TaxXJIWil KWIUII HAaTHXKajapyd MaB3yCHHHUHT
J0N3apOIMTMHU, AUCCEpTalUsla KYpuiIaéTraH MyaMMOJIADHUHT KYWHJIUIIUHU Ba
ylIapHU Hazapuil Ba Taxpuba ycymwiapu OwinaH OOCKMYMa-O0CKUY —€UHIIl
JO3WMJINTUHHU TaCIUKIANnIN.

JuccepTauussHUHT UKKUHYM 000u «KymupJgapHuHr ¢Qu3nk-KkuMéEBuii
Xoccajapu Ba TaAKUKOT YyCyJJapw» Map3dycuaa Oynub, VypraHuwnaérran
KYMUPJIAPHUHT (PU3UK-KUMEBHUI Ba UCCUKIUK OEpHILl XOccalapyu TaJKUK ATHUIITaH,
Taxxpubanapuu YTkasum Ba onudran CKECHapHUHT XoccalapvHH aHMKIAII
ycyiiapu 0aéH 3TUITaH.

MabayMkH, Y36eKHCTOH KYMHPHHHT KaTTa 3axupanapura (1900 MIH TOHH)
araaup, *Kymuaaad, 1853 MIH. TOHHa KYHFUpP Kymup, 47 MIIH TOHHAa TOLIKYMHP
3axupacu MaBxyld. bus CKECHu OJIMII, XOCCAJIAPUHU Ba EHMUIIWMHU AHUKJIAII
Oyiinya TaxkpuOa MILIapy YYyH YHIAru KyJ Ba WYIJIOII MUHEpAUIap MUKIOPUHU
xucobra onran xonna, 2bIIK mapkagaru (kyn muknopu 12,8%) AHrpeH KyHFUp
kymupu, 2bOMCIII-b1 Ba 2BOMCIII-B2 mapkanapaaru (Kya MHKIOPH MOC
paBuiiia 34,7% Ba 50,7%) KOHAUIIMOH TOBap KYPUHUIIKMIATH AHIPEH KyMUpIapu
Ba 1CCKOM (kyn wukmopu 10,3 %) wmapkamarm Illapryn Tomkymupu
HaMyHaapy TaHna6 omuaan. Kymup HamyHanapu «Y36ekkymup» AXK ToMoHHIaH
TaKJAUM STUITAH.

CKEC omum yuyH sipoxnu kymumpnap cudarura Kyiimnaaurad Tanabaapra
MYBOQHK, acocaH KypYyK KYJCH3 XoJjaTra XucoOyiaranja y4yyB4aH MOJJIaJapHUHT
gyukumu 40,8% raua Ba Kyn Mukaopu 15-35% rawa OynraH KymwupJiapiaaH
doitnananunaun. [y nykrau Hazapaan, 2bIIK mapkanaru AHrpeH KYHFUP KYMUPU
Ba 1CCKOM wmapxkanaru HlapryH Tomkymupiaapu HUcOATaH MOC Kenaau. YHIaH
tamkapu, CKECHu keHr MuKkécaa KYIIaHMIMII MyMKMHIMTHHE XMCOOTa OraHza,
KOHIULIMOH ToBap Kypunuiiaaru 2bOMCII-b1 Ba 2BOMCIII-B2 mapkanapaaru
AHTpeH KYHFUp KYyMUpJIapu XaMm YpraHuiaud. TaHna0® ONMHTaH KYMHUPJIAPHUHT
bu3uk-kuMEBUI TaBcuduapu 1-xaaBanna kenTupwiraH. YHra kypa, 2BIIK,
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2BOMCIII-b1, 2BOMCII-B2, 1CCKOM wMapkanapgard KyMUp HamyHalapu
Tapkubu kyiuparnya taBcupnanagu: COOH Ba OH rypyxjapn MUKIOpPUHHUHT
cymmacu Moc pasutiaa 1,72; 1,81; 1,66; 0,56 Mr-skB/r, Ba yayB4aH KOMIIOHEHTIIAp
mukaopu 40,2; 34,2; 50,7; 40,8%.
1-xanBan
AHrpen KyHrup Ba LllapryH TOMIKYMHUpPJIAPUHUHT TaBcHpIapH
(1 — 2BIIK mapkaau AHrpeH KyHFup Kymupu, 2 — 2bOMCII-b1 mapkaaun
KOHIMIMOH TOBAp KYPUHHMIIMAATU AHrpeH Kymupu, 3 — 2BOMCIII-B2
MAapKaJI¥ KOHJAWIHOH TOBAP KyPUHUIINAATH AHIpeH Kymupu, 4 -1CCKOM
mapkaju lHlapryn Tomkymupmn)

TexHUK TaXJINII P KuméBuii Taxjmn Erum HCCUKJINTH,
. 5 KKaJI/KT;
Kymup | Hammuk, % Ky, % =t Kymup éanim
g 5 (MOK/xr)
HaMy- = 3 MaccacHuIary MUKIOP MT-
Hajapu =2 9KB/T
pakam- 5 = =
napu < = < 5 £ = &
= B é B é < 8 g ,E T >><\ o § =
F S| Eo = Eu o~ o = e T 5 b= g
= )
=5 3% |85 | ¢S g8 |58 |k = > 4
SR =S 2 n = O = o= 8 S| = @
S| <8 | <8 |5 = o O 2
N4 >~, = © =
5o
>
3200 8160
1 40,0 10,0 11,5 12,8 40,2 0,32 1,4 1,72 (15.3) (34,28)
2700 7040
2 40,0 11,6 30,9 34,7 34,2 0,21 1,6 1,81 (11,34) (29.6)
2300 6290
3 40,0 16,7 47,4 50,7 33,1 0,16 1,5 1,66 (9,66) (26,43)
6200 8720
4 10,0 10,2 1,0 10,5 40,8 0,36 0,2 0,56 (26,05) | (36,34)

2BIIK Ba 1CCKOM wmapkagaru Kkam KyJd MHUKIOPU TyTraH KyMHpJap y4yH
9HT macT €HUIN uccukiaura moc pasumiga 3200 Ba 6200 kkan/kr (15,3 Ba 26,05
Mx/kr), 2BOMCII-b1 Ba 2BOMCII-b2 mapkamgaru 0OKOpH KyJl MHUKIOPH
TyTran kymupraap yayH sca 2700 Ba 2300 xkan/kr (11,34 Ba 9,66 MJIx/kr) Hu
tamkun 3tagu. FOxopupa kentupwiran 2BIIK, 1CCKOM, 2BOMCIHI-b1 Ba
2bOMCIII-b2 mapkanapaart KymMupiap y4yH SHT OKOPU EHUII MCCUKIUTH MOC
paBumga 8160, 8720, 7040 Ba 6290 xxan/kr (34,28; 36,34; 29,6; Ba 26,43
MJIx/xr) Hu Tamkui 3Taad. Kyn Muknopaaru kuiiMarra ce3uiapii MUKIOpAa THIT
Kymumyuanapu ounan taBcudaanagurad 2bOMCII-B2 sra 6ynau.

JucceprauystHUHT YYUHYU 600u «CyBanu KYyMHP €KUY
CYCHCH3MSUIADUHM OJIMII TEXHOJOIMSICH Ba YJIAPHUHI KOJNJIOMIA-KHUMEBHUI
XOCCAJIADHMHM YpraHMm» Mapsycura Oarunuianu6, yaaa CKECnaphu onum
TEXHOJIOTUACH HIIa0 YMKWITaH Ba YJIApPHUHT KOJUIOMA-KUMEBHMM Xoccaslapu
YpraHuiIras.

CyBnu xkymMup EKWIFU CycneH3usuiapu — Oy MKKM (a3zajaH TalIKWJ TONTraH
MUKpPOTETEpOreH AMcrepc cucremaiapaup. byHna dazanapaan Oupu y3i1yKcu3
OYynub nucrepcuoH MYXHUT cudaTuaa Xu3MmaT KWiIaJu, YHUHT XaXmuaa OoIlka
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aucnepcuoH (a3zaHM HaMOEH KWIYBYM KYMHp 3appadajliapd TaKCHUMJIAHTaH.
3appauanap ymyamu Oup Heua HaHoMeTpjaH 100 raua Ba yHJIaH OPTHUK MKM rada
y3rapumm MyMkuH. bapua nucnepc cuctemanap ydyH ¢GyHAaMeHTalIb (HU3UK-
KUMEBUH Oenruiiap yMyMUWIUP: TeTepOreHiInK, SbHU pa3anap KaTjiaMuja yerapa
CUPTIapy MaBXY/UIMTM Ba JAMCHEPCIWK (MalJalaHraHiauk) xucoOmaHaau. by
OMWJUIADHUHI MaWMH JUCHEpPC CUCTEeMajap arperar Ba CEAUMEHTALMOH
OapKapopJIMrMHU HaMOEH KWJIMIIJArd YpHU, 3appadajap Ya4amJIapUHUHT Ba
yIAPHUHT CYIOK MYXUTAAard MUKJIOpHU Kamanuimu OuiaH Byxyara kenaau. Lllynra
MOC paBHIJA 3pKUH (azanap opaluFu sHepruscu xam optaau. Koarymsims
*Kapa€HM allHUMKca arperatuB Oekapop nuodo0sn AucHepc cucTeMaiapia >kajaal
KeTaJu Ba CYIOK MyXUTAa Jucriepc ¢asa 3appajapd KpUTUK MHUKIOpra eTrasjia,
XOKMIW OYUUIMKAA CTPYKTYpaBUl TYPHUHT V3-Y3uJaH BYXKYAra KelUlu pyi
Oepanu, OyHIa acocuil »dJleMEHTNIap 3appadajap ypracuaaru OOfJaHUII
XMCOONaHaIu, YMYMHUW OJTaHlla JHUCIEPC CUCTEMaHUHT OYTYH XaKMHra OHuJ
suerKalapHu XOCWI KWiaau, y OyHIa CTPYKTypaBUi MIaKJUIaHaAH, SbHU MYTIAKO
SAHTU XoJlatra yraad. Pa3oBUil TY3WIMIUIAPHUHT BYXKYAra KEJIWIIW, S’bHU 3PKUH
aUcHepc XojaTAaH OoFJlaHTaH JHUCIepc (arperariv) XoJjlaTra YTUII JIUCIIEpC
CUCTEMAaJIAPHUHT TY3WIHIILIU-MEXaHUK XOccallapuHu TyOaaH y3raptupanu. bynna,
ylap arperaTiv 0apKapOpJIMIMHU TYIUK MYKOTaau Ba CEJUMEHTAlMOH OapKapop
XO0JIaTra yTaau, YyHKH CTPYKTYpPaBUM TYPHUHI MABXKYUIMIM YYKUIIAA Kaij
KWJIMHTaH aucnepc (asza 3appavaiapuau yuutad typanu. [y Ounan 6upranuknia,
OyHaall cuctemManap OKYBUAHJIMKHM, C€HIMJ XapaKaTYaHJIUKHM HMYKOTajHu,
YJIApHUHT KOBYHIKOKJIMKJIAPU JUCIEPCAMKHUHI YCUIIM Ba LIYHTa MOC paBHILJA
3appavaiap YJIYaMUHHUHI Ba JUCIEPC MYXUTAA yJIap MHUKIOPUHUHI KaMalulin
Oousian optub 60paau.

Kymup acocuia KO30H arperaTiiv y4oKjiapaa TYFPUAAH-TYFpPH E€KUII Y4YYyH
APOKIM OYiraH TypFyH CYBJIM KYMHUpP CYCHEH3USCHHM OJIMII YYyH aBBajioM Oop
Ma3Kyp TEXHOJOTHK >kapaéHia acoCHi KypcaTkuuiapaan Oupu OYiaran KYMUPHUHT
MalJaJlaHuIl ~ XOCCACMHU  TAAKUK KUJIUII  JIO3UM. MabiyMKu, KyMHp
3appadyIApUHUHT  MalJalaHuIl JapakaCUHU KyMUpP MaWJaCUHUHI yMYyMUU
Maccacura HucOataH TaxmMuHaH 50% Mukgoprada, sbHU 50 MUKpOHIAH KUYHMK
OYIUIIM, CYyBIM KYMHp CYCIEH3USJIAPHUHI PEOJIOTUK XO0CCACH, CEAMMEHTAI[MOH
TYPFYHJIUTH Ba EHUII XapopaTu Kabu MyXHM XycycusTiapura OOfIuK Oynaau.

[Mapau  maGopatopusi  TerUpMOHMAA  33U0, MaljaJlaHTaH  KYyMUp
HaMYHQJIAPUHUHT (pakius TapkuOu TaxJauiaHUHT 31am yeyauaa 0,16-0,05 mm (50-
160 MxMm) Ynuam opanurujga aHukiaanad. KYMupHUHr Maiinanam BakTH, MaluH
dbpakiusHuar  (>50 MKM) MakcUMall UYMKAMHM OYiinda aHUKJIaHau. byHjaH
tamkapy, CKECHMHr peonoruk Xycycusjapura Maiijanam sKapaéHHMHHHT
JABOMUIJIMTM Ba Cakjall XapopaTUHUHI TabCcUpu OViinya TagKUKOTIAp
YTKA3WIIU. 2-KaJBajlla Maijanail kapa€Hu JTaBOMUWIUTUHUHT AHTPEH KYHFUD
kymupu (2BIIK, 2BOMCII-b-1, 2BOMCII-b2 wmapkamapu) Ba Illapryn
tomkymupuHudr (1CCKOM wmapkacu) (pakivoH TapKuOura TabCUp O3THII
HaTWKaJlapu KeNTupwiraH. Maliganam AaBOMUIUIMTUHUHT OPTUIIM  OuJlaH
kyMupHUHT 0,05 MM Kam yrmyampaard pakius YMKUMU opTajau, Oy ¥3 HaBOaTtuaa
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CKECHHUHI KOBYNIKOKIUK Ba TYpPFYHIMKJIAPMHUHT OPTHILMIAa MMKOH OEpUIIMHU
kypcarau. Kymupuunr tapkubuna 78-80% tyrran 50 MKM JaH KaMm Yiadamiid
¢paxmusagarn CKEChu omumpga Anrpen kymupu yuyH 240 nakuka, Illapryn
TOIIKYMUPU Y4YyH dca 360 nmakuka AaBOMUIA Maijanaml erapiad OYyauiiu
anukiaanam. 1000 r macca atpoduaa onuHrad HamyHanap 25°C na cakiaHim.
2-kaaBaJ
Maiinananran Aurped Kynrup kymupu (2BIIK, 2bOMCIII-b-1, 2bOMCIII-
b-2 mapkanapu) Ba Hlapryn Tomkymupu (1CCKOM mapkacu) gpakuuon
TAPKUOJAPMHMHT Maiiiajiam JaBOMUHIUIUTa 0OFIMKINTH

Maiinanam ®dpaxiuoH Tapkuo, %o
JABOMUIIIATH, MUH 0,05 MM man 0,1-0,05 0,16-0,1 0,16 MM man
KAYHK MM MM KarTa
2BIIK mapkanu AHIpEH KYHFUP KYMUPH

20 21 24 28 27
40 27 33 24 16
60 31 40 19 10
240 78 22 0 0

2bOMCIII-b1 mapkanu AHIpeH KYHFUP KYyMUPU
60 26 16 10 48
120 30 15 15 40
240 34 32 17 17
360 49 29 12 10
480 78 17 3 2

2BOMCIII-b2 mapkanu AHIpeH KYHFUP KYyMUPU
60 22 14 12 52
120 26 18 15 41
240 31 29 19 21
360 43 23 16 18
480 66 23 7 4
600 80 11 5 4

1CCKOM wmapkanu [lapryH TomkyMupu

20 11 21 26 42
40 14 28 22 36
60 22 32 18 28
240 52 28 15 5
360 82 18 0 0

Kaii/ KMIMHTaH XapopaTaa cakjiamra Kyiuiarad BakraaH keiinn CKECHuHT
peosioruk xoccanapu aHukiaaHau. Cagiam xapa€Huaa HaTpUil Ba KaJdbLUU
TUAPOKCUAN KylIMMYalapyu KyJUlall OpKaJIM OJIMHTAaH CYCIEH3UsJIapAa PEOJOTHUK
KypCcaTKUWIap KaMm y3rapyuily Ky3aTHIIIH.

Xapopatauar CKEC KOBYIIKOKIMIUIa Ba CHJDKHUII Ky4IAHHIIHIA TabCUPH.
CKECnapHuHT pEOJIOrMK XyCYCHUATIApH YIAPHMHI TEXHOJOTUK SPOKIMIUIUHU
OeJITMIIOBYM aCOCHI Ky pcaTKud XUco0IaHa . Yiap CUCTEMaHUHT KaTTHK Ba CYIOK
dazanap opacuga coaup OVmaauran QuU3NK-KUMEBUM JkapaHiiapu OuiaH
aHUKJIAHAIM, IeMaK, YJIapHU KYJUTAUTHUHT MYyailsiH IIapoUTIIapura MyBopuK XoJiaa
OaxoJyiaHaau. Towkymupnan OJINHI'aH CYyCHEH3USUIADHUHT  PEOJIOTHK
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XyCyCcHUsITIIapUra XapoOpaTHUHI TabCUPU YpraHwiran OUp KaTop WIMHH HILIap
MaBXyA. AMMO, XO3UPry KyHrava, KyHFUpP KYMUpP acoCHJla OJIMHTaH CYCIIEH3UsIIap
yuyH Oy kabu Taakukotiap Oab3u umapaad (bapanos M.II. Ba Oomkanap)
Talkapu amanuil skuxataan yTkasuwimaras. [y cababnaH, KYHFUP KYMHUp acocujia
omuuran CKECHunr peonorux xycycustaapu 20°C - 60°C xapopar opanukiapuia
Yypranwiad. YHU TaHjalm EKUIFUHU (HolaanaHuIl napamMeTpIapyuHUHT Y3rapuiin
MyMKuHIUrd Ounan acocnanaau. CKECuunr xattuk dasacu cudaruma 2BIIK,
2bOMCIII-b1, 2BOMCII-B2 Ba 1CCKOM wMapkamapmaru  Kymupiaap
doitnananunan. CyclneH3UsJIapHUHT  PEOJIOTHK — Xoccalapura KaTTuK —(asa
MUKJIOPUHUHT TabCUpHHM Oaprapad kumum yuyd onuuran CKECnapaunr
(bpakuroH TapkuOu TOMMUN caKJiaHIu Ba Oy KyHuaaru KuiMariapra Moc Kejaaau:
0-50 mxm — 78-82 %; 50-100 mxm — 15-19 %; >1 mm — 1 % raua. Kartuk ¢aza
MHUKAOpHU 36-55 % HU TallIKWI 3TIH.

Taxpubanapna, kUMEBUN KyImIuMYalapcu3 Ba TYPFyHJALITUPYBUM XamJa
romimatyBun  kymumuanap NaOH, Ca(OH), Ba CO®M OwiaH OJWHTraH
cycnensusnap taakuk kKuamHan. CKECnapaarn kaTTHK (a3a MUKIOPHM Ha30paTH
yIAPHUHT PEOJIOTUK TapaMeTpiapyHU aHUKJIAUAaH OJIWH Ba KEWHWH amaira
OLIMPpUIAU. Xap XWI Xapopamiaplla PeoJIOTMK XYCYCHATIIADHU aHUKIAIl y4yH
cycien3usi  HamyHamapu BCH-3  yckyHacuHuHTr  ynmuarud — OynuiuFura
KOWNTAIITUPUIAM Ba 15 gakuka gaBomMuaa yiayarud TU3UMU OujiaH Oupraiukia
TepMocTatra Kyimnaum. 1- Ba 2-pacmmapga CKECHuHr — cTpykTypaBuii
KOBYIIKOKJIUTMHUHT Ba CWDKHUILJArd JAWMHAMUK KYWIAHMIIHUHT —Xapopartra
Ooormuknuru kypcatwirad. XapopatHudr 20°C man 60°C rava kyTapuiauiigia
TYPFYHIAIITUPIMY  KyIUAManapu Ba yaap kymmnMarasaa CKECHuHr
CTpYKTypaBui oKyBYaHiuru 1,5-2 6apobap kamasiu.
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1-pacm. Tapkuouaa 35% kymup Ba NaOH kymmamanapu 6yaran 2BIIK mapkanu
Anrpen Kynrup kymupu acocuga oduHran CKEC KoBYMIKOKJIMKHMHI (2a) Ba THHAMHUK
KYWIAHUII CWIKUIIMHUHT (0) xapopatra 6ofrmkauru: NaOH %:1- 0,552 -1,0; 3-2,0
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2-pacm. Tapkubuaa 35% kymup Ba Ca(OH); kKymmamanapu 6y;iran 2BIIK mapkain
Anrpen Kynrup kymupu acocuga oauHran CKEC KoOBYMIKOKJIMKHMHI (2a) Ba THHAMHUK
KYWIAHHII CWJIKUIIMHUHT (0) xapopatra Ooriukauru: Ca(OH); %: 1- 0,552 -1,0; 3 -
2,0;

byHnna, TYPFYHJIATUPTUUIAPHU doigananuin CYCHEH3USTIaPHUHT
CTPYKTYpaBUM KOBYIIKOKJIMTMHU CE3UJIapiid TMacatupaau, Oy Y3 HaBOaTuaa
ylapjaa KaTTHK (a3a MUKJIOPUHH OIIMPUILIT UMKOHUHU OEpIu.

CycrneH3rsJIapHUHT CWIDKMILIATA AUHAMUK KywiaHumu xapopat 60°C raua
omuiu ounan 2 6apobap opraju.

TyprynnamrypyBun cudatuna NaOH kynnam CHDKMIIHUHT JIMHAMHUK
KyWIaHUIIMHU Oup Mapomjaa omupud 6opau, macanad, NaOH au 2,0% muknopaa
KYIIHII CKEC cwmkHmiard JHHAMUK xkywranum kuiivatu 20°C xapopataa 9,0
[Ta man 60°C xapoparma 16,0 Ila raua opragm. Ca(OH), kymmiaran Exuiru
CyCHEeH3UsIapia XaM CWDKHIIJAA [IWHAMUK KYWIAHUII XapopaT KyTapujviln
Ownan opranu, macanalH, 2,0% wmuxgopaa Ca(OH), xymmwiranga CHIDKHILIArA
nuHamMuK Kywianuimn kuiivata 20°C xapopataa 8,5 IMa man 60°C xapopatna 14,5
ITa raya opraau.

CKECHUHI KOBYIIKOKJIMTH Ba TypPFYHIIMIUra AUCIEPCUOH MyXUTHHHT pH u
tabcupu. 3-pacmaa CKEC KOBYHMIKOKITMIMHUHT KHPHTHITAH HATPMI TMIPOKCHIM
MUKJIOpH Ba MyXuT pH ura Oornmukinuru kypcatuirad. 3-ta Typja ypranuinaérran
kymup HabMyHacu ydyH CKEC  koymkoknuru NaOH  muar 0,5
KOHIeHTpaluscuaa Ba MmyxuT pH 8-9 na munuman xuiimatra sra 6ynamau. lllynra
yxmam xonat Ca(OH), Ounan ky3atwinanu. WMmKopiapHUHT CYBIIM 3pUTMalIapu
KyMUp OuWJiaH TabCHUpJAIlraH XoJja OMpUHYM OOCKHYJa TYMUH KHCIOTaJlapHH,
yIAPHUHT HATPUIIIA Ba KaNbLMIUIK Ty3J1apura yTKazaau Ba OyHAa CyCHeH3USTHUHT
pH u y3rapmaniau.
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CTPYKTYpaBMif KOBYLWIKOKANK, [Na-C
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W

3-pacm. CKEC KOBYMIKOKJIHIMHHHT
HATPHIl THAPOKCHIMHUHI MUKJIOPHUIa Ba
pH myxutura Oorsmkmauru: 1 — 35%

=)
=
[

6,0 2BbIIK mapkagu AHrpeH OyJak/iu
kymup; 2 - 45% 2BOMCII-b1
4,08 MAapKaJu KOHAMIHMOH TOBAp KyMuUpu; 3 —
50% 2bOMCIII-B2 MapKaJu
2.0 KOHIMUHMOH TOBAP KYMUPH.

| | | ™
0,5 1,0 1.5 2,0

MNaOH mueEgopw, r.% N

I I I I

8 11 12 13
PH mMyxuTH

[lacT KOHUEHTpaUMsAard WIIKOPHUHT KYMUp OWJIAaH TabCHUPJIAIIYBUHUHT
OuprHYM OOCKUYM KyWHJAaru TEHrIaMa OpKaJlu HaMOEH Oynau:

OH ONa
2H

R/ + 2NaOH ———>= R< - 20

\COOH COONa

OH OH

R/ R/

N \CO

COOH T 2H,O
+ Ca(OH), ——= __—Ca -+ 2

/COOH /CO
R R

\OH \OH

oy epaa, (R(OH)COOH) — KYMUPHUHT TYMUH KHCIIOTAaCH.

Keitnnuanuk, NaOH Ba Ca(OH), MuknopiaapuHUHT Kynaiumm Ouian ryMUH
KMCIOTAJapHUHT SpUTMara YTy kysaTunaau. Na Ba Ca rymatnapy CKECHu
TYpFYHJAWITUPAAU Ba YHUHT KOBYIIKOKJIMIMHU omupanud. KoBYIIKOKIMK Ba
CWDKULIZAATH JWHAMUK KYWIAHHUII CYCIEH3USHUHI TapaHIJIUK XOCCAaCUHU
Oenrunaiiim Ba CylOK (asaga KAaTTUK 3appadajlapHUHT Y3apo TabCHpJallnml
XapakTepura OOFJIMK OYIaau.

TypryHnamtupyBun  KymIMMYajJapHUHT  (IUTHOCYJb(OHATIAp, KYMHUPIU
umkopuii pearentr — KUP, NaOH, Ca(OH), Ba 6omikanap) akcapusiTd HILIKOPUI
myxutra sragup. CKECHUHT cTpykTypaBuil KOBYMIKOKIUIMHUHT KMPHTHUIAIUTAH
UIIKOp MUKJIOpUra OOFIMKJIWTU YHUHT KoHueHTpanusicu 0,2% nan 2,0 % rada
Oynran opanMkiIapja MUHHMal KMUMMAaTAard sKCTpeMal XyCycHsiTra sra Oynaau
(4-pacm). Mmkop MukmopuHu 1% rada OWIMpPHILI CApUK YYKMA XOCHJI KUJIUII
OpKaJIM CYCNEH3USHUHT KaTJlaMJIaHUIIWra ojau0 kemaau. Apabuértnapaa ymoOy
acocra KyWujaaruda u3ox Oepuiran: OMpUHYM OOCKMYAA, CYBIU MILIKOP KYHFHUD
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KYyMUp OuWjaH TabCUpIAIIMO, TYMHUH KHUCJIOTaJapuHU CYBIM (a3ajga yJIapHUHT
HaTPUWIN Ty3Jlapura yTKa3aiu:

-
[

c oA e &
t 24 2 18
5 "
%2:-& ;i ’
: 2 15
¥ 13| Jg
: ]
210 2 10
P o
: :
g ! | | | * g | | | |"‘
0 04 08 12 16 20 0 04 03 1,20 16
NaOH makaopu, . % CalOH)y mxgopm, T %
d 0

4-pacm. Typam mapkaium AHrpen kymupaapu acocuaa ouaunran CKEC
CTPYKTYPaBUH KOBYIIKOKJIMIMHUHI KYIIMJIAETraH HATPUH Ba KaJbUUil THAPOOKCHIHU
CcTAa0MIIN3aTOPJAPMHUHT MUKAOPUIa OOFIUK/IMIH.

NaOH+(HO — Humin),gyup — (NaO — Humin)eyg,, + H,O

0y epna (HO — Humin)gyyy — KymMupaarun rymMuH kucnotanapd, (NaO —
Humin)cyyy — 9pUral TyMUH KHCIIOTAHUHT HATPUIIIN Ty31apH XOCHI Oyanu.

['yMUH KHCIOTaJlapHUHT HATPUIIM Ty3Japu CyBAa XaKUKUH 3SpUTMa
xonatuaa OynaaM Ba allHaH TYMHMH KHUCJIOTajJapHU YHUHT Ty3Jlapura TYJIHK
YTUMIMHY TabMMHJIAMAUIaH MIIKOPHMHT OKOpM KoHueHTtpanusiapuaa CKEC
myHai xonarra sra 6ymnanu (0,2-2,0% nan rokopu 4-pacm).

NmKopHUHT  macT  KOHLEHTpauusjapuaa  yHUHT  Kymup  OujaH
TabCUPJAITUIIMHUHT OMpUHYM OOCKMYM IOKOpHUAA KEeJITUPWITaH TeHrjama OuiiaH
udoranananu:

(NaO-Humin).y,+ (HO-Humin)gy,y —(HO-Humin),e,,+(NaO—Humin)gup
KeMMH 3ca TyMHUH KHUCIOTajlapu TY3JApUHUHT TUAPOIU3U OOCKUYM KeTaau Ba
SPUTMAJIaH HATPUN HOHJAPU KYMUPHHHI KaTTHK (asacura kyuub yranu. Ymoly
*Kapa€H allHaH WIIKOPHUHT MAcT KOHILIEHTpaUusjapHuaa KeTaJu Ba CYBIU KYMHUP
CYCIIEH3USICUHU TYPFYHJIAIITUPAJUTaH Ba KOBYIIKOKJIUTUHU KaMalTUPYBYU T'YMHUH
KHUCJIOTAJIADUHUHT KOJUIOUJI-TeNIb XOJaTUra YTaJuraH XaKUKAW 3puTMa, TYMUH
KHUCJIOTAJIADUHUHT KOATYJISIIUSCUTa OO KeIaau.

Ilynpait  kumu6, CKEC KOBYMIKOKIMIMHUHT —KHPMTUIAETraH — HIIKOP
MUKJOpUTa OOFIUKIUTU, WUIIKOp KoHUeHTpamusicuHudr 0,75% nan 1,0 % raua
OpaJMKIard MUHUMaJl KHAMaTiIapuia 3KCTpeMal XyCycusiTra araaup. 3-xajaBajijga
maiinanam  papomuitiuruaunr  CKECnapHuHr — Maiijananuim — papaxacd — Ba
Xoccajapura TabCUp KWIUIIMHKA YpraHull HaTWxKajdapu Keatupuirad. XKaapangaHn
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KYpUHUO TypuOIWMKH, KYMHUpHU Maijanaml JaBOMUWIMTHUHUHT OPTUINM OWJaH
kyMup 3appadanapuHuHT 50 MM (Rsp) 1an kam GpakuUsICUHUHT YUKUMU KYTasu
xampa myHra 6ok pasuinga CKECHUHT KOBYIIKOKIMTY Ba YHUHT TYPFYHIIUIH
opraau. Kymupuunr 3appauvanap ymuamu 50 MM nan (Rsp) kam O¥ynran
¢paxmusicu 80% Tyrran CKECHu onum yays MBJI Tunuaary mapii TeTHPMOHHU

niarumaa 50-60 gakuka Maianail eTapiiv YKaHJIUTY aHUKJIaH U,

3-kaaBaJ

Maiiganam gapomuiiauruaudr 2BIIK, 2BOMCIII-b1, 2BOMCIII-B2 Ba
1CCKOM kymupaapu acocuaa oanaran CKEC xoccanapu Ba MaigaJJaHuin

Aapaacura MaiaaJjam JaBOMHUINTHHUHT TAabCUPH *

Maijiganam DyIakaaru KoJauK, % Peosioruk Tascuduiap
BaKTH Rsy R200 Perp, Ha ¢ 79, Ila Typryniuk,
AABOMMIJINIH, KYH
MMH
2BIIK mapkaju AHIpeH KYHFUP KYMUPH
10 46-44 3-4 1,87 29 1
20 30-32 1-2 1,89 28 2
30 18-20 ~ 1,0 2,03 24 5
40 15-17 ~0,7 2,52 15 20
50 12-14 ~0,3 2,58 14 30
60 8-10 ~0,1 2,58 14 40
2bOMCII-b1 mapkaJy KOHAMLIMOH TOBAP AHIPeH KYMHPH
10 48-46 3-4 1,88 28 1
20 34-32 2-3 1,90 26 2
30 22-23 2-1,5 1,92 26 4
40 18-20 ~ 0,75 2,03 24 17
50 14-16 ~0,5 2,2 20 25
60 10-12 ~0,2 2,3 18 35
2bOMCII-b2 mapkaJu KOHAMLIHMOH TOBAP AHIPeH KYMHPH
10 52-53 4-5 1,86 29 1
20 36-38 2-3 1,90 26 2
30 24-27 1-2 1,94 25 3
40 22-25 ~1,0 2,0 23 15
50 18-20 ~0,5 2,1 22 20
60 15-16 ~0,3 2,1 22 30
1CCKOM mapxkagu LlapryH TOolIKYMHpH
10 47-45 3-4 1,75 36 1
20 33-35 2-2,5 1,78 34 2
30 20-22 1,5-1,0 1,82 32 4
40 16-19 ~ 0,75 1,84 27 18
50 12-13 ~ 0,4 1,89 28 26
60 9-11 ~0,1 1,90 26 36

*2BIIK mapkanu Aurpen kyurup kymupu yuyn CKEC karTuk daszacu MHMKIOPMHHHT

YMyMHUH Maccacu

38,8-40,0%, 2BOMCIII-B1 mapkamn yuyn 43,6-45,0%, 250MCIII-B2

Mapkanu yayH - 47,8-49,2%, 1CCKOM wmapkamu Hlapryn Tomkymupu yayH — 51,8-53,6% Hu

TallKWJI 5TaJu.
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AHrpeH KyHfup Kymupu Ba IllapfyH TOIIKYMUPH acocuja OJIMHTAaH
CKECHUHI peoloruk Xxoccajgapura Xap Xujl KaTTHKIMKIArH CyBHHHT TabCHPHU
ypranunan. CKECHu Taiiépnam ydyH Xap Xun KaTTMKIHKIArd CyB WLLIATHJIIM:
1— quctminanrad cyB (0,0 Mr-skB/n); 2 — M4MMIIMK CYBH (2,5 Mr-okB/i); 3 — unuiad
YUKapuIill okaBa cyBu (4,4 Mr-akB/nn); 4 - apre3uan cyBu (6,4 mr-sks/n). FOxopuaa
kentupwiran CKECHapHUHT CTpyKTypaBuil KOBYIIKOKIMKIAPUHHHI CYB Ba
KAaTTUK (aza MUKAOpPUTa OOFIUKIUIH aHUKIAHAM. S-pacMla KeITUPWITaHUICK,
KYIIMIaAUrad CyBHMHI yMyMuil KaTTukiuru optumd  ownan  CKECHuHT
CTPYKTYpaBUM KOBYIIKOKJIUTH OLIAIH.
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S5-pacm. Illapryn (a) Ba 2BIIK mapkaiu AHrped (0) KYMUpJApH acoCHAA OJUHIaH
CKEC CTPYKTYpPaBUil KOBYIMIKOK/JIMIMHUHI HILIATHIAAUrad cys typura (1 -
AUCTUUIAHTAH; 2 — MYUMJIMK CyBHM; 3 —CaHOaT OKaBa; 4 — apTe3MaH Ba YJIApHHMHI MOC
paBumga ymymuii Karrukjaukiaapu 0; 2,5; 4,4 Ba 6,4 Mr-aks./s1,) Ba KaTTukK ¢aza — KyMup
MHKIO0PHUIa OOFJIMKJIUTH.
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6-pacm. Illapryn (a) Ba 2BIIK mapkaiu AHrpeH (0) KYMUpPJApH acOoCHAA OJUHIaH
CKEC CTPYKTYPaBUil KOBYNMIKOK/JIMIMHUHI HMUOUIATWIAaAMran cys rtypura(l -
AUCTHJUIAHTAH; 2 — MYMMJIMK CYyBH; 3 —CaHOAT OKaBa; 4 — apTe3MaH Ba YJApHUHI MOC
paBuIIa yMymuid KarTukiaukiaapu 0; 2,5; 4,4 Ba 6,4 Mr-3kB./J1,), Ba ommaryBuu NaOH
Xam/a KaTTUK (pa3a — KYMHUP MUKIAOPUTa OOFJIUKIUTH
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Nnuta® yukapuIIHUHT OKaBa CYBUHM HIIJIATHIN Makcaara MyBO(QHUK, YYHKHU
yHUHT ymyMuit Katrtukiuru (POK) mebépnapura xaBo6 Oepaau Ba Oy UKTHUCOIUN
KUXaTHAaH ad3anaup. Xap Xun Typaarn cyenapiaa Taiépiaanran CKECHuHT
peosoruk xycycusitTiapura NaOH 1oMIIaTyBUUCHHUHT TabCUPU XaM YpraHwiIu
(6-pacm). 1% raua 6ynran NaOH uu ¢oitnanannm CKECHUHT KOBYIIKOKINTHHU
1,5-2 6apobap kamaiitupany, 6y sca Kym Mukaopaa Kartuk ¢asa tyrran CKECHu
OJIMIII MYMKUHJIUTUHU Oepaai.

TaguKuoTIapHUHT Tax)IMJI HaTWxanapu (5 Ba 6-pacM) IIYHH KYpCaTAMKH,
CKECHu onumza >HT MakOysl KOBYIIKOKIMK KMMMATH NUCTUIIAHIAH BAa MUMJIHK
CYBUHHM (poiijanaHranja 3puiimiagm, aMmmo 0y UKTUCOAMM KuxaTaan ad3ai smac,
mynudar yuyH CKECHu raiiépnam  ydyH wuimma® 4YuKapd OKaBa CyBMHH
doiinananuiln TaBCUs STUIIH.

Aurpen Ba Illapryn kymupnapuaun MasyT Ounan mopupuiupnad CKEC
omuuau. CKECHUHT HUMII MCCHKIIUTY Ba TYPFYHIMTHHH OLIIMPMII MAaKCaaAUIa YHU
Ma3zyT OwiaH MoauduIupiam uuuiapu oiaud Oopuiiau. AHIPEH KYyMUpPIapUHU
Ma3yT Ba NaOH (orupnuk HucOatnapuga, r: kymMmup — cyB — mazyT — NaOH —
COM = 120 = 130 - 165 +12-48 + 1,2 + 2,5-3,3) épnamuna MoauduImpamia
2BIIK mapkanu xymup yuyH — 42,10 %; 2BOMCII-b1 mapkanu KymMup y4yH —
46,15%; 2BOMCII-b-2 mapkanu kymup yuyH — 48,0% KOHUEHTpAUUsIIN KATTHK
aucnepce dazaid cucteMaliap OJMHIU. 4-)KaJBajija KeJITUPUIraH MabiyMmoTiaapra
Kypa, MasyT 6unan mMoauduuupnabd onunran CKEC tusumu yuyn, 25OMCIII-B1
Ba 2BOMCII-b2 mapkanu KymMup acocuja OJHUHTaH CKECHuur KOBYIIKOKJIUT Y
kuitmatnapu 2BITK mapkanu kymup acocunaa onuaran CKECHUHT KOByIKOKIUIH
OMIaH CONMINTHPMITAHAA CE3MIMAC JApaXaja OIITaH. YPraHWITaH TH3MM/IA
CEAMMEHTAIIMOH TYPFYHJIMK, MOAU(UKATOP — Ma3yT MUKIOPU OIIMIIKA OuiaH
optu6 O6opaau. ONMHraH THU3UM KOBYIIKOKJIMTMHUHL Y3rapuiuu aucrnepc ¢asa
3appadaiapy ro3acujia ajacopOUMOH KaBaTJIApHUHI XOCWJI Oynuiium xucoOura
MOAU(PUUUPIAHUIIY, IIYHUHTACK, MOAU(GUKATOD MOJIEKYJATapUHUHT  XaM
3appadanap (03acura, XaM WYKH FOBakKJapra TYIIUIIUAA JUCIIEPCUOH MYXUTHHUHT
y3rapuim xucooura coaup OynaraH.

yHan TabKUIJAll MKOW3KH, CYBAA OPHUIIM YEeKIaHTaH MOAUPUKATOD -
(Ma3yT)HM KyJjamiga SMyJbCUS Xocuil Oynanu. 3appadanap 103a KaTjiamu
TaBCU(JIApUHU Ba JUCIEPC MYXUTU XOCCATAPUHHUHI Y3rapuily, 3appadajiap Ba
TU3UMHHUHI TapKUOUM Japa)acu opacuja y3apo TabCUPJIAIIYBHUHT KaJdaJlJTUTHUra
Ba HUXOAT OJMHAJAUTaH TU3UM KOBYIIKOKIUTHIa Tabcup Kuinaau. Moaudukatop —
masytHu Kymnam CKECHuMHT TypryHIurura Ba KeHMHYaIMK YIAPHUHT EHMIIIATU
HHEPreTUK CaMapaJOPIUTMHUHT OIIUIIUTA OJIMO KeJIaau.

Kam kymm xymupnappan omuaran CKECHuHr  Typrymmuru — Ba
OKYBYAHJIMTUHU OIIMPUII MaKcaguaa EKWIFUra Xap XWil TYpPFYHJIOBUM Ba
IOMILIATYBYM KYIIMIMalap, sSsbHU KYIIUJIaAUuTrad KypyK KYyMHUp Macccacura HubaTaH
KaJbliui Ba Hatpuil ruapokcupiapu 0,75-1,0 %, COM (0,05 % nu MIIK-1
nonumepu) 1,0 %, mazyt 4-16 % muknopuna kymwiau. lynu aitn® yrum
no3umku, NaOH Ba Ca(OH), xymmiManapu EKWIFUHUHT TypryHauruau, COM
sca KyBypJap opKajiu Oepuiaaurad EKWIFM OKyBUAHJIUTMHYU OLIMPUINTa Epam
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4-:xaaBaJ
AHrpeH KyHFMp KymupujaaH oauHrad, NaOH Ba ma3yTt Ousian
Moaupunupaanran CKECHunr rapcudaapu

X =
. < = > E § <8 2 < =
CKECHuHT TapKutu 2 & gz = E o By g =
S s s o 23 20 S=
0 =t |EEE _|ES | 3% | iz
= & =5 ES 5 > 5 s g S
£ g =25 S S s 0
s 5 B> o < 2 g o
A= = B =Z c s S s
= g E Q ZE | 2= N
S e [
2BIIK — 120 ; Cys — 165 ; 20-25
OH L2 Can 286 42,10 36,80 161 | 173 o
2BIIK -120 ; Cys —165 ; 3
NOH - 12 CoOML - 3.0: Masyr_12 42,10 41,01 1.63 | 1,82 | oiizan ommk
2BIIK -120; Cys —165; )
NaOH — 1,2: COM — 3,1; Masyr —24 42,10 45,22 1,73 2,11 OMJIaH OIIUK
2BIK -120; Cys —165: 3
NOH 12 CooML - 32: Masyr 36 42,10 49.43 281 | 3.12 | oiizan ommx
2BIK —120; Cys —165; )
NaOH — 1,2; CDM — 3,3; MasyT — 48 42,10 53,64 3,72 4,65 OMJIaH OILINK
2BOMCII-B1-120; Cys — 140;
NaOH  12: COM 26 46,15 30,00 1,54 | 175 | 2025 kym
2BOMCII-B1-120; Cys — 140 )
NaOH — 1,2; COM —2.7: Masyr — 12 46,15 34,62 1,62 1,84 OMIaH OIINK
fi@ggﬁ:@lgfﬁg;;yf OO yehs | 3024 | 166 | 186 | ofinan ok
fi@gg&“ﬁl Ofﬁg;yiyf N 6140; NaOH =1 46 15 43.86 181 | 1,98 | oiizan ommk
fi?ggﬁl:? f-ﬁi;;yf 4_8140; NaOH — 1 46 15 48,48 2,02 | 222 | ofiman omux
D oar s P Cypm BORaOH= g0 | 2064 | 146 | 137 | 2025 sy
f??gﬁlﬂz 6‘_5?353? ;213 0; NaOH- | ¢ 25,44 1,50 | 1,64 | ofiman omux
%]5292451{411:]5227_-11\%12;33? Sy RO g5 3024 | 166 | 1,79 | ofizan ommk
fi@ggﬁ:@zgfﬁg;;yf N 613 0; NaOH =1 ¢ 35,04 1,70 | 1,94 | oiizan ommx
fi@gg&“ﬁzo‘ﬁgﬁyf ;813 0;NaOH = | ¢ 39,84 195 | 2,07 | oiizan ommx

6epamu. CKECHu anbaHaBuii TeXHONorus OYiinua umiab YMKAPUIIHMHT acOCHIA
cXeMacu 7-pacMia KeITHPHITaH. YTKa3HIraH TaxJIMIIap GapKapopiallTHPYBUH
kymmnMa kyananuaMarad CKECHMHr acocuif KAMUMJINTM YHMHT TYPFYHJIUTHHH
nacTuru O0ynub, «CYIOKIMK — KaTTHK (a3a» TU3UMHUHHUHT eTapiinya OYyiMaraH
MycTaxKamJIMrd  OujlaH  TYHIYHTUPHUJIAAHU. CKECHUHT  TypFyHIMIUHH
daommamTupuil yayH MasyT Ba umkop kKymmuiMmaniapu — NaOH Ba Ca(OH),
Kymtanunan. Hatnxana Gusmk-kumMEBUi TH3UM Xoccanapu Oy3unmaras, 1-2 oiira
cakjgamra Apokaum Oymran ékwiru  onmHaum. Ommaran CKEC  sHepreTux
KypwiMajap/a HCCUKIWK TabMUHOTH TU3UMHUHHU JESIpiu Y3rapTupMail TypuoO
Ma3yT Ba TaOuuil ra3 YpHUHU 60Ca OJIMII XYCYCHUSITUTA 3ra.
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1-KYMHP IOKJAHTaH IOK MALIUHACH; 2- IIAPJIM TeTHPMOH; 3-3J1aK; 4-1IHEeK/IU TPAHNoOpTep;
S-euHTHILIIAp; 6- capduiaruyiiap; 7- apaJalITHPTUY/IM XaKMUH UAUNL; 8-Ma3yT y4yH
XAKMHUH MM 9- nmKop 3puTmMacu yuyH xaxmui uanm; 10-ITAB (0,05 % s MITK-1
NOJIUMeEP) 3PUTMACH YUYH Xa:kMul uanu; 11- apanamrupruy; 12 tapo3u; 13- BUHT/IH
nacoc; 14-CKEC Taiiép maxcyoTaap cakaaHaguran uaunr 15-BHHTIHN Hacoc.

7-pacm. CKECHu TaiépJamra oujJ acoOCHil TEXHOJOITHMK CXeMacu

Mynnai kumuod, KatTuk daszacu 45-52 % muknopuaa y3rapud TypraH xamja
comumTupma Enuil uccukiuru 2900 kxan/kr (12,2 MXK/kr) Oynran AHrpeH
Kyurup kymupu Ba llapryn Tomkymupnapupan omuHaguran  CKEC
TaBCU(PJIApUHUHT  TEXHOJIOTMK KypcaTruuiap Owuian  ¥3apo  OOFIMKIMIU
annkmanran. CKEC texnonoruk taBcubaapu xapopatauar 20°C gan 60°C raua
Oynran y3rapuiuiapuHUHT TAbCUPH TOMUIITaH.

JuccepTauussHUHT TYPTUHYM O000uja «QOJIMHraH CyBJIH KYMHP EKWIFU
CYCHICH3USICH HAMYHAJAPUHU €KHII TEXHOJOrMK TH3MMHUHH SIpaTMII Ba
canoaT cuHoBuAaH yTKasuun CKEC Hu EKMII Ba YHUHT TaKpHOa-CaHOAT CUHOB
HATIKANAp KeATHpUIraH. JluccepTalusHUHr ymly OymuMuna Y306eKHCTOHHMHT
Aurpen xyurup Ba Ilapryn tomxymupnapuaunr CKEC xypunumupa Exun
’Kapa€Hu, WIYHMHTIEK, €KWL YCYJWHMHI YHU €EHUII JKapa€HU TYpPFyHJIUTWTa
TabCUpUTra TETULUIM TAAKUKOT HaTWKalapu Keatupwiran. Kymup mapnu
TErUPMOHJA 3appadayiapuHuHT ymyamu 50 MKM OyiraHra Kajmap MaijgaiaHau.
3appadanapHUHr MakcuMman karraiuru 1 MM gaH ommaau. 0,05 MM ymuamin
Maiiga 3appadvanap 78-80 % Hu Tamkun 3TAuM. OnuHran €EKWIFM Kylujarua
tacudapra sra: CKEC Tapkubuparu kaTtuk daza MUKIopH 36 %; MasyT
KymuamMacu koHuentpanuscu 6,0 %; COM — 1,0 %; Ca(OH), — 0,75 %; Tapkubuit
KOBYIIKOKIHUK — 2,19 Ila-c, TMHAMUK KyWwIaHUII OKyBYaHIUTH — 24 [la, TypFyHIHNK
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— 30 cyTrkaraya; CyCHNEH3USHUHT IOKOpH €HuIl uccukauru — 2900 kkan/kr (12,2
MOK/kr).

CKEC namyHanapuay EKHII 5KapaéHu TEXHOIOTHMK cXeMack 8-pacMmua, daken
ropenkacy épaamuza KM xkapaéHu 9- pacmuapaa kentupuiarad. Exunru CKEC
MaxcyJoTu cakjgaHaguran uwaungad(l), mozatop (3) opkamu  daken
ropenkacuaa(s) éaaupmnbd yTxoHa kamepacura (6) yzatunaau. Kommpeccop (9)
OpKaly EKWIFM CHKWITaH XaBo épAaMuia MypKalaau. EHuII skapaHuga XOCHI
Oynran ra3 mukaopu razoananusatop (10) opkanm Ba Y4OK XapopaTd IUTaTHHA-
TUTATHHAPOAMIIIA TepMoIiapa OpKalin Xamaa EKUIFU Ba CUKUITAaH XaBO JaTduK (4)
Ba MaHoMmeTpiap (8) opkanu Texkmupu6 Gopunagu. Assanmura CKECHu éxum 100
kBt/c nmu daken ropenkacuman (5), ra3 (éku masyr) épaamuga 1100-1150 °C raya
Kku3aupun6, cyurpa CKEC ras (ékm Masyr) OunaH Oupramukiaa Oepuino,
keiinnuanuk CKEC HUHT ¥31 MycTakuil €KUIITa y3aTHIaI1.

Taiiép.1anran CKEC
HAMYHACH

CKEC ¢émHm Maxcy.JOTHHHAT XaBo
OmIaH 6VIraH apajJamMacH

R R A R R A R R AR RS RARRSY

AR
i
Es
|
|
-

LTI LI LTI AL AL AL AL AL AL ITLL LSS

1-CKEC cakaanagurad uanin; 2 — BeHTwi1; 3-CKECHu ékuura yzaraauran nozarop; 4-
yiauaruy; 5- ¢paxkesib ropesikacu; 6 — yrxona éHum kamMmepacu; 7 — KyJ ampaTud oJimil
BEHTWIH; 8-MaHoOMeTp; 9-xaBo komupeccopu; 10-razoanaamzarop.

8-pacm. CKECHuM ékui ;KapaéHy TEXHOJOTHK CXeMacH

Exunry HaMyHajapMHU EKMII TOpeKacH YpHATUIraH HUIOT YCKyHAacHa
CKECHUHI OJMHUII TEXHOJOTHMSACH 3apyp TapKuOIM EKWIFU OJUII MMKOHHHU
6epamu. Mabiaymky, Tomkymupaad omuarad CKECHuHr éaum uccukmuru 3500
KKaJ/kr HU, Tapkuouaa 40-52 % kattuk ¢dasza Oyiran KYHFUpP KYMUpPAaH OJIMHTaH
cycneH3usuin EKuiIFuHUKH 3ca — 2900 kkan/kr (12,2 MIXK/kr) Ttamkwun sTaju.
MyxumH, Xap KaHgai Tapku6au Ba xoccamu CKEC wnmna6  ymkapuin
TEXHOJIOTUACH, KYMUpP Ba CyBra KMUMEBHH Xamaa TEPMHUK ycyJjulap OWJIaH UIIIOB
OepuIllHM Ky3/1a TyTMaWAu XamJla OXMPTd MAaxCyJOTHHM, Hadakar, CYIOK Ba
ra3cuMoOH EKWIFuiaap OwiaH, Oanku aHbaHaBUU ycynja EHAUPUIAAUTAH KYMUP
OwnaH xaM pakoOarOapjomn Oyia ojgaguraH HapXHU OeNTHIaiaIn. CKECHU K030H
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Ba VdYokjapaa OeBocuTa KyJulaliga YHHM EKUIIJAH OJIIMH Maxcyc TauépiioB
UIUIAPUHU YTKA3UII Tajnad KWIMHMANAM; TaliaHMa rasiap OuiiaH MCCUKIUKHUHT
WYKOTUIUINK Y4YOKJIa HucOaTaH TMacT XapopaTrid Ta3jap Ba y3aTWIaJUraH
XAaBOHUHT KaMJINTH XHUCOOHWTa, NIYHUHTJEK KUMEBUN TYIUK €HMACIUKIAH Maiao
OynaguraH MCCUKIWK WYKOTWIWIIUHUHT TYJIWK OJIIMHU OJIMHUIIK XucoOura
KaMasiii; DHEPreTUK KypuiMaliapia CEKWIFMHUHTI EHUIIMHU TYpPFYHJIWIH Ba
GapKApOPIIMIH OLINIIH Ky3aTHIaad. Y TKa3HITaH TAXPHOa HATHKATApUra Kypa
V36ekucton Anrpen kynrup Ba IllapryH TOWIKYyMUpIapu acocuia OJWHIaH
6apkapop CKEC HamyHanapunu aManjga MIIATHII UMKOHUATIAPH CAHOAT YYOK-
KypwiMajnapuaa SHru (akea TOpeNKacHUHM YPHATWIUIIM OOFIMK SKaHJIWIY
MCOOTIIaHAM Ba CKWIFMHUHT ymiOy €HHMIN kapaéHuaa KYMUPHUHT TYIUK EHUIIN
(98,0-99,7%) anuknanau. by xonmar €numHuMHr Oapya GocKuwiapuia
JUCIIEPCIaHTaH EKWIFU MYXUTUIA KUCIOPOA ACSIPIIM OPAIUK OKCHIJIOBUM arcHT
pPOJIMHU YWHAIM OWjaH TYIIYHTHPUIAAU 11y OuinaH Oup KatopAa y €KWIFUHHUHT
KaTTUK (a3za ro3acuHu (HaoJUTAITUPUIL HaTWXKacuga EKWIFUHUHT TypKaJraH
TOMYMJIAPU aJaHTaJaHUIIM y4yBYaH MOJJAJIAPHUHT €HUIIM OujliaH sMac, Oaiku
VJIApHUHT 03acuj]ia TeTEePOTeH peakuusiaap coaup OYynumm OuiaH OOFIHK
AKAHJINTU KYpCAaTHUIITAH.
_ e

S

9-pacm. Oamamuk KMKuuur
HOIMP MeTajlJiap KOHIeHTpaT-
JIApMHH KYPUTHII nexu
yuoruaa 100 kBt1/c n1u daken
ropeakacn épaavmaa CKEC
6KWIFMCUHM éHUII KAPAEHU

_ I/.IB/El]I'-I 10298AM

CKECHu éxkum 6yiimua Taxpuba-caHOAT CHHOBIAPH YTKA3WIIH. AHIPEH
KyHFup Kkymupu Ba lllapryn Tomkymupnapu acocuia omuHran CKEC
HaMyHajapuHu €kum Oyinua Taxkpuba-cuHoBiapu «Onmanuk KMK» AXXuunr
AHTpeH ONTHH axpaTtud onuil (HaObpUKaCHHUHT HOIUP MeTauiap KOHIEHTPATUHU
Kyputuin nexu yuoruna 2013 #iun urons Ba 2014 #iun HOsOps oinapuaa oyud
oopunau. Exunrn cycnensuscunur capdnanum mukaopu — 30 kr/coar. Taxpuba-
CHHOB HaTiKanapura kypa, masytra Huc6atan CKEC HamyHanmapu MybTamui
EHUIIU UCOOTIIaHIH. Takkocnauran capd xucoOJapu, KymIlaaH,
doitnananunaauran EKWIFM HapXy Ba capdu MIyHU KYpcaTIUKH, Ma3yTHUHT HApXU
748410 cym/t Ba capdu 1,62 1/cyrka Xamaa suru CKEC ékunrucuHMHT Hapxu
78000 cym/tT Ba capdbu 5,3 T/cyrka Oynranma, yHAaH KyTWIa€TraH WHILIAK
UKTHCOIUM camapagopiauk 291,6 MIIH.CYMHM TallIKWJI dTafau (5-xkaaBa).
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S-ikaaBaJ
«Onmanuk KMK» AJKHMHT AHIpeH OJITHMH a:KpaTud ouml (padpuKacuHUHT
KYPUTHII HEeXH YYOFU/Ia AaHbAHABHH (POATaHWINO KeJIMHAETIaH Ma3yT
ypuura sinru oaunran CKEC naMmyHaapuuu Ky/1amian KeJaud YuKaIurad
UKTHCOAMH caMapaopJIuK

Ne ‘ Homnannnim ‘ Y1408 Gupiury ‘ Kypcarkuu
A. MaBXyJ] TEXHOJIOTHs OYHnya 1acTiIabKy MabJIyMOTIIap
Masyt capdu Ba 6axocu

I | Cyrkamuk capd T 1,62

Vnuk capd T 591,3
2 | 1 ToHHa Ma3yTHUHT 6axocu cyM 748410
3 MasyT coTu6 onumira KeTran WWUIHK capd

591,3-748410=442534833 cym MJIH.CYM 4425

b. taknu¢ sTunaéTral TeXHOJIOTUSIHUHT 1aCcTIa0KH MabIyMOTIIApH

1 gyTKaJmK capd T 5,3

Wunnuk capd T 1934,5
2 | Slaru typaaru CKEC ékuirucu 1 TOHHACHMHUHT HAapXu CyM 78000
3 CKEC coTu6 onumira KeTraH HUIIuK capd

1934,5-78000=150891000 cym MJIH.CYM 150,9

Masyraunr CKECra anMaimyHuImyiaary HMIUTMK UKTUCOUI caMapaiopiIuru
442,5-150,9 = 291,6 muH cym

Arap «Onmanuk KMK» AX TamkunoTiapyu Ba KEWMHYAIUMK KEHI MHUKECAA
<<§736eK3Hepr0» JNAK xopxoHaylapuja X03Upry BaKT/a KYJJIaHUIUO KeIuHAETraH
Ma3yT Ba TaOUuM ras CKECra aJIMaIITUPHUIICA YHIaH KEINO YUKAUTaH UKTUCOINI
caMapaJopJIvK CEe3UJIapiu Japa)kaia OlIaIn.

XVJIOCA

1. Mnk Gop Y36EKMCTOHHMHT HacT Ba IOKOPH Ky/LIM AHIpEH KYHFHpD Ba
Mlapryn TomkymMupiapuHu xoMm amé cudaruaa MILIATHO  camMapaiu
KYJUITaHUJAAUTaH, CYIOK HEe(QTh EKWIFUJIAPUHUHT albTEPHATUBH — CYBIH KYMHP
éxunrucu cycnensusicunuar (CKEC) oiuHUII MMKOHUATIAPH MIMUMA acoCIaHraH
Ba CKECHMHr MybTagun Ba TYIMK EHUII TEXHOIOTHSACHHHHI SHT MakOyIl
pEXUMIIAPU UILIA0 YUKUJITaH.

2. 2BIIK, 2BOMCIII-b1, 2BOMCIII-b2 mapkanu AHIpeH KYHFUpJIApUHU
TYpFyHJIOBYM Ba IoMmaTyBuu Kymmiamainap- NaOH, Ca(OH),, COM Ba ma3yt
ounan Moaudukanus kumuaau. 2BIK mapkanu kymup acocuaa omuaran CKEC
yU4yH YHUHT HCCUKIUK Oepuin mukaopu 2900 kkan/kr (12,2 MXK/kr) skanmuru
Xamaa EKWIFUHM Ma3yT, TYpPFYHJOBYM Ba IOMIIATYBUM KYyIIWIMaiap OwiaH
MagupUKaUpianga YHUHT TYPFYHJIMIH Ba OKYBUYAHJIWTHUHUHT OIIMIIKA OJUO
KEJIMIIU KYypCaTWIIaH.

3. CKECHuHr acocuii KOJIOUA-KUMEBHI KypcaTKuuIapuaaH Oupu Oyiaran
YHUHT PEOJIOTHK XYCYCHUATIIAPU OJIMHTaH KYMHUPHUHT (DU3MK-KUMEBUN Xoccallapu
(KyJl MUKIOpHY, HAMJIUTH, UCCUKJIMK OEpUIIN XamMJa y4yBUM MOJAaiap, KapOOKCHII
Ba FUIPOKCUJI TpyHHaIapyd MUKIOPH) Ba YHUHT EKUIIFUIArd MUKIOPH, TUCTIEPCITUK
Japakacu, JUCIEepCUsicura TYpPFYHJMK Ba OKYBUAHJIMK OepyBUM KyLIMIMaliap
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MUKJIOPU Ba JUCIEPCUOH MYXUTHUHT pHu kabu kypcarkuwiapu Ouiian
KOPpENSLUMOH  OOFJIMKIMIY  aHUKJAHTaH; KYIIWJIaJAWraH TYpPFYHJIOBUM Ba
roMmatyBun  KymuiaMmaitapuHudar  (NaOH, Ca(OH),, C®M) »sHr wMakOyn
MUKJIOpJIapy OWIaH HILIOB OepuiraHaa €KWIFH CYCIEH3USCUHMHT TYpPFYHIUK,
KOBYIIKOKJIMK Ba OKYBUAHJMK KypcaTKUWIapu JesApiu Yy3rapMmaciaH Oup Xull
KOJIMIIN KYpCaTUIITaH.

4. Kyurup xymMup acocuna omuarad CKEC HUHr TapkuOuii KOBYIIKOKIUTH
Tomkymup acocuna onuaran CKECHMHT KOBYIIKOKIMTHra HMcOaTaH OMpMyHYa
IOKOPWJIMTH  KypcaTwiras, >kymianad, ymoOy kuitmatr 2BIIK mapkamu KyHFUp
kymup acocuna omuaran CKEC yuyn 2,52 Ia-c 6¥nca, ICCKOM Mmapkanu Tou
kymup acocuna onunran CKEC yuyn 1,84 Ila-c Hu Tamkun >taau. Ymoy dapk
KYHFUP KYMHpP MaKpoOMOJIEKYyJIacHJa THAPOKCUI Ba KapOOKCWI TYpPYXJIapUHHUHT
OMpMyHYa IOKOPWINTHAAH JajloyaT Oepaiu.

5. Exunru maccacura muc6aran 0,5 % nan 2,0 % rauya xymmnaauran NaOH
Ba Ca(OH), typrynnosunnapy CKECHMHI peonoruk KypcaTKM4IapMHHHT BakT
OUPITHTH MUK y3rapMaciaH JAespin Oup xun Oymummnbu, xapopatau 20°C nam
60°C raua omMpPUIMIIMAA TapKUOMHi KOBYIIKOKIMTHHH 1,5-2,0 Mapraraua
KaMaluimy Ba JAMHAMUK KYWIAHMIIHUHT OKYBUYAHJMK KypcaTkuuiapu 2,0
MapTaraya OIHUPHUIIN aHUKJIaHTaH.

6. 3appauvanapuHuHr ymuamu S50 MKM JaH KUYMK OYynraH Kartuk dasza
¢pakuusnapu Ba ynap acocuaa onunaétran CKECHuHT Tapkn6uii KOBYIIKOKINTH
XaMma TYPFYHJIUTH YpTacujaa OOFIMKJIMK Oopiuru xamja ymoly dpakuusiiap
MUKJIOPH KYMUPHUHT YMYMUH Maccacura HucOaTaH OIIMIIK OWJIaH KypcaTKudiiap
KMiMaTIapuHM XaM OmuO OGOpHIIM MCOOTIAHraH. EKWIFU CyCIEH3HAIAPUHUHT
TapKUOUN KOBYIIKOKJIMKIAPU Ba TYPFYHJIMKIAPUHUHT SHT MakOyn KuilmMaTiapu
KypcaTwirad (pakuusUIapHUHT KymMup ymyMuil maccacuaa 80% naH OpTHK
Oynumuaa Ba OyHra KYMUpHU Maiijanaml BaKTHHU OOIIKAPHIN OWJIaH SPHUIIUII
MyMkuHiura anukianrad. 2BIIK, 2BOMCII-b1, 2BOMCIII-b2 Ba 1CCKOM
Mapkanu kymupnap acocuna omuaran CKECnappa karTuk ¢asanap MUKIOPH
yiapra Mmoc pasuiiaa 38-40 %, 44-46 %, 49-51 % Ba 52-55 % HU TAIKWAI YTULINA
KYpCaTHITaH.

7. Omunran Gapkapop CKEC wHaMmyHamapuHu amanuétiaa — KyJUlall
MMKOHUATIAPU CaHOAT YUYOK-KypwiIManapuja sHru (akena TOpeNKacuHU
UIUIATAIUIIN OWJIaH OOFJIMK KaHIUTU UCOOTIAHAM Ba EKUIFUHUHT yIIOY EHHUII
xapaéuuga kymMupHuHr TYnIuK Enumu (98,0-99,7 %) anuxnangu, Oy xojat
¢HUIIHUHT Oapya OocCKU4Iapuaa AUCHEpCIaHraH EKWIFU MYXHUTHIIA KHCIOPOA
JEsIpJId OpaIMK OKCHJIJIOBUM areHT POJIMHU Oa)kapuilld OWUjiaH TYHIYHTUPUIHO, 11y
Owinan Oup Karopaa y EKWIFMHUHT KaTTHK (a3a 3appavanapy CUPTHHH
daonnamTUpUIIM ~ HaTWXKacuJa  EKWIFUMHUHT  OypKaJraH  TOMYHJIAPUHUHT
aJlaHrajaHuIlIM, y4yBYaH MOJJAJApHUHT EHUIIM OujlaH 3Mac, OalKu YJIapHUHT
103acujia TETepOTreH peakuusiap coaup Oynumu OunaH OOFIMK OSKaHJIUTU
KypcaTWIraH; Kepakid peoNoTMK  XycycusTtiaapra osra oymran  CKEC
HaMyHaJIApUHU OJMINIJA KATTUKIUTH 2,5 MI-3KB/J OYIraH MYMMIIMK CYBU YpHHra
POK Tanabnapura xaBo® Oepaojiauran KaTTUKIUTHU 4,4 Mr-okB/J OYIAraH caHoat
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OKaBa CYBMHHM MIUIATAII MYMKUHJIUTH aHMKJIaHraH, Oy ¥y3 HaBOaTuja, OKaBa
CYBUHUHI MIUIATWIMIIM  ap30H Ba  HUKTUCOAMM  JKUXATHaH  Makcajra
MYBOQUKIUTUHU TaCAUKIANIH.

8. V36ekucron KYHFUp Ba TOIIKYMHUpnapu acocuia onmuHaauran CKEC
HaMyHaJJAPUHUHT OJIMHHUII Ba EKMII Kapa€HIapUHUHT TEXHOJIOTUK PETJIAMEHTHU Ba
uHCTpyKiusacy umad uukuarad. CKEC mamynanapu 2013 iiun mons Ba 2014
WWIHUHT HOSIOph oitapu OJIMaNUK KOH-METaulyprus KOMOMHATH AKIHMOHEPIIHUK
KAMUSATUHUHT AHIpeH OJTHH axpaTud onum Qabpukacuga Ma3yT YpHUra
Euaupunu6, Taxpuba-caHOaT CUHOBIAPUAAH YTKAa3WIIM Ba MKOOUI HaTHXKanapra
spummnad. Masyr Ypuura Ttascus ostunradn CKEC éuampunranma, Oupruna
Anrpen ¢gabpukacu yuyyH WWIUIMK UKTUCOAMM camapa 291,6 MIH. CYMHM TallIKHII
sraau. Arap OIManuK KOH-METaUlyprusi KOMOWHATH TAalIKWIOTJIApW Ba
KeHMHYaNUK KeHr MHKScaa «Y30eksHepro» JlaBiaT aKIMOHEPIMK YIOIIMACH
KOpXOHAJNapuJa XO3UPrd BaKTAa KYJUIaHWIMO KeluHaéTraH Ma3yT Ba TaOuui
rasun  CKECra anmamrupuiaca yHAaH Keidub® — YMKAJUraH — MKTUCOAMUI
caMapajlopIuK ce3unapiu jgapaxana omagd. Omnunran CKEC éxunrunapunu
aNnbTepHATUB EKWIFU cudaTuia pecryOIMKaMU3HUHT OUp KaTOp CAaHOAT UCCUKJIHK-
Ba JHeproarperatjapuaa, KAIUJIOK XYy)KaJIUK Ba KOMMYHAJI KOpXOHanapuaa KEHT
KyJlamJa KyJIIall TaBCus dTWIAAu.
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PA3OBBIN HAYUYHBIU COBET 16.07.2013.K/T.14.01 ITPA

WHCTUTYTE OBIEN U HEOPTAHUYECKON XUMHWHU, HAYYHO
NCCIIEJOBATEJBCKOM HEHTPE XUMHUHU U PU3UKHAN
HOJMMEPOB, TAHIKEHTCKOM XUMHUKO-TEXHOJIOI'NYECKOM
NHCTUTYTE U TAHIKEHTCKOM I'OCYIAPCTBEHHOM
TEXHUYECKOM YHUBEPCUTETE IO ITPUCYKJIEHWIO YYEHOI
CTEIIEHU TOKTOPA HAYK

WHCTUTYT OBIIEA 1 HEOPTAHUYECKOHN XUMHNHU

JQIIMETOB U33AT IYCUMBATOBHUY

CO3JIAHUE TEXHOJIOI'M HOBOI'O BUJIA TOIIJINBA HA OCHOBE
BOJHBIX JTMCHEPCHUM YIJIEN Y3BEKHUCTAHA

02.00.11-KoJstoniHasi 1 MeMOpaHHAS XMMMUA
(TeXHMYeCKHEe HAYKH)

ABTOPE®EPAT JIOKTOPCKOWM TUCCEPTAIINN

ropox Tamkent — 2015 rox



Tema I0OKTOpPCKOW auccepranuum 3aperucTpupoBaHa moa Homepom 30.09.2014/B2014.3-
4.T17 B Bplcmeil arrecrauMonHoii komuccnu mnpu Kadunere MunucrpoB Pecny6auku
Y306exucran.

JlokTOpCKas quccepTanus BellodHeHa B IHCTHTYTE 001el M HEeOpraHMYeCKO XHMMHUU.

ABTOpedepar auccepTanii Ha TpeX sA3bIkax (y30eKCKWH, pyCCKHM, aHTIHMICKWN) pe3MelleH Ha
BeO-cTpaHMIle MO ajpecy www.ionx.uz u MHdopManmoHHO-00pa3oBaTeIbHOM MOpTajie «Ziyonety Io
azpecy www.ziyonet.uz

Hay4Hblil KOHCYJBTAHT: Ar3aMxoa:xaeB AHBAPXOIKa ATaX0MKaeBUY
JOKTOP XUMHUYECKHUX HAYK, Ipodeccop

O¢puunanbHble ONMOHEHTHI: CanumoB 30KHp:KaH
JIOKTOP TEXHUYECKHX HayK, Ipodeccop, akaJIeMHUK
Axanemust Hayk PeciyOonuku Y30ekucran

AMunoB Codoup HurmaroBuu
JIOKTOp XMMHUYECKUX HayK, ipodeccop

AodaypaxumoB Caunakdap A0aypaxMaHoOBHY
JIOKTOP TEXHUYECKUX Hayk, mpodeccop

Benymasi opranusanus: DepraicKuid NOJIUTEXHUYECKUIT HHCTUTYTH

3a1mTa COCTOUTCA «__ » 2015 . B «___ » vyacoB Ha 3acenaHuu pazoBoro Hay4dHoro coBera
16.07.2013.K/T.14.01 mpu HMucTtuTyTe 0OINEli W HeopraHWYecKod xumuM, HaydHo-mccrenoBaTenbcKoM
LHEHTpEC XUMUHU U (I)I/I3I/IKI/I IMOJINMMEPOB, TamkeHTCKOM  XHMMHKO-TEXHOJIOTHYECKOM HUHCTUTYTE U
TamkeHTCKOM rocyIapCTBEHHOM TeXHHUYecKoM yHHBepcutere 1o aapecy: 100170, r.Tamkent, yn. Mupso
Ynyroek, 77-a. Tem.: (+99871) 262-56-60; dakc: (+99871) 262-79-90; e-mail: ionxanruz@mail.ru

JlokTOpckast muccepraius 3apeructpupoBana B MHdopmarmonHo-pecypcHoM 1ieHTpe MHCcTHTyTa
o0Iell u HeopraHW4Yeckol XMMHH 3a Ne | ¢ KOTOpPOH MOXXHO O3HAKOMHUTBCS B WHBOPMAIMOHHO-
pecypcaom nentpe (100170, r. TamkeHt, yia. Mup3o Ynyroek, 77-a. Ten.: (+99871) 262-56-60).

ABTOpedepar auccepTaluy pa3ociiaH «__ » 2015 rona.
(mpotokon pacceuTky Ne oT 2015 ).

b.C.3akupos
IIpencenarens pazooro HayuHoro cosera no
HPUCYKIECHUIO YUEHOHN CTEEHU JNOKTOpa HayK, J.X.H.

A.M.PeiimoB
VYuénslii cekperapb pa3osoro HaydHoro cosera no
HPUCYKIEHUIO YUEHOM CTEIEHM TOKTOpa HayK, A.T.H.

C.C.Xampaesn
IIpencenarens pasosoro Hayunoro cemunapa npu HayunoMm cosere
10 MPUCYXJICHUIO YIEHOH CTEIEHH TOKTOpa HayK, J.X.H., Ipod.



BBenenue (aHHOTAIMS JOKTOPCKOM THCCEPTALIAN)

AKTYaJIbHOCTb W BOCTPeOOBAHHOCTH TeMbl JHccepranuu. B cBs3u
MOCTOSIHHBIM YMEHBIIIEHHEM 3amacoB He(pTH M rasza, a TaKkKe pPOCTOM HUX
CTOMMOCTH Ha MHPOBOM DPBIHKE BO3PacTaeT PoJib TBEPAOrO TOILIMBA B TOIUIMBHO-
sHepreTuyeckoM Oasiance Y30ekuctaHa. OJHAKO, 3KOJIOTMUYECKHE MPOOJIEMBI,
BO3ZHUKAIOLIME MPU HCIHOJb30BAHUU TBEPAOrO0 YrOJbHOTO TOIIIMBA, TPEOYIOT
pa3pabOTKM M BHEAPEHHS] HOBBIX HKOJIOTUYECKH YHUCTBHIX YTrOJIbHO-TOIUITMBHBIX
TexHojoruii. Takoil siBisieTcss pa3paboTaHHas B TOCJEJHEE BpeMs B MHUPOBOU
MPAKTUKE NEPCIEKTUBHAS TEXHOJIOTHUS, CBA3aHHAs C UCIOJb30BAHUEM YIJIA B BUJIE
BOJIOYToJIbHBIX TOTIUMBHBIX cycrnieH3uit (BYTC). Cxuranue yras B popme BYTC
o0nagaeT psJOM OSKOHOMUYECKUX, OJKOJIOTMYECKUX U  IKCIUTyaTallMOHHBIX
MPEUMYILIECTB IO CPABHEHUIO C MBIJIEBUIHBIM U, OCOOEHHO, CIIOEBBIM CKUTAHUEM.
[Ipumenenue BYTC mno3Bosiser yBenuuuTh 3(PPEKTUBHOCTD CXKUTAHUS YIJId,
YTUIM3UPOBATH YT OJIbHBIE IUIAMBI, YMEHBIINUTH B3PBIBOOIIACHOCTD
TOHKOJUCIIEPCHOW YTrOJIbBHOW TMBUIM B DJHEPreTUYECKUX KOTJIAX, CHU3UTH
KOJIMYECTBO BBIOPOCOB OKCHUIOB a3oTa U cepsl B armochepy. BHempenue
OTHOCUTENBHO JemeBoro mno cedbectoumoctu TtormmBa — BYTC B mpakTuky
CIIOCOOCTBYET COEPEKEHHIO DSHEPreTMUECKUX U MaTepUalibHbIX PECYPCOB,
OTPaHUYEHUIO 3arPsI3HEHUS OKPYXKAIOIIEH CPEb.

C yuerom npeumyimiectB BYTC mo cpaBHEHHIO ¢ COBPEMEHHBIMU BUAAMU
TOIUIMBA, & TAaKXE BO3MOXHOCTH MCHOJB30BAaHUA Uil MX CO3JaHUsA ACHIEBOTO
MECTHOT'O YTOJBHOTO ChIPbs, pa3paboTka croco0a Mojay4yeHus HOBBIX YCTOMUMBBIX
BYTC na ocHoBe Oypbhix AHrpeHCKUX U KameHHbIX LllapryHckux yriiel, a Takxe
UX PALMOHAIBHOE CKUTAHUE B PA3JIUYHOTO BUAA TOMOYHBIX YCTPOHMCTBAX B3aMEH
Ma3yTa M MPUPOAHOTO Ta3a MOXKET CIYXUTb OJHMM M3 MEPCIEKTUBHBIX
HaIpaBJICHUI pa3BUTHUS SHEPTETUKHU U YTOJIBbHON MPOMBIIIJIEHHOCTH PECITyOIUKH.

Hacrosimas auccepranuoHHass paboTa OpPHEHTHPOBAHA HA pealM3alUIo
noctanoBieHud [Ipesunenta Pecnyonuku Y30ekuctan I111-1442 ot 15 nekabps
2010 r. «O npuopuTteTax pa3BUTHS MPOMBIIIJIEHHOCTH PecryOnuku Y30eKucTaH B
2011-2015 romax», a takxke Kabunera MunuctpoB PecnyOnuku Y30ekucrtan ot
30 okta0ps 2013 1., Ne 292 «Pa3Butre 3KOHOMHKHU U YIIpaBJIEHUE MPOU3BOACTBOM
YTOJIBHOM MIPOMBIIIJIEHHOCTH, MTOBBILIEHNE Ka4eCTBEHHOI'O YPOBHS
pa3pabaTbiBaeMO HOBOM NPOJAYKLUMU 3a CYET MPOEKTHO-PA3BEIOBATEIbCKUX U
Hay4YHO-HMCCJIEIOBATEIbCKUX padboTr», or 6 wurwoHsa 2013 1., Nel6l «Pasutue
YrOJIBHOM  NPOMBIIUIEHHOCTH 332  CYET  pealu3aluud  [IPUOPUTETHBIX
MHBECTULIMOHHBIX TIPOECKTOB HAINPABICHHBIX Ha YJIOBIETBOPEHHE PpACTYLIEH
NOTPEOHOCTH HACeNIeHUs B YroJibHOM mpoaykuuu Ha nepuon 2013-2018 romsiy,
KOTOpbIE HalpaBJE€Hbl Ha YCKOPEHUE BHEAPEHUS B OTPACISX MPOMBIIIJIEHHOCTH
COBPEMEHHBIX HAYYHBIX JOCTHKEHUW UM MPOrPECCUBHBIX HWHHOBALMOHHBIX
texHosoruii npousBoacTBa BYTC Ha ocHoBe yrieil Y30ekucraHna.

CBs3b HMCCJICJ0BAHUH C OCHOBHBIMH NPHOPHUTETHBIMHM HANPABJICHUSIMH
Pa3BUTHS HAYKH M TeXHOJO0ruM B pecnyodiauke. Hacrosmas paboTa BeinoiaHeHa
B COOTBETCTBUU C MPUOPUTETHBIM HANPABIECHUEM PA3BUTHUS HAYKH M TEXHOJOTUMI
Pecniy6niuku Y30ekuctan [1I1M1-13 —«Pa3paboTka 3 dheKTUBHBIX METOAOB MOUCKA,
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pa3BeIKH, OIIEHKH, TOOBIYM U KOMIIJICKCHOW MepepadOTKH TOIUTMBHO-MUHEPATBHO-
CBIDBEBBIX  PECYpPCOB, YTWIM3AIlMM W  HCIOJIB30BaHUS OTXOJOB TOPHO-
MIPOMBIIIIEHHOTO KOMITJIEKCa».

O030p HHOCTPAHHBIX HAYYHBIX HCCEIOBAHNI 110 TeMe JHCCePTAI[HM.

ITo Bonpocy TexHosioruu noayderuss BYTC npoBoasiTCs HCClIen0BATENBCKUAE
pabotel B Department of Aerospace Engineering and Mechanics, University of
Minnesota, Minneapolis, Minnesota and Department of Mechanical and Aerospace
Engineering, University of California, Irvine (CILIA), School of Chemistry and
Chemical Engineering, Guangdong Provincial Laboratory of Green Chemical
Technology, South China University of Technology (Kwurait), Canada coal inc
(Kanaga), Center for Mineral and Coal Technology (Mumonesus), Chemical
Engineering Department University of Rome, Commission of the European
Communities (Mranus), Institute of Applied Energy, Shinbashi (Anonuun) u
APYTUX HAYIHBIX IEHTPAX U BBICIINX YUCOHBIX 3aBEICHUSIX.

B mocnmegHwe rombl B MHPOBOM MaciuTabe WMEeTCs psa  HaydHBIX
NOCTHKEHUM MO mnojydyeHuto u npumeHeHuto BYTC, nampumep, B Hay4HbIX
uentpax Institute of Applied Energy, Shinbashi u School of Chemistry and
Chemical Engineering, Guangdong Provincial Laboratory of Green Chemical
Technology, South China University of Technology, wu3yueno BiusHue
MOIU(UIIMPOBAHHOTO JWTHMHA # HadTanumHa Ha crabuwibHOCTE BYTC wm
CeIMMEHTAIIMOHHBIC XapaKTEPUCTUKH YaCTHIl YTJeH; B HAyYHBIX I[EHTpax
Department of Aerospace Engineering and Mechanics, University of Minnesota,
Minneapolis, Minnesota and Department of Mechanical and Aerospace
Engineering, University of California, Irvine u Canada coal inc BogHO-yronbHas
CYCIIEH3Usl TOJBEprajiach HM3MEIbYEHHUIO 10 3HAUYECHMSI pa3MepOB YacTHI[ YIJIS
MeHee |5 MHKpOH M moJiydeHHbIM HOBBIM Marepuas - BYTC naer BO3MOXKHOCTH
JUISL  CO3JIaHUsl DKOJIOTMYECKHM O€30MacHOM TEXHOJOTHMH, YTO CBS3aHO C
BO3MOXHOCTBbIO 0Oo0Jiee TPOCTOrO pEUIeHUsT BOMpOCa CBS3bIBAHUA  CEPBI,
00pa3yroIIeicst TPH C)KUTAHUH CEPHUCTHIX TOIUIMB, M YMEHBIICHHs] 00pa30BaHMUsI
OKCHUJOB a30Ta, YTO JAET HE TOJbKO 3KOHOMHYECKYIO BBITOAY, HO M MO3BOJUT
YIAYYIIATh SKOJIOTHIO OKPYKAIOIIEH Cpebl.

[Iponomkaercss  MpoBeJEeHUWE  HAYYHO-MCCIENOBATENbCKUX  paboT Mo
NPUOPUTETHOMY HAIpaBIICHUIO TONy4deHHUs W ucnoib3oBaHuss BYTC Ha ocHOBe
KaMEHHBIX M OYpBIX yIJei, BCECTOPOHHO ONTHMH3UPOBAHHBIX IO CBOWCTBaM,
00JaAar0IMX BHICOKOM CTETEHBIO TEMIOTBOPHOCTH, YCTOMUMBOCTH U TEKYUECTH.

Crenenp  M3y4eHHOCTM  mpodjaembl. B nureparype  mupoxo
paccMaTpHUBAIOTCA BOIMPOCHI CO3/IaHUSA, U3YUYEHUS U PEryIUPOBAHMS KOJUTOUIHO-
XHUMHUYECKUX CBOWCTB JUCIEPCHBIX CUCTeM. B VY30ekucrtaHe moj pyKOBOJICTBOM
K.C.AxmenoBa co3maHa KOJUIOMJAHO — XHMHYECKas IIKOJA, MPEACTaBUTEIH
koropoir ApunoB 3I.A., I'nexkenp @.JI., Xampaes C.C., Amunor C.H.,
ArzamxomxaeB A.A., AxmenoB Y.K., Paxmatkapues I'.V., Mymunos C.3., CaTtaes
N.K., beiicen6aeB O.K u np. — BHeCIM BeCOMBIN BKJIAJ B Pa3BUTHE KOJUIOWTHOMN
Hayku, a Benymue ydensle 3abpamuuit J.T., TamkueB A.T., Hacputaunos C.H.,
['ymapoB P.X u ap. mmpoxo uccienoBanu yriu Y3zoekucrana. Cienyer OTMETHUTD,
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YTO B HCCJIENOBATEIbCKUX paboTaxX BBINICYKA3aHHBIX YUYEHBIX TOUCKH TIO
CO3JJaHUI0 TEXHOJOTWU TOJyYeHHs] HOBOTO BHJIa TOIUIMBA Ha OCHOBE BOJIHBIX
JUCTIepCUid yriie Y30eKkucTaHa 10 HACTOSIIEro BpeMEHHU He TTPOBOIMIIUCH.

W3BecTHO, uTO y4yeHbIMH OmrbkHero 3apyOexbs ([Jemsrun I'.H., bapanosa
ML.IL., Kynarun B.A., JIynenko C.B., IlerpakoB A.Il., I'onosun I'.C., I'opsos E.T".,
3exkoB B.M., Xonakos I'.C., [etkoB C.II., bop3zos A.N., Mypxko B. U., 3aitnenBapr
B.E., MopozoB A.I'., Mocun C.U., bopyk C.H., Seong Y.K., Usui H. Ymasaki,
Sunggyu Lee., James G. S., Sudarshan K. L., Hashimoto N., Mamymoro Ocamy,
ypyu Macau, Ercolani D., Grinzi F., Nagata K. 1., Yano N., Nagamori S. u ap.)
MPOBOJSITCSI WMHTCHCUBHBIE pa0OThl B HAMPABICHUU CO3JIaHHUS TEXHOJIOTUH
nosyyeHus U u3ydeHus cBoictB BYTC ¢ ucnonb3oBaHMEeM KaMEHHBIX M OYphIX
yriaed pa3audHbIX MECTOPOXKIECHUM W HMX MPOMBIIUICHHOro mpuMeHeHus. Ho
HCCIIEIOBAHUS TIO CO3JIaHUIO0 TEXHOJIOTMH IOJYyYEeHHS HOBOT'O BHJa TOIUIMBA Ha
OCHOBE BOJIHBIX nucniepcuii AHrpenckux u IllapryHckux yrieit Y3OekucraHa He
MIPOBOIUIIUCH.

B Hacrosmieir auccepTrallMOHHOW paboTe BHEpBbIE pelieHa mpobiieMa
MOJTyYeHHUsI, U3YYCHHUS W TPUMEHEHHS JHEPro-3h(PeKTUBHOTO W IKOJOTUYECKU
0e30macHOro BOJIOYroIbHOIO TOIUIMBA HAa OCHOBE yriied Y30ekucTaHa, 4To BecbMa
CBOEBPEMEHHO M 3HAYMMO KaK C TEOPETUYECKOH, TaK M C MPAKTUYECKOM TOUEK
3peHMUSL.

Casi3b TEMa JUCCEPTALMHU C HAYYHO - UCCIIeA0BATEILCKUME padoTaMu,

BBINOJIHSIEMBIMH B OPTaHU3AIUN, I/1€ BHITIOJHSETCH JUCCEePTALMSI.

Huccepranmonnas  pabora  mpoekta  DA-A13-T159  «Texnomorus
nepepadoTKH TEXHOTEHHBIX OTXOJAOB M TEXHOJOTMUECKHUX PacCTBOPOB IS
JIOM3BJICUCHUSI IIBETHBIX M OjaropogHbix MeTtawioBy (2012-2014 r.or.) wu
MHHOBaIMOHHOTO TpaHTa 2MA-0-73747 «llonydyeHue U  HOpPaKTHYECKOE
MPUMEHEHUE HOBOTO BHJA TOIUIMBA HA OCHOBE BOJHBIX JUCHEPCUN yrien
VY36ekucrana» (2014-2015 r.r.).

Heab ucciaenoBaHMs 3aKiOYaeTCs B pa3pabOTKE TEXHOJOTHUU MOIYYEHUS
BYTC na ocHoBe yrieit Y30ekucTaHa 1 UX TPUMEHEHHUS B TOIIOYHBIX YCTPOHCTBAX
MIPOMBIIIJICHHBIX TPEANPUSITHH.

B cooTBeTCTBUU € MOCTABICHHOW LIEJIBIO PELIATHUCH CJIeYIOLIHNe 3a1a4m:

ONpEJICICHHE B3aUMOCBS3M  (PU3UKO-XMMUYECKUX CBOMCTB M COCTaBa
(BJIaXKHOCTh, 30JIbHOCTh, COJAEpKaHUE JIETYyYMX BEIIECTB, a Tarke KapOOKCHII U
TUAPOKCWIBHBIX ~ TPYII,  TEIJIOTBOPHOCTh)  MCHOJB3YEMBIX  yIlIeH ¢
TEXHOJIOTUYECKUMU TTOKa3aTesiMu nosrydaeMbix BYTC;

ONPENCIICHUE ONTUMAIBHBIX CTENEHEW u3Melb4yeHuss yrien wu pH
IVCIIEPCUOHHOMN CPENbL;

ompenesieHne ontuManbHoro cocraBa BYTC: comepxaHus OCHOBHBIX
KOMIIOHEHTOB YTIJIS ¥ BOJIbI, & TaKXX€ CTAOWIM3UPYIONIUX U TUIACTH(UIIUPYIOIIHX
nob6asok Ca(OH),, NaOH, noBepxHo-aktuBHbIe Bemecta (IIAB) u mazyra;

ONpENEIICHUE PEOJIOTUYECKUX CBOWCTB, YCTOMYMBOCTH U TEKY4YECTH
nonyyeHHbIx BYTC;

33



ONpeJIeICeHHEe PAlMOHAJIBHBIX  YCJIOBHHM  (comepxkaHue TBepaod ¢asbl,
PEOJIOTUYECKHE CBOMCTBA, YCTOMYMBOCTB U TEKYUYECTh) TEXHOJIOTMU IOJIY4YEHUS
BVYTC;

pa3paboTKa TEXHOJIOTMH MPUTOTOBJICHUS TOIIMBHBIX CYCHEH3UN U3 OypbIX U
KaMEHHBIX yriei Y30ekucrana

HCCIIEJOBAHUE TEXHOJIOTMYECKUX XapakTepucTuk mnoiaydeHHelx BYTC wu
BO3MOKHOCTH MX CXKWTaHHMS B TOMNOYHBIX YCTPOWCTBAaX COOTBETCTBYIOIIHUX
IIPOU3BO/ICTB;

OlICHKa 2JKOHOMMueckoi 3ddextuBHoct npumeHenuss BYTC nHa
IIPOU3BOJICTE.

OO0beKkTHI HCCJIEI0BAHMA MECTHbIE Oypble AHIPEHCKME U KaMEHHbIE
laprynckue yriau, nonydeHHble Ha ux ocHoBe BYTC, crabunusupyromue u
mactuduiupyromnue 1o6asku k BYTC: NaOH, Ca(OH),, ITAB u ma3yT.

IIpeameTsl HMCCIeIOBAHUS - SIBISETCS MPOLECC IMONTYYEHUS YCTOMYMBBIX
BYTC na ocHOBe MeCTHBIX OypbIX M KaMEHHBIX yTJed, HCCIelIOBaHUE HUX
PEOJIOTHYECKUX CBOMCTB U MPOIIECCA CKUTAHUS.

MeTtonsbl ucciaexoBanus. JlJis BHITOIHEHHUS paOOThl UCIIOJIB30BAH KOMIUIEKC
(GU3UKO- U KOJUIOUJHO-XMMHUYECKUX METOOB MCCIEIOBAaHUS — PEOJIOTHYECKUE,
a7ICOpOIIMOHHbIE, aHAIUTUYECKUE U TEPMUYECKHUE.

HayuyHnasi HOBH3HA MCCJIeJOBAHHUS: YCTAaHOBJICHO (PU3UKO — XUMHYECKHUE
CBOMCTBa  (BIaXHOCTb,  30JIBHOCTb,  COJAEp)KaHHUE  JIETy4YUX  BEIIECTB,
KapOOKCWJIbHBIX U TUAPOKCUIIBHBIX TPYII, TEIIOTBOPHOCTh) AHIPEHCKUX OYyphIX
n kameHHbIX [llapryHckux yrieu, onpenenensl peonoruuyeckue coricta BYTC,
MOJIYYCHHBIX HAa OCHOBE HH3KO - U BBICOKO30JBHBIX AHIPEHCKHX OYypbhIX U
KaMeHHbIX [IlapryHckux yrieu;

HalJICHbI ONTUMAaJIbHbIE KOJIMYECTBA CTAOMIIM3UPYIOIINX "
miactudurupyromux  (NaOH, Ca(OH),, IIAB) nob6aBox k BYTC. Ilpu
nob6asnenun cradbmimmzaropoB NaOH u Ca(OH), B npenenax 0,5-2,0% ot Macchl
TOIUIMBA, €T0 BSA3KOCTh YBEIMYMBAETCS, a JUHAMHUYECKOE HAIIPSYKEHHE CIIBUTa
YMEHbIIIAeTCs, TaK NpH yBeamdernn temmepatyps ¢ 20° 1o 60°C Bszkocts BYTC
ymenbmaercss B 1,5-2,0  pasa, a JAMHAMHUYECKOE HAIpsHKEHHWE CIBHra
YBEJIMUUBAETCS B 2 pasa;

BBISIBJICHO, 4TO Bs3KOCTh BYTC, moilydeHHBIX Ha OCHOBE OYpBIX yIjiei
HECKOJIBKO BBILIE, YEM NOJIYYEHHBIX HA OCHOBE KAMEHHBIX YTJIEH, HAIPUMED, €CIU
sra BenuuuHa anig BYTC, nmomydyenHoil Ha ocHoBe Oyporo yrias mapku 2BIIK
coctraisier 2,52 Ila-c., To miss BYTC, nonyyeHHONH Ha OCHOBE KaMEHHOI'O YTJsi
Mapku 1CCKOM, cocrasnsier 1,84 Ila-c;

JUIs TOTUTMBA, AUCTIepcHas (pa3za KOTOPOTO COCTOUT M3 YaCTHI] C pa3MEPAMHU J10
50 mxMm (80%), HaliiIeHO BIMSHHE COAEPKaHUS UCIIEPCHOM (a3bl Ha MOKa3aTelu
CTPYKTYPHOH BSI3KOCTH, YCTOMYMBOCTH, TeKydecTH U cropaemoct. st BYTC,
nony4yeHHbIXx Ha ocHoBe yried mapku 2BIIK, 2BOMCIII-b1, 2BOMCIII-b2 u
1CCKOM, konuuectBo TBepaoi (asbl coctaisier 38-40 %, 44-46 %, 49-51 % u
52-55%, COOTBETCTBEHHO;
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MagupunupoBanueM AHrpeHckux Oypoix yrieit mapku 2BIK, 2BOMCIII-b1,
2BbOMCHI-Bb2 ma3zytom (4-16 % oT macchl TOIIIMBA), MOJYYEHbl YCTOBUMUBBIE U
BbicOokoTeoTBOpHBIE BYTC. Tlokazano, uto gt BYTC, nonmy4eHHON Ha OCHOBE
yras Mapku 2BIIK B ONTUMalIbHBIX YCIIOBHSIX, €€ TOIUIOTBOPHOCTH COCTABJIEET
2900 xkai/kr;

HAa OCHOBAHHMM MCIOJb3aBaHUS HOBOM (haKeNbHOW TOPENKH, IMO3BOJSIOLIEH
nojavy MPEABAPUTEIBHO HArpeToro TOIUIMBA M CKATOTO BO3JyXa B TONOYHBIC
yCTpPOICTBA, OTPaOOTaHbl ONTHUMAIbHBIE PEKUMBI TEXHOJIOTMH PaBHOMEPHOIO M
noiHoro cropanust BYTC.

IIpakTHyeckue pe3yJabTaThl HCCACAOBAHMUSA 3aKIIOYAIOTCS B CICIYIOLINM:

Haiineno, uto BYTC ¢ HOpManbHBIMHA pEOJIOTHYECKUMU CBOMCTBAMU MOYKHO
MOJIYYUTh MPU UCMOJIB30BAHUH HE TOJBKO MPECCHOM BOJBI C HKECTKOCTBIO 2,5 MT-
9KB/II, HO TakXe ¢ mpuBiedeHreM oTBevarouieit Hopmam [1JIK npousBoacTBeHHON
cToyHOM BoABl (4,4 Mr-sKB/d), KOTOpas Ooree JOCTymHa HU 3KOHOMHYECKH
nenecoodpasHa B IpUMEHEHHH;

YCTAHOBJIEHA BO3MOYHOCTh CKHWraHus mnoidydeHHbIX BYTC B TOmouHBIX
YCTPOMCTBAX C HUCIOJBb30BAaHUEM HOBOHM (hakenbHOW TOpENKH M IMOKa3aHO, YTO
MPOLIECC UX TOPEHUS XapaKTEPU3yeTCsl BBICOKOM MOJHOTON BbhiropaHus yris (98,0-
99,7%);

HAa OCHOBE HHU3KO- M BBICOKO30JIbHBIX OYpBIX AHIPEHCKHX W KaMEHHBIX
[ITapryHCcKkux yriel MoJydeHa BOJOYTOJIbHO-TOIUIMBHAS CYCIIEH3US U Ha OCHOBE
UCIIOJIb30BaHUSI HOBOM (pakeabHON TOpeNKu pa3pabOTaH ONTUMAJIBHBIA PEXUM
TE€XHOJIOTMH PABHOMEPHOI'O U MOJHOIO CrOPaHus TOIUIMBHBIX CYCIIEH3HI;

nonyyeHHole BYTC pekoMeHAOBaHbl KakK albTEpPHATUBHBIE TOIUIMBA IS
IIMPOKOTr0 MNPHUMEHEHUS B psJE€ TEIUIO- W DHEproarperaTtax MpPOMBIIUICHHBIX,
CEJIbCKO-XO03MCTBEHHBIX 1 KOMMYHAJIbHBIX cdep PecnyOnuku.

JloCTOBEPHOCTh MOJYYEHHBIX Pe3yJabTAaTOB OOOCHOBAHHOCTh HAaYYHBIX
MTOJIOKEHHM, BBIBOJIOB M PEKOMEHJALMM HE BBI3BIBAET COMHEHHM, TaK KaK OHU
YCTAHOBJIEHBI HAa OCHOBE COBPEMEHHBIX METOJIOB KOJUIOMAHO-XHMHYECKOTO U
(U3UKO-XMMHUYECKOTO MCCIEIOBAHUSA, TEXHOJIOTUS TMPOU3BOACTBA M COKUTAHMS
pazpadotanubix BYTC anpoOupoBaHa B ONBITHO-IPOMBIILICHHBIX UCIIBITAHUSX U
PEKOMEHI0BaHa K BHEAPEHUIO B IPOU3BOJCTBO.

Teopernueckass M NpPaKkTHYeCKas  3HAYMMOCTbL  Pe3yJbTATOB
uccaenopanusa. Teopernueckas 3HAYUMOCTh  PE3YyJbTAaTOB  HMCCIENOBAHUMN
3aKJIIOYAETCs B YCTAHOBJIEHUM KOPPEISLMOHHOM 3aBUCHMOCTH OCHOBHBIX
KOJUIOUTHO-XMMHUYECKUX NTapaMeTpoB — peosiornyeckux xapakrepuctuk BYTC ot
(U3UKO-XMMUYECKUX CBOWUCTB yriel (301bHOCTb, BIArOEMKOCTb, TEIJIOTBOPHOCTD,
collepKaHUe JIETyYUX BEIECTB, KAPOOKCUIIBHBIX M THUAPOKCHIIBHBIX TPYII), UX
KOJIMYECTBEHHOT'O COJIEPKAaHMs B TOILUIMBHOM CYCIIEH3UH, CTENEHU JUCIIEPCHOCTH
YacTHI[ YIJIsl, COAEpNaHUS CTaOWIM3UPYIOMINX M TUIACTHPUIUPYIOMHUX J00aBOK
(NaOH, Ca(OH), u IIAB) u pH nucnepcHonHnoii cpenpl. Ilokazano, 4uro mpu
o0paboTke ONTUMAaJIbHBIMH KOJINYECTBaMU CTaOMIIM3UPYIOIINX u
MIACTU(PUIUPYIOMUX 100aBOK, TaKWME€ IOKA3aTelu TOIUIMBHBIX CYCHEH3UH Kak
BA3KOCTh, CTAOMJIBHOCTh M TEKY4ECTh MPAKTHUECKH COXPAHSIOTCS MOCTOSTHHBIMH.
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[IpakTryeckasl 3HaUMMOCTb PE3YJIbTATOB MCCIIECIOBAHMS 3aKII0YAETCS B TOM,
4yTO B paboTe BIEpBbIE HA OCHOBE OypbIXx AHTrpeHCKHX M KaMeHHbIX [llapryHckux
yraei Y30ekucTtaHa moJjiydeHa BojoyroyibHO-TorinBHas cycnensus (BYTC). Ha
OCHOBE  HCMOJb30BaHMS  pa3paboTaHHOW  HOBOM  (akenbHOM  TOpPEIKH,
MO3BOJIAIONIEN MPOU3BOAUTH NPEABAPUTEIBHBIA HArpeB TOIUIMBA W CXKATOTO
BO3/lyXa, pa3paboTaH ONTUMAJIbHBIA PEXUM TEXHOJIOTMU PABHOMEPHOTO U
noJIHOTO cropanusi 006pasinoB BYTC B Tono4HbIX yCTpOWCTBAX.

BHenpenue pe3yabTaToB ucciaenoBaHus. PazpaboTaHblii TEXHOIOTUUECKUT
pernmament no mnonydeHuto BYTC Ha ocHoBe OypbIX W KaMEHHBIX YyIJel
V30ekucTaHa U UX MPUMEHEHUIO MPU CKUTAHUM B3aMEH TPAJULIMOHHBIX KUIKUX
HE(DTAHBIX TOIUJIMB, YTBEPXKIECH AJIMAIBIKCKUM TOPHO-METAJUTypTHUE€CKUM
koMOuHaToM. [IpakTueckoe BHeApeHE pabOThI OCYIIECTBICHO Ha AJIMAIBIKCKOM
TOPHO-METAJUTypru4ecKoM KOMOUHaTe yTEM MIPOBECHHUS ONBITHO-
npombinieHHbIX ucnbiTaHuii BYTC B 2013 u 2014 romax peKOHCTpyKLIMEN
TOMOYHOTO yCTpoiicTBa komOMHaTa (AKTH ucnbiTanuii oT 21 utonsa 2013 1. u 20
HOs10ps 2014 r. u cnpaBka AI'MK na BHenpenue pazpaborku Nel818 ot 24 mapra
2015 r.). OxoHomuueckuit 3¢ ekt npu 3amena mazyra Ha BYTC cocrasut 291,6
MJIH. B TOJ.

AnpoGanus pe3yibTAaTOB HcCJIeA0BaHUA. Pe3ynbTaThl pabOTHI JOJOKEHHI,
OOCYXJIEHbl MU TOJNY4WIH OJ00peHne Ha MexayHapoaHoW KoH(pepeHUHuu o
xumudeckoi TexHosorun XT12 (Tamxkent, 2012); PecmyGnaukaHCKOW Hay4dHO-
TexHU4ecko KoH(pepeHuu «HoBble KOMIO3UIIMOHHBIE MAaTepuadbl Ha OCHOBE
OpraHWYeCKUX M HeopraHndeckux uHrpenueHtony (Tamkent, 2012); V, VI u VII
PecnyOiMkaHCKUX SIPMApOK WHHOBAIMOHHBIX M€, TEXHOJOTMH M MPOEKTOB
(Tamxkent, 2012, 2013, 2014); Mexnynapogaom Cumnosuyme «CoBpeMEHHBIE
mpoOJieMbl BBICIIETO 0Opa3oBaHUs W HayKu B oOjactu xumum» (Ammatu, 2013);
Mexnaynapoanoit kondepenuuu «Karanuruueckue npouecchl HedTenepepadoTKy,
Hedprexumun u dkojorum» (Tamkenr, 2013); MexayHapolHOH Hay4HO-
TexHU4eckol KoH(pepeHuun «Pecypco- U sHeprocOeperaroniye 3KOJIOTHYECKU
0e3BpeHbIe KOMITO3UIIMOHHBIE MaTepuanbly (Tamkent, 2013); PecnyOnukanckoit
Hay4HO-TeXHUUYECKON KoH(pepeHUuu «VHrpeaueHTsl U3 MECTHOIO U BTOPUYHOTO
CBIPBSL JIJIsl TIOJIyYeHHsI HOBBIX KOMITO3MIIMOHHBIX MatepuainoBy (Tamkent, 2014);
Pecnybnukanckoit Hay4yHo-TexHudeckod koHdepenunun HY PVY3 «Coctosnue u
MEPCHEeKTUBA Pa3BUTUS KOJUIOMJAHOM XUMHUM U HAHOXMMHHM B Y30€KHCTaHE»
(Tamxent, 2014); International scientific conference « European Conference on 4
Innovations in Technical and Natural Sciences. Xankapo uUIMHl aH)XymMaHUa
(Vienna, 2014), IV Mexxa. sxosnornueckoit Hay4H. KoH}. «IIpobieMbl yTunuzanuu
OTXOJO0B ObITa U MPOMBIIIIJIEHHOTO Mpou3BojcTBay (KpacHomap, 2015); Pecry0Oa.
Hay4HO-TeXH. KOH}. «[IporpeccuBHbIe TEXHOJIOTHH MOJIYYEHHUS KOMIO3UIMOHHBIX
MarepuasioB U uznaenauil u3 Hux» (Tamkent, 2015); Mexa. HaydyHO-TIPAKT. KOH.
«Xumusg u skonorus - 2015». (Camapat, 2015); pazoBom HayuHoMm cemuHape
paszoBoro Hayunoro cosera 16.07.2013.K/T.14.01 ot 22 mas 2015r.

Ony01MKOBAHHOCTH pe3yabTaToB HcciaenoBanms. [lo Teme nuccepranuun
onmyOnuKoBaHbl 43 Hay4yHBIX paOoT, B ToM uyuciie 1 moHorpadus, 17 crateit B
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3apyOeKHBIX U MECTHBIX HayUHBIX JKypHasax, 24 CTaThu U TE3MCOB B COOpPHUKAX
MEXIYHApPOJHbIX U pecnyOIMKaHCKUX KOH(epeHlMi, momaHa 1 3asBka Ha
rojy4eHue naresra Pys.

Crpykrypa m o0bem auccepranmu. /{uccepranus COCTOUT W3 BBEICHUS,
YETBIPEX TJIAB, 3aKIHOYEHNS, CIIMCKA UCTII0JIb30BAHHOW JIMTEPATYPHI, BKIIOUYAIOIIETO
255 naumenoBanuil. Cogepxxut 174 crpanui, Bkitodaet 29 pucyHkosB, 41 tabmiui.

OcHoBHOE CoACpKaHHuEC NHUCCEPTALINH

Bo BBeneHum 00OCHOBaHa aKTyallbHOCTh M BOCTPEOOBAHHOCTb €€ TEMBbI,
OTIpeJIeNIeHbI LIeb U 3a/1a4u UCCaeA0BaHus, chOPMYIUPOBAHbI HaAyYHasi HOBU3HA U
MpaKkTUYeCcKas 3HAYMMOCTb TUCCEPTALIMOHHON PaOOTHI.

B nepBoii ri1aBe «CoBpeMeHHbIE NMPeICTABJICHUS 0 CBOMCTBaX, crocodax
nojayyeHuss M IPPEeKTUBHOCTH CKHUIAHUA BOJO-YIOJIbHBIX TOINIMBHBIX
CyCHeH3Hil» TMpPEeICTaBlICH JUTEPATypHbIA 0030p, MOCBEIICHHBIH COBPEMEHHOMY
COCTOSIHMIO TexHoJoruil monydeHuss BYTC M BO3MOXHOCTM HMX CXKUTaHUSA B
TONOYHBIX ycTpocTBax. Paccmorpensl coctaBel BYTC, ux peonoruueckue
CBOICTBa, CIMOCOOBI CXKUTAHUS, @ TAKXKE BO3MOXKHOCTH HX TPUMEHEHHUS IS
C)KUTaHus B JaOOpPaTOPHBIX M MPOMBIIIJIEHHBIX YCIOBUSX. Pe3ynbTaThl aHanusa
JIUTEpPaTypPHBIX HMCTOYHUKOB MOATBEPKIAIOT aKTyaJIbHOCTb TEMBI,
1€71€CO00pa3HOCTh MOCTAHOBKHU PACCMATPUBAEMBIX B JIUCCEPTAIIMU MPOOJIEM U UX
MOATAIIHOTO PEMIEHUSI TEOPETUUECKUMU U SIKCIIEPUMEHTATIbHBIMA METOJaMH.

Bo Bropoli r1naBe «®U3MKO-XMMHYECKHE XaPAKTePUCTUKH YIJIeH U
METOAUKA IKCIIEPUMEHTA» HCCIIETOBAaHbI (bU3UKO-XUMHUYECKHE u
TEIUIOTEXHUYECKUE CBOMCTBA M3YYaeMBbIX YIJIEM, OMUCAHBl METOMBI MPOBEACHUS
AKCHEPUMEHTOB U ONIPEAEIECHUS XapakTepucTuk noirydaeMoix BYTC.

W3BecTHO, uTO Y30€KMCTaH pacrosiiaraeT 3HAaYUTEIbHBIMHM 3alacamu yriis
(1900 mutH TOHH), B TOM umciie: 6yporo — 1853 mMulH TOHH, KaMeHHOTO — 47 MITH
TOHH. JIJIS SKCIEpUMEHTANbHBIX pabOT MO TOJYYEHHIO, M3YYEHHUIO CBOMCTB U
ckurannio BYTC ¢ yueToM 301bHOCTH M CONMYTCTBYIOIIMX MHMHEPAJOB, ObLIU
otoOpaHbl MpoObl Oypbix aHrpeHckux yriedt mapku 2BIIK (3ompHOCTH 12,8%),
KOHJIULIMOHHBIX TOBapHBIX aHrpeHCcKkux yriaen mapok 2bOMCIII-b1 u 2BOMCIII-
b2 (3onbHOCTH 34,7% 1 50,7% ,cooTBeTCTBEHHO) U KaMeHHbIX [1lapryHckux yriei
Mapku 1CCKOM (3ombHOCTH 10,3%). IIpoOnl yraeir  mpemoctaBieHbsl AQO
«Y30eKyroJb.

B cooTrBercTBUM ¢ TpeOOBaHHSAMU K KayeCTBY YIJIeH, NPUTOIHBIX JJIs
nonyuerust BYTC, Moryt ObiTb, B OCHOBHOM, HCIIOJIb30BaHbl YIJIM C BBIXOJIOM
JIETYy4YuX BELIECTB Ha cyxoe 0e330i1bHO0e coctosinue 10 40,8% u 30mbHOCTHIO 15-
35%. HaubGonee moaxoasiiuMu € 3TOM TOYKM 3pPEHUSl SIBISIOTCS aHTPEHCKHE
oypsie yriu mapku 2BIIK u Hlaprynckue kamennble yrim Mapku 1CCKOM.
Kpome Toro, ¢ yueToM BO3MOXKHOCTH IIMPOKO MaciutabHoro npumenenus BYTC,
Takke ObUIM MCCIIEIOBaHbl KOHJIWUIIMOHHBIE TOBapHbIe AHrpeHCKHUE Oypble YIin
Mapok 2BOMCIII-Bl u 2BOMCII-b2. ®Pu3NKO-XMMUYECKUE XapaKTEPUCTUKU
0TOOpaHHBIX MPOO yriel mpenacraBieHbl B Ta0a. 1, U3 KOTOPOHM BUAHO, YTO YIJIH
mapok 2BIIK, 2BOMCIII-b1, 2BOMCHI-B2 u 1CCKOM xapakTtepu3yroTcs
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coaepxkanneM cymmpbl COOH u OH rpynn 1,72; 1,81; 1.66; 0,56 Mr-sks/t, wu,
COOTBETCTBEHHO, COJIepKaHUEM JieTyunx komrnoHeHToB 40,2; 34,2; 50,7; 40,8 %.
Husmas Tenora cropanus s Mano3oibHbIX yriedl mapok 2BIIK m 1CCKOM
coctaisier 3600 u 6200 kkan/kr (15,3 u 26,05 MXK/kr), a s BBICOKO30JIbHBIX
yriaeit mapok 2bOMCII-b1 u 2bOMCHI-B2 — 2700 u 2300 kxan/kr (11,34 Ba 9,66
MK/kr), COOTBETCTBEHHO, a BBICIIAS TEIUIOTA CTOPAHUS [JIs BIIETIEPEUHCICHHBIX
yrieit mapok 2BIIK, ICCKOM, 2BOMCIII-b1 u 2BOMCIII-b2 cocraBnsier —
8160, 8720, 7040 u 6290 xxan/kr (34,28; 36,34; 29,6; Ba 26,43 MXK/kr),
cooTBeTCTBeHHO. HanOonblliee 3HayeHUWE 30JIBHOCTH HMEN Yrojb MapKH
2bOMCIII-b2, xapakTepu3YIOIIUICA 3HAYUTEIBHBIM COAEPKAHUEM TJIMHUCTBIX
IIPUMECEHN.
Tabauna 1
XapakrepucTuku AHrpeHcKux Oypbix u lHHlapryHckux kaMeHHBIX yrJiei
(1 — Anrpencknii 2BIIK; 2 — Aurpenckuii toBapusiii 2bOMCII-B1; 3 —
Anrpenckuii toBapubiii 2bOMCIII-B2; 4 — Hlapryuckunit 1CCKOM)

Howmep TexHuueckuil aHanus XHAMHUYECKUH aHAIU3 Temnora
é i CTOpaHus,
TIpOBI Biara, 30JIbHOCTD, QE)I ) Coneprxanue B kKa/kr (MJK/xr)
YIS % % 28 roproueil Macce yris
IR MT-OKB/T
- i
0 bd | b<| & -l : T
e 8 |28/ 2. |28 |z |E |3 3 3
S| EEL EQ| 2o = 2 O E e O = = =|
22|l B Ed| x<| 22 |d2 = 2 B 2 S
S E| 3 85| g =2 |08 | = = 2
SRl 23 |Ex| 5 | A& > S o == o
A~ < Z <g| 0 ;M 5\?
3600 8160
1 40,0 | 10,0 | 11,5 | 12,8 | 40,2 0,32 1,4 1,72 (15.3) | (34.28)
2700 7040
2 40,0 | 11,6 | 30,9 | 34,7 | 34,2 0,21 1,6 1,81 (1134) | (29.6)
2300 6290
3 40,0 | 16,7 | 47,4 | 50,7 | 33,1 0,16 1,5 1,66 (9,66) | (26.43)
6200 8720
4 10,0 | 10,2 1,0 | 10,5 | 40,8 0,36 0,2 0,56 (26,05) | (36,34)

Tperbss rmaBa puccepraunu «TeXHOJOTHS MOJYYeHUS BOAO-YIOJIbHO
TOIUIMBHOM CYCHICH3MM W H3Yy4YeHHME HMX KOJJIOMAHO-XUMHUYECKHUX CBOMCTB)»
nocesiieHa pa3pabotke TexHoioruu nonydeHus BYTC wu  wu3ydenuro ux
KOJUIOUJTHO-XUMHUYECKUX CBOUCTB.

BrnusiHMe BIIaXXKHOCTH YT HA €ro u3MmelbueHue. Bogo-yrojibHbIe TOTUIUBHBIC
CYCIIEH3UH — 3TO MUKPOT€TEPOr€HHBIE AUCTIEPCHBIE CUCTEMBI, COCTOAIINE U3 JIBYX
da3. Ogna u3 ¢a3 sBiIseTCs HEMPEPHIBHON U CITY>KUT AUCIIEPCUOHHOM CPeIoi, B
o0beMe KOTOpOM pachpeneraeHbl YacTUIbl YIS, IPEACTABISIONIUE JAPYTYIO
nuctiepcHyo  ¢a3y. PasMepbl YacTUIl MOTYT M3MEHSITBCSA OT HECKOJIBKUX
HaHoMeTpoB 70 100 u OGosnee mMkM. OOmUMH IJIE BCEX IUCIEPCHBIX CHCTEM
ABJSIIOTCS  (DYHIIaMEHTaIbHbIE (DU3UKO-XUMUYECKUE TPU3HAKU: T€TEPOreHHOCTD,
T.. HaJIM4YME MOBEPXHOCTU paziena ¢a3, U JUCIEePCHOCTb (pa3apo0JIeHHOCTD).
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Ponp »THX mapaMCcTpOB B IIPOABICHUU aneFaTI/IBHOﬁ u CCI[I/IMCHTaLII/IOHHOﬁ
YCTOﬁqHBOCTH TOHKOAUCIICPCHBIX CUCTCM CTAHOBHUTCA Oonee CYH.[CCTBCHHOI\/JI 10
MCpEC YMCHBHICHUA pasMCpa YaCTUll W HUX COACPKAHUA B H(HI[KOﬁ cpeac.
COOTBCTCTBCHHO, YBCIIMUHUBACTCA U YACJIbHAA CBO6OI[H3,SI MC)K(i)aSHaSI OHCPTIHU.
KO&FYHHHI/IH 0COOEHHO HHTEHCHBHO MMPOTCKACT B arpCraTuBHO HCYCTOﬁ‘IHBBIX
JII/IO(I)O6HBIX AUCTICPCHBIX CHUCTCMAxX u npu JOCTHXKCHU U HCKOTOpPOro
KPUTHYCCKOTO COACPKAHUA YaCTHI] III/ICHCpCHOﬁ (1)21351 B )I(HI[KOﬁ cpeac
MMpOUCXOaUT CIIOHTaAHHOC BO3HHUKHOBCHUC 00BEMHOI HpOCTpaHCTBeHHOﬁ
CTpYKTypHOﬁ CCTKH, I''IaBHBIMH 3JICMCHTaAMU KOTOpOﬁ ABJIAOTCS KOHTAKTBI MCKIY
JacTuaM, B COBOKYIITHOCTH O6p&3YIOH_II/IC MMPOCTPAHCTBCHHBIC SIYEHKM BO BCEM

o0beMe  JUCHEepCHOM  CHCTeMbl, KOTOopas TpU  3TOM  CTaHOBUTCS
CTPYKTYpPUPOBAaHHOM, T. €. NEPEXOAUT B COBEPIIEHHO HOBOE COCTOSHHUE.
Bo3HukHOBEHHE MPOCTPAHCTBEHHBIX CTPYKTYP, T.C. epexon oT

CBOOOHOJIUCTIEPCHOTO K CBA3HOJUCIEPCHOMY (arperupoBaHHOMY) COCTOSHUIO
KapIMHAJIIBHO H3MEHSET UX CTPYKTYPHO-MEXaHMYECKHE CBOMCTBA IHCHEPCHBIX
cucteM. I[Ipy 3TOM OHM MOJTHOCTBIO YTPAUMBAIOT ArpEraTUBHYIO YCTOWYHUBOCT,
CTAHOBSACh CEAMMEHTALlMOHHO YCTOMYMBBIMH, T.K. HAaJU4YUE CTPYKTYpPHOW CETKHU
yIEepKUBAET YacTHUIbl AUCHEpcHONW (a3pl, 3apUKCUpOBAHHBIE B HEH, OT
ocaxneHus. Bwmecte ¢ TeMm, Takhe CHUCTEMBI yTPAuMBAKOT TEKYYECTb,
JIErKOMOABUKHOCTD, UX BSI3KOCTh HEMPEPBIBHO PACTET C POCTOM AUCIEPCHOCTU U
COOTBETCTBYIOIIMM YMEHBIIEHUEM pa3Mepa YacTHL] U HUX COAECPKAHUSA B
JTHUCTIEPCUOHHOU CpeJie.

JIns moiyyeHuss YCTOWYMBBIX BOJHBIX CYCIEH3MH Ha OCHOBE YIJEH,
MPUTOJHBIX ISl HEMOCPEICTBEHHOTO CHKUTaHUS B TONKAaX KOTJIOArperaTos,
HEOOXOIUMO TMpEXAe BCEro HCCIeN0oBaTh HUX JAPOOMMOCTb, KOTOpas SIBISIETCS
OIHMM M3 OCHOBHBIX IIOKa3aTeleil B JaHHOM TEXHOJOTHMYECKOM ONepaluu.
N3BecTHO, 4TO OT CTENEHH M3MENBUYEHUS YIJISL 0 coAepkKaHus mpumMepHo 110 50%
oT oO01el ero Macchl yroJbHOM MeNouu, T.€. yacTull MeHee 50 MUKpOHa, 3aBUCST
TaKM€ BaXXHbIC XApaKTEPUCTHKHA BOJO-TOIUIMBHOM  CYCIEH3MH, Kak €€
pPEOJIOTUYECKHE CBOWCTBA, CEIMMEHTAMOHHAs YCTOMYMBOCTH M TEMIIEpaTypa
CrOpaHus.

@OpakIMOHHBIA COCTaB M3MENBYEHHBIX MpOO yriaed, JIpoOJeHHBIX B
bapdopoBoil mapOBOK MENBHUIE MEPUOAMYECKOrO ACHCTBUS, ObUT ompenensieH
METOJIOM CHUTOBOIO aHalin3a B AulaHa3oHe pa3mepoB B mpenenax 0,16 0,05 mm
(50-160 mxm). Bpemsi u3menbueHus ONpeAessiioch 0 MaKCUMaJIbHOMY BBIXOIY
ToHKON (ppakuuu (>50 mxm) yris. Kpome Toro, mpoBOJUIUCH MCCIEIOBAHUS 11O
BIIUSIHUIO TPOJOJDKUTENBHOCTH M TemnepaTypbl xpaHenuss BYTC na eé
PEOJIOTUYECKHE XapaKTEepUCTHKU. B Tabi.2 mnpuBeneHbl pe3ysiabTaThl H3Y4YEHUS
BIUSHUS TPOAODKUTENIBHOCTH TOMoJIa Ha (pakUMOHHBIM cocTaB  OypbIX
Anrpenckux (mapku 2BIIK, 2BOMCIHI-b-1, 2BOMCIII-b-2) u kameHHOTO
[Maprynckoro (Mapku 1CCKOM) yraeii. BuaHo, dYTO0o ¢ yBeJIMYCHHEM
MPOJOJDKUTENBHOCTH TIOMOJa BbIXOJ (Dpakiuu yrias ¢ pa3MepoM YacTHUI[ MEHee
0,05 mm pacter, 4yTO, B CBOIO OYEpElb, CIIOCOOCTBYET YBEIMYEHUIO BSA3KOCTH
BYTC wu ee crabunpHOCTH. YcTaHOBIeHO, uTo s noayuenus BYTC c
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conepxxannem 78-80% dpakuuu yris ¢ yactuinamu Menee 50 MKM, i OypbIxX
AHrpeHckux yriei mocrtatouno 240 mMuH, a s kameHHbIX [llapryHckux yrieit —
360 muH BpemeHU nomoJia. [TpoObl MoaydeHHBIX CYCIIEH3HUIM ¢ MacCcoi B mpejenax
1000 r BeIAEpXKHUBAIKCH IPH Temiepatype 25°C.

Tadamnna 2
DOpaKIHOHHBIN COCTAB U3MeJIbYeHHBIX OypbIX AHrpeHckux (mapku 2BIIK,
2BbOMCIII-B1, 2bOMCIII-B2) u kamenHnoro Llaprynckoro (Mapka
1CCKOM) yrJieid B 3aBUCHUMOCTH OT NPOAOJIKMTEIbHOCTH ITOMOJIA

[Tpo oK TENLHOCTD DpakIMOHHBIN cocTaB, %
IIOMOJIa, MHH. < 0,05, mm 0,1-0,05, 0,16-0,1, > 0,16, Mm
MM MM
Bypsiit AHrpesckuii yrosas Mapku 2bIIK
20 21 24 28 27
40 27 33 24 16
60 31 40 19 10
240 78 22 0 0
Bypsiit Aurpenckuit yroas Mmapku 260OMCII-B1
60 26 16 10 48
120 30 15 15 40
240 34 32 17 17
360 49 29 12 10
480 78 17 3 2
Bypsiit Aurpenckuit yrosas mapku 26OMCIII-B2
60 22 14 12 52
120 26 18 15 41
240 31 29 19 21
360 43 23 16 18
480 66 23 7 4
600 80 11 5 4
Kamennsiit Hlaprynckuii yrons mapku 1CCKOM
20 11 21 26 42
40 14 28 22 36
60 22 32 18 28
240 52 28 15 5
360 82 18 0 0

[locne 3amaHHOTO BpeMEHU XpaHEHUsi Npu (PUKCUPOBAHHOM TemIepaType
ompeAensauch  peosiorndeckue  xapakrepuctukn BYTC. YV cycneHsui,
MOJIYYEHHBIX C HCIOJIb30BAaHUEM J00AaBOK THAPOOKCHIOB HATPUS U KaJbIus,
PEOJIOTMYECKHE TTapAMETPBI IIPU XPAHEHUH U3MEHSIOTCSI HE3HAYNUTENBHO.

Bnusaue temmepaTypbl Ha BA3KOCTh UM Hampsbkenue casura BYTC.
Peonornueckue xapaktepuctukn BYTC SBISIOTCS OCHOBHBIMHM IMOKAa3aTEISIMHU,
00yCJIaBIUBAIOUIUMU HMX TEXHOJOTUYECKYIO TNMPUTOAHOCTh. OHHM ONpenenstoTcs
(U3UKO-XMMHUYECKUMH TPOLIECCAMU, TPOUCXOSITUMHU MEXIAY TBEPAOH U KHUAKOU
(dazamu cucTeMbl, CIIEIOBATENbHO, JTOKHBI PACCMATPUBATHCS MPUMEHUTEIBHO K
KOHKPETHBIM YCJIOBUSIM UX Ucrnosib3oBaHus. CymiecTByeT psii paboT, B KOTOPBIX
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M3YUYEHO BIIUSIHUE TEMIIEPATYPbl HAa PEOJIOTMYECKHE XAPAKTEPUCTUKHU CYCIEH3UU
U3 KaMEHHOTo yruisl. [[s cycrnens3uil, NoaydeHHbIX U3 OyphIX yriel, Takue
MCCIIEIOBAHUS 10 HACTOSIIIETO0 BPEMEHM MPAKTUYECKH HE IMPOBOJAUIUCH, KpOME
otaenbHbIX padot (bapano M.IL. u np). [loaTomy OBLITM U3yUYEHBI PEOJOTUYECKHE
xapaktepuctuki BYTC Ha ocHoBe 6ypbIx yrieil B auamasore temmepatyp 20°C -
60°C,  BBIGOp  KOTOPOrO  OOYCIOBICH  BO3MOXKHBIMH  H3MEHCHHSMH
AKCIUTyaTallMOHHBIX TapaMeTpoB ToruiuBa. B kadectBe TBepmoit ¢daszer BYTC
ucnosibzoBas yriau mapok 2BIIK, 2bOMCIII-b1, 2BOMCIII-B2 u 1CCKOM. /4
TOTO, 4YTOOBI HCKIIOUUTHh BIMSHHE KoJMuecTBa (pakuuii TBepaod ¢das3pl Ha
PEOJIOTUYECKHUE XAPAKTEPUCTUKHU CYCHEH3UM, (DPaKIMOHHBIN COCTaB MOJTYYEHHBIX
BYTC 6511 coxpaHeH MOCTOSHHBIM U OH COOTBETCTBOBAJ 3HaUeHUsIM: ppakuus 0—
50 mxm — 78-82 %; dpakuus 50-100 mxm — 15-19 %; >1mm — g0 1 %.
Conepxxanue TBep0# (ha3wl cocTaBmiio 3655 %.

HccnenoBanbl CyCNE€H3WHM, TOJNy4YEeHHbIE 0€3 XHUMHYECKHMX J00aBOK U C
NPUMEHEHUEM CTAOWIM3HUpYIOUMX U Iuactuuiupyromux nod6aBok NaOH,
Ca(OH), u ITAB. Kourponb conepxxanusi tBepaoil gaszsr BYTC ocymectsisiics
IO W TIOCHE HM3MEPEHHM HX PEOJIOTMYECKMX napaMerpoB. Ui omnpeneneHus
PEOJIOTUYECKHUX XapAKTEPUCTHUK MPHU PAITUUYHBIX TEMIIEpATypax, MpoObl CyCleH3Ui
MOMEIIAJIMCh B U3MEPUTENbHYI0 nojocTh Tpudbopa BCH-3 u TepmocTatupoBaiuch
B TeueHHEe |5 MUHYT BMmecTe c u3MepuTenbHOM cucremor. Ha puc. 1 m 2
MPEACTABIEHbl  3aBUCUMOCTH  CTPYKTYPHOM BS3KOCTH W JUHAMHYECKOTO
Hanpspkenus casura BYTC ot temnepartypsl.
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Puc. 1. 3aBucHUMOCTH CTPYKTYPHOM BA3KOCTH (2) M ITMHAMUYECKOT0 HANIPSI’KEHH I CABUTA

(0) ot Tremneparypsl BYTC, nojiydeHHbIX Ha OCHOBE AHTPEHCKOro Oyporo yriisi MapKku 2

BIIK c conepxkanuem 35% yrius u ¢ no6aBkamu njacrudpuxaropa NaOH, %: 1-0,5; 2 -
1,05 3-2,0
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Puc. 2. 3aBucHUMOCTH CTPYKTYPHOM BA3KOCTH (2) M JTMHAMUYECKOT0 HANIPSI’KEHHUsI CABUTA
(0) ot Tremneparypnsl BYTC, nojiydeHHbIX Ha OCHOBE AHTPEHCKOro Oyporo yriisi Mapku 2
BIIK c conep:xkanuem 35% yras ¢ gooaBkamu miactudukaropa Ca(OH),, %; 1 - 0,5;
2-1,0; 3-2,0

IIpu nmoseimeHnu Temmepatypsl oT 20 mo 60°C uX CTpyKTypHas BS3KOCThb
Kak ¢ J00aBKaMU CTaOMIM3ATOPOB, TaK U 0€3 HUX - YMEHbIIAJIACh MPAKTUYECKU B
1,5 — 2,0 paza. Ilpu sToM mpUMEHEHHE CTAOMIM3ATOPOB 3HAYUTENBHO CHU3HIIO
CTPYKTYPHYIO BSI3KOCTb CYCIICH3HM, YTO B CBOIO O4YEpEAb Jaj0 BO3MOKHOCTH
MOBBICUTh B HUX KOJIMYECTBO TBEPJIOHM (a3bl. JMHaMHueckoe HampsiKeHUe CIIBUra
CycrieH3mii ¢ TIoBbIIeHHeM TeMrepaTypsl 10 60°C yBeanunBamoch B 2 pasa.

[Ipu wucnonb3oBaHuu B KaydecTBe crabunmzaropa NaOH nunamuyeckoe
HaIpspKeHUe CABUTAa MOHOTOHHO YBEJIMYMBAJIOCH, HANpUMEpP, MpU J100aBICHUU
NaOH B kommyectBe 2,0% BeJIMYMHA JUHAMUYECKOTO HAINPSHKEHUS CIIBUTA
yenmunBaercs ¢ 9,0 ITa mpu temmeparype 20°C mo 16,0 Ila mpu 60°C.
JluHamMuyeckoe HalpshKEHUE CHIBUTAa Y TOIUIMBHBIX CYCIEH3UMH C J100aBKOM
Ca(OH), Takxe yBeaMYMBAETCS C MOBBIIMICHUEM TEMIIEpaTyphl, HANPUMEpP, MPHU
nob6askax Ca(OH), B xonmuuectBe 2,0% BenuuMHA AUHAMHUYECKOTO HAMPSHKCHUS
caBura ysemmumBaetcs ¢ 8,5 ITa mpu temmeperype 20°C mo 14,5 ITa mpu 60°C.

Bnusinue pH nucnepcrnoHHOM cpeabl Ha BA3KOCTh M cTabuibHOCTE BYTC
Ha pwuc. 3 mnpencraBieHa 3aBUCUMOCTh BsizkocTh BYTC 0T KOHUEHTpauuu
BBojiumMoro NaOH u pH cpenpl. Buano, uto juis Bcex 3-X U3ydeHHBIX Mpo0 yriei
Bs3kocTh BYTC mMmeeT MUHMMalbHOE 3HaueHUE npu KoHueHTpauuu NaOH B
0,5% wu pH cpenpt 8-9. Anonornunasi KapTuHa HaOMIOAAETCS U MPU MPUMEHEHHUH
Ca(OH)z

Bonanble pacTBOpBI 1€NOYeH, pearupys C YIVIEM Ha [EPBOM CTAaAUU
MEPEBOIAT T'YMUHOBBIE KHUCIIOTBI B WX HATPUEBBIE M KaibLMEBble coinu U pH
CYCIIEH3UHU IIPU 3TOM IIPAKTUYECKU HE U3MEHAETCA. [Ipr MabIX KOHIEHTpALUAX
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Puc. 3. 3aBucumoctb BSI3KOCTH
BYTC or konuvecTBa BBOIHMOIO
ruapoxcuaa Harpusi u pH cpensr: 1
— 35% cycneH3uss AHIPEHCKOro
yrasa wmapku 2BIIK; 2 - 45%
CyCIeH3Hs KOHJIUIIMOHHOTO
TOBAPHOI'0 yris MapKH
2BOMCII-B1; 3 — 50% cynen3us
KOHIMIMOHHOI'O0 TOBAPHOIO YIS
mapkun 2bOMCII-B2

o
B

Bmxocts ctpyeTypHas, [la: ¢
b +a
b b

P
| | | | =

0,5 1,0 1,5 2,0
KoAwmduecTeo MalH, mac, %
| | | g
8 11 12 13
pH cpeabl

I eJI0Yn HepBBIﬁ 9Tall €€ BSaHMOHCﬁCTBHH C YI'JICM OIIMCBIBAKOTCA YPABHCHUSIMMU !

OH ONa
2H

R/ + 2NaOH ——> R< - 20

\COOH COONa

OH OH

R R

\COOH co—__

+ Ca(OH), — __—Ca + 2H,0

/COOH /CO
R R

\OH \OH

rae: (R(OH)COOH) — rymMuHOBBIE KHCIIOTHI YIJIS.

3atem, ¢ yBenumueHueM coaepxkanus NaOH u Ca(OH),, crnemyer mepexon
ryMuHoB B pactBop. I'ymatel Na u Ca crabunmuzupytor BYTC u nosbimaior ee
BSI3KOCThb. BSI3KOCTh M JUHAMHYECKOE HANPSIKEHUE CABUTA OINPENEIAIOT yIpPYyrue
CBOMCTBA CYCIIEH3UI M 3aBUCSAT OT XapaKTepa B3auUMOJICUCTBUS TBEPABbIX YacCTHUIl B
xKuakon (dase.

3HauMTeNIbHAs YacTh CTAOWIM3HUPYIOUIUX J00aBOK (JUTHOCYIb(MOHATHI,
yraemenouynoit peareHT-Y I[P, NaOH, Ca(OH), u np.) uMeeT IIENOUYHYIO Cpenay.
3aBUCUMOCTh CTPYKTYypHO#l Bsizkocth BYTC oT koimyecTBa BBOAUMOW IIEIOYH
MMEET HKCTPEMAJIBHBIA XApaKTEP C MUHUMYMOM B MHTEpPBaJIE KOHLICHTPALMHA OT
0,2 no 2,0% (puc.4). YBenuuenue cojaepkanus menoun g0 1% npuUBOIUT K
PaCCIIOEHHUIO CYCIIEH3HH ¢ 00pa30BaHUEM KECTKOro ocajika. B nurepatype aTomy
dakty gaHo cieayrolee 0ObSICHEHHE: BOJHAS LIEJI0Yb, pearupys ¢ OypbIM yriem
Ha TEPBOM CTaJuU NEPEBOJIUT B BOJAHYIO (ha3y T'YMHHOBBIE KHUCIOTBHI B BHJIE UX
HaTPUEBBIX COJIEH:

NaOH+(HO — Humin)y, oy, — (NaO — Humin),g, + H,O
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rae: (HO — Humin)y,oy, — ryMuHOBBEIE KHCIOTHI B yrie, (NaO — Humin),gu, —
pPacTBOPHUBILIUECS HATPUEBBIE COJIM TYMHUHOBBIX KHCJIOT. HaTpueBbie comnu
T'YMHHOBBIX KHCJIOT B BOJIC HaXOASATCS B BUJE HCTUHHOTO PacTBOpa WU MMEHHO
takoe coctosiuue umeer BYTC npu 607b1IMX KOHIIEHTpaUsX 1mesnoyu (6omnee 0,2-
2,0%, puc.4), obecrieynMBaOIINX MOJHBIN NEPEX0]] TYMHUHOBBIX KUCIOT B UX COJU
[Ipu ManbIX KOHLEHTpAIMAX MIEJI0YM TEPBBIA ATal €€ B3aUMOJICUCTBUA C yrieM
OMHCHIBAETCS BBIIIETIPUBEICHHBIM YPAaBHEHUEM:
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Koauuecteo NaOH, % Koauuectso Ca{OH), %

a

Puc.4. 3aBucumocts cTpykTypHOii Bsizkoctd BYTC Ha ocHOBe aHIpeHCKOro yrijs
Mapku 2BIIK oT koMyecTBa BBOAUMBIX IIACTU(PUKATOPOB — THAPOKCHIOB HATPHUA (a) U
Kajabuua (0).

(NaO-Humin) e, +(HO-Humin) o, —(HO-Humin),eq, H(NaO-Humin) oy,

a 3aTeM CIEAYET CTaaus TUAPOIM3a COJEU T'YMHHOBBIX KHUCIOT U MUIPalUU
MOHOB HATpUsl W3 pacTBOpa B TBepAyw (¢azy yris. DTOT Mpolecc MPOoTeKaeT
MMEHHO TPU MaJIbIX KOHIEHTpPAUMSAX IIEJI0OYM W TMPUBOAUT K KOAryJsIIUU
TYMHUHOBBIX KHCIIOT, TEPEXOJy HCTUHHOIO pacTBOpa B KOJUIOMJIHBIM — TE€lb
T'YMHHOBBIX KHCJIOT, KOTOPBIM CTaOWIM3UPYET BOJO-YIOJBbHYIO CYCHEH3UIO U
CHMXKaeT €€ BI3KOCTh. Takum o0Opa3om, MOKa3aHO, YTO 3aBHUCUMOCTbH BSI3KOCTH
BYTC or kxonumyecTBa BBOJMMOW IWIENIOYH HMEET 3KCTPEMAJIbHBIA XapakKTep ¢
MUHHMYMOM B MHTepBaJie 3HaueHui KoHueHntpamuii ot 0,75 no 1,0%.. B ta6n. 3
MPUBEJICHBI PE3YIBTATHI UCCIEA0BAHUS BIUSHUSA MPOJOJDKUTEIBHOCTH ITOMOJIA Ha
crerieHb m3MenbueHus u coiictBa BYTC. M3 pgannpix Tabn. 3 BHAHO, YTO C
yBEJIUYCHUEM TMPOJOJDKUTEIBHOCTH IOMOJIa BBIXOJ (pakiuyd dYacTUIll yIJis
pasmepom MeHee 50 MM (Rsp) pacTeT 1 B CBSI3M C 3TUM yBEIMUYMBACTCS BS3KOCTH
BYTC u ee crabunbHOCTb. ¥YcTaHoBieHO, uto s noiaydenus BYTC ¢ 80% Hbim
coaepxkanreM (pakiuu yactuil yris pasmepom Menee 50 mxm (Rso) mocrarouen
50-60 MUHYT MOMOJIa IPU UCIOIB30BAHUY 1IAPOBOW MEIbHUIILI THIIAa MBJI.

44



Taéauna 3
Bansinue npoxo/KuTeJIbHOCTH IMIOMO0JIA HA CTENEeHb U3MeJIbYeHUs U CBOCTBA
BYTC*,nonyuyennnix Ha ocHoBe yriei 2BIIK, BOMCII-b1, BOMCII-b2 n

1CCKOM
[Iponomxu- Octartok Ha cute, % Peonornueckue XxapakTepUCTUKH
TEABHOCTD Rso Ruoo Werp, 1a € To, I1a Cralbuib-
[IOMOJIa, MUH. HOCTb, CYTKH
Anrpenckuii 0ypsiit yrosnb Mapku 2BITK
10 46-44 3-4 1,87 29 1
20 30-32 1-2 1,89 28 2
30 18-20 ~ 1,0 2,03 24 5
40 15-17 ~0,7 2,52 15 20
50 12-14 ~0,3 2,58 14 30
60 8-10 ~0,1 2,58 14 40
AHTrpeHCKUH KOHJIUIIMOHHBIN ToBapHbIi yroibs Mapku 2bOMCIII-b1
10 48-46 3-4 1,88 28 1
20 34-32 2-3 1,90 26 2
30 22-23 2-1,5 1,92 26 4
40 18-20 ~ 0,75 2,03 24 17
50 14-16 ~0,5 2,2 20 25
60 10-12 ~0,2 2,3 18 35
AHrpeHCKUi KOHIUIIMOHHBIN ToBapHbIN yroiabs Mmapku 250MCIII-B2
10 52-53 4-5 1,86 29 1
20 36-38 2-3 1,90 26 2
30 24-27 1-2 1,94 25 3
40 22-25 ~ 1,0 2,0 23 15
50 18-20 ~0,5 2,1 22 20
60 15-16 ~0,3 2,1 22 30
[Haprynckuit kameHHsbIi yroias mapku 1CCKOM

10 47-45 3-4 1,75 36 1
20 33-35 2-2,5 1,78 34 2
30 20-22 1,5-1,0 1,82 32 4
40 16-19 ~ 0,75 1,84 27 18
50 12-13 ~ 0,4 1,89 28 26
60 9-11 ~0,1 1,90 26 36

¥Conepxanne TBepaoil hassr BYTC st Gypsix AHrpeHckux yriei mapok 2BITK, 2BOMCIII-
b1l u 2BOMCII-B2 cocraBasgert,%; 38,8-40,0; 43,6-45,0; 2 47,8-49,2 cOOTBETCTBEHHO, a IJIs
[Haprynckux yraeit mapku 1CCKOM — 51,8-53,6%.

Biusinue xectkoctu BOAbl Ha BenumuuHy Bsiskoctu BYTC. HccnenoBaHo
BIIMSIHUE BOJbl Pa3JIMYHOM JKECTKOCTHM Ha peojorudeckue cpoiictBa BYTC,
MOJIYYCHHBIX Ha OCHOBe KaMmeHHbIX [llapryHckux u OypbIX AHIPEHCKUX YyTIEH.
Jns npurotoBinenuss BYTC wucnonp3oBajiach BoAa pPa3IMYHOM KECTKOCTH: 1—
muctuuupoBanHas (0,0 mr-ske/m); 2 — BomompoBoaHas (2,5 Mr-ske/m); 3 —
npou3BoJCTBeHHass crtouHas (4,4 mr-sks/m); 4 - apte3uaHckas (6,4 Mr-sks/i).
OnpeneneHa 3aBUCUMOCTb CTPYKTYPHOM BSI3KOCTH BbllieykazaHHbIXx BYTC ot
coliepKaHus BOJIbI U TBepAoH (a3bl. I3 puc.5 BUIHO, YTO ¢ MOBBIIEHUEM OOIIEH
KECTKOCTH 100aBIsieMOil BOJIbI CTpyKTypHas BsizkocTh BY TC Bo3pacraer.
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Puc.5. 3aBucumoctsb cTpykrypHoii BsaskocT BYTC, noJjiyueHHbIX Ha OCHOBe
IMaprynckoro yrias mapkun 1CCKOM (a) u Aurpenckoro yrJst Mapku 2BIIK (6) ot
cojep:xaHusi TBepaoi ¢ga3pl u miacrudukaropa Ca(OH); npu ucnob30BaHUM PA3JTUYHBIX
BU/I0B BOJ B KayecTBe cpelbl: 1 — IMCTHIIMPOBAHHAs, 2 — BOAONIPOBOAHAS, 3 —
NMPOM3BOJACTBEHHASA - CTOYHAS; 4 — apTe3uHCKas ¢ ooweil :xecTkocThio 05 2,5; 4,4 u 6,4 mr-
JKB./JI, COOTBETCTBEHHO.
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Puc.6. 3aBucumocthb cTpykTypHOii BsiskocTH BYTC, noJjiyueHHbIX Ha OCHOBe
Il aprynckoro yrias mapkun 1CCKOM (a) u Aurpenckoro yrJst Mapku 2BIIK (6) ot
coaep:kaHud TBepaoi Ppa3bl U miaactupukaropa NaOH npu ucnosib30BaHNH pa3jIddHbIX
BU/I0B BO/J B KayecTBe cpelbl: 1 — IMCTHIIMPOBaHHAsA, 2 — NUTheBasd, 3 —
NMPOM3BOJACTBEHHO- CTOYHAS, 4 — apTe3uHCcKasi ¢ o0mieil :xxecTtkocThio 05 2,5; 4,4 u 6,4 mr-
JKB./JI, COOTBETCTBEHHO.
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[enecoobpa3HO MCHOAB30BAHUE MPOU3BOJCTBEHHON CTOYHOM BOJBI, T. K. €€
oOmas ’kecTkocTh cooTBercTByeT HopmaM IIJIK u onHOBpeMeHHO 3TO
HPKOHOMHMYECKH BbIrOAHO. M3yueHo Taxke BnusHHe cTabunuzaropa NaOH nHa
peonornyeckne xapakrepuctuku BYTC, npuroToBiaeHHbIX Ha pa3HbIX BUIaX BOJ
(puc.6).YcranosieHo, urto npumeHeHue NaOH no 1% mno3BoisieT CHUBHUTH
Bsi3kocTh BYTC B 1,5-2,0 pa3a, uto maet Bo3MoxHOCTh nosryuuth BYTC ¢ Gonee
BBICOKUM COJiepKaHUeM TBepaoH (a3bl.

AHanu3 pe3ynbTaToOB HccieAoBaHU (puc.5 u 6) mokasan, yTo Haumbojee
npuemiieMble BenuuyuHbl Bsi3KocTH BYTC pocTynmHyThl nOpH TONYYEHHH C
UCIIOJb30BAaHUEM  JUCTWJIMPOBAHHOW W IUTHEBOM  BOJBI, OJHAKO 3TO
SKOHOMHYECKH HEBBITOJHO, MO3TOMY i npurotoBieHus BYTC pexomeH10BaHO
MCIIOJIb30BaHUE TPOU3BOICTBEHHON CTOYHOU BOJIBI.

[lonyyenne BYTC wMoaudukanueil anrpeHckux yrie wMasytom. Jlis
MOBBIILIEHUS TEIJIOTBOPHOCTU U cTabwibHOCTH nonydeHHbIX BYTC  Obuin
MPOBEJICHbl HCCIENOBaHUS MO uX Moaudukanuu wMazyroM. Ha ocHoBe
Moaudukauuu  AHrpeHckux yriaed wmazyrom u  NaOH (B maccoBbIx
COOTHOUIEHUAX: yroib — Boaa — Ma3zyT — NaOH. — [TAB = 120 + 130-165 + 12-48
+ 1,2+ 2,5-3,3) noay4eHsl CUCTEMBI C KOHIICHTpAIUeH TBEPAOU AUCTIEpCHOM (ha3bl
mst: yraa mapku 2BIIK- 42,10 %; yroa mapku 2BOMCIHI-b1 — 46,15%; yras
Mapku 2BOMCIHI-B2 — 48,0% (tabn.4). V3 npuBeaeHHBIX B TaOIHUIE JaHHBIX
BUAHO, uyTo mia BYTC, nonydyeHHbix Ha ocHoBe yriei mapok 2BOMCHI-BI u
2bOMCHI-b2, npu MoanpUKALIMK Ma3yTOM BEJIMYUHBI UX BSI3KOCTHU MOBBIIIAIOTCS
HE3HAYUTENIBHO 10 CPABHEHHUIO C BSA3KOCThIO BYTC, monyyeHHBIX HA OCHOBE YTJis

mapku 2BIIK.
CenvMEHTAUMOHHAs YCTOMYMBOCTh M3YYEHHBIX CHUCTEM IIOBBIIIAETCS C
yBEJIMUEHHUEM CcOJepkaHud MojudukaTtopa - Maszyra. H3MmeHeHHe BSA3KOCTH

MOJIYYCHHBIX CHCTEM BBI3BAHO KakK MoOJu(UKAIUMENd MOBEPXHOCTH YaCTHUIL
aucnepcHoi (as3bl 3a cueT 00pa3oBaHUS HAa HUX aICOPOLIMOHHBIX CIOEB, TaK M 3a
CYET U3MEHEHHUS XapaKTePUCTUK AUCTIEPCUOHHOMN Cpe/bl MPH MOMaJaHuu MOJIEKYI
MOAU(PUKATOPOB KaK Ha IMOBEPXHOCTb, TaK M BO BHYTPEHHHUE OOBEMBI YACTHIL
TBepAoi ¢aspl. Creayer OTMETUTb, YTO MPU TNPUMEHEHUH OTPAHHUYEHHO
pacTBOopuUMOro B Boje Moaudukatopa (Mazyra) MNPOUCXOIUT oOOpa3oBaHUE
AMYJIbCHH.

[loBEepXHOCTHBIE  XAapAaKTEPUCTUKH  YrOJbHBIX  YacTUI[ W  CBOWCTBO
JUCIIEPCUOHHON Cpelbl BIUSIOT HAa HMHTEHCHUBHOCTH B3aMMOJEHUCTBHUS MEXIY
YacTHIIAMM M Ha CTENeHb CTPYKTYPUPOBAHUS CHCTEMbI, CJIE€IOBAaTEIbHO, B
KOHEYHOM CcuYeTeé U Ha BI3KOCTh IOJlydaeMblXx cucteMm. [lpumeHeHue
MoAu(pUKaTOpa—Ma3yTa  NPUBOJUT K  TMOBBILIEHUIO  CEIUMEHTAIlMOHHOMN
yctounBoctd BYTC ¢ nocneayronuM — MOBBIIIEHHEM  JHEPTETHUECKOMN
() PEKTUBHOCTH UX CTOpPaHUS.
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Tabanna 4
Xapaxkrepuctuku BYTC, nosiy4eHHbIX Ha 0a3e AHIPEeHCKHX OYpBbIX yrJjiei
nocJie ux moaupukanuu gro6askamu NaOH u mazyra

R o = ) ) S

= 3 = R N : : 1 =

T2 | §%F |Eo |Eo | Eg8

CocraB BYTC, r Es . | B8 e . £ 2 4 F g £ 8

s > 5 E 3 2 3 3 2%

Q = M o) = o) = SIS

= a g g o] Z & Z & g o

I 0 565 ¢ B &8 E 3 N

S A 3 = =

A 3 m aa >
2BIIK — 120 ; Boga — 165 ;
NaOH — 1.2: TIAB — 2.86 42,10 36,80 1,61 1,73 20-25 cyTok
2BIIK -120 ; Boga—165 ; 0os1ee OJHOTO
NaOH - 1,2; TTIAB — 3,0; Mazyr—12 42,10 41,01 1,63 1.82 MecsIa
2BIIK -120; Boga —165; 0os1ee OJHOTO
NaOH - 1,2; TTAB - 3,1; Magzyr —24 42,10 45,22 L.73 211 Mecsia
2BIIK -120; Boga—165; 0os1ee OJHOTO
NaOH — 1,2; TTAB — 3,2; Mazyt — 36 42,10 4943 2,81 3,12 MecsIa
2BIIK -120; Boma—165; 0os1ee OJHOTO
NaOH — 1,2; TTAB — 3,3; Mazyt — 48 42,10 33,64 3,72 4,65 MecsIa
2BOMCIII-B1-120; Boma - 140;
NaOH — 1.2 TIAB - 2.6 46,15 30,00 1,54 1,75 20-25 cyTok
2bOMCII-b1-120; Boga — 140 0os1ee OJHOTO
NaOH - 1,2; TTAB - 2,7; Mazyt — 12 46,15 34,62 1,62 1.84 Mecsia
2bOMCII-b1 -120; Boma - 140; 0os1ee OJHOTO
NaOH - 1,2; TTAB - 2,8; Mazyt — 24 46,15 39,24 1,66 1,86 MecsIa
2bOMCII-b1 -120; Boma - 140; 0os1ee OJHOTO
NaOH — 1,2; TTAB — 3,0; Mazyt — 36 46,15 43,86 1.81 1,98 MecsIa
2bOMCII-b1 -120; Boma - 140; 0os1ee OJHOTO
NaOH — 1,2; TTAB — 3,1; Mazyt — 48 46,15 48,48 2,02 2,22 MecsIa
2BOMCII-B2 -120;Boxa — 130;
NaOH — 1.2: TIAB — 2.5 48,0 20,64 1,46 1,37 20-25 cyTok
2bOMCII-B2 -120;Boga — 130; 0os1ee OJHOTO
NaOH- 1,2; TTIAB - 2,6; Mazyt — 12 48,0 2544 1,50 1,64 MecsIa
2bOMCII-B2 -120;Boga — 130; 0os1ee OJHOTO
NaOH — 1,2; TTAB - 2,7; Mazyt — 24 48,0 30,24 1,66 L7 Mecsia
2bOMCII-B2 -120;Boga — 130; 0os1ee OJHOTO
NaOH — 1,2; TTAB — 2,9; Mazyt — 36 48,0 35,04 1,70 1,94 MecsIa
2bOMCII-B2 -120;Boga — 130; 0os1ee OJHOTO
NaOH — 1,2; TTAB — 3,0; Mazyt — 48 48,0 39,84 1,95 2,07 MecsIa

C nenbio noBbIIeHUs1 cTabmIbHOCTH U TekydecTd BYTC u3 HU3KO30JbHBIX
yriaeid ObUTM MPUMEHEHBI pa3InyHble CTAOWIM3UPYIOMINE U IIACTUPUIIUPYIOITHE
n00aBKH: TUIPOKCHUIBI HATpusi W Kaiubluss B koiauuectBe 0,75-1,0%, IIAB B
konuyectBe 1,0%, a Ttaxxke ma3zyt B konuuectse 4,0-16,0% B pacuere Ha cyxou
yroib. CienyeT OTMETHTh, uTo crabunusupyromnue no6aBku NaOH u Ca(OH),
o0yciaBnuBaloT yctounBocTh (ctabunbHocTh) BYTC, a no6aska I[TAB (0,05%-
Heli pactBop monumepa MIIK-1) nossimator texkydects BYTC mno cucremam
TpyOOInpoBOAa TOAQYM W  CXKWUTaHWS TOIUIMBA. AHAJIW3  MPOBEICHHBIX
MCCIIeIOBAHUM TOKa3ajl, 4TO OCHOBHBIM HemoctatkoM BYTC, monydeHHBIX 06€3
n00aBKH CTaOUIIN3aTOPOB, SBJISICTCS UX HHU3Kas YCTOWYHMBOCTH (CTAaOWUIBHOCTH) U
TEeKy4eCTh, 00YCIIOBIEHHbIE HEAOCTATOUYHON MPOYHOCTHIO CUCTEMBI <CKHJIKOCTh —
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TBepAas ¢aza». s mnoBblieHUs ycTOWYMBOCTH M Tekyudectd BYTC Obuin
MpUMEHEHBI MasyT, mienounbie n1o6aBku — NaOH, Ca(OH), u ITIAB. B pe3ynbsrate
MOJIYY€HO TOIUIMBO, MPUTOJHOE K 1-2 MeCcSYHOMY XpaHEHUIO 0e3 pa3pylleHHs, C
coxpaHeHHeM (U3UKO-XUMHUYECKHX CBOMCTB, C YMEPEHHOM TEKydecTbhlo U
OTHOCHUTEJIBHO  BBICOKOM  TEIUIOTBOPHOCThIO.  I[IpuHIunuaneHas  cxema
npou3BogactBa BYTC 1o TpaguumMoOHHONW TEXHOJOTMM NIPUBEIEHA Ha puc.’.
[lonyyennass BYTC cnoco6Ha 3amemath Ma3yT M HOPUPOAHBIA Ta3 B
HPHEPreTUYECKUX YCTAaHOBKAX MPAKTHUYECKH Oe3 MepeiesiKu CHCTeM TOIIUBa-
CHAOXKEeHMUS.

1-rpy3oBasi MalIMHa ¢ yrJiem; 2 - mapoBasi 0apaéanHasi MeJIbHMIA; 3 - cUTa; 4 - 103aTOP
JJIS TI0Ja4YM BOJABI; S - BeHTWIb; 6 - pacxoaomepbl; 7 - 0011as éMKOCTb; 8 - EMKOCTD IS
Ma3yTa; 9 - éMKocThb Ui pacTBopa meaouu; 10 - émkocTs s pacreopa [1AB; 11 -
cMecuTesib; 12 - Becbl; 13 - no3aTop nis nogauun BYTC B emkocTh roTOBOM NPOAYKINH;
14- emxocThb 15 roToBbIX BYTC; 15- no3arop s nogaun BYTC Ha cikuranmue

Puc.7. lIpyHuMnnanbHas TEXHOJIOTrH4YecKasi cxema npurorosjenus BYTC

Takum oOpa3oM, ycTaHOBIEHA B3aHUMOCBS3b MEXKIY TEXHOJIOTHYECKUMU
napameTpaMu U xapakrepuctukamu noiaydaembix BYTC u3 Oypbix AHIPEHCKUX U
kameHHbIX [llapryHckux yried, B KOTOpBIX COAEp>KaHHE TBEpAOH (asbl
HOXoAUTCA B mpenaenax 45-52 %, a ynenbHas TEIUIOTA CrOpaHUS MX COCTABISICT
2900 kxamr/kr (12,2 MXK/kr). OmnpeneneHo BAMSHUE HAa TEXHOJIOTMYECKHE
xapakTtepuctuki BY TC TemmepaTypHbIx Konebaunuii B guanasone ot 20 1o 60°C.

B uerBeproii rnase nuccepauuu «TeXHOJOrM4yeckas cxeMa CKUTaHUA M
NpoBe/leHHe NMPOMBINUICHHBIX MCNBbITAHMNA nmojay4eHHbIX BYTC» npusenensl
JAHHBIE 10 COKUTAHWI0 W IPOBEICHUIO ONIBITHO-IPOMBIIUICHHBIX HWCIBITAHUN
nosyyeHHbIX Tomms — BYTC.

TexHonmornueckas cxema C)KWTaHHs NONy4eHHbIX yctoiumBeix BYTC. B
JAHHOM pa3liefie AMCCepTalliyd HCCIEeIO0BaHbl KaK IMPOIECC CXKUTaHUs OyphIX U
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KamMeHHbIX yrieid Anrpenckoro u IllapryHckoro mectopoxaenuii B Buae BYTC,
TaKk W BIUSHUE crocoba po3xKUIa Ha CTAOMIM3AIMIO Mpolecca UX ropeHus. B
IapOBOM MEJIBHMIIE YrOJIb W3MEIbYaIN MPEUMYIIECTBEHHO 10 pazMepa 50 MKw,
MIPUYEM MAKCUMAJIBHBIM pa3Mep YacTHUIl HE MpeEBbIIAN MM, a coaepKaHue 4acTull
¢ paamepom MmeHnee 0,05 mMm coctapisuio 78-80%. IlonyyenHoe TOmImBo 001a1a1o
CIENYIONIMMHU  XapaKTepUCTUKaMM: CcojAepkaHue TBepaod ¢aszer -  36%;
KOHIIEHTparus: 100aBok masyrta - 6%, ruapokcuaa kambuus - 0,75% u I[TAB —
1,0% B pacuere Ha cyxywo Maccy yris; CTpyKTrypHas Bs3kocTb — 2,19 Ila c,
HavyajgbHOE HampspkeHue casura — 24 Ila, ctabunbHOCTh — 10 30 CyTOK; TerioTa
cropanus — 2900 kkan/kr (12,2 MXK/kr).

TexHOMOTHYECKHE CXEMBbl CKHIaHHUS IONY4YeHHbIX ycToumBbix BYTC
npeacraBieHsl Ha puc.8 u 9. (Cxuranue ONBITHBIX MapTUHW  TOIUIMBA
OCYHIECTBISUIOCh HA TNWIOTHOM YCTaHOBKE, OOOpPYIOBAaHHOW TOPEIOYHBIM
yctporictBoM. BYTC u3 emkoctu (1) st cxxuranus yepes go3atop (3) mogaercs K
dakenpHOM TOpenke (5) kamepbl cropanus nedn (6). Pacmeimenne BYTC
(bOpCyHKON OCYIIECTBIISETCS CHKAThIM BO3JIYyXOM C NMPUMEHEHHEM KOoMIIpeccopa
(9). B nmpomecce cxkuraHus ~CcocTaB Ta30Boil  (a3pl  KOHTPOJIUpPYETCS
razoananuzatopom (10), Temneparypa B Kamepe CXKUTaHUS U3MEPSIETCs TIATUHO -
IJIATUHOPOIUEBOM TepMornapoi, pacxoa BYTC u cxaToro Bo3ayxa onpenesieTcs
JTaTYMKOM JaBiieHus: 1 MaHoMeTpoM (4) u (8). Hns pozxura BYTC npumensiercs
daxenpHas ropeinka (5) ¢ npousBoautenbHoCcThI0 100 kBT/vac. IlepBonayanbHbIN
pa3orpeB MpoBOAMUTCS B (akenbHON ropesike (5), ¢ UCHOJIBb30BEHUEM rasa (Wiu
masyra) g0 temmeparypubil 100-1150°C. 3areM OpPOBOAMTCS COBMECTHOE
cxuranue BYTC ¢ mpupoasabiM razoM (Wiu MasyToM). B nanbHeiiem coxuranue
BYTC ocymiecTBasieTcsi CaMOCTOSITENBHO.

BYTC ¢cy4acTea
IPHTOT! 15

5 l. CMech HPOJYKTOB CTOPAHHA
BY¥TC c pozgyxom

iy

y

H
O A R A R S A A R R R R R R R R R AR

CUCAAAANAN
1
3
| £
|

1- emkocTh A5 roroBoii npoaykunu BYTC, 2- BenTniu; 3- nozarop aasa nogauu BYTC na
C:KMTraHMe, 4- pacxogoMmep, 5- (pakejbHasA ropeika, 6-kamepa cropanus 1ne4u, 7-BeHTHJIb
AJIs IBAKyalHH 30J1bl, 8-MaHOMeTp, 9-KoMmpeccop AJisl I0Ja4u Bo3ayxa, 10-
ra3oaHajim3aTop
Puc.8. [IpuHuunuanbHas TEXHOJOTHYECKAsl CXeMa CoKMTAHUS NPUT0TOBJICHHOM
BYTC
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Texnonorust mnpousBojactBa BYTC mno3BONsS€T MOAYYUTH TOIUIMBO C
3aJIaHHBIMU TOTPEOUTENHCKUMHU CBOMCTBaMHU. M3BECTHO, YTO TEIJIOTa CropaHus
BOJIO-YT'OJILHOTO TOIJIMBA M3 KaMEHHBIX yrien gocturaet 3500 kKkayl/Kr; u3 OyphixX
— 2900 kxan/kr (12,2 MXK/kr) npu coaepxanuu tBepaoit gazsr 40-52 %. Baxno,
9yTO TeXHOJOrus npousBojactBa BYTC mo0oro 3ajaHHOTO cOcTaBa U CBOMCTB HE
npeanojaraeT NpUMEHEHUsT XUMHYECKUX W TePMHUYECKHMX METOJ0B 00pabOTKU
yIis A BOJBI, 4YTO MPEAONPENENIET OTHOCUTEIBHO HEBBICOKYID CTOMMOCTH
KOHEYHOT'0 MPOJYKTa, JAEJAIOIIEr0 €ro KOHKYPEHTO - CIOCOOHBIM C KUIKUM U
ra3000pa3HbIM TOTUTMBAMH.

B pesynbTaTe NpOBENEHHBIX SKCIEPUMEHTOB pa3pabOTaHbl W HAYYHO
000CHOBaHBI METOJBI M CpeCcTBa TMOBbIIeHUs dPdekTuBHOCTU Coxkuranuss BYTC
3 Aarpenckux u lllaprynckux yrieit Y30ekucrana B TOIIOYHBIX YCTPONCTBAX.

VY CTaHOBJIEHO, YTO TPUMEHEHUE CUCTEMBI (PAKETHLHOTO COKUTaHUs MTO3BOJISIET B
MUHUMAJIBHO KOPOTKOE BpeMsi OOECNEYUTh POIBKUT M CTAOMIM3ALUIO TOPEHUS
BYTC. K npeumymectBam 3¢ dextuBHOTO ucnoib3oBanus BYTC otHocsTCS
cienytonie (hakTopbl: BO3MOXKHOCTH HCIOJB30BAHUS CPEIHE U HHU3KOCOPTHBIX
yrieil nipu u3rotoBieHu BYTC U MOBBIIEHUS HEPIETUYECKOTO IMOTEHIIAANIA
VIJsi; B3pbIBO- W T0KapoOE€30MacHOCTh, CHIKEHHME BpEIHBIX BBIOPOCOB U
3ambUICHHOCTH aTMocdepbl Mpu uX ucnosb3oBanuu. [Iporecc ropenuss BYTC
XapakTepusyeTcs BhICOKOM MmosiHOTOM Bhiropanus (98,0-99,7%), uro oObsacHseTCs
M3BECTHBIM MHEHUEM O TOM, UYTO COJAEPKAILINICS B JUCIIEPCUOHHOMN CPEE TOIINBA
KHCJIOPOJI MIPAET POJIb NPOMEXKYTOYHOTO OKHUCIUTENS NPAKTUYECKH HA BCEX
CTaJAMsIX €ro TOpeHHsi U TeM CaMblM aKTUBHPYET MOBEPXHOCTh TBEpAOH (pa3bl
TOIUIMBA, B PE3YJbTATE€ YEro BOCINIAMEHEHHWE €€ pACHBUICHHBIX YacTHYEK
HAYMHAETCSI HE C BOCIUIAMEHEHHMs JIETYYHX KOMIIOHEHTOB, a C TIE€TEpOT€HHBIX
pEaKIMil OKUCIIEHHS HA UX IIOBEPXHOCTH.

Puc.9. Cixuranme BoOIO-

yroJbHO -  TOIJIMBHOM
cycnensuu (BYTC) B Tonke
CYLIMJILHOM neym

Anrpenckoii 3U® AO
«AaMmaabikckuii I'MK» ¢
HCNoJb30BaHeM (dakeib-

HOW OpeJKH MOIIHOCTHIO
100 KB1/4

%

L Sliz18/2014 10

ONbBITHO-NIPOMBIIIJICHHBIE ~ UCMBITAHUA  TexHosorun cxuranus BYTC.
OnBITHO-NIPOMBIIIEHHBIE UCTIBITaHUA TeXHOJIOTHH cokxuranus BYTC, nonydeHHbIX
Ha OCHOBE OyphIX AHTpEeHCKUX U kKameHHoro [llapryHckoro yriei, mpoBOIUINCH B
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Tonke cymuiabHOoro mnexa AHrpeHckorl 3UD (AO «Anmanbikckuit 'MK») npu
CYLIKE€ KOHLIEHTPaTOB OJaropoJHbIX METAJUIOB B  ycioBusAX (aOpuku B
nepuoabl ¢ 18.07.2013 r. m020.07.2013 r. u ¢ 14.11.2014 r o 18.11.2014 r.
Pacxon tomnmuBHOM cycnen3un coctaBwi 30 kr/gac. Ucneitannem BYTC
YCTAHOBJIEHO, YTO UMEET MECTO HOPMAJIBHOE €€ FOPEHUE MO CPABHEHHUIO C HBIHE
UCIIOJIb3yeMbIM Ma3yToM. lIpoBelleHHBbII CpaBHUTEIBHBIM pacyeT pacxoja u
CTOMMOCTH HCIIOJIb3YeMbIX TOIUIMB (Tabi.5) mokazaja, 4YTo NpU CTOMMOCTH
ucnosb3dyemoro maszyta 748410 cym/t u HoBoro TommBa BYTC 78000cym/T ¢
ydyeToM uX pacxona 1,62 T/cyTku u 5,3 T/CyTKH, COOTBETCTBEHHO OKHIaeMBbIH
roJI0Boi 3KoHOMUYecKuid 3pPext coctaBut 291,6 MIH.CyM.
Tabnuna S
CpaBHUTEJIbHBIA PACYET IKOHOMHYECKOH I(PPEeKTUBHOCTH BHEAPECHUA
HOBOro BuJa TominBa — BYTC B3ameH TpaiuIIMOHHOI 0 Ma3yTa,
npuMeHsaeMoro Ha Aurperckoit 3SU® AQO «Anmanbikckuii 'MK»

Ne \ HanmenoBanue \ En.nsm. \ Ilokasarenn
A. JlaHHBIEC MO CYNIECTBYIOMIEN TEXHOJIOTHH C UCIIOJIb30BAaHUEM Ma3yTa
1 | CyrouHblii pacxoa Ma3yTa T 1,62
I"ooBO# pacxon Mazyra T 591,3
2 | llena ogHOM TOHHBI Ma3yTa CyM/T 748410
3 | 'onoBoii pacxo] Ha 3aKylKy Ma3yTa
591,3-748410=442534833 cym MJTH.CYM 442,53
b. Jlannsle no npenangaraeMoil TeXHOJIOTUH ¢ ucrnosb3oBanueM BYTC
1 | Cyrounsiii pacxog BYTC T 5,3
I"onoBoii pacxon BYTC T 1934,5
2 | llena oxHo# ToHHBI HOBOTO BUja TorumBa BYTC-1 CyM/T 78000
3 | 'onoBoii pacxon Ha 3akynky BYTC
1934,5-78000=150891000 cym MJIH.CYM 150,9

I"onoBoit saxkoHOMHUYeckuit 3 dexT ot 3amensl mazyta Ha BYTC 4425 — 150,9 =291,6 maH cym

Crnegyer OTMETHTh, YTO TPU TOJHON 3aMEHE MPUMEHSICMBIX B HACTOSIICE
BpeMs BHJIOB TOILIMB (Ma3yT, MPUPOAHBIN Ta3 u aAp.) Ha BYTC Ha npennpustusx
AO «Anmaneixkckuit I'MK» u pmamee B wmacmrtabax ['AK  «Y30exsnepro»
HPKOHOMHUYECKHUE TTOKA3aTeN 3HAYUTEIFHO BO3PACTYT.

3AKITIOYEHHUE

1. BnepBrie HayuHO 00OCHOBaHa BO3MOKHOCTH 3()(PEKTUBHOIO MPUMEHEHUS
HU3KO- M BBICOKO30JbHBIX OypblX AHIpeHCKUX U KaMeHHbIX lllapryHckux yriei
V30ekucTaHa B KadyecTBE ChIpbS JJsl MOJYyYEHHUS albTEPHATUBHBIX >KUIIKUM
HEe(PTIHBIM TOIUIMBAM BOJOYTOJIbHO-TOIIMBHBIX cycrien3uii (BYTC) u pazpaboTtan
COOTBETCTBYIOIIMIA ONTUMAIbHBIA PEXUM TEXHOJIOTUU MJII HOPMAIbHOTO H
MOJIHOTO UX CTOPAHMUS.

2. Pazpaborana Ttexnosorus mnonaydenuss BYTC Hna ocHoBe Oyphix
Anrpenckux yried mapok 2BIIK, BOMCIII-B1, BOMCIII-B2 B kommiekce co
CTaOMIM3UPYIOMUME U TactTuduuupytonumu gooaskamu NaOH, Ca(OH),, ITAB
U MonuduipoBanueM yrig Ma3yTtoM. [lokazano, uro TterorBopHocTh BYTC Ha
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ocHoBe yrisi Mapku  2BIIK cocraBmser 2900 xkam/xkr (12,2 MX/kr), ona
YBEJIMYMBAETCS, TAKKE KaK IIOKa3aTeIu CEAUMETAlHOHHOM YCTOMYMBOCTH U
tekyuectu BYTC, mnpu wux wmoaupuiMpoBaHUM  J100aBKaMHU  MasyTa,
CTAOMIN3aTOPOB U TIIIACTU(DHUKATOPOB.

3. VYcraHoBie€Ha  KOpPENSLUMOHHAs  3aBUCUMOCTb  PEOJOTHYECKOM
xapaktepuctuku BYTC oT (Qu3nko-XMMHUYECKHUX CBOUCTB yried (3071bHOCTD,
BJIArOEMKOCTb, TEIJIOTBOPHOCTH, COJAEPKAHUE JIETYUYUX BEHIECTB, KAPOOKCHIIBHBIX
U TUIPOKCWIBHBIX TPYMI), UX KOJMYECTBEHHOIO COJIEp)KaHUS B TOIUIMBHOMU
CYCIIEH3UH, CTENIEHU AUCIEPCHOCTU YaCTHI] YTJIsl, COJAEP KAHUS CTAOMIN3UPYIOLINX
nobaBok u pH  aucmepcHonHo#t cpenbl. [lokazaHo, 4Tto y o0O0pabOTaHHBIX
ONTHUMAJIbHBIMU KOJIMYECTBAMHU J100ABOK CTAOMIM3aTOPOB U IUIACTU(PHUKATOPOB
(NaOH, Ca(OH),, ITAB) TomiMBHBIX CYCNEH3MI HX IOKa3aTelu CTaOMIbHOCTH,
BSI3KOCTU U TEKYUYECTH MPAKTUYECKU COXPAHSIOTCS MMOCTOSSHHBIMU.

4. BoiaBieHo, 4To cTpykTypHas Bsi3KocTb BYTC, momyyeHHbIX Ha OCHOBE
OypbIX yrieil, 3HauuTeNnbHO BbIme (2,52 [la'c y cycneH3uu, MOiay4yeHHON Ha
ocHoBe Oyporo yris mapku 2BI1K), ueM nmosiydeHHBIX HA OCHOBE KAMEHHBIX YIJIeH
(1,84 Tla:c y cycneH3uu, TOJYYEHHOW Ha OCHOBE KAaMEHHOTO YIJISI MapKu
1CCKOM), 4T0 cBsI3aHO € JOCTATOYHO BBICOKUM COJIEp’KaHUEM KapOOKCHIIbHBIX U
TUAPOKCWIBHBIX TPYIIN B MAKPOMOJIEKYJIaxX OyphIX YIJICH.

5. YcranoBneHo, uto npu no6asinenun cradbmnuzaropoB NaOH u Ca(OH), B
npeaenax 0,5-2,0% oT Macchl TOIUIMBA €r0 PEOJIOTMYECKUE MapaMETPbl OCTAKOTCS
IIPAKTHYECKH TTOCTOSHHBIME BO BPEMEHH; IPU IOBBILICHHH TeMmiepaTypbl ot 20°
0 60°C crpykrypas Bsskocts BYTC ymensinaercs Goiee geMm B 1,5-2,0 pasa, a
JUHAMHYECKOE HAIPSKEHUE CIIBUTA YBEJIIMUMBAETCS B 2 pa3a.

6. IlokazaHo, 4TO CTPYKTYpHas BSI3KOCTh U ctabuiibHOCTh BYTC 3aBucsT OT
cojiep>kaHus B Heil (pakiuu TBepaoH (a3bl ¢ pazmepaMu ydactuil yrisi Meree 50
MkM. C yBelHYEeHUEM CcojepX aHusi HTol (@pakuuu B oOwmEed macce yris
MOKA3aTeIM YKa3aHHBIX I[1apaMETpOB CYCHEH3UM Bo3pacTtatroT. CyCcneH3uu ¢
ONTUMAaJIbHBIMU 3HAYEHUSIMHU CTPYKTYPHOU BSI3KOCTH M CTAOMIBHOCTH 00pa3yroTCs
MIpU COACP)KaHUU B Macce yriisg 3Toi ¢pakiuu He Oosnee 80%, 4TO MOKHO TOCTUYD
peryJiipoBaHMEM BpeMeHU wu3MenbuyeHus yris. Halimeno, yto B BVYTCax,
MOJNy4yeHHbIX Ha ocHoBe yried mapok 2BIIK, 2BOMCII-b1, 2BOMCIII-B2 u
1CCKOM, coaepsxanue TBepaoi da3wl cocranisieT 38-40, 44-46, 49-51 u 52-55%,
COOTBETCTBEHHO.

7. IlokazaHa BO3MOXKHOCTb COKMI'aHUsSI NMOJy4eHHBIX ycToHuuBbix BYTC B
TOMOYHBIX YCTPOMCTBAaX C HCIIOJI30BAHUEM pPa3padOTaHHOW HOBOW (akeIbHOM
TOPEJKH M YCTAHOBJIEHO, YTO MPOLIECC MX TOPEHHUS XAPAKTEPU3YETCS BBICOKOU
notHOTOU BhIropanust yris (98,0-99,7%), 4ro oObsICHAETCSI U3BECTHBIM MHEHUEM
O TOM, YTO COJEpXkAUIUNCA B NHCIEPCUOHHON Cpele TOIUIMBA KHUCIOPOJ HUIPaeT
POJIb IPOMEKYTOUYHOTO OKUCIUTENS MPAKTUYECKN HA BCEX CTAAUSX €ro TOPEHUS U,
TE€M CaMbIM, aKTUBUPYET MOBEPXHOCTh TBEPJIOM (pa3bl TOILIMBA, B PE3yJIbTaTE YETO
BOCIJIAMEHEHUE €€ pPACHBUICHHBIX YACTUYEK HAYMHAETCS HE C BOCILIAMEHEHUS
JETYy4YuX KOMIIOHEHTOB, a C TE€TepOr€HHbIX PEaKIWid OKHUCICHUS Ha uX
MOBEPXHOCTH; HaiaeHo, 4to BYTC ¢ HOpMaJIbHBIMH PEOJOTHYECKUMHU
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CBOMCTBAMU MOYKHO MOJIYYUTh MPHU HCIOJIB30BAHUU HE TOJBKO BOAONPOBOJHOMN
BOJABl C JKECTKOCTBbIO 2,5 MI-3KB/JI, HO TaKXe C MPHUBJICUCHHEM OTBEYalolen
Hopmam [1JIK mpousBojcTBeHHON CTOYHOU BOABI (4,4 Mr-3KB/1I), KOTOpas Oojee
JOCTyITHA ¥ IKOHOMHUYECKH 1iesiecoo0pa3Ha.

8. Pa3paboTaH TEXHOJOrMYECKUN pPErjJaMeHT U UHCTPYKIMS TOJYyYEeHUS U
cxuranusg BYTC Ha ocHOBe OypbIX U KaMEeHHBIX yriield Y30ekucraHa, IpoBeEHbI
OTIBITHO-TIPOMBILIIEHHBIE UcTibITaHus (B nepuoasl ¢ 18.07.2013 mo 20.07.2013r u
c 14.11.2014 no 17.11.2014r.) pa3padoranubix BYTC npu ux cKuraHuu B TOIKe
cymmibHoM nieun Aurpenckoit 3U® AI'MK; skonomuueckuit a3 pext npu 3ameHe
Mazyta Ha BYTC npu nocTOSHHOM €€ MCMOJIb30BaHUU COCTAaBUT 291,6 MIH. CyM B
rog 0e3 yuyera aMOPTU3ALMOHHBIX pacxojoB. I[lpu 3ameHe NpUMEHAEMBIX B
HACTOsIIlIee BpeMsl BHJIOB TOIUIMBA (Ma3yT, NpuUpojHbii a3 u np.) Ha BYTC nHa
npeanpustusix AO «Anmaneikckuii ['MK», a ganee B macmrabax ['AK
«Y30exkaHeproy», TmoKa3zaTeau SKOHOMUYECKOW 3(PGEKTUBHOCTH 3HAYUTEIBHO
Bo3pactyT. llomydyenHeie BYTC pexkoMeHnOBaHBl B KayecTBE aJbTEPHATHUBHBIX
TOIUIMB IS LIMPOKOTO MCIOJIB30BAHUS B TEIUIO- M JHEproarperarax psaa
MIPOMBIIIICHHBIX, CETbCKOX035MCTBEHHBIX U KOMMYHaJbHBIX cep PecryOnuku.
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Introduction (annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. Owing to
decreasing of reserves of oil and gas and also increasing of their cost on the world
market, the role of solid fuel in fuel and energy balance of Uzbekistan has
increased. However, ecological problems, rising at using of coal fuels have
demanded for elaboration and introduction of new ecologically pure coal-fuel
technologies. The same developed technology connected with coal using as fuel in
form of water-coal fuel suspension (WCFS) has been advanced manufacturing
recently in world practice. Combustion of coal in form of WCFS has some
economical, ecological and operational advantages in comparison with powdered
and layered combustion. Using of WCFS has allowed to increas effectivity of coal
combustion, to utilize coal slimes, to decrease of explosion — danger of coal dust in
energy boilers, decreases amounts of sulfur and nitrogen oxides emissions into the
atmosphere. Introduction of relative cheap WCEFS in practice promoted saving of
energetical and material resources and limiting of environment pollution.

Taking into account above mentioned of WCFS advantages in comparison
with modern types of fuel and also availability for it creation of cheap and local
raw materials, development of new stable WCFS obtaining on the basis of Anhren
and Shargun coals, as well as them rational combustion in different furnace
aggregates instead mazut and natural gas can be used one of the perspective trend
of energetic elaboration and coal industry of Republic.

The present dissertational work is focused on the implementation of the
resolutions of the President of the Republic of Uzbekistan the NPR-1442 dated
December 15, 2010 «On the priorities of industrial development of Uzbekistan for
2011-2015» also Cabinet of Ministers of the Republic of Uzbekistan dated October
30, 2013 N292 «Development economy and management by coal industry rising
qualitative level of developed new produce for account of design and exploratory
and research works, dated June 6, 2013 year, N161 «Growth of coal industry for
account of realization of priority investment projects directed to meet the growing
population needs in coal industry for 2013-2018» which directed to accelerate
implementation of modern scientific achievements and progressive innovative
technology of WCFS based on Uzbekiston’s coals in the manufacture fields.

Conformity of research to the main priority directions of development of
science and technologies in the Republic. The present work is carried out in
according to priority directions of development of science and technology of the
Republic of Uzbekistan SSTP-13 «The development of efficient methods search,
intelligence, estimate, mining and comprehensive processing of mineral fuel and
raw materials resources, recovery and waste utilization of ore-dressing.

International review of scientific researches on theme of dissertation.

Currently, the questions on creation of the technology of CWSF, researches
were conducted in Department of Aerospace Engineering and Mechanics,
University of Minnesota, Minneapolis, Minnesota and Department of Mechanical
and Aerospace Engineering, University of California, Irvine (the US), School of
Chemistry and Chemical Engineering, Guangdong Provincial Laboratory of Green
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Chemical Technology, South China University of Technology, Guangzhou
(China), Canada coal inc (Canada), Center for Mineral and Coal Technology
(Indonesia), Chemical Engineering Department University of Rome, Commission
of the European Communities (Italy), The Institute of Applied Energy, Shinbashi
(Japan) and other scientific centers and of higher education institutions

Since last year there is series of scientific achievements on obtaining and
application of WCFS in world practice. For instance, effect of modified lignin
series and naphthalene series dispersants on the stability of (CWS) and
sedimentation behavior of coal particles were investigated at the Institute of
Applied Energy, Shinbachi and School of Chemistry and Chemical Enginereeng,
Guangdong Provincial Laboratory of Green Chemical Technology, South China
University of Technology. At the Department of Aerospace Engineering and
Mechanics, University of Minnesota, Minneapolis, Minnesota and Department of
Mechanical and Aerospace Engineering, University of California, Irvine and
Canada coal inc., the closest coal water slurries subjected to grinding till
dispersions of coal particle sizes less than fifteen microns obtained new material
like CWC has a possibility for new clean coal technologies that connected with
performance more simple decision of question of sulfur bending (sulfur has formed
at combustion of sulfur-bearing fuels) and decreasing of nitrogen oxides formation
that will give not only economical benefit, but also will allowe to improve
environmental protection.

Conducting of scientific researches on priority direction of WCFS production
and application based on black and brown coals, comprehensive optimized on
properties, capable with high degree heating capacity, stability and fluidity is
continued.

Degree of study of problem. Some questions of creation and regulation of
chemical-and-colloidal properties of disperse system are reviewed investigotia in
the scientific literature. In Uzbekistan a chemical colloidal scientific school was
created under the direction of Ahmedov K.S., where as representatives were
Aripov E.A., Glekel F.L., Hamraev S.S., Tadjiev A.T., Aminov S.N.,
Agzamhodjaev A.A., Ahmedov U.K., Muminov S.Z., Rahmatkoriev G.U., Sataev
LK., Gumarov R.H., Nasritdinov S., Beysenboev O.K contributal and other wide
studied coals of Uzbekistan. It should be noted that in the research works of above
scientifits search on creation of new type fuel based on water dispersion of
Uzbekistan’s coal has been not carried out up to date.

It 1s known that intensive studies along the lines of technology creation and
research of the WCFS properties with application of black and brown coals of
different deposits and their implementation have been conducted by many foreign
scientists such as Delyagin G.N., Baranova M.P., Kulagin V.A.,. Lutsenko S.V,
Petrakov A.P., Golovin G.S., Gorlov E.G., Zekov V.M., Hodakov G.S., Detkov
S.P., Borzov A.l., Murko V.I., Zaydenvarg V.E., Morozov A.G., Mosin S.I., Boruk
S.D., Seong Y.K., Usui H., Ymasaki B.E., Sunggyu Lee, James G.S., Sudarshan
K.L., Hashimoto N., Matsumoto Osamu, Masai Surui, Ercolani D., Grinzi F.,.
Nagata K.I, Yano N., Nagamori S and other. However, the researches on creation
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technology of new type of fuel based on water dispersion of Angren and Shargun
coals of Uzbekistan have been not carried out.

Thus, at the first time, the problem decision of obtaining, studying and using
of energy — effective and ecologically safety water — coal fuel on the basis of the
local coals have solved in the dissertational work that is very timely as theoretical
and practical points of view.

Connection of dissertation with research works realized in the
organization where dissertation performed. The dissertational work of
project FA-A13-T159 «The processing of anthropogenic waste and technological
solutions for afterextract of nonferrous as well as noble metals» (2012-2014) and
the Project 2FA-0-73747 «Obtainment and practical using of new type of fuel on
the basis of water dispersions of Uzbekistan coals» (2014-2015).

Purpose of research is consisted in development of technology of new types
of fuel — WCFS based on coals of Uzbekistan; and their using in furnace
aggregates of industries.

To achieve this goal the following tasks of researches are solved:

study of interdependence of phyzico —chemical properties and composition
(humidity, ash content, volatile substance content, carboxylic and hydroxyl groups,
heating capacity) used coals with technological parameters of resulting WCFS;

study of coal optimal graininess and pH of dispersion medium;

determination of optimal composition of WCFS: content of the main
components coal and water, as well as stabilizing and plasticizing additions NaOH,
Ca(OH),, surface active substances (SAS) and mazut;

definition of rheological properties, stability and fluidity of obtained WCFS;

determination of rational conditions (solid phase content, rheological
properties, stability and fluidity) of WCEFS technology;

development technology of fuel suspension preparation from black and brown
coals of Uzbekistan

study of technological characteristics of WCFS obtained and possibilities of
them combustion in the furnace aggregates of appropriate production;

testing technical and economic assessment of WCFS using at the production.

Object of research are the local Angren brown coal and Shargun black coal,
WCEFS basid on them as well as stabilizing additions NaOH, Ca(OH),, SAS, and
mazut.

Subject of research is the process of stable WCFS based on the local brown
and black coals, study their rheological properties and combustion process.

Methods of research. Complex of physical and colloid — chemical methods
of investigations such as rheological, adsorptive, analytical and thermal were used.

Scientific novelty of the dissertation research consist in the following:

physico-chemical properties (humidity, ash content, volatile substance
content, carboxylic and hydroxyl groups, heating capacity) of Angren brown and
Shargun black coals, were determined rheological properties of WCFS obtained
based on low-ash and high-ash coals such as Angren brown and Shargun black
coals were defined;
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optimal amounts of stabilizing and plasticizing additions (NaOH, Ca(OH),,
SAS) for WCFS were found. When addition of stabilizers NaOH and Ca(OH), in
the ranges 0,5-2,0% from initial weight of fuel, its viscosity increased, but dynamic
stress of displacement is reduced, the viscosity of WCFS decreased in 1.5-2.0
times, and dynamical strain of displacement is increased in 2.0 times at rising of
temperature from 20°C to 60°C respectively;

it was reveiled that viscosity the WCFS obtained based on brown coals is
several more than the WCFS obtained based on black coal, e.g. if this value for
WCES, obtained based on sort of 2BPK is 2.52 MPa-s, as WCFS from black coal
sort of ISSKOM will be 1.84 MPa-s;

for fuel, dispersion phase which consist of particles up to 50 um (80%), the
influence of dispersion phase content to structural viscosity values, stability and
burning was found. It is established that solid phase content is 38-40, 44-46, 49-51
and 52-55%, respectively in the WCFS obtained coals based on 2BPK,
2BOMSCh-B1, 2BOMSCh-B2, and 1SSKOM;

stable and high caloric WCFS were obtained by mazut modification (which is
contented 4-16% from initial weight of fuel) of Angren brown coals, sorts of
2BPK, 2BOMSCh-B1 and 2BOMSCh-B2. It was shown that heating capacity of
WCEFS based on 2BPK in optimal condition is 2900 kcal/kg;

the optimal regimes of technology proportional and full combustion of WCFS
were worked out basis of the using new jumbo burner allowed delivery of heat
pretreatment fuel and compressed air in the furnace aggregates.

Practical results of research ic consisted in the following:

it was determined WCFS with normal rheological properties can be obtained
at using is not only main water with hardness 2.5 mg-eq./I) and also it meets
requirements of LPC (limited permissible concentration) of industrial sewage (4.4
mg-eq./l) which is more reasonable and economical benefit;

it was determined possibility of combustion of obtained WCFS in the furnace
aggregates with using new jumbo burner and it was shown that the process their
combustion is characterized by high full burning of coal (98.0-99.7%);

water-coal fuel suspension was obtained based on low and high-ash of
Angren brown and Shargun black coals and the optimal regime of propotional and
full combustion technology of fuel suspensions was developed based on new
jumbo burner. It was shown possibility of combustion of the stable WCFS
obtained in furnace aggregates with using new jumbo burner.

It was that WCFS obtained is recommended as alternative fuel for wide
application on a number of heat and power aggregates, agricultural and communal
spheres of Republic.

Reliability of obtained results validity of scientific positions, conclusions
and recommendations do not cause doubt as they are established on the basis of
modern methods colloidal chemical and phyzyco-chemical researches, approach of
the production and combustion of the developed WCFS was tested in the
experimental-industrial trials and recommended in the industry.
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Theoretical and practical value of the research results. It was concluded
that determination of the main colloidal-chemical parameters — rheological
characteristic of WCFS correlated dependending on phyzyco-chemical properties
of coal (humidity, ash content, volatile substance content, carboxylic and hydroxyl
groups, heating capacity) their quantity content in the fuel suspension, dispersion
degree of coal particles, contents of stabilizing and plasticizing additions (NaOH,
Ca(OH),, SAS) and pH dispersion medium. It is shown that at processed of fuel
suspension by established optimal quantity of stabilizing and plasticizing additions
their values such as stability, viscosity and fluidity are kept constant practically.

The practical importance of results is concluded that at the first time water
coal fuel suspension (WCFS) was obtained based on Angren brown and Shargun
black coals of Uzbekistan. The optimal regimes of technology proportional and full
combustion of WCFS were worked out basis of the using developed new jumbo
burner allowed delivery of heat pretreatment fuel and compressed air in the furnace
aggregates

Realization of results. Developed technological schedule on obtaining of
WCEFS based on brown and black coals of Uzbekistan, and using them instead
traditional liquid petroleum fuel are submitted by stock company Almalyk mining
and smelting complex. Practical implementation of the research was carried out at
enterprises of Almalyk mining and smelting complex by the experimental-
industrial trials of WCFS for 2013-2014 by reconstruction of the furnace
aggregates of the complex (Certificates of trials from the 210of july, 2013 to the 20
of November, 2014 and supporting letter of Angren mining and smelting plant to
implementation of development Nel818 from the 24 of March, 2015).The
economic effect at instead of mazut on WCFS at persistent their application has
been equaled 291.6 ml. sums per year.

Approbation of work. The results of this work were reported, discussed and
approved at the International scientific conference International scientific
conference on chemical technology XT 12 (Tashkent, 2012); Republican scientific
and technical conference "New composite mterials on the basis of organic and
inorganic ingredients" (Tashkent. 2012); V, VI and VII- Republican fair of
innovative ideas, technology and projects (Tashkent, 2012, 2013, 2014);
International symposium «Present problems of high education and science in
chemistry» (Alma-Ata, 2013); International scientific conference «Catalytic
process of oil processing, petrochemistry and environment» (Tashkent, 2013);
International scientific and technical conference. «Resource- and energy saving, as
well as environmentally friendly composite materials» (Tashkent, 2013);
Republican scientific-technical conference «Ingredients based on local and
secondary raw for novelty composite materials production» (Tashkent, 2014);
Republican scientific and technical conference NU.RUz " Condition and prospect
of development of colloid chemistry and nanochemistry in Uzbekistan" (Tashkent.
2014); « European Conference on Innovations in Technical and Natural Sciences.
4™ International scientific conference» International scientific conference (Vienna,
2014), The IV International. ecological scientific conference "Problems of
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recycling life waste and Industrial production" (Krasnodar, 2015); Respubl. Scien.
tech.. conf.. "Progressive technologies of receiving composite materials and
products from them" (Tashkent, 2015); Inter. Scien. tech.. conf. "Chemistry and
ecology - 2015". ( Salavat, 2015); Seminar on the Scientific Council 16.07.2013
K/T. 14.01 at the Institute of General and Inorganic Chemistry As RUz, Institute
of physicist and chemistry of polymer As RUz, Tashkent state technical university
and Tashkent chemical technology once-only Scientific council on 22 of May
2015.

Publication of results. The main content of dissertation is stated on 43
scientific articles, including 1 monograph, 17 journal’s articles in foreign
periodicals and 24 journal’s articles in Republican periodicals, as well as 1 claims
on the obtaining of patents of the Republic of Uzbekistan were given.

Structure and volume of dissertation. Dissertational work consists of
introduction, four chapter, conclusions, and list of used literatures, containing
bibliography of 255 titles. It contents 174 pages, including 29 drawings and 41
tables.

The main content of the thesis

The introduction describes actuality and demand for its theme, problem of
investigation are based; aims and tasks of investigation are defined; scientific
novelty and practical importance of dissertation are formulated.

The first chapter is devoted to literature review «Modern interpretations on
properties, preparation approaches and efficiency of combustion of water coal
fuel suspensions» in which modern position of WCFS technology and facilities
them combustion in the furnace aggregates. Also of WCFS compositions, their
rheological properties, ways of combustion, as well as possibilities of their using
for combustion in laboratorial and industrial conditions are considered. Results of
analysis of literature have proved the actuality of dissertation theme, raised
problems and their staged desertion by theoretical and experimental methods.

In the second chapter «Physico-chemical characteristics of coals and
experimental technique» physico - chemical and heat-technical properties
investigated coals have been studied; methods of conduction of experiments and
determination of characteristics of WCFS obtained are described.

It is know that Uzbekistan has possessed by considerable reserves of coal
(1900 ml. tons) including of brown coal - 1853 ml. tons and coal-47 ml. tons. For
experiments by obtaining, investigation and combustion of WCFS with of ash
content and attendant minerals were selected probes of brown Angren coals of
sorts 2BPK (ash content-12.8%), standard commodity coals of Angren of sorts
2BOMSCh-B1 and 2BOMSCh-B2 (ash content — 34.7% and 50.7%
respectively), and Shurgan coals of sort ISSKOM (ash content-10.3%). Probes
were placed by stock company «Uzbekcoal.

In accordance with demands to quality of coals using for WCFS obtaining can
be used coals with high yield of volatile compounds on the dry with and ashless to
40.8% and ash content 15 - 35%. The more suitable are brown Angren coal of sort
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2BPK and black Shargun coal of sort ISCCNF. Moreover, with accounting of
possibility of wide using of WCFS also standard commodity Angren’s brown coals
of sorts 2BOMSCh-B1 and 2BOMSCh-B2 were investigated. Physico- chemical
characters characteristics of above-mentioned coals are presented in Table 1, from
which is seen that probes of sorts 2BPK, 2BOMSCh-B1, 2BOMSCh-B2 and
ISSKOM are characterized content of sum —COOH and —OH groups 1,72; 1,81;
1.66; 0,56 mg-eq./g and volatile compounds 40,2; 34,2; 50,7; 40,8 %.

Table 1
Characteristics of brown Angren and Shargun coals (1-Angren of sort 2BPK;
2-Angren standard commodity of sort 2BOMSCh-B1; 3- Angren standard
commodity of sort 2BOMSCh-B2; 4-Shargun coal of sort ISSKOM)

Technical analysis g Chemical analysis Heat of
S combustion
Ne of | Moisture, % | Ash content, | < Content in mass of coal | kcal’kg (MJ/kg)
coal % '§ mg-eq./
probe §_°\°~ £ . am
o =< = = 73 > a Q
8= 828 |ES |2 s |8k 2 %
25y | By Exl 22 | & 5 |29 z <
cE EE |EE |25 s |g 3R] 5| 2
=8 28 |<28|8 |5 |8 |3 |&°
> 2 @) n
3600 8160
1 40.0 | 100 | 11.5 | 12.8 | 40.2 0.32 1.4 1.72 (15.3) | (34.28)
2700 7040
2 40.0 | 11.6 | 309 | 34.7 | 342 0.21 1.6 1.81 (11.34) | (29.6)
2300 6290
3 40.0 | 16.7 | 47.4 | 50.7 | 33.1 0.16 1.5 1.66 9.66) | (26.43)
6200 8720
4 10.0 | 10.2 1.0 | 10.5 | 40.8 0.36 0.2 0.56 (26.05) | (36.34)

Lowest heat of combustion for low-ashy coals of sorts 2BPK and 1SSKOM
was equaled 3600 and 6200 kcal/kg (15.3 and 26.05 MJ/kg)and for high—ashy
coals of sorts 2BOMSCh-B1 and 2BOMSCh-B2 2700 -2300 kcal/’kg (11.34 and
9.66 MJ/kg)), respectively and highest heat of combustion for coals of sorts 2BPK,
1SSKOM, 2BOMSCh-B1 and 2BOMSCh-B2 was equaled 8160, 8720, 7040 and
6290 kcal/kg (34.28; 36.34; 29.6; and 26.43 MJ/kg) respectively. High- ashy coal
of sort 2BOMSCh-B2 characterized by considerable content of clay impurities had
a largest value of above-mentioned parameter.

The third chapter of dissertation «Technology WCFS and investigation of
their colloid—chemical properties» is devoted to elaboration of technology of
water coal fuel suspensions preparation and research of their colloid — chemical
properties.Influence of coal moisture on its grinding. Water coal fuel suspensions
are microheterogeneous dispersion systems composed of two. One of the phases is
continuous and serves as dispersion medium in volume of which particles of coal
are distributed. Dimensions of particles of dispersion phase can be changed from
some nanometers to 100 um and more. Common for all dispersion systems are
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following the fundamental physico-chemical parameters: heterogeneous, i.e.
presence of the division surface and dispersion (scattered nature). Role of these
factors in aggregative and sedimentation stability of fine-dispersion systems has
became more important as far as decreasing of particles dimensions and their
content in liquid dispersion medium. The free energy of dispersion system has
increased at its coagulation (stitching together of particles). Coagulation especially
intensively has carried out in liophobic aggregative unstable systems and reaching
of some critical content of particles dispersion phase in liquid dispersion medium
has caused to spontaneous origin of volumetrically spatial structural net, the main
elements which are contacts between particles brining to formation of spatial cells
in all volume of dispersion system. And at this dispersion system itself has became
structural that is has carried out in absolutely new state. Origin of spatial structures
has cardinally changed their structurally — mechanical properties of the initial
systems, which completely have lost an aggregative stability becoming
sedimentation stable because of an presence of structural net has retain particles of
dispersion phase fixed in it from precipitation. Also such systems have lost their
fluidity, mobility; viscosity with increasing of dispersion and decreasing of size of
particles as well as their content in dispersion medium.

With the purpose of obtaining of stable water —coal suspensions from coal

suitable for direct combustion in furnaces of boiler — aggregates it is necessary first
of all to investigate them on crushing because of this parameter is the base
technological operation (stage). It is known that from degree of coal grinding to
content of fraction with 50 microns (about 50% from total mass of coal) such
important characteristics of water — fuel suspension as rheological properties,
sedimentation stability and combustion temperature have been depended.
Fraction composition of ground probes of coals crushing in ball drum of periodical
action was determined by screen method with dimensions of coal particles from
0.16 to 0.05 mm (50 um). The time of grinding was determined by the maximal
yield of fraction <50 um. In addition investigations by influence of time and
storage temperature on some rheological properties of WCFS also were carried
out. In Table 2 the results of investigation of influence of grinding time on the
fraction composition of brown Angren coals (sorts 2BPK, 2BOMSCh-B1 and
2BOMSCh-B2 ) and Shargun coal (sort ISSKOM) are presented. From data of
Table 2 shown that with increasing time of grinding the yield of fraction of coal
with dimensions of particles <0.05 mm has increased what has promoted to
increasing of WCFS viscosity and stability. It was determined that for WCFS
obtaining with content 78-80% of coal fraction with dimensions of particles less 50
um for brown Angren coals is enough 240 min and for Shargun coal 360 min of
grinding time. Probes of obtained suspensions with mass 1000 g. were sustained at
temperature 25 °C.
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Table 2
Fraction composition of ground brown Angren (sorts of 2BPK,
2BOMSCh-B1 and 2BOMSCh-B2 ) and black Shargun (sort of 1ISSKOM)
coals in dependence on grinding duration

Grinding duration, Fraction composition. %
min less than 0.05 0.1-0.05 0.16-0.1 more than 0.16
MM MM MM MM
Brown Angren coal sort of 2BPK
20 21 24 28 27
40 27 33 24 16
60 31 40 19 10
240 78 22 0 0
Brown Angren coal sort of 2BOMSCh-B1
60 26 16 10 48
120 30 15 15 40
240 34 32 17 17
360 49 29 12 10
480 78 17 3 2
Brown Angren coal sort of 2BOMSCh-B2
60 22 14 12 52
120 26 18 15 41
240 31 29 19 21
360 43 23 16 18
480 66 23 7 4
600 80 11 5 4
Shargun coal sort of ISSKOM
20 11 21 26 42
40 14 28 22 36
60 22 32 18 28
240 52 28 15 5
360 82 18 0 0

After given storage time at constant temperature some rheological properties
of WCFS were determined. At suspensions obtained with using NaOH and
Ca(OH), as additions rheological parameters at storage have changed in small
degree.

Influence of temperature on the viscosity and strain of displacement of
WCEFS. Rheological characteristics of WCFS are the base properties caused their
technological fitness. They are determined by physico-chemical processes carrying
out between solid and liquid phases of system and can be considered applicably to
concrete conditions of their using. There are some investigations in which
influence of temperature on rheological characteristic of suspensions from coals
been investigated, but for suspensions obtained from brown coals such
investigations practically did not carried out except some separate works
(Baranova M.P. and others).

65




By this reason some rheological characteristics of WCFS obtained on the base
of brown coals in diapason of temperatures 20°C-60°C were investigated. Choice
of this temperature diapason is caused by possible exploitation parameters of
investigated WCFS. As solid phase in WCFS coals of following sorts 2BPK,
2BOMSCh-B1, 2BOMSCh-B2 and 1SSKOM were used. In order to except of
influence of quantity of fractions of the solid phase on the rheological
characteristics of investigated suspensions the fraction composition of all obtained
WCEFS was constant and corresponded to following values: fraction 0-50 pm — 78 -
82 %; fraction — 50-100 um -15-19%; fraction with more than 1 mm — up to 1.0%.
However, the content of solid phase was 36-55%.

Suspensions obtained without chemical additions but with using of stabilizing
and plasticizing additions NaOH, Ca(OH),, and SAS were investigated. Control for
content of solid phase in WCFS was carried out before and after measurements of
their rheological parameters. For determination of rheological characteristics at
different temperatures the probes of suspensions were placed in measured part of
device BCH -3 and were thermostated for 15 min. Dependences of the structural
viscosity and dynamical strain of displacement from temperature of WCFS are
presented in Fig.land 2. The structural viscosity WCFS has decreased practically
in 1.5-2.0 times at increasing temperature from 20°C to 60°C with presence and
without stabilizing additions. At this using of plasticizing agent has decreased the
structural viscosity of suspensions what has allowed to increased in them amount
of solid phase. The dynamical strain of displacement of suspensions with
increasing of temperature till 60 °C has increased 2.0 times.

At using of NaOH as stabilizer the dynamical strain of displacement has been
increased monotonously. For example, at amount 2% of NaOH the value of
dynamical strain has increased from 9.5Pa at temperature 20 °C to 16 Pa at 60 °C.
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Fig.1. Dependence of rheological characteristics: viscosity (a), dynamical strain of
displacement (b) from temperature of WCFS obtained on the base of Angren coal of sort
2BPK with content of 35% brown coal with additions of NaOH%:1-0.5; 2-1.0; 3-2.0.
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Fig.2. Dependence of rheological characteristics: viscosity (a), dynamical strain of
displacement (b) from temperature of WCFS obtained on the base of Angren coal of sort
2BPK with content of 35% brown coal with additions of Ca(OH); %:1-0.5; 2-1.0; 3-2.0

Dynamical strain of displacement for fuel suspensions obtained with using of
Ca(OH), addition has been increased also with increasing temperature, for
example, at Ca(OH), addition in amount 2.0% dynamical strain has been increased
from 8.5 Pa at 20 °C to 14.5 Pa at 60 °C.

Influence of pH of dispersion medium on the viscosity and stability of WCFS.
At the Figure 3 the dependences on viscosity of WCFS from consentration of
introduced NaOH and pH of dispersion medium. It is seen that viscosity of WCFS
has minimal values for all three investigated coal probes at NaOH concentration
from 0.5 to 2.0 at pH medium 8-9. Analogical regularity was observed also at
using Ca(OH)s,.

: 3 2
10,0
w Fig.3. Dependence viscosity of
a 8,0 1 WCFS from introduced content
F of NaOH and pH medium: 1-
3 6.0 35% Angren coal of sort 2BPK;
% 2 - 45% standard commodity
= 4.0 coals of sort 2BOMSCh-B1; 3 -
= 50% standard commodity coals
= 2.0 of sort 2BOMSCh-B2

| | | ™
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Quantity of NaOH, 24 -
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pH medium Water solutions of alkali

have been reacted with coal on the first stage and transferred humic acids in their
sodium and calcium salts and at this pH of suspension practically is not changed.

At small concentrations of alkali the first stage of its interaction with coal has
described by following equations:
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where R(OH)COOH- humic acids of coal.
The humic acids is transferred in salts in solution with increasing of amount

of NaOH and Ca(OH),. Humates of Na and Ca stabilize WCFS and increase their
viscosity. Viscosity and dynamical strain of displacement determine steam tension
of suspensions and they are determined by character of interaction of solid
particles in liquid phase.

Influence of coals graininess on the viscosity and stability of WCFS. The
most part of plasticizing additions in the WCFS have alkaline medium
(lignosulphonate, coal-alkali reagent CAR, NaOH and Ca(OH), and other.)

Dependence of the structural viscosity of WCFS from quantity introduced
alkali has an extreme character with minimum in interval of their concentration
from 0.2 to 2.0% (Fig.4). Increasing of alkali content to 1.0% leads to exfoliation
of suspension with formation of hard deposit. In literature has a fact with the
following explanation: water alkali is reacted on the first stage with coal and
transfers humic acids in water phase as their sodium salts:

Ell'fl i - I

<25 § 23

3 -

220 720

@ g

51,3 213

13 —

— T

31,0. 51,0.

5 3

pul =

7 > = | | | i
? ' “ 0 04 08 12 16

0 U|,4 Ul,B 1|,2 16 21{]
Quantity of NaCH, %o
Fig.4. Dependence of structural viscosity of WCFS obtained on the base Angren coals from
content of introduced plasticizing additions Ca(OH), and NaOH.
NaOH+(HO - Humin)coal - (NaO - Humin)water phase + HZO
where (HO — Humin) .o, — qumin acids in coal and (NaO — Humin)yager —
dissolved sodium salts of humic acids.
Sodium salts of humic acids in water solution are as real solution and namely
this state has water phase of WCFS at great concentrations of NaOH (more than
0.2-2.0%, Fig.4) which provide transition of humic acids to their salts.

Quantity of Ca(CHy, %
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At small concentrations of alkali the first stage of its interaction with coal is
carried out by above mentioned equation:
(NaO — Humin)yges + (HO — Humin) ¢4 — (HO — Humin)g + (NaO — Humin) e
Then the stage of hydrolysis salts of humic acids and migration of ions Na"
from solution in solid phase of coal is curried out This process carried out namely
at small concentrations of NaOH and leads to coagulation of humic acids and
transition of real solution in colloidal solution — gel of humic acids which has
stabilized water — coal suspension and has decreased its viscosity.
Thus shown the dependence of WCEFS viscosity from amount of added alkali
has an extreme character with minimum in interval of its concentrations from 0.75
to 1.0%. The results of investigation of grinding duration influence on the grinding
degree and properties of WCFS are presented in Table 3.
Table 3
Influence of duration grinding on the grinding degree and properties of
WCFS, obtained on the base of Anqren (sorts of 2BPK, 2BOMSCh-B1 and
2BOMSCh-B2) and Shargun (sort of 1SSKOM) coals

Grinding Residue on sieve, % Rheological characteristics
duration, min. Rs | Ra00 u, Pa.s | 7y, I1a | Stability, days
Angren brown coal of sort 2BPK
10 46-44 3-4 1.87 29 1
20 30-32 1-2 1.89 28 2
30 18-20 ~ 1.0 2.03 24 5
40 15-17 ~0.7 2.52 15 20
50 12-14 ~0.3 2.58 14 30
60 8-10 ~0.1 2.58 14 40
Angren standard commodity of sort 2BOMSCh-B1
10 48-46 3-4 1.88 28 1
20 34-32 2-3 1.90 26 2
30 22-23 2-1.5 1.92 26 4
40 18-20 ~0.75 2.03 24 17
50 14-16 ~0.5 2.2 20 25
60 10-12 ~0.2 2.3 18 35
Angren standard commodity of sort 2BOMSCh-B2
10 52-53 4-5 1.86 29 1
20 36-38 2-3 1.90 26 2
30 24-27 1-2 1.94 25 3
40 22-25 ~ 1.0 2.0 23 15
50 18-20 ~0.5 2.1 22 20
60 15-16 ~0.3 2.1 22 30
Shargun coal of sort ISSKOM
10 47-45 3-4 1.75 36 1
20 33-35 2-2.5 1.78 34 2
30 20-22 1.5-1.0 1.82 32 4
40 16-19 ~0.75 1.84 27 18
50 12-13 ~0.4 1.89 28 26
60 9-11 ~0.1 1.90 26 36

*Content of solid phase in WCFS for brown Angren coals of sorts 2BPK, 2BOMSCh-B1 and
2BOMSCh-B2 was equaled.%: 38.8-40.0; 43.6-45.0; and 47.8-53.6% correspondingly and for
Shargun coal of sort ISSKOM — 51.8-53.6% from total mass.
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From data of Table 3 shown that with increasing of grinding duration the
yield of fraction of coal particles with dimension less 50 pm (Rso) has increased
and owing to this viscosity and stability of WCFS increased. It was determined that
for obtaining of WCFS with 80% content of fraction of coal particles with
dimensions less 50 um (Rs) necessary 50 — 60 min grinding at using ball mill type
of MBL.

Influence of water hardness on the viscosity of WCFS. Influence of water
with different hardness on some rheological properties of WCFS obtained on the
base of Shargun and Angren coals was investigated. For preparation of WCFS
waters were used with different hardness: 1 —distillated (0.0 mg.-eq/l); 2 — tap
water (2.5 mg.-eq/l); 3 — industrial — sewage (4.4 mg.-eq/l) and — artesian (6.4 mg.-
eq/l). Dependence on the structural viscosity of above mentioned WCFS coals
from water content (of different types) and content of solid phase (coal) was
determined. From data of Fig. 5 shown structural viscosity of WCFS has been
increased by raising of common hardness of used water. It is advisability using of
industrial sewage water because of its common hardness has corresponded to LPC
(limited permissible concentration) and using of this type of water is economically
sound. Influence of plasticizing addition (NaOH) on some rheological
characteristics of different used waters also was investigated (Fig.6). It was studied
that influence stabilizer of NaOH on the rheological properties WCFS given from
various types of water fig.6. till its concentrations 1.0% has allowed to decrease the
viscosity of WCFS in 1.5 — 2.0 times and to obtain WCFS with higher content of
solid phase (coal).

It was determined that using NaOH to its concentrations 1.0% has allowed to
decrease the viscosity of WCFS in 1.5 — 2.0 times and to obtain WCFS with higher

content of solid phase (coal).
4
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Fig.5. Dependence on the structural viscosity of WSFS obtained on the base of
Shargun coal (a) and Angren coal (b) from content of used water: 1 — distillated; 2 — water
— piping; 3 — industrial — sewage; 4 — artesian with their common hardness 0.0; 2.5; 4.4;
and 6.4 mg — eq/l. correspondently
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Fig.6. Dependence on the structural viscosity of WSFS obtained on the base of Shargun
coal (a) and brown Angren coal of sort 2BPK (b) on content of addited type of water: 1 —
distillated; 2 — water — piping; 3 — industrial — sewage; 4 — artesian with their general
hardness 0.0; 2.5; 4.4; and 6.4 mg — eq/l correspondently

Analysis of obtained results (Fig. 5 and 6) has shown that the WCFS with
acceptable values were obtained with using of distillated water and tap water, but
this is not economically sound and by this reason for obtaining of WCFS using of
industrial sewage water was recommended.

Obtaining of WCFS on the basis of modification of Angren and Shargun
coals by mazut. For increasing of heating capacity and stability of WCFS obtained
investigations were carried out by their modification with mazut. On the basis of
modification of Angren coals by mazut and NaOH (in mass ratio coal-water-
mazut- NaOH-SAS: 120+130-165+12-48-1.2+2.5-3.5) systems were obtained by
concentration of solid dispersed phase for: coal of sort 2BPK 42.10%; commodity
coal of sort 2BOMSCh-B1; 46.15%; commodity coal of sort 2BOMSCh-B2 48.0
% .From data of Tables 4 shown that viscosity of WCFS obtained on the basis of
coals of sorts 2BOMSCh-B1 and 2BOMSCh-B2 after their modification by mazut
has been increased insignificantly in comparison with WCFS viscosity obtained on
the basis of coal of sort 2BPK.

The sedimentation stability of investigated systems has been increased with
increasing of mazut (modifier) content. Changing of viscosity of obtained systems
is caused by modification of surface of particles of dispersion phase owing to
formation on them adsorption layers and also by changing of characteristics of
dispersion medium owing to presence of modifiers molecules on the particles
surface and also in inner pores. It is necessary to note that at using of limitedly
soluble in water modifier (mazut) the formation of emulsion has been occurred.

Changing of characteristics of surface layer of particles and properties of
dispersion medium has influenced on the intensity of interactions between particles
and degree of structuring of systems and correspondently on the viscosity of
obtained systems. Using of modifier — mazut leads to increasing of sedimentation
stability of WCFS with following increasing of energy efficiency at their
combustion.
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Table 4

Characteristics of WCFS obtained from Angren coals after their
modification by additions of mazut and NaOH

= [ o
= |2 S35 |8
N Sy g g |9 Lo |52
WCFS s composition g % g :‘5 e g % g 2 g g
(ne) 5= |3 2 |§s |37 2%
=% |8 §|E |5 |&
Q Q )
2BPK - 120; Water — 165; NaOH —
1.2: SAC-2.9 42.10 36.80 1.61 1.73 20-25 days
2BPK -120; water—165; NaOH — 1.2; Above 1
SAC-3.0; mazut_12 42.10 41.01 1.63 1.82 month
2BPK -120; water —165; Above 1
NaOH - 1.2; SAC-3.1; mazut —24 42.10 45.22 173 211 month
2BPK -120; water—165; Above 1
NaOH — 1.2; SAC-3.2; mazut—36 | 210 | 4943 | 281 1 3.12 month
2BPK —120; water—165; Above 1
NaOH — 1.2; SAC-3.3; mazut —48 | 210 | 3364 1 372 1 4.65 month
2BOMSCh-B1-120; water — 140;
NaOH _ 1.2: : SAC-2.6 46.15 30.00 1.54 1.75 20-25 days
2BOMSCh-B1-120; water — 140 Above 1
NaOH — 1,2; SAC-2.7; mazut— 12 46.15 34.62 1.62 1.84 month
2BOMSCh-B1-120; water — 140; Above 1
NaOH - 1.2; SAC-2,8; mazut — 24 46.15 39.24 1.66 1.86 month
2BOMSCh-B1-120; water— 140; Above 1
NaOH — 1.2; SAC-3.0; mazut—36 | 015 | 4386 1 1811 198 17
2BOMSCh-B1-120; water — 140; Above 1
NaOH - 1.2; SAC-3.1; mazut — 48 46.15 48.48 2.02 222 month
2BOMSCh-B2-120; water — 130;
NaOH _ 1.2: SAC-2.5 48.0 20.64 1.46 1.37 20-25 days
2BOMSCh-B2-120; water — 130; Above 1
NaOH- 1.2; SAC-2.6; mazut — 12 480 ) 2544 1 150 164
2BOMSCh-B2-120; water —130; Above 1
NaOH — 1.2; SAC-2.7; mazut- 24 480 ) 3024 1 166 | LT
2BOMSCh-B2-120; water —130; Above 1
NaOH — 1.2; SAC-2.9; mazut — 36 480 ) 3504 1 170 194
2BOMSCh-B2-120; water —130; Above 1
NaOH — 1.2 ; SAC-3.0; mazut— 48 480 ) 3984 1 195 | 207

With purpose of increasing of WCFS stability and fluidity from low ashy
coals different stabilizing and plasticizing additions: Ca(OH), and NaOH in
quantities 0.75 — 1.0% and also mazut in quantity 4 -16% in calculation on dry coal
and additions of SAS (1.0 %) were used. Should be noted plasticizing additions
Ca(OH), and NaOH promote WCEFS stability, and additions of SAS (0.05%
solution of MPK polymer as well as increase of WCFS fluidity at their
transportation by systems of pipelines.
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Analysis of carrying out investigation has shown that WCFS obtained without
addition of stabilizers have low stability and fluidity explaining by insufficient
stability system “liquid — solid phase”. For increasing stability and fluidity of
WCEFS, mazut; NaOH and Ca(OH), were used. Fuel suitable to 1-2 months storage
without destruction of its physico — chemical properties was obtained. Principal
scheme of WCFS production by traditional is presented on Fig.7. The result WCFS
obtained can substitute mazut and natural gas in power installation practically
without some reworking of fuel supply systems.

1-cargo car with coal; 2 — ball drum mill; 3 — screen; 4 — measuring apparatus of water; 5 —
valve; 6 — capacity for alkali solution; 7 — general tank 8 — tank for mazut; 9 — capacity —
mixer; 10 — capacity for solution SAS; 11 —mixer for WCFC; 12 —scales; 13 — measuring
apparatus for feeding of WCFC; 14 — capacity for ready WCFC; 15- — measuring
apparatus for feeding of WCFC combustion.

Fig.7. Principal technological scheme of WCFS preparation

Thus correlation of technological parameters with characteristics of obtained
WCEFS on the basis of brown Angren and Shargun coals which content of solid
phase was equaled 45-52% and specific heat of combustion — 2900 kcal/kg (12,2
MlJ/kg) was established. Influence of WCFS temperature vibrations on the
technological characteristics has been established in diapasons from 20°C to 60°C.

The fourth chapter of dissertation «Technological scheme of combustion
and conducting of production experiments of the obtained WCFS» the data on
combustion of out pilot tests of the obtained fuel suspensions — WCFS were
carried out.

Technological scheme of combustion of obtained stable WCFS. In this
chapter the process of combustion of coals from Angren and Shargun deposits in
kind of WCFS and also influence of method of firing on the stabilization of
process of their combustion were investigated. In ball mill coals were grinded
smaller to dimension 50 pm (maximal dimensions of particles were not above then
1 mm). The content of particles with dimensions less than 0.05 mm was equaled 78
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-80%. The obtained fuel possessed by following characteristics: content of solid
phase — 36.0%; concentration of mazut additions — 6% and Ca(OH), (0.75%) and
SAS — 1.0% in calculation on the dry mass of coal; structural viscosity — 2.19 Pa-s;
initial strain of displacement — 24 Pa, stability — to 30 days; heat of combustion —
2900 kcal/kg (12,2 MJ/kg).

The technological scheme of combustion of stable WCFS obtained is
presented on Fig. 8 and 9. Combustion of preproduction series of fuel was carried
out on the pilot plant equipped by burner equipment. From capacity (1) WCFS for
combustion through measuring apparatus (3) is fed to jumbo chamber (5) of stove
heating (6). Distribution of WCFS by sprayer is carried out by compressed air with
using of compressor (9). In process of combustion the composition of gas phase
was controlled by gas analyzer (10), the temperature in combustion chamber was
controlled by platinum- and platinum rhodium thermocouple. Expenditure of
WCEFS and compressed air were determined by sensor of pressure and manometer
4 and 8. For kindling of WCFS the jumbo burner (5) with production 100 kW /h
was used. Primary warming of furnace was carried out by jumbo burner (5)
working on gas (or mazut) to 1100-1150°C. Then the common combustion WCFS
with gas (or mazut) was carried out. Further combustion of WCFS was carried out
independently.

WCFC from section
of preparation

6 ]. Mixture of combustion
praducts with air

ALY,

LR R i
p. |
|
'
S

1 — capacity for WCFS; 2 — valves; 3 — measuring apparatus for feeding of WCFS on
combustion; 4- flowmeter; 5- jumbo burner; 6 — combustion chamber of stove; 7-valve for
removal of ashes; 8 — manometer; 9-compressor for air-feeding; 10 — gas analyzer.

Fid.8. Principal technological scheme of combustion of obtained WCFS

Technology of WCFS production has allowed to obtain fuel with tasked
consumption properties. It is known that heat of combustion water — coal fuels
from black coals has achieved 3500 kcal/kg; brown coals — 2900 kcal’kg (12,2
MlJ/kg) at content of solid phase 40-52%. It is important that technology of WCFS
production of any composition and property do not suppose the using of chemical
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and thermal methods of treatment of water and coal what has predetermine relative
low cost of final product which is competition in comparison with liquid and gas
fuels.

The result of carried out experiments some methods and facilities of
increasing efficiency of WCFS combustion from Angren and Shargun coals of
Uzbekistan were scientific developed and proved in the furnace aggregates. It was
determined that using of systems of the torch combustion has allowed in minimal
short time to provide firing and stability of WCFS. The advantages of efficiency
using of WCEFS are the following: possibility of using of middling and low-grade
of coals at WCFS preparation, as well increase of energy potential of coal;
explosion safety and fire safety, decreasing of exhaust gas emissions, as well as
dustiness of atmosphere during application.The process of WCFS combustion is
characterized by high full burning of coal (98.0-99.7%) should be said with known
mention the effect oxygen containing in the dispersion medium of fuel play role as
intermediate oxidizing agent at all stages itself combustion. In addition oxygen
activates surface of the solid phase of fuel. The result it is began burning its
sputtered particles but this fact is not carried out by combustion of coal-volatile
matter, it is performanced on the surface where formed heterogenic reaction of
oxidizing;

Fig.9. Combustion of
WCEFS in furnace
aggregate of oven dryer of
§ Angren SC “Almalyk
§ MMC” with wusing of
jumbo burner with power
* 100 Kw/h

L SlZn8/2014

Carrying out of experimental-industrial trials by combustion of WCFS. Tests
by WCFS combustion from brown Angren and Shargun coals were carried out in
furnace of drying department of GEF Angren extra (SC «Almalyk MCC» (mining
and smelting complex) at drying of concentrates of noble metals in conditions
deportment’s working: test — industrial tests — in period from 18.07 —to 20.07.2013
and industrial test — in period from 14.09.- 18.09.2014. The common expenditures
of fuel suspension was equaled 30 kg/h. By tests of WCFS determined a normal its
combustion by comparison with using mazut. Carried out calculation of cost of
using fuels (Table 5) has shown that at cost of mazut 748410 sum/t and new fuel
(WCFS) — 78000 sum/t with accounting their expenditure 1.62 t/s and 5.3 t/s the
expected annual economical effect will be equaled 291.6 mlin. sums.
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Table 5
Comparative calculation of economical efficiency of introduction of new type
of fuel - WCFS instead of mazut used on Angren AO«Almalyk GMC»

Ne | Name Units of | Index
measuring
A. Initial data by existence technology
Expenditure and cost of mazut
24 hours expenditure t 1.62
1 | Annual expenditure t 591.3
2 | Cost of one tone of mazut sums 748410
Annual expenditure on the mazut purchase, sums:
3 ]591.3-748410=442534833 sums ml.sums 442.53
b. Initial data by proposed technology
24 hours expenditure t 5.3
1 | Annual expenditure t 1934.5
2 | Cost of one tone of new fuel - WCFS sums 78000
Annual expenditure on the WCFS purchase, sums:
3 ] 1934.5-78000=150891000 cym ml.sums 150.9

Annual economical effect from substitution of mazut on WCFS 442.5— 150.9=291.6 mln.sums

Should be noted that full substitution of different kind of fuels (mazut, natural
gas and other) on WCEFS at enterprises of SC «Almalyk MCCy»), and further in
industrial scales at state stock company «Uzbekenergo», economical indexes will
be increased.

CONCLUSION

1. For the first time possibility effective using low-and high-ash brown coals
from Angren and Shargun deposits of the Republic of Uzbekistan has been
sounded with purpose obtaining instead liquid fuel oil the alternative water-coal
fuel suspension (WCEFS), as well as existing optimal regime technology has been
tested for normal and full their combustion with using new jumbo burner with
pretreatment heating of fuel and compressed air.

2. Technology of WCFS obtaining based on of Angren coals of sorts 2BPK,
2BOMSCh-B1, 2BOBSCh-B2 in complex with stabilizing and plasticizing
additions NaOH, Ca(OH),, SAS and by mazut modification was elaborated. It was
shown that heating capacity of WCFS based on sort of 2BPK make 2900 kcal’kg
(12,2 MJ/kg), and it is increased as well as values of sedimentation stability and
fluidity of WCFS at them modifying with mazut, stabilizers and plasticizing
agents.

3. The correlation dependence of the main colloid-chemical parameters of
WCEFS was established rheological characteristics from physic-chemical properties
of coal (ash content, water-absorbing capacity, heating capacity, volatile matter
content, carboxylic and hydroxyl groups) their quantity in the fuel suspension,
dispersion degree, stabilizing additions, and pH of dispersion medium. It was
shown that in processed fuel suspension by established optimal quantity of
stabilizing and plasticizing additions NaOH, Ca(OH),, and SAS their values as
stability, viscosity and fluidity are kept constant.
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4. It was determined that structural viscosity of WCFS obtained based on
brown coals is higher (2.52 MPa-s in suspension obtained from brown coal sort of
2BPK) than obtained based on black coal (1.84 MPa-s in suspension obtained from
black coal sort of 1ISSKOM) that connected enough with high of carboxylic and
hydroxyl groups content in the macromolecules of brown coals.

5. It was established that at addition of NaOH, Ca(OH), stabilizers in the
range 0.5-2.0% from weight of fuel, its rheological parameters is practical constant
with time; the structural viscosity of WCFS is decreased more than in 1.5-2.0
times, and dynamical strain of displacement is increased in 2 times at rising of
temperature from 20°C to 60°C respectively.

6. It was shown the structural viscosity and stability of WCFS dependence on
content in it the fraction of solid phase with size of particles is less than 50 pum.
The values indicated suspension parameters are enhanced with increasing the
content this fraction in the total mass of coal. Moreover, the suspension with
optimal of viscosity values and stability are formed at content this fraction is not
more than 80% in coal mass can be reached by regulation of grinding time of coal.
It is found that the solid phase content is 38-40, 44-46, 49-51 and 52-55%
respectively in the obtained coals based on 2BPK, 2BOMSCh-B1, 2BOMSCh-B2,
and ISSKOM.

7. It was shown possibility of combustion of obtained stabilized WCEFS in
furnace aggregates with using new jumbo burner. It was determined that the
process them combustion is characterized by high full burning of coal (98.0-
99.7%) should be said with known mention the effect oxygen containing in the
dispersion medium of fuel plays role as intermediate oxidizing agent at all stages
itself combustion. In addition oxygen activates surface on the solid phase of fuel.
The result burning of its sputtered particles is began but this fact is not carried out
by combustion of coal-volatile matter, it is performanced on the surface where
heterogenic reaction of oxidizing formed. It was determined WCFS with normal
rheological properties can be obtained at using is not only main water with
hardness 2.5 mg-eq./l) and also it meets requirements of LPC (limited permissible
concentration) of industrial sewage (4.4 mg-eq./l) which is more reasonable and
economically benefit.

8. Technological schedule, and instructions of obtaining and combustion of
WCEFS based on brown and black coals of Uzbekistan are developed, experimental
- industrial tests (from 18.07.2013 to 20.07.2013 and from 14.11.2014 from
17.11.2014) of obtained WCEFS at their combustion in furnace of driving chamber
of Angren were carried out and at this economical effect at substitution of mazut
on proposed in this dissertation WCFS has been equaled 291,6 ml. sum per year,
only without the depreciation charges. It is shown that at substitution of existing
types of fuels at present (mazut, natural gas and other) on WCFS at enterprises of
stock company «Almalyk MCCy», then in industrial scale at state stock company
«Uzbekenergo», economic performance is sufficient increased. WCFS obtained is
recommended as alternative fuel for wide application on a number of heat and
power aggregates, agricultural and communal spheres of Uzbekistan.
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