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KHWPHULI (pancada noxkropu (PhD) nuccepranusicu aHHOTAIUSICH)

Juccepranus MaB3yCMHMHI [10J13ap0saurun Ba 3apyparu. Kaxonaa
TaOUUil CyBJIapHU BOJOPOA CyibGUIAaH To3auall Oyinya TaaKUKOTIAp OJU0
o6opunmoxaa. Bomopoxa cynbdpun (BC) tapkubdnu HedrTeraz xomameécu ayHEna
YHUHT Ka3H0 OJMHAINIaH XQKMHHUHT 25% TaIIKWI KUIaad. Y36eKHCTOHHIHT
TaOUUI Ta3u XaM Iy Typra Taautykiauaup. ['a3 KoHmapu XaMpox CyBJIapujaru
BOAOPON  CyldbUIHU  HEUTpaJiall  3apypiaurd  CyiabGuI-UOHIAPUHUHT
3apapiWINTU Ba y OWJIaH KOHTAKTra KMpaJWraH myyiaT aco00-yCKyHaJapUHUHT
BOZIOPOA Cylbpumam Kopposusicu OwinaH Oormukaup. by omwmmmap cababmim
XOMaIlI€ Ba CyBJapJard BOAOPOJ CyIb(UIHM HEUTpaJIall MyXUM axaMusaTra
arajup.

ByryHru kyHjaa XaxoOH aMaluéTuaa 3KOJIOTMS Ba CaHOaTAa BOJOPOJ
CyabGUIUI KOPpO3UsAra Te3 yupalJuraH yCKyHaJapHHU 3apapiaHuil XaB(UHU
kamaitupuim yayH BCHuM mnapuanam Ba yTwimzanuscu OViimya, Kydugarua
HyHanuuuiapaa eyuMIIapHU WIMHMM acociall: TU3UMAAru Cyib(QUaaud HOHIapHU
SpUMaliIUral 3pUTMajap IIaKJIuia 4YUKapuO Tauuiaiiauran €K 3JIeMEeHTap
OJITUHTYTypTraya OKCHJUIAHI'aH pECYpCTEKOBUM PEAreHTVIH TEXHOJIOTHsIIAp
niad  yukum; BCHuHr razmm €k cyBaM  (pasacMHM  3JIEMEHTap
OJITMHTYTypTraya OKCHJIaiUraH KaTaJUTUK Mapyanail yCyJlapu SpaTHIIL
y3ura xoc ycynga BCHu HelTpamioBun —(¢u3MKaBHM, OHOJOTHK Ba
ANEKTPOKUMEBUIN yCyJIIap sSpaTuil 3apyp.

PecnnyOnukamuszna ~ Tabuuii  ra3  TapKUOWAard  OJTUHTYTYPTIU
KOMIIOHEHTJIApHU HEUTpayam Oyiinya MyalsH Ha3apuid Ba aMalui
HATWOKAJapra  SPUIIMIMOKAA.  Y30eKkMcToH — PecryOnukacueM — sHaja
PUBOXIIATUPUIITA  KapaTWiral XapakaTiap  CTPAaTeTUSACUHUHT  YYUHYHU
nyHamumuaa «CaHOaTHU FOKOPH TEXHOJOTHSUIM KalTa MIUIall TAPMOKJIAPUHM,
SHI aBBAJIO MaxaJUIMHd XOM all€ pecypcilapuHM 4yKyp KailTa HMIIam acocuaa
OKOpH cHbATIN Tailép MaxCy/noT MIUIA0 YMKAPHI»' ra KapaTHIraH MyXHM
Baszudaap Oenrmnanran. by Oopana, >kymnagaH MaxaUIMHXoMaiié acocuia
caHoaT CyBJIapH TapKuOuaaru cyiab(puUIlapH HEUTpasall TeXHOJIOTHSIIapUHU
UILIa0 YMKUILI Ba MaxCyJOTJIApUHU YTUIN3alUsl KWIMII MyXUM axaMusiT KacO
STaau.

V36exucron Pecny6nukacu Ilpesumentununr 2017 iimn 7 ¢eBpanmara
[1D-4947-con  «2017-2021  Hwunmapaa V36ekucTon PecnyOnukacunu
PUBOXIIAHTUPUIIHUHT OemTa yCcTyBOop HyHanumum Oyinya Xapakatiap
ctparermsic», 2019 iun 01 despanmarn I1dD-5646-commn  «Y30eKuCTOH
PecniyOnukacu E€KWIFU-3HEPreTUKa TapMOFUHM OOLIKAPUII TU3UMHUHU TYyOJaH
TaKOMUJUTAIITUPUII Yopa-Taaoupiapu Tyrpucuia» ru @apmonnapu, 2017 wun
30 uronparu I1K-3107-connu «HedTh-ra3 coxacMHUHT OOIIKApyB THU3UMHUHU
TaKOMUJUTAIIITUPUII Yopa-Taaoupiapu tyrpucunantu, 2017 imn 21 anpengaru
«V36exucton PecryGnukac DKoiorus Ba aTpod-MyXUTHH Myxodasza KHTHII

WY36ekucron Pecny6iukacu [pesunentununr [1D-4947 «2017-2021 iimmnapna Y36exucton Pecry6aukacuau
PHBOXKJIAHTHPHUIIHUHT OemTa ycTyBop HyHanmuuuiapu Oyiinua Xapakariap CTpaTerusicu» TYFpUCHIATH
dapMoHU


https://www.lex.uz/ru/docs/4188798
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JaBiaT KyMUTacu (aoJIMSITHHH TAIIKWI THITHA TaAbMUHJIAII Y0pa-Ta0upIapu
Tyrpucuganru  Kapopiapu, Xamzaa wMaskyp ¢aonusrra Teruuuim —Oolka
MEBEPUM-XYKYKUA  XyXoKaTiapaa — OedruiaHrad — BasudaapHu — amaira
OLIMpUIITa yily AuccepTanus TaAKUKOTH MyalsiH Japakaia Xu3MaT KUjIaau.
TagKNKOTHUHT pecmy0uka daun Ba TEeXHOJIOTUSAJIAPH
PUBOAJIAHUIIUHUHT ACOCHH YCTYBOp HyHaJUILIaApuUra mocauru. Maskyp
TaJKUKOT pecnyOnuka (an Ba TexHojorusap puBoxsiaHUIMHUHAT VII. «Kumé
TEXHOJIOTHSUIADM Ba HAHOTEXHOJOTHSJIAP» YCTHUBOP WyHAIUIIHTa MYBOGUK

OaskapuITras.
MyaMMOHMHI  {praHwiranjuk jgapaxacu. CyBmapHu  BOJOPOJ
cynbpuamaH  TO3ATAIIHUHT  KAMEBHWH,  (u3ukaBuid, OWONOTHK  Ba

KOMOWHAIIMsJIAaHTaH yCyJulapu MabiyM. by coxa Oyiinua wuIUIaHMaJapHUHT
XaIKapo Taxpubacura Mypokaar KWITaHHUMH3IAa CyJIbQUI-UOHIAPUHU
HeWTpasiam >kapaHUHUA ONTHUMAJUIAIITUPUILI OYinda KyHuJard yCyJUIapHH
kypcatnu: 1) 3apypuit peareHTiapHu OeBOCUTa peakius Xyayauaa KaTa uiiad
YuKapuill, 2) Kapa€éHra OSHI KyJal OKCHUJJIaHTUPYBUMHU — XaBOJAru
KHUCIIOPOHU JKaJI0 KUJTHUIII.

AMaOMETIApHUHT TaxJIWIA WIYHH KYpPCaTAWKH, CaHOAT CyBJapujaru
BOJIOPOJl CYJNb(UIHA HEUTpayam OYiuda TaJKUKOTIAp KyHHJard XOpHKUM
oluMiiap TOMOHHUAaH onub Oopwiran: [aduarymnun P.P., ®axpuer A.M.,
borateipeB T.C., 'apudynaun P.M.(PD), CyneitmanoBa 2.U. (O3apbaiixon),
Lomig Hamon, Christian Serre, Thomas Devic (AKII), Yonghou Xiaoa,
Shudong Wanga, Yu-Ming Sua, (XXP), Camille Petit, Barbara Mendoza
(®panuus), Ba mry Omnad Oupra myHra yxmam tagkukoraap French Petroleum
Institute (®panuwms), National Renewable Energy Laboratory (AKII), West
Virginia University (CILIA), O3ap6aiixon Hedgts Ba raz3 UTH, I".K.bopeckoBa
Homuaaru POA Cubups 6ynmumu Karanmuz Uacturytn, U.M.I'yOkun Homugaru
Poccus naBnat HeTh Ba ra3 yHUBEPCUTETH 1A YTKA3HUIITAH.

V36exucTonna Tabumii TasHH ONTUHIYTYPTAAH TO3QJall MyaMMOCHUIa
Kydugarn onumiap 2bTuO0p Kapatumran: npod. b.H.Xamumon, mpod.
I'.P.Hapmetogsa, 1.db.n. .M. CaiinaxmenoB Ba Oorikanap. AMMO, ra3 KOHJapH
KATJIaM CYBJIAPUHU OJTHUHIYTYPTAAH TO3AIAIIHUHI KOMIUIEKC TEXHOJOTHUSICUHU
UIUIa0 YUKW OVirYa OJAMH Xe4 KUM IIyFyJiJlaHMaraH.

JAuccepraums TAAKUKOTHHHU AUCCepTalMs OaKapwiaéTral WIMHM-
TAAKHUKOT MyacCACACHHMHI WIMHI-TAAKMKOT MILIAPU OWJIAH OOFJIMKJINIH.
Jucceprannst TagKMKOTH YMYMHMH Ba HOOPraHMK KHUME WIMHW TaaKUKOT
Nuctutyruaunr N3-20170921238 conmm  «Maxammii  xom-am€  acocuzaa
Mybopak ra3HM KailTa WIUIANl 3aBOJMHUHT OKaBa CyBJIapyd Ba HWIUIATHITaH
aMUH HpUTMAJapUHU aACcopOIMs yCyJduJa To3ajall Y4yH HMIOPT YPHUHU
0ocyBum (haoymamTHpUIral KYMUPHUHT TaXpUOA TYTJIAMUHHA WILIA0 YUKUIID
Ba «Hedreras canoatu CyBiu MyXuTIapuaaH Cyab(OUI-HOHIAPUHN HEUTpasIIaIl
Ba axpaTuO® OJUII TEXHOJIOTHSCUHU Takpuba-caHoaT MUKECHIIa CHHAID)
MaB3yCHJIard MHHOBAIIMOH Ba XY KaJIUK IIapTHOMAaCH TaJAKUKOTIIApU JOHpACHIA
OakapuIras.

TagKMKOTHHHT MakKcaaM Ta3 Ka3ub YWKapuil Ba KalTa WILIANIIaH
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YUKAJAUTraH HOPJIOH Ba KaTjiaM CYBJIAPUHHU BOAOPOA CyIb(OUIUAAH TO3aJall
TEXHOJIOTUSCUHM sIpaTUIIaH HOOparT.

TaagkuKOoTHUHT Basudasiapu:

CYBJIapHM  HEUTpajulall Ba  YUKUHIWIAp  yTWIM3alusacu  Oyiimya
EHJalyBIapHU TaHJIAI,

CYBJIary BOJOPOJ CYIb(MUIHU 3IEKTPOIU3IN OKCUITIAHUIIT KOHYHUSTIAPUHU
aHUKJIAII;

AIIEKTPONIN3 yCynHu EpAaMuia CyBIaru BOAOPOA CyJIb(PHUIHM HEHTpasamn
Kapa€HU PEXKUMUHM WILUIA0 YUKWIL, aHOJUIM MaTepual Ba YMKUHJAUHU
YTWIM3aUUs YCYJIUHU TaHJIAIL;

MaxaJulMii TOW-KYMUPAAH KWJIWHTaH VYIJIEpOoJIId MaTepual HaMyHacu
103acua BCHY 37eKTpoKaTaIuTHK OKCHJIAII )KapaéHUHHI UIILTA0 YHKHIIL

BC tapkubnu cyBiaapHU KOMIUIEKC KaiiTa MIIUTAIl TEXHOJIOTUSACUHU TaJ0UK
KWK YY4YH MOJIEN YCKYHAJapHH UIIIA0 YMKUIILI,

TEXHOJIOTUSIHU JIA00paTOpUsI-CAaHOAT MUKECH 1A CHHOB/IAH YTKA3HIIL;

TaakukoTHUHT 00bexkTH cudatuga «MyOopaknedterazy MUK ra
Kapanun  «Yprabynok-CaMoHTena» He(Th KOHMHMHT KaTjiaM CyBIapHAaH
dolinanaHuIraH.

Taakukor npeameru cudatuaa remup (II) Ba (III) nonnmapuHuHr KUMEBUI
Ba aHOJUIM DJIEKTPOKUMEBHUH Y3rapuill peakuusiapd Ba YJIApHUHT CYJIbQU-
MOHJIap OuylaH OMPUKHUO SpUMaiiiuran OMpUKMAaNTapHU IIAKIUIAHUIIH, CYIbQUI-
MOHJIAPHUHT 3JIEMEHTAp OJITUHIYTypTraya OKCHIJAWAUIaH 3JIEKTPOKATAIUTUK
peakuMsuiap, Tra3 CaHOAaTW KaTyiaM CYBJIApU  CYIOK-Ta3CUMOH  XOJIaTH
TH3UMIapuaard (aszanap ro3acujia coaup OyaaauraH OKCHIJIaHUIII-KauTapuITnII
peakuus HaTwxkacuaaruBCHU TYFpUIaH-TYFpU HEUTpaJTAaHUIINIAH HOOpaT.

Taagkukor ycyaapu: aromM-adbcopOLMOH ycyiuiap €paamuia CyB
HAMyHaJJADUHUHT  BJIEMEHTap  KUMEBUW  TaXJWIU,  AJIEKTPOKUMEBHUIA
VIYallIapHUHT  NOTEHUUMOAMHAMUK  Ba  MOTEHUUOCTATHK  yCyJUlapH
(motenumocrat I1M-50-1), pemokc-noreHnuamiap yidou (MoHomep DB-74),
MaTeprayiap KOJUIOUJ-KUMEBUN Ba (PU3MK-KUMEBHI XOCCATApPUHUHT Ha30paT
ycyJutapuan GhoigariaHuiTraH.

TagKUKOTHUHI HJIMHI SHTUJINTH:

BOAOPON  CyabMUIUIM  CyBIapjard CyJib(Quj HWOHJIAPUHU  aHOJIA
SNeKTPOKUMEBHI xocun Oyaran Fe?*, Fe** nomnapm Gunan mefiTpamiam ydayH
ymapun Fe*, Fe** wonmapu 6unan spumaiiguran TeMup Cymb(GHIM 9yKMacura
OOFalll OpKaIH TYJIHUK aXPaJTUIIN aHUKJIAHTaH;

WK OOp TOLIKYMHP acocuja Tal€pilaHraH yriiepoJJii KaTaau3aTop/ia XaBo
KUCJIOpOAM OwiaH BOAOpoA CylbGUIUHM CyHOK (a3aau  reTeporeH
OKCHUJJIAHMILI AaHUKJIAHTaH;

daomnmamtupunrad  [llapFyH TOIIKYMUPUHU XaBO KHUCJIOpOAU Owitad
BOJOPOJ CYIb(UINHU OKCHIJIAHUII >KapaéHUHUHT KaTaiu3aTopu cudaruma
KYJUTAaHWJIAIIY aHUKJIAHTaH;

WIK OOp OAJIEKTPOJM3 Ba KaTaiu3aTopAa OKCHIUIANl OPKadu CyBIaru
Bogopon cynbbuauau 100% HEUTpamIalHUHT WMKKA OOCKUYIM  DJICKTP
sHEepruscuaan QoigaraHnMacaaH KaTaJu3aTOPHUHT MOJIUN Ba OSHEPTUs
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KUXATUJAH caMapaiu KalTa THUKIAHUIIMHU TabMHUHJIAWAWIaH TEXHOJIOTHUS
UILIa0 YMKUIITaH;

TaOUMUI Ta3HM OJTHUHTYTYPTIU OWUpUKMallapAaH To3ajall OJoKiIapuaa
METHJIIMATAHOIAMUHHY pedIIIOKCAaH aKpaTHO, MaTepUATTHUHT capIaHUIIUHU
KaMaluWIy aHUKJIaHTaH.

TagKUKOTHHHT aMaJIMii HATHXKAJIapH KyHuaaruiapaad noopar:

CYyBHU BOJIOPOJ cynbpuannan TO3aJIaIl KypUJIMaJapuHUHT
KOHCTPYKITUSTIAPH UIIA0 YUKHIITaH;

KaTjaM CyBJap/a XaBo KUCIOPOu OuiaH BOJOPO. CyIb(OUIUHN KATATUTUK
OKCHJIJIAII TEXHOJIOTUSICH UIIIA0 YNKUJITaH;

CyBJa BOJOPOJ CyIb(PUINHN HEUTPAJUTAIIHUHT AJICKTPOJIN3 TEXHOJOTHUSICH
nmad YMKUJIran;

TaOUMi Ta3HU OJTHHTYTYpT OWpUKManapuiaH To3anaml OJoKIapuaa
durermagaametmiudTaHoIaMUH(MIDA) akpaTHIll yCyiIu UIIA0 YMKUITaH;

TagKMKOT HATHIKAJAPUHUHT MIHOHYJIMJIMIU JUCCEPTAIHs JIabopaTopus
MIApOUTHAA TAAKUKOTIAp KapaCHUAa YTKa3WiraH 3aMOHaBUN (DU3UK-KUMEBHIA
TaxXJIMJ yCyJulap, XamJa WIUIaHMAJapHUHT CaHOAT-TaXpuOa MHUKECHUIATH
*apaCH/IaH OJIMHTaH HaTHXalap OWJIaH XapaKTepiaHaIu.

TaagKUKOT HATH/KAJIAPUMHUHT WIMHHA Ba aMaJIMid aXaMUATH.

TaaKkUKOT  HATHXKAIAPUHUHT  WIMHM  axaMusiTH  CyJlbQUI-UOHIIAP
DNEKTPOKMMEBHUM HEUTpanu3anus kKapa€Hiuapyu Ba KaTaausaropia Kauta
TUKJIaHAJAUTaH XaBO  KHUCJIOPOJAM  TabCUPHAAQ  YJAPHUHT  OKCHJJIAHMII
KOHYHUSITJIapU Ba y3ura XOCIUTMHHM aHMKJIAHTAHJIUTH OwiaH u3oxjaHaau. BC
ANEKTPONM3IM  Ba  KATAIMUTHK  HEUTpAINIAIITUPHUIIAA  XaKMIU-FOBAK
ANEeKTpoapaaH (oigalaHuIl MyMKUHIIUTHIa acoc OYiau.

TagkUKOT HATWIKaJApUHUHT aMaliiid axaMHsITH TeMUup CyiabGuad Ba
OJNTHHTYT'YPT OJIMII OpKaJd aHoada Myskaccamuamiran Temup wuoniapu (I1)
épnamuaa BCHu HelTpaiuiail, XxaMaa kKymup-kataiauzatopaa BCHU kaTaauTHK
HEUTpaJlIall yCyJ/UIApUHU SIPAaTUITAHJIUTH OuilaH u30xXjaHanu. ‘“‘Mybopak
'KN3” MYX na tabuuii ra3Hd ONATHUHTYTYPTJIM OWpUKMAanapJaH To3ajall
onoknmapumaru  ¢uiermagan  MJIDAHm  axpatuim  ycynu  Xamjaa  Tas,
ra3oKOHJEHCAaT Ba CYBHHM Yyu(azaiu aXpaTull KypwiIMacHd Ba YCYJIHd HIIIA0
YUKHIITa XU3MaT KWIaIu.

TaagKuKOT HATHKATAPUHHUHT KOPUH KUITHUHMILH.

["a3 ka3ub yMKapuil Ba KaiTa WIUIAINIIAH YAKAJUTaH HOPJIOH Ba Katjiam
CyBJIapUHU BOJOPOJ CYJb(UIUIAH TO3ajall TEXHOJOTUSICUHM spaTulll Oyinya
OJIMHTaH WJIMHUI HaTHXajaap acoCh/a:

aHOJla TEeHEepauMsIaHTaH Fe2+, Fe* nonnap €paamuga BChu
HeuTpamtam ycyau «Mybopak ['KM3» MUYXKna amanuérra sxopuil 3THITaH
(«Y36exuedrrazy AXuumnr 2020 iimn 2 anpenmaru  03/17-5/26-254-con
MabiyMoTHoMacn). Hatmkana, cymbdun nomnapau Fe’*, Fe** nomnap épaamuna
CyBJla SpUMaiIMrad TeMUp CyJIbQu X0onatura OUPUKTUPHIL YCYIH HYIu OusaH
yau 100% rada ynkapu6d 1000pHUIT HMKOHUHU OepraH;

KYMHp-KaTaau3aTop ro3acuga xaBo kucimopoau Epnamuaa BCHu
ANEKTPOKATAIUTUK OKcujiiam opkaniu BCHum nHeiTpamnam ycymu «MyOGopak
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I'KW3» MWKna amamuérra xopuit stuiran («Ys6exaedrras» AXuunr 2020
iimn 2 anpenmaru 03/17-5/26-254-con mMabinymotrHomacu). Hatmxkana, BChu
100% uukapu® 0OOOPWIMIIM TabMUHIAHAAU, aJCOpPOEHT-KaTalu3aTop 3ca
pereHepanusiianaay, OyHIa YHHUHT caMapajopiuru 10 kappa Kkaiita
dolianaHuI UMKOHUHU OEpraH;

TaOUUi ra3HU OJNTUHTYTYPTIIM OMpUKMAaap/aH To3ajall OJoKIapuaaru
¢nermanan MIDAHu axparu® omum ycymu «Myb6opak ['KH3» MYXKna
aManuéTra xopuii stunran («Y36exnedrrasy AXKuuar 2020 i 2 anpenmaru
03/17-5/26-254-con mabaymoTHOMacH). Harmkana TEXHOJOTHSUIAPHU KOPHA
KWIUII XUcoOuaaH Oup Wuiga IOKOPH caMapaJopiiMKKa SPHUILUII WMKOHUHU
OepraH.

TaakukKoT HATHKAJAPUHUHT  anpodanmusicu. YmlOy  WITHUHT
HaTWXKaJlapy 2 Ta XaJlkapo Ba 3 Ta peciyOyIMKa UMUK -aMaIuil aHKyMaHJIapuaa
MyXOKaMma KUJIMHTaH.

JluccepTauMSIHUHT TY3WJIHMIIH Ba XaxkMmM. Jlucceprainus HaTuxXaitapu
Oyiinua skaMd 8 Ta WIMMH MIUIAp YOI STHIraH, IIyJapiaH, Y36eKHCTOH
PecniyOnmkacu Onuii ATtTecTanus KOMUCCHUSICUHUHT JTOKTOPIIMK
JUCCEPTALMUIAPY ACOCUM WIIMHMIA HATWKaJapUHU YON JTHUII TaBCUSl JTUJITAH
WIMHI KypHa/uiapaa 3 MakoJia, XymulaJaH, 2 Tacu pecrmyOniuka Ba 1 Tacu
XOPHKUH )KypHAJIap/a HaIlp STUJITaH.

JluccepTalMsIHMHT TY3WJIMINM Ba XaXMH. Jluccepranus WM KUPUII,
TYpTAa Taxxkpuba Kucmiiapu, xyJjoca, dhoigananuiarad anabuétiap pyixatu Ba
unoBanapaan noopar. Juccepranus xaxxmu 121 OeTHM TalIKWI dTaau.

JJUCCEPTAIIMSIHUHT ACOCUH MABMYHH

Kupum xrucmuia yTka3uirad TaAKMKOTIAPHUHT J0J13apOJInry Ba 3apypaTu
acoCJIaHTaH, TAJKUKOTHUHT MakKcaau Ba Basudanapu, oObEKT Ba MpeaMeTiaapu
TaBcuIIaHraH, pecnyonnka (aH Ba TEXHOJOTHUSJIAPH PHUBOKIAHUIITMHUHT
YCTYBOp WyHanuuuiapura MOCIWTA KYpPCaTWITaH, TAaAKUKOTHUHI WIJIMHUU
SHTUJIUTH Ba aMaliuii HaTwkajmapu Oa€H KWUJIMHTAH, OJMHTAH HATHKAJIAPHUHT
WIMHI Ba aMajauil axamMusaTH o4yuO OepuiraH, TaJKUKOT HaTWKaJapUHU
aMaMETTa KOPU KWK OYHnYa MabIyMOTJIAp KEITUPHUIITaH.

Huccepranusiiuar  “TexHoreH Ba Ta0uMil MYXHUTJIApAArd BOAOPO/
cyiabpua, yHM HeWTpajam yCy/UIAPUHUHT TaxXJauwiaum” 11e0 HOMIIaHTaH
OupuHun 006uaa cyBnapaaru BCHU HeWTpaslalUTUPHIL Ba YTUIM3AUUS KAJIUII
MyaMMOCHHU XaJ KWIMIITa KapaTUIraH aBBajl Oa)kapuiiraH Ha3apHil Ba amaiuii
EHpamyBiaap KeaTtupuiraH. TaakKUKOT MaB3ycu Oyiinda agaOuETIapHUHT
KPUTHK TaxJIMJIM ACOCHUJIa UIITHUHT MaKCcaIu Ba Bazudasapy MakJJIaHTUPUJITaH.

HMucceprauustHUHr  “Cyab(pua-HOHJAPHM HEWTPAUIAIIHM  aMaJira
OIIMPHUIN YCY/UIAPH BAa HATHXKAJIAPHU HA30paT KUJIMII KypujaManapu” neo
HOMJIAaHTaH WKKMHYA OO00M TAAKMKOTHM TAIIKWI KWINAINra OarvIlIaHTraH.
TankukoT o0bekTH cudaruna MyOopak Ka3uiMa-KOHUHUHT BOJIOPOJ CYIbhU/I-
TYyTYBUM KATJIaMJIM CYBJIapu, reTeporenyiv tuzumiaaru BCHu aHoOmmm Ba
ANEKTPOKATAIUTUK OKCUJIAHUII PEAKUUSIIApU, XaBO KHCIOPOAHW EpaamMuaa
BCHu oxcumam peakusiCHHUHT KaTaiuu3aTopu cudaruga IMmapryH TOII-
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kymupu Tannanrad.CynbQua-nOHIApHE HEWTpaJUIall Ba AKCTPAKIMS KHJIWII
yCYJUTAPUHU UILIA0 YMKHII Ba CUHOBJAH YTKA3UIIl YUYYH KypHJIMa Ba >KHXO03Jap
takiud stuiarad. KuMEBud Taxiuia ycyiapu, SJEKTPOKUMEBHH Viadaruiap
taBcuduanrad. bynapHunr acocupa BCHU 31eKTpOKaTaIUTHK OKCHAJIAIIAA
Fe(Il) Ba Fe(Ill) nonnapuau reHepaius KWINMII yCyJUIapy HIJIA0 YUKWJITaH.
BCHu HelTpaiam TeXHOJIOTUK KypUIMalapy spaTUiraH.

HMucceprauussauar “Cywk ¢asanapaa BCan HeliTpa/uiam ycy/LUIapUHHU
unuiad vukum”® ge6 HomuaHraH 3 6004a TaAKUKOT OOCKUYJIApUHHUHT
HaTWKalapu KenTupunrad.  [lupontozum peacenmau mexuonoeus. Cynbpua-
MOHJIADHU OKCHJJIOBYM camMapalid OKCHIJIOBUM-PEAreHT Takiaud ITHITaH:
Maprasern] JUokcuau (nuposro3uT). BCHM okcumiam ydyyH YHJOAH caMapaiu
doimananum  mapouTiapu cudarthga  yHM  Madmanam  Ba  MYXWUTHHU
UITKOPJIAIITUPHII YCYIUTAPU XU3MAT KHJIJIH.

Houmuii mox oxumuda toouoru s1ekmpoau3 mexuonoz2usacu. Ep octu
CyBJIapu YYyH XOC OYynraH, HOIUI-UOHJIM DPUTMaTA CYJIbPUIA-UOHIAPUHU
HEUTpAITAIITUPUIIT [IAPOUTIAPU YPraHWITaH: KYMHUPIU SJIEKTPOJAJA aHOIIU
KyTOJlaHUIIl HaTwxkacuaa uoaua-uoH BCHU onTuHryryprrada OKCcHIIa0
OepyBYM dJIeMEHTap Hojarada okcuasiaHaau. ['a3 caHoatu KaTjiaM CyBIApUHUHT
tapku6u, r/nm: ClI" 400, Br 0,7, J 0,04. Ynapuunr Redox-norenuunaniapu (E°)
Kyitnnaruua, B: E° CL,/2CI" (2,8M): 1,360; E° Bro/2Br™ (xonr 0,006M): 1.065 B;
E° J,/2) (xonn 0,0003): 0,535 B. YIapHUHT Ky4JaHMNIIAard KETMa-KETJIUIHIa
MOC paBuIa, Yap KyHugard KeTMa-KeTIHKAa y3apo TabCUpIialiaan: aBBal —
AieMeHTap WoHd, KeHUH — OpoM, KEMMHYAIIMK — XJIOp. AHOAAA:

2) -2 2> ), 3) - 262> J5 (1)
dpPUTMA XAKMHUA ICa:
ST+ 1, S+ 2r (2)
1-pacmpa ymOy mapoutnapaa, BC penokc-peakiusCHHUHT MaxCyJOTH
oymMuI, OJITUHTYTYPT KOHIICHTPAIUSICUHUHT ra3 TapKuOugaru

KOHIIGHTpAIUsICUTa OOFJMKIUTH KEINTUPWITaH. 2-pacMmaa HoJIuI-MOHIIap
OKCHJUTAHUIIIMHUHT TIOTEHIIMOCTATUK 1-( ATPU YU3UKJIAPU KENTUPWIraH. by
OornmuKyMKaaH kenub unkanuku, KJ konnentpauusicuau 1 gan 3 Ba 10% raua
OIIMIIK OWJIaH TOK XaM OIMO OopraH, MaxcyjaoT OVIMUII y4-HOIN KOMILIEKC
TapkuOugaru #Moa 3ca TOK MaKCUMYMHM Ba peakiusgard aHoIJIu yTa
Kywianuiura oiau0 kenrad (1). TOKHMHr OXupru nacaiumm Woj TOMOHUAAH
rpaUTHH MACCUBIAIITUPUII OUIaH OOFIUKIHP.
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Copepwanne HyS 8 razosoii cmecn % P.Mn

1-pacm. KJ spurmacu 6miaaH peakuusira 2-pacM. JHOHJAp  OKCHAJIAHMIIUHUHT
KHPHUIITaHIAH CYHI KOJUIOWIJIM  KYTOJAHUII 3rpu yM3ukjaapu. |, 2, 3 — moc
OJITHUTYTYPT MaCCACMHHUHT ra3 papumga 1-, 5, m 10 %-m KJ
TapKuOuIaru BC MHUKIOPHUIra JSpUTMAJIAPH.
OOFJIMKJIMTH.

Pesepc  moxoacu tioouonu mexnonoeus. 111-50-1 mnortenumocTartna,

TYFPUOYPUAKIN UMITYJIbC MIAKIUIATH PEBEPC TOKU PEKUMHIA, KaTiaM CyBHUJA,
HOUI-MOHJIADHUHT ONTHUMAaJl KOHIICHTpauuscu aHukjaanrad: 5-40 wmr/n (3-

pacm).
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KonuenTpauun Hoan1-HOHOB, MI/JI
3-pacm. Dpurmanunr pH kypcarkuum 6
oyaranuaa, BC okcuyiaHUIIMHUHT HOAUI-
HOHJIAP KOHIEHTPAUMSACUTA OOFTUKJINIH.

4-pacm. Dpurmanunr pH kypcarkuum 6,
peBepciin TokAa, BC okcuaIaHUIIMHUHT
HOIN/I-MOHJIAP KOHICHTPALMSICHTA

OOFJIMKJIMTHU.
1-xamBain
0,2 A/cM° TOK 3UYJINTHAA rPagUTIH JIeKTPOLTAPHUHT eMHPHINIIH
Toxk maknm DIeKTpoau3 | OpuT™Ma ['padut a3nekTpoAUHUHT
BaKkTH, coar | xapoparh, ‘C OFHMPJIUTH, TP
BomrarFnu | Mykorummiap
PeBepcus 1 18-40 40 0,097
Jonmuit 0,172

Tok O6¥yiinua yHym (1)cynbduI-HOHIAPHUHT KOHIICHTPALUACUTa OOFIIUK
OyiraH: yJapHUHT yHYMH KamMalumud OwWiiaH 1) KUMMaTH XaM KamairaH (4-
pacm). PeBepciu pexum cranoHapaan aB3aiaporaup (1-xaasan).

Temup(\)-uonnapu

ceHepayuUAaACuUHUre
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Cynbdun-uoHnapHu cyBia 3puUMaiiiural TeMup cyibduauraya Oofiaiinura
camapanu areHt Oy Fe(Il) monmapu 6ynu0, ymap Kyhujgaru peakius Oyirinua
TEMHP aHOJW TOMOHHUAAH unuIad ynkapunaau (3):

Fe’—3e > Fe** (3)

Kucnopon wmamxkyn Oymran mapoutna yiaap Fe(lll)-umonmapraua
okcuiananunap. BC Fe(ll) Ba Fe(lll) —wmonmapm Ounan peakusira
KUpHUINTaHu1a Kyiuaaru (4) Ba (5) peakuusiap 6opajiu:

Fe?* + S* FeS (4)
2Fe* + 357> 2FeS+ S (5)

By peaknus kaiitmac peakuust 6ynu0, TeMup Cyab(GUIUHUHT CyBIa Kam
spyBUaHIUTH OwiaH Oormukaup. (4) Ba (5) peakuusuiap COJMIITHPHITAHA,
LIYHU kypummmu3 MyMKHHKH, Fe(Ill)-nonmapuHuHr 21a 3KBUBAJICHTH
ONTUHTYTYPTHUHT 3 Ta 3kBuBajeHTHHU Oornaiinu, Fe(Il) aca — ukkutanu, Ba Oy
HucOaran camapacuzaup. [y ca6a6mu Fe(Il)-uonmapunn Fe(Ill) raua kymmmya
OKCHJIAIl MaKcaara MyBO(QUKIUP.

Fe(ll)-uonnapuan wuiad 4YUKApyBYM TEMHPJIM AHOIHUHT cap(uHU
KaMaTUPHUII TEMUP KUPUHAUCUHA KUPUTHILI MaKCaaAra MyBOQUKIUP.

Toxnune s3uunueu. Karnam cyBunuHr pH kypcatrkmum — 7: BC
KoHIeHTparmusicu 110 mr/im; MuHepanuzainus gapaxkacu 97,9 1/1; KaTTUKIUTH
440 wMr-skB/n OYAraHua TOK 3UWIMTHHUHT OIMIUINY OWUJIaH >KapaéH Te3jallraH.
BC pan To3amam kxapa€HUHM SJEKTPOAJAp KyTOJApHUHT Y3rapTUPUIIUIIH
OuylaH amajira OMPUITaH: YyKMa akpairas (2-xajasai).

Cys oxumunune me3znueu. OKUMHU TaHnaml Kamiam cyBujgarn BC
MUKJI0pura 0OoFIuK O0yian (3-kamBain).

2-xaaBa
BC HeMTpa/UIAHUIIMHUHT TOK 3UYWIHTHTa OOFIMKJIMTH
(oomnanrua BC 120 mr/a)

Toxk 3uunury, CyB OKUMUHMHT Kyunanwnm, BCHuHT KOIIHK
Alem® TE3JIUTH, JI /CoaT Boubt KOHIICHTPAIUSICH, MT/JT
0,04 14,8 3,1 6,2
0,09 28,2 8,7 MaBJKyJI SMac
0,09 20,2 - KyJla Kam
0,36 20,1 11,6 MaBJKyJI SMac

3-KaaBall
BC HeiiTpa/UIaHUIIMHUHT CYB OKHM TE3JIMIUIra OOFJIMKJINTH
(oomnanruy BC 120 mr/a)

Toxk 3uunury, Kyunaaum, CyB OKUMHHUHT BCHuHT KOIIUK
Alem? BonbT TE3JIUTH, JI /coaT KOHIICHTPAIUSICH, MT/JI
0,18 9,5 26,0 MaB>)XyJl SMac
29,6 KyJa KaM
30,0 3,0

dnexmpoonapapo macogpanu manraw. by TapaMeTpHUHT KaMalWIIN
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ANEKTPOIJIM PEAKIUSA YTa KyWIAHWUIIMHUHT Ba DJEKTPOIHEPrus capUHUHT
Kamaiiuimura onu6 keiaran. 60 MM Uk Macoa TaBCHsl TUJITAH.

“My6opax I'KN3” MUX yuyH mMymxamiaHrad, YHyMJOPJIUTY CyTKacura
90 M° GyiraH GupiaMYH KYPUIMAHHHI XHCOO-KHTOOH aMalra OLIMpHIraH: |
coarna cyB capdu 3750 mutpHu Tamkua Kwirad; BCHu HeWTpamuiamtupuin
YayH aHOUTAPHHUHT 103ac 1,2 M2; 9IeKTPOTH3EPHUHT YT9aMy: BAHHAHUHT I
xaxxmu 0,23 M3; TOKHUHT 30Wwinri is0,2 A/CMZ, ToK 2160 A; kywrtanum V — 10 B,
BaKT (1) 1 coar 6ynranma Kkypuiamanuar KyBBatu W = J-V.t = 21604-10 B-1 u =
21,6 kBm vu tamkun kuiagu. Temup capdu 1,1 xr. Yuxkumpga cysaaru BC
mukaopu 0 gaH 8 MI/J1 HA TalIKWJ KUAJITaH.

Cysoaecu BChu myepuoan-myepu okcuonraw mexnonozusicu. BCHUHT
OKCHUJIJIAHUIIl PEAKIUACH Ba MHUC, KypromuH Ba mmmummayriaepoaaa (IIYTDD)
KUCIIOPOJHN KalWTa THUKJAIl pPeaKIUsSUIapUHUHT TOTEHIMOJUHAMUK 1-E arpu
YU3UKJIAPUHUHT columTupuirad (5,6-pacmiap). Yriaepol Ba KYpFOUITUHHUHT
noTeHnuaiM MucHukura uuc6atan 0,2 B ra mycbarpok; yraepoana BChu
OKCUJIJIaHUIITa capdaHauraH TOK MUKJAOPU 3Ca MUHUMaup. EHu mxoOuit
tomoHra 200 MB ra kyunpunuiiy >xapa€HHUHT Te€3IUrura Tabeup Kunmaau (Pb
naH Tamkapu), Ba OyHu BCHu oxcugnanumm KypcaTkmokaa. Cu HUHT
noTeHuanu Hucbaran canowmii: -0,8 B, aHogmm TOk »3ca, rpadur Ba
KYprolmuHAarura HucOaTaH Oup XWiIyTa KydJlaHUIJA IOKOpUPOKIuUp. by,
Hadakat BCHU okcujiaHuIIM, Okl MUCHUHT XaM OKCHJJIAaHUIIW OWJIaH Xam
oormukaup. -0,2 B naH 1okopupok OyiraH MOTEHIMANAa MUC OKCHIJIAHTaH Ba
MUC CyIbhuan axpaind YMKKaH.

- )
-0 o6 04 0.2 (-] o2 04

S5-pacm. Bouuianruy 6-pacm. bomianFuy 7-pacm. bouuianruy

KoHUeHTpanusicu 35 mr/a, 20 °C, xkoHueHnTpanuscu 35 KOHIeHTpanusicu 35 mr/a,

pH 6,5 6yaranuga Cu na BC mr/a, 20 °C, pH 6,5 t°C:1-20; 2-50; 3 - 80,

OKCHVIAHMIIMHHAT i-E 3rpu OyJaranmaa yriepoaaa pH 6,5 0ynrannaa Cu na

YM3UKJIAPH. BC okcupyianumuuauar  BC okcHIIAHUIIMHUHT i-
i-E 3rpn un3nkiaapu. E srpu un3uxiaapu.

BC  konyewmpayuscunune — mavcupu.YTa  Ky4IaHHIIHWHT — [ACT
kypcarkuuiapuaa (-0,8+ -0,6 B) BC Ba MUCHUHT OKCHUTAHMILN KailJ 3TUITaH
(5-pacm). BCuuHr rokopu koHueHtparmsuiapuaa ( S0 mr/n gan wokopupok) BC
OKCHJUTAHUIIMHUHT TU(GY3U0H HA30pATIN JABOMIIM KUCMU KAl dTHIITaH.

BC spummacu xapopamunune poau mucian anogaa, pH myxutu 6,5; BC
KOHIIEHTpanusicu 256 mr/n ga ypranwiran (7-pacm). XapopaT OIIMIIM OWJIaH
yHTa TPOIMOPIIMOHAT paBUIIIA 3aHKHUPJIard TOK XaM OO OopraH Ba OXupuia
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TOKHUHT yuKuAIy 100% HU Tamkuia Kuirad. SroHa 3JIeKTPOKMMEBUN peaKLMs
0y BCHUHT OKCUAJITAHUITUIUP.

Myxum pH unune ponu. Dputmanard BOJOPOA CYIb(UI MIAKITAPUHUHT
Hucoatn pH kypcartkuumra Oornuk. Ammo pH  k¥pcarknunBCHuHT
OKCHJUTAHMIII TE3JIUTUTa KaM TabCUP KUJITaH.

Booopoo  cynvguonune  xuciopoo  6unan - 21eKmpoxamanumux
oxcuonranuwu. Katnam cyBiapujard BOJIOPOJ CYIb(OUIHUKUCIOPOA OuiaH
OKCHJTAHWINY KyHHUATu peakius oyiinda 6opaim:

H,S+%0, =S + H,0; (6)

2HS + 20, = 2S + H,0 (7)

PeakmussHuHT cymMmap TeHTJamacura kypa | Mr Bomopon Cyiab(OHUIHUHT
okcummanummra 0,33 Mr Kuciopox TeHT kenmamu. Kypummara Y36ekucToH
PecnybOnukacu boiicyn Ba IIypTan Ka3uiaMa-KOHM TOLI-KYMHUPJAH OJMHTaH
KaTanu3aTop YpHATHIITaH.

Booopoo  cynvguo oxcuonanuw  ocapaérHunu  ONMUMAIIAUIMUPULL,
Cummuk Cu-anekTpojuiapia  BOJOPOJ  CyldbGUIMHU  aHOJJIM  OKCHJIJIAII
peHTabelu 3Mac, YyHKH TOKHHUHT 3UWIMTH TacT. EunmMm — XaXmiid-roBak
aNeKTpoiapaan doigananuil. Yiapja, F03aHUHT KaTTaJuTd Ba XaXKMITU YTHII
cababmy, KaTTa OKCHJIANI TOKHUra JPUIIUII MYMKHH. OIEKTpYTKa3yBUH
yIAEpOJIM MaTepraiiap JKyJa camMapalujaup. YJIApHUHT EplaMuyia dSJICKTP
TOKHTa yJlaMacaaH BOJOPOJ CyIb(OUIHU OKCHUIJIAIT MYMKHUH (3JEKTPOKUMEBUI
katanu3). bynna kartuk xucMm okcumioBun (Ox: O;) Ba KalTa TUKJIaAHYBYH
(Red: BC) Ounan konrtaktra kupumnd Red- €k Ox-Oupukmanap kyn Oyiaran
MUKpOXYAyIuajapHu IIakulaHtupaad. by Xoaucana KuckKa — yJlaHTaH
MUKpOTaJIbBaHUK 3JeMeHTIap mnaimgo Oymamu ((*20, + e —=> OH
kuciopoadekTpoau 20,/OH’) Ba HaTmkana BOAOPOA Cyabdua OKCUITaHa M.

Kymup xanunnueunu cyBHU BOAOPOJ Cynb(UIIAH TO3aJall Japakacura
TAbCUPUHU KATAJTUTHUK FOKJIAIl OpKadu CydbQUATH HSPUTMAHUHT  YTHUII
MUKIopura kKapad ypranauk (8-pacm). Kymup xanunmuru 40 cMm OynraHugan
oomabd spurmagaru BC aHuk1aHMaraH.

Qurvmpnaw  me3iueSUHU  CY8HU  B8000pPO0  CYyIbuodan  mo3anaul
dapasicacuca mavcupy. YPraHuIl JABOMHAA AHHKIAHHINNYA, (QHIBTPIALI

TE3JIUTH OIIUIITY OWJIaH To3ajalll Japakacu kaMaino oopaau (9-pacm).
0 50
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8-pacm. Kymup kanunauruausr 20°C 9-pacm. ®UIbLTPALIHUHT Xap XHJ
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xapopatyiv GWIbTPATAArH BOJOPOJ]
CyJIb(U KOHIEHTPALUSICUTA TABCUPH.

Te3JINKJIAPUIA IPUTMAHU BOAOPOI
cyJab(QUIIaH TO3a/1all CAMAPAI0PJINTH

Opummanune xapopamu eéa pH kypcamxuuwunune mawvcupu (10-pacm).
Kentupunranaek, sputmanuar pH untepBanu 3,5 — 10,0 6ynranuma Bogopos
CyNb(PUIHUHT KOJIJUK KOHIIEHTPALMICH AKCTpeMal XapakTepra sra 6ynu6, pH
KYPCAaTKUYMHUHT MaKCUMyMH 7 na Oynau. by peakius KUCIOTalu-HIIKOPHMA
MaxCyJOTIAPHUHT MaBXYJIUTU OuiaH OOFIUKAUD:

H,S - 2e S +2H;

(8)

HS -2e S+ H™; 9)
O, + 4e +2H,0> 40H (10)
Kucnoranu Ba wumkopuii Myxuminapga cyBHu BCpan — To3amam
caMapaJopJINTi Nacanra.
e 00 (B, mra’
I.‘ 45 ,l
' 40\ "
s \
30\
. \ 25\ Sy 2
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15 ‘
“ i Ny { How
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0 10 20 30 40 %0 g0 70

3 ‘ " L " il
10-pacM. DpuTMaaaru Boaopos cyabpus
KOHLEHTpauusacu nacanmmmaudr pH
KYPCATKHYUTa OOFJITUKJINIH.

11-pacMm. DpuTMaaaru Boaopos cyabgpu
KOJ/INK KOHIIEHTPAIUSICHHUHT HOKJIAIT
OasaHaIUIrura (XaxkMmura) OOFJIMKJIUTU.
CyBHuHT Xapopartu, °C: 1 -25; 2 - 8.

Xapopamnune cyBan BCnan To3anamra tabcupu. Xapopar 8 man 15°C
rava ommpuiranga BCHUHT okcuiaHum Te3nuru 2 6apodaprava omud 0opran

(11-pacm). OKUMHUHT onTHMaJ Te3aury - 12 a/m. (12 pacm).

110 ), Yo .
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12-pacm. OATHHTYTYPT/AAH TO3aJalI1a
KYMHMP KaiiTa THKJIAHUIIUHUHT
camapaaopyuru (m)

13-pacm. @uasTpiam Te3auruHuHT Ccp ra
oormukaurn. FOxnamanunr kaaunauru 45
CM.

HMucceprauustHuHr «Y30exkHedreras» A kopxonanapuaa BCHu Ba
Oupra 0opyBYH KapaéHJIAPHU HeHTpaLJIall yCJAyOJapyMHU UILIA0 YMKUII,
CHHAII Ba KOpMii Kmimu»aed Homianran 4-6o01a cysiapuu BCrnan Ba yHra
XaMpoX KAPAEHIIAPIAH TYJIUK TO3AJIAII TEXHOJIOTHUACUHU SIPATUIIHUHT WIJIMUK-
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TEXHOJIOTHK acociapy 0a€H STHIITaH.

Katnam cyBuga BCHM HEWTpajUIallHUHT 3JEKTPOKATAIUTUK YCYIIH
acocnanrat (3-006ra kapaHr).By ycyn cyBHH GuIbTpIai Te3aurn 1 mM/coat gaH
ommMaran Ba QuibTpianyBun KatiaaM 40-60 cMm OamaHaaukaa  ymoiad
TypuiTanaa, 00CTUpUO IOKJIAIl PEKUMUA, KATTAUTH 2-3 MM OViIraH mrypToH
TOII-KYMHUPU  103aCHJIard XaBO KUCIOpOAM OuiaH BOJOpPOA  CyJIbPun
OKCHJUTAHUIIIMHUHT IOKOPH CaMapaJopiurujian keaubd uynukaau. by xycycusarnap
¢usuk-kumMEBMI  xoccanapu (xapopar, BC xonuentpammsicu, pH) moummii
Oynra" BoOpO CYIb(OUIIN CYBIIap YUyH YPHATHITAH.

BCHUHr OKCWJIaHWIIM KyHuJaru I[apoutTiapra amail KWIMHTaHJa
caMapalid yTaJu: KyMUP-KaTaIU3aTOPHUHT FOBaKJIapuaa rerepodasiu TU3BUMHU
IAKJUTAHTHPYBYM CYIOK-Ta3CUMOH (KHCIOpPOJ €KM XaBo) OVNUIMKIAp Kyn
Oynranmma. byHra FoBak KHCM OpKadud IOKOPHIAH IacTra TOMOH XaBora
TYUMHTaH cynb@umain 3putMa oKuO yrranga spunimianu.BC okcumnanummaa
3appadyajapHUHI YJIYaMU KaTTa PoOJib YHHAWAU: YJAPHUHI YI4aMH ONTUMAI
Oynumu 103uM (2-3 Mm).

Kymupaga BC  okcuuianvimn — 3JIEKTPOKMMEBHNA  MEXaHU3MHHHHT
[IAPOUTIIAPH:

- KYMUPHMHT l03acura »dKBUINOTeHIHan OynraH Penokc-kapa€HiapHUHT

IOKOpU TOKW;

- 3pUTMa Ba KATAJIM30TOPHHUHT MACT AJIEKTP KAPIIUIUTH;
- Karanm3aTOpHHMHT ro3acura BCim spuTMa Ba XaBO KHUCIOPOJAUHUHT YTHILIN;
- KaTaJM3aTop FO3aCMHUHT CYB OMJIaH SIXIIM HaMJIaHUIIIH.

BC kamanumux OKCUOIAHUWUHUHE MEXHONIo2uK cxemanapu. 3-6001a
KEJIITUPWITaH TaJKUKOT HaTwkaiapura Kypa, cyBaaH BCHu axparu® onuim
KYMHp IOKJIAMACUHUHT t03acura “‘€MFUpJIaTHII yCyJd OWIaH KUPUTHIAIUTAH
BCaun ospuTMaHuM  KHCIOpOMJIM  KaTaJUTUK  OKCHJUIAII, Xamaa TypJu
AJIEKTPOAJNIapJia AJIEKTPOKUMEBUN OKCHAJNAIl yCyJulapu Epaamuaa axparud
OJINIII MYMKHUH. OJIEKTpOKaTanuTUK >kapaéHna BCaunr iykotmnumu, BC Ba
KUCJIOPOJUIM  JIOKaJ TallbBaHUK KY(PTIUMK TabCUPHUIArH 3IIEKTPOKUMEBUMN
OKCH/JUIAHMIII HATHKACUJa amalira OIau.

Kapaénnune onok-cxemacu. bnok-cxemanu unad yukumniia, oOup Heua
€nJolyBiIapra acocjanras, cysiapau BC naH To3anam MyaMMOCHHUHT
KOMILJIEKC €YMMHU XaKuJaru Mabiiymotiapaas povigananauk. Haxcuit
TaJKUKOTIAPHUHT HAaTHUXKaJapura acocjlaHraH TEXHOJIOTHUS 3apypJIuru aéH

oynau.
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14-pacm. Ycyanm Ttaaduk Kuiaum cxemacu. bencunap: 1 — BC pan To3anamra
KeJAJUraH CyB; 2 — OOIIKAPWIAAMIAH CYB HACOCU; 3 — JIEKTPOMAIIMHAJM y3aTma; 4 —
y4 HYJAKJIM KYMpaK; 5 — NUIaMHUFru4ra MyHaJITHPWITaH BoAopoxa cyiabdua; 6 —
aTmocdepa ocTHIATW TO3a CyB 0akM; 7 — KATAJIM3ATOPJIAP KOJOHHACHHHU PereHepamnus
KHJIMII YYYH peBepc HyHAJTHPHWJITaH TO3a CYB; 8 — 3jieMeHTAap OJTHHIYTYPT HLIamMu; 9
— cyBHu BC pan To3anmam y4yH A 00kHHM aiiganu® yrud b 0/0kra iyHaatupyBumn
kymmmua y3atrud (BC konuentpanusicu 50 MI/IM° IaH KHYAK OyJIraH CyBJIap Y4yH).

FOxopuna 6a€H stunranyiapHu mHOOATra OJAraH XOJAa, ‘‘MOHOOJOKIU
cxema’/laH BO3 Keuulll Makcaara MyBohUK OYnuO, skapaéHimapHu 2 “0J0K’Ka
oymum takud >twiau (14-pacm): a) xomaku (naran) tozanam A 610k — BC
KOHIIeHTparmsick 50 Mr/nM°® 1aH KaTTa GYIraH CyBIap y4yH; 0) HO3MK TO3AIAll
B 6710xu - BC koHueHTpammsicn 50 Mr/amM° jaH KHUUK OY/IraH CyBiIap yayH.

Kentupunran Onoknap Oupranukga xaMm (ketma-ketr A-b), amoxwuna-
anoxuna xam (dakat A Oyiok, €ku A OnoxkHM ainaHuO yTtub dakar b 06510K)
WIUIANUIapH MyMKUH. ByHIaH Tamkapu, NpoTOTHN OWJIaH COJMUINTHPHITAHIA,
xap Oup OJOKHUHT WYHAA COIUp OYIaauraH onepanusiiap coaaalalllTHPUITaH,

YHYMJIOPJIUTH OIIMPWITaH Ba ac000-yCKyHalapra KeTajuraH xapaxariap
Ap30HJIAIITUPHUIITAH.
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15-pacm. A 6s0xaa cyBun BC nan 16-pacm. b 6.10kna cyBau BC nan
JIEKTPOJIU3JIM TO3AJIAll KYPUJIMACH. KATAJIMTHK TO3aJ1alll KYPUJIMACH.

Kypunmanune — uwnaw  npunyunu  (16-pacm).  YMyMIIalTupyB4H
KOJIOHHAJIaH YWKAJIUTaH OKaBa CyB HAcoc €paammua, TapKuOugaru MeXaHUK
KyImuMYanapJaH To3ajall yuyyH, Kymsid (GUIbTp OpKaJid MAcTAaH Temara Kapad
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VTrazunaau. OUIbTPIAlIHUHT TE3NUru — 5-6 M/coarrava. bupnamrtupysun
KyBypJlap - MOJUATWICH €KW BUHUIUIACTAAH. DUIbTpiIaHyBud CynbQUIUIA CYB
“EMrupaaTUIn’ yCyauaa KYMUPIIU aacopOLMOH KOJIOHHAra KeJub Tymaau.

TexHonoruk mnapamerpiap: QuibTpiaanum Tte3auru — 1,0 wm/coar,
KaTAUIMUTUK KaTJIaMHUHT Oananaimuru - 0,5-1,0 M, ¢unsTpnam mukim — 48 coar.

KypunmanuHr Maxcyc uaunuiapu (EMFUpIaTIUyd Ba KOJOHHA) BEPTHUKAI
paBuIia ycrMma-yct YpHatwiran (16-pacm). Komonka 50 cm OGananmkaa
KyMHUp OwiaH Tynaupuiarad. To3a cyB WAMIIM KOJIOHKA OCTHZA >KOWJIAIIAId Ba
20 mutp xaxwmra sra. Kypunma mkad maxnuna Ty3uiradn 0ynub, yHUHT HUuja
TapKUOU KHCMIIapH >KOMJIAIITHPUIITAH.

Karanutuk 3arpyska cudaruga, wupukiaura 2-3 mm  6ymran, Ts
17088447-02: 2017 «Kymupnu (yriaepom) aacopOeHTIapy Taiadiapura Moc
OolicyH (€ku MIYPTOH) KyMUpUAAH (HOHAaTaHUII MyMKHUH.

OuibTpiaaHUII TE3MUrH — 1 M/coaT, UMKIHUHT JTaBOMUMIUTH — 24 coar
Tanabnap kyuuiaran sau. Kypunma ysnmykcus 30 kyH gaBomMuaa uIUiaraH. Xap
Oup IUKIHUHT OXHMpujaa KymMup 8 makuka ngaBomuaa 13-16 JI/C-M2XEDKMJIH
TE3JIMK/Ia pesepc OKUMJIH CYyB épraMua FOBUJITaH.
OxenayamayuanyuHeTaHIIaHTaH pexXuMuaa cyBHU BCraH To3alallHUHT HOKOPHU
camapagopiiuru kypcatwirad. FOkianMa yctuaard ToO3ajJaHaJIWraH CYBHUHT
103aCH/1a KOJUIOU ONTUHTYTYpTAaH nuoopar 10 cMm OanaHyIMKIArd KYTIUK XOCHIT
OynraHvMHM Ky3aTAUK. by Xomar OKCHIJIOBYM (QWIBTP KOHCTPYKLHMSICHIA
nHOOATTa OJIMH/IY.

[Mynnait kunmub, cysHn BCpan To3amamr yuyH Takiud >THiIaérraH
YCYJIHUHT aCOCHUM MPUHIUIUIApH KyHuaaruiap:

- KaTaJuTHK 3arpy3ka cudartuaa, iMpukiuru 2-3 mm Oyiran, TS 17088447-
02: 2017 ranabnapura MOC KeJaauraH KyMUpP TaBCHs STUIIA]IH;

- KYMUpP IOKJIAaMAaCUHUHTKATIAM KaJIuHIurd, BCHUHT koHueHTparusicu 10
Mmr/n 6ynranuaa — 0,5 M, konueHTpanus 10 Mr/n gan rokopu 6yica — 1, M;

- ¢unbtpnanum Te3nuru, BCHuHT koHeHTpauusicu 10-20 mr/n 6ynranuga
— 1,0 m/coat, xonuentpauus 20 mr/n gaH wkopu Oynca — 1,0 m/coarnan
KaMpOK;

- IOKJIQHTaH KaTaJUTUK KYMHP pEereHepauusCUHU ONTUHTYTYpT curumu 0.5
KI/M® Ta €TTaHN/Ia YTKA3HII JTO3HM;

- JOKJIAHTaH KaTaJuTUK KyMHUp pereHepauuscuHu BCnan To3anmaHraH Cys
€KH CyB-XaBOJIM OKMM OpPKaJIu aMajra OLIMPUII MyMKHH.

TagKUKOT HaTWXKAJIApU IIYHU KYpCATAUKH, KyMHUpra EmMrUpiIaTHII
pexumuaa, Gaona kKymup r3acuaa xaBo kuciopoau €paamuna BCHu okcuaan
caMapaJIopJIuTd KYyMUp 3appadajlapUHUHT WUPUKINATH, 3arpy3Ka KaTJIaMHUHUHT
OaJlaHIJTUTH Ba CYBHUHT (PMIIBTPJIAHUIN Te3Murura Oormukaup. by xycycusrnap,
V3uHUHT (GU3UK-KUMEBUN Xoccanapu (xapopar, BC xonmnentpammsicu, pH)
ownan apk kutyBun, BC-TyTyBYM CyBlap yuyH YpHATHITaH.

TexHOoJOTUsIHN camapaiu TaJAOWK KWIMIIIHUHT TEXHUK HaTWXacu Oy —
KypwiMajiap O3KCIUTyaTalUsSICUHU COJIJANAIITUPUIN  OpKajiu (aHaioriapra
HucOaTaH) Kapa€HHUHI camMapaJopiiuruHu  owmpuiigad  ubopar: BC
KOHIeHTparusicu S50 MF/)1M3 rada OyaraH Ba To3aJjaiira KeJud Tymajaurad cyB A
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Oomoxkan ainnann® yTr6 b Omokka kemmuO tymaaun. BC xonmnentparmsicu 50
MI/IM° JaH FOKOPH GYIIraH To3analira Kelquo TyIIajuraH cyB KeTMa-keT A Ba b
osoxnap opkanu yramau (14-16-pacmiap).

bomika TeXHUK HaTUXa — OKUMHHUHI THUJIPOCTATUK KapIIWIUTMHUHT
KaMaluim, 9yHKu A OJIOKJIaH YTaJuraH CyB KapUIWIMKKA ydpamaiau, roKJaml
aca (b Omok) dakar 2-4 MM Yrmuamaarua 3appajiapiaH uOopaT yIJIepOJIU
MaTepuaigal ubopar. by Marepuanna KOJJIOMIIM THAPOOKCHA Ba TEPMHUP
cynbdu KaBaTH MaBXKyJ 5Mac, Ba HaTWwxkaaa cyBHM BCran To3anaml Te3/IUrH
OILIaJIH.

TeXHOMOTUSHUHT  YCTYHJMK KUXATJIapu: YHH  Oaxapwil ydyH
AIIEKTPOIHEPTUs KyHuaarn mMakcajuap y4yH capdiaHaau: a) CyB MHHOpacHra
€TKa3WJIaIuTaH CYBHHM XaiJOBUYM HACOCHHMHT WIUIANIN YYyH, KEHWHYAIHK Y
€pllaH CyB Y3 OKalau; 0) pereHepanus x)apa¢Huaa peBepc T03a CyB YUYH XKyJa
KaM BaKT HILJIalauraH cyB HacocMHUHT unuiamu yayH (b 610k); temup (II)
MOHJIapU aHOJITM TeHEpalUsCH y4yH KeTaJuraH macT Ky4dlIaHWIIJIard JOUMUN
TOK MaHOACHMHUHT faBpuil umura: 0y 6ockuu cyBiaaru BC xonnentpanusicu 50
MI/IM° [IaH F0KOpH GYIIraH mapouTaa 3apypaup. Matepramiap capdu — 31eKtp
TOKM Ba Temup Kupuuaucu. [llaxmnanagurad nuiammiaap: TeMHUp Cyiab(UId Ba
AJIEeMEHTap OJTHUHTYTYPT TOBap Hapxura sra Oynub Oo3zopna coTtwianu. b
OJloKka XaBo Kuciopoau Epaamuaa  Cyiab(GUI-UOHIAPHUHT  DIIEMEHTap
OJITUHTYTYpTrava KaTaJuTHK OKCHIJIAIl aMajra OIIHPUIIaIH.

«Myb6opaxnegpmeeaz» MUXKea « Mybopax I'TI3» kopxonanapuoazu cunosiap

My6opak maxpu “YpraGyloK” KasHIMa-KOHHM KaTdaM CyBIApH BOIOPO
CyIb(pUINHA HEUTpAJLIAIITHPUII OYilndya Miuiad YMKWIrad 2-ta yCyJHHHT N/ -
connu nabopamopusi-maxcpuba cunosu 07.06.2017 fimnna V3P ®A YHKU Ba
«Myb6opaknedprerazy» MUX komuccuss Bakwiapy TOMOHMJAH YTKA3WUJITaH.
CHUHOBHHM YTKa3UII TAPKUOU:

1) MKJI na ukkuTa 1abopaTopus KypruJIMacu TauépiaHau Ba HUFUIIN: a)
BOZOPOA Cyibbuann aHommi-reHeparmsiianran Fe\ Fe** - nommap Gunam
ANEKTPOIU3IN HEUTpaIIAIITHPHUIL; 0) (aosalITUPUITAH KYMUPHHUHT 103acua
xaBo  kuciopoau  €paamuaa BCHuM  snmeMeHTap  OJNTHUHTYrypTraya
ANEKTPOKATAIIUTUK OKCHUJIJIALII.

2) Boaoposa cyabGua-TyTyBUd 5 JTUTP KaTiaM CYBH HaMyHAacH OJIMHIU Ba
MKJIra erkasunmu. OnguH Oy CyBHMHI HaMmyHacu ['‘eonorus Ba MHHepam
pecypciap JlaBmatr kymutacu Kommnpard [uapoxuméBuiinaboparopus JIK
NNYM na taxnun kununrad: BC muknopu 115 mr/i.

3) “Vprabynox” Ka3WIMa-KOHM KaTJaM CYBJIApH BOJOPOJ CyIb(MHINHH
HEUTpamamITupul  OViiu4a WKKM OOCKMYJIM TEXHOJIOTHMSIHUHT  CHHOBJIAp
HaMOMMIIY YTKa3WJITaH.

Mopennu KypuiMaHuHT (a) OupuHYM OOCKHYUA CYB IMyJaT JIEKTPOIap
€prnaMua DIEKTPOJIW3 KWIMHAW, Ba OyHJA JOMMHUN TOK MaHOACHHUHT
Kyunanumu 12 B, snekTposin3 BakTu 5 nakuka. MIKKu BaJICHTIIM TEMUP UOHJIapH
TOMOHHMJIaH  Cyibbua UWOHMapHu  Oofmam  ycynu  Epmamuna BCHu
HEeUTpaITAIITUPUO CyBAa KUWHH JPUNATUTAH TeMHUpP CylIbGUIU OMpUKMAcUTa
AWJIAaHTUPUII  Kapa€HUHU TYJIWMK aMajira OLUTaHJIWIYA  KaJMHK  alerar
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SpUTMACUHUHT cudar peaknuscu Ownadn aHukIaHau. BCHU 3IeKTpom3IH
HEUTpAITAIITUPUIIHUHT  HATHXKAacu — WKoOuWil: cyB HamyHacuna BC
AHUKJIAaHMaJu.

Mopaynnu  KypwiIMaHUHT  WKKUHYH ~ Oockuumga  (0)  kymup-
KAaTAIM3aTOPHUHT 03acuaa XaBo Kuciopoan €Epaamuna BCHuM smemeHTtap
OJITUHTYTypTraya »3JEKTPOKATAIMTHK OKcuiiaHau. FOKkopuaa kenTupuiran
cyBHUHT 0,2 nuTpavk HamyHacu xap Oupu 100 mMi Xakmra sra 2 KOJOHKaJiaH
VTraswian. KymMupkaTtann3aTopuHUIOKIAITHUHTOATaHUINIY Xap Oupuaa 25 cM,
OKUMHHHT Te3nuru 1 m/coat. BCHM 37€KTpOKaTaIuTUK HEUTpaIaIITUPUIIIHUHT
HaTWXacu — WKoOwmii: cyB HamyHacua BC anukimanmay.

“My0opak ra3Hu Kaiita unuiamni 3aBogun” MUK katimam cyBaapu BoIOpO
CyabGUINHE HEUTpaUIaITHPUII OYiinya Uiad YMKWIraH 2-Ta yCyJIHUHT Ne2-
conau nabopamopus-madxcpuba cunosu 2019 Wwmima MaBXKyn Kypuiamazaa
OupnaMuu perjaMeHT Oyinua YTKa3wiraH: a) BOJOPOJ CYJIb(PUIAHU aHOJIH-
renepaumsuianran Fe?', Fe®* - nommap 6uiaH oinekTpoimsin HefTpaiam: )
KYMHUPHHUHT  I03acuJa XaBo Kwuciopoan é€paamuna BCHu asmeMeHTtap
OJITUHTYTypTrada 3J€KTPOKATAJIUTUK OKCHUIJIALLL. V3P ®A VHKMU Ba KOPXOHa
KOMHUCCHS  Bakwiapy ToMmoHugaH 25.09.2019 i#umnga  manonatHoma
pacMHUITAIITUPUIIIH.

“Mybopak Ta3Hu Kaita unuviam 3aBoan” MUK 2.,4,5,14-uexnapuaaru
HOPJOH  TasjlapiaH  ajkaHojamMuHiap  (MOHO-MDA,  AWAITaHOJIAMUH,
METWIANATAHOJAMUH) HpUTMalIapu €pAaMuaa cenaparopiap (Qiermacuaan
MJIDA uu TII 301-02-66-90 6¥itnga (PD) axxpatu® onwir Ba )KyHATHIT YCITyOH
Muu1ad YMKUITaH Ba )KOPUHM KuiauHrad. Mimam npuHuuny Kyuaaruda. Taduui
HOpAOH raz3 MJIDA »spuTMacura kKapama-kKapiiv OKuMza abcopOep opKaiu
Vragu. AOcopOepiaH 4YMKMIN KUCMHUAA HWCCHUKJIWK aJIMallTUPTUyjiard ras
KH3UWIA Ba OJpUTMA pereHepauusiiaHagd. VICCUKIMK — anMaluTupruyja
COBYraHUJaH CYHT KaiTa Tukiaanran MJIDA sputmacu cyB OuiaH COBYTUIIAAH
Ba KaWTajmaH aOcopOepra y3aTwiaau. DPUTMAHUHT KalTa TUKIAHUIINA YYyH
UCCUKJIMK, KYpYK CYB OyFu KHU3AUPHUIIN XHCOOWIaH, pubOOHIepiapaa amaira
omupwianu. KypuTwiranga HOpAOH Ta3gaH CcyB OyFjaapd Ba aMUHJIAp
Oyfmananu, ¢uermMa 3ca aMUHHHM CYIOJITHPUIN YYYH ITUKITa KAaUTHO TyIaau.
Tuzumma mact Gocumid dKcmaH3zep MaBxkyn O0yimmO, y epaa MDA spuran
yrieBoaopoayiap Ba kucMan BC, Ba yriepoa AWMOKCHUIM axpanaau. Y CIyOHU
XKOPUM KUJUII HaTWXKacuja jaecopOeHTnapaa wuiura 60 tonnarada MJIDAHu
aXpatud onumra >pUIlIUiIAn, ukTucoaui camapa 168 000 AKII nomnmapunu
TaIIKWIT KUJIIH.

6-connu exaaru He(THU YIIJIOBYU KypuiaManapaaru
OKaBaJlapHM3apapid TasjapiaH To3aiamjgayd ¢dazamu  OYiayBuM  unuiabd
yuKuiaTad. YHIa (asanapHu ras, yrieBoJ0opOa KOHJACHCATH Ba CyBra a>KpaTHII
xapaéuu O6opaau. Cyrkacura 1,2 T raya ra3okoHAEHcAT OYIyBUMIaH WUFYBUYU
uaumra Ba Hacoc €pmamuia 18-COHNM mexXJgard KOHACHCATHH CTAOWIIOBYH
Kypwimara tob6opmiagu. Cytkacura 15 MSMI/IK,HOPI/II[a axpaTwiraH ras
OYNMyBUMHHUHT IOKOpUCHIAH 18-COHNMM MEXHUHT (akenura yTWIM3AIUsS YYyH
o0opwitanu. To3anmaHran cyB OVIIYBUMHUHT KyWH KUCMHUJAH OKaBa CYBIApHH
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ANEKTPOIU3 EpAamMuaa TO3AJIIOBYM KypuiMara 00paau Ba KyIIMM4a TO3aJaHaIu
Xamaa ajacopOumoH QuiabTpanusianand. TazamaHran cyB “MyOapek rasHu
KaiiTa unuiam 3aBoan” MUK HUHT TEXHUK dXTHEKIApU YIyH (poiinanaHuiaam
(17-pacm). TexHONOrHSIApHHM >KOpHMH KHIMIIJIAH OJMHraH yMyMHH camapa
361000,0 AKII mosmapuuu (3 miapa.500 MiTH.CYM) TalIKWIT KUJTaIH.

.
|
|

>
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17-pacm. MybGapexk I'KU3 MYK yuyH nimuwiad YMKHITaH, CyBAaH YIJIeBOI0POJ
KOH/JICHCATHHH a;KpaTud OepyB4YH, yu ¢azanu 0YayBUM KypHUJIMACHHUHI CXEMACH.

XVYJOCA
1. Karnam cyBmapuma Bomopoa CyinbOUIHM  HEUTpaUIAIIHUHT
ycyJulapu CHUHA0 KYpUIau: OUPUHYM — peareHTIU: BOJOPOJ CYJIb(PUIHU

MUPOJTIO3UT (acocaH MapraHel] AUOKCUIMJaH HOOpaT MabJaHIM MaTepuan)
OwilaH OKCHJJIAI, UKKWHYM — HJICKTPOKUMEBUM: JOUMHUN TOKAAru HMOIUIIIH
3JIEKTPOJIN3 TEXHOJOTHSCH, PEBEPCIM TOKIAArd HOAUIIM TexHosiorus, BCHu
TYFPUIAH-TYFPU OKCHJJIAIl TEXHOJOTHSICH, YYUHUYU — KATaJIUTHK: BOJOPOJT
CyJlb(UIHUA KUCIOPO OUIaH JIEKTPOKATATUTUK OKCHJIaIl. TeMUup MOHJIapUHU
AHOJJIM TEHepauusiCu Ba ylapHU cyiab(QuI-uoHiap OunaH OUpUKHO cyBAa
dpUMalIuraH OWMPUKMaHU INMAK/UIAHTUPHUIN YCYJIH, Xamaa XaBO KHCJIOPOIU
épnamuna  CcynbGUI-UOHJIAPHU  DJICKTPOKATAIMTUK  OKCHIUIANI  YCYJJIapH
pentabennu ne6 Tan onumHrad. [y Owman Owupra, Bomopon cyiabhumuaaH
a0COpOILIMOH TO3aJI0OBYM cemapaTopiapjaa ra3laH aXpaTuirad (hJIerMaHH OJIHII
yCyJn Unutad YuKUJITaH.

2. Muc, KyprolIMH Ba  YIVIEIUIACTUKIAH  KWIMHTAaH  CHJUIUK
ANEKTPOUIap/ia  BOJOPOA  CYAb(DUAHUHT  AICKTPOKUMEBUM  OKCHIJIAHUII
xKapaCHUra TabCUp KWIYBYM OMWJUIAp YPraHu® YMKWIAU: YTa KyWIAaHHIL,
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BCHUMHI KOHIIEHTpalUsACH Ba SPUTMAHUHT XapopaTH. YJAPHUHT MYHUAAQ SHT
aXaMUSATIMCH aHOJIM MAaTEPUATHUHT TaOMaTUAUP, CUHAITAHIAP UYKJA 3Ca SHT
caMapaliiCcu  yriaepoA-TYTyBUM  MaTepuauiapaup. YJiap  XaKMJIU-FOBAaK
anexkTpoiap cudaruaa xKyaa Kyiail 0ynul, CUIUIMK 3JIeKTpoisiapra HucOaTaH
ynapaa BCHuHT okcujytanuin te3nuru okopupokaup. Ly 6unan 6upra, ynap
CyNb(DUA-UOHIAPHUHT  OKCHJJIAHUII  peakuusicura HucOaTaH  KaTaJIUTUK
daomkra ara.

3. Cyrok (azanu KaTaJUTUK >Kapa€HAa JIEKTp YTKa3yBUAHIMKKA 3Ta
KYMUPHUHT l03acujia XaBo Kuciopoau ¢Epaamuga BCHU 31neKTpOKUMEBHI
OKCHJUTAILJATH poJIM aHUKJIaHraH. BCHU 3JIEKTpOKMMEBUN OKCHUIANI Ba
VIIEPOA-TyTYyBUM Marepuauiapja KHCIOPOJHU KalTa THUKIAm Oyinda
VYTKa3WwIran TaXpuOaTapHUHT HaTWKaJIapuaaH, 3appadyalapHAHT KaTTaIurd 2-3
MM i, boiicyn  daommamTupwirad  kymupuga —cyBimapau  BChan
ANEKTPOKATAIUTUK To3aai ycyiu Takiaud stwirad. Cysnapau BCnan to3anar
KapaCHUHUHT MapaMeTpJiapy aHUKJIaHTaH.

4, Temup kupunmuiaapu anoxana spuinu xucodungan temup (II) Ba
temup (III) voHnmapHW aHOMIM TeHepanusicd Ba CyIbQUI-UOHIAPHU OOFIa0
CyB/la JpUMaiuraH XojaTra VYTKa3ulld, XamJa CyJIb(OUI-HOHIAPHU CYIOK
dazama KaTaqUTUK OKCHJUIAIl OPKAJIM OJITUHTYTYPTHH YTHIM3AIUS KU
xapaCHiapugad  ¢oifanaHrad  XojiJa  KaTiiaM  CyBJIapWHH  To3aJlalll
PECYpPCTEKOBUM KOMILJIEKC TEXHOJOTHUSICH WIUIA0 YUKWIIW. Yoy OuHap
XKapaCHHUHT OJIOK-CXEMAaCH HIIA0 YMKWIIWA. YHUHT 3XTHUMOJUN BapUaHTHU
cuparuga, Ts 17088447-02:2017 “Kymupau (yriaepomyiu) ajacopoeHTiap”
Tanabmapura >kaBoO OepaguraH, MHupukIura 2-3 MM Oyarad, KyMup
KYpUHMIIWJIATH IOKJIaHMaaaH ¢oiganaHuin TaBcuss HTwian.  Kowmrekc
TEXHOJIOTHSHUHT CHHOBIapu “My6apeknedreras” MUK Ba “V3bexnedreras”
AX ra xapanuu “My6opak ['KN3” MUK napna myBabpakusatian YTKazumam.

S. “My6opak  T'KHU3” MUX T1abuuii Ta3HUHT OJNTHHTYTYPTIH
OupuKkManap/aH To3anaiml OJOKJIapuaard HOPJAOH Ta3HU aOCOPOIIMOH TO3ajall
cenaparopiapuaa axpaTtwiaaurad guermagad MJIDAHu axxpaTud onui ycynu
(mxktrconuii camapa 160 munar AKI gommapu) Xampaa ras, ra30KOHJEHCAT Ba
CYBHH yu(dazanu axkpaTUIl yCyJid, KyliuMua paBuiiaa 432 T ra30KOHACHCATHH
axpaTtu®d onum  OwiaH, WIOKIAa0 YMKWITAaH Ba  Tag0MK  KUJIWHTaH.
TexXHONOTUANIApHUA JKOPUM KWIMIIAAH OJMHIaH YMYMHUW HMKTHCOAWM camapa
timmura 361000,0 AKII mommapuau (3 Miapa.500 MITH.CYM) TaIIKuT KUJTa Iu.
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PA3OBBIN HAYUHBIN COBET DSc 27.06.2017.K/T.35.01 ITIO
NPUCYKAEHUIO YYEHOMN CTENEHU MPU MHCTUTYTE OBILEN
N HEOPTAHUYECKOHN XUMHUU U TAIIKEHTCKOM XUMMUKO-
TEXHOJOI'MYECKOM UHCTUTYTE

HHCTUTYT OBIIEN U HEOPTAHUYECKOHW XUMUHA

INAMCHEB HIEPMAT JIZKYPAKYJIOBUY

TEXHOJOI'UA OYUCTKHU OT CEPOBOJOPOJA IIVIACTOBBIX 1
KHUCJIBIX BO JOBBIYA U IEPEPABOTKMU I'A3A

02.00.11 - KoitonaHasi 1 MeMOpaHHasi XUMUS
02.00.08 — Xumus u TexnoJiorust HegTH U raza
(TexHU4YeCKHe HAYKH)

ABTOPE®EPAT JUCCEPTAIIUU JOKTOPA ®NJTOCOPHUU (PhD)
O TEXHUYECKUM HAYKAM

TAIUKEHT - 2020
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HOKTOP TEXHIHCCKI HAVE, Hpodeccop
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Hxpamonus
J0KTOP XHMENOCKIX By, Hpodeccop

MOuycon Mupaxvaa Y saronus
HOKTOP TEXHIMOCKHY HIYE, Hpodeccop

Beayumn opramanss: Depramckull noamyexunsecknil HRCTHTYY
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BBEJEHUWE (AHHOTanUs JUCCEPTALIUU HA YYeHYIO cTeneHb PhD)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl AuccepTauuu. B mupe Begyres
HCCJIEIOBAHMUS TI0 OYHMCTKE OT CEpOBOAOPOJA MPUPOIHBIX BoA. CepoBoAOpoO.
conmepxkamiee HedTerazoBoe ChIphe cocTaBisieT 25% OT ero Jo0bYM B MHpE.
[Ipupoaueiii ra3 Y30ekucTtaHa OTHOCHTCS K DJTOMY THUITy, HEO0OXOJUMOCTb
HEUTpallM3allii CEepOBOJIOPOJa B MOMYTHBIX BOJIAX IMPOMBICIOB OO0YyCIOBJICHA
TOKCUYHOCTBIO CEPOBOJAOPOAA U IMPOBOLMPOBAHHEM CEPOBOJIOPOIHONM KOPPO3UU
CTaJIbHOTO O00O0pYJOBaHHUA, KOHTAaKTUpYIOIIero ¢ HuM. M3-3a 3Tux dakTopoB
BOCTpeOOBaHbI CHOCOOBI HEWUTpalM3alMd CEPOBOJOPOAA B CHIphE W BOJAX.
Pacxopl Ha HEE KOMIIEHCUPYIOTCS MOMYTHBIM ITPOJTYKTOM - TOBAPHOU CEPOM.

Ha ceromnsiminuii 1eHh B MUPOBOM MPAKTUKE ISl CHHXKEHUS PUCKA OT yIPo3
DKOJIOTMM W YA3BMMOMY II0 OTHOLIEHWIO K CEpPOBOJAOPOAHON KOPPO3UHU
000pYZJOBaHUIO  MPOMBICIOB, IPOBOJATCA  HCCIAEAOBaHUS 1O  HAYYHBIM
HaIpaBJIEHUSAM JECTPYKIMH U YTUIM3ALUU CEPOBOJIOPOJA: - pecypcocOeperarome
pEeareHTHbIE TEXHOJOTUH, BBIBOJSIINE CYJIb(QUAHBIE MOHBI U3 CUCTEMBI B (popMme
HEPACTBOPUMBIX COEAMHEHUN WM OKMCILIIOIIAE HMX 10 JJIEMEHTAapHOW Cephl; -
CoCcOOBl COpOLMU M HKCTPAKLMH; - METOJbl KAaTAJIMTUYECKOTO pa3pylLIeHUs,
OKHCJIAIOIIME CEpOBOJOPOJ] Ta30BOM M BOJHOM (hazax 110 cepbl; - (PU3HUECKUE,
OMOJIOTMYECKUE U IIEKTPOXUMHUYECKUE METOMAbI, HEUTPATU3YIOIINE CEPOBOAOPOA
COOTBETCTBYIOILIUM CIIOCOOOM.

B pecnyOnuke TOCTUTHYTHI ONpeAeieHHbIE TEOPETUUECKUE U MPAKTUUYECKHE
pe3ynbTaThl HEUTPAIM3ALMU CEPHUCTBIX KOMIIOHEHTOB IPUPOJHOrO rasa. B
Crparerun neWcTBUil Mo JanbHeimemMy pas3BuTuio PecrnyOnuku VY30ekucran
MPEAYCMOTPEHBI 3aJa4M: «IOJBEM IMPOMBINUIEHHOCTH IIyTEM IIEPEBOJA €€ Ha
KaueCTBEHHO HOBBI ypOBEHb, K JaJIbHEWIIEH WHTEHCU(DPHKAUWU MPOU3BOICTBA
rOTOBOM NPOAYKIMHM Ha 0a3ze IIyOOKOMl mepepadOTKH MECTHBIX ChIPhEBBIX
PECYPCOB, OCBOEHHUIO BBINYCKA HOBBIX BUIOB NPOAYKIIMU U TexHOIOTHi . B 9T0i
CBA3M, pa3pabOTKa TEXHOJOTMH HEUTpanu3aluu CyJdb(QHUIOBC MPOMBICIOBBIX
BOJAX, HAa OCHOBE MECTHOIO CBIpbS, C YTWIM3AaUEN NPOAYKTOB, SIBISIETCS
AKTyaJIbHOM.

JIaHHOE THUCCEPTALIMOHHOE UCCIIEA0BAHNE, B ONIPEACIICHHOW CTENIEHHU, CIIYKUT
BBITIOJIHEHUIO 337124, IpeAycMOTpeHHBIX B Yka3ax Ne VII-4947 ot 7 despansa 2017
roga «CrtpaTerusi JEHCTBUI MO MATH NPUOPUTETHBIM HANPABICHUSM Pa3BUTHUS
Pecniyomuku V36ekucran B 2017-2021 romax»,Ne VII-5646 ot 01.02.2019 «O
Mepax I0 KOPEHHOMY COBEPIIEHCTBOBAHHMIO CHUCTEMBI YIIPaBJIECHHUS TOILIMBHO-
sHEpreTuyeckor orpacisio Pecnybnuku Y3oekuctan», [1I1-3107 ot 30.06.2017 r
«O Mepax MO COBEpPIIEHCTBOBAHUIO CHUCTEMbl YIpaBleHUs HedTerazoBoi
orpacibtoy, III1-2915 ot 21.04.2017 r «IIpaBoBble OCHOBBI HEATEIBHOCTH
MHCIEKIIMH 10 SKOJIOTUU U 3alIUTe OKpykatoue cpeabl Pecyonuku ¥Y30ekucTan
0 KOHTPOJIKO 32 BO3HUKHOBEHHEM OTXOJOB, HMX HAKOIUICHUIO, XPAaHEHHIO,
TPAHCIIOPTUPOBKE, YTHIM3AIUMU», A TaKkKe B JIPYrUX HOPMATUBHO-TIPABOBBIX

1 . .
Vxa3 Ilpesunenta PecnyOmmxum Y36ekxucran «O crparerny ASHCTBHH IO IMATH NMPHOPUTETHBIM HAIPABICHUSIM
passutus Pecryonuku Y36ekuctan B 2017-2021 rogax»
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JOKyMEHTaX, MPUHSTHIX B JAHHOU cdepe.

CooTBercTBHE HCCIEAOBAHHA C IPUHOPUTETHBIMU HAINPABJICHUSIMH
pa3BuTHs Hayku M TexHouorum PecmyOumku. JlaHHOe wuccineqoBaHue
BBIIIOJTHEHO B COOTBETCTBHM C MPHUOPUTETHBIM HAIPABICHHUEM Pa3BUTUSA HAYKU U
TexHoJoruii B pecniyonuke VII. «Xumudeckue TEXHOJIOTUU U HAHOTEXHOJIOTHI.

Crenenb HM3y4YeHHOCTH NpodJeMbl. 3BecTHhl Xxumuueckue, pusnyeckue,
OMOJIOTUYECKHE, KOMOMHHPOBAHHBIE METOJbl OYUCTKU BOJ OT CEPOBOAOPOJIA.
OOpamenre K MHPOBOMY OIBITY Pa3pabOTOK B ATOW OOJACTH BBIIBWIO IyTH
ONTHMHU3ALIMA TPOIECCOB  HEHTpanu3anuu Ccyibpua-uoHoB 3a cuer: 1)
TeHEPUPOBAHUS HEOOXOUMBIX PEareHTOB HETIOCPEACTBEHHO B PEAKIIMOHHOM 30HE;
2) NpUBJIEYEHUE B IPOLECC CAMOT0 JOCTYITHOI'O OKUCIHTENS - KUCIOpOAa BO3AyXa.

JlutepaTypHblii 0030p TOKaszaja, 4YTO MCCIACAOBAHHMEM HEWUTpaau3aluu
CEpOBOIOPOAA B TMPOMBICIOBBIX BOJAaX 3aHUMAJHUCh 3apyOCKHbIE YUCHBIC:
lapuarynnun P.P., ®axpueB A.M., borateipeB T.C., I'apudymnun P.M.(PD),
CyneiimanoBa D.U. (Asepbaiimkan), Lomig Hamon, Christian Serre, Thomas
Devic (CILIA), Yonghou Xiaoa, Shudong Wanga, Yu-Ming Sua, (KHP), Camille
Petit, Barbara Mendoza (®panims), a TakKe aHAJIOTMYHBIE HCCIICIOBAHMS
npoBoaminck Bo French Petroleum Institute (®pannus), National Renewabl
eEnergy  Laboratory (CIIA), West Virginia  University (CIIA),
AzepOaiipkanckomHUN nwedbtn u raza, B HMacturyre kataimmza um. [.K
bopeckoBa CO PAH, B PoccuiickoM rocyaapcTBEHHOM yHHBEpPCUTETa HE(TU U
raza uM. M. M. I'yOkuHna.

B V306ekucrane BHMMaHuE MpoOJieME OYUCTKH OT CEpbl MPUPOIHOTO Tasza
yaemnsu: npod. b.H. Xamunos, npod. I'.P.HapmeTona, a.1.1. III.M. Caiinaxmenos
u gpyrue. OpHako, pa3paOOTKONW KOMIUIEKCHOM TEXHOJOTHHM  yAalCHUs
CEpPOBOJOPOA U3 IUIACTOBBIX BOJI FA30IIPOMBICIIOB HUKTO paHEE HE 3aHUMAJICS.

CBs3b  IMCCEPTALIMOHHOIO  MCCJIEI0OBAHUS € IJIAHAMHM  HAY4HO-
HCCJIEA0BATENbCKUX Pa00T HAYYHO-HCCJIEA0BATENbCKOI0 Y4Ype:KIeHHus, I/e
BbINOJIHEHA JAuccepranusa. JluccepTallMOHHOE WCCIEIOBAHUE BBIMIOJIHEHO B
paMKax IUIlaHAa Hay4YyHO-HCCIENOBaTeIbCKUX pabor WMucTuTyTa o0O0mIEH U
Heopranndeckon xumuu no rpanty M3-20170921238 «IIpou3BocTBO OMNBITHOM
NapTUU UMIIOPTO3aMEIIAIONIET0 aKTUBUPOBAHHOIO YIJIA U3 MECTHOTO ChIPbS IS
a7ICOPOIIMOHHON OYUCTKH OTPaOOTAaHHBIX PACTBOPOB aMHWHOB M CTOYHBIX BOJ| B
«Myb6apexckoro I'TI3» (2018-2019 rr.); mo Xo3stiicTBEHHOMY A0T0BOpPY «ONBITHO-
MIPOMBINICHHOE UCIIBITAHUE TEXHOJOTUM HEUTpAIU3alMU U U3BJICUCHUSI CYIbPU/I-
HMOHOB 13 BOJHBIX cpejl He(hTera3onpoMBICIOBY.

Heabo wuccaenoBanust sBIsieTCS pa3padOTKa TEXHOJOTMU  OYUCTKHU
IUTACTOBBIX M KUCIBIX BOJ MPHU A0OBIUE U IEpepadOTKe ra3a OT CEpOBOAOPO/IA.

3agaum UccJeI0BaHNA:

BBIOOP MOJX0I0B K HEUTpATU3aIliK BOJ M YTHJIM3AIIUUA OTXOIOB;

BBISIBJICHUE 3aKOHOMEPHOCTEM 3IIEKTPOoJIn3HOTO oKkuciienns: CB B Bojax,

pa3zpaboTka pexuMoOB Tporiecca HehTpanmzanuu CB B Boje 31eKTpom3oM,
BBIOOP aHOJTHOTO MaTepHalia U Croco0a yTUITU3AINH OTX0/1a;

paspaboTka  Tpollecca  dJEeKTpokartamuTudeckoro  okucieHus CBna
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MOBEPXHOCTH 00pa3iia yriaepoIHOTO MaTepraia U3 MECTHBIX KAMEHHBIX YTJICH;
pa3paboTKa MOJEJbHBIX YCTPONCTB peaju3allid TEXHOJIOTUU KOMIUIEKCHOU
nepepadOTKU BOJ, COAEPKALTUX CEPOBOIOPO/I;

pOBeJIeHHE JTa00PATOPHO-TIPOMBIILICHHBIX UCIIBITAHUN TEXHOJIOTUY;

O0beKkTOM HCCIeI0BAHMSA SBISIETCA IUIACTOBAasl BOJA MECTOPOXKICHUS
«Ypradynok-Camonrena» OO0 «MyOapeknedrerasy.

IIpeaMeroMm  umccieoBaHMsA  SABISIETCS  XUMHUYECKME  HMAHOJHBIC
ANEKTPOXUMHUYECKUE peakiuu reHepupoBanus uoHOB keneza (1) u () u
CBS3BIBAHUSI MMM  CyJb(PUI-MOHOB B  HEPAaCTBOPUMBIC  COCTUHEHUS,
ANEKTPOKATATUTUUECKUE PEAKIIMN OKHUCICHHS CYIb(UI-UOHOB N0 JJIEMEHTHOU
Cephl, TMPsSMON HEUTpaIM3allMd CEPOBOJOPOAA B  PEAKIUAX  OKHUCICHUS-
BOCCTAQHOBJICHUSI Ha TIOBEPXHOCTSX pazaena ¢a3 B TETEPOTCHHBIX KHUJIKO-
ra3o(a3zHpIX CUCTEMaX IJIACTOBBIX BOJ] Ta30MIPOMBICIIOB.

Metoabl uccaeqoBaHUsl. DJIEMEHTHBIM XUMHUYECKUH aHaiu3 MpoO BOIbI
METOJIaMH aTOMHOM abCcopOIuu, MOTEHIIMOAMHAMUYECKUH, MTOTEHIIMOCTATHYECKHI
METO/IbI AJIEKTPOXUMHUYCCKUX H3MepeHuid (moTeniuoctat I1M-50-1), usmepenue
penokc-noreHuuanoB (noHomep OB-74), wMeTombpl KOHTpPOJISI  KOJUIOMHO-
XUMUYECKUX U PU3UKO-XUMUYECKUX CBONCTB MaT€pPUAIIOB.

HayuyHasi HOBU3HA UCCJIEIOBAHMS 3aKITIOYACTCS B CIIECIYIONIEM:

YCTAaHOBJICHA  BO3MOXHOCTD HEUTpanu3aum CyNb(hUI-HOHOB B
CepOBOIOPOIHBIX BoAax moHamu Fe?*, Fe®*| 0oB6pasyromuMics deKTpoXuMIIECKH
Ha aHOJIE, CBSI3bIBAHUEM B OCAJI0K, B (JOpME HEPACTBOPUMOIO CYJIb(PUIa KEIe3a;

BIIEPBBIE  YCTAHOBICHO  JKUAKO(PA3HOE  TETEPOTCHHOE  OKHCIICHHUE
CEpPOBOJIOPOA KHUCIOPOJOM BO3JAyXa Ha TOBEPXHOCTH KaMEHHOYTOJIbHOTO
KaTajln3aTopa,

oOHapy>K€HO, YTO KaMEHHBIH yroib MecTtopoxacHus IllapryH,mocie
aKTUBUPOBAHMSI, TPUTOJIEH B KaueCTBE KaTajau3aTropa TMpoIecca OKUCICHUS
CEPOBOJOPOA KUCIOPOIOM BO3yXa;

BIIEpBbIE pa3paboTaHa JBYyXCTyleHYaTas TEXHOJOTHsA, oObOecrednBaronas
100% HelTpanu3aiuio cepoBOAOPOAA B BOAE MyTEM DJIEKTPOJIM3a U OKUCIICHUS Ha
KaTanu3aTtope, ¢ ero Marepuasno-, sHepro- 3G hekTuBHOMperenepameii 0e3 3arpar
AIEKTPOIHEPTUH,

YCTAaHOBJICHO CHIDKEHHE pacxoja Marepuaiga 3a CYeT OTACJICHUS
METHJITMATAaHOIaMHUHA OT (prierMbl B 6J10Kax obeccepuBaHus MPUPOIHOTO Tra3a.

IIpakTnyeckue pe3yabTaThl HCCAEIOBAHUS 3aKITIOYAIOTCS B CICAYIOLIEM:

pa3paboTaHbl KOHCTPYKIIMH YCTPONCTB OYMCTKH BOJ OT CEPOBOIOPOIA;

pa3paboTaHa ® WCIMBITAaHA TEXHOJOTHUS KATAIUTHUYECKOTO OKHUCIICHUS
CEPOBOJIOPOa KUCIOPOIOM BO3yXa B IJIACTOBBIX BOAAX;

pa3paboTaHa MW WCHbITaHA TEXHOJIOTHUSI JJIEKTPOJIM3HOM HEWTpanu3aluuu
CEPOBOJIOPOIA B BOJIE, OKMIaeMbIii akoHOMHueckuit a¢dext USD 170000 B rog;

paspaboran u BHeApeH crnoco0 m3BieueHus MJIDA u3 duermer B Oimokax
OUYMCTKH TPUPOJHOTO Taza oT CepHHUCTHIX coeauHeHuit B OO0 «Mybapekckuii
I'TI3» ¢ axoHOoMHueckuM 3 dhexTom oT u3Bneuenus MJIDA USD 168 000 B ro.

JlocToBepHOCTH Pe3yJbTATOB HccjaenoBaHus. [loaTeepxkmaercs pesynbTa-
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TaMU, TOJYYCHHBIMH COBPEMEHHBIMH METOJaMU (PU3UKO-XUMHUYECKOTO aHan3a,
IPOBOJUMOTO B IMPOIIECCE MUCCIAEAOBaHUS B J1a0OPATOPHBIX YCIOBHUSX, a TaKXKe B
polLIecCe OMBITHO—POU3BOICTBEHHBIX UCIIBITAHUN Pa3pabOTOK.

Hayuynasi u npakTuyeckasi 3HA4YMMOCTb Pe3yJIbTATOB UCCJIeI0BAHMS.

Haydnast 3Ha4uMOCTh pe3yJIbTaTOB UCCIEAOBAHUS 3aKII0YACTCS B BBISBIICHUU
O0COOEHHOCTEM W 3aKOHOMEPHOCTEW  TPOLIECCOB  DIIEKTPOXHUMHYECKOM
HEUTpaM3alui  CyJb(PUA-UOHOB U OKHUCIEHUS HUX KHUCIOPOJIOM BO3/yXa,
BOCCTaHABIIMBaOIIEMcsi Ha Kartaiu3atope. OOOCHOBaHO TpHUMEHEHHE OO0BEMHO-
MOPUCTBIX 3JIEKTPOJIOB MPHU IJIEKTPOJIU3HOM Y KATAIUTHYECKOW HEWUTpAIA3ALHNU
CEpOBOJOPOAA.

[IpakTueckas 3HAYMMOCTH PE3YJIbTATOB WCCICIOBAHUS 3aKIIOYACTCS B
CO3JIaHMH  CHOCO0OB  HeHTpanmm3anuu  cepoBojopona uoHamu xenesa(ll),
TCHEPUPOBAHHBIMU Ha aHoONEe, C TOJNyYCHHEM Cyibpuaa xKeneza W Cephl,
KaTalMTUYECKONM  HEWTpaidu3allud  CEpPOBOJOpPOAA HA  YIJie-KaTajau3aTope.
Pazpabotansl crnocoObl u3BineueHuss MDA wu3 ¢Quermpl B 0J0Kax OYHMCTKU
IPUPOAHOTO Ta3a OT CEPHUCTBIX COCAMHEHHH, a Takke CIoco0 U yCTPOHCTBO
Tpex(dazHoro pazjeneHus rasa, razokonjeHncara u Bojasl B OO0 «Mybapekckuii
['TI3». 3HAYUMOCTh pe3ybTaTOB MOATBEPXKJEHA  JIAHHBIMUOIBITHO-
IPOMBIIICHHBIX UCTIBITAHUN TEXHOJIOTHUHU.

Bueapenne pe3yabTaToB nccjieqoBaHusa. Ha ocHOBE MOTy4eHHBIX HAYyYHBIX
PE3yNBTATOB MO Pa3pabOTKe TEXHOJOTHH OYHUCTKH IUIACTOBBIX M KHUCIBIX BOJ TPU
100bIYe U IepepadoTKe raza OT CEPOBOAOPOIA!

PEKOMEH/IOBaH K BHEAPEHUIO CIIOCOO HEUTpalu3allii CEpPOBOIOPOAA aHOIHO
renepupoBanusiMu Fe?*, Fe** -nomamn (PeammsoBano B OO0 «My6Gapekckuii
['TI3» AO«Y3beknedreras», cnpaBka Ne 03/17-5 / 26-254 ot 2 ampens 2020
rona). B pesynbrare, ooecneunBaetcs 100%-Hoe ero yganeHue myTeM CBSI3bIBaHUS
cyasdua-nonos Fe?*, Fe* -nonamu B HepacTBOpHMbIii CyIbdHI Kelesa.

PEKOMEHJIOBAaH K BHEAPEHUI0 CHoco0 HEWTpajau3alud CepoBOAOPOA
ANEKTPOKATAIUTUYECKUM OKHCIIEHHEM CEpPOBOJIOPOJa KHUCIOPOJOM BO3ayXa Ha
MOBEPXHOCTH yrisi-kartanuzaropa (PeanuzoBano B OO0 «Myb6apekckuii I'TI3» AO
«Y36eknedterasz», crnpaBka Ne 03 / 17-5 / 26-254 ot 2 anpens 2020 roga). B
pesynbrate, obecrneunBaercs 100 % ynmanmenue cepoBOAOpOsa, a aaCOpPOEHT-
KaTanu3aTtop perenepupyercs, 3pGEeKTUBHOCTh MCIOIB30BAHUS €r0 MPHU ITOM JI0
10-pa3; pacxoma MaTEepHaIOB U JJICKTPOIHEPTUU HE TPOUCXOUT; DJIEMEHTApHAs
cepa ¢ MMOBEPXHOCTH YTJIs yIAIsIETCs BOJOH, B MPOTHBOTOKE;

BHEJIPEH CIOCOo0 u3BleuYeHUs MeTwiaudTanojamuda (MJIDA) u3 daermsl B
0JIOKax OYHMCTKH MPUPOTHOTO Ta3a OT CEPHUCTHIX coenuHeHui (Peamm3oBanHo B
000 «Myb6apekckuit I'TI3» AO «Y30ekuedTeras», cripaska Ne 03 / 17-5/ 26-254
ot 2 ampens 2020 roma). B pesynbrare, 3a rojl yaaaoch JOOUTHCS BBICOKOU
(D PEKTUBHOCTH 32 CUET BHEAPCHUS TEXHOJIOTHHU.

AnpobGauusi  pe3yJbTaTOB HccjaenoBanus. [lomokeHusviccie0BaHus
00CYXIEHBI Ha SMEXTyHAPOIHBIX HAYYHO-TIPAKTUICCKUX KOH(PEPECHITUSX.

Ony0JMKOBAHHOCTL pe3yJbTaTOB wuccjenoBanusa. [lo wmartepuanam
JUCCEPTAIMH OMMyOJIMKOBAHO BCETO 8 HAy4HBIX paboT. U3 HuX 3 - HAydHBIE CTATHH,
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B TOM 4ucie 2- B PECHyOJIMKaHCKUX,l - B 3apyOexHOM
KypHaJIe,peKOMEHI0BaHHOM BhIciiei arrectarimoHHON Komuccuei PecryOnmku
VY30ekucTan asst myOJUKaIMi OCHOBHBIX HaYYHBIX Pe3yJIbTaTOB AUCCEPTALIUM.
CTpykTypa um o0bem auccepranuu. JuccepranmoHHas paboTta COCTOUT U3
BBEACHUS, 3-X DKCIIEPUMEHTAIbHBIX TJIAB, 3aKJIFOUEHUS, CIIUCKA HCIOJIb30BAHHOM
autepatypsl U3 133 HaumeHoBaHull U 6 npunoxxenuit. O0beM padoTel — 121 ctp.B
IPUIOKEHUN MPUBEIACHBI aKThl HCIBITAHUNA TEXHOJOTUWA W BHEIPEHHS METOMOB
HEUTpaIn3aluu CepoBOA0poaa, criocoda u3sneueHuss MDA u3 ¢uermsl B 6510Kax
OYMCTKH NPHUPOAHOrO Ta3a OT CEPHHUCTBIX COCIMHEHHA M PEKOMEHAALMH K
BHEJIPEHUIO yCTaHOBKHU TpexPaznoro pazaemurens B OO0 «Mybapekckuii ['TI3y.
HuccepranionHasi paboTa BBINOJHEHA COMCKAaTelleM B JIabopaTOpHUsiX
XUMUYECKOW TEXHOJOTMM W MeTaIIyprudecKux NpOLECCOB M MaTEpHasoB
HNucturyTa o0meil n Heopranmdyeckoil xumun AH PVY3. HUcnbeitanus cnoco0oB
BeinoaHeHsl B OO0 «Mybapeknedreraz» u OO0 «Myb6apekckuit ['TI3».

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeneHum 00OCHOBBIBAETCS aKTYalbHOCTh W  BOCTPEOOBAHHOCTH
IIPOBEJICHHOTO MCCIIEIOBAHUA, €r0 LeNb U 3aJlay, XapaKTEpU3yHTCs OOBEKT U
MIPEAMET HUCCIIEIOBAaHUS, TIOKAa3aHO COOTBETCTBHE HMCCICIOBAHUS MPUOPUTCTHBIM
HaIpaBJICHUSIM Pa3BUTHS HAYKH M TEXHOJIOTHHA PECIYOIMKH, W3IararoTcs HaydHas
HOBM3HAa W TIPAaKTUYECKHWE JJTaHHBIC, TPUBOAATCA HAaydHas W TPaAKTHUECKas
3HAYUMOCTbD, & TAKKE CBEJICHUS O BHEJAPEHUHU PE3YJIbTATOB UCCICAOBAHMUS.

B nmnepBoii riaBe guccepranuu 1noj Ha3zBaHuem «CepoBogopoa B
TEXHOTeHHOH M NPHUPOIHOI cpeaax, 0030p MeETOJOB €ro HeWTpaJIu3amuu»
MIPUBEJICHA PETPOCIEKTHBA TIOIXO0I0OB K PEHICHUI0 MPOOJIeMbl HEHTpaM3aIluu 1
YTHIW3AlUA CEpOBOOpoAa B Bojax. llpuBemeH 0030p myOnmkamuii mo teme
uccienoBanus. M3 uX KpUTUYECKOTO aHaJIN3a HAMEUEHBI 11eJ1b U 3a]1a4i paOOTHhl.

Bropasi rinaBa no teme «YCTpoOiCTBAa peaju3alu CIOCO00B M KOHTPOJIS
pe3yJbTAaTOB HEHTpaJu3amuu CyJab(ua-HOHOB» TIOCBAIIEHA ITOCTAHOBKE
uccienoBanus. OObEKTOM HCCIIeIOBaHUs BhIOpaHa 1iactoBas cepoBojopon (CB)
colepkamias BoAa  MecTopoxaeHuss MyOapek, peakiuy aHOJHOTO U
AIIEKTPOKATAIUTUYECKOTO OKUCICHHUS CEpPOBOAOPOJA, IIAPTYHCKUWA Yroib -
KaTajJnu3aTop pEakiuud OKHUCJICHHUS CEPOBOJAOPOAA  KHUCIOPOAOM  BO3AyXa.
[IpemyioxkeHbl  yCTpOWCTBA IS pa3padOTKM W HWCIBITAaHUS  CIIOCOOOB
HEUTpaM3aIlii M SKCTPAKIMHU CYyIbGUI-HOHOB. ONMUCAHBI METOIbI XUMHUYECKOTO
aHa/M3a, SIEKTPOXUMHUECKUX M3MepeHuil. Ha mx ocHoBe pa3paboTaHbl CroCOObI
reaepupoBanuss noHoB Fe(ll) m Fe(lll), smexTpokaraluTHYECKOrO OKHCIICHUS
cepoBoaopozaa. Co3iaHbl yCTpOICTBa HEUTpaIM3alluK CEPOBOAOPOA.

B TI'maBe 3 «Pa3paboTka cnoco0o0oB HeillTpaau3aluM CepoBOAOpPOAAa B
SKMAKUX (pa3ax» U30KEHBI PE3yJIbTAThI ATara UCCIICIOBAHUS.

Iuponosumnas peacenmuas mexnonoeusa. Ilpennoxen 3¢hdeKTUBHBIN
OKHUCJIUTENb CYyIb(UI-UOHOB: TUOKCHU]I Maprafia (MHPOIIO3UT). YCIOBUSIMHU €T0
npuMeHeHus it okuciiennss CB cranu u3aMenbyeHue M moIe/IauuBaHie CPeIbl.
PocT KoHIIeHTpanuu peareHTa cokpaiail BpeMs Mpoliecca.
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Hoouonas snexmponusnas mexHono2us Ha NOCMOAHHOM mokKe. VI3ydeHbl
yCIIOBUSl HEWTpaiu3anus CylbQUI-MOHOB B pacTBOpE C HOAUI-MOHAMH, UYTO
XapaKkTepHO Ul TOA3EMHBIX BOJ: TMPU AHOJHOW TMOJSIPU3AlMA Ha YTOJBHOM
AJIEKTPOJIC OHU OKHUCIISIOTCS JI0 AJIEMEHTApHOTO HO/a - OKUCIIUTENS CEPOBOIOPOIa
1o cepbl. CocTaB mIacToBOr Bojbl Ta3onpomsicios, /1. Cl” 400, Br 0,7, J 0,04.
x Redox-norennmansl (E°) cnenyromue, B:E°CL/2CI (2,8M): 1,360; E°Br,/2Br
(ko  0,006M): 1.065 B; E°J)/2) (xomm. 0,0003M): 0,535 B. Omnmu
B3aUMOJICCTBYIOT B MTOCJICIOBATEILHOCTH: CHavalla —3JIEMEHTAPHBIN MO, TOTOM -
Opom, 3a HUM — xJi0op. Ha aHoze:

21 =26, 3T - 265 (1)
a B o0beMe pacTBopa:
2- 0 -
S* +3,>S° + 2] (2)
- LBI 180
- 16 a l./\f(;ml
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Puc. 1. 3aBucumocts maccpiko/uiongHoi Puc. 2. Tlonspu3anuoHHBIE  KpPHBBIE
cepsl OTI0JM cepoBoJOpoAa B rasze, B oOkuciaenus J  -wonoB:l, 2, 3 -
KOHTaKTe ¢ pacTBopoMKJ. COOTBeTCTBEHHO 1-, 5-, u 10 %-HbIii pacTBOp
KJ.
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Konuen rpaunH HOAHA-HOHOB, M/l

Puc. 3. 3aBucMMOCTB CKOPOCTH OKHMCJICHHSA
CepoBOI0PO/Ia OT KOHIEHTPALMH HOIU]-
HOHOB, Npu pH 6 pacTBopa.

Puc. 4. 3aBUCMMOCTb CKOPOCTH OKHCJICHUS
CB 0T KOHIIeHTpPALMU MOAWI-UOHOB B BoJe,
pH 6, peBepcHblii TOK.
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Ha puc. 1 mpencraBineHa 3aBHUCHMOCTH OOpa3yloIIENHCs B 3THX YCIOBHUSX
KOHIIEHTpAaIlMd Cepbl — TMPOAYKTa PEIOKC-pEaKIMu  CepoJIoA0posa, OT
KOHIICHTpAllu ero B rasze. Ha puc. 2 mpuBEICHBI MOTEHIIMOCTATHYCCKHE -
KPUBBIC OKUCIICHUS MOAUA-UOHOB. M3 3TOM 3aBUCHUMOCTH CIEAYET, YTO C POCTOM
koHieHTpauu KJ ot 1 1o 3 u 10% Bo3pacTtan Tok, a MPOAYKT — HOJA, B COCTaBe
TPU-WOJAHOTO KOMIUIEKCA, MPUBOAWUI K POCTY MaKCMMyMmMa TOKa U aHOIHOTO
nepeHanpspkeanss  peakuuu (1), Ilocmemyrommuit  cmam  Toka  0OyCIIOBIIEH
MacCUBUPOBaHUEM TpaduTa HOIOM.

Hoouonas mexmonoeus na pesepcnom moxe. Ha motenmmocrare ITHM-50-1, B
peXKUME PEBEPCHOIO TOKA MPSIMOYTOJIbHOM (hOpPMBI UMITYJIbCA, B MJIACTOBOM BOJIE,
YCTAHOBJICHA ONTUMAaJIbHAas KOHIEHTpauus WoauaA-uoHoB: 5-40 wmr/m (puc. 3).
Boixon mo Toky (TM) 3aBUCEN OT KOHILEHTpauuu Cyiab(QUI-UOHOB: MPU HX
CHIKEHMH, 3HaUeHue 1M naaano (puc. 4). PeBepcHBIl peXuM MNpearnoYTUTEIbHES
cTanoHapHoro (taom. 1).

Tabmuma 1
PaspyieHne rpadUTOBBIX MEKTPOLOB IIPH IIOTHOCTH Toka 0,2 A/cm’
®opma Toka | Bpems Temneparypa | Macca anekrpona, r
BIICKTPONN3a, 4 | pacTBopa, C UCXOJHAsl | MOTeps MacChl
PeBepcuBHBIN 1 18-40 40 0,097
ITocTosTHHBIN 0,172
Tabmnuma 2
BrvsHue mioTHOCTH TOKa Ha HEUTpanu3aiuio cepoBojopoaa (ucx 120 mr/m)
[InoTHOCTH Ckopoctb nojnaun | Hampsixxenue, OcrarouHas
TOHA, Alem? BOJIBI, JI /9ac BonbT koHueHTparust CB, mMr/n
0,04 14,8 3,1 6,2
0,09 28,2 8,7 HET
0,09 20,2 - clenpl
0,36 20,1 11,6 HET
Tabnuna 3
Brusaue ckopocTu nogauu Boibl Ha Hetpanuzanuio CB, nucx. 120 mr /n
[ImoTHOCTB Hanpsoxenue, | Ckopocts nogaun | OcTaTOYHBIN
ToHa, A/cM? Bosbt BOJIbI, JT /4 CEPOBOJIOPOJI, MI/JI
0,18 9,5 26,0 HET
29,6 cliennl
30,0 3,0

Onexmponusnas —~— mexnonocus  2enepuposanus  ocenesa  (11)-uonos.
OddexkTuBHBI  areHT, CBA3bIBAOIIMNA  CyJIb(UI-UOHBI B  HEPACTBOPUMOE
coequHeHue cynbdu xkenesa, nonsl Fe(ll), renepupyemoie anoano (3):

Fe’ — 3e>Fe™ (3)

B nmpucyrctBum kuciopoxga onu okucisirores no  Fe(lll)-uonos. Ilpum
B3aumozeiicTeun cepoBopoposa ¢ Fe(ll) u Fe(lll)-uonamu nayt peaxius (4), (5):
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Fe”* + S*> FeS (4)
2Fe** + 35> 2FeS + S (5)
(5) sBngercs HEOOPATUMOMN, YTO OOYCIIOBJICHO HU3KUM 3HAYEHHEM MPOU3BEICHHUS
pacTBOopuMOCTH Cyibbumaa xeneza. M3 comocrabnenus (4) u (5) BUAHO, 4TO 2
skBuBasienTa Fe(lll)-uonbr cBs3piBaroT 3 skBuBajeHTa cepbl, aFe(ll)— aBa, uto
meHee 3D PeKTHBHO, TT03TOMY Iiesiecooopa3Ho gookucisTh Fe(ll)-uonsr go Fe(lll).

JIiisi yMEHBIIICHUST pacXo/1a ’KeJIe3HOro aHoja, reHepupyromero Housl Fe(ll),
LEJIECO00PA3HO BBOJAUTH B MEXIIIEKTPOJAHOE ITPOCTPAHCTBO, OTXO (CTPYXKKY).

IInomnocme moxa. Ee mOBBILIEHWE WHTEHCU(PUIIMPOBAIO TpOIECC B
miacToBod Bome ¢ pH 7; koHmeHTpammer cepoBomopoma 110 wr/m;
MuHepanu3anuen 97,9 1/i; xxectkocThio 440 Mr-3kB/11. O4UCTKY OT CEpOBOAOPOIA
MIPOBOIMIIN TIEPETIOIFOCOBKOM AIIEKTPOJIOB: 0CATOK OTAesIcs (Tab. 2).

Ckopocmwb nodauu 600si. Ee BEIOOP 3aBHCEN OT COACpKaHUS CEPOBOAOPO/IA B
11acTOBOM Bojie (Tabi. 3).

Buvibop mesiconekmpoonoco paccmosinus. YMEHBIIEHUE STOrO IMapameTrpa
MPUBOJUIIO K YMEHBIICHUIO MEPEHANPSIKEHUS SJIEKTPOJHOM PEAKIIMU U CHUKEHUIO
MOTEPH JIEKTPO3HEprun. PekoMeH10Bano paccrosiHue 10 60 MM.

CJiellaH pacdeT MHIOTHOM YCTAHOBKH MPOM3BOANTEIBHOCTEI0 90 M B CyTKH
st OO0 «Myb6apekckuii I'TI3»: pacxon Boasl B 1 1 cocrasisn 3750 i1, mtomaab
AHOIOB U HEHTpaIM3alid cepoBogopona: ~ 1,2 M% pasMmep dICKTpOIH3Epa:
pabounii o0vem BaHHBI 0,23 M% IUIOTHOCTH TOKA 10,2 A/CMZ, ToK 2160 A;
MomHocTh yctaHoBkH (W), mpu Hanpsbkenuun V 10 B, Bpemenu (1) 1 4, coctaBuia
W=JVt=21604-10 B-1 v = 21,6 kBm. Pacxon xene3a 1,1 xr. Ha BeIxozne Boma
conepskaina ot 0 1o 8 Mr/in cepoBogopoa.

Texnonozus npamoeo oxucnenus CB 6 6ooe. IIpoBenieHO cpaBHEHHE MOTEHIINO
JTMHAMUYECKHX I-EXpUBBIX peaklnii OKUCIICHUS CEPOBOIOPOIa U BOCCTAHOBJICHHUS
KHUCIIOpoia Ha Meau, cBuHile, ctekio yraepoae (CTVY) (puc. 5-6). PaBHOBecHbIN
NOTEHUMAJl YIJIepoJa M CBUHIA mnoJioxuTtenbHee Ha 0,2 B, yem meau; a ToOk
OKHCJICHHUSI CEpOBOAOPO/a Ha yriepoae MuHUMabHBIN. [loTeniman na Cu Gonee
oTpuuarenbHelii: -0,8 B, a aHOAHBINA TOK BbILIE, YEM Ha rpauTe U CBHUHIIE NPH
OJIMHAKOBOM NEPEHANPSIKECHUU. DTO CBS3aHO C OKUCIECHHEM HE Toibko CB, HO n
Menu. [Tpu norennuane Boiie -0,2 B okucisiiack Meb, ¢ BblJCIEHUEM Cylbhua
ME/IH.
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oe 0.6 04 0.2 o o2 0.4

Puc. 5. i-E xpusblie okucjaenust Puc. 6. i-E kpuBbie Puc. 7. i-E xpuBble oKkHc-

-]

CB na CuU npu ucxoaHoii okucjenusi CB na Jenusi CB na CU npu ucx
KoHUeHTpanuu 35 mr/a, 20 °C, yriepoje npu McX.KOHIL. KOHU. 256 mr/a: t°C: 1 - 20;
pH 6,5. 35 mr/a, 20 °C, pH 6,5. 2 -50; 3- 80, pH 6,5

Bruanue konyenmpayuu ceposooopooa. B obact HU3KUX NEepeHANPSKESHUMN
(-0,8+ -0,6 B) ormeucHo okucnenne CB u okuciaenune meau (puc. 5). [Tpu BeicoKoi
KOHIICHTpauu cepoBogopoaa (6osee 50 Mr/im) OTMEUEH MPOIOIKUTEIBHBIN
Y4aCTOK OKHCJICHUSI CEpOBOAOPOAa, C NU(P(HY3MOHHBIM KOHTPOJIEM.

Ponv memnepamypor CB - pacméopa n3ydanu Ha MEJHOM aHojae B Boae pH
6,5; ¢ konuentpamueit CB 256 mr/a (puc. 7).C pocToM TeMmnepaTypbl TOK B IETH
BO3pacTall MPOMOPLUUOHAIBHO POCTY TEMIEPATYpPHI, C BbIX0JAOM mo TOKy 100 %.
EnuHcTBEeHHOM AIEKTpOXUMUYECKON peakiuent 0bu1o okucienue CB.

Ponv pH cpedwr. Ot pH 3aBucUT MaccoBoe OTHOIIEHHE (POPM CepoBOOPOa B
pactBope. Ho pH mano Biusiin Ha CKOPOCTh OKUCIIEHUS CEPOBOIOPO/IA.

Onexmpokamanumuieckoe  OKUCIEHUe  Ceposooopodd  KUCIOPOOOM.
Oxkucnenue kucinopoaom CB B macToBoil BOAE NPEACTABISAIOT PEAKIUSIMU:

HZS + 1 02 =S + Hzo, (6)

2HS + 120, =2S + H,0 (7)

CyMMmapHOe ypaBHEHUE peakluu npeaycMarpuBaeT Ha okucieHue 1 mr CB
pacxon 0,33 wmr kuciaopojia. YCTaHOBKa OCHAIIEHA KaTAIM3aTOPOM M3 KaMEHHOTO
yriia baiicynckoro u lypranckoro mecropoxaenus PYs.

Onmumuszayuss npoyecca okucienus CB. Anomnoe oxucinenue CB Ha
rimagkux CuU-a5ekTpogax BECTH HEPEHTa0EeIbHO, T.K. IJIOTHOCTh TOKAa HHU3KA.
Brixog — nmpuMeHeHHE O0BEMHO-TIOPUCTBIX AJIEKTPOAOB, B KOTOPBIX JOCTHKUM
OOJIBIIION TOK OKHUCJIEHUS, OJlarofapsi YBEJIMUYEHUIO MOBEPXHOCTU U YIYUIIEHUIO
MacconepeHoca. Ha Hux Bo3MoxkHO okucieHue CB 6e3 monBoja 3neKkTpuyecTBa
(anekTpoxumudeckuii katanus). Ilpy 3TOM TBepaoe Telo, KOHTAaKTHPYS C
okuciutenem (OX:0;) u BoccranoButeneMm (Red: CB), oOpasyeT MUKPOYUYACTKH €
npeobnaganremM Red- mam OX- coenuHeHHi. DTO MPUBEAET K BO3HUKHOBEHHIO
KOPOTKO3aMKHYTBIX MHKpOTaJbBaHWYeCKuX 3nemMeHToB (Y20, + ¢ = OH
KHUCJIOpOaHbIHN 3nekTpon ¥20,/OH), B pe3ynbrare yero okucisercs CB.
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Puc. 8. BiusiHue BbICOTHI CJIOS YIJISL HA Puc. 9. 3apucumocts 3pdekTa 0UUCTKH
0CTATOYHYI0 KOHIleHTpanuio CB B pactBopa ot CB npu pa3iuyHbIX CKOPOCTSIX
¢puabTpate npu Temmneparype 20°C. ¢puabTpoBaHu.

Brusnue evicomul cnos yens Ha cTeneHb o4MCTKH BoAbl 0T CB m3ywanu mo
Mepe IBWKEHHUSA CYJIb(HUIHOTO pacTBOpa CBEpPXY BHHU3 4Yepe3 KaTaJIUTHUYECKYIO
3arpy3Kky (puc. 8). Hauunas c 40 cm 3arpy3ku, CB B pactBope He (MKCHpOBau.

Brusnue ckopocmu punomposanus na cmenenv ouucmku 600wt om CB (puc.
9). YcTaHOBJIEHO, UTO C €€ YBEJIMUYCHUEM CTETICHb OUUCTKU CHIXKAETCHI.

Brusanue memnepamyper u pH pacmeopa (puc. 10). BugHo, yto B UHTEpBae
pH pactBopa: 3,5-10,0, 3aBHCMMOCTH ocTaTOuHOW KOHLEHTpauuu CB Hocur
AKCTPEMaJIbHBIN XapakTep, ¢ MakcuMyMoM Tipu pH 7, 4To 00BACHSIETCS KUCIOTHO-
HIEJIOYHBIMU MPOAYKTAMH PEAKIIUNA:

H,S - 2¢-> S + 2H"; (8)
HS -2¢-> S+ H™: (9)
0, + 4e +2H,0-> 40H" (10)

B xucnoii u menoynoi cpepax camxancs agpdexr ounctku ot CB.
Bruanue memnepamyper Ha ounctky ot CB. IIpu noBelieHun TeEMIIEpaTypsl
ot 8 1o 15°C ckopoctb okuciienus CB Bo3pacrana B ABa pasa (puc. 11).
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Puc. 10. 3aBucuMocTEL NOKa3aTes Puc. 11. Ocrarounas konuentpauusi CB B
cHMKeHUs1 KoHueHTpauuu CB B pacTtBope, pactBope ot BbicoThl (H) 3arpy3ku npu
ot pH. Temneparype, °C: 1 - 25; 2 - 8.
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Puc. 12. ppexTHBHOCTH pereHepanumn Puc. 13. 3aBucumocts CcpoT cKOpOCTH
yIJIsi OTMBIBKOIi1 0T cepbl (M) ¢unbTpOBaHUM, CJI0H 3arpy3KH 45 cM.

OnTumainbHas CKOPOCTh MOTOKa - 12 1/m. puc. 12.

B I'naBe 4 «Co3panue, ucbITAHNE W BHeApeHHe Ha npeanpustuax AO
«Y30exkHedreras» crnoco0oB HeHTpaIu3anuu cepoBoopoaa "
CONMYTCTBYIOIIUX TMPOLECCOB» W3JI0KEHb HAYYHO-TEXHOJOTMYECKHUE OCHOBBI
CO3JaHUsl TEXHOJIOTMM OYHMCTKHA BOJ OT CEpPOBOJOPOJA M COMYTCTBYIOIIUX €U
IPOLIECCOB.

OO0oCHOBaH 3JIEKTpOKATAIMTUYECKUM cnocod Hertpanuzanuun CB B
wiactoBo Boae (cM I'maBy 3). OH HCXOAMT U3 BBICOKOW 3(P(HEKTUBHOCTH
okucieHuss CB KHCIIOpOJOM BO3/lyXa Ha MOBEPXHOCTH IIYPTAaHCKOTO KaMEHHOTO
yras KPYHNHOCTBIO 2-3 MM B PEXKHME HE3aTOIUICHHOM 3arpy3kd, € Yy4EeTOM
HEOOXOAMMOCTH MOJACpKAHUSI BBICOTHI QUIBTpYIOIIEro cios He MeHee 40-60 cm
U CKOpOCTH (uiabTpoBaHUs BOJAbl He Oosee 1 wm/yac. OTU 0COOEHHOCTH
YCTaHOBJICHBI JIJII CEPOBOAOPOJCOAEPKAIMX BOJ C TMOCTOSHCTBOM (PU3HUKO-
XUMHUYECKUX CBOMCTB (Temmneparypsbl, koHeHTpauuu CB, pH).

Oxucnenue CB 3¢ dekTHBHO MPOTEKaeT Mpu COOIIOEHUN YCIOBUS: B Opax
Clos  yrii-KaTaju3aTopa Mpeo0JafaroT >KUAKOCTHO-Ta30Bble (KUCIOPOA WIU
BO3/lyX) IMOJIOCTH, 00pa3ys rerepodasnyto cuctemy. [loBepxHocth koHTakTa CBce
KaTalu3aTOPOMIOJKHA  ObITh ~ MaKCUMaJbHOW. OTO  JOCTHXKHUMO  TIpHU
UCIIOJIb30BaHUM KaTalnu3aTopa, yepe3 KOTOPbI MPOTEKaeT Cylb(pUIHBIA pacTBop,
CBEpXy BHHU3, yBJeKas 3a coOoi Bo3nyx. Pasmep wacTui urpaer poiib IpH
okucieHnu CB: on 1.6. onTumanbHbIM (2-3 MM).

VY ca0BUA 3IIEKTPOXUMHUYECKOT0 MexaHu3Ma okucieHus CB Ha yrie:

- BBICOKHI TOK PEAOKC-TIPOLECCOB, 3KBUITOTEHMAIBHOCTh IIOBEPXHOCTH YTJIS;
- HA3KOE€ JIEKTPUUYECKOE CONPOTUBIICHUE KAaTalM3aTopa U pacTBopa;

- TOCTYII KMCIIOpOoJa Bo3ayxa U pactBopa ¢ CB k moBEpXHOCTH KaTaau3aropa;
- XOpoIllasi CMauMuBaE€MOCTh MIOBEPXHOCTH KaTaIn3aTopa BOAOM.

Texnonoeuueckue cxemuvl kamanumudeckoeo okucienus CB. Kak cienyer u3
pe3yJIbTaTOB HCCIEAOBaHUM, npeacTaBieHHbIX B ['nmaBe 3, CB u3 BOJbI MOXET
ObITb M3BJIEYEH C T[OMONIBIO KATAIUTHUYECKOTO OKUCIEHUS KHUCIOPOJIOM,
[0/IaBa€MbIM METOJIOM «IOKJIEBAHUS» B CEPOBOJIOPOI-COJIEPKAIINNA pacTBOP, HA
ITOBEPXHOCTH 3arpy3Ku U3 YIUIA, a TAKKE IPH IEKTPOXUMUYECKOM OKHCIIEHHH Ha
pa3IMuUHbIX 3JeKTpojax. YnameHue CB B 3JIEKTPOKATAIMTHYECKOM IIPOIIECCe
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MIPOUCXOIUT B PE3yNbTATE €r0 AIEKTPOXUMUUECKOTO OKUCIICHHUS, 32 CUET NeUCTBUS
JIOKaJbHBIX TAJIbBAHUYECKHUX AP, U3 CEPOBOJIOPOA U KUCIOPOIa.

bnok-cxema npoyecca. Tlpu pa3zpaboTke OJOK-CXEMbl PYKOBOACTBOBAIHCH
CBEJICHUSIMU O KOMILJIEKCHOM, OCHOBaHHOW Ha HECKOJIbKMX MOJX0JaX, pEeUICHUU
npobiembl ouucTkd BoJl OoT CB. Crano sicHO, 4TO HY)KHA Takas TEXHOJIOTHS, C
y4eTOM COOCTBEHHBIX PE3yJbTaTOB UCCIIEIOBAHMUS.

[IpeacraBisuiock 1enecooOpa3HbIM OTKA3aThCA OT «MOHOOJIOUHOM CXEMBI»,
MPEJIOKUB pas3JeNuTh Mporecchl Ha 2 «Onoka» (puc. 14): a) 610k A rpyOoi
OYHCTKH — JUIS BOA ¢ KoHmeHtpamueii CB Gomee 50 mr/mv’; 6) 610k b ToHKO!
OUYMCTKH — U1l BOJI ¢ KoHUeHTpamueit CB menee 50 Mr/am’.

VYkazaHnHble OJIOKH MOTYT paboTaTh, Kak cooOia (mocneaoatenbHo A-b), Tak
1 pa3aenbHo (TOJIBKO 010K A wim TosibKko 010K b, Munys 610k A). Kpome Toro,
BHYTPH KaXKA0T0 OJIOKA OTepaIiil yIpoIIeHbl, YCKOPEHBI 0 POU3BOAUTEILHOCTH
U yJIeIIEBJICHBI 110 3aTpaTaM Ha 000pyA0BaHUE, 10 CPABHEHUIO C TPOTOTUIIOM.

OcCylIeCTBIAIOTCS CAEAYIOLINE TEXHOJIOTUYECKUE TPOIIECCHI.

B Onoke A: sneKkTpoJiu3HOE aHOJHOE TreHepupoBaHue HMOHOB kenesa (Il) u
xene3a (1) (mocmemuuit - B NOPUCYTCTBUM  OKHCIUTENS), PaBHOBECHBIC
KOHIIEHTPAIIMU KOTOPHIX 3aBUCST OT HACHIIICHUS PACTBOPA STUM OKHCIUTENEM, HO
npu 3ToM o00e (opMbl NPUTOAHBI JUIsI CBA3BIBAHUS CYJIb(QUI-UOHOB B
HEpacTBOPUMBIH cynb(pua xkene3a. OH BbIBOAUTCS B popMe 1uiama (puc. 15).

B Onoke b: karamutuueckoe oxucieHue CB kuciopomoM Bo3gyxa 10
AJIEMEHTHOU Cephl Ha MOBEPXHOCTH YTIIEPOJHOTO MaTeprala B CIO€ 3arpy3KHu.

[Ipu HacwlieHuun ee cepoil M «rmpockoka» CB u cepbel uyepe3 QuiIbTp
MPOIECC OCTAHABIMBAETCS M PEBEPCOM YHUCTOW BOJBI Ce€pa BBIMBIBACTCS M3
3arpy3KH ¢ pereHepanuei kataauzaropa (puc. 16).

7

Puc. 14. Cxema peanuzanuu cnocoda. Odosznauenue: 1 — poga Ha ouuctky ot CB; 2 —
BO/ISIHOI HACOC peryJupyeMblii; 3 — MPUBO/ 3JIEKTPOMAIIMHHBIN; 4 — BEHTHJIb
TPEXX0A0BOi; S5 — II1aM cyJab(uIa Kesle3a B HIAMOHAKONUTEIb; 6 — 0ak ¢ yncTom
BOJOH Mo aTMOC(epHBIM 1aBJIeHHEeM; 7 — peBepcHasl 104242 YUCTOi BOAbI B
KOJIOHHY € KaTaJIN3aTOPOM /JIsl ero pereHepanuu; 8 - mJam sjieMeHTapHoi cepbl; 9

— aJIbTePHATHBHAsA 1101242 HA 04U CTKY BoAbI 0T CB B 0s10k B, MuHys 0710k A (pu
koHuenTpauuu CB 10 50 Mr/;[M3).
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Puc. 15. YcTpoiicTBO 3/1€KTPOJIHM3HOM Puc. 16. YcTpoiicTBO KaTaIMTHYECKOM
ouncTKH Boabl oT CB B 0J10Ke A. ouncTKkHd Boabl oT CB B 0J10ke B.

Ipunyun oeticmeusi ycmanoexu (puc. 16). CTouHas Boja U3 yCpPETHUTEIS
HAcocoM mnozaercsa B GuiabTp (TecuaHblil) CHU3Y BBEPX, II€ MPOUCXOIUT OYHCTKA
e€ oT MexaHumdyeckux npumeced. CkopocTb QuiIbTpoBaHHS — A0 5-6 m/u.
CoenuHuTenbHble TPyOONpPOBOABI - W3 MOJMATWIEHA WIM BHHHIUIACTA.
OunbTpoBaHHasA Cynb(QUIHAS BOJA MOCTYHNAeT B aJCOPOLUMOHHYIO KOJIOHHY C
YTJIEM MTYTEM «J0KJICBAHUS.

TexHonornyeckue napameTpbl: CKOpocTh (pusibTpoBanus — 1,0 mM/4, BbicoTa
katanmutudeckoro cios — 0,5-1,0 M, punbTpoBaTbHBIN UK - 48 4.

EMKocTH ycTaHOBKH (10 A€BaTENb U KOJIOHHA) CMOHTUPOBAHbI BEPTHKAIBHO,
onHa Haj npyroit (puc. 16). Konmonka 3arpyxena yriem Ha BbicoTy 50 cM. bak
YUCTON BOJBI PACIOJIOKEH IO KOJIOHKOM M mMeeT 00bEM 20 1. YcTaHOBKa
BBIMOJIHEHA B BUAE IIKada, BHYTPM KOTOPOTO CMOHTHpPOBaHbl Bce €€
COCTABJISIFOLIHE.

Pe3ynbTarhl MCTIBITAaHUS 3JEKTPO KATAIUTUYECKOTO CIOCO0a OYUCTKU BOJIBI
or CB mO3BOJWIM ONPEAEIUTh TEXHOJOIMYECKUE PEKHUMBI HKCILTyaTalMH
YCTaHOBKH.

ben 3aganbl: cKOpocTh (GUIBTpOBaHUS - 1 M/4, TPOJIOIKUTEIBLHOCTD LIUKIIA
- 24 4. YcraHoBka pabortana HemnpepbiBHO 30 cytok. Ilo mocTrkeHnHn Ka)xaoro
[IUKJIA, YTOJIb TPOMBIBAIIN PEBEPCHBIM IMMOTOKOM BOJBI 00BEMHON CKOpOCThIO 13-16
n/c-M?, 3a Bpemsi 8 muH. IToKkasaHa, MPH BBHIOPAHHBIX PEKHUMAX DKCILTyaTaIlHH,
BbICOKass d3(dekTuBHOCTh OunMCTKH Boabl oT CB. B mpombIBHOI Boje Han
3arpy3koi Habro1amm o0pa3oBaHUe MEHBI BHICOTON 10 ¢M, U3 KOJUTOMHOM CepHl.
DTO 00CTOSATENHCTBO OBUIO YUYTEHO B KOHCTPYKIIMH (DHIIBTPA-OKUCTUTEIS.

Wtak, 0OCHOBHBIE MPUHIIMIIBI MPEJIaraeMoro crnocoda ouncTky Bojs! oT CB:

- B KaU€CTBE KaTaJUTHUYECKOMN 3arpy3Kud peKOMeHJI0BaH yrojb 1S 17088447-
02: 2017, kxpynHOCTBIO 2-3 MM;

- BBICOTY CJIOSI 3arpy3KH YIJIi HE0OXOAMMO MpUHUMATh Npu coaepxanuu CB
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10 10 mr/nm - 0,5 m, cBbimre 10 mr/i - 1.0 m;

- CKOpPOCTh (MIBTPOBAaHUA CJeAyeT NpuHUMaTh paBHod 1.0 M/u mpu
coaepxxanuu CB 10-20 mr/m, cBbimie 20 mr/in — menee 1.0 m/y;

- pereHepalnio KaTaIMTUYECKON YroJbHOM 3arpy3Ku HEOOX0UMO TTPOBOIUTh
IPH JOCTIDKEHHH cepoeMKocTH 0.5 Kr/M?,

- pereHepaluio KaTaIuTHUYeCKOW 3arpy3Ku MOXHO TTPOBOJUTH OUMIIIEHHON OT
CB Boj0#, WK ¢ IPUMEHEHHUEM BOJI0-BO3AYIITHOM MPOMBIBKH.

Pesynbratel mccienoBaHuil mokasanu, 4to 3¢ @dekTuBHOCTH okucieHus CB
KHCIIOPOJIOM BO3/yXa Ha aKTUBHOM YTJI€ B PEKUME JOXKIACBaHUS Ha YrOJb 3aBUCUT
OT KPYITHOCTH YaCTHUII YTJIs, BEICOTHI CIOS U CKOPOCTH (PMIIBTPOBAHUS BOJBI. DTH
ocobeHHOCTH ycTaHOBIEeHBI it CB-comepskammx BOJ, OTIUYAONINXCS (PU3UKO-
XUMUYECKUMHU CBOMCTBAMH (TeMIiepaTypoil, koHueHnTpauueit CB, pH).

TexHudeckuM pe3yabTaTOM OT TEPCIEKTUBHOTO BHEIPEHUS TEXHOJOTUHU
ABJISIETCSl MOBbIIEHUE 3(P(HEKTUBHOCTH Mpolecca (OTHOCUTENBHO aHAJOroB) MpHU
YOPOIIEHUN HKCIUTyaTallil YCTPOMCTB: TMOCTYIAOIIasi Ha OYMCTKY BOJa C
koHueHTpamueidn CB go 50 Mr/IM°, uger B 6110k b, MuHysl A. [Ipu KOHLIEHTpau
CB cBbimre 50 Mr/M°, OHa TIOCIe[0BaTEIBHO IPOXOUT 610kK A u b (puc 14-16).

Jpyroii TeXHMYECKH pe3ylbTaT - YMEHBIIEHHWE TUIPOCTATUYECKOrO
COTPOTHUBJICHUS MOTOKY, TaK KaK MPOXOXKICHUE BOJBI Yepe3 00K A HE BCTpeyaeT
COTPOTHUBJICHUS, a 3arpy3ka (0Ji0k b) He comepXUT cliod KOJJIOUTHOTO OKCHUA
U cynb(uaa xxene3a, 4To MOBBIIIAET CKOPOCTh OUYUCTKHU BOJBI 0T CB.

JIOCTOMHCTBO ~ TEXHOJOTHH:  DJEKTPOSHEPTusi Ui €€  pealu3aliu
pacxoayeTcs: a) Ha paboOTy IpHUBOJA BOJSHOTO HACOCA, TOJHUMAIOIIETO BOAY B
BOJIOHAMIOPHYIO €MKOCTh, OTKY/la B JAJbHEUIIIEM OHA UAET caMOTeKoM; 0) KpaiiHe
penkoil paboThl MPHUBOJA BOASHOIO HAacoca Ha pPEBEpPC YHMCTOM BOMABI Ipoliecca
peredepauuu (0510k b); B) Ha mepuoguveckyro pabOTy MCTOYHHMKA MOCTOSHHOIO
TOKa C HHU3KUM YPOBHEM TMOTPeOJsseMONM MOIIHOCTH, IS aHOJJHOTO
reHepupoBaHus UOHOB xkene3a (l1): AToT sTam HeoOXOoAMM JIHUIL TPU BBICOKOM,
Gomee 50 wmr/am°, konmentpaumn CB B Bome. PacxomHble MaTephagsl —
ANEKTPUUECKUIN TOK M KEJIE3HBIN JIoM (cTpykka). OOpa3zyemble MIIaMbl: CyIbhu/
Keje3a U dJIeMEHTapHas cepa MMEIOT TOBAPHYIO CTOMMOCTh U PEau3yIOTCS Ha
peiike. B Onmoke b mpoBoasT karamuTHdyeckoe OKUCICHHE CYIb()HI-MOHOB 0
AJIEMEHTApPHOM Cepbl KUCIOPOAOM BO3yXa.

HUcnvimanus 6 OO0 «Mybapexnegpmeeasz» u « Mybapexckuii ITI13»

Onvimno-1abopamopuoe ucnvimanue Nel pa3paOOTaHHBIX 2-X CIIOCOOOB
HEWUTpalnu3aluu CEPOBOJOPOAA B MIACTOBOM BOJIE MECTOPOXKACHUS «YpTadyiaky,
r. MyOapek, BbmosHeHo 07.06.2017 komuccuedl B cocTaBe MNpeacTaBUTENEH
NOHX AH PVY3 u OO0 «My6apeknedteraszy. [Topsaok npoBeieHNs UCTIBITAHUS:

1) WUsrorosmensl u cmoutupoBanbl B I[XJI gBa Oioka mabGopaTopHOi
YCTAaHOBKM: @) DJEKTPOJIM3HOM, HEWTpaau3alud CEpOBOAOPOJA  aHOAHO
renepupoannsiMi Fe*"\ Fe* - nonamu; 6) 51eKTpoKaTaTHTHIECKOr0 OKHCICHHS
CB 10 »neMeHTapHOM cepbl KHUCIOPOAOM BO3[AyXa Ha IOBEPXHOCTH
AKTUBUPOBAHHOIO YTJIA.
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2) OrobOpana 5 11 mpoba cepoBoopoa-coaepxarei (anamms LIXJI 2215 mr/n
CEepOoBOIOPO/Ia) TIAaCTOBOM BOJbI M jgocTtaBieHa B L[XJI. Panee nmpoGa 3Toi BOJbI
npoa”anu3upoBana B ['mapoxummaboparopuu ['TI HIIL[ npu [Nockomurere mo
reoJIOTUU U MUHEpalbHbIM pecypcam: 115 mr/n CB.

3) IlpoBeneHbl IEMOHCTPAIIMOHHBIE ONBITHI JIBYX CTYIEHEH TEXHOJOTUHU
HehTpanm3auu CB B miiacToBo# Bojie MECTOPOKICHUS «Y pTadyiaky.

[To mepBoii cTyneHu (a) MOETBLHON YCTAHOBKHU MPOBENEH 3JIEKTPOJIA3 BOJIbI
Ha CTaJbHBIX 3JIEKTPOJIaX, C MUTAHUEM C€ OT UCTOYHUKA MOCTOSHHOTO Toka 12 B,
BpeMs oayekTponu3za S5 wmuH. [lomHotra HehTpammsamuu CB, ¢ukcupoBanack
Ka4eCTBEHHOW pEaKLMEW pacTBOpa KaaMHMs anerara. Pe3ynbTar moJIoKUTEIbHBIN:
B IIpoOe BobI 0TCyTcTBOBaN CB.

I[To Bropoit crymenu (0) MOJEIBHONM  YCTAaHOBKM  IPOBEICHO
ANeKTpoKaTanuTuyeckoe okuciaeHue CB 1o 3ieMeHTapHOl cepbl KUCIOpPOAOM
BO3/lyXa Ha TMOBEPXHOCTH yriig-kaTanuzatopa. 0.2 7 ykazaHHOW MpoObI BOJbI
poIryckanachk uepes ABe KoJoHKu 100 My 00beMOB KaXkJI0H, ¢ BBICOTOM 3arpy3Ku
yTJIEM TIOJIOKUTENbHBIN: B IIpo0Oe oTcyTcTBOBaN CB.

Onwvimno-nabopamoproe  ucneimanue Ne2  pa3pabOTaHHBLY  CIIOCOOOB
HenTpammzauu CB B mnacroBoit Boge OO0 «Myb6apekckuii ['TI3» BbImogHEHO B
2019 r. nmo pa3zoBoMy periaMeHTy, Ha CYIECTBYIOIEM MUJIOTHOM OOOpPYIOBaHUU:
a) DIJIEKTPOJIM3HOM HeuTpanuzanuu CB aHOJHO-T€HEPUPOBAaHHBIMU Fe*, Fe* -
noHaMH; O) HdJIEKTpOKATAIUTHYECKOro oOkucieHuss CB 10 cepbl KHUCIOPOJIOM
BO3/yXa Ha MOBEPXHOCTH yris, ¢ odopmieHuem 25.09.2019 Akra komuccuen u3
npencrasurenet MOHX AH PVY3 u npennpustus.

Pazpabotan u BHeapeH B cemnaparopax mexos 2,4,5,14 OO0 «Mybapekckuit
I'TI3» cnocob u3Bneuenus u oTrpy3kUM/IDA u3 ¢rierMpl, OTAEIEHHONW OT KUCIOrO
raza BOJHBIMU pPacTBOPAMM ajJKaHOJAaMHHOB: MOHO- (MDA), mustanoin- ([I2A),
metunaudTanodamMua (MJI9A) mo TY 301-02-66-90 (P®). Ilpunuum paboTh:
IPUPOAHBINA KUCIIBIN Ta3 MPOXOAUT abcopOep MpoTUBOTOKOM pactBopy MJIDA. Ha
ero BbIXoA€ U3 abcopbepa, ra3 B TEIJIOOOMEHHUKE HArpeBaeTCss U PacTBOP
pererepupyertcs. [locie oxiaxaeHuss B TEMJIOOOMEHHUKE pPEreHepUpPOBaHHBIN
pactBop MJIDA oxnaxkaaercs BOJOW M BHOBb Mojiaercsa B adbcopOep. Terno ams
pereHepanuu pacTBopa nepenaeTcs eMy B puboiisiepax, 3a c4eT 00orpeBa riiyxum
BOJSIHBIM TMapoM. [Ipu oxnaxaeHuu raza KOHAEHCUPYIOTCS BOJSIHbIE Mapbl U
aMUHBI - (byierMa BO3BpaIllaeTCs B LMKI AJs pa30aBiieHus amuHa. B cucteme ecthb
DKCIAH3€ep, C TOHMKEHHBIM JIaBICHUEM, TJ€E BBIICISAIOTCSA pacTBOpeHHbIE B M/IDA
YIJIEBOJOPOABI M, YAaCTHYHO, CEPOBONOPOJ, AUOKCHI yriepona. B pesynbprare
BHEZIpeHUS criocoba, saxoHomun MDA (60 T B rox) cocrapmra USD168 000.

Pazpabotan TpexdasHbiii pa3genuTeh MPU OYUCTKE CTOKOB OT BPEAHBIX
ra3oB Ha ycTaHOBKax HedrenmoBymiek 1.Ne6. B Hem mpoucxonut pasneneHust (a3
Ha ra3, yriieBoJIOPOJIHbIA KOHJEHcAT U Boay. ['a3okonneHcar, 10 1,2 T B cyTku, u3
pasenuTeNs MOCTyMmaeT B €MKOCTh cOOpa M C MOMOIIBI0 HAacoca MOJaeTcsl Ha
YCTaHOBKHM cTaOuim3anuu KoHjaeHncara i. Nel8. Beinenennsiii rasz, 15 M B CYTKH, C
Bepxa pasmenuTens cOpacbiBaeTcss Ha ¢aken 1exa No 18 mnma yrunuzaruu.
OuunieHHass BOJla M3 HWXKHEW YacTH pa3JeNIUTENs] IMOCTyNaeT Ha YCTaHOBKHU
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ANEKTPOJIU3HON OUYMCTKH CTOYHBIX BOJ, TJ/I€ JOMOJHUTEIHHO OUMINACTCS U
nojiBepraercst ancopOunoHHON puibTpanuu. OunileHHas BOIa UCIOJIb3YeTCs IS
texHuueckux HyxJa OOO «Myb6apexckuii ['TI3» (puc 17). O6muit s3pdext ot
BHepeHus Texnonoru# - 361000,0 nomn. CIIA (3 mapa. 500 miiH. cym).
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Puc 17. Cxema pazpaborannoii ;g OO0 «Myb6apekckuii ['TI3», yctaHoBku TpexdazHOro
pasfenurens, ¢ OTJIEIEHUEM OT BOJbI YIIIEBOJOPOJIHOIO KOH/IEHcaTa

3AK/IIOYEHUE
1. OnpoGoBaHbl METOJIbI HENTpaIU3aLMU CEPOBOAOPOJA B IUIACTOBOM BOJE:
NEPBBII — PEAreHTHBIM: OKHUCIEHUE CEPOBOJAOPOAA TMHPOIIO3UTOM (PYIHBIM

MaTepHaJIOM, MPEUMYIIECTBEHHO COCTOSIIMM M3 JMOKCHIAa MapraHiia); BTOPOU -
ANEKTPOXUMUYECKUE: MOAUIHAS SIIEKTPOIU3HAS TEXHOJIOTUS HA MOCTOSTHHOM TOKE,
WoauaHas TEXHOJIOTHS Ha PEBEPCHOM TOKE, TEXHOJIOTHSl MPSMOr0 OKHUCICHUS
CEepoBOIOPOIa B BOJAE, TPETUM — KATAIUTHYECKUN: DIEKTPOKATATUTUUECKOE
OKHCJICHHE CEpPOBOJOPOJA KHUCIOPOJAOM. PeHTaOeabHBIMU MPU3HAHBI METOT
AQHOJHOTO T€HEPUPOBAHUSI MOHOB >KeJie3a U CBS3bIBAHUS MUMU CYIb(UI-MOHOB B
HEpPACTBOPUMOE COCIMHEHHE, a TaKXKe OJJICKTPOKATATIUTUUECKOTO OKHUCIICHUS
Cylb(pUI-UOHOB KHUCIOpOJAOM Bo3ayxa. Emie paspaboraH cnoco0 MOaydeHUs
¢dierMpl, OTIEIECHHOM OT Tra3a B cemapaTopax aOCOPOIIMOHHOW OYMCTKU OT
CEpPOBOJOPOAA.

2. V3yueHnsl (aKkTOPhl BIUSHUS HA JIEKTPOXUMHUYECKHUI MPOIECC OKUCICHUS
CEpOBOIOPO/Ia HA TJIAAKUX DBJIEKTPOJAX U3 MEIW, CBUHIA U YIJIEIJIacTUKa!
nepeHanpsbkenue, konmeHntpanus CB u temmneparypa pactBopa. [lokazano, 4dto
HanOoJsiee 3HAYMMBIM W3 HUX SBISETCS MPHUPOJA AHOJAHOTO MaTepuaia, H3
OMPOOOBAHHBIX TEPCIEKTUBHBIMU SIBIISIIOTCS  YTIIEPOJICOACPIKAIIUE MaTepUaIbI.
OHU TPUTOJHBI B KAYECTBE 00bEMHO-TIOPUCTHIX IJIEKTPOIOB, CKOPOCTh OKUCIICHUS
CB Ha KOTOpBIX BBINIE, YeM Ha Taakux. OHU ke 00JIaJaloT KaTAIUTHYECKON
AKTUBHOCTBIO 110 OTHOIIEHUIO K PEAKITUH OKUCIICHUS CYJIb(UI-HOHOB.
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3. BpisBaeHa posib  AIEKTPOXMMHYECKOTO OKHCIEHHUS CEpOBOAOPOA
KHUCIIOPOJOM BO3AyXa Ha TOBEPXHOCTH YIJIsl, OO0JaJarolIero 3JIEKTPOHHOM
IPOBOJUMOCTBIO B KMJIKO(A3HOM KaTaduTH4eckoMm rpoiiecce. [lo pesynbraTam
aNeKTpoxuMuyeckoro okuciaeHuss CB  u  BoccTaHOBIEHHS KHUCIOpOJa Ha
YIAEPOJCOACPKAIIMX MaTepuaiax MNPeasioKeH CIoco0 AIEKTPOKATAIUTUYECKON
ourcTkd Boj oT CB Ha 6alicyHCKOM aKTUBHUPOBAHHOM YTJIE, C Pa3MepOM 3epeH 2-3
MM. OnpeneneHbl mapaMeTpsl rpoiecca O4YUCTKU Bojbl OT CB.

4. Pa3paboTaHa KOMIUIEKCHAsI pecypcocOeperaroniasi TEXHOJIOTUS OYUCTKHU
IJJACTOBBIX BOJI C NMPUMEHEHHEM IIPOIIECCOB aHOMHOTO TEHEPUPOBAHWS HOHOB
wenesa (1) u xenesa (I11) 3a cuer pacTBOpeHUs HA aHOJE JKENE3HBIX OTXOAOB U
CBS3BIBAHUSI MMHU CYJIb(UI-UOHOB B HEPACTBOPHMOE COCIUHCHHE, a TaKXKe
KUAKO(DA3HOTO KATATUTHYECKOTO OKHCICHUS CYJIb(PUA-MOHOB, C YTHIH3AIACH
ceppl. Pazpaborana Onok-cxema 3Toro OuHapHOro mnpoiecca. B kauectBe
BO3MOXKHOTO €€ BapuaHTa MpesIoKeHa 3arpy3ka Karajau3atopa B BHIE yIJia 1S
17088447-02: 2017 «AncopOeHTbl yroyibHbIE (YTIEPOIHBIC)», KPYMHOCTHIO 2-3
MM. HcrmbiTaHust KOMIUIEKCHOW TEXHOJIOTMH YycremHo TnpoBeneHsl B OO0
Myo6apeknedreraz» u OO0 «Mybapexckuii ['TI3» AO «Y306eknedrerasy.

5. B OOO «My6apekckuit ['TI3» pa3pabotan, UCIBITAaH U BHEJIPEH CIOCOO
usBieueHus MJIDA u3 ¢uiermol B 0J10KaX CEPOOUUCTKU MPUPOIHOTO Taza (dhdexT
USD 160 Thic.), a Tak’ke peKOMEH/I0BaHAa K BHEJIPEHHUS] YCTaHOBKA Tpex(azHoro
pazmenutenst (ra3, OKUJIKHE YIJIEBOJAOPOABI, BOMA), C JOMOJHUTCIHHBIM
u3BieueHueM B roa 432,0 ToHH razokonaeHcara. O0mumii 3p¢GeKT OT BHEIPEHUS
texHozoruii cocrasysieT 361000,0 nomn. CIIA (3 mupa. 500 muH. cym).
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is to develop a technology for treating
formation water from hydrogen sulfide based on energy and resource-saving
solutions in the field of electrochemical and catalytic processes, as well as pilot
testing of the created water purification devices for hydrogen sulfide.

The object of the research work isa produced water of the Urtabulok-
Samontepa field of Mubarekneftegaz LLC.

The scientific novelty of dissertational research consists in the following:

- justified the feasibility of the use of electrochemical oxidation of hydrogen
sulfide, among other known methods of neutralizing hydrogen sulfide;

- justified the use of flat and bulk carbon materials in electrolyzers and
apparatus for the catalytic oxidation of hydrogen sulfide;

- substantiated the possibility of a heterogeneous process of liquid-phase
oxidation of hydrogen sulfide with oxygen on a catalyst: coal;

- a complex block diagram of a 2-stage neutralization of sulfur-hydrogen in
water by electrolysis and oxidation on a catalyst is proposed.

Implementation of the research results.Based on the scientific results on
the development of technology for the neutralization of hydrogen sulfide:

- a method for neutralizing hydrogen sulfide by anodically generated Fe2 +,
Fe3 + ions was introduced in workshops No. 2, No. 4, No. 5, and No. 14 of LLC
Mubarek Gas Processing Plant (certificate of LLC Mubarek Gas Processing Plant
No. 8-2 / GK-4740 dated November 8, 2019). As a result, it is 100% removed by
binding sulfide ions of Fe**, Fe** ions to insoluble iron sulfide, with a minimum
power consumption and 1.8 kg of iron anode per 150 tons of water;

- a method for neutralizing hydrogen sulfide by electrocatalytic oxidation of
hydrogen sulfide by atmospheric oxygen on the surface of a coal catalyst was
introduced in workshops No. 2, No. 4, No. 5 and No. 14 of LLC Mubarek Gas
Processing Plant (certificate from LLC Mubarek Gas Processing Plant No. 8-2 /
GK-4740 from 11/08/2019). As a result, 100% removal of hydrogen sulfide is
provided, and the adsorbent-catalyst is regenerated, while its effectiveness does not
decrease up to 10-fold regeneration; the consumption of materials and electricity
does not occur; elemental sulfur from the surface of coal is removed by water in
countercurrent;

- a method for the extraction of methyldiethanolamine (MDEA) from reflux
in sulfur dioxide purification units of natural gas was introduced in workshops No.

43



2, No. 4, No. 5, and No. 14 of LLC Mubarek GPZ (certificate from LLC Mubarek
GPZ No. 8-2 / TK -4740 from 11/08/2019). As a result, in desorbers, MDEA is
extracted from reflux in the amount of 60 tons of MDEA per year, which creates
an opportunity to save the enterprise’s foreign currency funds for the acquisition of
MDEA, with an economic effect of USD 168,000 per year.

The structure and volume of the thesis.The structure of the dissertation
consists of an introduction, 3 chapters, conclusion, the list of 133 references,
applications. The volume of the dissertation is 121 pages.
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